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Abstract
The prevention, early discovery and effective treatment of patients with hepato-
cellular carcinoma (HCC) remain a global medical challenge. At present, HCC is 
still mainly treated by surgery, supplemented by vascular embolization, radio 
frequency, radiotherapy, chemotherapy and biotherapy. The application of 
multikinase inhibitor sorafenib, chimeric antigen receptor T cells, or PD-1/PD-L1 
inhibitors can prolong the median survival of HCC patients. However, the 
treatment efficacy is still unsatisfactory due to HCC metastasis and postoperative 
recurrence. During the process of hepatocyte malignant transformation, HCC 
tissues can express and secrete many types of specific biomarkers, or oncogenic 
antigen molecules into blood, for example, alpha-fetoprotein, glypican-3, Wnt3a 
(one of the key signaling molecules in the Wnt/β-catenin pathway), insulin-like 
growth factor (IGF)-II or IGF-I receptor, vascular endothelial growth factor, 
secretory clusterin and so on. In addition, combining immunotherapy with non-
coding RNAs might improve anti-cancer efficacy. These biomarkers not only 
contribute to HCC diagnosis or prognosis, but may also become molecular targets 
for HCC therapy under developing or clinical trials. This article reviews the 
progress in emerging biomarkers in basic research or clinical trials for HCC 
immunotherapy.

Key Words: Hepatocellular carcinoma; Immunotherapy; Carcinoembryonic proteins; 
Specific biomarkers; Wnt/β-catenin pathway; Signal molecules
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Core Tip: Tissues in hepatocellular carcinoma (HCC) or hepatocyte malignant transformation can express 
and secrete a variety of molecules such as specific biomarkers or oncogenic antigens into blood. These 
biomarkers not only contribute to the diagnosis or prognosis of HCC, but may also become molecular 
targets for HCC therapy under developing or clinical trials. This article reviews the recent novel progress 
of some emerging biomarkers in basic studies or clinical trials for HCC immunotherapy.

Citation: Yao M, Yang JL, Wang DF, Wang L, Chen Y, Yao DF. Encouraging specific biomarkers-based 
therapeutic strategies for hepatocellular carcinoma. World J Clin Cases 2022; 10(11): 3321-3333
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3321.htm
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INTRODUCTION
The prevention, early monitoring or diagnosis and accurate or effective treatment of hepatocellular 
carcinoma (HCC) are still urgent medical problems[1,2]. The occurrence of HCC is mainly associated 
with chronic persistent infection of hepatitis B virus (HBV) or hepatitis C virus (HCV), intake of 
chemical carcinogens, and nonalcoholic fatty liver disease (NAFLD)[3]. In the past decade, NAFLD has 
become a leading cause of chronic hepatitis and liver cirrhosis, as well as an important risk factor for 
HCC[4]. Innate and adaptive immunity play a pivotal role in determining tumor control vs progression. 
Genomic instability and abnormal signaling in the setting of chronic liver inflammation that promotes 
fibrogenesis and angiogenesis lead to tumorigenesis, and it is necessary to determine how they may be 
exploited in the development of novel therapeutics[5]. The activation of oncogenes or HCC-related 
genes, inactivation of anti-oncogenes or activation of some oncogenes during the embryonic period can 
induce malignant transformation of hepatocytes[5], many types of specific markers can be expressed, 
and then secreted into blood during the process of initiation, promotion and evolution[1]. Notably, HCC 
oncoimmunology depends on diverse genetic and environmental factors that together shape cancer-
promoting inflammation and immune dysfunction-critical processes that control HCC malignant 
progression and response to therapy[6,7].

Currently, HCC is still treated mainly by surgery, with auxiliary vascular embolization, radio 
frequency, radiotherapy, chemotherapy, and biological therapy[8,9]. Application of the multikinase 
inhibitor sorafenib can prolong the median survival of HCC patients. However, its efficacy in HCC 
treatment remains unsatisfactory due to tumor metastasis or postoperative occurrence[10,11]. 
Undoubtedly, the integration of data obtained from both preclinical models and human studies can help 
to accelerate the identification of robust predictive biomarkers of response to targeted or immune- 
therapy[12,13]. HCC tissues express specific antigens such as the key molecules of HCC-related signal 
pathways, growth factors and receptors, vascular endothelial growth factor (VEGF), and the products of 
oncogenes that mediated tumor progression and could be potential molecular targets for anti-cancer 
therapy with high specificity and application prospects[14,15]. This review presents new advances in a 
few promising carcinoembryonic biomarkers for HCC immunotherapy from basic studies or clinical 
trials.

ALPHA-FETOPROTEIN
A glycoprotein of alpha-fetoprotein (AFP) synthesized from fetal liver or HCC tissues[16], consisting of 
609 single-chain amino acid polypeptides and containing 24 leading signal points (9 ~ 10 amino acid) 
residues located in three N-terminal domains, the major histocompatibility complex (MHC) class I or II 
molecules recognize these precursor signals and present them to CD4+ T cells and CD8+ T cells, and the 
activated T cells recognize the body’s immunodominant or sub-immunodominant epitopes[17]. Amino 
acid peptide sequences and immunogenicity of human AFP epitopes are shown in Table 1. These 
immunogenic or sub-immunogenic AFP peptide chains could play an immunomodulatory role in 
humans, as they have the function and ability of a polypeptide vaccine, and could induce or stimulate 
anti-AFP specific immune responses.

AFP peptide chains have several fragments showing immunodominant or sub- immunodominant 
epitopes, which can be recognized by the MHC-I molecules, and specifically induce T cells to activate or 
recognize AFP antigen. AFP positive peripheral blood mononuclear cells (PBMC) containing five 
human leukocyte antigen (HLA)-A*24:02 restricted T cell epitopes, AFP-derived peptide induces 
cytotoxic T lymphocytes (CTL) to produce interferon-γ (INF-γ), which can kill AFP-positive cancer cells. 

https://www.wjgnet.com/2307-8960/full/v10/i11/3321.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3321
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Table 1 Amino acid peptide sequences and immunogenicity of alpha-fetoprotein epitopes

No. Starting Numbers Fragment Immunogenicity

1 7 9 IFLIFLLNF Sub-immunodominant Ag

2 137 9 PLFQVPEPV Immunodominant Ag

3 150 9 AYEEDRETF Sub-immunodominant Ag

4 158 9 FMNKFIYEI Immunodominant Ag

5 218 9 LLNQHACAV Sub-immunodominant Ag

6 235 9 FQAITVTKL Sub-immunodominant Ag

7 249 10 KVNFTEIQKL Immunodominant Ag

8 307 9 TTLERGQCII Sub-immunodominant Ag

9 321 9 KPEGLSPNL Immunodominant Ag

10 325 10 GLSPNLNRFL Immunodominant Ag

11 357 9 EYSRRHPQL Immunodominant Ag

12 364 10 QLAVSVILRV Immunodominant Ag

13 403 9 KYIQESQAL Immunodominant Ag

14 414 9 RSCGLFQKL Immunodominant Ag

15 424 9 EYYLQNAFL Immunodominant Ag

16 434 9 AYTKKAPQL Immunodominant Ag

17 485 10 CIRHEMTPV Sub-immunodominant Ag

18 492 9 PVNPGVGQC Sub-immunodominant Ag

19 503 9 SYANRRPCF Sub-immunodominant Ag

20 507 10 NRRPCFSSLV Sub-immunodominant Ag

21 542 9 GVALQTMKQ Immunodominant Ag

22 547 10 TMKQEFLINL Sub-immunodominant Ag

23 555 9 NLVKQKPQI Sub-immunodominant Ag

24 591 9 CFAEEGQKL Sub-immunodominant Ag

Ag: Antigen; Fragment: Fragment of alpha-fetoprotein (AFP) peptide chain; Numbers: Amino acid numbers of AFP peptide chain; Starting: Starting point 
of AFP peptide chain.

Although it has been shown in clinical trials, the function of dendritic cells (DC), specific CTL, and CD8+ 
T cell response, targeting therapy for AFP positive cancer cells remains to be studied. The T cell receptor 
(TCR) has been prepared by induction and screening in vitro, which can specifically recognize and bind 
AFP/HLA-A*02 antigen that is restricted to AFP158-166 peptide (FMNKFIYEI) to lay the foundation for 
HCC immuno-therapy[18]. A novel HLA-A*24:02 antigen was found to be more common than the HLA-
A*02:01 among Asian HCC patients. Its restrictive peptide (KWVESIFLIF, AFP2-11 signal) was found to 
be soluble in healthy human monocyte AFP 2-11-HLA-A*24:02-specific TCR (KWV3.1). T cells could be 
activated specifically and kill AFP-positive T2-A24 HCC cells that contained AFP 2-11 and HLA-A*

24:02+ antigen, indicating that AFP+HLA-A*24:02+ antigen might be a new immunotherapeutic target for 
HCC[19].

The combination of anti-CTL-A-4 therapy (tremelimumab) together with ablation in advanced HCC 
cases has shown that killing tumors by direct methods can result in the immune system being activated 
or switched on. There are new drugs available known as immune checkpoint inhibitors (ICIs) which can 
enhance the anti-HCC effect. In patients treated with tremelimumab, blood CD4+-HLA-DR+, CD4+PD-
1+, CD8+HLA-DR+, CD8+PD-1+, CD4+ICOS+, and CD8+ICOS+ T cells increased, the patients with higher 
CD+PD-1+ cells responded well to treatment, with increasing specific CD8+PD-1 T cells for AFP and 
survivin, and higher CD3+T cells for tumor infiltration, suggesting that tremelimumab with ablation is a 
novel potential method for increasing CD8+ T cells and decreasing circulating HCV, and an effective 
therapy for advanced HCC patients[20].
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ANGIOGENIC FACTORS
Most patients with HCC are diagnosed at an advanced stage of disease. Until recently, systemic 
treatment options that showed survival benefits in HCC have been limited to tyrosine kinase inhibitors, 
antibodies targeting oncogenic signaling pathways or VEGF receptors[21]. Angiogenesis plays an 
important role in HCC progression, and VEGF and angiopoietin (Ang) are key drivers of tumor 
angiogenesis. A better understanding of the relation between VEGF and angiogenesis or progression 
may reveal their potential as biomarkers for liver cancer diagnosis and therapy. VEGF-targeting 
strategies already represent an important component of today's systemic treatment for HCC, whereas 
targeting the Ang/Tie2 signaling pathway may harbor future potential in this context due to reported 
beneficial anticancer effects when targeting this pathway[22,23]. Following a decade of negative Phase 
III trials since the approval of sorafenib, more recently several drugs have proven efficacy both in first 
line vs sorafenib (lenvatinib) or in second line vs placebo (regorafenib, cabozantinib, ramucirumab/ 
Cyramza®). A fully human anti-VEGFR-2 recombinant IgG1 monoclonal antibody (ramucirumab) has 
been approved as monotherapy for HCC patients with AFP levels over 400 ng/mL who have been 
treated with sorafenib, with significantly prolonged overall survival (OS) and progression-free survival. 
Its safety profile was consistent with that expected for agents targeting the VEGF/VEGFR axis. The 
potential clinical development of systemic treatments for HCC, focuses on combination therapies with 
immunotherapy and treatment sequences as a way to maximize survival benefit[24,25].

The HCC microenvironment is characterized by dysfunction of the immune system through multiple 
mechanisms, including accumulation of various immunosuppressive factors, recruitment of regulatory 
T cells and myeloid-derived suppressor cells, and induction of T cell exhaustion accompanied by the 
interaction between immune checkpoint ligands and receptors. ICIs interfere in this interaction and 
have altered the therapeutic landscape of multiple cancer types including HCC. HCC patients with 
different levels of liver function, tumor size, and number of lesions may all have intermediate-stage 
disease according to the BCLC staging system. Their treatment includes conventional or drug-eluting 
bead transarterial chemoembolization, yttrium-90 radioembolization, thermal ablation, bland 
embolization, and combination therapy with VEGF inhibitors or ICIs. Clinical evidence supports the 
available locoregional treatment options for intermediate-stage HCC[26]. Although optimal sequencing 
is an area of ongoing investigation, multiple targeted therapies have improved OS in intermediate or 
advanced HCC[27]. Several targeted agents including multi-tyrosine kinase inhibitors and immuno-
therapy agents have been approved for use beyond the frontline setting in advanced HCC patients, and 
combining therapeutic strategies is an evolving approach showing early promise[23,28]. The success of 
PD-1 monotherapy, combining regimens with PD-1/PD-L1 inhibitors plus VEGF targeted agents has 
shown positive results in various malignancies including HCC. These innovative approaches enhance 
the intensity of cancer-directed immune responses and will potentially impact the outcome of this 
aggressive disease[29].

GLYPICAN-3
With regard to HCC, a promising antigen appears to be glypican-3 (GPC3) which is over-expressed in 
HCC tissues and has been associated with worse disease-free survival and OS. GPC3 is involved in 
many signaling cascades that promote cell growth and invasion, including the Wnt pathway that is 
well-known for its role in embryogenesis. GPC3 as an oncofetal proteoglycan anchored to the cell 
membrane of HCC, and is normally detected in the fetal liver but not in the healthy adult liver[30,31]. 
However, abnormal GPC3 in tissues or sera of HCC patients is expressed as GPC3 mRNA gene 
transcription or protein levels, and predicts a poor prognosis of HCC. Mechanistic studies have revealed 
that GPC3 functions by binding to molecules such as the Wnt/β-catenin signaling or growth factors 
during HCC formation and progression. Moreover, specific serum GPC3 has been used as a diagnostic 
or prognostic serological marker, and a molecular target for molecular imaging or therapeutic 
intervention in HCC[32-34]. GPC3 as a molecular target for HCC immunotherapy is shown in Table 2. 
To date, GPC3-targeted magnetic resonance imaging, positron emission tomography, and near-infrared 
imaging have investigated the early stage of HCC, and immunotherapeutic protocols targeting GPC3 
have been developed, including the use of humanized anti-GPC3 cytotoxic antibodies, peptide/DNA 
vaccines, immuno-toxin therapies, and genetic therapies.

Different synergisms have been postulated based on the potential interplay between anti-angiogenic 
drugs and immunotherapy, with several clinical trials currently ongoing. As the most extensively tested 
combination regimens for advanced HCC comprise anti-PD-1/anti-PD-L1 agents plus anti-angiogenic 
agents, oncogenic GPC3 is an ideal promising candidate for HCC immunotherapy as it is highly 
expressed in cancerous tissues but limited in normal livers. Recently, the adoptive transfer of hGPC3-
specific chimeric antigen receptor T (CAR-T) cells for HCC treatment has been conducted in clinical 
trials. Due to rigid construction, conventional CAR-T cells have some intrinsic limitations, such as 
uncontrollable overactivation and inducing severe cytokine release syndrome. By using co-culturing 
assays and a xenograft mouse model, the in vitro and in vivo cytotoxicity and cytokine release of the split 
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Table 2 Glypican-3 as molecule-target for hepatocellular carcinoma immunotherapy

Group Name Species Epitopes Verifying/applying

M18D04/19B11 Mouse N-terminal (aa: 25-358) Basic studies

A1836A Mouse N- terminal Basic studies

GPC3-C02 Mouse C- terminal Basic studies

GC33 Mouse C-terminal (aa: 524-563) Preclinical trial studies

hGC33 Human C- terminal (aa: 524-563) Clinical trial-II

HS20 Human Heparan sulfate chain Preclinical trial

Antibody

sGPC3 Human — Preclinical trial

GPC3298-306 Mouse 298-306 peptide Clinical trial-IIVaccines

GPC3144-152 Mouse 144-152 peptide Clinical trial-II

miR-219-5p Human — In vitro or in vivo studies

miR-520c-3p Human — In vitro studies

miRNA

miR-1271 Human — In vitro studies

shRNA GPC3 shRNA Human — In vitro or in vivo studies

siRNA GPC3 siRNA Human — In vitro or in vivo studies

GPC-3: Glypican-3; aa: Amino acid; miR: MicroRNA; shRNA: Small hairpin RNA; siRNA: Small interfering RNA.

anti-hGPC3 CAR-T cells were evaluated against various HCC cell lines and compared with conven-
tional CAR-T cells. In vitro data demonstrated that split anti-hGPC3 CAR-T cells could recognize and 
lyse hGPC3-positive HepG2 or Huh7 cells in a dose-dependent manner. Impressively, the split anti-
hGPC3 CAR-T cells produced and released a significantly lower amount of pro-inflammatory cytokines, 
including IFN-γ, TNF-α, IL-6, and GM-CSF, than conventional CAR-T cells. When injected into immune-
deficient mice inoculated subcutaneously with HepG2 cells, the split anti-hGPC3 CAR-T cells could 
suppress HCC growth, but released significantly lower levels of cytokines than conventional CAR-T 
cells. The split anti-hGPC3 CAR-T cells reduced the level of cytokine release, and represent a more 
versatile and safer alternative to conventional CAR-T cells for HCC treatment[35,36]. The most recent 
data indicate novel combination strategies and targets, and a future role for molecular therapies in the 
treatment of advanced HCC. Current barriers in CAR-T therapy include its high production cost and the 
need to identify validated extracellular HCC-specific antigens[33,37].

WNT3a 
Several signaling pathways involved in HCC have been studied, including STAT3- NFκB, JAK-STAT, 
RAS MAPK, PI3K-AKT-mTOR and Wnt-β-catenin. Of these, cascades involving mitogen-activated 
protein kinase (MAPK) emerge as key regulators of HCC. Both HBV and HCV infection can induce 
activation of the Wnt/β-catenin signal pathway and participate in HCC progression[38,39]. Oncogenic 
HBx of HBV can activate Src kinase to inhibit GSK3 activity and induce intracellular β-catenin accumu-
lation, promote DNA methyl-transferase I expression and Wnt3a to bind and silence secreted frizzled 
related protein 1 and 5[40]. HBx can reduce the inhibitory role of deacetylase 1 to β-catenin, and 
activation of the Wnt pathway promotes HCC development[41]. Also, the core protein of HCV can 
promote Wnt3a expression, induce TCF dependent transcription, inhibit GSK3, increase and stabilize 
intracellular β-catenin to nucleus transport, and up-regulate the expression of cyclinDl, c-myc, WISP2, 
Wnt3a, Wnt1 and CTGF to promote HCC growth, and DNA synthesis for HCC progression[42]. Wnt3a 
is a critical signal molecule among the 19 mammalian Wnt proteins. A higher level of Wnt3a expression 
was only found in the sera or tissues of HCC patients from a cohort of cases with chronic liver diseases
[43,44], and it is the first report of Wnt3a as a novel specific marker for HCC diagnosis and prognosis[45,
46].

Abnormal Wnt3a expression is involved in the development and metastasis of HCC[47], and may be 
a novel strategy for HBV or HCV-related HCC therapy. High hepatic LINC00662 correlated with poor 
survival of HCC patients[48,49], and might up-regulate Wnt3a expression by competitively binding 
miR-15a, miR-16 and miR-107, with tumor-associated macrophages as a major component of the HCC 
microenvironment, and they have been revealed to have associations with Wnt3a signaling and cancer 
initiation, tumor growth, metastasis, dormancy, immunity and tumor stem cell maintenance[40]. Wnt3a 
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is one of HCC-related Wnt signals exhibiting numerous genetic abnormalities as well as epigenetic 
alterations including modulation of DNA methylation. Targeted Wnt3a gene transcription might be an 
effective molecule-targeted therapy. The novel Crispr/Cas9-gsRNA lentiviral vector system with the 
advantages of higher targeting accuracy has been successfully used to inhibit Wnt3a in liver cancer cell 
lines at the mRNA level in vitro and confirmed at the protein level in vivo in transplanted tumor studies
[44,50].

The inhibitory effect of Wnt3a on the proliferation of HCC cells or HCC xenograft growth has been 
demonstrated and interfering with Wnt3a could significantly inhibit the expression of down-stream β-
catenin and related-signal molecules[51]. The xenograft model of knockout Wnt3a in HepG2 cells 
resulted in slower growth, and a significant reduction in tumor size or loss of weight. The molecular 
mechanism of the Wnt3a cascade reaction involving multiple targets, can block upstream GPC-3 signals 
and downstream β-catenin to nucleus transport[52,53], and inhibiting or delaying HCC progression can 
be carried out using specific antibodies (OMP-54F28, OTSA101)[54] and small size peptide SAH-BCL-9
[55]. The abnormal liver or circulating Wnt3a in HCC has provided initial evidence, and the tumor 
volume after intervening in Wnt3a mRNA transcription with specific shRNA was 355.0 ± 99.9 mm3 in 
the intervention group which was significantly lower than that (869.4 ± 222.5 mm3) in the negative 
group, and the time to tumor formation in the intervention group was longer than that in the negative 
group; the tumor weight (0.35 ± 0.11 g) in the intervention group was markedly lower than that (0.88 ± 
0.20 g) in the negative group. Immunohistochemistry confirmed that Wnt3a was strongly inhibited in 
the intervention group[56], and indicated that targeted-Wnt3a signaling could result in effective 
inhibition of HCC growth.

CLUSTERIN
Secretory clusterin (sCLU) is a stress-induced heterodimer sulfated glycoprotein, located on 
chromosome 8q21-q12, which is highly conserved between species and has a cytoprotective effect. Its 
biological function as a small molecule partner is almost similar to that of heat shock protein[57]. Basic 
and clinical studies have shown that sCLU expression was low in normal liver tissues and its activation 
during the malignant transformation of hepatocytes was progressively over-expressed[58,59], which 
was closely associated with HCC progression by contributing to angiogenesis, chemo-resistance, cell 
survival, and metastasis[60]. The positive rate of hepatic sCLU expression was up to 73.3% in stage I 
HCC by immunohistochemical analysis. Its expression at the mRNA or protein level was increased with 
clinical staging of HCC, which indicated that sCLU could be a biomarker for differentiating benign from 
malignant liver diseases[61].

Recurrence and metastasis after hepatectomy are the main causes of poor prognosis of HCC[62]. 
Hepatic sCLU plays an important role in the proliferation, multidrug resistance, invasion and metastasis 
of HCC cells[63,64]. sCLU mediated the expression of MMP-2, p-AKT and E-cadherin in HCC BEL-7402 
or SMMC-7721 cell lines, and down-regulating sCLU expression can significantly reduce the invasive 
ability of HCC cells by the selective COX-2 inhibitor meloxicam plus specific sCLU-shRNA plasmids[65,
66]. These data indicated that sCLU is a new effective target for the occurrence, invasion and metastasis 
of HCC, and should have a bright future in HCC immunotherapy.

INSULIN-LIKE GROWTH FACTOR AXIS
The hepatic insulin-like growth factor (IGF) axis contains ligands, receptors, substrates, and ligand 
binding proteins. Accumulating data have demonstrated that aberrant IGF signaling might lead to 
malignant transformation of hepatocytes or HCC progression, in particular, IGF-II or IGF-I receptor 
(IGF-IR) are key molecules in hepatocarcinogenesis[67] or rat xenograft models[68], and affect the 
molecular pathogenesis of HCC, thus providing the rationale for targeting the IGF axis in HCC[69]. The 
biological activities of IGF-II or IGF-IR not only promote HCC cell proliferation or xenograft growth, but 
also confer resistance to standard treatments[70]. Several strategies targeting this system including 
monoclonal antibodies against IGF-1R or small molecule inhibitors of the tyrosine kinase function of 
IGF-1R are under active investigation. For example, DX-2647, a recombinant human antibody, potently 
neutralizes the action of IGF-II, which is overexpressed in HCC[71] and impairs xenograft growth of the 
Hep3B but not HepG2 cell line with high p-STAT3 levels, suggesting that STAT3 activation is one 
pathway that mediates resistance to IGF-II-targeted therapy in HCC[72].

The over-expression of hepatic IGF-IR in human HCC promotes HCC cell proliferation, and attaching 
importance to IGF-IR might improve the prognostic or therapy of HCC[73]. Enhancer of zeste 2 
polycomb repressive complex 2 subunit (EZH2) is a regulator of promoted IGF-IR induced sorafenib 
resistance of HCC in vitro by directly transcriptionally repressing a set of microRNAs including miR-
101, miR-122, miR-125b, and miR-139[74-76]. A model of an EZH2-miRNAs-IGF-IR regulatory axis 
might provide insights into how to reverse sorafenib resistance in HCC. Silencing the IGF-IR gene by a 
specific shRNA to induce inhibition of cell proliferation in vitro or rat xenograft growth in vivo may be a 
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novel molecular-targeted therapy for HCC. Several strategies targeting this system including 
monoclonal antibodies against IGF-IR and inhibitors of the tyrosine kinase function of IGF-IR are under 
active investigation. Gene-specific shRNA against IGF-signaling molecules as well as IGF-IR selective 
receptor tyrosine kinase (RTK)-inhibitors (tyrphostins) may therefore offer new therapeutic options[77,
78]. However, as a specific shRNA is currently not applicable in HCC therapy, selective RTK-inhibitors 
represent the most promising approach for future therapeutic strategies.

SYNERGY OF NON-CODING RNAS
While immunotherapy holds great promise for combating cancer, its limited efficacy due to an 
immunosuppressive tumor microenvironment and systemic toxicity hinder the broader application of 
immunotherapy[79,80]. Combinatorial immunotherapy approaches that use a highly efficient and 
tumor-selective gene carrier can improve anticancer efficacy and circumvent the systemic toxicity. HCC 
is one of the multi-genetic diseases, and multiple studies have highlighted the key roles of noncoding 
RNAs (ncRNAs) in the chemo-resistance of HCC such as biomarkers and functional modulation of the 
cellular response to sorafenib[81-83]. Targeted chemotherapeutic agent, sorafenib, is known to show a 
statistically significant but limited OS advantage in advanced HCC, linked with the modulation of 
several intracellular signaling pathways through diverse operating biomolecules including ncRNAs[84-
86]. Accumulated evidence has demonstrated that ncRNAs (miRNAs, long ncRNAs or lncRNAs, and 
circular RNA or circRNA) could serve as biomarkers in the diagnosis, prognosis, and treatment of HCC
[87,88] and have been well-documented to participate in HCC progression with promoting or inhibiting 
roles[89,90].

Interestingly, varied responses to miRNAs have been linked with the modulation of several 
intracellular signaling pathways[91]. An abnormality of miR-218 expression was investigated in human 
HCC tissues or HCC cell lines to evaluate its function and the underlying mechanisms of HCC. Gain-of-
function and loss-of-function assays indicated forced expression of miR-218 by inhibited HCC cell 
migration/invasion and reversed epithelial-mesenchymal transition to mesenchymal-epithelial 
transition. Serpine mRNA binding protein 1 (SERBP1) is a target gene of miR-218, and targeting the 
miR-218/SERBP1 signal pathway that inhibits malignant phenotype formation might be a potential 
novel strategy for HCC therapeutics, as miR-218 functions as a HCC suppressor and is involved in 
many biological processes such as tumor initiation, development, and metastasis[92]. Nanotechnology-
enabled dual delivery of siRNA and plasmid DNA that selectively targets and reprograms the immune-
suppressive tumor microenvironment has been shown to improve HCC immunotherapy[93-95].

HCC-associated circRNAs are abundant, and their over/low expression might promote/inhibit HCC 
cell proliferation or tumor growth[96-98]. An abnormality of circ-homer1 in HCC cells or tissues was 
related to tumor size, lymph node metastasis, high clinical staging and poor prognosis. The mechanism 
of circ-homer1 over-expression promoted HCC growth or invasiveness via the mir-1322/cxc16 axis[99]; 
conversely, interfering with circ-homer1 activation inhibited the proliferation, migration and invasion of 
liver cancer cells via apoptosis. The circ-0051443 from circulating exosomes or HCC tissues regulated 
BAK1 expression by combining with mir-331-3p to promote cell apoptosis or cell cycle arrest in HCC, 
and inhibit the biological behavior of HCC cells in vivo or nude mice HCC xenografts[100]. Another 
interesting study also showed that has_circ_0008450 expression in HCC tissues or cells might inhibit 
HCC progression by regulating the mir-214-3p/ezh2 axis[101,102]. These data suggested that specific 
ncRNAs were useful molecular targets for HCC therapy.

CONCLUSION
In conclusion, HCC is a multi-gene variant malignant tumor with DNA methylation, microRNA, 
lncRNA expression and immune response[103]. Immunotherapy for HCC has begun to produce better 
results, and HCC-specific molecules may be combined with comprehensive interventions such as 
surgery, interventional therapy, radiotherapy, and chemotherapy to improve the efficacy and prolong 
the survival time of HCC patients[104]. Despite the rapid development of genomics and proteomics, 
advances in molecular pathology, pharmacology and genetic engineering, DNA splicing, gene silencing, 
transcription interference, and monoclonal antibodies for more specific and less side effects immune 
therapy techniques[105] that can directly block the signaling molecules involved in HCC growth related 
signaling pathways (Figure 1) or serve as molecular targets such as radionuclide, drug carriers, and 
immunotherapy play a unique role in the specific or comprehensive treatment of HCC.
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Figure 1 Some signals in the Wnt/β-catenin pathway by anti-signaling antibodies or intervening in their gene transcription to inhibit 
hepatocellular carcinoma growth. Using anti-signaling molecule antibodies or intervening in their gene transcription to inhibit Wnt/β-catenin pathway activation 
could suppress proliferation of hepatocellular carcinoma (HCC) cells or HCC growth. GPC-3: Glypican-3; HCC: Hepatocellular carcinoma; sCLU: Secretory clusterin; 
TCF: T-cell factor; SULF2: Sulfatase 2; pGSK3β: Phosphorylated glycogen synthase kinase 3β.
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Abstract
BACKGROUND 
Melanomas are malignant tumors that can occur in different body parts or tissues 
such as the skin, mucous membrane, uvea, and pia mater. Long non-coding RNAs 
(lncRNAs) are key factors in the occurrence and development of many malignant 
tumors, and are involved in the prognosis of some patients.

AIM 
To identify autophagy-related lncRNAs in melanoma that are crucial for the 
diagnosis, treatment, and prognosis of melanoma patients.

METHODS 
We retrieved transcriptome expression profiles and clinical information of 470 
melanoma patients from The Cancer Genome Atlas (TCGA) database. Then, we 
identified autophagy-related genes in the Human Autophagy Database. Using R, 
coexpression analysis of lncRNAs and autophagy-related genes was conducted to 
obtain autophagy-related lncRNAs and their expression levels. We also 
performed univariate and multivariate Cox proportional risk analyses on the 
obtained datasets, to systematically evaluate the prognostic value of autophagy-
related lncRNAs in melanoma. Fifteen autophagy-related lncRNAs were 
identified and an autophagy-related prognostic signature for melanoma was 
established. The Kaplan-Meier and univariate and multivariate Cox regression 
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analyses were used to calculate risk scores. Based on the risk scores, melanoma patients were 
randomly divided into high- and low-risk groups. Receiver operating characteristic curve analysis, 
dependent on time, was performed to assess the accuracy of the prognostic model. At the same 
time, we also downloaded the melanoma data sets GSE65904, GSE19234, and GSE78220 from the 
GENE EXPRESSION OMNIBUS database for model verification. Finally, we performed Gene Set 
Enrichment Analysis functional annotation, which showed that the low and the high-risk groups 
had different enriched pathways.

RESULTS 
The co-expression network for autophagy-related genes was constructed using R, and 936 
lncRNAs related to autophagy were identified. Then, 52 autophagy-related lncRNAs were 
significantly associated with TCGA melanoma patients’ survival by univariate Cox proportional 
risk analysis (P < 0.01). Further, the 52 autophagy-related lncRNAs mentioned above were 
analyzed by multivariate Cox analysis with R. Fifteen lncRNAs were selected: LINC01943, 
AC090948.3, USP30-AS1, AC068282.1, AC004687.1, AL133371.2, AC242842.1, PCED1B-AS1, HLA-
DQB1-AS1, AC011374.2, LINC00324, AC018553.1, LINC00520, DBH-AS1, and ITGB2-AS1. The P 
values in all survival analyses using these 15 lncRNAs were < 0.05. These lncRNAs were used to 
build a risk model based on the risk score. Negative correlations were observed between risk 
scores and overall survival rate in melanoma patients over time. Additionally, the melanoma risk 
curve and scatter plot analyses showed that the death number increased along with the increase in 
the risk score. Overall, we identified and established a new prognostic risk model for melanoma 
using 15 autophagy-related lncRNAs. The risk model constructed with these lncRNAs can help 
and guide melanoma patient prognosis predictions and individualized treatments in the future.

CONCLUSION 
Overall, the risk model developed based on the 15 autophagy-related lncRNAs can have important 
prognostic value and may provide autophagy-related clinical targets for melanoma treatment.

Key Words: Melanoma; Long non-coding RNAs; Autophagy; Prognosis; The Cancer Genome Atlas; 
Bioinformatics

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Long non-coding ribonucleic acids (lncRNAs) are key factors in the development of many 
malignant tumors and are involved in the prognosis of some patients. The expression of autophagy-
associated lncRNAs was associated with survival in melanoma patients. We obtained 15 autophagy-
related lncRNAs and established a melanoma prognosis model, which can predict the prognosis of 
melanoma patients and is more accurate than TNM stage, age, gender, and other clinical indicators, and 
may provide autophagy-related clinical targets for the treatment of melanoma.

Citation: Qiu Y, Wang HT, Zheng XF, Huang X, Meng JZ, Huang JP, Wen ZP, Yao J. Autophagy-related long 
non-coding RNA prognostic model predicts prognosis and survival of melanoma patients. World J Clin Cases 
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INTRODUCTION
Melanomas are malignant tumors that can occur in different body parts or tissues such as the skin, 
mucous membrane, uvea, and pia mater. While the incidence of many tumors is declining, the incidence 
of melanoma continues to increase[1]. The global prevalence of melanoma is increasing by about 3% to 
7% per year[2]. Although many melanoma patients have localized tumors at diagnosis that can be 
completely removed by surgery, many patients present signs of metastasis[3]. Early melanoma has a 
good prognosis, but advanced melanoma patients have a very poor prognosis, with a 5%-10% survival 
rate, even with treatment[4]. Autophagy, originally considered a process of lysosomal-dependent 
degradation of cytoplasmic components in response to starvation, has been shown to affect multiple 
homeostasis aspects and to constitute a prevention barrier to malignant transformation[5]. Therefore, 
the combination of autophagy-related factors and pathological classification for risk stratification in 
melanoma patients can be crucial to prognosis and treatment response predictions.
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Long non-coding RNAs (lncRNAs) are transcribed RNAs with a length of more than 200 nucleotides 
that are not translated into proteins[6]. Many studies have shown that noncoding RNAs can be 
associated with tumor pathogenesis by epigenetic regulation, as well as transcriptional and/or post-
transcriptional processes. Moreover, lncRNAs can be used as sensitive and specific cancer biomarkers
[7]. Previous studies have shown that melanoma pathogenesis was associated with different lncRNAs, 
in vitro and in vivo, and that some of them can be potential melanoma therapy targets, such as UCA1, 
DSCAM-AS1, and miR155HG[8,9]. However, the lncRNAs involved in autophagy and their prognostic 
value were not previously investigated, and many mechanisms remain unclear.

Therefore, we retrieved human clinical melanoma datasets from The Cancer Genome Atlas (TCGA) 
database and screened and analyzed genes associated with melanoma prognosis. Finally, 15 autophagy-
related lncRNAs were identified as melanoma prognosis biomarkers. Compared to other clinical 
indicators, these lncRNAs had higher accuracy to predict melanoma patients’ survival.

MATERIALS AND METHODS
Patient characteristics and data processing
The data of 471 melanoma patients were retrieved from the TCGA database (https://cancer
genome.nih.gov/). In addition, the GSE65904, GSE19234, and GSE78220 data sets were downloaded 
from the GENE EXPRESSION OMNIBUS (GEO) database, including the expression data and clinical 
information of a total of 265 melanoma patients (https://www.ncbi.nlm.nih.gov/geo/). In this study, 
the lncRNA expression data in the TCGA database included complete clinical and follow-up data of 349 
patients, which were finally used for analyses. Patients’ clinical characteristics are detailed in Table 1. 
This study followed the TCGA published guidelines, and since the data used here were from the 
published TCGA database, Institutional Review Board approval was not required.

Autophagy-related gene acquisition and co-expression network establishment 
The Human Autophagy Database was used to identify autophagy-related genes. Then, R was used to 
analyze the association of autophagy-related genes and lncRNAs (correlation coefficient > 0.3; P < 
0.001), and a co-expression network was constructed. Finally, 936 melanoma autophagy-related 
lncRNAs were identified, and their expression levels were obtained.

Autophagy-related lncRNA signaling related to melanoma prognosis
The univariate proportional risk, Kaplan-Meier survival, and multivariate risk analyses were conducted 
using R to calculate patients’ risk scores and to identify if these autophagy-related lncRNAs were 
involved in the melanoma prognosis. The risk score was calculated using the formula: Risk score = expr 
(lncRNA1) × coef (lncRNA1) + expr (lncRNA2) × coef (lncRNA2) + … + expr (lncRNAn) × coef 
(lncRNAn). Melanoma patients were divided into high- and low-risk groups, based on the median risk 
score. Finally, three data sets from the GEO database (GSE65904, GSE19234, and GSE78220) were used 
for verification analysis.

Multi-indicator receiver operating characteristic curve and independent prognostic analyses
Univariate and multivariate regression analyses were used to systematically assess the relations 
between prognosis, clinicopathological factors, and risk scores in melanoma patients. To evaluate and 
verify the predictive accuracy of the prognostic model, we conducted receiver operating characteristic 
(ROC) analysis on the data from the TCGA database and the GSE78220 data set from the GEO database, 
and drew the ROC curve.

Co-expression network and Gene Set Enrichment Analysis 
A co-expression network with 15 prognostic autophagy-related genes was constructed using R (version 
4.0.4). The mulberries were mapped and the network was visualized using Cytoscape. Then, survival 
curves were drawn for these 15 lncRNAs, and risk survival and risk curves were drawn. Then, Gene Set 
Enrichment Analysis (GSEA) was employed for functional annotation. The GSEA focused not only on 
high-score genes but also on a range of genes related to biological processes that are associated with 
cancer pathogenesis, including stress response, transcription, and metabolic pathways. P < 0.05 was 
considered statistically significant[10].

RESULTS
Identification of autophagy-related lncRNAs and establishment of a melanoma prognostic model
The co-expression network for autophagy-related genes was constructed using R, and 936 lncRNAs 
related to autophagy were identified. Then, 52 autophagy-related lncRNAs were significantly associated 
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Table 1 Clinical correlation analysis in melanoma patients

Variable Group n Mean SD t value P value

Age ≤ 65 228 1.25 0.788 -2.14416 0.033

> 65 121 1.488 1.081

Gender Female 133 1.323 1.016 -0.1461 0.884

Male 216 1.338 0.834

Stage I-II 194 1.283 0.801 -1.10172 0.272

III-IV 155 1.394 1.022

T 0-2 135 1.155 0.747 -3.10656 0.002

3-4 214 1.444 0.978

M 0 338 1.336 0.912 0.502769 0.625

1 11 1.223 0.727

N 0 202 1.281 0.8 -1.19357 0.234

1-3 147 1.403 1.033

with TCGA melanoma patients’ survival by univariate Cox proportional risk analysis (P < 0.01). Among 
the 52 autophagy-related lncRNAs, four were related to a high risk (Table 2). Further, the 52 autophagy-
related lncRNAs mentioned above were analyzed by multivariate Cox analysis with R. Fifteen lncRNAs 
were selected: LINC01943, AC090948.3, USP30-AS1, AC068282.1, AC004687.1, AL133371.2, AC242842.1, 
PCED1B-AS1, HLA-DQB1-AS1, AC011374.2, LINC00324, AC018553.1, LINC00520, DBH-AS1, and 
ITGB2-AS1 (Table 3). They were subsequently used to construct a melanoma prognostic risk model 
(Figure 1). Then, we assigned the enrolled melanoma patients into two groups based on their median 
risk scores. The P values in all survival analyses using these 15 lncRNAs were < 0.05 (Figure 2). To 
investigate the survival rates in these groups, other survival analyses were performed. Negative correl-
ations were observed between risk scores and overall survival rate in melanoma patients over time 
(Figure 3A). Additionally, the melanoma risk curve and scatter plot analyses showed that the death 
number increased along with the increase in the risk score. Therefore, this demonstrated that the 
melanoma patients’ mortality was related to the risk score (Figure 3B-D). The heat map produced with 
these 15 autophagy-related lncRNAs shows that LINC00520 and AC018553.1 were highly expressed in 
the high-risk group. High expression of others lncRNAs was observed in patients with a low-risk score. 
In order to verify the accuracy and stability of the model, we decided to use the GSE65904, GSE19234, 
and GSE78220 data sets from the GEO database to verify, and conduct survival, risk curve, scatter plot, 
and heat map analyses, and the results are basically consistent with those of the above analysis 
(Supplementary Figure 1). Overall, we screened 15 pairs of lncRNAs with prognostic significance in 
melanoma, paving the way for the subsequent melanoma prognostic model establishment.

Evaluation of the independent prognostic risk model in melanoma patients 
The above analyses identified 15 lncRNAs and established a prognostic risk model for the melanoma 
patients. Next, multivariate and univariate Cox regression analyses were employed to confirm if this 
model could be used for melanoma prognosis prediction. Results showed that the hazard ratio (HR) 
was 1.912 in the univariate analysis and 1.715 in the multivariate. Additionally, the 95% confidence 
interval of the risk score was 1.643-2.226 (P < 0.001) and 1.467-2.005 (P < 0.001) in the univariate and 
multivariate analyses, respectively (Figure 4A and B). These results suggested that in our model, the 
most important prognostic factors for melanoma were not age, gender, or TMN stage, but the 15 
lncRNAs. To verify the sensitivity and specificity of the risk model, ROC curves of risk scores and other 
clinical indicators were plotted. The area under the risk score curve (AUC) was 0.712, exceeding the 
AUC of the other clinical factors (Figure 4C). In addition, we also verified the above analysis in three 
datasets from the GEO database, and the analysis results are consistent with those of the TCGA 
database (Supplementary Figure 2). These results suggested that the risk model was more accurate than 
other clinicopathological factors in predicting melanoma patients’ prognosis.

Different autophagy states in melanoma patients
GSEA software (version 4.1.0) was used for functional annotation. The differentially expressed genes of 
the high-risk group were mainly enriched in glyoxylate and dicarboxylate metabolism, while in the low-
risk group, pathways such as antigen processing and presentation, Toll-like receptor signaling, and 
cytokine production positive regulation were enriched (Figure 5).

https://f6publishing.blob.core.windows.net/f00dcd71-5879-4eda-b888-0a2a9183beff/WJCC-10-3334-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/f00dcd71-5879-4eda-b888-0a2a9183beff/WJCC-10-3334-supplementary-material.pdf


Qiu Y et al. Autophagy-related lncRNAs in melanoma

WJCC https://www.wjgnet.com 3338 April 16, 2022 Volume 10 Issue 11

Table 2 Fifty-two lncRNAs associated with survival in melanoma patients identified by univariate Cox proportional risk analysis

LncRNA HR Lower limit (95%CI) Upper limit (95%CI) P value Risk

C5orf56 0.478 0.348 0.656 0.000 Low

AC011899.2 0.588 0.437 0.792 0.000 Low

AC098613.1 0.595 0.456 0.776 0.000 Low

AC068282.1 0.617 0.448 0.851 0.003 Low

LINC01943 0.627 0.500 0.786 0.000 Low

AP002807.1 0.630 0.464 0.856 0.003 Low

AL590764.1 0.634 0.496 0.811 0.000 Low

LINC00324 0.635 0.517 0.779 0.000 Low

ZEB1-AS1 0.659 0.531 0.817 0.000 Low

VIM-AS1 0.659 0.533 0.816 0.000 Low

LINC02328 0.662 0.504 0.870 0.003 Low

MMP25-AS1 0.674 0.544 0.835 0.000 Low

AC015911.3 0.674 0.553 0.821 0.000 Low

AL662844.4 0.688 0.526 0.901 0.007 Low

AL137003.2 0.689 0.544 0.871 0.002 Low

MIAT 0.701 0.575 0.854 0.000 Low

AL133371.2 0.707 0.587 0.852 0.000 Low

AC022706.1 0.713 0.569 0.895 0.003 Low

U62317.1 0.714 0.580 0.879 0.002 Low

AC090948.3 0.727 0.574 0.921 0.008 Low

AC011374.2 0.735 0.608 0.888 0.001 Low

AC242842.1 0.741 0.639 0.859 0.000 Low

AC004918.1 0.756 0.629 0.908 0.003 Low

TRG-AS1 0.763 0.643 0.905 0.002 Low

DBH-AS1 0.777 0.664 0.910 0.002 Low

AC018755.4 0.779 0.670 0.906 0.001 Low

AC060766.7 0.782 0.658 0.929 0.005 Low

AC090559.1 0.789 0.680 0.916 0.002 Low

USP30-AS1 0.803 0.732 0.880 0.000 Low

PAXIP1-AS2 0.806 0.706 0.919 0.001 Low

AL365361.1 0.814 0.719 0.922 0.001 Low

AC012236.1 0.835 0.741 0.941 0.003 Low

HLA-DQB1-AS1 0.835 0.765 0.912 0.000 Low

TRBV11-2 0.838 0.738 0.950 0.006 Low

AC093726.1 0.844 0.772 0.923 0.000 Low

AL157871.2 0.847 0.759 0.945 0.003 Low

MIR155HG 0.848 0.775 0.928 0.000 Low

AC243960.1 0.854 0.774 0.942 0.002 Low

AC083799.1 0.871 0.817 0.927 0.000 Low

LINC02446 0.873 0.809 0.941 0.000 Low

ITGB2-AS1 0.875 0.793 0.966 0.008 Low
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AC004687.1 0.881 0.813 0.955 0.002 Low

PCED1B-AS1 0.914 0.865 0.964 0.001 Low

WAC-AS1 0.916 0.876 0.959 0.000 Low

LINC01871 0.918 0.880 0.957 0.000 Low

PSMB8-AS1 0.944 0.920 0.969 0.000 Low

THCAT158 0.952 0.923 0.981 0.001 Low

HCP5 0.975 0.964 0.986 0.000 Low

KU-MEL-3 1.006 1.002 1.010 0.003 High

LINC00520 1.011 1.005 1.017 0.001 High

AC100791.3 1.186 1.067 1.318 0.001 High

AC018553.1 1.255 1.129 1.396 0.000 High

HR: Hazard ratio.

Table 3 Prognostic melanoma risk model based on multivariate Cox proportional hazards analysis

LncRNA Coefficient HR Risk

LINC01943 -0.265 0.768 Low

AC090948.3 -0.282 0.754 Low

USP30-AS1 -0.206 0.814 Low

AC068282.1 -0.253 0.776 Low

AC004687.1 -0.152 0.859 Low

AL133371.2 -0.253 0.777 Low

AC242842.1 -0.209 0.812 Low

PCED1B-AS1 0.229 1.258 High

HLA-DQB1-AS1 -0.096 0.909 Low

AC011374.2 -0.218 0.804 Low

LINC00324 -0.231 0.794 Low

ITGB2-AS1 0.188 1.206 High

AC018553.1 0.121 1.128 High

LINC00520 0.01 1.01 High

DBH-AS1 0.259 1.296 High

HR: Hazard ratio.

DISCUSSION
As an aggressive tumor, melanoma has a poor prognosis and increasing incidence[11]. The main reason 
for the high mortality rate is late diagnosis[12]. Studies have found that the survival rate of melanoma 
patients with distant metastases was only 5%-10%[13]. Therefore, early detection and diagnosis of 
melanoma are crucial to improving the survival rate. At present, TNM staging is commonly used to 
evaluate the melanoma prognosis. However, some studies have found that TNM staging methods might 
predict different overall survival rates[14]. Increasing studies have shown that tumor TNM staging also 
has clinical limitations[15,16]. Therefore, new melanoma diagnosis and prognosis methods are required 
to improve melanoma patients’ prognosis and survival rate. The promotive and suppressive effects of 
autophagy on the development of tumors were observed by many previous studies[17,18]. In other 
words, autophagy is a dual process regarding tumors. For example, Mgrditchian et al[19] reported that 
autophagy can recruit natural killer cell infiltration into tumor tissues, and subsequently reduce the 
melanoma growth in vivo[19]. Luan et al[20] showed that POL can downregulate miR1290, leading to 
BECN1 upregulation and enhanced autophagy, thereby reducing the survival of melanoma cells. 
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Figure 1 Co-expression network construction using 15 lncRNAs with Cytoscape. A: Cytoscape network; B: Sankey diagram for lncRNA visualization.
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Figure 2 Survival analysis of 15 autophagy-associated lncRNAs. A: AC004687.1; B: AC011374.2; C: AC018553.1; D: AC068282; E: AC090948.3; F: 
AC242842.1; G: AL133371.2; H: DBH−AS1; I: HLA−DQB1−AS1; J: ITGB2−AS1; K: LINC00324; L: LINC00520; M: USP30−AS1; N: PCED1B−AS1; O: LINC01943. 
(Red and blue represent the high and low expression of the lncRNAs in melanoma patients, respectively).

However, Xiao et al[21] showed that beclin-1 expression and LC3-II/I ratio were significantly increased 
by miR-24-1-5p. Meanwhile, they also observed the promotive effect of miR-24-1-5p on autophagy and 
subsequently inhibitory function in melanoma cell proliferation[21]. The studies listed above showed 
both positive and negative effects of autophagy on tumor development, and that autophagy plays a 
crucial role in this process.

Additionally, the roles of lncRNAs in the pathogenesis of different tumors have been identified by 
other researchers, including breast cancer, lung cancer, and hepatocellular carcinoma[22,23]. In this 
study, we analyzed and identified 15 lncRNAs that can be related to melanoma survival and prognosis, 
and established a risk model for melanoma prognosis. We consulted many previous studies and found 
that only LINC00520 and DBH-AS1 have been linked to melanoma. USP30-AS1, PCED1B-AS1, 
LINC00324, ITGB2-AS1, LINC00520, and DBH-AS1 have also been reported in other tumors. The 
remaining lncRNAs (LINC01943, AC090948.3, AC068282.1, AC004687.1, AL133371.2, AC242842.1, HLA-
DQB1-AS1, AC011374.2, and AC018553.1) have not yet been reported. LICN00520 can promote 
melanoma’s proliferative and metastatic capabilities by competitively targeting miR-125b-5p and acting 
on the miR-125b-5p/eIF5A2 axis in vivo[24]. Also, LINC00520 can be involved in the progressive 
processes of many tumors. For example, Luan et al[24] pointed out that through MiR-3175 suppression, 
LINC00520 was involved in lung cancer progression[25]. Jin et al[26] found that LINC00520 can act as a 
miR-577 competitive suppressor to enhance HSP27 expression, leading to colorectal cancer progression
[26]. Besides, LINC00520 can promote thyroid papillary carcinoma, nasopharyngeal carcinoma, breast 
cancer, and non-small cell lung cancer progression, being a poor prognostic factor for these tumors[27-
31]. Chen et al[32] found that DBH-AS1 can enhance the glycolytic activity of melanoma cells, thereby 
blocking the miR-223-3p/EGFR/AKT axis[32]. Crucial roles of the lncRNA DBH-AS1 were also 
observed in osteosarcoma, diffuse large b-cell lymphoma, liver cancer, and non-small cell lung cancer
[33-36]. In our analyses, both DBH-AS1 and LINC00520 were high-risk autophagy-related lncRNAs. 
Their elevated expression in melanoma patients indicated a poor prognosis. Through sequestering miR-
229-3p and subsequently enhancing the expression of PTP4A1[37], USP30-AS1 expression can promote 
cervical cancer malignant progression. The lncRNA pCED1B-AS1 can activate glioma cell proliferation 
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Figure 3 Prognostic value of the 15-lncRNA risk model for melanoma. A: Survival rate analysis; B: Representative risk curve showing the risk scores; C: 
Scatter diagram of survival state. Green dots: Surviving; red dots: Dead; D: Representative heatmap showing the expression of indicated lncRNAs in different groups. 
Green and red represent low and high expression, respectively.

and limit apoptosis, working with the miR-194-5p/ pCED1B axis[38]. pCED1B-AS1 can also induce 
hepatocellular carcinoma immunosuppression through PD-1 and PD-L1 regulation via sponging has-
miR-1945p[39]. Other studies have shown that the lncRNA pcED1B-AS1 can also promote clear cell 
renal carcinoma and pancreatic ductal adenocarcinoma progression[40,41]. Important roles of the 
lncRNAs LINC00324 and A ITGB2-AS1 have been observed during different tumors progressions. For 
example, the proliferative and invasive capabilities of osteosarcoma were promoted by LINC00324 
through WDR66 regulation. Also, the promotive effects of LNC00324 on papillary thyroid carcinoma 
progression were found, due to its regulatory effect on Notch-related pathways[42,43]. The lncRNA 
ITGB2-AS1 can upregulate ITGB2 and promote breast cancer cell migration and invasion. Besides, 
ITGB2-AS1 can also promote pancreatic ductal adenocarcinoma growth and metastasis, acting on the 
miR-4319/RAF1 axis[44,45].

The mechanisms of the remaining nine lncRNAs identified in our study (LINC01943, AC090948.3, 
AC068282.1, AC004687.1, AL133371.2, AC242842.1, HLA-DQB1-AS1, AC011374.2, and AC018553.1) 
have not been yet reported and remain to be explored. Five of them, including PCED1B-AS1, ITGB2-
AS1, AC018553.1, LINC00520, and DBH-AS1, were risk-related lncRNAs, and their increased expression 
levels suggested a poor prognosis. The remaining ten lncRNAs (LINC01943, AC090948.3, USP30-AS1, 
AC068282.1, AC004687.1, AL133371.2, AC242842.1, HLA-DQB1-AS1, AC011374.2, and LINC00324) were 
protective lncRNAs, and their elevated expression levels in melanoma patients predicted a good 
prognosis. The survival analysis (P = 2.287e - 14) suggested a significant difference between the survival 
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Figure 4 Melanoma risk model evaluation. A and B: Univariate and multivariate Cox regression analyses for prognostic risk scores and different clinical 
features; C: Receiver operating characteristic curves for risk scores and different clinical characteristics (age, gender, and TMN stage).

rate of the high- and low-risk score patients. Meanwhile, we also observed negative correlations 
between the risk scores and overall survival rate in melanoma patients. Finally, we constructed the ROC 
curve, and the AUC value was 0.712, higher than the AUC of all clinicopathological indicators analyzed. 
Not only that, we also downloaded 265 melanoma samples from GEO database to verify the accuracy of 
this model, and the results are consistent with those of the previous analysis. These results 
demonstrated that the prognostic model established based on autophagy-related lncRNAs in melanoma 
patients had a higher prognostic accuracy than other clinical indicators. Altogether, these results 
suggested that the risk model established based on the 15 autophagy-related lncRNAs could better 
predict melanoma patients’ prognosis and survival.

The GSEA analysis revealed a difference in signaling pathway enrichment between the high- and 
low-risk melanoma patients. In low-risk populations, the main significantly enriched pathways were 
immune-related, such as antigen processing and presentation, Toll-like receptor signaling pathway, 
systemic lupus erythematosus, and autoimmune thyroid disease. The high-risk populations were 
mainly enriched in metabolism-related pathways, such as glyoxylate and dicarboxylate signaling 
pathways. These results indicated that the immunity improvement might be related to melanoma 
patients’ prognosis improvement and that a poor prognosis can be associated with glyoxylate and 
dicarboxylate metabolic pathways.

Recently, increasing studies have explored the significance of lncRNAs in cell autophagy, and their 
functional effect in tumors have attracted researchers’ attention. However, the function, mechanisms, 
and value of these lncRNAs in melanoma prognosis remain unclear. Our current study proposed a new 
melanoma risk model composed of 15 lncRNAs involved in autophagy that can be helpful for future 
melanoma treatment and prognosis evaluation. However, our research also has limitations. Although 
the data and analyses used have been verified for their accuracy in different studies, our study was not 
verified experimentally. The molecular mechanism of autophagy-related lncRNAs has not yet been 
elucidated, and some lncRNAs have never even been reported in the literature. Therefore, further 
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Figure 5 Gene Set Enrichment Analysis for functional enrichment analysis of 15 autophagy-related lncRNAs. Among them, Gene Ontology, 
KEGG pathway, and immune signal were significantly enriched in the low-risk group, while the KEGG pathway was slightly enriched in the high-risk group. A: 
Enrichment plot: GOBP_DEFENSE_RESPONSE_TO_VIRUS; B: GOBP_INTERLEUKIN_8_PRODUCTION; C: GOBP_RESPONSE_TO_INTERFERON_GAMMA; D: 
GOBP_RESPONSE_TO_VIRUS; E: KEGG_ANTIGEN_PROCESSING_AND_PRESENTATION; F: KEGG_GLYOXYLATE_AND_DICARBOXYLATE_METABOLISM; 
G: KEGG_LEISHMANIA_INFECTION; H: KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS; I: KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY.

experimental studies are required to verify our results.

CONCLUSION
Overall, we have identified and established a new prognostic risk model for melanoma using 15 
autophagy-related lncRNAs: LINC01943, AC090948.3, USP30-AS1, AC068282.1, AC004687.1, 
AL133371.2, AC242842.1, PCED1B-AS1, HLA-DQB1-AS1, AC011374.2, LINC00324, ITGB2-AS1, 
AC018553.1, LINC00520, and DBH-AS1. The risk model constructed with these lncRNAs can help guide 
prognosis prediction and individualized treatment in melanoma patients in the future.

ARTICLE HIGHLIGHTS
Research background
At present, melanoma is mainly treated by surgical resection, but many patients have tumor metastasis. 
Patients with advanced melanoma have a very poor prognosis, so a new method is needed to predict 
and evaluate the prognosis and survival of patients. Autophagy, originally thought to be a process of 
lysosomal dependent degradation of cytoplasmic components in response to starvation, has been shown 
to influence multiple dynamic equilibria and to constitute a barrier against malignant transformation. 
However, long non-coding RNAs (lncRNAs) involved in autophagy and their prognostic value have not 
been studied before, and many mechanisms remain unclear. Therefore, risk stratification of melanoma 
patients based on autophagy-associated lncRNAs combined with pathological classification is crucial to 
predict prognosis and treatment response.

Research motivation
The main purpose of this study was to identify autophagy lncRNAs associated with melanoma 
prognosis and establish a risk model to predict survival and prognosis. Among the 15 autophagy-
related lncRNAs analyzed in this study, the mechanisms of action of some lncRNAs are still unclear and 
have not been reported in the literature, so further studies are needed to explore the role of these 
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lncRNAs. The solution of this major problem will help us to have a deeper understanding of melanoma 
and make it possible to completely cure melanoma.

Research objectives
The main objective of this study was to establish a more accurate method for predicting and evaluating 
the prognosis and survival of melanoma patients.

Research methods
First, data from The Cancer Genome Atlas and GENE EXPRESSION OMNIBUS (GEO) databases were 
processed, and then R was used to analyze the correlation between autophagy-related genes and 
lncRNAs (correlation coefficient > 0.30; P < 0.001), and a co-expression network was constructed. In 
order to evaluate the relationship between autophagy-related lncRNAs and melanoma prognosis, 
univariate proportional risk, Kaplan-Meier survival, and multivariate risk analyses were performed. R 
software was used to calculate the risk score of each patient, and the calculation formula is as follows: 
Risk score = expR (lncRNA1) × COEF (lncRNA1) + expr (lncRNA2) × COEF (lncRNA2) +... + expr 
(lncRNAn) × COEF (lncRNAn). In order to assess the stability of risk models, univariate and 
multivariate regression analyses and receiver operating characteristic analyses were also performed. 
Finally, Gene Set Enrichment Analysis was used for functional annotation and GEO data was used for 
further validation to ensure the accuracy of the results.

Research results
Our current study proposed a new melanoma risk model composed of 15 lncRNAs involved in 
autophagy that can be helpful for future melanoma treatment and prognosis evaluation. However, our 
research also has limitations. Although the data and analyses used have been verified for their accuracy 
in different studies, our study was not verified experimentally. The molecular mechanisms of 
phagocytosis-related lncRNAs have not yet been elucidated, and some lncRNAs have never even been 
reported in the literature. Therefore, further experimental studies are required to verify our results.

Research conclusions
This study identified new and unreported lncRNAs through a series of analyses, which are closely 
related to the prognosis of melanoma patients, providing a new direction for future research on 
melanoma-related lncRNAs.

Research perspectives
In the future, we can conduct further experimental verification on these 15 lncRNAs to understand the 
specific mechanism of action and specific role of these 15 lncRNAs in melanoma.
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Abstract
BACKGROUND 
Colorectal cancer (CRC) imposes a tremendous burden on human health, with 
high morbidity and mortality. Circular ribonucleic acids (circRNAs), a new type 
of noncoding RNA, are considered to participate in cancer pathogenesis as 
microRNA (miRNA) sponges. However, the dysregulation and biological 
functions of circRNAs in CRC remain to be explored.

AIM 
To identify potential circRNA biomarkers of CRC and explore their functions in 
CRC carcinogenesis.

METHODS 
CircRNAs and miRNAs differentially expressed in CRC tissues were identified by 
analyzing expression profiles from the Gene Expression Omnibus (GEO) 
database. Circ_0000375 and circ_0011536 were selected as CRC biomarker 
candidates. Quantitative real-time polymerase chain reaction was utilized to 
evaluate the expression of these 2 circRNAs in CRC tissues, serums and cell lines. 
Receiver operating characteristic curves were generated to assess the diagnostic 
performances of these 2 circRNAs. Then, functional experiments, including cell 
counting kit-8, wound healing and Transwell invasion assays, were performed 
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after the overexpression of circ_0000375 and circ_0011536 in CRC cell lines. Furthermore, 
candidate target miRNAs of circ_0000375 and circ_0011536 were predicted via bioinformatics 
analysis. The expression levels of these miRNAs were explored in CRC cell lines and tissues from 
GEO datasets. A luciferase reporter assay was developed to examine the interactions between 
circRNAs and miRNAs. Based on the target miRNAs and downstream genes, functional 
enrichment analyses were applied to reveal the critical signaling pathways involved in CRC 
carcinogenesis.

RESULTS 
Downregulated circ_0000375 and circ_0011536 expression was observed in CRC tissues in 
GSE126095, clinical CRC tissue and serum samples and CRC cell lines. The areas under the curve 
for circ_0000375 and circ_0011536 were 0.911 and 0.885 in CRC tissue and 0.976 and 0.982 in CRC 
serum, respectively. Moreover, the serum levels of these 2 circRNAs were higher in patients at 30 
d postsurgery than in patients before surgery, suggesting that the serum expression of 
circ_0000375 and circ_0011536 is related to CRC tumorigenesis. Circ_0000375 and circ_0011536 
overexpression inhibited the proliferation, migration and invasion of CRC cells. Furthermore, miR-
1182 and miR-1246, which were overexpressed in CRC tissues in GSE41655, GSE49246 and 
GSE115513, were verified as target miRNAs of circ_0000375 and circ_0011536, respectively, by 
luciferase reporter assays. The downstream genes of miR-1182 and miR-1246 were enriched in 
some CRC-associated pathways, such as the Wnt signaling pathway.

CONCLUSION 
Circ_0000375 and circ_0011536 may function as tumor suppressors in CRC progression, serving as 
novel biomarkers for CRC diagnosis and as promising candidates for therapeutic exploration.

Key Words: Cir_0000375; Circ_0011536; MicroRNA; Biomarker; Colorectal cancer; Tumor suppressor

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The dysregulation and biological functions of circular ribonucleic acids (circRNAs) in colorectal 
cancer (CRC) have not been well elucidated. In this study, circ_0000375 and circ_0011536 were observed 
to be downregulated in CRC tissues, serum samples and cell lines. These 2 circRNAs were validated as 
biomarker candidates in tissues and serum samples with high diagnostic performance. Overexpression of 
circ_0000375 and circ_0011536 inhibited the growth, migration and invasion of CRC cells. Furthermore, 
miR-1182 and miR-1246 were upregulated in CRC tissues as target microRNA of circ_0000375 and 
circ_0011536, respectively. Overall, circ_0000375 and circ_0011536 may serve as diagnostic biomarkers 
and function as tumor suppressors in CRC.

Citation: Yin TF, Du SY, Zhao DY, Sun XZ, Zhou YC, Wang QQ, Zhou GYJ, Yao SK. Identification of 
circ_0000375 and circ_0011536 as novel diagnostic biomarkers of colorectal cancer. World J Clin Cases 2022; 
10(11): 3352-3368
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3352.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3352

INTRODUCTION
Colorectal cancer (CRC) is a common malignancy worldwide, with incidence and mortality rates 
ranking 3th and 2nd, respectively[1]. More than 50% of CRC patients are first diagnosed at an advanced 
stage, which creates enormous threats to human health and imposes a social burden[2]. The 5-year 
overall survival rate of CRC patients in stage Ⅰ can reach approximately 90%, while the rate is only 10% 
for stage Ⅳ patients[3], suggesting that the prognoses of patients with advanced CRC are notably 
poorer. The great challenges related to early diagnosis and successful therapy are attributed to the high 
potential for metastasis or relapse, treatment resistance, high heterogeneity and multistep initiation of 
CRC. Conventional tumor markers widely used in clinical practice, such as glycoprotein carcinoem-
bryonic antigen, exhibit unsatisfactory specificity and sensitivity[4]. Thus, there is an urgent need to 
discover innovative and reliable diagnostic biomarkers to improve predictive accuracy, guide individu-
alized treatment and assess clinical outcome.

Recently, an increasing number of circular ribonucleic acids (circRNAs) have been identified through 
bioinformatic analysis and high-throughput sequencing technology. CircRNAs have drawn widespread 
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attention as a class of single-stranded noncoding RNA molecules with a circular structure lacking 5’ and 
3’ ends that are more stable than linear RNAs and resistant to RNA exonucleases[5]. CircRNAs are 
highly expressed in eukaryotes and exert diverse functions, including sponging microRNAs (miRNAs), 
regulating transcription and splicing in the nucleus, interacting with proteins and undergoing 
translation in the cytoplasm[6,7]. Accumulating evidence has demonstrated that circRNAs contain 
adequate miRNA-binding elements to sponge and sequester corresponding miRNAs, acting as 
competing endogenous RNAs at the posttranscriptional level[8,9]. Some circRNAs have been reported 
to be not only potential diagnostic and prognostic indicators for CRC but also regulators of carcino-
genesis via their interactions with miRNAs and their target genes. For example, hsa_circ_0005273 
(circPTK2) in CRC tissue is associated with tumor growth and metastasis as well as prognosis and might 
serve as a therapeutic target for CRC metastasis[10]. Serum exosomal hsa_circ_0004771 can act as a 
diagnostic biomarker of CRC[11]. Hsa_circ_0001955 and hsa_circ_0000977 were found to mediate the 
miRNA-mRNA regulatory network in CRC[12]. Collectively, circRNAs could play vital roles in the 
tumorigenesis of CRC and have potential as novel biomarkers for diagnosis and clinical outcome 
prediction.

MiRNAs are small single-stranded noncoding RNA molecules that are 19-25 nucleotides in size and 
mediate the posttranscriptional silencing of target genes by combining with the 3’ untranslated region of 
a mRNA transcript to contribute to translational inhibition and mRNA destabilization[13,14]. The 
miRNAs in tissue samples and cell-free biological fluids, have been reported as crucial gene regulators, 
promising candidate biomarkers and therapeutic targets[14,15]. Considerable miRNAs have been 
observed to regulate various biological and pathological processes in many diseases, especially cancer. 
For instance, many miRNAs differentially expressed in CRC can influence the growth, progression, 
autophagy, apoptosis and even microbiome of CRC cells[16-18], and act as noninvasive biomarkers of 
CRC[19].

The aim of this study was to identify promising circRNA biomarkers for CRC diagnosis and obtain 
insights into their functions in modulating the development of CRC. In the present study, we invest-
igated the expression levels of 2 circRNAs, circ_0000375 and circ_0011536, in tissue and serum samples 
as well as in CRC cell lines. The biological functions of the 2 circRNAs were explored by evaluating the 
proliferation, migration and invasion of CRC cell lines. The expression of target miRNAs and their 
interactions with circRNAs were also investigated in CRC. Collectively, our findings revealed the 
circRNAs and their miRNA interactions that are critically important to the tumorigenesis of CRC, 
providing potential biomarkers for diagnosis and therapeutic options.

MATERIALS AND METHODS
Bioinformatic analysis of circRNA and miRNA profiles
The expression profiles of circRNAs and miRNAs of CRC patients and negative controls (NCs) were 
obtained from the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo). The 
GSE126095 (10 CRCs vs 10 NCs) dataset was utilized for circRNA expression analysis, while GSE41655 
(33 CRCs vs 15 NCs), GSE49246 (40 CRCs vs 40 NCs) and GSE115513 (750 CRCs vs 649 NCs) were used 
for miRNA analysis. The platform and series matrix files of the datasets were downloaded from the 
GEO database, and then the probe matrix was converted into the corresponding RNA name referring to 
the annotation from the platform files. The “limma” R package was used for normalization of raw data 
and identification of the differentially expressed circRNAs and miRNAs between CRC and NC samples. 
The target miRNAs were predicted with the circular RNA interactome database (CircInteractome, 
https://circinteractome.nia.nih.gov/). Gene Ontology and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) analyses were employed to reveal the vital signaling pathways of miRNAs involved in the 
tumorigenesis of CRC using the “clusterProfiler” R package.

Human tissue and serum sample collection
In this study, patients with CRC and healthy control (HC) participants were enrolled from May 2019 to 
May 2021 at China-Japan Friendship Hospital. All patients included in our study were newly diagnosed 
with colorectal adenocarcinoma confirmed by postoperative pathological examination. Patients who 
had already received radiotherapy, chemotherapy or other molecular targeted therapy before surgery 
were screened out. Age- and sex-matched HC participants were recruited from a population of 
individuals without major abnormalities and with negative results after complete colonoscopy. In total, 
34 tumor tissue samples from CRC patients and 24 colon tissue samples from HCs were obtained. 
Serum samples were collected from HCs before colonoscopy (n = 28), from CRC patients before curative 
surgery (n = 56) and from CRC patients at 30 d after surgery (n = 14). Demographic data and 
clinicopathological features, including age, gender, TNM stage, tumor size, tumor location and lymph 
node metastasis, were collected. Tissue samples taken from CRC patients or HCs were frozen in liquid 
nitrogen immediately and stored at -80 °C until further analysis. Serum specimens were immediately 
centrifuged at 4000 g for 10 min at 4 °C, and 1 mL of supernatant was stored at -80 °C. This study was 
approved by the Ethics Committee of the China-Japan Friendship Hospital (No. 2018-116-K85-1), and all 
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Figure 1 Expression profiles of circular ribonucleic acids in colorectal cancer tissues from GSE126095 datasets and in cell lines. A: 
Volcano plot of circular ribonucleic acids expression levels; B: The expression of circ_0000375 in colorectal cancer (CRC) tissues and negative control tissues; C: 
The expression of circ_0011536 in CRC tissues and negative control tissues; D: Receiver operating characteristic curves to evaluate the diagnostic value of 
circ_0000375 and circ_0011536 by assessing the area under the curve; E: The relative expression levels of circ_0000375 in a normal colon cell line (FHC) and CRC 
cell lines (HCT116, RKO and SW480); F: The relative expression levels of circ_0011536 in a normal colon cell line (FHC) and CRC cell lines (HCT116, RKO and 
SW480). aP < 0.001; bP < 0.01; cP < 0.05. NC: Negative control; AUC: Area under the curve; CRC: Colorectal cancer.

participants signed written informed consent forms.

Cell culture
Three CRC cell lines (HCT, RKO, and SW480) and a human normal colonic epithelial cell line (FHC) 
were obtained from the American Type Culture Collection. All cell lines except RKO were cultured in 
Roswell Park Memorial Institute-1640 medium (RPMI-1640; Invitrogen, Carlsbad, United States), and 
RKO cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen). All the cell lines 
were supplemented with 100 IU/mL penicillin, 100 μg/mL streptomycin and 10% fetal bovine serum 
(FBS) and cultured at 37 °C in a humidified atmosphere with 5% CO2.

Cell transfection
An empty pcDNA3.1 vector and overexpression plasmids for circRNAs were synthesized by 
GenePharma (Shanghai, China). Then, Lipofectamine 3000 Transfection Reagent (Invitrogen) was 
utilized to transfect HCT116 and SW480 cells with the above plasmids according to the manufacturer’s 
instructions. 24 h later, CRC cells were collected for subsequent experiments.

Quantitative reverse transcription-polymerase chain reaction and Sanger sequencing
Total RNA was isolated from tissues, serums and cells using the RNAprep Pure Cell Kit (Solarbio, 
Beijing, China) following the manufacturer’s protocol. Then, the isolated RNA was reverse transcribed 
into cDNA using the Hifair® Ⅱ 1st Strand cDNA Synthesis Kit (YESEN, Shanghai, China). Then, 
quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was conducted using Hieff® 

qPCR SYBR® Green Master Mix (No Rox) (YESEN). The relative expression levels of circRNAs and 
miRNAs were quantified by the 2-ΔΔCt method, using GAPDH and U6 as internal reference genes, 
respectively. The primers for qRT-PCR were synthesized by Sangon Biotech and are listed in 
Supplementary Table 1. To further ascertain the back-splicing and junction sequence of each circRNA, 
Sanger sequencing of the amplification products of circRNAs was performed by Tsingke (Beijing, 
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Figure 2  Characteristics of circ_0000375 and circ_0011536 in colorectal cancer tissues. A: Structures and back-splicing sequences of 
circ_0000375; B: Structures and back-splicing sequences of circ_0011536; C: The relative expression levels of circ_0000375 and the corresponding linear mRNA 
IFFO1 in colorectal cancer tissues treated with RNase R; D: The relative expression levels of circ_0011536 and ZMYM4 treated with RNase R. bP < 0.01; cP < 0.05. 
NS: Not significant.

China).

RNase R treatment
To determine the stability characteristics of circRNAs, 2 circRNAs and their corresponding linear 
mRNAs were digested with RNase R. A 5-μg aliquot of total RNA was incubated with or without 1 μL 
of 10-fold reaction buffer and 0.5 μL of RNase R (20 U/μL) for 30 min at 37 °C. Then, the expression 
levels of the circRNAs and their corresponding linear mRNAs were quantified by PCR.

Cell counting kit-8 proliferation assay
A total of 1500 SW480 or HCT116 cells in 100 μL of medium were seeded in each well of a 96-well plate. 
After 24 h, the CRC cells were transfected with oe-circRNA plasmid or vector. Then, at 0 h, 24 h, 48 h 
and 72 h, 10 μL of cell counting kit-8 (CCK-8) reagent (Solarbio) and 90 μL of medium were added after 
the previous medium was removed. Then, the cells were incubated for 1 h at 37 °C with 5% CO2, and the 
optical density (OD) was detected at 450 nm using a microplate reader (BioTek Instruments, United 
States).

Wound healing assay
SW480 or HCT116 cells were cultured in 6-well plates for 24 h, and then, cell transfection was performed 
as described above. After incubation for 48 h, a wound was scratched with a 200 µL sterile pipette tip. 
Then, the cells were washed with PBS 3 times and incubated in serum-free medium. Representative 
images were captured at 0 h and 24 h after scratching. The total wound area was measured using ImageJ 
software, and the relative migration rate was calculated.
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Transwell invasion assay
CRC cells were suspended in 200 μL of serum-free medium and seeded in the upper chambers coated 
with matrigel (Corning, United States). The bottom 24-well plates were filled with 600 μL of medium 
containing 10% FBS as a chemoattractant. After incubation for 72 h, the cells remaining in the upper 
chamber were gently removed with cotton swabs, and the cells on the lower surface were photographed 
and counted after being fixed with 4% paraformaldehyde and stained with 0.1% crystal violet.

Luciferase reporter assay
Fragments of circ_0000375 and circ_0011536 and corresponding mutant sequences were designed and 
inserted into a luciferase reporter vector (GP-miRGLO) to produce circ_0000375-WT, circ_0011536-WT, 
circ_0000375-MUT and circ_0011536-MUT, respectively (GenePharma, China). HEK293T cells obtained 
from the American Type Culture Collection were seeded in 12-well plates and then cotransfected with a 
mixture of these plasmids and miRNA mimics or mimics NC. After incubation for 24 h, firefly and 
Renilla luciferase activities were examined with a Dual-Luciferase Reporter Assay System (Promega, 
United States) in line with the manufacturer’s instructions.

Statistical analysis
Statistical Program for Social Science version 26.0 (SPSS 26.0), R software (version 4.0.3) and GraphPad 
Prism (version 9) were used to perform statistical analysis. Quantitative data with a normal distribution 
are presented as the mean ± SD and were analyzed using Student’s t-test or one-way analysis of 
variance, while variables with a nonnormal distribution are presented as the median and interquartile 
range and were compared using a Mann-Whitney U test or Kruskal-Wallis test. Moreover, categorical 
variables were analyzed by the chi-square test or a nonparametric test. Receiver operating characteristic 
(ROC) curves were constructed to examine the diagnostic efficiency of RNA molecules by assessing the 
area under the curve (AUC). A two-tailed P < 0.05 was considered statistically significant.

RESULTS
Identification of two circRNAs differentially expressed in CRC
In GSE126095, the expression levels of circRNAs were compared between CRC (n = 10) and NC (n = 10) 
samples. The circRNAs differentially expressed between CRC and NC were obtained with the criteria 
|log2 fold change| > 1 and P value < 0.05 (Figure 1A). Based on the circRNA regulatory network 
identified in our previous study[20], we selected 2 circRNAs, namely, hsa_circ_0000375 (circ_0000375) 
and hsa_circ_0011536 (circ_0011536), which were downregulated in CRC (Figure 1B and C). The AUCs 
of circ_0000375 and circ_0011536 were 0.970 and 0.920, respectively (Figure 1D), suggesting that these 2 
circRNAs were useful as CRC biomarkers in the GSE126095 dataset. To further confirm the value of the 
2 circRNAs in CRC, we investigated the expression levels of the 2 circRNAs in cell lines. Compared with 
the normal colonic epithelial cell line FHC, CRC cell lines (HCT, RKO and SW480) showed significantly 
decreased expression levels of circ_0000375 and circ_0011536 (Figure 1E and F).

Sanger sequencing and RNase R digestion to determine the characteristics of circ_0000375 and 
circ_0011536
Circ_0000375 originates from head-to-tail splicing of exon 6 and exon 7 in the linear mRNA IFFO1, 
which is located on chromosome 12. According to the Sanger sequencing results for PCR products, the 
target sequence of circ_0000375 was verified to be the head-to-tail splicing site (Figure 2A). For 
circ_0011536, which is generated by back-splicing of exon 3 to exon 5 of the ZMYM4 gene, our primer 
covered the splicing site, so the inverse complementary sequence of the amplification products of 
circ_0011536 was consistent with that in the circBase database (Figure 2B). Subsequently, the expression 
level of circ_0000375 did not show an obvious decline after CRC tissues were degraded with RNase R, 
but its corresponding linear mRNA, IFFO1, was significantly downregulated (Figure 2C). Similar results 
were obtained for circ_0011536 and ZMYM4 (Figure 2D). These results revealed that circ_0000375 and 
circ_0011536 were more resistant to RNase R digestion than the corresponding linear mRNAs.

Expression and diagnostic value of circ_0000375 and circ_0011536 in CRC tissue and serum samples
The clinicopathological features of CRC patients and HCs are listed in Table 1. Downregulation of 
circ_0000375 and circ_0011536 was validated in CRC tissues compared with HC tissues (Figure 3A and 
B). ROC curve analysis revealed that the AUCs of circ_0000375 and circ_0011536 were 0.911 and 0.885, 
respectively. Combined with both circRNAs, the AUC was 0.928, indicating possible better performance 
based on these 2 circRNAs (Figure 3C). Furthermore, the median expression levels of circ_0000375 and 
circ_0011536 in tissues were used to divide the CRC patients into low and high expression groups, 
which were used for subgroup analysis of the clinicopathological characteristics of the CRC patients 
(Table 2). The results indicated that patients with lymph node metastasis or advanced TNM stage 
tended to exhibit high expression of circ_0011536. However, the expression of circ_0000375 in tissue was 
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Table 1 Clinicopathological characteristics of participants

Tissues Serums

HC (n = 24) CRC (n = 34) HC (n = 28) CRC (n = 56) AS (n = 14)

Age (yr) (M) (P25, P75) 62.0 (55.0, 69.0) 64.5 (58.8, 73.0) 63.5 (56.3, 71.8) 66.0 (60.3, 75.0) 61.0 (49.5, 68.3)

Gender

Male 17 23 15 39 9

Female 7 11 13 17 5

TNM stage

Ⅰ 9 9 2

Ⅱ 9 16 4

Ⅲ 10 21 6

Ⅳ 6 10 2

Tumor size

≤ 5 cm 20 29 9

> 5 cm 14 27 5

Tumor location

Left colon 6 12 3

Right colon 5 9 2

Rectum 23 35 9

Lymph node metastasis

No 19 35 6

Yes 15 21 8

HC: Healthy control; CRC: Colorectal cancer; AS: After surgery.

not related to clinicopathological indexes.
Furthermore, the expression levels of the 2 circRNAs in serum samples from CRC patients were 

lower than those in serum samples of HCs (Figure 3D and E). For CRC patients after surgery, the levels 
of circ_0000375 and circ_0011536 in the serum were elevated compared with the levels in preoperative 
patients but were still significantly lower than the levels in HCs significantly, indicating that 
circ_0000375 and circ_0011536 in the serum were closely related to CRC tumorigenesis. The AUCs of 
circ_0000375, circ_0011536 and combined circRNAs in CRC serum were 0.976, 0.982 and 0.997, 
respectively (Figure 3F), indicating that these 2 circRNAs could serve as new biomarkers for CRC 
diagnosis and that both circRNAs might yield better performance. The expression levels of circ_0000375 
and circ_0011536 in the serum were not correlated with the clinicopathological indexes of CRC patients, 
which suggested the robustness of the expression of these 2 circRNAs among different subtypes of CRC 
patients (Supplementary Table 2).

Circ_0000375 and circ_0011536 suppressed the malignant behavior of CRC cells in vitro
To investigate the biological effects of circ_0000375 and circ_0011536 on CRC cells, SW480 and HCT116 
cells were transfected with overexpression vectors for these 2 circRNAs (Figure 4A and B). CCK-8 
assays revealed that upregulation of circ_0000375 or circ_0011536 remarkably inhibited the proliferation 
of CRC cells (Figure 4C and D), indicating that these 2 circRNAs inhibited the proliferation of CRC cells. 
Wound healing assays were utilized to verify the function of the 2 circRNAs related to the migration of 
CRC cells, suggesting that the migratory abilities of CRC cells were significantly restrained by overex-
pression of circ_0000375 or circ_0011536 (Figure 4E, F and I). Transwell assay results suggested that 
these 2 circRNAs also affected the invasion of CRC cells. Upregulation of circ_0000375 or circ_0011536 
suppressed CRC cell invasion capability (Figure 4G, H and J). Therefore, circ_0000375 and circ_0011536 
suppressed cell proliferation, migration and invasion in CRC cells.

Targeted miRNA predictions for circ_0000375 and circ_0011536
Given that mounting evidence has demonstrated that circRNAs serve as miRNA sponges, the miRNA 
binding abilities of circ_0000375 and circ_0011536 in CRC were explored using the CircInteractome 

https://f6publishing.blob.core.windows.net/0d4e014e-8e0c-4e7d-ab39-989ef56daccb/WJCC-10-3352-supplementary-material.pdf
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Table 2 Associations between the expressions of two Circular ribonucleic acids and clinicopathological features in colorectal cancer 
tissues

Circ_0000375 expression Circ_0011536 expression
n

Low High 
P value

Low High 
P value

Age (yr) 0.730 0.300

≤ 65 19 9 10 8 11

> 65 15 8 7 9 6

Gender 0.714

Female 11 6 5 5 6 0.714

Male 23 11 12 12 11

TNM stage 0.169 0.039a

Ⅰ-Ⅱ 18 11 7 12 6

Ⅲ-Ⅳ 16 6 10 5 11

Tumor size 0.486 1.000

≤ 5 cm 20 9 11 10 10

> 5 cm 14 8 6 7 7

Tumor location 0.271 0.714

Colon 11 4 7 5 6

Rectum 23 13 10 12 11

Lymph node metastasis 0.084 0.016a

No 19 12 7 13 6

Yes 15 5 10 4 11

aP < 0.05.

database. We identified miR-1182 and miR-1246 as potential targets of circ_0000375 and circ_0011536, 
respectively, and then examined the interaction of these miRNAs with the circRNAs. The expression of 
miR-1182 was elevated in CRC cell lines compared with the FHC cell line (Figure 5A). MiR-1182 was 
downregulated in circ_0000375-overexpressing CRC cells (Figure 5B). Moreover, to examine the direct 
interaction between circ_0000375 and miR-1182, we conducted a dual-luciferase reporter assay. The 
results showed that the luciferase activity of circ_0000375-WT was significantly reduced in the miR-1182 
mimics group compared with the mimics NC group, while no difference was observed with 
circ_0000375-MUT (Figure 5C). Similarly, miR-1246 was also upregulated in CRC cell lines (Figure 5D) 
but downregulated after overexpression of circ_0011536 (Figure 5E). MiR-1246 mimics led to decreased 
luciferase activity of circ_0011536-WT, but no change was found for circ_0011536-MUT (Figure 5F). 
Overall, circ_0000375 and circ_0011536 were confirmed to serve as sponges for miR-1182 and miR-1246, 
respectively, and the binding sites were uncovered in the present study.

MiR-1182 and miR-1246 were upregulated in CRC tissues in GEO datasets
We compared the miR-1182 and miR-1246 expression levels among 3 GEO datasets, GSE41655 (33 CRCs 
vs 15 NCs), GSE49246 (40 CRCs vs 40 NCs) and GSE115513 (750 CRCs vs 649 NCs). The results 
suggested that miR-1182 was overexpressed in CRC tissues in GSE41655, GSE49246 and GSE115513 
(Figure 6A-C), supporting our discovery in vitro. Consistently, the expression of miR-1246 was also 
increased in CRC tissues in GSE41655, GSE49246 and GSE115513 (Figure 6D-F). The diagnostic 
performances of miR-1182 and miR-1246 in these 3 GEO datasets are shown in Figure 6G and H, 
suggesting that these miRNAs could serve as CRC indicators. These results revealed that miR-1182 and 
miR-1246, predicted as target miRNAs for circ_0000375 and circ_0011536 in our study, are overex-
pressed in CRC tissues and might act as potential biomarkers for CRC diagnosis.

Functional enrichment analysis of the downstream genes of two miRNAs
A total of 19 genes were predicted to be potential targets of miR-1182 and miR-1246 using the 
TargetScan, miRDB and miRTarBase databases. MTRNR2L8, TRIM25, DIRC2, ZNF609, GTF3C4, 
ARID1A, DARS and MAVS were recognized as downstream genes of miR-1182, and DYRK1A, GSK3B, 



Yin TF et al. Circ_0000375 and circ_0011536 as CRC biomarkers

WJCC https://www.wjgnet.com 3360 April 16, 2022 Volume 10 Issue 11

Figure 3 Circ_0000375 and circ_0011536 were downregulated in colorectal cancer tissue and serum samples. A: The expression levels of 
circ_0000375 in healthy control (HC) and colorectal cancer (CRC) tissue samples; B: The expression levels of circ_0011536 in HC and CRC tissue samples; C: 
Receiver operating characteristic curves for circ_0000375, circ_0011536 and combined circular ribonucleic acids in CRC tissues with the area under the curve 
calculated; D: The expression levels of circ_0000375 in serum samples of HC, preoperative CRC and CRC after surgery; E: The expression levels of circ_0011536 in 
serum samples of HC, preoperative CRC and CRC after surgery; F: Receiver operating characteristic curves for Circular ribonucleic acids in CRC serum samples. aP 
< 0.001; bP < 0.01; cP < 0.05. CRC: Colorectal cancer; HC: Healthy control; AUC: Area under the curve; ROC: Receiver operating characteristic.

AXIN2, CRADD, KIAA0895, GPATCH11, CALM2, CKS2, SKIL, RORA and ZNF502 were identified as 
targets for miR-1246 (Supplementary Table 3). Based on these 19 genes, the top 10 enrichment terms in 
GO analysis were revealed, including the apoptotic signaling pathway for biological processes, 
Wnt/beta-catenin signaling pathway and SWI/SNF complex for cellular components, beta-catenin 
binding and SMAD binding for molecular functions (Figure 7A). Meanwhile, KEGG analysis revealed 
that these genes were enriched in some tumorigenesis-associated pathways, including the signaling 
pathways regulating pluripotency of stem cells, the RIG-Ⅰ-like receptor signaling pathway, the Hippo 
signaling pathway and the Wnt signaling pathway (Figure 7B). Therefore, miR-1182 and miR-1246 and 
their target genes might play crucial roles in CRC tumorigenesis.

DISCUSSION
Although CRC treatment has been revolutionized in recent years, the current therapeutic strategies, 
including surgery, chemotherapy and molecular targeted therapy, still do not satisfy the ever-rising 
demand for early diagnostic and prognostic improvements for patients. Under this circumstance, it is 
pivotal to elucidate the mechanisms underlying CRC initiation and progression and to identify useful 
biomarkers for the early diagnosis of CRC. In this study, we first revealed that circ_0000375 and 
circ_0011536 are potential biomarkers for CRC diagnosis and then explored their function as tumor 
suppressors in CRC progression.

Compelling evidence indicates that circRNAs play crucial roles in diverse pathological processes in 
various cancer types. In our study, we compared the expression profiles in GSE126095 datasets and 
selected circ_0000375 and circ_0011536 as biomarker candidates. The expression levels of these 2 
circRNAs were downregulated in CRC cell lines compared with normal colonic mucosa cells. 
Furthermore, we observed low circ_0000375 and circ_0011536 expression in CRC tissues and serum 
samples, with high diagnostic value, respectively, or combined. Interestingly, the serum expression 
levels of these 2 circRNAs were elevated in CRC patients 30 d postsurgery compared with preoperative 
patients, further supporting our discovery. Considering that serum exosomal circRNAs are abundant, 
stable and easy to test, circRNAs in the serum might have substantial advantages as promising 
noninvasive biomarkers for accurately diagnosing CRC, assessing disease stage and predicting 

https://f6publishing.blob.core.windows.net/0d4e014e-8e0c-4e7d-ab39-989ef56daccb/WJCC-10-3352-supplementary-material.pdf
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Figure 4 Overexpression of circ_0000375 and circ_0011536 suppresses proliferation, migration and invasion in colorectal cancer. A: The 
relative expression levels of circ_0000375 and circ_0011536 in SW480 cells transfected with overexpression plasmids; B: The relative expression levels of 
circ_0000375 and circ_0011536 in HCT116 cells transfected with overexpression plasmids; C: Cell counting kit-8 (CCK-8) assays were performed to determine the 
ability of proliferation in SW480 cells transfected with oe-circ_0000375 or oe-circ_0011536; D: CCK-8 assays were performed to determine the ability of proliferation 
in HCT116 cells transfected with oe-circ_0000375 or oe-circ_0011536; E: Wound healing assays were conducted to assess the cell migrative capability of SW480; F: 
Wound healing assays were conducted to assess the cell migrative capability of HCT116 cells; G: Transwell invasion assays were utilized to reveal the invasive 
ability of SW480; H: Transwell invasion assays were utilized to reveal the invasive ability of HCT116 cells; I: Results of wound healing assays of SW480 and HCT116 
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cell lines; J: Results of Transwell invasion assays of SW480 and HCT116 cell lines. aP < 0.001; bP < 0.01; cP < 0.05.

Figure 5 Circ_0000375 and circ_0011536 serve as sponges of miR-1182 and miR-1246 in colorectal cancer. A: The expression level of miR-1182 
in a normal colon cell line (FHC) and colorectal cancer cell lines (HCT116, RKO and SW480); B: The relative expression level of miR-1182 in SW480 and HCT116 
cells transfected with a circ_0000375 overexpression vector; C: Relative luciferase activities were detected in HEK293T cells after cotransfection with circ_0000375-
WT, circ_0000375-MUT, miR-1182 mimics and negative control mimics; D: The expression level of miR-1246 in colorectal cancer cell lines; E: The relative 
expression level of miR-1246 in SW480 and HCT116 cells transfected with oe-circ_0011536; F: Luciferase reporter assays were performed after cotransfection with 
circ_0011536-WT, circ_0011536-MUT, miR-1246 mimics and negative control mimics. aP < 0.001; bP < 0.01; cP < 0.05. NC: Negative control; NS: Not significant.
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Figure 6 MiR-1182 and miR-1246 were upregulated in colorectal cancer tissues in Gene Expression Omnibus datasets. A: The expression 
level of miR-1182 in GSE41655; B: The expression level of miR-1182 in GSE49246; C: The expression level of miR-1182 in GSE115513; D: The expression level of 
miR-1246 in GSE41655; E: The expression level of miR-1246 in GSE49246; F: The expression level of miR-1246 in GSE115513; G: The diagnostic value of miR-
1182 in Gene Expression Omnibus (GEO) datasets was evaluated by the area under the curve; H: The diagnostic value of miR-1246 in GEO datasets was evaluated 
by the area under the curve. aP < 0.001; bP < 0.01; cP < 0.05. CRC: Colorectal cancer; NC: Negative control; AUC: Area under the curve.

prognosis. Previously, several circRNAs have been shown to be diagnostic biomarkers of CRC, 
including hsa_circ_0004771[11] and circ-PNN[21] in the serum. Metastasis and progression biomarkers 
of CRC have been revealed, including circPTK2[10] and circ-133[22], which might be new therapeutic 
targets. Four circRNAs, hsa_circ_0122319, hsa_circ_0087391, hsa_circ_0079480, and hsa_circ_0008039, 
were identified as reliable prognostic tools for postoperative recurrence of stage Ⅱ/Ⅲ CRC[23]. 
Furthermore, in the present study, we found that CRC patients with lymph node metastasis or 
advanced TNM stage tended to exhibit high circ_0011536 expression compared with patients in the 
early stage, suggesting that circ_0011536 is a more sensitive indicator for early CRC and that a 
complicated regulation system might impact the expression level of circ_0011536 in CRC tissues during 
CRC progression and metastasis. The expression levels of circ_0000375 in tissues and serum and 
circ_0011536 in serum samples from CRC patients were relatively stable and not associated with clinical 
features. Overall, we provide the first evidence of the potential of circ_0000375 and circ_0011536 as 
tumor biomarkers in tissues and serum samples from CRC patients, but the relationship of circRNA 
expression and clinicopathological features still needs to be confirmed by further investigation in a large 
cohort.

In our study, tumorigenic and metastatic properties, such as cell proliferation, migration and 
invasion, were suppressed by circ_0000375 and circ_0011536 overexpression in CRC cells. Next, miR-
1182 and miR-1246 were predicted as target miRNAs of circ_0000375 and circ_0011536, respectively, 
through bioinformatics analysis, and these findings were validated by luciferase reporter assays. 
Furthermore, the expression levels of miR-1182 and miR-1246 in CRC cells were significantly decreased 
after transfection with circ_0000375 and circ_0011536 overexpression plasmids, further supporting our 
discovery. To date, an increasing number of studies have reported circRNAs as tumor regulators 
through direct binding to different miRNA molecules in CRC. For instance, CRC cell proliferation, 
metastasis and apoptosis can be regulated by circPACRGL via the miR-142-3p/miR-506-3p-TGF-β1 axis
[24], and by circHIPK3 sponging of miR-7[25]. Moreover, circRNAs can play crucial roles in the 
therapeutic response of CRC as miRNA sponges. Hsa_circ_0005963 was reported to induce chemores-
istance and modulate glycolysis in CRC through the miR-122-PKM2 axis[26]. Additionally, Liu et al[27] 
found that synthetic circRNA targeting miR-21 could efficiently inhibit cancer cell proliferation and 
achieve loss-of-function, revealing the enormous promise of circRNA sponges as innovative tools for 
molecular therapy in the future. In summary, our results described the tumor-suppressive role of 
circ_0000375 and circ_0011536 and identified the specific binding sites between circ_0000375 and miR-
1182 and between circ_0011536 and miR-1246 for the first time, providing exploitable targets for CRC 
therapeutic strategies.
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Figure 7 Enrichment analyses based on downstream genes of miR-1182 and miR-1246. A: Gene Ontology analysis of biological processes, cellular 
components, and molecular functions; B: Kyoto Encyclopedia of Genes and Genomes pathway analysis.

We next discovered significantly higher miR-1182 and miR-1246 expression levels in CRC cell lines 
than in normal colonic mucosa cells. Consistently, the expression levels of these 2 miRNAs were also 
upregulated in CRC tissues in three GEO datasets, GSE41655, GSE49246 and GSE115513. The critical 
roles of miR-1182 and miR-1246 have been investigated in some cancer types. For instance, miR-1182 
was reported to attenuate proliferation and metastasis by targeting telomerase reverse transcriptase in 
gastric cancer[28]. Moreover, circCSPP1 in liver cancer[29], circ_0067934 in non-small cell lung cancer
[30], circWHSC1 in ovarian cancer[31] and circFMN2 in CRC[32] can modulate the malignant behavior 
of tumors by sponging miR-1182. Moreover, miR-1246 plays an oncogenic role in metastasis by upregu-
lating the methyltransferase METT3 in CRC[33]. Recent advances have indicated that infection with the 
CRC-associated bacterium Fusobacterium nucleatum might stimulate the generation of miR-1246/92b-
3p/27a-3p-rich exosomes from tumor cells to promote the prometastatic ability of uninfected cells[34]. 
Mutant P53 might reprogram macrophages into tumor-supporting macrophages with anti-inflam-
matory immunosuppressive activity via exosomal miR-1246 in colon cancer cells, which could promote 
the progression and metastasis of CRC[35]. In summary, miR-1182 and miR-1246 might serve as 
biomarkers and function as oncogenic miRNAs in CRC carcinogenesis, but the diagnostic value of miR-
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1182 and miR-1246 in CRC tissues and serum samples still requires further investigation in the future.
In the present study, we also predicted the downstream genes of miR-1182 and miR-1246 as well as 

the potential signaling pathways involved in the regulation of these 2 miRNAs. The Wnt/beta-catenin 
signaling pathway is central to CRC tumorigenesis and might have promising value as a therapeutic 
target[36,37]. Zhao et al[30] found that miR-1182 might regulate the Wnt/beta-catenin pathway in lung 
cancer. In liver cancer, miR-1246 was reported to activate the Wnt/beta-catenin pathway in liver cancer 
stem cells[38] and regulate the RORalpha-Wnt/beta-catenin axis to promote liver cancer progression
[39]. Moreover, miR-1246 was found to promote lung cancer metastasis and invasion through the 
Wnt/beta-catenin pathway by targeting GSK3B[40] and to induce apoptosis and overcome drug 
resistance by targeting AXIN2 and GSK3B[41]. DYRK1A was also reported to be a potential target of 
miR-1246 because overexpression of miR-1246 induced by P53 could downregulate the DYRK1A level
[42]. In a nutshell, the targets of miR-1182 and miR-1246 were preliminarily identified in this study, and 
the Wnt/beta-catenin pathway might be involved in the regulation of these two miRNAs in CRC, which 
needs further exploration in the future.

In summary, we identified circ_0000375 and circ_0011536 as promising diagnostic biomarkers and 
tumor suppressors in CRC. To our knowledge, this is the first study to reveal the dysregulation of 
circ_0000375 and circ_0011536 in CRC tissues and serum samples and uncover their function in CRC 
pathogenesis. This is also the first study to investigate the interaction between circ_0000375 and miR-
1182 and between circ_0011536 and miR-1246. However, some limitations also exist in our study. First, 
the robustness of these circRNAs and miRNAs as diagnostic and prognostic biomarkers should be 
confirmed with large-scale clinical samples. In addition, whether the tumor-suppressive effects of 
circ_0000375 and circ_0011536 can be counteracted by miR-1182 or miR-1246 remains unclear and 
should be validated through further comprehensive exploration. Finally, we tried to predict molecular 
mechanisms in this study, but the specific downstream genes and signaling pathways should be further 
elucidated later by performing experiments in vivo and in vitro.

CONCLUSION
To sum up, our findings demonstrated that circ_0000375 and circ_0011536 are downregulated in CRC 
cell lines, tissues and serum samples and exhibit potential diagnostic performances. Furthermore, these 
2 circRNAs significantly suppress CRC cell proliferation, migration and invasion. As potential targets of 
circ_0000375 and circ_0011536, miR-1182 and miR-1246, respectively, are overexpressed in CRC cells 
and tissues. Our study not only further elucidates the mechanism of circRNA regulation in CRC cell 
growth and progression but also provides novel diagnostic biomarkers and promising therapeutic 
targets for CRC.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is a common tumor worldwide. Circular ribonucleic acids (circRNAs) have 
been reported to regulate CRC as microRNA (miRNA) sponges. However, the aberrant expression and 
biological functions of circRNAs in CRC remain to be further explored.

Research motivation
CircRNAs might serve as novel biomarker candidates for CRC diagnosis. Further exploration of useful 
biomarkers to improve CRC diagnosis and treatment is crucial.

Research objectives
This study aimed to identify circRNAs that could be potential biomarkers of CRC and explore their 
functions in CRC carcinogenesis.

Research methods
Cir_0000375 and circ_0011536 were selected as CRC biomarker candidates using the Gene Expression 
Omnibus (GEO) database. Quantitative real-time polymerase chain reaction was utilized to evaluate the 
expression levels of these 2 circRNAs in CRC tissues, serum samples and cell lines. Functional 
experiments, including cell counting kit-8 (CCK-8), wound healing and Transwell invasion assays, were 
carried out after overexpression of cir_0000375 and circ_0011536 in CRC cell lines. Furthermore, the 
expression levels of target miRNAs in CRC tissues were explored in GEO datasets and CRC cell lines. 
Then, the interactions of circRNAs and miRNAs and enrichment analysis of the miRNAs and target 
genes were further performed.
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Research results
Our findings demonstrated that circ_0000375 and circ_0011536 were downregulated in CRC cell lines, 
tissues and serum samples and showed good diagnostic performance. Furthermore, these 2 circRNAs 
significantly inhibited CRC cell proliferation, migration and invasion. As potential targets of 
circ_0000375 and circ_0011536, miR-1182 and miR-1246, respectively, were overexpressed in CRC cells 
and tissues.

Research conclusions
Circ_0000375 and circ_0011536 may function as tumor suppressors and serve as novel biomarkers for 
CRC diagnosis and are promising candidates for therapeutic exploration.

Research perspectives
Our findings uncover the mechanisms by which 2 circRNAs, circ_0000375 and circ_0011536, suppress 
CRC cell growth and progression and provide novel diagnostic biomarkers and promising therapeutic 
targets for CRC.
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Abstract
BACKGROUND 
Shone’s complex is a rare syndrome characterized by congenital left heart defects 
that can differ among the patients.

AIM 
To use echocardiography in the diagnosis of Shone’s complex and analyze the 
causes of missed diagnosis and misdiagnosis.

METHODS 
This was a retrospective study of patients who underwent echocardiography and 
repair surgery from February 14, 2008, to November 22, 2019. The patients were 
followed once a year at the outpatient clinic after surgery.

RESULTS 
Sixty-six patients were included. The patients were 2.7 (0.8-5.6) years of age, and 
54.5% were male. Ten (15.2%) had a history of heart surgery. The most common 
heart defect was the Annulo-Leaflet mitral ring (ALMR) (50/66, 75.8%), followed 
by coarctation of the aorta (CoA) (43/66, 65.2%). The patients had a variety of 
combinations of defects. Only two (3.0%) patients had all four defects. None of the 
patients had a family history of congenital heart disease. The preoperative 
echocardiographic findings were examined against the intraoperative findings. 
Echocardiography missed an ALMR in 31 patients (47.0%), a parachute mitral 
valve (PMV) in one patient (1.5%), subaortic stenosis in one patient (1.5%), and 
CoA in two patients (3.0%).

CONCLUSION 
Echocardiography is an effective method to diagnose the Shone’s complex. Due to 
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this disease’s complexity and interindividual variability, Improving the understanding of the 
disease can reduce misdiagnosis and missed diagnosis.

Key Words: Shone’s syndrome; Congenital heart disease; Mitral valve; Echocardiography; Left heart; 
Misdiagnosis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a retrospective study with the largest sample size which aimed to examine the use of 
echocardiography in the diagnosis of Shone’s complex and to analyze the possible causes of missed 
diagnosis and misdiagnosis. Sixty-six patients were included. The preoperative echocardiographic findings 
were examined against the intraoperative findings. Echocardiography missed an Annulo-Leaflet mitral 
ring in 31 patients, a parachute mitral valve in one patient, subaortic stenosis in one patient, and 
coarctation of the aorta in two patients. Due to this disease’s complexity and interindividual variability, 
echocardiography missed diagnosis can occur. Combining the results of echocardiography, computed 
tomography, magnetic resonance imaging might be helpful.

Citation: Li YD, Meng H, Pang KJ, Li MZ, Xu N, Wang H, Li SJ, Yan J. Echocardiography in the diagnosis of 
Shone’s complex and analysis of the causes for missed diagnosis and misdiagnosis. World J Clin Cases 2022; 
10(11): 3369-3378
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3369.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3369

INTRODUCTION
Shone’s complex is a rare congenital heart disease characterized by multiple left heart obstructive 
defects, including coarctation of the aorta (CoA), valvular stenosis, and mitral stenosis[1-4]. Those 
defects interfere with the normal flow of oxygenated blood from the left heart. There are complete and 
incomplete forms of the syndrome, as well as possible combinations with other heart defects such as 
patent ductus arteriosus, interrupted aortic arch, bicuspid aortic valve, atrial septal defect, and 
ventricular septal defect[5]. The spectrum of symptoms, treatments, and outcomes will vary according 
to the number of defects[6-10]. Shone’s complex represent about 0.7% of the patients with congenital 
heart disease[11] or 0.03% of echocardiography examinations[12]. The long-term prognosis is poor, and 
the perioperative mortality rates are 24%-27%[13,14].

Echocardiography is a non-invasive imaging modality that provides hemodynamic information in a 
short period and at the patient bedside. It can be used to reveal abnormal left ventricular wall motions, 
right ventricle dilation, an intimal flap in the ascending aorta, pericardial effusion, left ventricular 
ejection fraction[15-19]. It is a non-invasive, rapid, inexpensive diagnostic modality for a number of 
heart conditions such as pericardial tamponade, acute coronary syndrome, cardiomyopathy, pulmonary 
embolism, and Stanford type A aortic dissection[19,20]. It can also be used for the diagnosis, follow-up, 
and management of congenital heart diseases[21-23].

The studies about the use of echocardiography for the diagnosis of Shone’s complex are mainly 
limited to case reports[5,24-26] or small case series[12,27,28]. Nevertheless, a study suggested that 
echocardiography is invaluable in the characterization of the left heart defects found in Shone’s 
complex, but that diagnosis is complicated by the high variability of the possible combinations of 
defects[27]. This could result in a missed diagnosis or misdiagnosis. Additional studies are necessary to 
determine the exact value of echocardiography in the diagnosis of Shone’s complex.

Therefore, this study aims to examine the use of echocardiography in the diagnosis of Shone’s 
complex and to analyze the possible causes of missed diagnosis and misdiagnosis. The results could 
support the use of echocardiography for the diagnosis of Shone’s complex.

MATERIALS AND METHODS
Study design and patients
This was a retrospective study of patients who underwent echocardiography and repair surgery at 
Fuwai Hospital (Beijing, China) from February 14, 2008, to November 22, 2019. The study was approved 
by the ethics committee of Fuwai Hospital, Beijing, China (2016YFC1302000). The requirement for 
informed consent was waived by the committee because of the retrospective study nature.

https://www.wjgnet.com/2307-8960/full/v10/i11/3369.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3369
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The inclusion criteria were: (1) Surgically confirmed Shone’s complex; and (2) Underwent echocardio-
graphy, and qualified images were available. Patients with incomplete clinical data were excluded.

Diagnostic criteria
In 1963, Shone et al[29] reported the feature of Shone’s syndrome, which includes Annulo-Leaflet mitral 
ring (ALMR), parachute mitral valve (PMV), subaortic stenosis (subAS), and CoA. Shone’s syndrome is 
a rare form of congenital heart disease that consists of several heart defects, including ALMR, PMV, 
subAS, and CoA. The corresponding pathological changes are as follows: ALMR occurs in the septum of 
the region above the annulus of the mitral valve. PMV is a form of congenital mitral stenosis where the 
main pathological change is papillary muscle fusion, which involves mitral chordae tendineae attaching 
to a single dominant papillary muscle, leading to the inability of the mitral valve to fully open during 
ventricular diastole. There are two common types of subAS: (1) Limited subaortic stenosis includes 
fibromuscular septum inferior stenosis and septum inferior aortic stenosis, which is caused by 1.0 - 1.5 
cm fibrous septums below the aortic valve; and (2) Diffuse subaortic stenosis is tubular stenosis caused 
by diffuse thickening of the outflow tract muscle in the left ventricle. Coarctation of the aorta is a local 
or diffuse narrowing of the aorta that results in reduced blood flow.

When only two or three of the abnormalities are present, Shone’s complex is diagnosed as the 
incomplete form. Delmo et al[30] believe that a mitral valve abnormality of the inflow tract is the main 
factor that affected surgical effects. Therefore, when there are outflow abnormalities complicated with 
ALMR or mitral stenosis, Shone’s complex can be diagnosed as the incomplete form.

Echocardiography
Echocardiography was performed within one week before surgery. The ultrasonic examinations of all 
children were performed by a sonographer with more than 5 years of working experience.

In addition to providing unified technical training and consistent examination conditions, we 
employed skilled sonographers to minimize bias and strictly controlled objective indicators, thus 
facilitating diagnoses according to diagnostic criteria. The equipment included Philips IE33 and EPIQ 
7C systems, with the S8-3 (3-8 MHz) and S5-1 (1-5 MHz) probes (Philips, Best, The Netherlands). If the 
children did not cooperate with the examination, a 0.5 mL/kg chloral hydrate solution was orally 
administrated for sedation. The children were in the horizontal or left lateral position, and echocardio-
graphy was performed in the order of subxiphoid, parasternal area, cardiac apex, and suprasternal 
fossa. The diagnosis was made using the three-segment method, paying special attention to the 
subxiphoid four-chamber view, parasternal left ventricular long-axis view, parasternal four-chamber 
view, parasternal left ventricular short-axis view, apical four/five-chamber view, and suprasternal fossa 
view.

Surgery
The patients underwent repair surgeries according to different combinations of defects under general 
anesthesia, including mitral valvuloplasty, resection of supravalvular septum, patch angioplasty for 
CoA, and CoA resection and end-to-end anastomosis.

Follow-up
The patients were followed once a year at the outpatient clinic after surgery. Echocardiography was 
performed to observe the forward flow velocity and regurgitation of the mitral valve, forward flow 
velocity and regurgitation of the aortic valve, and the descending aortic flow velocity, and determine 
the presence or absence of postoperative re-obstruction (defined as descending aortic flow velocity of < 
2 m/s).

Statistical analysis
Only descriptive statistics were used. Age was presented as median (range), and categorical variables 
were presented as prequencies and percentages.

The statistical methods of this study were reviewed by Ye-Dan Li, Kun-Jing Pang, Mu-Zi Li, Nan Xu, 
Hao Wang, Shou-Jun Li and Jun Yan from State Key Laboratory of Cardiovascular Disease, Fuwai 
Hospital, National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences and 
Peking Union Medical College.

RESULTS
Characteristics of the patients
The characteristics of the 66 patients are shown in Table 1. The patients were 2.7 (0.8-5.6) years of age, 
and 54.5% (36/66) were male. Twenty (30.3%) were born by cesarean section, and 10 (15.2%) had a 
history of heart surgery. The most common heart defect was an ALMR (50/66, 75.8%), followed by CoA 
(43/66, 65.2%). None of the patients showed signs of cyanosis, while only one patient displayed 



Li YD et al. Echocardiography for Shone’s complex

WJCC https://www.wjgnet.com 3372 April 16, 2022 Volume 10 Issue 11

Table 1 Characteristics of the patients (n = 66)

Characteristics Median (range) / n (%)

Age (yr) 2.7 (0.8-5.6)

Sex (male) 36 (54.5%)

Cesarean section 20 (30.3%)

History of heart surgery 10 (15.2%)

Shone’s complex

ALMR 50 (75.8%)

CoA 43 (65.2%)

subAS 25 (37.9%)

PMV 20 (30.3%)

Other defects

PDA 30 (45.5%)

VSD 24 (36.4%)

MS 23 (34.8%)

MR 18 (27.3%)

BAV 18 (27.3%)

AS 13 (19.7%)

HAA 11 (16.7%)

supraAS 8 (12.1%)

ALMR: Annulo-Leaflet mitral ring; CoA: Coarctation of the aorta; subAS: Subaortic stenosis; PMV: Parachute mitral valve; PDA: Patent ductus arteriosus; 
VSD: Ventriculap septal defect; MS: Mitral stenosis; MR: Mitral regurgitation; BAV: Bicuspid aortic valve; AS: Aortic stenosis; HAA: Hypoplastic aortic 
arch; supraAS: Supra-aortic stenosis.

symptoms of dyspnea and left heart failure (1/66, 1.5%). The patients had a variety of combinations of 
defects (Table 1). Only two (3.0%) patients had all four defects. None of the patients had a family history 
of congenital heart disease.

Missed diagnoses
The preoperative echocardiographic findings were examined against the intraoperative findings. 
Echocardiography missed an ALMR in 31 patients (47.0%), a PMV in one patient (1.5%), subaortic 
stenosis in one patient (1.5%), and CoA in two patients (3.0%). Figures 1-4 present typical echocardio-
graphy images of Shone’s complex.

DISCUSSION
Shone’s complex is a rare syndrome characterized by congenital left heart defects that can differ among 
the patients. This retrospective study aims to examine the use of echocardiography in the diagnosis of 
Shone’s complex and to analyze the possible causes of missed diagnosis and misdiagnosis. The results 
suggest that echocardiography is an effective, non-invasive, and low-cost method to diagnose the heart 
defects of Shone’s complex. Due to this disease’s complexity and interindividual variability, missed 
diagnosis and misdiagnosis can occur. Combining the results of echocardiography, computed 
tomography, and/or magnetic resonance imaging might be helpful.

Some case reports examined the use of echocardiography in some patients[5,24-26], and small case 
series are available[12,27,28]. Ma et al[27] reported 38 patients with Shone’s complex that were evaluated 
by echocardiography. They reported a wide variety of combinations of defects among their patients, as 
in the present study, and concluded that echocardiography is important in the diagnosis of Shone’s 
complex, but they did not examine the misdiagnoses. Kumar et al[28] reported five patients with 
Shone’s complex and transesophageal echocardiographic evaluation and highlighted the usefulness of 
transesophageal echocardiography. Zucker et al[12] suggested that ultrasound is crucial to discriminate 
between Shone’s complex and hypoplastic left ventricle, influencing the physician’s management.



Li YD et al. Echocardiography for Shone’s complex

WJCC https://www.wjgnet.com 3373 April 16, 2022 Volume 10 Issue 11

Figure 1 A case of Annulo-Leaflet mitral ring. A: Two-dimensional ultrasonography at the parasternal left ventricular long-axis view revealed thickened mitral 
valve and a mitral ring adhered to the anterior and posterior leaflets of the mitral valve, restricting the opening of the valve leaflets and causing mitral valve inflow tract 
obstruction; B: Color Doppler ultrasonography at the parasternal left ventricular long-axis view revealed that blood flow velocity increased at the mitral annulus, and 
the forward flow velocity of the mitral valve was increased; C: Color Doppler ultrasonography at the apical four-chamber view revealed that blood flow velocity 
increased at the mitral annulus, and the forward flow velocity of the mitral valve was increased; D: The forward flow velocity of the mitral valve was increased 
significantly, at 2.29 m/s; E: Real-time three-dimensional echocardiography showed a narrow mitral valve orifice.

An innovation of the present study is the validation of the preoperative echographic findings with the 
intraoperative findings. A surprising result is that echocardiography missed an ALMR in 47.0% of the 
patients or 62.0% of the patients with an ALMR, while PMV (1.5% of the patients or 5.0% of the PMVs), 
subaortic stenosis (1.5% of the patients or 4.0% of the subaortic stenoses), and CoA (3.0% of the patients 
or 4.7% of the CoAs) were missed in smaller proportions of patients. Various reasons might be involved. 
The mitral ring is very small. Sometimes, only the ridge adhered to the mitral valve, or only to the 
anterior and posterior leaflets or annulus of the mitral valve, or did not adhere to the mitral valve but 
was very close to it. In these cases, it was difficult to identify an ALMR on echocardiography. The mitral 
valve leaflets can also be thickened and enhancing the echo, which can easily cover the supravalvular 
ring on the images. If the sonographer is inexperienced, the ALMR might be missed without further 
careful observation when PMV and mitral stenosis were found. Regarding PMV. If the left ventricular 
short-axis papillary muscle is not carefully checked, the anomaly of the papillary muscle can be missed. 
The flow velocity can be increased in the presence of mitral stenosis. If the sonographer considered the 
increase in flow velocity as a result of mitral stenosis, PMV might be missed due to not paying further 
attention. Subaortic stenosis is classified as the membranous type and fibromuscular type (isolated and 
diffuse stenosis). Usually, the manifestation of fibromuscular stenosis is obvious, and it cannot be 
missed. On the other hand, the membranous type is easy to be missed, because the subvalvular septum 
is sometimes very small, or the septum is close to the aortic valve. CoA can be classified as two types 
according to the different positions of the arterial duct: preductual and postductal. If the color Doppler 
and spectral Doppler images of the descending aortic arch on the suprasternal fossa view are not 
carefully observed, CoA can be missed. CoA patients are often accompanied by post-stenotic dilation of 
the descending aorta, which may suggest CoA. When children develop left ventricular wall 
hypertrophy or decreased left ventricular systolic function, the presence of CoA can be considered. In 
addition, many patients with anomalies of the bicuspid aortic valve have CoA and should be carefully 
screened.

Subaortic stenosis was misdiagnosed as aortic stenosis in one case. Because the subaortic septum is 
often very close to the aortic valve, subaortic stenosis caused by the subaortic septum is commonly 
mistaken for aortic stenosis. Therefore, it is easy to misdiagnose the condition if the clinician lacks 
experience or does not make careful observations.

In addition, 10 children in this study had a history of heart surgery, but misdiagnosis or missed 
diagnosis still occurred because previous surgical procedures were also planned based on the results of 



Li YD et al. Echocardiography for Shone’s complex

WJCC https://www.wjgnet.com 3374 April 16, 2022 Volume 10 Issue 11

Figure 2 Image of a patient with incomplete Shone’s complex. Echocardiography missed the ALMR. Intraoperative exploration revealed that the mitral 
valve adhered to the anterior leaflet, close to the anterior leaflet of the mitral valve. A: The parasternal left ventricular long-axis view showed a significant thickening of 
the left ventricular wall; B: The forward flow velocity at the mitral valve was increased significantly, at 2.4 m/s, and the mean transvalvular pressure gradient was 11 
mmHg; C: The aortic valve was bicuspid and arranged on the left and right; D: The flow velocity of the aortic valve was increased significantly, at 5.45 m/s, and the 
mean transvalvular pressure gradient was 73 mmHg.

echocardiography. For example, if only a mitral valve defect was found and CoA was missed at that 
time, only the mitral valve was treated during surgery, and the CoA was still missed.

The prognosis of patients after surgery was as follows: one patient  developed a third-degree 
atrioventricular block and had a permanent pacemaker installed. Another case had cyanosis and 
dyspnea and underwent mitral and tricuspid valve repair. One patient had severe mitral insufficiency 
in the early stage and received a mechanical mitral valve replacement three days after the operation. 
Besides, one case underwent ALMR resection nine years after the first operation. There were no 
instances of in-hospital deaths.

Patients were treated with torasemide tablets and potassium citrate granules after surgery. Surgical 
methods of inflow tract obstruction mainly included ALMR removal, chordae tendineae release, 
papillary muscle incision, and mitral valve replacement. Approaches for outflow tract obstruction 
primarily involved aortic coarctation resection, end-to-end anastomosis, subvalvular septum removal, 
etc. Among the 66 patients, seven underwent secondary surgery. Besides, there were four cases of 
complete Shone’s syndrome and 62 cases of incomplete Shone’s syndrome.

This study has limitations. Most previous studies are either case reports or small case series, and the 
present study is probably the largest series so far, with n = 66, but it is still a small series to draw firm 
conclusions. All patients were from a single center, and future studies should include multiple hospitals. 
Indeed, the disease is rare, and collective research efforts should be undertaken. Finally, the available 
data were limited to those available in the charts.

CONCLUSION
In conclusion, echocardiography is an effective, non-invasive, and low-cost method to diagnose the 
heart defects of Shone’s complex. Due to the complexity and interindividual variability of the syndrome, 
missed diagnosis and misdiagnosis may easily occur. Future studies should examine the combination of 
multiple imaging modalities, including echocardiography, computed tomography, and magnetic 
resonance imaging.
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Figure 3 A case in which the Annulo-Leaflet mitral ring was missed by echocardiography at the outpatient. Intraoperative exploration revealed 
that the supramitral ring was adhered to the anterior and posterior leaflets, close to the anterior and posterior leaflets of the mitral valve. A: The parasternal mitral 
short-axis view showed a significant reduction in the area of the mitral valve orifice, which was only 0.78 cm2; B: Two-dimensional ultrasonography at the apical four-
chamber view showed thickened mitral valve with restricted opening; C: There are both annulo-leaflet mitral ring and parachute mitral valve. Preoperative 
echocardiography after admission showed a tiny septum on the anterior leaflet of the mitral valve; D: Spectral Doppler of the abdominal aorta showed low velocity and 
low resistance, suggesting coarctation of the aorta.

Figure 4 The long-axis view of the aortic arch of the suprasternal fossa showed coarctation of the aorta.
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ARTICLE HIGHLIGHTS
Research background
Shone’s complex is a rare syndrome characterized by congenital left heart defects that can differ among 
the patients.

Research motivation
To use echocardiography in the diagnosis of Shone’s complex and analyze the causes of missed 
diagnosis and misdiagnosis.

Research objectives
Sixty-six patients were included.

Research methods
This was a retrospective study of patients who underwent echocardiography and repair surgery from 
February 14, 2008, to November 22, 2019. The patients were followed once a year at the outpatient clinic 
after surgery.

Research results
Sixty-six patients were included. The patients were 2.7 (0.8-5.6) years of age, and 54.5% were male. Ten 
(15.2%) had a history of heart surgery. The most common heart defect was the Annulo-Leaflet mitral 
ring (ALMR) (50/66, 75.8%), followed by coarctation of the aorta (CoA) (43/66, 65.2%).

Research conclusions
Echocardiography is an effective method to diagnose the Shone’s complex. Due to this disease’s 
complexity and interindividual variability, Improving the understanding of the disease can reduce 
misdiagnosis and missed diagnosis.

Research perspectives
This was a retrospective study with the largest sample size which aimed to examine the use of echocar-
diography in the diagnosis of Shone’s complex and to analyze the possible causes of missed diagnosis 
and misdiagnosis. Sixty-six patients were included. The preoperative echocardiographic findings were 
examined against the intraoperative findings. Echocardiography missed an ALMR in 31 patients, a 
parachute mitral valve in one patient, subaortic stenosis in one patient, and CoA in two patients. Due to 
this disease’s complexity and interindividual variability, echocardiography missed diagnosis can occur. 
Combining the results of echocardiography, computed tomography, magnetic resonance imaging might 
be helpful.
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Abstract
BACKGROUND 
Atrial fibrillation (AF) is the most common arrhythmia developing in post-
operative patients. Limited data are available regarding pre-operative risk factors 
and prognostic impact of post-operative AF (POAF) following hip fracture 
surgery (HFS) in Korean population.

AIM 
We aimed to investigate the incidence, predictors, and hospital prognosis of 
POAF in HFS patients.

METHODS 
This study included 245 patients without history of AF who underwent HFS 
between August 2014 and November 2016. POAF was defined as new-onset AF 
that occurred during hospitalization after HFS.

RESULTS 
Twenty patients (8.2%) experienced POAF after HFS. POAF developed on median 
post-operative day 2 (interquartile range, 1–3). Multivariable logistic regression 
analysis showed that age [odds ratio (OR), 1.111; 95% confidence interval (CI), 
1.022–1.209], chronic obstructive pulmonary disease (COPD) (OR, 6.352; 95%CI, 
1.561–25.841) and E/e’ ratio (OR, 1.174; 95%CI, 1.002–1.376) were significant 
predictors of POAF. Patients with POAF had a significantly higher intensive care 
unit admission rate (55.0% vs 14.7%, P < 0.001) and incidence of congestive heart 
failure (45.0% vs 10.7%, P < 0.001). In multivariable logistic regression analysis, 
POAF was significantly associated with increased incidence of congestive heart 
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failure (OR, 4.856; 95%CI, 1.437–16.411) and intensive care unit admission (OR, 6.615; 95%CI, 
2.112–20.718).

CONCLUSION 
POAF was frequently developed in elderly patients following HFS. Age, COPD and elevated E/e’ 
ratio were found as significant predictors of POAF in HFS patients. Patients with POAF 
significantly experienced intensive care unit admission and incident congestive heart failure 
during hospitalization.

Key Words: Atrial fibrillation; Post-operative; Predictor; Prognosis; Hip fracture surgery

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study is a retrospective study to evaluate the predictors and prognosis of post-operative 
atrial fibrillation (POAF) following hip fracture surgery (HFS) in elderly patients. Atrial fibrillation (AF) 
was developed in 8.2% following HFS. Patients with older age, COPD, or elevated E/e’ ratio were shown 
as high risk of suffering POAF following HFS. Moreover, Patients with POAF significantly experienced 
intensive care unit admission and incident heart failure rather than those without POAF. Therefore, 
physicians have to carefully observe the occurrence of AF after HFS in elderly patients.

Citation: Bae SJ, Kwon CH, Kim TY, Chang H, Kim BS, Kim SH, Kim HJ. Predictors and prognostic impact of 
post-operative atrial fibrillation in patients with hip fracture surgery. World J Clin Cases 2022; 10(11): 3379-3388
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3379.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3379

INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac arrhythmia and is independently associated with 
increased risks of mortality and morbidity[1,2] Incidence of post-operative AF (POAF) has been 
reported as 15%–45% of patients after cardiac surgery[3,4], and 0.4%–3% after non-cardiac surgery[5,6]. 
POAF after cardiac surgery is associated with increased length of hospital stay, early stroke risk, 
morbidity, and 30-d mortality[7-9]. In addition, a recent study has shown that patients with POAF after 
non-cardiac surgery have a significantly higher risk of stroke, myocardial infarction, and death at 1 year 
than patients without developing POAF[10].

Approximately 300000 individuals are hospitalized with hip fractures in the United States per year, 
and about one-third of these patients go on to receive a hip fracture surgery (HFS)[11,12]. Hip fractures 
occur frequently with aging in patients older than 65 years[13], and substantially increase the risk of 
death and major morbidity in elderly patients[14,15]. Moreover, HFS is associated with post-operative 
cardiovascular complications including AF[16-18]. Therefore, we aimed to investigate the incidence, 
predictors, and clinical impact of POAF in HFS patients.

MATERIALS AND METHODS
Study patients
This retrospective study involved 435 patients who underwent HFS in the Konkuk University Medical 
Center between August 2014 and November 2016. We excluded 190 patients who met the following 
exclusion criteria: (1) Patients with preoperative acute coronary syndrome (ACS) or acute 
decompensated congestive heart failure (CHF) (n = 18); (2) Patients with AF documented in a 
preoperative evaluation (n = 35); and (3) Patients with insufficient preoperative clinical or laboratory 
data (n = 138). Finally, 245 patients were included in this analysis. We evaluated the occurrence of POAF 
during hospitalization after HFS.

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of the 
Konkuk University Medical Center (protocol No. KUMC 2019-07-053). The requirement for informed 
consent was waived because de-identified information was retrieved retrospectively.

https://www.wjgnet.com/2307-8960/full/v10/i11/3379.htm
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Study outcomes and definitions
The primary outcome was the new-onset POAF during hospitalization after HFS. POAF was defined as 
AF of any duration on 12-lead electrocardiography (ECG) during the post-operative period. We 
evaluated the incidence of clinical adverse events including ACS, CHF, pulmonary thromboembolism, 
and death according to the occurrence of POAF. Post-operative ACS was defined as the appearance of 
appropriate clinical symptoms representing unstable angina or evidence of myocardial infarction 
defined as creatine kinase-myocardial band levels that increased to > 2 times the upper normal limit in 
association with at least one of the following ECG findings: New Q wave (≥ 30 ms in 2 continuous 
leads), persistent significant ST elevation or depression, or a new regional wall motion abnormality. 
Post-operative CHF was defined as the appearance of appropriate clinical symptoms and signs of CHF 
that required diuretics or post-operative ventilation regardless of left ventricular ejection fraction. 
Pulmonary thromboembolism was diagnosed if there was a thrombus in the pulmonary arteries on 
computed tomographic angiography. We also compared the incidence of transfusion, admission 
duration, and rate of intensive care unit admission according to the occurrence of POAF.

Statistical analysis
Statistical analyses were performed using SPSS 17 software (SPSS Inc., Chicago, IL, the United States). 
The data were expressed as the mean ± SD for continuous variables and as frequencies with percentages 
for categorical variables. Continuous variables were compared by using a Student’s t-test or 
Mann–Whitney test, and categorical variables using a chi-square test or Fisher’s exact test. The associ-
ations of clinical, echocardiographic, or laboratory variables with the development of POAF were 
assessed by using univariable and multivariable logistic regression models. All variables with P values 
< 0.10 in univariable analysis were included in the multivariable analysis. A multivariable logistic 
regression model with stepwise backward elimination was used to test the independent correlations of 
these variables with POAF. Significant predictors for incident heart failure and intensive care unit 
admission were assessed by using univariable and multivariable logistic regression models. All P values 
were two-tailed, and a P < 0.05 was considered statistically significant.

RESULTS
Figure 1 shows incidence, risk factors, and prognostic impact of POAF following HFS. The mean age of 
the study patients was 76.4 ± 13.1 years, and 64.9% were female. Among the 245 HFS patients enrolled 
in this analysis, POAF developed in 20 patients (8.2%) during post-operative hospitalization. POAF 
occurred on median post-operative day 2 (interquartile range[1-3]). Baseline characteristics of the 
patients according to occurrence of POAF are shown in Table 1. Patients with POAF were more likely to 
be older, to have history of previous myocardial infarction, previous CHF, or chronic obstructive 
pulmonary disease (COPD), and to have higher e/e’ ratio levels significantly.

In the univariable logistic regression analysis, age, previous myocardial infarction, previous CHF, 
and COPD were significantly associated with development of POAF after HFS (Table 2). However, in 
multivariable logistic regression analysis with stepwise backward elimination, age, COPD, and E/e’ 
ratio level were left as significant predictors of POAF (Table 2).

Table 3 shows clinical adverse events during hospitalization according to occurrence of POAF. 
Patients with POAF required more transfusion and longer hospitalization than those without POAF, but 
the difference was not statistically significant. The incidences of intensive care unit admission and CHF 
were significantly increased in patients with POAF. Median time of CHF incidence was post-operative 
day 3 (interquartile range[2-4]). The incidences of pulmonary thromboembolism, ACS, or death during 
hospitalization were not different significantly between two groups. All death events were developed in 
patients without POAF. Two patients died from cardiac arrest and one patient died from hypovolemic 
shock.

Table 4 shows the results of logistic regression analyses to evaluate independent predictors of 
incident CHF following HFS. Lower hemoglobin levels and POAF were found as significant predictors 
of incident CHF following HFS in multivariable analysis. Independent predictors of intensive care unit 
admission following HFS are shown in Table 5. History of previous stroke, elevated creatinine levels, 
and POAF were significantly associated with intensive care unit admission following HFS.

DISCUSSION
The major findings of the present study are as follows: (1) The incidence of POAF was 20 (8.2%) among 
245 patients with HFS; (2) Age, COPD, and elevated E/e’ ratio were significant predictors of POAF in 
these patients; (3) Incidences of intensive care unit admission and CHF during hospitalization were 
significantly higher in patients with POAF; and (4) POAF was significantly associated with intensive 
care unit admission and incident CHF following HFS.



Bae SJ et al. Post-operative AF following HFS

WJCC https://www.wjgnet.com 3382 April 16, 2022 Volume 10 Issue 11

Table 1 Baseline characteristics of study patients according to occurrence of post-operative atrial fibrillation

Variables Sinus rhythm (n = 225) POAF (n = 20) P value

Age (yr) 75.3 ± 13.3 84.3 ± 5.7 < 0.001

Male 79 (35.1) 7 (35.0) 0.992

Medical history

Hypertension 153 (68.0) 14 (70.0) 0.854

Diabetes 68 (30.2) 5 (25.0) 0.625

Chronic kidney disease 30 (13.3) 5 (25.0) 0.153

Coronary artery disease 15 (6.7) 3 (15.0) 0.171

Previous MI 6 (2.7) 3 (15.0) 0.005

Previous CHF 9 (4.0) 3 (15.0) 0.029

Previous stroke 27 (12.0) 1 (5.0) 0.346

COPD 14 (6.2) 6 (30.0) < 0.001

Echocardiographic parameter

LVEF, % 59.1 ± 6.9 56.3 ± 9.2 0.096

LVEF < 50% 18 (8.0) 2 (10.0) 0.754

E/e’ 10.9 ± 3.2 12.6 ± 2.8 0.047

Laboratory parameter 

Hemoglobin, g/dL 11.8 ± 2.0 11.2 ± 2.1 0.227

Creatinine, mg/dL 1.0 ± 1.1 1.2 ± 0.8 0.634

CK-MB, ng/mL 2.9 ± 3.9 2.8 ± 4.3 0.863

hsTn-I, ng/L 30.3 ± 155.2 24.1 ± 29.1 0.858

NT-proBNP, pg/dL 598.8 ± 1923.4 1172.7 ± 1844.5 0.251

Data are expressed as the mean ± standard deviation, or as a number (percentage). CHF: Congestive heart failure; CK-MB: Creatine kinase-myocardial 
band; COPD: Chronic obstructive pulmonary disease; hsTn-I: High-sensitivity troponin I; LVEF: Left ventricular ejection fraction; MI: Myocardial 
infarction; NT-proBNP: N-terminal pro-brain natriuretic peptide; and POAF: Post-operative atrial fibrillation.

The 8.2% incidence of POAF was consistent with previous results[5,6,10]. Among various types of 
non-cardiac surgery, abdominal, thoracic and vascular surgeries have been associated with higher 
incidence rates of POAF[5,10,19]. Although HFS is orthopedic surgery, most patients with hip fractures 
are elderly and commonly have impaired functional status and medical comorbidities[15,20]. Moreover, 
in elderly patients receiving HFS, perioperative atrial arrhythmias were reported to be common (5.6%) 
and to be associated with greater mortality[21]. Rhythm monitoring might be used only for selected 
patients after surgery, and patients do not always feel AF symptoms. Therefore, the incidence of POAF 
in this study might be underestimated. So, we have to monitor rhythm status actively in elderly patients 
as having high risk of POAF during the perioperative period.

In this analysis, age, COPD, and elevated e/e’ ratio were significant predictors of POAF after HFS. 
Old age, pre-existing AF, CHF, ischemic heart disease, hypertension, chronic renal failure, sepsis, shock, 
asthma, and valvular heart disease are associated with increased risk of POAF[5,22-24]. The 
pathophysiology of the development of POAF after non-cardiac surgery is not fully understood. 
Potential mechanisms may be explained by a combination of multiple factors including increased 
sympathetic activity, autonomic stimulation, electrolyte imbalance, anemia, underlying cardiac disease, 
metabolic alterations, hypothermia, inflammation, hypoxia, and intraoperative adverse events like 
hypotension[25]. The prevalence and incidence of AF are elevated among patients with COPD[26,27]. 
Although we did not evaluate lung function in this study, patients with COPD history might have 
reduced lung function compared to those without COPD. Therefore, these patients are more likely to 
experience hypoxia in stress situations caused by surgery, which may cause hypoxia-driven POAF. In 
addition, E/e’ ratio is well known marker for high left ventricular filling pressure[28]. In this analysis, 
elevated E/e’ ratio was a significant predictor of POAF. Elevated E/e’ ratio has been reported as 
significant predictor of POAF following non-cardiac surgery[29-31]. Elevated E/e’ ratio presents left 
ventricular diastolic dysfunction, which is related to increased left atrial filling pressures. With 
increasing pressure in left atrium, pathological changes including increased atrial afterload, myocyte 
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Table 2 Independent predictors of post-operative atrial fibrillation following hip fracture surgery

Variables Unadjusted OR (95%CI) P value Adjusted OR (95%CI) P value

Age (yr) 1.100 (1.031-1.172) 0.004 1.111 (1.022-1.209) 0.014

Male 0.995 (0.382-2.596) 0.992

Hypertension 1.098 (0.405-2.974) 0.854

Diabetes mellitus 0.770 (0.269-2.202) 0.625

Chronic kidney disease 2.167 (0.734-6.397) 0.162

Coronary artery disease 0.405 (0.107-1.537) 0.184

Previous MI 6.441 (1.479-28.046) 0.013

Previous CHF 4.235 (1.048-17.120) 0.043

Previous stroke 0.386 (0.050-3.000) 0.363

COPD 6.459 (2.153-19.380) 0.001 6.352 (1.561-25.841) 0.010

LVEF (%) 0.952 (0.899-1.009) 0.098

E/e’ 1.151 (0.999-1.327) 0.051 1.174 (1.002-1.376) 0.047

Hemoglobin (g/dL) 0.870 (0.694-1.091) 0.228

Creatinine (mg/dL) 1.083 (0.778-1.506) 0.636

CK-MB (ng/mL) 0.988 (0.872-1.120) 0.853

hsTn-I (ng/L) 1.000 (0.996-1.003) 0.859

NT-proBNP (pg/dL) 1.000 (1.000-1.000) 0.279

CHF: Congestive heart failure; CK-MB: Creatine kinase-myocardial band; COPD: Chronic obstructive pulmonary disease; hsTn-I: High-sensitivity troponin 
I; LVEF: Left ventricular ejection fraction; MI: myocardial infarction; NT-proBNP: N-terminal pro-brain natriuretic peptide; and OR: Odds ratio.

Table 3 Clinical adverse events during hospitalization according to occurrence of post-operative atrial fibrillation

Sinus rhythm (n = 225) POAF (n = 20) P value

Transfusion 190 (84.4) 19 (95.0) 0.201

Transfused packed RBC count 3.4 ± 4.4 4.1 ± 2.4 0.508

Admission day 23.0 ± 33.8 29.6 ± 18.4 0.391

Intensive care unit admission 33 (14.7) 11 (55.0) < 0.001

Congestive heart failure 24 (10.7) 9 (45.0) < 0.001

Pulmonary thromboembolism 4 (1.8) 0 (0.0) 0.548

Acute coronary syndrome 7 (3.1) 2 (10.0) 0.117

Death 3 (1.3) 0 (0.0) 0.548

Data are expressed as the mean ± SD, or as a number (percentage). POAF: Post-operative atrial fibrillation; RBC: Red blood cell.

stretch, and atrial wall stress are developed[32]. This consequent left atrial remodeling is believed as 
main mechanism of POAF following HFS.

Patients with POAF required a longer hospital stay, had a higher intensive care unit admission, and 
experienced more development of CHF during hospitalization. Our results are consistent with previous 
findings that POAF leads to increased length of hospital stay and subsequently elevated health care 
costs[22,23,33]. Moreover, recent cohort including large number (n = 2922) of patients underwent HFS 
reported that patients with POAF experienced not only higher length of hospital stay but also higher 1-
year mortality in comparison to control group[34]. The present study only showed significant 
association between POAF and in-hospital complications, but this study revealed poor long-term 
prognosis of POAF patients. AF and CHF often occur together, and each can precede and follow the 
other[35]. In this study, POAF occurred on median day 2 after surgery, but CHF developed on median 
post-operative day 3. Thus, CHF might not result in POAF in these patients. Even then, we cannot 
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Table 4 Independent predictors of incident congestive heart failure following hip fracture surgery

Variables Unadjusted OR (95%CI) P value Adjusted OR (95%CI) P value

Age (yr) 1.060 (1.015-1.107) 0.008

Male 1.238 (0.583-2.629) 0.579

Hypertension 0.924 (0.424-2.015) 0.843

Diabetes mellitus 0.724 (0.310-1.690) 0.455

Chronic kidney disease 3.917 (1.692-9.066) 0.001 2.570 (0.946-6.980) 0.064

Coronary artery disease 1.951 (0.601-6.333) 0.266

Previous MI 5.710 (1.450-22.495) 0.013

Previous CHF 5.230 (1.554-17.602) 0.008

Previous stroke 1.080 (0.350-3.339) 0.893

COPD 5.333 (1.989-14.303) 0.001 3.408 (0.898-12.934) 0.072

LVEF (%) 0.971 (0.925-1.020) 0.243

E/e’ 1.088 (0.967-1.224) 0.159

Hemoglobin (g/dL) 0.688 (0.565-0.838) < 0.001 0.753 (0.597-0.949) 0.016

Creatinine (mg/dL) 1.266 (0.997-1.608) 0.053

CK-MB (ng/mL) 1.042 (0.969-1.121) 0.268

hsTn-I (ng/L) 1.001 (0.999-1.003) 0.334

NT-proBNP (pg/dL) 1.000 (1.000-1.000) 0.050

Post-operative AF 6.852 (2.579-18.209) < 0.001 4.856 (1.437-16.411) 0.011

AF: Atrial fibrillation; CHF: Congestive heart failure; CK-MB: Creatine kinase-myocardial band; COPD: Chronic obstructive pulmonary disease; hsTn-I: 
High-sensitivity troponin I; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; NT-proBNP: N-terminal pro-brain natriuretic peptide; and 
OR: Odds ratio.

conclude that POAF directly causes CHF after surgery. Because patients with POAF had more chronic 
comorbidities like COPD and CKD, the poor outcomes might be the consequence of their comorbidities 
rather than the result of POAF. Even we cannot explain complex mechanism between POAF and post-
operative CHF development, we need to pay more attention to the development of CHF when patients 
experience POAF following surgery.

Limitations
This study had several inherent limitations. First, the study design was retrospective and observational, 
and thus we could not adjust potential confounding factors. Second, evaluation of 12-lead ECG after 
HFS was not consistent and uniform because it was left to the discretion of attending physician. Third, 
diagnosis of POAF was based only on 12-lead ECG. Therefore, the incidence of new-onset POAF might 
have been underestimated because paroxysmal AF, especially asymptomatic episodes, could not be 
diagnosed. Fourth, a large population (n = 138) with insufficient laboratory data including high-
sensitivity troponin I and/or N-terminal pro-brain natriuretic peptide were excluded from this study 
because pre-operative biomarker evaluation was not performed in all patients. Therefore, there would 
be a selection bias associated with this factor. Fifth, frailty is a strong indication for mortality, intensive 
care unit admission, and AF. But, we could not incorporate frailty score in our analysis. Finally, because 
study patients and incident POAF patients (n = 20) were relatively small, the statistical power for the 
predictors of POAF might have been low. Moreover, for this reason, we only evaluated the association 
between POAF and in-hospital complications, but not long-term prognosis of POAF. Despite these 
limitations, the present study may have clinical significance because this analysis showed real-world 
observational results in elderly Korean patients who underwent HFS.

CONCLUSION
The incidence of POAF was 8.2% in patients with HFS. Age, COPD and elevated E/e’ ratio were 
potential predictors of POAF in these patients. Patients with POAF significantly experienced intensive 
care unit admission and incident CHF during hospitalization. POAF was revealed as significant 
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Table 5 Independent predictors of intensive care unit admission following hip fracture surgery

Variables Unadjusted OR (95%CI) P value Adjusted OR (95%CI) P value

Age (yr) 1.017 (0.989-1.046) 0.242

Male 0.836 (0.417-1.678) 0.615

Hypertension 0.781 (0.394-1.546) 0.477

Diabetes mellitus 1.444 (0.727-2.868) 0.295

Chronic kidney disease 2.458 (1.100-5.496) 0.028

Coronary artery disease 1.336 (0.418-4.271) 0.626

Previous MI 2.378 (0.571-9.900) 0.234

Previous CHF 5.132 (1.571-16.763) 0.007 3.295 (0.860-12.632) 0.082

Previous stroke 2.463 (1.030-5.889) 0.043 3.718 (1.326-10.420) 0.013

COPD 2.109 (0.762-5.837) 0.151

LVEF (%) 0.979 (0.937-1.024) 0.358

E/e’ 1.032 (0.928-1.148) 0.557

Hemoglobin (g/dL) 0.853 (0.724-1.004) 0.057

Creatinine (mg/dL) 1.348 (1.054-1.725) 0.018 1.416 (1.085-1.848) 0.011

CK-MB (ng/mL) 1.033 (0.963-1.108) 0.368

hsTn-I (ng/L) 1.002 (1.000-1.004) 0.112

NT-proBNP (pg/dL) 1.000 (1.000-1.000) 0.019

Post-operative AF 7.111 (2.736-18.484) <0.001 6.615 (2.112-20.718) 0.001

AF: Atrial fibrillation; CHF: Congestive heart failure; CK-MB: Creatine kinase-myocardial band; COPD: Chronic obstructive pulmonary disease; hsTn-I: 
High-sensitivity troponin I; LVEF: Left ventricular ejection fraction; MI: Myocardial infarction; NT-proBNP: N-terminal pro-brain natriuretic peptide; and 
OR: Odds ratio.

Figure 1 Incidence, risk factors, and prognostic impact of post-operative atrial fibrillation following hip fracture surgery. POAF: Post-
operative atrial fibrillation; COPD: Chronic obstructive pulmonary disease; CHF: Congestive heart failure; ICU: Intensive care unit.
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predictor of intensive care unit admission and incident CHF. Therefore, physicians have to observe 
closely the incidence of POAF in old HFS patients.

ARTICLE HIGHLIGHTS
Research perspectives
Physicians have to carefully observe the occurrence of atrial fibrillation (AF) after hip fracture surgery 
(HFS) in elderly patients.

Research conclusions
Age, chronic obstructive pulmonary disease (COPD) and elevated E/e’ ratio were found as significant 
predictors of post-operative AF (POAF) in HFS patients. Patients with POAF significantly experienced 
intensive care unit admission and incident congestive heart failure during hospitalization.

Research results
The major findings of the present study are as follows: (1) The incidence of POAF was 20 (8.2%) among 
245 patients with HFS; (2) Age, chronic obstructive pulmonary disease, and elevated E/e’ ratio were 
significant predictors of POAF in these patients; (3) Incidences of intensive care unit admission and 
congestive heart failure during hospitalization were significantly higher in patients with POAF; and (4) 
POAF was significantly associated with intensive care unit admission and incident congestive heart 
failure following HFS.

Research methods
This retrospective study involved 245 patients who underwent HFS in the Konkuk University Medical 
Center between August 2014 and November 2016. We evaluated the incidence, risk factors, and 
prognosis impact during hospitalization following HFS.

Research objectives
We aimed to investigate the incidence, predictors, and hospital prognosis of POAF in HFS patients.

Research motivation
People are getting older, and many elderly patients have been undergoing HFS. Atrial fibrillation is the 
most common arrhythmia developing in post-operative patients. So, we was wondering if POAF may 
affect in-hospital outcomes in patients underwent HFS.

Research background
Limited data are available regarding pre-operative risk factors and prognostic impact of post-operative 
atrial fibrillation following hip fracture surgery in Korean population.
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Abstract
BACKGROUND 
Complete response after neoadjuvant chemotherapy (rNACT) elevates the 
surgical outcomes of patients with breast cancer, however, non-rNACT have a 
higher risk of death and recurrence.

AIM 
To establish novel machine learning (ML)-based predictive models for predicting 
probability of rNACT in breast cancer patients who intends to receive NACT.

METHODS 
A retrospective analysis of 487 breast cancer patients who underwent mastectomy 
or breast-conserving surgery and axillary lymph node dissection following 
neoadjuvant chemotherapy at the Hubei Cancer Hospital between January 1, 
2013, and October 1, 2021. The study cohort was divided into internal training and 
testing datasets in a 70:30 ratio for further analysis. A total of twenty-four 
variables were included to develop predictive models for rNACT by multiple ML-
based algorithms. A feature selection approach was used to identify optimal 
predictive factors. These models were evaluated by the receiver operating charac-
teristic (ROC) curve for predictive performance.

RESULTS 
Analysis identified several significant differences between the rNACT and non-
rNACT groups, including total cholesterol, low-density lipoprotein, neutrophil-
to-lymphocyte ratio, body mass index, platelet count, albumin-to-globulin ratio, 
platelet-to-lymphocyte ratio, and lymphocyte-to-monocyte ratio. The areas under 
the curve of the six models ranged from 0.81 to 0.96. Some ML-based models 
performed better than models using conventional statistical methods in both ROC 
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curves. The support vector machine (SVM) model with twelve variables introduced was identified 
as the best predictive model.

CONCLUSION 
By incorporating pretreatment serum lipids and serum inflammation markers, it is feasible to 
develop ML-based models for the preoperative prediction of rNACT and therefore facilitate the 
choice of treatment, particularly the SVM, which can improve the prediction of rNACT in patients 
with breast cancer.

Key Words: Breast cancer; Neoadjuvant chemotherapy; Clinical response; Machine learning; Prediction

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For predicting response after neoadjuvant chemotherapy (rNACT), some machine learning-based 
models performed better than models using conventional methods, and the support vector machine model 
performed best. Preoperative serum lipids and serum inflammation markers have contributed to predicting 
rNACT in breast cancer patients. These results suggested the need to raise awareness of the importance of 
minimally-invasive approaches for monitoring breast cancer patients who intended to undergo 
neoadjuvant chemotherapy. However, the current study needs to be validated with caution and require 
external validation in the future.

Citation: Ke ZR, Chen W, Li MX, Wu S, Jin LT, Wang TJ. Added value of systemic inflammation markers for 
monitoring response to neoadjuvant chemotherapy in breast cancer patients. World J Clin Cases 2022; 10(11): 
3389-3400
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3389.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3389

INTRODUCTION
Worldwide, breast cancer is a major cause of human suffering and high mortality among women[1]. 
Neoadjuvant chemotherapy (NACT) as a treatment for early breast cancer, can make breast conserving 
surgery more feasible, and may achieve more than the same chemotherapy after surgery to eradicate 
micrometastasis[2]. More than 65% of the patients treated with NACT have a response, and more than 
15% have achieved a complete clinical response. Although some trials use the old chemotherapy 
regimen, more than 15% of the patients have undergone partial chemotherapy[2-4]. In other words, 
most patients who cannot achieve a complete pathological response after NACT may face a higher risk 
of death and recurrence. Therefore, it is necessary to develop a practical, convenient and efficient tool to 
predict the pathological response of patients with NACT breast cancer.

Machine learning (ML)-based integrated analysis is a new computer-based method, which has been 
widely used in medical data management in the past decade[5]. It appears at the intersection of statistics 
and computer science. The former attempts to learn relationships from data, while the latter emphasizes 
efficient computational algorithms[6,7]. Compared with traditional statistical prediction models such as 
logistic regression (LR), ML depends on a predetermined model. It can potentially find the interaction 
between variables and iteratively learn the update algorithm from the data[8,9]. Previously, several 
conventional predictive models have been made for predicting after NACT in breast cancer patients, 
including LR, GLM[10-14]. However, few reports have incorporated multiple ML-based ensemble 
analyses for predicting response after NACT (rNACT).

In this study, we aimed to develop a rNACT risk prediction model for breast cancer patients that 
utilizes pretreatment serum lipids and serum inflammation markers to stratify patients by rNACT risk 
on admission. We then analyzed the predictive performance of these ML-based models in a deviation 
cohort and then verified performance in an internal and external validation cohort.

MATERIALS AND METHODS
Patients
Between January 1, 2013 and October 1, 2021, we retrospectively collated data from consecutive patients 
who had been diagnosed with breast cancer at the Hubei Cancer Hospital. All patients had received 
NACT before surgery. This study was approved by the Institutional Ethics Committee of the Hubei 
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Figure 1 The flow chart of patient selection and data process. NACT: Neoadjuvant chemotherapy; ROC: Receiver operating characteristic.

Cancer Hospital (Reference: LLHBCH2021YN-021), in compliance with the Declaration of Helsinki. 
Written informed consent was obtained from all participants before any treatment. We confirmed that 
the data from all the patients were anonymized in this study. The inclusion and exclusion criteria were 
summarized in Figure 1. The study cohort was divided into internal training and testing datasets in a 
70:30 ratio for further analysis.

Blood data collection
The blood samples of all patients were taken from the fasting state before chemotherapy, and the blood 
tests were operated by professional personnel to ensure that the blood test results were not biased. The 
results of the blood test are as follows: Blood routine, liver and kidney function, electrolytes, and blood 
lipids.
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Figure 2 Statistical analysis of features included in machine learning based models. A: Heatmap representing the correlation between candidate 
variables included in predictive models using Spearman’s correlation coefficient; B: Scaled importance rank of all features included in predictive models for identifying 
risk of response after neoadjuvant chemotherapy (rNACT) in breast cancer patients; C-J: Box and jitter plots showing distribution of continuous features included in 
predictive models between rNACT and non-rNACT groups. BMI: Body mass index; PR: Partial response; NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-
monocyte ratio; PLR: Platelet-to-lymphocyte ratio; A/G: Albumin-to-globulin ratio; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TC: Total cholesterol; 
TG: Triglyceride.

Evaluating the safety and efficacy of NACT
According to RECIST (version 1.1) criteria15, the efficacy of NACT is defined as follows: (1) Cardiol Res. 
The tumor is disappeared completely; (2) Partial response (PR). The diameter of the tumor is reduced (≥ 
30%); (3) Progressive disease (PD). The diameter of the tumor was reduced (≥ 20%); and (4) Stable 
disease (SD). The diameter of the tumor was altered between PR and PD. Collectively, patients were 
considered to be responsive to NACT provided that they were evaluated as CR or PR after NACT 
treatment. On the contrary, patients with SD or PD were regarded as non-responsive to NACT.
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Figure 3 Validation and comparison of the predictive model. A: Area under the receiver operating characteristic curve (AUC) to assess the performance 
of response after neoadjuvant chemotherapy (rNACT) risk prediction of machine learning based models; B: AUC to assess the performance of rNACT risk prediction 
of generalized linear model (GLM); C: Discriminative evaluation of support vector machine in predicting rNACT; D: Discriminative evaluation of GLM in predicting 
rNACT. SVM: Support vector machine; GLM: Generalized linear model.

Development and validation of ML-based models
Four ML-based algorithms were performed to build predictive models, we used the caret package to 
randomly divide the data set into two parts, 70% for model training and 30% for model testing. A total 
of 6 ML-based algorithms were executed to establish the predictive model. According to the principle of 
"two-step estimation"[16], We obtained the prediction model through variable screening and algorithm, 
as follows: M is the intersection of M3 and M4.The characteristic variable is marked as X and the target 
variable is marked as Y. The X and Y were evenly divided into two parts, namely X1, Y1, and X2, Y2. 
Through univariate screening, the variable quantum set M1was screened on X1 and Y1, and M2was 
filtered by X2 and Y2. Then, a lasso was used to fit the model again, and the filtered variables were 
marked asM3 and M4 Briefly, by sorting the intersection of variable sets, the optimal subset modeling is 
obtained. The model was evaluated by inspection, discrimination, and calibration.The receiver 
operating characteristic (ROC) curve was used to evaluate the recognition ability of the prediction 
model in the training data set and the test data set; The discrimination ability of each model was 
quantified by the area under the ROC curve (AUC), decision curve analysis, and clinical impact curve 
(CIC).

Statistical analysis
Continuous variables are expressed as mean ± SD and compared using the two-tailed t-test or the 
Mann-Whitney test. Categorical variables were compared using the chi-square test or Fisher's exact test. 
Univariate and multivariate logistic analyses were used to explore the risk factors for rNACT. Several 
ML-based algorithms were applied to predict rNACT, including support vector machine (SVM), 
random forest (RF), Naive Bayes (NB), neural network (NN), decision tree (DT), and generalized linear 
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model (GLM)[17,18]. Among all 6 algorithms, the GLM is considered conventional methods, and the 
others are representative supervised ML-based algorithms. The prediction ability of the 6 models was 
first evaluated by the ROC curve. All analysis was performed using the Python programming language 
(version 3.9.2, Python Software Foundation, https://www.python.org/) and R Project for Statistical 
Computing (version 4.0.4, http://www.r-project.org/). Statistical analyses were performed using a two-
tailed Student's t-test in PRISM software (GraphPad 6 Software) to compare the differences between 
rNACT and non-rNACT groups assuming equal variance. All P values were two-tailed, and P < 0.05 
was considered statistically significant.

RESULTS
Clinicopathological characteristics
During the period of enrollment, 287 consecutive patients with breast cancer underwent mastectomy or 
breast-conserving surgery and axillary lymph node dissection following NACT. Besides, 201 patients 
were validated as external data sets for the prediction model. Demographics and baseline data were 
summarized in Table 1. According to the RECIST (version 1.1) criteria, rNACT was identified in 255 
(88.9%) and 32 (11.1%) patients with non-rNACT in the internal whole cohort. In the external cohort, 176 
(88.0%) patients were confirmed to have rNACT, and 24 (12.0%) patients represented non-rNACT. 
Overall, most patients with breast cancer presenting with rNACT were positively associated with 
pretreatment serum lipids and serum inflammation markers. No statistically significant difference was 
detected between two cohorts with regard to age, menopause, grade, smoking, estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) (P ≥ 0.05).

Variable importance and candidate features selection
By feature selection, the twenty-four variables for each algorithm were screened by their predictive 
importance. As depicted in Figure 2A, only twelve of the candidate features were eventually chosen for 
modeling, among which eight features had a positive association with rNACT, including PLT, 
monocyte count (MONO), neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), 
platelet-to-lymphocyte ratio (PLR), low-density lipoprotein (LDL), A/G, and total cholesterol (TC). Four 
features were negatively correlated with rNACT, including high-density lipoprotein (HDL), triglyceride 
(TG), BMI, and age. The weight of the top eight variables was shown in Figure 2B. The pretreatment 
serum lipids and serum inflammation markers also showed significant differences between rNACT and 
non-rNACT groups (Figure 2C-J). Multivariable logistic analysis using raw data of the candidate 
features proved that the features selected by stepwise analysis exhibited similar risk implications 
(Supplementary Table 1). Based on our results, NLR (OR: 1.02, 95%CI: 0.78-1.26), LMR (OR: 1.44, 95%CI: 
1.32-1.56), PLR (OR:2.54, 95%CI: 1.81-6.94), PLT (OR:1.87, 95%CI: 1.76-1.98), LDL (OR:1.01, 95%CI: 0.89-
1.13), BMI (OR:1.23, 95%CI: 0.78-1.68), A/G (OR:1.69, 95%CI: 1.24-2.14), TC (OR:0.71, 95%CI: 0.26-1.16), 
and TG (OR:0.42, 95%CI: 0.17-0.68) were positively correlated with rNACT.

Comparison Between ML-Based Models
A total of twelve preoperative variables were used to develop predictive models for rNACT based on 
six algorithms. The predictive performance of all models was shown in Figure 3A and B and Table 2. 
The best performance was observed in the SVM model (AUC = 0.96, 95%CI: 0.91-1.01), which performed 
similarly to RF model (AUC = 0.94, 95%CI: 0.87-1.01), superior than NB model (AUC = 0.86, 95%CI: 
0.79-0.93), NN model (AUC = 0.88, 95%CI: 0.82-0.94), DT model (AUC = 0.83, 95%CI: 0.77-0.89), and 
GLM (AUC = 0.81, 95%CI: 0.71-0.91). All ML-based models were better than conventional model. 
Furthermore, the optimal model SVM showed superior to the traditional linear model in discrimination 
(Figure 3C and D).

Internal and external validation of the optimal predictive model
To further validate the performance of the SVM model, we also adopted CIC to evaluate the prediction 
efficiency, as illustrated in Figure 4A, the CIC demonstrated that the stratification of rNACT could be 
distinguished in the training cohorts. These results were also parallel to risk factors of rNACT 
delineated in the validation cohorts (Figure 4B), indicating that the selected features were highly 
relevant to rNACT.

DISCUSSION
Reliable markers of chemosensitivity help select patients who most benefit from NACT[19]. Previous 
studies on the candidate predictors of NACT efficacy in breast cancer patients are discordant, 
suggesting that the potential predictors to predict efficacy is insufficient[20-23]. In addition, whilst many 
studies report the predictive outcomes of breast cancer patients who have received NACT, however, 

https://www.python.org/
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Table 1 Demographics and baseline characteristics of the breast cancer patients undergoing neoadjuvant chemotherapy

Training cohort Testing cohort
Variables Dummy 

variables Overall (n = 
287)

Yes (n = 
255) No (n = 32) P value Overall (n = 

200)
Yes (n = 
176) No (n = 24) P value

Age [median 
(IQR)],yr

61.00 (55.00, 
70.00)

61.00 (54.00, 
70.00)

64.00 (58.75, 
69.25)

0.11 61.00 (55.75, 
70.25)

61.00 (55.00, 
70.25)

64.00 (57.75, 
70.25)

0.28

Menopausal (%) Yes 35 (12.2) 30 (11.8) 5 (15.6) 0.73 28 (14.0) 24 (13.6) 4 (16.7) 0.93

No 252 (87.8) 225 (88.2) 27 (84.4) 172 (86.0) 152 (86.4) 20 (83.3)

T stage (%) T1-2 216 (75.3) 196 (76.9) 20 (62.5) 0.12 156 (78.0) 140 (79.5) 16 (66.7) 0.24

T3-4 71 (24.7) 59 (23.1) 12 (37.5) 44 (22.0) 36 (20.5) 8 (33.3)

N stage (%) N0-1 71 (24.7) 58 (22.7) 13 (40.6) 0.04 52 (26.0) 40 (22.7) 12 (50.0) 0.01

N2-3 216 (75.3) 197 (77.3) 19 (59.4) 148 (74.0) 136 (77.3) 12 (50.0)

Grade (%) I-II 195 (67.9) 175 (68.6) 20 (62.5) 0.61 134 (67.0) 118 (67.0) 16 (66.7) 0.11

III 92 (32.1) 80 (31.4) 12 (37.5) 66 (33.0) 58 (33.0) 8 (33.3)

Histology (%) IDC 111 (38.7) 106 (41.6) 5 (15.6) 0.02 80 (40.0) 77 (43.8) 3 (12.5) 0.03

ILC 91 (31.7) 79 (31.0) 12 (37.5) 61 (30.5) 51 (29.0) 10 (41.7)

IMC 48 (16.7) 41 (16.1) 7 (21.9) 36 (18.0) 29 (16.5) 7 (29.2)

Others 37 (12.9) 29 (11.4) 8 (25.0) 23 (11.5) 19 (10.8) 4 (16.7)

Molecular subtyping 
(%)

HER2-LuB 108 (37.6) 100 (39.2) 8 (25.0) < 0.01 76 (38.0) 71 (40.3) 5 (20.8) 0.01

HER2+ 71 (24.7) 66 (25.9) 5 (15.6) 53 (26.5) 50 (28.4) 3 (12.5)

HER2+LuB 29 (10.1) 24 (9.4) 5 (15.6) 18 (9.0) 15 (8.5) 3 (12.5)

LuA 54 (18.8) 41 (16.1) 13 (40.6) 37 (18.5) 25 (14.2) 12 (50.0)

TN 25 (8.7) 24 (9.4) 1 (3.1) 16 (8.0) 15 (8.5) 1 (4.2)

BMI (%) ≤ 18 21 (7.3) 21 (8.2) 0 (0.0) 0.22 11 (5.5) 11 (6.2) 0 (0.0) 0.42

≥ 27 36 (12.5) 31 (12.2) 5 (15.6) 27 (13.5) 23 (13.1) 4 (16.7)

18 - 27 230 (80.1) 203 (79.6) 27 (84.4) 162 (81.0) 142 (80.7) 20 (83.3)

Smoking (%) No 258 (89.9) 231 (90.6) 27 (84.4) 0.43 182 (91.0) 161 (91.5) 21 (87.5) 0.79

Yes 29 (10.1) 24 (9.4) 5 (15.6) 18 (9.0) 15 (8.5) 3 (12.5)

ER (%) Negative 103 (35.9) 91 (35.7) 12 (37.5) 0.99 73 (36.5) 66 (37.5) 7 (29.2) 0.56

Positive 184 (64.1) 164 (64.3) 20 (62.5) 127 (63.5) 110 (62.5) 17 (70.8)

PR (%) Negative 165 (57.5) 141 (55.3) 24 (75.0) 0.05 109 (54.5) 91 (51.7) 18 (75.0) 0.05

Positive 122 (42.5) 114 (44.7) 8 (25.0) 91 (45.5) 85 (48.3) 6 (25.0)

HER2 (%) Negative 157 (54.7) 140 (54.9) 17 (53.1) 0.99 110 (55.0) 96 (54.5) 14 (58.3) 0.89

Positive 130 (45.3) 115 (45.1) 15 (46.9) 90 (45.0) 80 (45.5) 10 (41.7)

PLT [median (IQR)] 
× 109/L

200.00 
(154.50, 
268.50)

187.00 
(152.50, 
245.50)

388.00 
(334.50, 
454.00)

< 0.01 202.50 
(158.75, 
267.25)

190.50 
(154.00, 
246.50)

377.00 
(332.50, 
443.50)

< 0.01

Neutrophil [median 
(IQR)] × 109/L

4.35 (3.52, 
5.13)

4.54 (3.76, 
5.23)

3.09 (2.02, 
3.39)

< 0.01 4.44 (3.50, 
5.21)

4.60 (3.78, 
5.27)

3.09 (2.02, 
3.35)

< 0.01

MONO [median 
(IQR)] × 109/L

0.40 (0.25, 
0.57)

0.38 (0.24, 
0.50)

0.88 (0.80, 
0.94)

< 0.01 0.41 (0.25, 
0.58)

0.37 (0.23, 
0.49)

0.86 (0.75, 
0.91)

< 0.01

Lymphocyte [median 
(IQR)] × 109/L

3.09 (2.92, 
3.30)

3.13 (2.96, 
3.32)

1.64 (1.14, 
2.16)

< 0.01 3.08 (2.92, 
3.30)

3.12 (2.98, 
3.32)

1.67 (1.14, 
2.16)

< 0.01

NLR [median (IQR)] 1.43 (1.20, 
1.67)

1.42 (1.20, 
1.64)

1.56 (1.21, 
2.68)

0.03 1.48 (1.20, 
1.70)

1.47 (1.20, 
1.67)

1.56 (1.22, 
2.75)

< 0.01

7.62 (5.59, 8.51 (6.18, 1.86 (1.51, 7.59 (5.60, 8.53 (6.26, 1.87 (1.59, LMR [median (IQR)] < 0.01 < 0.01
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12.96) 13.31) 2.47) 13.07) 13.46) 2.52)

PLR [median (IQR)] 64.45 (49.59, 
85.43)

61.99 (47.81, 
78.50)

237.76 
(189.53, 
342.96)

< 0.01 65.33 (50.30, 
85.89)

62.36 (49.02, 
78.10)

226.10 
(189.53, 
305.51)

< 0.01

ALB [median 
(IQR)],g/L

47.00 (39.00, 
55.00)

48.00 (41.00, 
56.00)

32.50 (27.50, 
37.00)

< 0.01 47.00 (39.00, 
55.25)

49.00 (41.00, 
56.00)

31.50 (27.50, 
37.00)

< 0.01

GLB [median 
(IQR)],g/L

23.00 (20.00, 
26.00)

22.00 (20.00, 
25.00)

35.00 (30.75, 
41.00)

< 0.01 23.00 (20.00, 
26.00)

23.00 (20.00, 
25.00)

35.50 (30.75, 
41.25)

< 0.01

A/G [median (IQR)] 2.11 (1.76, 
2.53)

2.18 (1.88, 
2.57)

0.88 (0.82, 
1.03)

< 0.01 2.11 (1.71, 
2.50)

2.18 (1.85, 
2.55)

0.88 (0.82, 
1.03)

< 0.01

LDL [median 
(IQR)],mmol/L

3.00 (2.88, 
3.10)

2.97 (2.87, 
3.08)

3.13 (3.05, 
3.24)

< 0.01 3.00 (2.90, 
3.08)

2.97 (2.88, 
3.07)

3.13 (3.04, 
3.22)

< 0.01

HDL [median 
(IQR)],mmol/L

1.26 (1.19, 
1.33)

1.29 (1.20, 
1.34)

1.17 (1.08, 
1.20)

< 0.01 1.25 (1.18, 
1.32)

1.28 (1.20, 
1.33)

1.15 (1.08, 
1.19)

0.02

TC [median (IQR)], 
mmol/L

0.52 (0.49, 
0.56)

0.52 (0.48, 
0.56)

0.56 (0.52, 
0.58)

< 0.01 0.52 (0.48, 
0.56)

0.52 (0.48, 
0.56)

0.56 (0.52, 
0.57)

< 0.01

TG [median (IQR)], 
mmol/L

1.82 (1.61, 
2.15)

1.78 (1.59, 
2.04)

2.34 (2.27, 
2.39)

< 0.01 1.85 (1.60, 
2.15)

1.79 (1.59, 
2.04)

2.34 (2.27, 
2.39)

< 0.01

rNACT: Response to neoadjuvant chemotherapy; Non-rNACT: None response to neoadjuvant chemotherapy; IQR: Interquartile range; ER: Estrogen 
receptor; PR: Progesterone receptor. HER2: Human epidermal growth factor receptor 2; IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma; 
IMC: Invasive mammary carcinoma; BMI: Body mass index; PLT: Platelet count; MONO: Monocyte count; NLR: Neutrophil-to-lymphocyte ratio; LMR: 
Lymphocyte-to-monocyte ratio; PLR: Platelet-to-lymphocyte ratio; ALB: Albumin; GLB: Globulin; A/G: Albumin-to-globulin ratio; LDL: Low density 
lipoprotein; HDL: High density lipoprotein; TC: Total cholesterol; TG: Triglyceride.

Table 2 Performance for response to neoadjuvant chemotherapy risk prediction of models in breast cancer patients

Model AUC (95%CI) Sensitivity Specificity PPV NPV Kappa Brier

SVM 0.96 (0.91-1.01) 96.58 45.28 88.63 75.00 0.68 0.06

RF 0.94 (0.87-1.01) 94.44 68.75 86.67 68.75 0.65 0.07

NB 0.86 (0.79-0.93) 96.36 35.80 83.14 75.00 0.62 0.07

NN 0.88 (0.82-0.94) 93.15 25.00 93.15 53.15 0.62 0.07

DT 0.83 (0.77-0.89) 94.50 24.14 74.12 65.63 0.59 0.07

GLM 0.81 (0.71-0.91) 95.70 23.76 69.80 75.00 0.57 0.08

AUC: Area under the curve.area under the receiver operating characteristics curve; PPV: Positive predictive value; NPV: Negative predictive value, 95%CI: 
95% confidence interval; SVM: Support vector machine; RF: Random forest; NB: Naive bayes ; NN: Neural network; DT: Decision tree; GLM: Generalized 
linear model.

relatively few have investigated the individual contribution of multiple models to accuracy, especially 
prediction efficiency[24-27]. Whilst this study indicates that ML-based predictive algorithms should be 
included in NACT risk assessments in breast cancer patients, it also highlights the importance of 
conducting newly predictive models for clinical management.

Supervised ML algorithms have been a dominant method in the data mining field[17]. In recent years, 
ML-based algorithms were widely used for the evaluation of disease prognosis[28-30]. In this study, 
extensive variables were made to identify those predictive that applied more than one supervised ML 
algorithm on rNACT prediction. Based on the ML algorithm, we employed a variety of statistical, 
probabilistic, and optimization methods to learn from experience and detect useful patterns from large, 
unstructured, and complex datasets. To sum up, we extracted the data from the patient’s medical 
records as much as possible. With the help of different algorithms, such as automated text categorisation
[31], network intrusion detection[32], optimizing manufacturing process[33], etc., we finally obtained 
meaningful candidate variables. Given the growing applicability and effectiveness of supervised ML 
algorithms on predictive disease modeling. Interestingly, we found that the SVM algorithm is applied 
most robust in predicting rNACT, which denotes superior performance than the conventional linear 
prediction model. Besides, the remaining machine prediction models are better than GLM. Therefore, 
our research demonstrated that, compared with the traditional model, machine learning modeling 
prediction rNACT could obtain better prediction performance.
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Figure 4 Prediction performance of support vector machine model via clinical impact curve. A: Training set; B: Validation set. The green line 
predicts the probability of poor response after neoadjuvant chemotherapy (rNACT), and the blue line shows how many patients will be at high risk of non-rNACT.

Inflammation is associated with the development and malignant progression of most cancers[34]. 
Inflammatory blood markers have emerged as potential prognostic factors in various cancers, such as 
NLR, LMR, and PLR. Activated inflammatory cells are sources of reactive oxygen species and reactive 
nitrogen intermediates that can promote cancer initiation[35]. In breast cancer, pretreatment NLR values 
are associated with patient prognosis[36]. Similarly, our study indicated that NLR, LMR, and PLR 
values can be reliably used to predict breast patient responses to NACT treatment, which can effectively 
stratify patients based upon their likelihood of achieving rNACT. Besides, we also found that 
pretreatment abnormal A/G ratio, which might be attributable to rNACT. Indeed, a low pretreatment 
A/G ratio is associated with poor prognosis in human cancers[37]. The importance of lipids in tumor 
progression, invasion, and metastasis has been described in the previous studies[38]. High triglycerides 
and low levels of HDL are observed to promote tumor growth[39]. In the present study, we observed 
that LDL, TC, and BMI were highly associated with rNACT, consistent with previous studies[37,38]. 
Collectively, clinicians can more effectively weigh the relative costs and benefits of pretreatment serum 
lipids and serum inflammation markers to ensure that they act in the optimal choice of breast cancer 
patients.

There are multiple strengths to this study. First, our observations were limited to retrospective 
studies from a single-center, these findings need further multi-institutional validation with larger 
sample size. Second, our nomograms were merely validated via an internal training set, external 
verification using independent patient set is necessary. Third, this is a retrospective study that could not 
completely avoid missing data and measurement biases, more candidate useful biomarkers may be 
needed to develop predictive models in the future.

CONCLUSION
In summary, for predicting rNACT, some ML-based models performed better than models using 
conventional methods, and the SVM model performed best. Preoperative serum lipids and serum 
inflammation markers have contributed to predicting rNACT in breast cancer patients. These results 
suggested the need to raise awareness of the importance of minimally-invasive approaches for 
monitoring breast cancer patients who intended to undergo NACT. However, the current study needs 
to be validated with caution and require external validation in the future.

ARTICLE HIGHLIGHTS
Research background
Complete response after neoadjuvant chemotherapy (rNACT) elevates the surgical outcomes of patients 
with breast cancer, however, non-rNACT have a higher risk of death and recurrence.

Research motivation
In this study, we aimed to develop an rNACT risk prediction model for breast cancer patients that 
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utilizes pretreatment serum lipids and serum inflammation markers to stratify patients by rNACT risk 
on admission. We then analyzed the predictive performance of these ML-based models in a deviation 
cohort and then verified performance in an internal and external validation cohort.

Research objectives
In this study, we aimed to develop an rNACT risk prediction model for breast cancer patients that 
utilizes pretreatment serum lipids and serum inflammation markers to stratify patients by rNACT risk 
on admission. We then analyzed the predictive performance of these ML-based models in a deviation 
cohort and then verified performance in an internal and external validation cohort.

Research methods
A retrospective analysis of 487 breast cancer patients who underwent mastectomy or breast-conserving 
surgery and axillary lymph node dissection following NACT at the Hubei Cancer Hospital between 
January 1, 2013, and October 1, 2021. The study cohort was divided into internal training and testing 
datasets in a 70:30 ratio for further analysis. A total of twenty-four variables were included to develop 
predictive models for rNACT by multiple ML-based algorithms. A feature selection approach was used 
to identify optimal predictive factors. These models were evaluated by the receiver operating charac-
teristic (ROC) curve for predictive performance.

Research results
Analysis identified several significant differences between the rNACT and non-rNACT groups, 
including total cholesterol, low-density lipoprotein, neutrophil-to-lymphocyte ratio, body mass index, 
platelet count, albumin-to-globulin ratio (A/G), platelet-to-lymphocyte ratio, and lymphocyte-to-
monocyte ratio. The areas under the curve of the six models ranged from 0.81 to 0.96. Some ML-based 
models performed better than models using conventional statistical methods in both ROC curves. The 
support vector machine (SVM) model with twelve variables introduced was identified as the best 
predictive model.

Research conclusions
By incorporating pretreatment serum lipids and serum inflammation markers, it is feasible to develop 
ML-based models for the preoperative prediction of rNACT and therefore facilitate the choice of 
treatment, particularly the SVM, which can improve the prediction of rNACT in patients with breast 
cancer.

Research perspectives
For predicting rNACT, some ML-based models performed better than models using conventional 
methods, and the SVM model performed best. Preoperative serum lipids and serum inflammation 
markers have contributed to predicting rNACT in breast cancer patients. These results suggested the 
need to raise awareness of the importance of minimally-invasive approaches for monitoring breast 
cancer patients who intended to undergo NACT. However, the current study needs to be validated with 
caution and require external validation in the future.
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Abstract
BACKGROUND 
Previous studies have found that hyperuricaemia (HUA) is closely related to 
intestinal flora imbalance.

AIM 
The current study investigated the effects and safety of washed microbiota 
transplantation (WMT) on serum uric acid (SUA) levels in different populations.

METHODS 
A total of 144 patients who received WMT from July 2016 to April 2020 in the First 
Affiliated Hospital of Guangdong Pharmaceutical University and had SUA data 
before treatment were selected. Changes in SUA levels before and after treatment 
were retrospectively reviewed based on short-term and mid-term effects of WMT 
regimens. SUA levels measured in the last test within 3 mo after the first WMT 
represented the short-term effect, and SUA levels measured in the last test within 
3-6 mo after the first WMT represented the mid-term effect. The patients were 
divided into an HUA group (SUA > 416 μM) and a normal uric acid (NUA) group 
(SUA ≥ 202 μM to ≤ 416 μM) based on pretreatment SUA levels.

RESULTS 
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Average short-term SUA levels in the HUA group decreased after WMT (481.00 ± 99.85 vs 546.81 ± 
109.64 μM, n = 32, P < 0.05) in 25/32 patients and returned to normal in 10/32 patients. The short-
term level of SUA reduction after treatment moderately correlated with SUA levels before 
treatment (r = 0.549, R² = 0.300, P < 0.05). Average SUA levels decreased after the first and second 
courses of WMT (469.74 ± 97.68 vs 540.00 ± 107.16 μM, n = 35, and 465.57 ± 88.88 vs 513.19 ± 78.14 
μM, n = 21, P < 0.05). Short-term and mid-term SUA levels after WMT and SUA levels after the 
first, second and third courses of WMT were similar to the levels before WMT in the NUA group (
P > 0.05). Only 1/144 patients developed mild diarrhea after WMT.

CONCLUSION 
WMT reduces short-term SUA levels in patients with HUA with mild side effects but has no 
obvious effect on SUA levels in patients with NUA.

Key Words: Washed microbiota transplantation; Hyperuricaemia; Intestinal flora; Effect; Safety; 
Retrospective study

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we demonstrate that washed microbiota transplantation (WMT) can lower serum 
uric acid (SUA) levels in patients with hyperuricaemia in the short term with only mild side effects but 
that WMT has no obvious effect on the SUA levels of people with normal uric acid levels.

Citation: Cai JR, Chen XW, He YJ, Wu B, Zhang M, Wu LH. Washed microbiota transplantation reduces serum 
uric acid levels in patients with hyperuricaemia. World J Clin Cases 2022; 10(11): 3401-3413
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3401.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3401

INTRODUCTION
Nutrition-related diseases caused by changes in people’s diet are gradually increasing, and 
hyperuricaemia (HUA) has gradually developed into a global public health problem. HUA is a common 
disease in China. The prevalence of HUA in the Chinese population is 13%[1]. HUA is a metabolic 
syndrome related to obesity, insulin resistance, diabetes, coronary artery disease and hypertension, but 
it is also a pathological state that causes uric acid (UA) crystal deposition in bones, joints and kidneys, 
which may lead to gout, urolithiasis and UA nephropathy[2,3].

The traditional treatment methods for HUA include maintaining a healthy lifestyle, UA-lowering 
drugs, alkalizing urine, and traditional Chinese medicine. Existing drugs for the treatment of HUA 
include xanthine oxidase inhibitors (alopurinol) to inhibit UA production, benzbromarone, which 
promotes UA excretion, and UA enzymes that promote UA decomposition[4,5]. However, these drugs 
have adverse reactions, such as gastrointestinal discomfort, diarrhoea, and rash, and some patients have 
poor tolerance. Patients also need to take drugs regularly for a long time, which causes a long-term 
burden for patients and their families because the existing UA-lowering drugs are associated with a 
withdrawal and rebound phenomenon[4,5]. Due to the limitations of drug use, novel therapeutic 
approaches are needed in the treatment of HUA.

The functional status of the intestines and kidneys is critical to the metabolism of UA. The daily 
production and excretion of UA in the human body is 600-700 mg. Approximately two-thirds of this 
amount is excreted by the kidneys, and one-third is excreted through the intestines. The intestinal 
pathway compensates in cases of renal damage and becomes the main pathway for urate elimination
[6]. The imbalance between probiotics and pathogenic bacteria affects the expression of intestinal tight 
junction proteins, which increases the permeability of the intestinal mucosa barrier, leads to gut-derived 
lipopolysaccharide (LPS) translocation and causes kidney damage via blood circulation. These changes 
induce renal UA excretion disorder, reduce UA excretion and increase serum UA (SUA) levels[7,8]. The 
intestinal flora also regulates adenosine triphosphate-binding cassette superfamily G member 2 
(ABCG2), solute carrier family 2 member 9 (SLC2A9) and other UA transporters of the intestinal 
epithelium[9,10].

Faecal microbiota transplantation (FMT) recently emerged as a treatment strategy for HUA. FMT 
relate to the transplantation of the functional flora of a healthy individual into the gastrointestinal tract 
of a patient to establish a new intestinal microbiota for the treatment of intestinal and extraintestinal 
diseases. FMT technology was first used for treating refractory Clostridium difficile infection in 2013[11]. 
FMT also aids in inducing the remission of ulcerative colitis and improving hepatic encephalopathy and 
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insulin sensitivity[12-14]. Washed microbiota transplantation (WMT), the generation of bacterial 
solutions via automatic purification systems, is respected in clinic. WMT reduces the adverse events 
caused by traditional faecal suspension preparations and greatly improves the treatment efficacy[15,16].

Previous studies have found that HUA is closely associated with an intestinal flora imbalance[17,18]. 
Manipulation of gut dysbiosis with probiotics relieves fructose-induced hyperuricaemia in mice and 
enhances intestinal barrier function[19]. A pilot study[20] found that all patients (n = 11) exhibited a 
reduction in SUA levels on day 28 post-FMT (P < 0.05). Our study expanded the sample size to 
retrospectively examine the short-term and mid-term effects and safety of WMT on SUA levels in 
patients with HUA and normal UA (NUA) levels.

MATERIALS AND METHODS
Participants
A total of 144 patients who received WMT treatment from July 2016 to April 2020 in the First Affiliated 
Hospital of Guangdong Pharmaceutical University and had SUA data before treatment were selected. 
All Patients in this study provided informed consent. Patients who received WMT treatment were 
divided into an HUA group and an NUA group based on their SUA levels before treatment. The 
inclusion criterion for the HUA group was an SUA > 416 μM. The inclusion criterion for the NUA group 
was an SUA ≥ 202 μM to ≤ 416 μM.

Inclusion and exclusion criteria
Patients included in the study met the following criteria: (1) Aged 18-85 years; (2) received WMT 
treatment; and (3) had SUA data before and after treatment (Figure 1). The following exclusion criteria 
were used: (1) Gastrointestinal infection, cardiopulmonary failure or serious liver and kidney diseases; 
(2) pregnancy; (3) malignant tumours; (4) rejection to transendoscopic enteral tubing; (5) rejection or 
failure to complete the follow-ups; and (6) a high-purine diet.

WMT
All the patients were treated with WMT. Mixed multi-donor faeces were used as the source of the 
bacterial suspension for WMT. Healthy young men aged 18-25 years was one of requirements of the 
donors. The donors underwent health examinations to exclude metabolic diseases, genetic diseases, 
infectious diseases, digestive tract diseases, malignant tumours, and other associated diseases. The 
donors did not take antibiotics or drugs that affected alimentary canal dynamics and/or caused gut 
microecological disorders in the previous 3 mo. Utilizing an automatic purification system (GenFMTer; 
FMT Medical, Nanjing, Jiangsu Province, China), bacterial solution (200 mL) was isolated and injected 
into the sick’s gut through the lower or middle alimentary canal within 30 min. Two transplantation 
routes were available for use. One route was the middle alimentary canal route in which transendo-
scopic enteral tubing was placed in the jejunum under gastroscopy, and proton pump inhibitors were 
administered intravenously 1 h before the injection. This procedure was performed to lower the 
inactivation of bacteria when moving through the stomach. Metoclopramide hydrochloride (10 mg) was 
injected intramuscularly to decrease side effects, like abdominal distension or vomiting, resulted from 
stimulus of the digestive tract by the fresh faecal liquid. The sick was placed in a sitting position during 
injection of the fresh faecal liquid. The injection procedure was mild and slow, and needed at least 30 
min for 200 mL of the fresh faecal liquid. After the injection, the patient sustained standing or seated not 
less than 2 h. The other method was the lower alimentary canal route in which transendoscopic enteral 
tubing was placed into the caecum by means of enteroscopy. During injection of the fresh faecal liquid, 
the sick was placed in the right sided position, and this process lasted for 30 min. Completed this 
procedure, the sick rested in the right sided position for at least 2 h. One course was administered once 
daily for 3 d. Four courses were administered at one course per month in the first month, second month, 
third month, and sixth month.

Outcome measures
The main outcome was the changes in SUA levels before and after WMT treatment. The SUA measured 
in the last test within 3 mo after the first WMT represented the short-term effect, and the SUA measured 
in the last test within 3-6 mo after the first WMT was the mid-term effect. The secondary outcomes 
included the WMT course and occurrence of adverse events (AEs) after WMT. In accordance with the 
National Cancer Institute Common Terminology Criteria for Adverse Events version 5.0, We graded the 
AEs and classified the relationship between AEs and WMT as unrelated and possibly, probably and 
definitely related.

Statistical analysis
Statistical product and service solutions version 26.0 were used for data analyses. Categorical data are 
expressed as the frequency and percentage, and numerical data are expressed as the mean ± SD 
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Figure 1 Flow chart of patient inclusion for analysis effects of washed microbiota transplantation on serum uric acid levels. A: Flow chart of 
patient inclusion for analysis of the short-term and mid-term effects of washed microbiota transplantation (WMT) on serum uric acid (SUA) levels; B: Flow chart of 
patient inclusion for analysis of the effects of the course of WMT on SUA levels. HUA: Hyperuricaemia; NUA: Normal uric acid; SUA: Serum uric acid; WMT: Washed 
microbiota transplantation.

deviation. If a normal distribution was observed, Student’s t test was used for comparison between 
groups. Otherwise, the Wilcoxon signed rank test was used. Differences were defined as statistically 
significant when P < 0.05.

RESULTS
Baseline data of the patients
Most of the patients were not treated with WMT due to HUA (Table 1). The patients received different 
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Table 1 Main diagnosis of 144 patients receiving washed microbiota transplantation

Main diagnosis n (%)

Irritable bowel syndrome 32 (22.22)

Functional constipation 22 (15.28)

Ulcerative colitis 14 (9.72)

Gastroesophageal reflux disease 14 (9.72)

Nonalcoholic fatty liver disease 11 (7.64)

Childhood autism 9 (6.25)

Functional enteropathy 5 (3.47)

Functional diarrhea 5 (3.47)

Gout 5 (3.47)

Cirrhosis after hepatitis 3 (2.08)

Functional abdominal pain syndrome 3 (2.08)

Radiation colitis 2 (1.39)

Chronic viral hepatitis B 2 (1.39)

Other 16 (11.11)

short- and mid-term courses of WMT in the HUA group and the NUA group (Table 2).

Analysis of the short-term and mid-term effects of WMT on SUA levels
The short-term average SUA level after WMT treatment in the HUA group was lower than that before 
treatment (481.00 ± 99.85 vs 546.81 ± 109.64 μM, n = 32, P < 0.05; Table 3 and Figure 2A). The mid-term 
average SUA level after WMT treatment was lower than that before treatment, but the difference was 
not statistically significant (483.00 ± 101.21 vs 504.00 ± 100.30 μM, n = 9, P > 0.05; Table 3 and Figure 2A). 
The mid-term average SUA level after WMT treatment decreased compared with the short-term SUA 
level after treatment, but the difference was not statistically significant (485.88 ± 107.80 vs 528.12 ± 111.89 
μM, n = 8, P > 0.05; Table 3 and Figure 2A). The average short-term and mid-term SUA levels after 
treatment in the NUA group were similar to the levels before treatment (P > 0.05; Table 3 and 
Figure 2B).

SUA levels decreased in the short term after treatment in 25 patients in the HUA group (78.12%), and 
SUA levels returned to normal in 10 patients (31.25%). A total of 55.56% (5/9) of patients had a decrease 
in SUA levels in the mid-term after treatment, and the SUA levels of 22.22% (2/9) of these patients 
returned to normal (Figure 3).

Correlation analysis between the short-term SUA reduction level after WMT treatment and SUA 
before treatment
The relationship between the short-term SUA reduction level after WMT treatment and the SUA level 
before treatment in the HUA group showed r = 0.549 and R² = 0.300 (P < 0.05), which suggested that the 
short-term SUA reduction level after WMT treatment and the SUA level before treatment were 
moderately correlated (Figure 4).

Analysis of the effects of the course of WMT on SUA levels
The average SUA level of the patients in the HUA group decreased after the first course of WMT 
compared with that before treatment (469.74 ± 97.68 vs 540.00 ± 107.16 μM, n = 35, P < 0.05; Table 4 and 
Figure 5A). The average SUA level of the patients in the HUA group was lower after the second course 
of WMT than before treatment (465.57 ± 88.88 vs 513.19 ± 78.14 μM, n = 21, P < 0.05; Table 4 and 
Figure 5A). The average SUA level of the patients in the HUA group after the third course of WMT was 
decreased compared with that before treatment, but the difference was not statistically significant 
(417.36 ± 92.84 vs 526.73 ± 111.30 μM, n = 11, P > 0.05; Table 4 and Figure 5A). The average SUA level of 
the patients in the NUA group (n = 100) after receiving different courses of WMT was similar to that 
before treatment (P > 0.05; Table 4 and Figure 5B).

Analysis of the short-term and mid-term effects of WMT on serum creatinine levels
The average short-term and mid-term serum creatinine levels after treatment were similar to those 
before treatment in both groups (P > 0.05; Table 5).
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Table 2 Short-term (within 3 mo) and mid-term (within 3-6 mo) washed microbiota transplantation treatment courses in the 
hyperuricaemia group and normal uric acid group

Time Group n 1 course 2 courses 3 courses 4 courses

Short-term

HUA group 32 1 21 10 -

NUA group 74 1 51 22 -

Mid-term

HUA group 9 - 1 6 2

NUA group 20 - - 15 5

HUA: Hyperuricaemia; NUA: Normal uric acid.

Table 3 Changes in short-term (within 3 mo) and mid-term (within 3-6 mo) serum uric acid levels before and after washed microbiota 
transplantation treatment

SUA levels (μM) SUA levels (μM) SUA levels (μM)
Group Before 

treatment
Short-term effect 
after treatment

P 
value Before 

treatment
Mid-term effect 
after treatment

P 
value Short-term effect 

after treatment
Mid-term effect 
after treatment

P 
value

HUA 
group (n = 
44)

546.81 ± 109.64 
(n = 32)

481.00 ± 99.85 (n = 
32)

0.001 504.0 ± 100.3 (
n = 9)

483.00 ± 101.21 (n 
= 9)

0.596 528.12 ± 111.89 (n 
= 8)

485.88 ± 107.80 (n 
= 8)

0.276

NUA 
group (n = 
100)

322.8 ± 52.0 (n 
= 74)

326.62 ± 63.30 (n = 
74)

0.500 308.30 ± 70.28 
(n = 20)

325.50 ± 101.03 (n 
= 20)

0.350 309.10 ± 68.32 (n = 
20)

325.50 ± 101.03 (n 
= 20)

0.301

SUA: Serum uric acid; HUA: Hyperuricaemia; NUA: Normal uric acid.

Table 4 Changes in serum uric acid before and after treatment in patients receiving different courses of washed microbiota 
transplantation

SUA levels (μM) SUA levels (μM) SUA levels (μM)
Group Before 

treatment
After first 
course of WMT

P 
value Before 

treatment
After second 
course of WMT

P 
value Before 

treatment
After third 
course of WMT

P 
value

HUA group (
n = 44)

540.00 ± 107.16 (
n = 35)

469.74 ± 97.68 (n 
= 35)

0.001 513.19 ± 78.14 (
n = 21)

465.57 ± 88.88 (n = 
21)

0.026 526.73 ± 111.30 (
n = 11)

417.36 ± 92.84 (n 
= 11)

0.101

NUA group (
n = 100)

320.55 ± 52.73 (n 
= 77)

328.86 ± 71.91 (n 
= 77)

0.184 317.29 ± 57.44 (
n = 51)

323.18 ± 68.06 (n = 
51)

0.442 333.00 ± 55.49 (n 
= 27)

328.59 ± 73.52 (n
=27)

0.628

HUA: Hyperuricaemia; NUA: Normal uric acid; WMT: Washed microbiota transplantation.

Analysis of the safety of WMT
No serious adverse reactions occurred during WMT treatment in the 144 treated patients. Only one 
patient developed mild diarrhea during the second WMT treatment, which gradually returned to 
normal within 3 d. This AE was classified as possibly related to WMT.

DISCUSSION
HUA is closely related to intestinal flora imbalance. A bacterial disorder was observed in patients with 
HUA that manifested as an increase in the total count of aerobes, Escherichia coli and Bacteroides and a 
decrease in the number of Lactobacillus and Bifidobacteria[17]. The composition of the intestinal flora also 
changed in animal models of HUA caused by a high-fat diet, a high-glucose diet, a high-fructose diet, 
and a high-oxalic-acid diet[18,21,22]. Liu et al[23] transplanted the faecal flora of HUA rats into recipient 
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Table 5 Changes in short-term (within 3 mo) and mid-term (within 3-6 mo) serum creatinine levels before and after washed microbiota 
transplantation treatment

SCR levels (μM) SCR levels (μM)
Group

Before treatment Short-term effect after 
treatment

P value
Before treatment Mid-term effect after 

treatment
P value

HUA group (n = 
44)

73.00 ± 20.17 (n = 
29)

72.07 ± 17.27 (n = 29) 0.575 68.44 ± 14.67 (n = 9) 67.78 ± 13.03 (n = 9) 0.798

NUA group (n = 
100)

64.85 ± 13.74 (n = 
73)

64.67 ± 13.22 (n = 73) 0.791 66.3 ± 14.6 (n = 20) 66.10 ± 14.02 (n = 20) 0.890

HUA: Hyperuricaemia; NUA: Normal uric acid.

Figure 2 Changes in short-term (within 3 mo) and mid-term (within 6 mo) serum uric acid levels. A: Hyperuricaemia group (n = 32) before and 
after washed microbiota transplantation (WMT) treatment. Short-term after treatment and before treatment: 481.00 ± 99.85 vs 546.81 ± 109.64 μM, P = 0.001. Mid-
term after treatment and before treatment: 483.00 ± 101.21 vs 504.00 ± 100.30, P = 0.596. Short-term after treatment and mid-term after treatment: 485.88 ± 107.80 
vs 528.12 ± 111.89, P = 0.276; B: Normal uric acid group (n = 100) before and after WMT treatment. Short-term after treatment and before treatment: 326.62 ± 63.30 
vs 322.80 ± 52.00 μM, P = 0.500. Mid-term after treatment and before treatment: 325.50 ± 101.03 vs 308.30 ± 70.28, P = 0.350. Short-term after treatment and mid-
term after treatment: 325.50 ± 101.03 vs 309.10 ± 68.32, P = 0.301.
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Figure 3 The number of cases serum uric acid level reduction after washed microbiota transplantation treatment in the hyperuricaemia 
group. A: The number of cases with short-term (within 3 mo) serum uric acid level reduction after washed microbiota transplantation (WMT) treatment in the 
hyperuricaemia (HUA) group; B: The number of cases with mid-term (within 6 mo) serum uric acid level reduction after WMT treatment in the HUA group.

rats. After 3 wk, the diversity and richness of the intestinal flora of recipient rats changed, and UA levels 
of recipient rats also increased.

Previous studies have shown that probiotics effectively treat HUA[24,25]. However, one study 
demonstrated that symbiotic and probiotic interventions had no effect on SUA levels after 12 wk of 
intervention[26]. A meta-analysis showed that UA levels were significantly increased in the intervention 
group compared to a control group[27].

These studies have clarified the differences in the intestinal flora between patients with HUA and 
healthy individuals, but controversy over the role of probiotics in reducing SUA remains. WMT 
significantly improves intestinal bacterial disorders and is currently recognized as the most effective 
method to restore the intestinal microecological balance. A pilot study[20] found that all patients (n = 
11) had a reduction in SUA levels on day 28 post-FMT (P < 0.05). However, this study did not examine 
the short- and mid-term effects of WMT on patients with NUA levels or the mid-term effect of WMT on 
patients with HUA and had a relatively small sample size.

The average SUA level in the HUA group decreased within 3 mo after WMT in our study (P < 0.05). 
Short-term SUA levels decreased in 25 patients (78.12%) after treatment, and SUA levels returned to 
normal in 10 patients (31.25%). The mechanism of WMT treatment in the reduction of UA may involve 
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Figure 4 The linear relationship between the short-term (within 3 mo) uric acid reduction level after washed microbiota transplantation 
treatment and the serum uric acid level before treatment in the hyperuricaemia group (n = 32). 

two pathways, promotion of UA decomposition and excretion. The intestinal flora degrade UA into 
allantoin[28]. The intestinal flora also affect the metabolism of UA by regulating ABCG2, SLC2A9 and 
other UA transporters of the intestinal epithelium[9,10]. Some scholars[7,8] have hypothesised a 
“metabolic endotoxemia”, wherein changes in the structure of the intestinal flora can increase the 
permeability of the intestinal tract and cause microbial metabolites, such as endotoxins or LPS, to 
increase in the host circulatory system. LPS forms an immune complex with its receptor CD14, which is 
recognized by Toll-like receptor 4 on the surface of immune cells and causes kidney damage through 
blood circulation. These effects subsequently lead to renal UA excretion disorders and reduced UA 
excretion, which increase SUA levels. Wang et al[19] treated mice with fructose-induced HUA with 
isolated Lactobacillus brevis DM9218. The results showed that DM9218 decreased SUA levels, hepatic 
xanthine oxidase activity and liver LPS in fructose-fed mice. Diamine oxidase and endotoxin levels 
decreased after FMT in a clinical study (P < 0.05)[20]. Because our study was a retrospective study, 
further studies are needed to explore the mechanism of WMT reduction of SUA. The SUA levels of some 
patients in the HUA group did not decrease. The high SUA levels in these patients may not be the result 
of an intestinal flora imbalance, and WMT had no obvious effect, or it interfered with other factors, such 
as a high-purine diet. Therefore, we should clarify that the role of WMT in HUA results from different 
causes in further studies.

After WMT in the HUA group, SUA levels at the mid-term observation point were reduced compared 
with those before treatment and at the short-term observation point. However, there was no significant 
difference (P > 0.05). It may be associated with the small sample included in the mid-term observation. 
Alternatively, WMT may have no effect on mid-term SUA levels in HUA. Follow-up studies should 
further expand the sample size and extend follow-up time to clarify the mid-term and long-term effects 
of WMT treatment.

There was a difference in the number of courses of WMT in the evaluation of short-term and long-
term effects (Table 2). Therefore, we further analysed the effect of WMT on SUA in different populations 
based on the number of treatment courses. After one and two courses of WMT in the HUA group, the 
average SUA level decreased (P < 0.05), which indicated that the first and second courses of WMT 
played a significant impact on reducing SUA levels in patients with HUA. After three courses, the 
average SUA level decreased compared with that before treatment, but the difference was not statist-
ically significant (P > 0.05). This finding may be related to the small sample size or may suggest that the 
third course of WMT cannot reduce SUA levels. Follow-up researches with a larger sample capacity are 
needed to elucidate the effect on SUA level of the third course of treatment. Because of the limited 
number of patients in this study with complete UA data before treatment and after each treatment, it 
was difficult to further analyse the relationship between the number of courses of treatment and the 
effect of WMT. Future research should investigate the optimal course of treatment for HUA.

The average SUA level in the NUA group was similar to that before treatment, and the difference was 
not statistically significant. This finding suggests that WMT treatment does not interfere with normal 
UA metabolism. These results also provide evidence to support the safety of WMT treatment from the 
perspective of UA metabolism.
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Figure 5 Changes in the serum uric acid level before and after different courses of washed microbiota transplantation. A: Hyperuricaemia 
group (n = 44). After the first course of washed microbiota transplantation (WMT) and before treatment: 469.74 ± 97.68 vs 540.00 ± 107.16, P = 0.001. After the 
second course of WMT and before treatment: 465.57 ± 88.88 vs 513.19 ± 78.14, P = 0.026. After the third course of WMT and before treatment: 417.36 ± 92.84 vs 
526.73 ± 111.30, P = 0.101; B: Normal uric acid group (n = 100). After the first course of WMT and before treatment: 328.86 ± 71.91 vs 320.55 ± 52.73, P = 0.184. 
After the second course of WMT and before treatment: 323.18 ± 68.06 vs 317.29 ± 57.44, P = 0.442. After the third course of WMT and before treatment: 328.59 ± 
73.52 vs 333 ± 55.49, P = 0.628. WMT: Washed microbiota transplantation.

The safety of WMT is noteworthy. Only one patient developed mild diarrhea during the second 
WMT treatment, which gradually returned to normal within 3 d. A systematic review analysed the 
FMT-related AEs reported in 129 studies worldwide from 2000 to 2020, and the results showed that the 
total incidence of FMT-related AEs was 19%[29]. The low number of adverse reactions in the current 
study may be related to the use of WMT instead of FMT or the small sample size. Due to the short 
follow-up time, the current study could not clarify the long-term safety of WMT for the treatment of 
HUA.

The current study also has the following limitations: (1) No analysis of the effects of WMT on the 
improvement of gout flares in people with HUA; (2) no placebo control group or UA-lowering drug 
group; and (3) a single-centre design, which may lead to regional and genetic background bias.
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CONCLUSION
WMT reduces SUA levels of patients with HUA in the short term with mild side effects but has no 
obvious effect on the SUA level of patients with NUA.

ARTICLE HIGHLIGHTS
Research background
Hyperuricaemia (HUA) pathogenesis is closely associated with intestinal bacteria.

Research motivation
Current treatments for HUA have failed to obtained satisfactory clinical results.

Research objectives
To investigate the effect and safety of washed microbiota transplantation (WMT) on serum uric acid 
(SUA) levels in different populations.

Research methods
A total of 144 patients who received WMT from July 2016 to April 2020 in the First Affiliated Hospital of 
Guangdong Pharmaceutical University and had SUA data before treatment were selected. The changes 
in SUA levels before and after treatment were retrospectively reviewed. According to the pretreatment 
SUA level, the patients were divided into a hyperuricaemia group (HUA group: SUA > 416 μM) and a 
normal uric acid group (NUA group: SUA ≥ 202 μM to ≤ 416 μM). Statistical product and service 
solutions 26.0 was used to analyse the data.

Research results
The average short-term SUA levels in the HUA group decreased after WMT (481.00 ± 99.85 vs 546.81 ± 
109.64 μM, n = 32, P < 0.05). The levels decreased in 25/32 patients and returned to normal in 10/32 
patients. The short-term level of SUA reduction after treatment moderately correlated with the SUA 
levels before treatment (r = 0.549, R² = 0.300, P < 0.05). The average SUA levels decreased after the first 
and second courses of WMT (469.74 ± 97.68 vs 540.00 ± 107.16 μM, n = 35, 465.57 ± 88.88 vs 513.19 ± 78.14 
μM, n = 21, P < 0.05). Short-term and mid-term SUA levels in the NUA group after WMT and SUA 
levels after the first, second and third courses of WMT were similar to those before WMT (P > 0.05). 
Only 1/144 patients developed mild diarrhoea after WMT.

Research conclusions
WMT can lower the SUA level in patients with HUA in the short term with mild side effects, but WMT 
has no obvious effect on the SUA level of patients with NUA.

Research perspectives
WMT may be a novel treatment for HUA.
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Abstract
BACKGROUND 
Patients with recurrent or locally advanced head and neck squamous cell 
carcinoma (HNSCC) typically have limited treatment options and poor prognosis.

AIM 
To evaluate the efficacy and safety of two drugs with potent radio-sensitization 
properties including gemcitabine and nedaplatin as concurrent chemoradio-
therapy regimens in treating HNSCC.

METHODS 
This single-arm prospective study enrolled patients with HNSCC to receive 
gemcitabine on days 1 and 8 and nedaplatin on days 1 to 3 for 21 days. Intensity-
modulated radiation therapy with a conventional fraction was delivered 5 days 
per week. Objective response rate (ORR), disease control rate, and toxicity were 
observed as primary endpoints. Overall survival (OS) and progression free 
survival were recorded and analyzed as secondary endpoints.

RESULTS 
A total of 24 patients with HNSCC were enrolled. During the median 22.4-mo 
follow-up, both ORR and disease control rate were 100%. The one-year OS was 
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75%, and one-year progression-free survival (PFS) was 66.7% (median PFS was 15.1 mo). Recurrent 
HNSCC patients had a poorer prognosis than the treatment-naïve patients, and patients who 
achieved complete response had better survival than those in the PR group (all P < 0.05). The most 
common grade 1-4 (100%) or grade 3-4 toxicities (75%) were hematological, and the most common 
grade 3-4 non-hematological toxicity was mucositis in 17 (71%) patients.

CONCLUSION 
Gemcitabine plus nedaplatin with concurrent chemoradiotherapy is a therapeutic option for 
HNSCC with predictable tolerability. Considering the high adverse event rate, the optimized dose 
and schedule must be further explored.

Key Words: Chemoradiotherapy; Gemcitabine; Nedaplatin; Head and neck cancer; Recurrent; Locally 
advanced

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our article focuses on the comprehensive treatments of head and neck squamous cell carcinoma, 
especially for recurred tumors after surgery or tumor lesions that could not be surgically removed.
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INTRODUCTION
Head and neck cancers including lip, oral cavity, pharynx, nasopharynx and cervical esophagus cancer, 
generally have similar biological characteristics and utilize the same therapies. Of these, head and neck 
squamous cell carcinoma (HNSCC) is the most common cancer type, accounting for 85% of these cases. 
Annually, there are over 550000 new patients and 380000 deaths globally due to the disease[1]. In China, 
the annual incidence and mortality of head and neck cancer are 586600 and 431200 patients, respectively
[2]. Smoking and drinking increase the risk of morbidity[1]. The cure rate is high for early-stage patients 
who undergo the main therapies including surgery, radiation, and/or chemotherapy. The 5-year 
survival rate of patients with oral cavity and pharynx cancer is approximately 80%[2]. Most cases, 
however, are diagnosed in advanced stages where locoregional recurrences and distant metastases lead 
to poor survival rates, and where therapeutic options are limited[3]. The median overall survival (OS) 
rate for patients with recurrent or metastatic HNSCC (RMHNSCC) is approximately 6 months, and the 
1-year survival rate is approximately 20%[4]. Potential disfigurement and functional loss require careful 
deliberation when considering surgical resection, while the continued development of chemoradio-
therapy approaches provide further options[5].

The standard management of locally advanced head and neck squamous cell carcinoma has evolved
[6]. Radiation, especially combined with chemotherapy, is the standard treatment for organ and 
functional preservation and effectiveness[7]. A high-dose cisplatin regimen (100 mg/m2) or carboplatin/ 
uorouracil combination regimen demonstrates superior OS to that of standard radiotherapy[6,8,9]. The 
Radiation Therapy Oncology Group (RTOG) 97-03 study demonstrated that in the context of concurrent 
radiation and chemotherapy, the 2-year disease-free survival and OS rates were significantly better in 
the TP (docetaxel/cisplatin) group than those in the PF group[10]. Neuropathy or anaphylaxis caused 
by docetaxel and hyperglycemia or hypertension connected with dexamethasone limit the application of 
docetaxel-based chemotherapy. Cisplatin (DDP), a common radiotherapy sensitizer, is highly emetic 
and may increase the risk of malnutrition in HNSCC patients. Though cetuximab, a representative 
targeted therapy, is regarded as a less toxic alternative, no prospective large trials have compared 
cetuximab to cisplatin in combination with radiotherapy. Recently, anti-PD-1 immunotherapy has been 
approved for the treatment of platinum-refractory recurrent and/or metastatic HNC based on an 
associated increase in OS and a decrease in toxicities[5]. However, due to their high costs and the rare 
but fatal adverse effects associated with their use, anti-PD-1 drugs are not extensively used. Therefore, 
new chemotherapy drugs with high efficacy and acceptable toxicity in treating HNSCC need to be 
explored.
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Gemcitabine (GEM) (dFdC) is an antimetabolite that mechanistically functions via the incorporation 
of dFdC triphosphate adducts into DNA, resulting in chain termination and inhibition of DNA 
synthesis. The primary mechanism of GEM-induced radiosensitization is depletion of dATP caused by 
inhibition of ribonucleotide reductase[11]. In a phase II trial, single-agent GEM in patients with 
RMHNSCC resulted in a response rate (RR) of 13% amongst 54 patients[12]. In 110 Locally advanced 
HNSCC patients receiving weekly low-dose GEM with concomitant radiotherapy, the response rate was 
78%, and the therapy was tolerated[13]. Additionally, GEM has demonstrated favorable safety and 
efficacy to treat esophageal squamous cell carcinoma. A phase II clinical trial evaluated weekly GEM 
and docetaxel regimens as secondline treatments in patients with metastatic esophageal squamous cell 
carcinoma (ESCC). The disease control rate (DCR) was 88%, with an overall response rate (ORR) of 30%
[14]. Of note, GEM has synergistic action with cisplatin. In another phase II trial of triweekly GEM and 
cisplatin in patients with metastatic or recurrent advanced ESCC, the overall response rate was 42.1%
[15]. In a Phase II multicenter clinical trial, the efficacy of a nedaplatin-based regimen, which led to less 
gastrointestinal reaction, was not significantly different from that of the cisplatin-based regimen for 
HNSCC[16]. Furthermore, nedaplatin showed excellent antitumor activity and low toxicity with 
concurrent chemoradiotherapy in treating HNSCC patients[17,18]. However, few studies have been 
conducted to explore the dosage and safety of GEM in combination with nedaplatin as the concomitant 
chemoradiotherapy regimen.

Our study explored the efficacy and safety of GEM in combination with nedaplatin as the 
concomitant chemoradiotherapy regimen for the treatment of patients with recurrent or locally 
advanced squamous cell carcinoma of the head and neck.

MATERIALS AND METHODS
Patients
Patients with recurrent or locally advanced head and neck squamous cell carcinoma who presented at 
Department of Oncology, Tianjin Union Medicine Centre, China, between July 2017 and July 2020 were 
recruited for enrollment. Eligible patients provided written informed consent prior to the onset of study 
activities. The study was registered at Chinese Clinical Trial Registry (http://www.chictr.org.cn) 
(ChiCTR2000034141) and was approved by China Ethics Committee of Registering Clinical Trials 
(ChiECRCT20170178).

Eligibility criteria was: (1) Confirmed recurrent or locally advanced head and neck squamous cell 
carcinoma by histology; (2) no previous treatment with GEM; (3) aged 18-70 years; (4) Eastern 
Cooperative Oncology Group (ECOG) performance status of 0-2; (5) at least one measurable lesion by 
the RECIST 1.1 criteria; (6) no other active malignancies; (7) previous organ-sparing surgery allowed; (8) 
life expectancy of at least 3 mo, with adequate bone marrow and normal organ function (renal, heart 
and hepatic function); (9) at least 4 week treatment-free; (10) at least one year since the last radiotherapy; 
(11) no other distant organ metastasis; (12) no other serious medical complications; and (13) willing to 
provide written informed consent. Pregnant women and women with childbearing potential and 
without access to contraception were excluded. Drop-out criteria was: (1) Did not receive concurrent 
chemoradiotherapy (asynchronous chemoradiotherapy); (2) received less than two cycles of 
chemotherapy; and (3) lost to follow-up.

Treatment 
The pre-treatment evaluation included a medical history and physical examination, blood tests 
(including complete blood count, renal and liver function tests), electrocardiograph, echocardiography, 
chest and abdominal CT scan, and enhanced CT or Magnetic Resonance Imaging (MRI) of the head and 
neck. In addition, laryngoscopy or nasopharyngoscopy and biopsy were performed, if deemed 
necessary. Blood testing continued weekly throughout the study period.

Radiotherapy schemes were determined based upon individual carcinomas. Intensity-modulated 
radiation therapy as delivered once per day on a linear accelerator with 6 MV energy 5 days per week. 
The average dose was 2 Gy per fraction. Concurrent chemotherapy was given 2 hours prior to 
radiotherapy. Patients received intravenous GEM (600 mg/m2) over 30 min on days 1 and 8, and 
intravenous nedaplatin (25 mg/m2) over 1 h per day on days 1 to 3 for 21 days. Most patients received 2-
4 cycles of subsequent chemotherapy after concomitant chemoradiation according to residual disease 
and their condition. During the subsequent treatment, the dose of GEM was increased to 1000 mg/m2, 
and the dose of nedaplatin remained unchanged. The dose of GTV was within the range of 64-74 Gy 
based upon the lesion, Clinical Target Volume was 66-70 Gy, and PTV was 54-60 Gy. The preventive 
radiotherapy dose to the lymphatic drainage area was 54-60 Gy, after which a shrinking field adminis-
tration with locally increased dose was given to the focal area. To those who received postoperative 
radiotherapy previously (60-66 Gy), the second radiotherapy Gross Target Volume dose was not more 
than 70 Gy after adjustment (64-70 Gy).

http://www.chictr.org.cn
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Figure 1 Patient screening flow chart.

Data collection and efficacy evaluation
Demographic and clinical indices were collected, which included age, sex, social history of smoking or 
drinking, primary tumor site, T stage, N stage, AJCC stage, degree of differentiation, type of tumor 
(recurrence/Local advancement), ECOG PS, regression ratio of tumor diameter, progression-free 
survival (PFS) and OS. PFS was defined as the time from enrollment to the first progression of disease or 
death. OS was defined as the time from patients’ enrollment to death from any cause. Therapeutic 
evaluation was conducted according to the RECIST V1.1 criteria. Complete response (CR) was defined 
as the disappearance of all evidence of disease, with the minor axis of metastatic lymph shrinking to < 1 
cm by physical examination, CT/MRI, or direct endoscopy. Partial response (PR) was defined as a 
reduction in the largest axis diameters of measurable disease (or the minor axis of metastatic lymph 
node) by 30%, with no progression to other lesions and no new lesions. Tumor progression (PD) was 
defined as an increase in the largest axis diameter of measurable disease (or the minor axis of metastatic 
lymph node) by 20% or the appearance of new lesions. Stable disease (SD) was defined as a disease 
status between PR and PD. The ORR was calculated as the number of patients achieving CR or PR 
divided by the number of all enrolled patients. DCR was calculated as the number of patients who 
reached CR or PR or SD divided by the total number of enrolled patients.

The primary endpoints of this study were ORR, DCR and toxicity. The secondary endpoints were PFS 
and OS.

Safety assessment
Toxicity was evaluated according to the RTOG Acute Radiation Injury Scoring Criteria and the National 
Cancer Institute Common Toxicity Criteria (NCI-CTC) scale version 4.0. If severe adverse reactions 
(grade 4 hematological toxicity, grade 3-4 non-hematological toxicity) occurred or if PS worsened, the 
therapy was delayed, and the dose was decreased by approximately 25% in the subsequent course. Any 
required supportive therapy was determined by the treating physician.

Follow-up
Follow up was conducted monthly either by telephone, in-patient admission or outpatient chart review. 
Data collected included disease progression, short-term and long-term adverse reactions, and imaging 
and laboratory findings. Imaging exam was performed 1 mo after radiotherapy, then every 2 
chemotherapy cycles, and finally every 3-6 mo.

Statistical analysis
The data were analyzed in per-protocol set by excluding the participants who dropped out of the study 
and failed to comply with the study protocol. Demographic data was analyzed via descriptive statistics 
SPSS Version 23 (SPSS Inc., Chicago, IL, United States). Data were presented as mean ± standard 
deviation. Qualitative data were described as frequency and proportion. Univariate analysis of 
prognostic factors, including sex, age, T stage, N stage, AJCC stage, differentiation degree, smoking and 
drinking history, was performed, and data were compared using the log rank test. Survival curves were 
drawn by the Kaplan-Meier method. Statistical signicance was considered when the P value was ≤ 
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Figure 2 Survival curves of all enrolled patients. A: Survival curves of progression free survival; B: Survival curves of overall survival. PFS: Progression free 
survival; OS: Overall survival.

0.05.

RESULTS
Patients’ characteristics
A total of 37 patients was screened for enrollment (Figure 1). Of these, 1 patient, initially considered to 
have squamous cell carcinoma and enrolled, was found to have adenocarcinoma after hospital 
consultation according to secondary pathological results, and was excluded from study participation. 
During treatment, 5 patients did not receive concurrent chemoradiotherapy (asynchronous chemoradio-
therapy), 6 patients received less than two cycles of chemotherapy, and one patient was lost to follow-
up. Thus, a total of 24 people was included in the statistical analysis.

Patients demographics and disease characteristics are described in Table 1. The male-to-female ratio 
was 2:1. All patients had stage III-IV with the majority having poorly differentiated squamous cell 
carcinoma and the most common site being the nasopharynx (37.5%). The majority of patients smoked 
(70.8%) or consumed alcohol (87.5%). At enrollment, 10 patients (41.7%) had recurrent disease after 
surgery, four of whom received postoperative radiotherapy with the GTV range of 60-66 Gy. Most 
(79.2%) patients had not previously received chemotherapy. A minority of patients received subsequent 
paclitaxel-containing salvage chemotherapy after tumor progression.

Efficacy evaluation
All 24 patients were followed up for a median period of 22.4 months (IQR 4.5-37.0). Eight of 24 
evaluable cases (33.3%) achieved a CR confirmed by enhanced CT or enhanced MRI and endoscopy, and 
a PR was observed in sixteen (66.7%) cases with an ORR of 100% and a DCR of 100% (Table 2).

Regression ratios of tumor diameter are shown in Figure 3A. The one-year OS rate was 70.8%, and 
one-year PFS rate was 66.7%. The median PFS was 15.1 months, while the median OS was not attained. 
Fourteen patients remained alive at the end of this study, including 11 patients without disease 
progression (Figure 2).

A subgroup comparison was conducted for the recurrent and the treatment-naïve groups. The 
median PFS and OS of the recurrent group were both 10.3 months and those for treatment-naïve group 
had not reached (PPFS=0.069, POS=0.01). The one-year PFS rates of the recurrent and treatment-naïve 
groups were 37.5% and 81.3%, respectively, and the one-year OS rates of the two groups were 37.5% 
and 87.5%, respectively (Figure 3B  and C).

Another subgroup analysis for the CR and PR groups revealed additional differences (Figure 3D and 
E). In the PR group, the median PFS and OS time were 13.9 mo and 16.1 months, respectively, and those 
in the CR group were not reached with the P values in the PFS and OS analysis being 0.067 and 0.059, 
respectively. The one-year PFS rates of the CR and PR group were 87.5% and 56.3%, respectively, and 
the one-year OS rate was 87.5% vs 62.5%. In the CR group, one patient died of nasal hemorrhage and 
one with tumor recurrence in situ; all others remained alive and tumor-free. In the PR group, recurrence 
in situ was observed in 7 patients (41.2%), and one had distant metastases. Of the 9 patients who died, 3 
died from oral and nasal hemorrhage.

Univariate analysis demonstrated no correlation of PFS or OS with age, sex, T stage, N stage, AJCC 
stage, differentiation degree, smoking or drinking history.
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Table 1 Baseline and clinical characteristics of patients

Characteristics Number (n) Percentage (%) Characteristics Number (n) Percentage (%)

Age, yr Sex

Mean 59.8 ± 8.08 Male 16 0.67

Range 37.1-66.2 Female 8 0.33

T stage N stage

1 1 0.042 1 5 0.208

2 9 0.375 2 17 0.708

3 4 0.167 3 2 0.083

4 10 0.417 Differentiation

Smoking history High 1 0.042

Nonsmoker 7 0.292 Moderately 3 0.125

20-30 yr 11 0.458 Low 12 0.5

30-39 yr 1 0.042 Uncertain 8 0.333

> 40 yr 5 0.208 Primary tumor site 

History of alcohol use Nasopharynx 9 0.375

Nondrinker 3 0.125 Larynx 5 0.208

Infrequent (< once/wk) 8 0.333 Hypopharynx 3 0.125

Light (< 3 times/wk) 2 0.083 Oral Cavity 2 0.083

Moderate (> 3 times/wk but < once/d) 6 0.25 Tongue 2 0.083

Heavy (> once/d) 5 0.208 Esophagus 2 0.083

Disease situation Nasal cavity 1 0.042

Recurrence 10 0.417 AJCC stage

Local advancement 14 0.583 III 8 0.333

ECOG PS IVA 13 0.542

0 0 0 IVB 3 0.125

1 22 0.917 Pre-treatment

2 2 0.083 Surgery 10 0.417

Radiotherapy 20 0.167

Chemotherapy 5 0.208

ECOG PS: Eastern cooperative oncology group performance status; AJCC: American joint committee on cancer.

Adverse event
Adverse events were assessed over the course of the study. All patients showed some level of hemato-
logical toxicities, most of which required cell-stimulating factor support and/or blood transfusion 
treatments. Commonly observed adverse events included mucositis, fatigue, nausea, pain, infection, 
electrolyte disturbances, and dermatitis. Due to grade 3-4 hematological toxicities, only about 25% of 
patients completed the designed concomitant chemoradiotherapy protocol without interruption. Grade 
3-4 toxicities included hematological toxicities (75%), including leukopenia in 18 (75%) patients, 
neutropenia in 10 (42%) patients, thrombocytopenia in 13 (54%) patients and anemia in 4 (17%) patients. 
The most common grade 3-4 non-hematological toxicity seen were mucositis in 17 (71%) patients, 
followed by pain in 5 (21%) patients, electrolyte disturbances in 4 (17%) patients, cardiotoxicity in 3 
(12.5%) patients, infection in 3 (12.5%), patients and hemorrhage in 3 (12.5%) patients. Less common 
long-term adverse events included neuropathy, cervical stenosis and fibrosis (difficulty opening the 
mouth). Eighteen patients (75%) needed intravenous nutritional support (Table 3).
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Table 2 Therapeutic evaluation

Indexes Number (n) Percentage (%)

CR 8 33.3

PR 16 66.7

SD 0 0

ORR 24 100

DCR 24 100

CR: Complete response; PR: Partial response; SD: Stable disease; ORR: Objective response rate; DCR: Disease control rate.

Table 3 Adverse event (n = 24)

Adverse events Grade

1 2 3 4 1-4 3-4

Hematologic 2 5 7 11 24 (100%) 18 (75%)

Leukopenia 1 5 14 4 24 (100%) 18 (75%)

Neutropenia 7 4 9 1 21 (87.5%) 10 (41.7%)

Thrombocytopenia 6 3 6 7 22 (91.7%) 13 (54.2%)

Anemia 10 10 4 0 24 (100%) 4 (16.7%)

Mucositis 0 4 2 15 21 (87.5%) 17 (70.8%)

Fatigue 10 9 0 0 19 (79.2%) 0 (0%)

Nausea 2 10 0 0 12 (50%) 0 (0%)

Pain 1 8 3 0 12 (50%) 3 (12.5%)

Infection 4 6 2 0 12 (50%) 2 (8.3%)

Electrolyte disturbance 6 2 4 0 12 (50%) 4 (16.7%)

Dermatitis 8 1 0 2 11 (45.8%) 2 (8.3%)

Constipation 10 2 0 0 12 (50%) 0 (0%)

Hemorrhage 1 0 2 1 4 (16.7%) 3 (12.5%)

Hepatotoxicity 14 4 1 0 19 (79.2%) 1 (4.2%)

Renal toxicity 2 0 0 0 2 (8.3%) 0 (0%)

Cardiotoxicity 0 0 2 4 6 (25%) 6 (25%)

Xerostomia 4 0 0 0 4 (16.7%) 0 (0%)

Neuropathy 5 1 0 0 6 (25%) 0 (0%)

DISCUSSION
The results of this study showed that both ORR and DCR of patients with HNSCC who received 
concurrent chemoradiotherapy using gemcitabine and nedaplatin were 100%. The one-year OS rate was 
75%, and one-year PFS rate was 66.7%. Recurrent HNSCC patients had a poorer prognosis than 
treatment-naïve patients, and patients who achieved CR had better survival than those who achieved 
PR. Both the most common grade 1-4 (100%) or grade 3-4 toxicities (75%) were hematological disorders, 
and the most common grade 3-4 non-hematological toxicity was mucositis in 17 (71%) patients. 
Although gemcitabine plus nedaplatin with concurrent chemoradiotherapy for HNSCC is a therapeutic 
option with predictable tolerability, considering the high adverse event rate, the optimized dose and 
schedule must be further explored.

GEM is widely applied in induction chemotherapy, concomitant chemoradiotherapy and salvage 
chemotherapy in treating HNSCC[13,19,20]. GEM has been thought to have radiosensitizing and 
synergistic action with cisplatin[11] and demonstrates effective cytotoxicity in HNSCC cell lines[8,21]. In 
our study, we explored the efficiency and safety of GEM combined with nedaplatin in concurrent 
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Figure 3 Subgroup analysis. A: Regression ratio of tumor diameter per case; B and C: Kaplan–Meier curve of progressionfree survival (PFS) (B) and overall survival (C) between recurrent subgroup and treatment-naïve subgroup; D and C: 
Kaplan–Meier curve of PFS (D) and OS (E) between complete response subgroup and partial response subgroup.

chemoradiotherapy. Although all patients had stage III or IV disease, it was encouraging to see an ORR 
of 100% and a DCR of 100%, which were higher and more promising than the values shown in similar 
studies[13,22]. However, the one-year survival rate was 70.8%, and the one-year PFS rate was 66.7%, 
which were slightly lower than those reported in other studies[13,22].

Although the median OS has not been reached, we estimated that the median OS would be more than 
2 years. There was no significant difference between our PFS and OS survival gures and those reported 
in similar concomitant chemoradiation studies[2]. Our CR rate was 33.3%, with a PR rate of 66.7%, 
compared with a CR rate of 55%-83% reported in other studies[11,24,25]. We posited that these results 
reflected the prognosis of eight patients who experienced tumor recurrence after surgery and 
chemotherapy, among whom four patients had received radiotherapy before enrollment. This patient 
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subgroup that made up 33.3% of total patients was more refractory to treatment than others. In 
subgroup analysis, the recurrent group had a poorer prognosis than the treatment-naïve group. In the 
relapsed subgroup, we still observed a 37.5% CR rate, a 62.5% PR rate, a 100% ORR and a 37.5% one-
year survival rate. Because of the small sample size, statistical significance was not reached. A similar 
CCRT study reported that the one-year OS was 43%, and the ORR was 54.5% in recurrent HNSCC 
patients [26]. Similar results were obtained in locoregional failure research on HNSCC; the one-year OS 
was 50%, with a 66.6% ORR in the CCRT subset[27].

In another subgroup analysis, patients who achieved CR appeared to achieve longer PFS and OS time 
than the PR-achieving group. The reason might be that the tumor biological behavior in the CR group 
was more sensitive to chemotherapy and radiotherapy, suggesting that CR was a better prognostic 
factor. Because most patients (75%) in our study received subsequent chemotherapy after concomitant 
chemoradiation, only one case experienced distant metastasis at the cut-off point.

The most common grade 3-4 treatment-related adverse events (75% hematologic toxicities and 70.8% 
mucositis) necessitated active treatment with G-CSF, IL-11, TPO, blood infusion and oral/intravenous 
nutritional support. Considering the higher dose of GEM, the hematologic toxicities were more serious 
than those described in related studies[7,13,20,25]. The grade 1-2 adverse events detected were anemia, 
fatigue and hepatotoxicity, all of which were relatively easy to treat. Some rare late adverse events were 
observed, including xerostomia, open mouth difficulty, radiation myelitis, cervical stenosis and fibrosis. 
Notably, 4 patients (16.7%) died of mouth or nose hemorrhage without obvious disease progression. 
The hemorrhage was probably due to carotid blowout syndrome (CBS), of which the incidence was 3% 
to 4.5% in all postoperative patients and 4.5% to 21.1% in patients who received reirradiation[28]. The 
mortality of CBS was as high as 75%[29]. Two of the four patients received surgery and second 
radiotherapy, which were both independent risk factors for CBS[30]. There was no chemotherapy-
related deaths occurred in our study. Although there were death cases in both groups, the patients died 
after completion of treatment and in a period of time after discharge, which could not directly prove 
that the death was related to treatment. Tumor progression and invasion of blood vessels might also 
lead to death. Therefore, the death event was not considered as a grade 5 adverse event.

Our exploratory study had several limitations. First, the sample number was too small to conduct a 
deeper analysis and present a more thorough discussion. Second, the follow-up period was not long 
enough to adequately evaluate OS data or long-term adverse events. Third, the chemotherapeutic drug 
doses utilized in this study were not optimized and needed to be explored in future studies in order to 
reduce severe adverse events.

CONCLUSION
In summary, the data presented here demonstrated the efficacy and predictable tolerability of GEM plus 
nedaplatin in concurrent chemoradiotherapy in the treatment of HNSCC. These data served to add to 
the compendium of treatment modalities regarding rst-line treatment for HNSCC patients with 
recurrent or locally advanced disease. Nevertheless, further studies are required to optimize the dose 
and schedule of GEM-based chemoradiotherapy to achieve better disease control and survival while 
minimizing related adverse events.

ARTICLE HIGHLIGHTS
Research background
As one of the most common malignant tumors, head and neck squamous cell carcinoma (HNSCC) 
seriously affects the survival and quality of life of patients. At present, in addition to surgery, chemora-
diotherapy is the main treatment modality. However, the chemotherapy regimens of concurrent 
chemoradiotherapy are limited. The activity of gemcitabine and nedaplatin in treating HNSCC has been 
confirmed.

Research motivation
Our study focused on the efficacy and safety of gemcitabine combined with nedaplatin in concurrent 
chemoradiotherapy for the treatment of recurrent or metastatic HNSCC. This study provided another 
therapeutic option of concurrent chemoradiotherapy for HNSCC in the future.

Research objectives
The main objective of this study was to evaluate the effect of gemcitabine combined with nedaplatin on 
PFS and overall survival (OS) in HNSCC patients who received concurrent radiochemotherapy, and to 
explore the most suitable dose. The protocol and dose used in our study have proved to be effective and 
safe for these patients. These results can provide reference for concurrent chemoradiotherapy in the 
future.
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Research methods
This study was a prospective single arm clinical trial. In this study, GN regimen chemotherapy and 
concurrent radiotherapy were used, imaging and laboratory examination were performed regularly, 
and RECIST 1.1 was used to evaluate treatment efficacy. The adverse effects were recorded simultan-
eously. The efficacy evaluation indexes included objective response rate (ORR), disease control rate 
(DCR), OS and progression free survival (PFS). Kaplan-Meier method was used for survival analysis by 
SPSS Version 23. These methods can truly and effectively reflect the effectiveness and safety of 
treatment schemes and are common methods in the world currently. The main objective of this study 
was to evaluate the effect of gemcitabine combined with nedaplatin on PFS and OS in HNSCC patients 
who received concurrent radiochemotherapy, and to explore the most suitable dose. The protocol and 
dose used in our study have proved to be effective and safe for these patients. These results can provide 
reference for concurrent chemoradiotherapy in the future.

Research results
The ORR and DCR were both 100%. The one-year OS was 75%, and one-year PFS was 66.7%. The most 
common toxicities were hematological diseases, and the most common non-hematological toxicity was 
mucositis. The results showed the treatment regimen in this trial was effective and the safety was 
acceptable, which might provide new choice for HNSCC treatment. However, the results need more 
large-scale randomized clinical trial to confirm.

Research conclusions
This study provided a new chemotherapy regimen (GN) in concurrent radiochemotherapy for HNSCC.

Research perspectives
It is necessary to explore more effective and safer chemoradiotherapy regimens for the treatment of 
HNSCC in the future.
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Abstract
BACKGROUND 
The purpose of enhanced recovery after surgery (ERAS) was to reduce surgical 
pressure and accelerate postoperative functional recovery. Although the 
application of biologics in treating inflammatory bowel disease (IBD) has changed 
treatment strategies, most patients with IBD still require surgery.

AIM 
To evaluate the advantage of ERAS in IBD surgery.

METHODS 
The PubMed, EMBASE and Cochrane Library databases were searched from 
inception to March 21, 2021 to find eligible studies. The primary outcome was 
postoperative complications, and the secondary outcomes included operation 
time, time to first flatus, time to bowel movement, postoperative hospital stay and 
readmission. The PROSPERO registration ID of this meta-analysis is 
CRD42021238052.

RESULTS 
A total of eight studies involving 1939 patients were included in this meta-
analysis. There were no differences in baseline information between the ERAS 
group and the non-ERAS group. After pooling up all of the data, no significant 
difference was found between the ERAS group and the non-ERAS group in terms 
of postoperative overall complications [odds ratio = 0.82, 95% confidence interval 
(CI) = 0.66 to 1.02, P = 0.08]. The ERAS group had a lower prevalence of 
anastomotic fistula (odds ratio = 0.36, 95%CI = 0.13 to 0.95, P = 0.04), less time to 
first flatus [mean difference (MD) = -2.03, 95%CI = -3.89 to -0.17, P = 0.03], less 
time to bowel movement (MD = -1.08, 95%CI = -1.60 to -0.57, P < 0.01) and shorter 
postoperative hospital stays (MD = -1.99, 95%CI = -3.27 to -0.71, P < 0.01) than the 
non-ERAS group.
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CONCLUSION 
ERAS was effective for the quicker recovery in IBD surgery and did not lead to increased complic-
ations.

Key Words: Enhanced recovery after surgery; Inflammatory bowel disease; Meta-analysis
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Core Tip: The purpose of this meta-analysis was to evaluate the safety and efficacy of enhanced recovery 
after surgery in inflammatory bowel disease surgery. In conclusion, enhanced recovery after surgery was 
effective for the quicker recovery in inflammatory bowel disease surgery and did not lead to increased 
complications.

Citation: Peng D, Cheng YX, Tao W, Tang H, Ji GY. Effect of enhanced recovery after surgery on inflammatory 
bowel disease surgery: A meta-analysis. World J Clin Cases 2022; 10(11): 3426-3435
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3426.htm
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INTRODUCTION
Enhanced recovery after surgery (ERAS) or fast-track surgery programs were first proposed by Kehlet
[1], and the purpose of ERAS was to reduce surgical pressure and accelerate postoperative functional 
recovery[2]. The ERAS protocol involves a series of interventions during the perioperative period, 
including preoperative short fasting, intraoperative epidural anesthesia, minimally invasive surgery, 
postoperative pain management and nutritional care[3-5]. Due to its significant advantages and safety, 
ERAS has developed rapidly over the past decade[6]. In recent years, ERAS has been applied to various 
surgical fields, including gastrectomy[7], cardiac surgery[8], esophageal cancer surgery and colorectal 
surgery[9,10].

Although the application of biologics in treating inflammatory bowel disease has changed treatment 
strategies, most patients with inflammatory bowel disease (IBD) still require surgery[11,12]. IBD 
patients are often malnourished and immunosuppressed, which increases the risk of postoperative 
complications and prolongs the postoperative hospital stay[13]. In addition, reoperation was required in 
a large population of IBD patients, which might not be suitable for minimally invasive surgery[14]. 
Furthermore, patients with IBD might experience prolonged postoperative intestinal obstruction due to 
chronic inflammation of the intestinal wall[15]. Therefore, the application of ERAS in IBD surgery might 
be limited in these high-risk situations.

A few studies suggest the feasibility of ERAS for IBD patients[16]; however, work comparing the 
efficiency of ERAS in IBD and non-IBD patients is scant[17]. Therefore, the purpose of this meta-analysis 
was to evaluate the safety and efficacy of ERAS in IBD surgery.

MATERIALS AND METHODS
This meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement[18]. The PROSPERO registration ID is 
CRD42021238052, and the link is as follows: https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42021238052.

Literature search strategy
The PubMed, EMBASE and Cochrane Library databases were searched by two authors independently. 
The literature search was conducted on March 21, 2021. The search strategy focused on two key words: 
ERAS and IBD. The search strategy for ERAS was as follows: "enhanced recovery protocol" OR 
"enhanced recovery after surgery" OR "enhanced recovery" OR "fast track surgery" OR "fast track 
rehabilitation" OR "fast track" OR "FTS" OR "ERAS". The search strategy for IBD was as follows: "inflam-
matory bowel disease" OR "Crohn’s" OR "Crohn disease" OR "Crohn’s disease" OR "ulcerative colitis" 
OR "colitis" OR "IBD" OR "CD" OR "UC". Then, we used “AND” to combine these two search strategies, 
and the publication language was restricted to English in this search.

https://www.wjgnet.com/2307-8960/full/v10/i11/3426.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3426
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021238052
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Inclusion and exclusion criteria
The inclusion criteria were as follows: 1, patients who underwent surgery for CD or UC; 2, the ERAS 
and non-ERAS protocols were both reported; and 3, reported at least one of the surgical outcomes, 
including operation time, complications, time to first flatus, time to bowel movement, postoperative 
hospital stay and readmission. The exclusion criteria were as follows: 1, reviews, letters, case reports, 
comments or conferences; and 2, publications with insufficient data that could not be extracted. For 
studies with overlapping patient groups, the most recent study or the study with the larger sample size 
were included. Disagreement regarding inclusion and exclusion were resolved by discussion between 
the two authors.

Study selection
The databases were searched by the two authors. First, the titles and abstracts were screened for 
relevant studies. Second, the full texts were evaluated based on the inclusion and exclusion criteria. 
Disagreements were discussed, and a final judgment was made by a third author if disagreement 
occurred.

Data extraction
The data were extracted and cross-checked by two authors. The extracted data included first author, 
study date, study design, country, publishing year, patients’ baseline information, sample size, 
operation time, complications, time to first flatus, time to bowel movement, postoperative hospital stay 
and readmission.

Outcomes
The primary outcome of the current meta-analysis was postoperative complications, which were graded 
based on the Clavien-Dindo classification[19]. Secondary outcomes included operation time, time to first 
flatus, time to bowel movement, postoperative hospital stays and readmission.

Quality assessment
The Newcastle-Ottawa Scale was used to evaluate the quality of the included studies[20]. High-quality 
studies are indicated by a score of 9 points, medium-quality studies have scores from 7-8 points, and 
low-quality studies have scores less than 7 points[21].

Statistical analysis
In the current meta-analysis, continuous variables are presented as the mean ± standard deviation, and 
categorical variables are presented as proportions. For dichotomous and continuous variables, odds 
ratios (ORs) and mean differences (MDs) were calculated, and 95% confidence intervals (CIs) were 
calculated. The I2 value and the results of the chi-squared test were used to assess the statistical hetero-
geneity[22,23]. High heterogeneity was considered when I2 > 50%; in such cases, the random effects 
model was used, and P < 0.1 was considered statistically significant. The fixed effects model was used 
when I2 ≤ 50%, and P < 0.05 was considered statistically significant. This meta-analysis was performed 
with RevMan 5.3 (The Cochrane Collaboration, London, United Kingdom).

RESULTS
Study selection
A total of 602 studies (138 studies in PubMed, 332 studies in EMBASE and 132 studies in the Cochrane 
Library) were retrieved in the initial search, and 483 studies were screened after excluding duplicated 
records. The titles and abstracts were screened, and then, 52 studies were left for full-text assessment. 
Finally, a total of eight studies[16,24-30] that compared the surgical outcomes of IBD patients between 
ERAS and non-ERAS protocols were included (Figure 1).

Patient characteristics and quality assessment of the included studies
A total of eight studies including 1939 patients were included in this meta-analysis. The publication 
years ranged from 2012- 2021, and the study dates ranged from 2000-2019. There were six retrospective 
studies, one observational study and one randomized controlled trial (RCT). Three studies were 
conducted in United States, two studies were conducted in Italy, one study was conducted in China, one 
study was conducted in France and one study was conducted in the United Kingdom. The sample size 
and the scores of the Newcastle-Ottawa Scale of each study are shown in Table 1.

Baseline information
The baseline information, including age, sex, body mass index, American Society of Anesthesia and 
surgical methods, was pooled, and no differences were found between the ERAS group and the non-
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Table 1 Characteristics of the studies included in the meta-analysis

Ref. Year Study date Study 
design

Single/Multi 
center

Disease 
type Country Sample 

size NOS

Spinelli et al[24] 2012 January 2008 to September 2011 Retrospective Multi center CD Italy 90 7

Mineccia et al[25] 2020 May 2007 to December 2018 Observational Single center CD Italy 94 8

Liska et al[26] 2019 January 2015 to April 2017 Retrospective Single center CD and UC United States 671 8

D'Andrea et al
[27]

2020 January 2013 to December 2018 Retrospective Single center CD and UC United States 753 8

Zhu et al[28] 2018 December 2015 to December 
2016

RCT Single center CD China 32 8

Vrecenak et al
[29]

2014 December 2000 to December 
2010

Retrospective Single center CD United States 71 7

West et al[30] 2013 January 2005 to January 2011 Retrospective Multi center CD and UC United 
Kingdom

68 8

Meunier et al[16] 2021 November 2015 to December 
2019

Retrospective Multi center Unknown France 160 8

CD: Crohn's disease; RCT: Randomized controlled trial; UC: Ulcerative colitis; NOS: Newcastle-Ottawa scale.

Figure 1 Flowchart of study selection.

ERAS group. The summary meta-analysis of baseline information in each study is shown in Table 2.

Complications
Data regarding overall complications were extracted from the eight studies. After pooling all of the data, 
no significance was found between the ERAS group and the non-ERAS group (OR = 0.82, 95%CI = 0.66 
to 1.02, P = 0.08) (Figure 2). To analyze differences in minor and major complications, we conducted 
subgroup analysis. However, there were no significant differences between the ERAS group and the 
non-ERAS group in terms of minor complications (OR = 1.13, 95%CI = 0.83 to 1.55, P = 0.43) (Figure 3A) 
or major complications (OR = 0.64, 95%CI = 0.34 to 1.20, P = 0.16) (Figure 3B).



Peng D et al. A meta-analysis of ERAS

WJCC https://www.wjgnet.com 3430 April 16, 2022 Volume 10 Issue 11

Table 2 Summary of characteristics between enhanced recovery after surgery group and non-enhanced recovery after surgery group

Characteristics Studies Participants, ERAS/Non-ERAS Odds ratio/mean difference (95%CI) Heterogeneity

Baseline information

Age, yr 2 256/587 0.35 (-1.72, 2.78); P = 0.65 I2 = 0%; P = 0.59

Male 7 644/1135 1.20 (0.98, 1.46); P = 0.08 I2 = 0%; P = 0.74

BMI, kg/m2 3 272/603 -0.56 (-1.19, 0.06); P = 0.08 I2 = 12%; P = 0.32

ASA 1-2 4 549/1059 0.91 (0.73, 1.14); P = 0.41 I2 = 0%; P = 0.77

ASA 3-4 4 510/1059 1.10 (0.88, 1.37); P = 0.41 I2 = 0%; P = 0.77

Laparoscopic surgery 4 563/1023 1.47 (0.90, 2.38); P = 0.12 I2 = 62%; P = 0.05

Open surgery 4 460/1023 0.68 (0.42, 1.11); P = 0.12 I2 = 62%; P = 0.05

Surgical outcomes

Operation time 2 256/587 -0.17 (-23.45, 23.10); P = 0.99 I2 = 78%; P = 0.03

Time to first flatus 2 36/86 -2.03 (-3.89, -0.17); P = 0.03 I2 = 94%; P < 0.01

Time to bowel movement 3 81/112 -1.08 (-1.60, -0.57); P < 0.01 I2 = 71%; P = 0.03

Post-operative hospital stay 4 317/629 -1.99 (-3.27, -0.71); P < 0.01 I2 = 89%; P < 0.01

Anastomotic fistula 6 639/1200 0.36 (0.13, 0.95); P = 0.04 I2 = 0%; P = 0.70

Bleeding 4 358/568 1.16 (0.48, 2.76); P = 0.75 I2 = 0%; P = 0.80

Readmission rate 7 673/1234 0.72 (0.51, 1.00); P = 0.05 I2 = 0%; P = 0.87

ASA: American Association of Anesthesiologists; BMI: Body mass index; CI: Confidence interval; ERAS: Enhanced recovery after surgery.

Figure 2 Comparison of postoperative overall complications between the enhanced recovery after surgery group and the non-enhanced 
recovery after surgery group. CI: Confidence interval; ERAS: Enhanced recovery after surgery.

Other surgical outcomes
Other surgical outcomes were compared between the two groups as well. After pooling all of the data, 
the ERAS group had less time to first flatus (MD = -2.03, 95%CI = -3.89 to -0.17, P = 0.03), less time to 
bowel movement (MD = -1.08, 95%CI = -1.60 to -0.57, P < 0.01), less anastomotic fistula (OR = 0.36, 
95%CI = 0.13 to 0.95, P = 0.04) and less postoperative hospital stay (MD = -1.99, 95%CI = -3.27 to -0.71, P 
< 0.01) than the non-ERAS group. However, no significant difference was found in operation time (MD 
= -0.17, 95%CI = -23.45 to 23.10, P = 0.99), bleeding (OR = 1.16, 95%CI = 0.48 to 2.76, P = 0.75) or 
readmission rate (OR = 0.72, 95%CI = 0.51 to 1.00, P = 0.05) (Table 2).

Publication bias
Repeated meta-analysis was performed by excluding one study at a time, and the exclusion of any one 
study did not significantly alter the results. Publication bias for the included studies was based on a 
visual inspection of the funnel plot. The funnel plot was symmetrical, and no obvious publication bias 
was found (Figure 4).
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Figure 3 Subgroup analysis of minor and major complications between the enhanced recovery after surgery group and the non-
enhanced recovery after surgery group. A: Minor complications; B: Major complications. CI: Confidence interval; ERAS: Enhanced recovery after surgery.

Figure 4 Funnel plot of postoperative complications.

DISCUSSION
A total of eight studies with 1939 patients were included in this meta-analysis. There were no 
differences between the ERAS group and the non-ERAS group regarding baseline information. After 
pooling all of the data, no significance was found between the ERAS group and the non-ERAS group in 
terms of postoperative complications. However, the ERAS group had a lower prevalence of anastomotic 
fistula, less time to first flatus, less time to bowel movement and shorter postoperative hospital stays 
than the non-ERAS group.

IBD patients were at a higher risk of complications due to frequent malnutrition, immunosup-
pression, intra-abdominal abscess, anemia, fistula and intestinal obstruction than patients without IBD
[27]. IBD patients who underwent surgery were more likely to have longer hospital stay, increased 
postoperative wound infections and higher readmission rates[15,31]. Furthermore, a longer pain relief 
time and a higher incidence of postoperative intestinal obstruction occurred in IBD patients[15]. 
Therefore, the ERAS protocol seemed to be a challenging task in IBD patients.
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In this meta-analysis, we observed that no significance was found between the ERAS group and the 
non-ERAS group in terms of postoperative complications, and the results were similar to those of 
previous studies[24-26]. ERAS did not increase the complications after IBD surgery, so ERAS was 
considered a safe protocol. On the other hand, the ERAS group had a lower likelihood of anastomotic 
fistula, less time to first flatus, less time to bowel movement and shorter postoperative hospital stays 
than the non-ERAS group. ERAS might be an effective protocol after IBD surgery. The reduction in 
hospital stay brings cost savings and reduces the lost work time of family members, improves patient 
comfort and reduces exposure to hospital-acquired infections at the same time[17]. Moreover, the 
likelihood anastomotic fistula was significantly reduced in the ERAS group, which confirmed the safety 
of the ERAS protocol.

A reduction in hospital expenses in ERAS has been reported in other surgeries, including gastric 
cancer[7], colorectal cancer and esophagus cancer[9,10]. A previous study reported a reduction in 
hospital expenses; however, the number of studies was not sufficient to be included in this meta-
analysis[28]. There was a lack of analgesic use, which required more follow-up studies confirming the 
beneficial details of ERAS.

A recent study reported that cancer patients undergoing laparoscopic surgery and ERAS treatment 
might have an immunological advantage[32]. Although no present studies evaluated the immune status 
of IBD patients undergoing the ERAS protocol, it is interesting to see whether similar benefits could be 
observed in the future. The success of ERAS depended on the patient's compliance and motivation, and 
this was important for IBD patients, who were mostly young and often had an active lifestyle[33,34]. 
Such preferred patients require rapid recovery in order to return to work and social activities quickly. It 
was also important to involve the patient's caregivers, as they could play an important role in 
identifying any signs and symptoms after the patient was discharged[24].

There were some certain limitations in the current meta-analysis. First, only eight studies (one RCT 
and seven non-RCTs) were included. Second, the number of subgroup analyses of time to first flatus, 
time to bowel movement, operation time and postoperative hospital stay were relatively small, 
therefore, the results were not robust, and larger studies are needed. Third, differences might occur 
between primary or recurrent IBD patients who underwent surgery, and furthermore, the outcomes 
might differ from CD and UC. Fourth, the use of steroids and biologics might affect the surgical 
outcomes. Therefore, multicenter, multiregional, prospective and high-quality RCTs should be carried 
out in the future.

CONCLUSION
In conclusion, ERAS was effective for the quicker recovery in IBD surgery and did not lead to increased 
complications.

ARTICLE HIGHLIGHTS
Research background
To reduce surgical pressure and accelerate postoperative functional recovery, enhanced recovery after 
surgery (ERAS) has been recommended. Although the application of biologics in treating inflammatory 
bowel disease has changed treatment strategies, most patients with inflammatory bowel disease (IBD) 
still require surgery.

Research motivation
Many patients with IBD require surgery. The motivation of this meta-analysis was to examine the effect 
of ERAS in IBD surgery.

Research objectives
The aim of this meta-analysis was to evaluate the advantage of ERAS in IBD surgery.

Research methods
The PubMed, EMBASE and Cochrane Library databases were searched from inception to March 21, 
2021 to find eligible studies. The primary outcome was the postoperative complications. The secondary 
outcomes included operation time, time to first flatus, time to bowel movement, postoperative hospital 
stay and readmission.

Research results
A total of eight studies involving 1939 patients were included in this meta-analysis. There was no 
difference in baseline information between the ERAS group and the non-ERAS group. No significant 
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difference was found between the ERAS group and the non-ERAS group in terms of postoperative 
overall complications. The ERAS group had a lower prevalence of anastomotic fistula, less time to first 
flatus, less time to bowel movement and shorter postoperative hospital stays than the non-ERAS group.

Research conclusions
ERAS was effective for the quicker recovery in IBD surgery and did not lead to increased complications.

Research perspectives
This meta-analysis provided a preliminary conclusion on the effect of ERAS in IBD surgery. Therefore, 
multicenter, multiregional, prospective and high-quality randomized controlled trials should be carried 
out in the future.
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Abstract
BACKGROUND 
Several studies have reported the prognostic value of ultrasound elastography 
(UE) in patients receiving neoadjuvant chemotherapy (NACT) for breast cancer. 
However, the assessment of parameters differed between shear-wave elasto-
graphy and strain elastography in terms of measured elasticity parameter and 
mode of imaging. It is important, therefore, to assess the accuracy of the two 
modes of elastography.

AIM 
To assess the accuracy of UE for predicting the pathologic complete response 
(pCR) in breast cancer patients following NACT.

METHODS 
A comprehensive and systematic search was performed in the databases of 
MEDLINE, EMBASE, SCOPUS, PubMed Central, CINAHL, Web of Science and 
Cochrane library from inception until December 2020. Meta-analysis was per-
formed using STATA software “Midas” package.

RESULTS 
A total of 14 studies with 989 patients were included. The pooled sensitivities 
were 86% [95% confidence interval (CI): 76%-92%] for UE, 77% (95%CI: 68%-84%) 
for shear-wave elasto-graphy, and 92% (95%CI: 73%-98%) for strain-wave 
elastography. The pooled score specificities were 86% (95%CI: 80%-90%) for UE, 
84% (95%CI: 72%-91%) for shear-wave elasticity, and 87% (95%CI: 81%-92%) for 
strain-wave elastography. A significant heterogeneity was found among studies 
based on the chi-square test results and an I2 statistic > 75%.

CONCLUSION 
Strain-wave type of UE can accurately predict the pCR following NACT amongst 
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breast cancer patients. Studies exploring its accuracy in different ethnic populations are required 
to strengthen the evidence.

Key Words: Breast cancer; Chemotherapy; Meta-analysis; Ultrasonography validation studies
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Core Tip: Several studies have reported the prognostic value of ultrasound elastography (UE) in patients 
receiving neoadjuvant chemotherapy (NACT) for breast cancer. However, the assessment of parameters 
differed between shear-wave elastography and strain elastography in terms of measured elasticity 
parameter and mode of imaging. It is important, therefore, to assess the accuracy of the two modes of 
elastography. We assessed the accuracy of UE for predicting the pathologic complete response (pCR) in 
breast cancer patients following NACT. Strain-wave type of UE can accurately predict the pCR following 
NACT amongst breast cancer patients. Studies exploring its accuracy in different ethnic populations are 
required to strengthen the evidence.
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INTRODUCTION
Neoadjuvant chemotherapy (NACT) has been established as the standard mode of treatment for inflam-
matory or locally advanced breast cancer. Pathologic complete response (pCR) has been utilized as a 
surrogate marker for detecting the prognosis or long-term survival following NACT in breast cancer 
patients[1], with several studies showing a response rate of almost 70% and pCR rate of about 30%[1,2]. 
Some factors were found to be associated with an increased risk of developing resistance to 
chemotherapy[3]. Hence, early prediction of the response to NACT in patients with breast cancer is 
critical.

Ultrasonic elastography (UE) is one of the most commonly used non-invasive imaging methods based 
on the mechanical properties of the tissue to assess the differences in breast lesion stiffness and elasticity 
(both quantitatively and qualitatively)[4]. It detects and quantifies the differences in tissue stiffness. 
Therefore, it can be used as an excellent imaging technique to differentiate benign and malignant breast 
masses[4]. There are two types of UE employed currently for examining the breast lesions, i.e., shear-
wave elastography and strain elastography. Both techniques characterize the breast lesions based on the 
level of stiffness. Mean stiffness can be used as an effective preoperative predictor of progression of the 
disease in invasive breast cancer, and maximal stiffness has been used as a predictor of histopatho-
logical severity of breast lesions[4].

Breast cancer treatment with NACT might increase the probability of down-staging of the tumors. 
However, pCR to NACT is highly variable, and the current protocols to predict pCR to NACT are not 
sensitive enough. Formulating a tailored strategy using validated biomarkers to predict the degree of 
response to NACT has become a priority nowadays in the research of breast cancer. Several studies 
have reported the prognostic value of UE in patients receiving NACT for breast cancer. Breast masses 
with higher aggressive pathological properties can have higher stiffness value, suggesting that UE 
might provide very useful information to determine the prognosis of the patient[5]. However, the 
assessment of parameters is different for shear-wave elastography and strain elastography in terms of 
measured elasticity parameter and mode of imaging. To the best of our knowledge, no meta-analysis 
has yet assessed the accuracy of the two modes of elastography in predicting the response to NACT in 
breast cancer patients. The aim of the current study was to systematically search the literature for all 
studies assessing the accuracy of UE for predicting response to NACT in breast cancer, and pool the 
data for meta-analysis.

MATERIALS AND METHODS
Inclusion and exclusion criteria
The inclusion criteria were as follows: Studies evaluating the predictive accuracy of UE for pCR 

https://www.wjgnet.com/2307-8960/full/v10/i11/3436.htm
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Figure 1 Search strategy.

following NACT in breast cancer patients; studies using histopathological examination as the reference 
standards for finding the pCR for inclusion in our review; prospective and retrospective studies.

The exclusion criteria were as follows: Studies not reporting the values necessary for pooling the 
sensitivity and specificity; unpublished studies.

Search strategy
We had a comprehensive search strategy to screen the databases such as MEDLINE, EMBASE, SCOPUS, 
PubMed Central, CINAHL, Web of Science, and Cochrane library. We did not have any language 
restriction and time limit for the search was between the inception of database till December 2020. The 
following search terms were used: “Ultrasound Elastography”, “Neoadjuvant Chemotherapy”, “Breast 
Cancer”, “Breast Carcinoma”, “Validation Studies”, “Diagnostic Accuracy Studies”, “Pathologic 
Complete Response”, and “Remission”. We also hand-searched the bibliographies of the included 
studies and checked for any missed-out studies matching our eligibility criteria. The details for different 
search strategies employed for different databases are provided in the Supplementary Material.

Study selection process
Two investigators (LF and HC) were responsible for performing the primary search of the articles by 
screening the title and abstract, and downloading the relevant full-text publications. The same set of 
investigators also independently read the retrieved full-texts and checked whether the studies were 
meeting the eligibility criteria of our review. Disagreements were resolved with assistance from a third 
author (WC), which helped in reaching a consensus for study selection. We achieved an overall 
agreement of 97% with a kappa statistic of 0.87.

Data extraction
The responsibility of data extraction from the final included full-text articles was assigned to the 
primary investigator. Data was extracted using a structured pre-defined form and directly transferred to 
the STATA software (StataCorp, CollegeStation, TX, United States). This data extraction form consists of 
the following components: Author and year of publication, country, design, participants, total sample 
size, study setting, details of UE, reference test, average age, cut-off (mean stiffness/strain ratio), 
sensitivity, and specificity. The third investigator ensured the data quality by double-checking data 
entries before performing the meta-analysis.

Risk of bias assessment
Two independent investigators (LF and HC) rated the included studies based on the level of bias risk 
using the quality assessment of diagnostic accuracy studies-2 (QUADAS-2) tool. The studies were rated 
for the following domains: Patient selection, conduct & interpretation of the index and reference tests, 
and flow and timing of outcome assessment[6]. Discrepancies and disagreements during the rating of 
studies were resolved by the third investigator who helped in achieving the consensus and rated all the 
studies as unclear, low, or high quality (based on the risk of bias).

https://f6publishing.blob.core.windows.net/c5fbd8bc-cc9c-4068-9578-3303ce2dc744/WJCC-10-3436-supplementary-material.pdf
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Figure 2 Quality assessment of the included studies based on quality assessment of diagnostic accuracy studies-2 tool (n = 19).

Statistical analysis
Meta-analysis was performed using the STATA version 14 software (StataCorp, TX, United States). 
Sensitivity and specificity were pooled by bivariate method for predicting the pCR following NACT in 
breast cancer patients using UE. We also estimated other important accuracy parameters such as 
positive and negative likelihood ratios (LRP and LRN, respectively) and diagnostic odds ratio (DOR) for 
the predictive utility of UE. We also reported these results separately for shear wave and strain wave 
elastography. We have reported these results using the following plots: Forest plot to depict pooled 
specificity and sensitivity, LR scattergram to depict the LRP and LRN, and Fagan plot to depict the pre- 
and post-test probabilities. LR scattergram consists of the following four quadrants with its 
interpretation: Left upper quadrant (LRP value > 10, LRN value < 0.1) indicative of confirmation & 
exclusion diagnostic criterion, right upper quadrant (LRP value > 10, LRN value > 0.1) indicative of 
confirmation diagnostic criterion, left lower quadrant (LRP value < 10, LRN value < 0.1) indicative of 
exclusion diagnostic criterion, and right lower quadrant (LRP value < 10, LRN value > 0.1) indicative of 
neither confirmation nor exclusion diagnostic criterion. “Summary receiver operator characteristic curve” 
(sROC) was used to report the summary predictive accuracy of UE for pCR.

Evaluation of heterogeneity was done by chi-square and I2 statistic. It is represented graphically by a 
bivariate box plot. Additional meta-regression analysis was performed to identify the source of the high 
heterogeneity found in our results. The covariates used in the meta-regression were study design, 
sample size, mean age, shear or strain wave UE, country, cut-off, and quality related factors. Deeks’ test 
was performed to assess the possibility of publication bias and it is graphically represented by funnel 
plot.

RESULTS
Study selection
We found a total of 754 records, amongst which 36 were found to be relevant for the full-text retrieval. 
Full-texts of two additional articles were retrieved after going through the bibliography of the selected 
articles. Finally, 14 studies with 989 participants have met the eligibility criteria and were included in 
our review (Figure 1)[7-20].

Characteristics of the studies included
Of 14 studies included in the analysis, 12 were prospective in nature. Six studies were conducted in 
China. The average age of the patients was 39 to 55 years. We analyzed data from 989 patients to assess 
the predictive accuracy of UE for pCR after receiving NACT (samples size of individual studies ranged 
from 15 to 134 patients). In total, seven studies assessed the accuracy of only shear wave elastography, 
six assessed the accuracy of only strain wave elastography, while only one assessed the accuracy of both 
shear wave and strain wave elastography. All the studies performed histopathological examination 
following surgical resection as the reference standard (Table 1).
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Table 1 Characteristics of the included studies (n = 14)

No Ref. Country Study 
design

Sample 
size Study participants

Type of 
ultrasound 
elastography

Cut-off Reference standard
Mean 
age (in 
years)

1 Evans et al
[7], 2018

United 
Kingdom

Prospective 64 Patients with breast cancer 
receiving NACT

Shear wave 
elastography

Mean stiffness = 50 
kPA

Assessment of any invasive cancer cells in the tumour bed at surgical resection after 
6 cycles of NACT and an assessment of nodal metastases at axillary surgery

52

2 Evans et al
[8], 2018

United 
Kingdom

Prospective 80 Patients with breast cancer 
receiving NACT

Shear wave 
elastography

Mean stiffness = 83 
kPA

Assessment of any invasive cancer cells in the tumour bed at surgical resection after 
6 cycles of NACT and an assessment of nodal metastases at axillary surgery

53

3 Falou et al
[9], 2013

Canada Prospective 15 Locally advanced breast cancer 
patients receiving NACT

Strain wave 
elastography

Mean strain ratio = 
81

Histopathological examination following mastectomy 45

4 Fang et al
[10], 2019

China Prospective 60 Breast cancer patients with stage 
IIa-IIIc (T1-T4; N0-N3; M0) and 
underwent surgery after receiving 
NACT

Strain wave 
elastography

Mean strain ratio = 
5.4

Pathological examination after surgical resection 39

5 Fernandes 
et al[11], 
2019

Canada Prospective 92 Patients with biopsy confirmed 
locally advanced breast cancer 
receiving NACT

Strain wave 
elastography

Elastography score 
= 4

Histopathological examination 55

6 Hayashi et 
al[12], 2012

Japan Retrospective 55 Histologically confirmed invasive 
breast cancer before NACT, and 
they underwent surgery after 
completion of NACT

Strain wave 
elastography

Elastography score 
= 4

Pathologic response was assessed in surgical specimens of the breast with reference 
to the standards of the Japanese Breast Cancer Society

52

7 Jing et al
[13], 2016

China Prospective 62 Patients with diagnosis of breast 
carcinoma by ultrasound-guided 
core needle biopsy who received 
neoadjuvant chemotherapy 
followed by surgical excision

Shear wave 
elastography

Stiffness threshold-
36.1%

Pathologic assessments involved a 2-step process. First, samples from core needle 
biopsies were examined to record the histologic and biologic characteristics of the 
tumours. These findings were usually combined with the clinical features of the 
patients to predict the response to neoadjuvant chemotherapy. Second, pathologic 
responses to neoadjuvant chemotherapy were evaluated according to the Miller-
Payne grading criteria

49

8 Katyan et al
[14], 2019

India Prospective 86 TNM stage III and T3N0 subset of 
stage IIb breast cancer patients 
receiving NACT

Strain wave 
elastography

Strain ratio = 0.1 Histopathological examination NA

9 Lee et al
[15], 2015

Korea Retrospective 71 Women with stage II-III invasive 
breast cancers who received NACT

Shear wave 
elastography

Mean stiffness = 
98.1 kPA

Histopathological examination NA

10 Ma et al
[16], 2017

China Prospective 71 Women confirmed with invasive 
breast cancer by ultrasound guided 
core needle biopsy and underwent 
NACT and subsequent surgical 
excision

Shear and strain 
wave 
eastography

Stiffness threshold-
30.4%; Strain ratio = 
6.7

Histopathological examination 47.3

11 Ma et al
[17], 2020

China Prospective 43 Breast cancer patients who were 
confirmed to be HER-2 positive by 
biopsy and puncture and 
underwent NACT

Shear wave 
elastography

Mean stiffness = 30 
kPA

Histopathological examination after surgical resection NA
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12 Maier et al
[18], 2020

Germany Prospective 134 Histologically confirmed unilateral 
or bilateral breast cancer and 
indication for NACT

Shear wave 
elastography

Shear wave velocity 
= 3.35

Pathological examinations and immunohistochemistry from the core-cut biopsy 
before and from the surgical specimen after NACT

52.1

13 Wang et al
[19], 2019

China Prospective 65 Patients confirmed via biopsy to 
have breast cancer prior to 
receiving NACT treatment and 
they received no other treatment

Strain wave 
elastography

Strain ratio = 8 Histopathology results of the lesion samples isolated in the surgery were compared 
with those of the biopsy specimens obtained prior to treatment to determine the 
response to NACT

48.3

14 Zhang et al
[20], 2020

China Prospective 91 Patients diagnosed with invasive 
breast cancer by ultrasound-guided 
core needle biopsy and received 
NACT and subsequent surgical 
intervention

Shear wave 
elastography

Stiffness 
threshold–41.4%

Histopathological examination 46.9

HER: Human epidermal growth factor receptor; kPA: Kilopascals; NA: Not available; NACT: Neoadjuvant chemotherapy; TNM: Tumour node metastasis.

Risk of bias assessment
Risk of bias according to the QUADAS tool is shown in Figure 2. Five out of fourteen studies had a high 
risk with respect to patient selection domain, eight had a high risk of conduct and interpretation of 
index test bias, and seven had a high risk of patient flow and interval between index tests and reference 
standards bias. None of the studies had a high risk of bias with respect to the conduct and interpretation 
of reference standard.

Predictive accuracy of UE for pCR following NACT
As shown in Figures 3 and 4, the pooled sensitivity and specificity of UE for pCR amongst patients with 
breast cancer following NACT were 86% [95% confidence interval (CI): 76%-92%] and 86% (95%CI: 80%-
90%), respectively. The DOR was 37 (95%CI: 17-77). The LRP was 6 (95%CI: 4-9) and the LRN 0.16 (0.09-
0.30). The LRP and LRN in the right lower quadrant of the LR scattergram (Figure 5) indicate that UE 
cannot be used for confirmation or exclusion of pCR following NACT. As shown in Fagan’s nomogram 
(Figure 6), UE had a good clinical utility for predicting pCR following NACT (positive = 74%; negative = 
7%), as it differs significantly from the pre-test probability (32%). Significant heterogeneity was found 
with a chi-square P < 0.001 and I2 > 75%. Bivariate box plot further confirmed the presence of hetero-
geneity (Figure 7).

Deek’s test for publication bias indicated the absence of publication bias (P = 0.59). This was further 
confirmed by the symmetrically shaped funnel plot (Figure 8). Meta-regression analysis was performed 
to assess the source of heterogeneity using the covariates. As shown in Figure 9, in the sensitivity model, 
patient selection (P < 0.05) (P < 0.05) could be a source of heterogeneity. Patient selection (P < 0.05) as 
well as flow and timing of tests (P < 0.001) were potential sources of heterogeneity in the specificity 
model, and the mean age was responsible for heterogeneity in the joint model (P < 0.001).

We next performed a subgroup analysis based on the type of elastography used for predicting pCR 
after NACT. Eight studies used shear-wave elastography for assessing its prognostic utility. Our results 
show a pooled sensitivity of 77% and pooled specificity of 84% with a DOR of 17, LRP of 4.8, and LRN 
of 0.27. Seven studies used strain-wave elastography for assessing its prognostic utility. Our results 
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Figure 3 Forest plot showing pooled sensitivity and specificity of ultrasound elastography for predicting pathological complete response 
following neoadjuvant chemotherapy amongst breast cancer patients. Q: Q statistic; df: Degree of freedom; I2: I2 statistic for heterogeneity; CI: 
Confidence interval.

indicate a pooled sensitivity of 93% and pooled specificity of 87% with a DOR of 87, LRP of 7.4, and 
LRN of 0.08.

DISCUSSION
Major objectives of performing the NACT are to attain operability, and ensure breast conservation and 
historical prognostic information. In recent years, the approach shifted towards personalization of the 
therapy, investigation of new therapies, and identification of response biomarkers. More advanced and 
accurate prediction of pCR will allow to identify high-risk groups and prevent adverse outcomes by 
providing more specific management. Developing a fast, easy, and effective screening tool will reduce 
the financial burden on healthcare system, prevent life-threatening complications, and reduce mortality. 
However, the utility of UE has not been synthesized to predict the risk of pCR. The main goal of this 
review was to determine the predictive performance of shear and strain wave ultrasound elastography 
for the pCR.

A total of 14 studies reporting the utility of UE for predicting pCR following NACT were identified 
by our systematic search strategy. Most of the studies were prospective and had a low risk of bias. UE 
had an equal pooled sensitivity and specificity of 86%. Other diagnostic accuracy parameters also were 
moderate. LR scattergram showed that, since LRN and LRP occupied the right lower quadrant, UE 
cannot be used for confirming or excluding SAP. The clinical utility of UE was relatively acceptable, 
with a significant rise in the post-imaging probability compared to the pre-imaging probability on 
Fagan’s nomogram.

Since there are two techniques of UE (shear and strain wave elastography), we determined the better 
technique by performing a separate subgroup analysis and calculating pooled sensitivity and specificity 
for each of them. We found strain wave elastography as the better technique with a pooled sensitivity of 
93% and specificity of 87% compared to shear wave elastography (77% and 84%). This means that strain 
elastography can help in effectively ruling out the pCR patients correctly as it had a sensitivity more 
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Figure 4 Summary receiver operator characteristic curve of ultrasound elastography for predicting pathological complete response 
following neoadjuvant chemotherapy amongst breast cancer patients.

Figure 5 Likelihood scattergram of ultrasound elastography. 

than 90%. Strain elastography, therefore, has a major advantage over shear wave elastography, as 
studies report its good predictive performance for ruling out the patients with pCR.

The accuracy parameters obtained in this review could not be compared, since no similar reviews 
were conducted in the past. Nevertheless, our results are almost similar to the accuracy of UE in 
predicting malignant liver lesions or axillary lesions[21,22]. There is a need for additional studies 
comparing the prognostic performance of this imaging technique with magnetic resonance imaging and 
other forms of ultrasonography, in order to identify the method with the highest accuracy that can be 
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Figure 6 Fagan nomogram of ultrasound elastography.

Figure 7 Bivariate boxplot of the sensitivity and specificity of ultrasound elastography.

used in the clinical practice. Further large-scale longitudinal studies are also needed to assess the 
predictive accuracy of strain wave elastography as only few studies reported this outcome.

It is important to interpret these results with caution, as there are several differences in the methods 
and quality of our included studies, which can ultimately affect the final pooled estimates. First, we 
evaluated and found a significant heterogeneity (significant chi-square test and higher I2 statistic 
values). Hence, we performed meta-regression and found the factors responsible for this higher hetero-
geneity. Quality related factors and mean age were found to be the significant covariates responsible for 
such heterogeneity. We confirmed that there was no publication bias in the studies reporting our study 
outcome using Deek’s test and funnel plot.

Our study has certain strengths. This is the first meta-analysis assessing the predictive ability of UE 
for pCR amongst breast cancer patients, with a larger number of studies (14 studies) included. Lack of 
significant publication bias adds credibility of the results in the meta-analysis. However, there are 
several limitations to our study. First, there was a significant between-study variability in our analysis. 
This can limit the prospect to infer or interpret the pooled findings. However, we explored the source of 
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Figure 8 Funnel plot for publication bias. 

Figure 9 Univariable and multivariable meta-regression results for ultrasound elastography for predicting pathological complete 
response following neoadjuvant chemotherapy amongst breast cancer patients. CI: Confidence interval.

heterogeneity using meta-regression analysis to overcome this limitation. Second, the predictive 
accuracy of UE depends on several other factors such as the ethnicity, timing of the index test and 
outcome assessment, and disease severity. However, we could not evaluate their influence in our 
analysis. We have also not pre-registered this review online. Finally, the number of 
subjects/participants included was relatively small.
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CONCLUSION
Despite these limitations, our study findings provide useful information for the clinicians and 
oncologists and may have significant implications for developing treatment strategies for breast cancer 
patients following NACT. Although UE had moderate sensitivity and specificity, strain-wave type of 
UE had a very high accuracy to rule out the patients with pCR. It should be useful, therefore, as an 
effective prognostic tool following the administration of NACT, because it may allow for identification 
of the patients at risk of developing incomplete pathological response. Applying this imaging technique 
could reduce the time spent undertaking various invasive diagnostic procedures and could also reduce 
the healthcare costs involved in the process. However, ultrasonography-based imaging techniques have 
substantial overlap between benign and malignant features, mainly for small lesions. A palpation 
imaging technique could help compensate for this deficiency by comprehensively analyzing the 2-D and 
3-D tumor characteristics[23]. At the same time, it may be difficult to diagnose intraductal lesions and 
calcification in breast masses using palpation imaging. This, in turn, can be overcome via ultrasound or 
mammography. Hence, future studies perhaps should attempt to combine palpation imaging, 
ultrasonography, and mammography to analyze ambiguous clinical cases in order to improve breast 
lesion diagnosis. Additional large-scale setting-specific longitudinal studies are merited to establish the 
best imaging methods to assess all the patients administered with NACT.

ARTICLE HIGHLIGHTS
Research background
Several studies have reported the prognostic value of ultrasound elastography (UE) in patients receiving 
neoadjuvant chemotherapy (NACT) for breast cancer. However, the assessment of parameters is 
different for shear-wave elastography and strain elastography in terms of measured elasticity parameter 
and mode of imaging.

Research motivation
To the best of our knowledge, no meta-analysis has been conducted to assess the accuracy of the two 
modes of elastography in predicting the response to NACT.

Research objectives
The aim of the current study was to systematically search the literature for all studies assessing the 
accuracy of UE for predicting response to NACT in breast cancer, and pool the data for meta-analysis.

Research methods
A comprehensive and systematic search was performed in the databases of MEDLINE, EMBASE, 
SCOPUS, PubMed Central, CINAHL, Web of Science, and Cochrane library from inception until 
December 2020.

Research results
We found that UE had an equal pooled sensitivity and specificity of 86% for predicting the pathologic 
complete response (pCR) in breast cancer patients following NACT. We also found that strain wave 
elastography was the better technique with a pooled sensitivity of 93% and specificity of 87% compared 
to shear wave elastography (77% and 84%). This means that strain elastography can help in effectively 
ruling out the patients correctly as it had a sensitivity more than 90%.

Research conclusions
Strain-wave type of UE can accurately predict the pCR following NACT amongst breast cancer patients.

Research perspectives
Additional large-scale setting-specific longitudinal studies are merited to establish the best imaging 
methods to assess all the patients administered with NACT.
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Abstract
BACKGROUND 
Chronic obstructive pulmonary disease (COPD) is a common public health issue 
that has been linked to cognitive dysfunction.

AIM 
To investigate the relationship between COPD and a risk of mild cognitive 
impairment (MCI) and dementia.

METHODS 
A comprehensive literature search of the PubMed, Embase, Google Scholar, and 
Cochrane Library electronic databases was conducted. Pooled odds ratios (OR) 
and mean differences (MD) with 95% confidence intervals (CIs) were calculated 
using a random or fixed effects model. Studies that met the inclusion criteria were 
assessed for quality using the Newcastle Ottawa Scale.

RESULTS 
Twenty-seven studies met all the inclusion criteria. Meta-analysis yielded a strong 
association between COPD and increased risk of MCI incidence (OR = 2.11, 
95%CI: 1.32-3.38). It also revealed a borderline trend for an increased dementia 
risk in COPD patients (OR = 1.16, 95%CI: 0.98-1.37). Pooled hazard ratios (HR) 
using adjusted confounders also showed a higher incidence of MCI (HR = 1.22, 
95%CI: -1.18 to -1.27) and dementia (HR = 1.32, 95%CI: -1.22 to -1.43) in COPD 
patients. A significant lower mini-mental state examination score in COPD 
patients was noted (MD = -1.68, 95%CI: -2.66 to -0.71).

CONCLUSION 
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Our findings revealed an elevated risk for the occurrence of MCI and dementia in COPD patients. 
Proper clinical management and attention are required to prevent and control MCI and dementia 
incidence in COPD patients.

Key Words: Mild cognitive impairment; Chronic obstructive pulmonary disease; Dementia; Meta-analysis
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Core Tip: Chronic obstructive pulmonary disease (COPD) is a common public health issue that has been 
linked to cognitive dysfunction. The current meta-analysis was performed to investigate the relationship 
between COPD and mild cognitive impairment (MCI) and dementia risk. Twenty-seven studies met all the 
inclusion criteria. Meta-analysis yielded a strong association between COPD and an increased risk of MCI 
incidence (odds ratio = 2.11, 95% confidence interval: 1.32-3.38). Our findings revealed an elevated risk 
for the occurrence of MCI and dementia in COPD patients. Proper clinical management and attention are 
required to prevent and control MCI and dementia incidence in COPD patients.

Citation: Zhao LY, Zhou XL. Association of chronic obstructive pulmonary disease with mild cognitive 
impairment and dementia risk: A systematic review and meta-analysis. World J Clin Cases 2022; 10(11): 3449-
3460
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3449.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3449

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a progressive multicomponent lung disease that 
occurs more commonly in the elderly[1]. It is characterised by a partially irreversible chronic obstruction 
of lung airflow resulting in an abnormal decrease in blood oxygen levels, potentially leading to 
cognitive dysfunction[2]. Various studies have estimated that the prevalence of cognitive impairment in 
COPD patients ranges from 16% to 57%[3,4]. A prior review of 17 individual studies by Yohannes et al
[5] showed that 32% of COPD patients showed some signs of cognitive dysfunction, with no less than 
25% of patients showing at least mild cognitive impairment (MCI).

Cognitive impairment in COPD patients may compromise their capability to self-care and adhere to 
treatment regimens, making the relationship between COPD and cognitive impairment important for 
devising therapeutic approaches for COPD[6,7]. Some studies have focused on the relationship between 
COPD and neurologic function, but with inconsistent conclusions[8]. Data based on the Atherosclerosis 
Risk in Communities study showed that reduced lung function was associated with poor cognitive 
performance and higher risk of dementia hospitalization[9]. Data based on Taiwanese National Health 
Insurance Research Database showed that COPD patients exhibited a 1.27-fold higher risk of developing 
dementia[10].

To our knowledge, there has only been one published meta-analysis investigating the statistical 
association of COPD with cognition dysfunction. Zhang et al[11] concluded that COPD patients had an 
elevated risk of cognitive dysfunction. Similarly, only one single meta-analysis has looked at the 
relationship between COPD and dementia. Pooling data from three studies, Wang et al[12] showed that 
COPD patients faced a higher risk of developing dementia. However, these important clinical questions 
have not been investigated in a more thorough and conclusive manner. As such, we conducted a 
comprehensive systematic review and meta-analysis to investigate the association between COPD and 
the risk of MCI and dementia.

MATERIALS AND METHODS
Search strategy
Our meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews 
and Meta-analysis (PRISMA) guidelines[13]. We conducted a comprehensive search using PubMed, 
Embase, Google Scholar, and Cochrane Library online databases for articles published prior to March 
31, 2021. The following key terms were used: “Chronic Obstructive Pulmonary Disease” OR “COPD” 
OR “Chronic Obstructive Airway Disease” OR “COAD” AND “Mild Cognitive impairment” OR “MCI” 
OR “Cognitive dysfunction” OR “Cognitive decline” AND “Dementia”. Studies cited by articles that 
met the inclusion criteria were manually searched to identify additional eligible studies. Study eligibility 

https://www.wjgnet.com/2307-8960/full/v10/i11/3449.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3449
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Figure 1 Flow diagram for study selection.

was not restricted based on language, sex, or publication year. Systematic reviews, conference abstracts, 
and editorials were excluded due to insufficient data presentation details.

Eligibility criteria
Inclusion criteria: We included studies that: (1) Investigated the association between COPD and a risk 
of MCI or dementia; (2) adopted a definite outcome of cognitive impairment or dementia in COPD and 
non-COPD subjects; (3) reported raw values necessary to calculate odds ratios (OR) or hazard ratios 
(HRs) for the incidence of cognitive impairment or dementia; (4) contained case controls, were 
prospective or retrospective-cohort, or had a cross-sectional design; and (5) compared the association 
between COPD and non-COPD patients.

Exclusion criteria: We excluded studies that: (1) Did not report relevant outcomes; or (2) were full-text 
inaccessible.

Data collection and analysis 
All eligible studies were separately screened by two reviewers to determine whether they met the 
inclusion criteria. Screening was first conducted at the abstract content level, with relevant studies 
further investigated at the full-text level. Articles published in languages other than English were 
machine-translated using Google Translate, with the translated version reviewed. The following 
information was extracted from the included studies for summarization and analysis: Author, year, 
study design type, group investigated, sample size, diagnostic criteria for COPD, adjusted confounder 
for calculating pooled ratio, MCI prevalence, dementia prevalence, and scales used for cognitive 
assessment.

Quality assessment
Study quality was assessed independently by two separate reviewers using the Newcastle-Ottawa Scale 
(NOS)[14], which examined three components: Selection, comparability, and ascertainment of outcome. 
Disagreements were resolved through discussion.

Publication bias
Publication bias was assessed using Funnel plot analysis and Egger’s regression test[15,16].
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Figure 2 Forest plot examining the association of chronic obstructive pulmonary disease with mild cognitive impairment risk. A: Odds 
ratios; B: Hazard ratios.

Statistical analysis 
Mean differences (MDs) with 95% confidence intervals (CIs) were calculated for continuous outcomes. 
For categorical outcomes, ORs and HRs with 95%CIs were calculated to estimate pooled findings. 
Heterogeneity between studies (measurable heterogeneity) was evaluated using I2 statistics. If I2 values 
> 50%, a random-effects model was applied, otherwise a fixed-effect model was applied. Statistical 
analyses were performed using Review Manager software (Version 5.3, Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration 2014).

RESULTS
Literature search
Preliminary screening of PubMed, Embase, Google Scholar, and Cochrane Library databases yielded 
234 results (Figure 1). Review of article title and abstract resulted in 72 remaining studies. Full-text 
review further excluded 45, leaving 27 studies[3,4,10,17-40] that were ultimately included in the meta-
analysis.

Properties and characteristics of included studies
Relevant study data, including the diagnostic criteria for COPD, sample size, and disease assessment 
scales for all the 27 included studies[3,4,10,17-40] are shown in Table 1. The included studies were 
published between 1996 and 2020, and study sample sizes ranged from 20 to 243420 subjects. Ten 
studies[17,19-22,28,29,34,35,39] were case-controlled, ten were cross-sectional[3,4,24-26,32,36-38,40], four 
were prospective-cohort[18,27,30,31], and three were retrospective-cohort[10,23,33]. Seventeen studies[4,
17-22,25,31,32,34-40] reported cognitive impairment data based on the mini-mental state examination 
(MMSE) scoring system. Twenty-two studies used the GOLD criteria, three[10,23,33] reported the ICD-9 
CM criteria, and two[3,26] followed the standardized guidelines for COPD diagnosis. The quality score 
was high in twelve studies, medium in seven, and low in six (Supplementary Table 1). The assessment 
criteria involving the NOS uses three broad criteria: Selection, comparability, and exposure, where the 
selection defines and analyses the cases and control subjects included in the study, comparability 
defines the matching or comparison of cases and control subjects for better empirical investigation, and 
exposure determines whether the study was conducted in a blinded or unbiased manner along with the 
response of the subjects.

https://f6publishing.blob.core.windows.net/0220c349-0687-44b8-8b1c-45191a404f75/WJCC-10-3449-supplementary-material.pdf
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Table 1 Baseline and clinical characteristics of included studies

No. Ref. Country or 
region Study design Groups 

investigated Age Diagnostic 
criteria 

Assessment 
scales Adjusted variables MCI 

(%)
Dementia 
(%)

NOS 
quality 
score 

1 Mermit Çilingir 
et al[17], 2020

Turkey Case Control COPD-E (n = 30); 
COPD-S (n = 54); 
Control (n = 37)

COPD-E-71.8 ± 
12.3; COPD-S- 62 ± 
10.2; Control-65.9 ± 
12.8

GOLD MMSE; RCS NA NA NA 7

2 Xie et al[18], 
2019

China Prospective 
Cohort 

COPD (n = 515); No 
COPD (n = 4220)

COPD-82.9 ± 9.7 GOLD MMSE Age, gender, marital status, education level, 
alcohol drinking, current exercise, BMI, 
baseline prevalence of HTN, DM, and 
stroke

18.8; 
14.6

2.9; 1.6 8

3 Samareh Fekri et 
al[19], 2017 

Iran Case Control COPD (n = 87); 
Control (n = 60)

COPD-60.4 ± 9.8; 
Control-58.1 ± 9.8

GOLD MMSE Age and sex 51.7; 
36.6

NA 7

4 Gupta et al[20], 
2013

India Case Control COPD-(n = 40); 
Control (n = 40)

COPD-57.2 ± 9.1; 
Control-56.9 ± 9.2

GOLD MMSE Age NA NA 5

5 Li et al[21], 2013 China Case Control Mild COPD-(n = 27); 
Severe COPD-(n = 
35); Control (n = 27)

Mild COPD-70.4 ± 
7.7; Severe COPD-
68.2 ± 7.8; Control-
66.2 ± 7.1

GOLD MMSE Age, sex, education level, BMI, smoking 
status, and CVD

NA NA 6

6 Li et al[22], 2013 China Case Control Mild COPD-(n = 37); 
Severe COPD-(n = 
48); Control (n = 37)

Mild COPD-69.2 ± 
8.1; Severe COPD-
67.6 ± 7.6; Control-
66.5 ± 6.9

GOLD MMSE Age, sex, education level, BMI, smoking 
status, and CVD

NA NA 8

7 Liao et al[23], 
2015

Taiwan Retrospective 
Cohort

COPD (n = 20492); No 
COPD (n = 40765)

COPD-68.2 ± 12.4; 
No COPD-67 ± 12.5

ICD-9CM NA Age and sex NA 13.29.11 7

8 Martinez et al
[24], 2014

Michigan Cross-sectional COPD (n = 1812); No 
COPD (n = 15723)

COPD-70.3 ± 9.0; 
No COPD-68.7 ± 
9.9

GOLD ADL Baseline cognition 16.5; 
12.4

3.9; 3.1 8

9 Dal Negro et al
[25], 2015

Italy Cross-sectional COPD with LTOT (n 
= 73); COPD without 
LTOT (n = 73)

COPD with LTOT-
70.9 ± 8.9; No 
COPD with LTOT-
71.2 ± 9.1

GOLD MMSEMRC; CAT Age, gender, smoking history, BMI, 
dyspnoea score, ABG, and lung function

32.8 NA 6

10 Singh et al[26], 
2013

United States Cross-sectional COPD (n = 288); No 
COPD (n = 1639)

MCI-82.7 ± 11.2; 
Normal Cognition-
79.7 ± 12.5

Standard 
criteria

BDI; CDR BDI-II Depression, history of stroke, 
APOEe4 genotype, DM, HTN, CAD, and 
BMI

14.6; 
27.1

NA 7

11 Singh et al[3], 
2014

United States Cross-sectional Total COPD (n = 
1425); COPD (n = 
171); No COPD (n = 
1254)

COPD-80.8 ± 7.5; 
No COPD-79.1 ± 
7.5

Standard 
criteria

BDI BDI-II depression, history of stroke, 
APOEe4 genotype, smoking, DM, HTN, 
CAD, z-scores, and BMI

NA NA 7
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12 Lutsey et al[27], 
2019

United States Prospective 
Cohort

COPD (n = 2490); No 
COPD (n = 6108)

COPD-55.1 ± 5.8; 
No COPD-53.9 ± 
5.7

GOLD NA Age, sex, education level, race, center, 
cigarette smoking and pack-years of 
smoking, physical activity, BMI, systolic BP, 
BP medication use, diabetes, HDL, LDL 
lipid-lowering medications, CAD, heart 
failure, stroke, apolipoprotein E genotype, 
and fibrinogen

NA NA 6

13 Siraj et al[28], 
2020

United 
Kingdom

Case Control COPD (n = 64397); No 
COPD (n = 243420)

COPD-66.4 ± 10.9; 
No COPD-65.7 ± 11

Standard 
criteria

NA Age, sex, GP, BMI, smoking status, 
modified CCI, CV disease, corticosteroid 
use, and socioeconomic class

NA NA 7

14 Villeneuve et al
[29], 2012

Canada Case Control Total COPD (n = 45); 
Control (n = 50)

COPD-68.4 ± 8.7; 
Control-67.4 ± 8.7

GOLD MMSE; MoCA Age and education 36.0; 
12.0

NA 5

15 Yeh et al[30], 
2018

Taiwan Prospective 
Cohort

COPD (n = 10260); No 
COPD (n = 20513)

COPD-65.6 ± 11.8; 
No COPD-65.5 ± 
11.9

GOLD NA Age, sex, each comorbidity, inhaled 
corticosteroid, and oral steroids

NA 11.1; 8.81 4

16 Ozge et al[31], 
2006

Turkey Prospective 
cohort

COPD (n = 54); 
Control (n = 24)

COPD-64.6 ± 8.5; 
Control-62.4 ± 8.4

GOLD MMSE,BDS, CDR, 
IADL

Age and sex NA NA 6

17 Favalli et al[32], 
2008

Turkey Cross-sectional COPD (n = 21); 
Control (n = 20)

COPD-74.6 ± 5.4; 
Control-73.7 ± 4.5

GOLD MMSE; GDS NA NA NA 5

18 Liao et al[10], 
2015

Taiwan Retrospective 
Cohort

COPD (n = 8640); No 
COPD (n = 17280)

COPD-68.7 ± 10.7; 
No COPD-68.7 ± 
10.7

ICD-9CM Self-administered 
questionnaire 

Age and sex NA 5.22; 7.06 6

19 Thakur et al[33], 
2010

United States Retrospective 
Cohort

COPD (n = 1202); 
Control (n = 302)

COPD-58.2 ± 6.2; 
Control-58.5 ± 6.2

ICD-9CM MRC; BODE 
index; MMSE

Age, sex, race, educational attainment, and 
smoking history

5.5; 2.0 NA 7

20 Zhou et al[34], 
2012

China Case Control COPD (n = 110); 
Control (n = 110)

COPD-80.9 ± 1.7; 
Control-80.8 ± 1.5

GOLD CDR; MMSE Age and education NA NA 6

21 Dodd et al[4], 
2013

United 
Kingdom

Cross-sectional COPD-E (n = 30); 
COPD-S (n = 50); 
Control (n = 30)

COPD-E-70 ± 11; 
COPD-S-69 ± 8; 
Control-65 ± 8

GOLD MMSE Age NA NA 7

22 Isoaho et al[35], 
1996

Finland Case Control COPD (n = 81); 
Control (n = 245)

COPD-70.4 ± 4.8; 
Control-71.3 ± 5.9

GOLD MMSE Age and sex 17.0; 
13.0

7.1; 3.2 6

23 Lima et al[36], 
2007

Brazil Cross-sectional COPD (n = 30); 
Control (n = 34)

COPD-65 ± 8; 
Control-66 ± 8

GOLD MMSE; DSM-IV NA NA NA 5

24 Ozyemisci-
Taskiran et al
[37], 2015

Turkey Cross-sectional COPD-E (n = 133); 
COPD-S (n = 34); 
Control (n = 34)

COPD-E-69.3 ± 8.9; 
COPD-S-67.5 ± 8.9; 
Control-68.3 ± 8.8

GOLD MMSE; HAD; 
BODE

Age and sex 22.6 NA 6

25 Salik et al[38], 
2007

Turkey Cross-sectional COPD (n = 32); 
Control (n = 26)

COPD-66.7 ± 2.5; 
Control-65.7 ± 7.3

GOLD MMSE; MCS NA NA NA 5

26 Sarınç Ulaşlı et al
[39], 2013

Turkey Case Control COPD (n = 112); 
Control (n = 44)

COPD-65 ± 7.6; 
Control-64 ± 9

GOLD MMSE Age and sex NA NA 5
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27 Tomruk et al
[40], 2015

Turkey Cross-sectional COPD (n = 35); 
Control (n = 36)

COPD-62.9 ± 6.3; 
Control-60.8 ± 6.2

GOLD MMSE Age NA NA 4

COPD: Chronic obstructive pulmonary disease; S: Stable; E: Exacerbation; GOLD: Global Initiative for Chronic Obstructive Lung Disease; CAT: COPD Assessment Test; MMSE: Mini-Mental State Examination; COPD: Chronic 
obstructive pulmonary disease; LTOT: Long-term oxygen treatment; HAD: Hospital Anxiety and Depression; BODE: (B) BMI, (O) the severity of airflow obstruction (FEV1), (D) severity of dyspnea (modified Medical Research Council 
Dyspnea Scale), (E) exercise capacity; ICD-9CM: International Classification of Diseases, Ninth Revision, Clinical Modification; BDI: Beck Depression Inventory; IADL: Instrumental activities of daily living scale; CDR: Clinical dementia 
rating; BMI: Body mass index; CVD: Cardiovascular Disease; GP: General practice; DM: Diabetes mellitus; ABG: Arterial blood gas; HTN: Hypertension; CAD: Coronary artery disease; HDL: High Density lipoprotein; LDL: Low density 
lipoprotein; NA: Not applied.

Association of COPD with MCI risk 
Ten studies[3,18,19,24,26-29,33,37] detailing 71174 COPD patients and 22082 control subjects invest-
igated the association of COPD with MCI risk. Our meta-analysis indicated a strong association between 
COPD and an increased MCI incidence risk (OR = 2.11, 95%CI: 1.32-3.38). A significant degree of hetero-
geneity was observed (I2 = 99%). Using a random effects model, we demonstrated that COPD patients 
were 1.26 times more susceptible to MCI compared to non-COPD controls (Figure 2A).

Adjusted HRs for MCI risk in COPD patients 
Pooling adjusted HRs from four studies[3,18,27,28] investigating the relationship between COPD and 
MCI incidence revealed a significant association (HR = 1.22, 95%CI: -1.18 to -1.27; I2 = 26%] (Figure 2B).

Association of COPD with risk of dementia 
Seven studies[10,18,23,24,27,28,30] involving 108606 COPD patients and 347939 control subjects, invest-
igated the relationship between COPD and dementia risk. Pooling these data showed a borderline trend 
for an increased dementia risk in COPD patients compared to non-COPD control patients (OR = 1.16, 
95%CI: 0.98-1.37). A high degree of heterogeneity was observed (I2 = 94%). Our meta-analysis showed 
that COPD patients were more susceptible to dementia (Figure 3A).

Adjusted HRs for dementia risk in COPD patients
Pooling adjusted HRs from six studies[10,18,23,27,28,30] investigating the relationship between COPD 
and dementia incidence revealed a significant association (HR = 1.32, 95%CI: -1.22 to -1.43; I2: 99%) 
(Figure 3B).

MMSE score in COPD and non-COPD patients
Seventeen studies[4,17-22,32,35-40,25,31,34] involving 1392 COPD patients and 5097 control subjects, 
reported mean MMSE score data for both COPD and non-COPD patients. Pooling these results showed 
a significant lower MMSE score in COPD patients compared to controls (MD = -1.68, 95%CI: -2.66 to -
0.71] (Figure 4). A high degree of heterogeneity among these seventeen studies was observed (I2 = 96%).

Publication bias 
Egger’s tests did not show any significant publication bias for the examined comparisons. Figure 5 
shows the funnel plot of the studies included in each comparison. However, no significant publication 
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Figure 3 Forest plot examining the association of chronic obstructive pulmonary disease with dementia risk. A: Odds ratios; B: Hazard ratios.

Figure 4 Forest plot examining mini-mental state examination score differences between chronic obstructive pulmonary disease and 
control groups.

biases were observed for the association of COPD with risk of MCI and dementia, MCI risk in COPD 
patients, dementia risk in COPD patients, and comparison of MMSE score between the COPD and 
control groups.

DISCUSSION
This study is the first systematic review and meta-analysis examining the association between COPD 
and the risk of MCI and dementia. We found that patients with COPD are 2.11 times more susceptible to 
MCI and 1.16 times more susceptible to dementia. Moreover, lower MMSE scores were observed in 
COPD patients, indicating greater cognitive impairment.
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Figure 5 Funnel plot. A: Mild cognitive impairment (MCI); B: Dementia; C: MCI risk in chronic obstructive pulmonary disease (COPD) patients; D: Dementia risk in 
COPD patients; E: Comparison of mini-mental state examination score between COPD and control groups.

COPD-associated neurological impairment and dementia put a great burden on the patients and the 
healthcare system. In particular, declining cognition leads to COPD patients requiring more assistance 
for daily activities[41]. Our analysis was performed based on the reported adjustments within 
individual studies for confounding factors such as age, sex, smoking, body mass index, education level, 
diabetes mellitus, and previous history of stroke or cardiovascular disease[10,23,27,28,30]. Studies by 
Thakur et al[33], Singh et al[26], and Martinez et al[24] reported data as ORs for adjusted confounders 
and therefore were not included in the calculations for pooled incidence for MCI or dementia.

From a clinical approach, COPD can lead to pulmonary encephalopathy, hypoxemia, and inflam-
mation, all of which may impact brain function[42]. Indeed, COPD patients exhibit a unique 
neurophysiological profile stemming from neurotoxicity featuring deficits of attention, motor, memory, 
and cognitive domain executive function[4]. Interestingly, the relationship between COPD and 
dementia persists even after accounting for the presence of vascular disease, suggesting that COPD is an 
independent predictor of dementia.

Our findings are consistent with the previous literature[5,11,12,42,43]. However, the available 
literature on the relationship between dementia and COPD remains limited, as only seven studies were 
found for this meta-analysis. Our study also had several other limitations. The included studies had 
different designs, which may be one of the leading causes of heterogeneity. Additional sources of 
heterogeneity may include different geographical population, variation in the diagnostic criteria of 
COPD, and diversity in the factors undertaken for the multivariate analysis of each included studies. 
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The included studies also lacked long-term follow-up data, as well as data that would facilitate 
subgroup analysis based on co-morbidities, age, and gender. Finally, different studies varied on how 
they assessed and diagnosed COPD and cognitive impairment.

CONCLUSION
Our meta-analysis revealed an elevated risk for MCI and dementia in COPD patients. Proper clinical 
management and attention are necessary to prevent or mitigate the incidence of MCI and dementia in 
COPD patients.

ARTICLE HIGHLIGHTS
Research background
Chronic obstructive pulmonary disease (COPD) is a common public health issue that has been linked to 
cognitive dysfunction. No clear evidence is available for the relationship between COPD and mild 
cognitive impairment (MCI) and dementia risk.

Research motivation
To our knowledge, there has only been one published meta-analysis with limited number studies 
investigating the statistical association of COPD with cognition dysfunction.

Research objectives
The current meta-analysis was performed to investigate the relationship between COPD and MCI and 
dementia risk.

Research methods
A comprehensive search was performed using PubMed, Embase, Google Scholar, and Cochrane Library 
online databases for articles published prior to March 31, 2021.

Research results
Twenty-seven studies met all the inclusion criteria. Meta-analysis yielded a strong association between 
COPD and an increased risk of MCI incidence. It also revealed a borderline trend for an increased 
dementia risk in COPD patients. A significant lower MMSE score in COPD patients was noted.

Research conclusions
Our findings revealed an elevated risk for the occurrence of MCI and dementia in COPD patients. 
Proper clinical management and attention are required to prevent and control MCI and dementia 
incidence in COPD patients.

Research perspectives
Further large prospective observational studies are needed to strengthen the evidence on this important 
subject.
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Abstract
BACKGROUND 
The poly (ADP-ribose) polymerase (PARP) inhibitor olaparib has displayed 
superior clinical effect in metastatic castration-resistant prostate cancer (mCRPC) 
patients with the homologous recombination repair (HRR) genes mutations. 
However, when a patient’s tumor tissue volume is insufficient for genomic 
profiling of HRR gene mutations, circulating tumor DNA (ctDNA) may be useful 
in helping to determine and monitor the efficacy of olaparib, as well as in 
abiraterone-combination treatment, and for understanding any resistance 
mechanism related to such mutations.

CASE SUMMARY 
A 61-year-old man who was diagnosed with metastatic prostate adenocarcinoma 
was initially hormone sensitivity, showing high Gleason score (5 + 5 = 10) and 
absolute positive rate (14/14 biopsied specimens). Following failure of several 
standard therapies, the patient progressed to mCRPC. Surprisingly, the patient 
showed good response to olaparib-abiraterone-prednisone combination treatment 
(an androgen-deprivation therapy, provided as the ‘final choice’ in China). Serum 
total prostate-specific antigen (TPSA) level reduced and symptoms remitted for 4 
months. However, thereafter, serum TPSA levels began slowly increasing, 
indicating development of olaparib resistance. Subsequent comprehensive 
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genomic profiling of ctDNA, screening 508 cancer-related genes by next-generation sequencing, 
identified 10 somatic variants as well as 3 copy number alterations. Two identified reverse 
missense mutations in partner and localizer of BRCA2 (PALB2) may have recovered the reading 
frame, restoring function of the primary germline PALB2 mutation and causing resistance to the 
PARP inhibitor olaparib.

CONCLUSION 
Reverse mutations in PALB2, discovered via genomic profiling of ctDNA, may represent a 
potential resistance mechanism against olaparib in mCRPC.

Key Words: mCRPC; Olaparib; Circulating tumor DNA; Partner and localizer of BRCA2; Resistance 
mechanism; Reverse missense mutations

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This case report describes the poly (ADP-ribose) polymerase inhibitor olaparib treatment 
response in a patient with metastatic castration-resistant prostate cancer (mCRPC). The patient’s course of 
response to ‘final choice’ therapy (olaparib-abiraterone-prednisone combination treatment), consisting of 
serum total prostate-specific antigen (TPSA) level reduction and symptom remission for 4 months 
followed by TPSA rise, prompted comprehensive genomic profiling of circulating tumor (ct)DNA, which 
revealed reverse missense mutations in the partner and localizer of BRCA2 gene. Timely multigene testing 
by ctDNA, especially in mCRPC, can determine the most appropriate and accurate therapeutic approach 
and explore the resistance mechanism.

Citation: Yuan F, Liu N, Yang MZ, Zhang XT, Luo H, Zhou H. Circulating tumor DNA genomic profiling reveals 
the complicated olaparib-resistance mechanism in prostate cancer salvage therapy: A case report. World J Clin 
Cases 2022; 10(11): 3461-3471
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3461.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3461

INTRODUCTION
The International Agency for Research on Cancer produced an update on global cancer burden using 
the GLOBOCAN 2020 estimates of cancer incidence and mortality[1]. With an estimated almost 1.4 
million new cases and 375000 deaths worldwide, prostate cancer was ranked as the second most 
frequent cancer and the fifth leading cause of cancer death among men. Asia is traditionally considered 
a low-incidence area for this type of cancer, but the incidence and mortality rates are rapidly increasing 
across the continent[2]. In mainland China[3], prostate cancer is now the sixth most commonly 
occurring malignant tumor. According to the 2020 estimates of global burden, prostate cancer accounted 
for 120000 of new cases, ranking as the ninth most frequent cancer in China[1]. Patients who progress to 
metastatic castration-resistant prostate cancer (mCRPC) considered the most serious stage usually suffer 
from unfavorable clinical prognosis combined with poor quality of life[4].

Treatment options during the disease progression to mCRPC are limited and mainly consist of 
continued androgen-deprivation therapy (ADT) combined with one of the new endocrine drugs such as 
abiraterone acetate plus prednisone or with docetaxel chemotherapy plus prednisone. Poly (ADP-
ribose) polymerase (PARP) inhibitors, such as olaparib, rucaparib, niraparib or talazoparib, have 
displayed promising clinical results, with prolonged survival duration and improved life quality in 
patients with mutations in the homologous recombination repair (HRR) gene who are suffering from 
various cancers, including ovarian[5], breast[6], pancreatic[7], and prostate[8,9]. Recent studies have also 
shown the potential therapeutic effect of the PARP inhibitor olaparib in mCRPC patients with 
deleterious mutations in genes belonging to the DNA damage repair (DDR). Thereinto, harmful 
mutation of BRCA2 may act as a particularly useful marker for therapeutic response to PARP inhibitor. 
Indeed, the published results from the study named PROfound indicate a holpful clinical effect with 
olaparib treatment in patients with BRCA1/2 or ATM deleterious mutations[10]. For patients without 
DDR deleterious mutations, it is reported that olaparib combining with abiraterone plus prednisone 
could be the effective treatment options[11].

The sub-population of mCRPC patients with HRR gene partner and localizer of BRCA2 (PALB2) 
mutation has been reported to have the good objective response and prostate-specific antigen (PSA) 
response[8], but due to the relatively low mutation frequency of PALB2, there are limited reports of 
clinical benefit. Moreover, the Food and Drug Administration has approved olaparib for adult patients 
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with germline or somatic HRR gene-mutated mCRPC, who have progressed following prior treatment 
with enzalutamide, abiraterone or docetaxel chemotherapy. The evaluation of patients’ HRR gene 
mutation was based on tumor tissue, but in routine clinical practice, especially for mCRPC patients, it is 
a challenge to acquire metastatic tumor tissue biopsies and of sufficient volume for evaluative 
processing.

Circulating tumor (ct)DNA can be obtained as a ‘liquid biopsy’ in a minimally invasive manner and 
as such can serve as a surrogate tumor specimen, providing a real-time snapshot of a patient’s overall 
tumor burden. To date, however, the impact of ctDNA on clinical decision-making for prostate cancer 
remains unclear and there is a lack of prospective studies in the literature to advance this important 
topic.

CASE PRESENTATION
Chief complaints
A 61-year-old man presented to Chongqing University Cancer Hospital with complaint of continuous 
lumbosacral pain that had lasted for 3 mo.

History of present illness
The patient reported a 3 mo history of lumbosacral pain.

History of past illness
The patient had no past illness.

Personal and family history
The patient had no personal and family history.

Physical examination
The patient had stable vital signs with no edema in both lower limbs. Digital rectal examination 
revealed a hard prostate with many nodules and without tenderness.

Laboratory examinations
The patient showed a markedly increased level of serum total (T)PSA (787 ng/mL; normal: < 4 ng/mL) 
but normal neuron-specific enolase (4.32 ng/mL).

Imaging examinations
Multiple bone lesions were firstly found by the lumbar magnetic resonance imaging (MRI) (Figure 1A). 
Then, these lesions and other bones were revealed to have high metabolic activity by bone scanning 
(Figure 1B). The prostate MRI showed that the seminal vesicle and bladder wall were invaded and 
pelvic lymph nodes were metastasized (Figure 1C). Computed tomography showed no metastasis in 
lung.

HISTOLOGICAL EXAMINATIONS
Ultrasound-guided transperineal prostate needle biopsies were obtained (14 specimens in total), and 
histology confirmed the diagnosis of prostate adenocarcinoma. The specimens showed the Gleason 
score was highest (5 + 5 = 10) together with an absolute positive rate (14/14). The biopsied tissues tested 
through immunohistochemistry staining of serial sections excluded a neuroendocrine component [PSA 
(+), CK-L (+), P504S (+), AR (++) > 95%, NKX3.1 (+), Ki-67 30% (+), Syn (-), CK34βE12 (-), CgA (-), CD56 
(-), P63 (-)] (Figure 1D).

MULTIDISCIPLINARY EXPERT CONSULTATION
The definite diagnosis and all treatments were performed by Department of Urology, Department of 
Tumor Radiotherapy, Department of Imaging, and Department of Pathology in Chongqing University 
Cancer Hospital.
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Figure 1 Radiological and immunohistochemical results showing metastatic hormone-sensitive prostate cancer. A: Sagittal magnetic 
resonance imaging (MRI) showed multiple lumbar vertebrate metastases; B: Bone scanning displayed the high metabolic activity of bone lesions; C: Cross (left) and 
sagittal (right) sections of MRI scanning (T2WI) displayed invasion of the prostate malignant lesion into the bladder wall as well as the seminal vesicle; D: 
Hematoxylin-eosinstaining and immunohistochemistry results for androgen receptor, NKX3.1, and periodic Schiff Acid staining. Original magnification: 100 ×; scale 
bar: 100 μm. HE: Hematoxylin-eosin; AR: Androgen receptor; PSA: Periodic Schiff Acid.

FINAL DIAGNOSIS
Metastatic hormone-sensitive prostate cancer (mHSPC) of pT4N1M1b type and stage IV.

TREATMENT
First-line treatment and outcome
ADT therapy (triptorelin, an LHRH agonist) in combination with docetaxel (three weekly doses of 75 
mg/m2) without prednisolone, was applied as the initial treatment[12-14] fitting with the patient’s 
mHSPC diagnosis and high tumor burden[15]. Two cycles of this therapeutic intervention led to 
significant relief in the patient’s self-reported pain as well as a substantial drop in TPSA level to 0.45 
ng/mL (Figure 2A). However, at that point, the docetaxel had to be stopped due to severe bone marrow 
inhibition and liver toxicity. Therefore, ADT was continued as monotherapy.

Second-line treatment and outcome
After 5 months, the patient developed lumbosacral pain and showed a rebound of increased TPSA. 
Testosterone levels remained suppressed throughout entire treatment period, indicating disease 
progression to mCRPC. To determine the new endocrine therapy resistance or sensitivity, he was invest-
igated the classification and respective number of circulating tumor cells (CTCs) along with the 
expression of AR-V7 mRNA[16]. Based on the negative findings, we had confidence in the decision for 
abiraterone-prednisone administration as maintenance therapy (Figure 2B and C). After 6 months of this 
treatment, the patient showed a decreased TPSA level (3.02 ng/mL; Figure 2A). Fortunately, the disease 
remained effectively controlled by this therapy for nearly 1 year.

Third-line treatment and outcome
The re-emergence of an elevated TPSA level to 69.57 ng/mL manifested disease progression again 
(Figure 2A). At the time, the patient’s CTCs number was increased together with AR-V7 mRNA overex-
pressions, which confirmed that he had developed abiraterone resistance (Figure 2B and C). Then, he 
was deemed eligible for a phase III double-blind, randomized, placebo-controlled, multicenter clinical 
trial to assess the safety and efficacy of proxalutamide (a new androgen receptor[AR] antagonist) in 
patients with mCRPC who failed abiraterone acetate and docetaxel therapy. Of note, as of the writing of 
this report, the trial is ongoing. Unfortunately, the patient’s disease progressed rapidly during this 
treatment, as reflected by TPSA level increased to 601 ng/mL (Figure 2A) with somnolence and severe 
bilateral lower limb edema.
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Figure 2 Circulating tumor cells and dynamic change of serum total prostate-specific antigen level. A: Dynamic change of serum total prostate-
specific antigen level during the overall treatment with various therapeutic approaches (androgen-deprivation therapy; docetaxel; abiraterone; clinical trial; the PARP 
inhibitor, olaparib); B: The epithelial-circulating tumor cell (E-CTC), mesenchymal-CTC (M-CTC) and epithelial mesenchymal transition-CTC (EMT-CTC) counts and 
change before (2017-06-13) and after (2018-06-19) abiraterone treatment. Expression of AR-V7 mRNA was detected in these CTCs; C: Representative graphs 
displaying the E-CTC, M-CTC and EMT-CTC. Red signal: Probe mixture for detection of mRNA of EpCAM, CK8, CK18, and CK19; Green signal: Probe mixture for 
detection of mRNA of vimentin and Twist. CTC: Circulating tumor cell.

Fourth-line treatment and outcome
The first genetic testing, performed with the patient’s peripheral blood leukocytes, had detected no 
germline BRCA1/2 deleterious mutations (Figure 2A). Therefore, we chose to re-challenge the tumor by 
administration of abiraterone together with the PARP inhibitor olaparib. After only 1 mo of the 
combined treatment, the patient’s TPSA level began to decrease rapidly (from 601.61 ng/mL to 119.65 
ng/mL), and in the months thereafter he maintained a low level (8.02 ng/mL) (Figure 2A). Electrocor-
ticography (commonly known as ECOG) findings and the patient’s mental state were significantly 
improved. The patient also reported decreased pain and required a reduced amount of morphine 
dosage (30 mg, q12h, p.o.). After 5 mo, however, the TPSA level began to rise again and the patient 
reported increasing carcinomatous pain.

OUTCOME AND FOLLOW-UP
When the disease progressed the third time and we sought to reperform a second comprehensive 
genomic profile assessment, we chose to use peripheral ctDNA samples due to the difficulty of 
obtaining a tumor tissue biopsy (Figure 2A). A total of 508 cancer-related genes were sequenced by 
next-generation sequencing. The HRR gene PALB2 germline pathogenic mutation and two somatic 
mutations were discovered (Figure 3, Table 1). PALB2, as a tumor suppressor belonging to the HRR 
gene, physically interacts with BRCA2 leading to the subsequent recruitment of proteins to DNA breaks 
and plays a crucial role in repairing double-strand breaks through homologous recombination[17]. 
Some studies have associated PALB2 harmful mutations with therapeutic benefit attained from PARP 
inhibitors[8,18]. For example, the TOPARP-B study has shown that patients with mutations of PALB2 or 
somatic cell dysfunction can benefit from olaparib therapy[8].

Meanwhile, 10 somatic variants genes were found: AR, PTEN, TP53, CHD1, NOTCH2, FGFR1, LHCGR
, PIK3C2G, FLT4 and CDC25C (Table 1). In particular, two reverse missense mutations in PALB2 were 
suspected as functioning to recover a truncated polypeptide chain translated from the germline PALB2 
mutation (Table 1, Figure 3). Two somatic  missense mutations of  PALB2  which were 
c.751_752delCAinsTT and c.751_753delCAGinsTAC (Figure 3) shared the same loci with the germline 
deleterious variant c.751C>T. Bringing about the in-frame deletion and insertion variants, the PALB2 
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Table 1 Summary of 13 gene alterations in circulating tumor DNA detected from our patient upon olaparib resistance

Gene Base change Amino acid variation Exon Variant frequency Transcript
PTEN c.136_137del p.Y46Qfs*5 EX2 59.47% NM_000314.4

AR Copy number gain

CHD1 Copy number loss

FGFR1 Copy number gain

TP53 c.665_672*11del - EX6-IVS6 36.13% NM_000546.5

NOTCH2 c.5311-1G>A - IVS29 1.28% NM_024408.3

PIK3C2G c.2143A>G p.R715G EX15 40.23% NM_004570.4

LHCGR c.143C>T p.T48M EX1 23.39% NM_000233.3

PALB2 c.751_752delCAinsTT p.Q251L EX4 7.31% NM_024675.3

PALB2 c.751_753delCAGinsTAC p.Q251Y EX4 3.79% NM_024675.3

PALB2 c.751C>T p.Q251* EX4 Germline NM_024675.3

CDC25C c.1150_1151delGGinsCC p.G384P EX12 2.35% NM_001790.3

FLT4 c.376G>A p.A126T EX3 1.15% NM_002020.4

Bold texts indicate the three PALB2 mutations detected in the patient.

Figure 3 Diagram of the predicted homologous recombination repair gene PALB2 protein sequence changes caused by the germline 
mutation (c.751C>T) and the two somatic reverse mutations (c.751_752delCAinsTT and c.751_753delCAGinsTAC) on the same loci 
detected in ctDNA from the patient presenting with resistance of olaparib PAPR inhibitor in combination with abiraterone. HRR: 
Homologous recombination repair; PALB2: Partner and localizer of BRCA2; WT: Wild-type. Stop codon; nonsense mutation.

mutations would contribute to restoring the entire reading frame and to supporting the correct 
functioning to repair DNA double-stranded breaks via the HRR pathway. Therefore, we reasoned that 
these two reversing mutations of PALB2 may represent the mechanism of resistance to olaparib and 
abiraterone in this patient. In the future, functional assays are needed to validate this potential drug-
resistance mechanism as indicated by these ctDNA profile findings.

Finally, the patient’s ECOG scale increased and he attained a score of 4. The patient showed clouding 
of consciousness and developed pain throughout the body, and he died without further rescue efforts.
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DISCUSSION
In the case described herein, a mCRPC patient who had undergone treatment by many differing therapy 
achieved surprisingly clinical response to combination therapy of olaparib and abiraterone-prednisone. 
Next-generation sequencing of the patient’s ctDNA revealed 13 relevant gene mutations, including in 
the HRR gene PALB2. Intriguingly, a subgroup of prostate cancer patients who benefit from the 
treatment of PARP inhibitors have been identified, and these individuals show a trend towards loss-of-
function mutations in the HRR gene[8,9,18,19]. In the TOPARP-A, TOPARP-B and PROfound studies, 
olaparib monotherapy was shown to exert antitumor activity against mCRPC with HRR or DDR gene 
alterations. The PROfound study[20] indicated that radiologic progression-free survival (rPFS) was 
significantly longer in the olaparib group than in the group treated with the physician’s choice of 
enzalutamide or abiraterone (median: 7.4 mo vs 3.6 mo in patients with BRCA1/2 and ATM mutations; 
5.8 mo vs 3.5 mo in patients with all 15 HRR genes’ mutations). Similarly, the TOPARP-A study showed 
mCRPC patients carrying the HRR gene mutation had a median rPFS of 9.8 mo, being 6.1 mo longer 
than that of mCRPC patients with wild-type HRR gene. The TOPARP-B study showed that the mCRPC 
patients with PALB2 mutation had a median rPFS of 5.3 mo in response to treatment with olaparib. The 
gene scope of our first genetic testing was limited to the BRCA1 and BRCA2 genes, and indicated that 
the patient did not carry the germline BRCA1 or BRCA2 mutation. Based on the conclusion from the 
Study 08 (NCT01972217)[11] that olaparib in combination with abiraterone provided efficacious clinical 
benefit for patients with mCRPC compared to abiraterone alone and regardless of HRR mutation status, 
we chose the olaparib and abiraterone-prednisone combination therapy for our patient. In detail, the 
Study 08 revealed that olaparib and abiraterone provided median rPFS of 13.8 mo in and intention-to-
treat population and 17.8 mo in an HRR mutation-positive subgroup.

Our patient achieved rPFS of 5 mo with the PARP inhibitor olaparib and abiraterone-prednisone 
combination therapy. This response time was overall consistent with olaparib single-drug use 
previously reported in the literature but was relatively worse than that with the olaparib and 
abiraterone-prednisone combination therapy. The reason for this may be that our patient had received 
the abiraterone treatment and developed resistance to such before the olaparib. It is important to note 
here that Study 08 had recruited patients who had not received prior abiraterone treatment, only having 
received docetaxel. In addition, there is a dual model of synergy between PARP inhibitor and ADT[21,
22]. PARP is involved in AR-dependent transcription and PARP inhibitor impairs this process, at the 
same time, the AR regulates transcription of DNA repair genes and androgen depletion impairs HRR, 
which might produce a so-called “BRCA-ness” phenotype that renders susceptibility to PARP inhibitor. 
Amplification of the AR gene, as observed via ctDNA profiling of our patient, would lead to continuous 
activation of downstream signaling pathway(s), overcoming the extrinsic androgen inhibition[23,24] 
and precluding triggering of the “BRCA-ness” phenotype. The synergy between PARP inhibitor and 
ADT would not be able to be established in such a patient, which would explain why our patient’s 
clinical response was worse.

The PALB2 reverse mutations are another important feature of our patient. There was a research 
about mCRPC patient who achieved 9 mo clinical effect by olaparib with germline PALB2 p.L253Ifs*2 
mutation. During that patient’s disease progression, two reverse somatic mutations in PALB2 were 
found by ctDNA[25]. Similarly, we detected two somatic reverse mutations and a germline p.Q251* 
nonsense mutation in PALB2 at our patient, which may have restored the reading frame and the 
homologous recombinational function. Once the repair function of homologous recombination is 
restored, the synthetic lethality on which PARP inhibitors work will be broken, and patient will 
inevitably be resistant to PARP inhibitor therapy.

Our case also emphasizes the importance of blood-based liquid biopsies and genomic profiling by 
means of ctDNA. Tumor tissue can be much more difficult to obtain for this evaluative purpose, partic-
ularly from advanced cancer patients who are at higher risk in or counter-indicated for surgery or 
patients who cannot tolerate biopsy for other reasons; another complication is that tumor tissues, in 
general, may show negative pathological results if the patient has already started or undergone 
treatment. CtDNA is thus an attractive, minimally invasive alternative, which can used as a practical 
tool to profile tumor dynamics over time, elucidating features with tumor progression and overcoming 
spatial heterogeneity of tumors. For our patient, the genetic testing of ctDNA indicated a complicated 
mechanism of disease response and progression. First, the discovered HRR gene PALB2 germline 
mutation could explain the rapid response of to the PARP inhibitor olaparib. Second, the two PALB2 
somatic reverse mutations and AR gene amplification could underlie the relative shorter response time. 
Gogola et al[26] had reported on activation of the PI3K-AKT–mTOR signal transduction pathway as a 
mechanism of resistance. These activated oncogenic pathways may cause the expression of homologous 
recombination genes, which were compensating for DNA double-breaks. By the way,the activated 
signaling pathways can accelerate the progression of cell cycle or allow cells to evade apoptosis[27]. 
Because our patient carried mutations in the PTEN and FGFR1 genes, it is intriguing to consider that 
FGFR1 amplification with a loss-of-function mutation in PTEN can directly or indirectly activate the 
RAS-RAF-MAPK/ERK signaling pathway as well as that of PI3K-AKT-mTOR[28]. Further validation at 
the functional level is warranted. According to the patient’s ctDNA sequencing results, we were able to 
evaluate the patient’s treatment and response course thoroughly.



Yuan F et al. ctDNA profiling reveals olaparib-resistance mechanism

WJCC https://www.wjgnet.com 3468 April 16, 2022 Volume 10 Issue 11

Several limits to this clinical evaluative approach still need to be addressed. First, with full respect to 
the patient’s willingness, comprehensive genomic profiling is typically performed only when resistance 
to olaparib presents. Owing to our patient’s rapid disease progression, we were unable to adjust the 
treatment strategy based on the ctDNA sequencing result. Second, we were unable to distinguish 
whether the two somatic PALB2 mutations discovered had been present originally or resulted from the 
abiraterone combination treatment. If the ctDNA comprehensive sequencing (of 508 genes) had been 
performed earlier, in lieu of sequencing only the BRCA1 and BRCA2 genes, then the abiraterone 
combination treatment may have been started earlier. In that situation, the detection of germline PALB2 
aberration at a relatively early stage in the disease course may have allowed for the patient to receive 
olaparib monotherapy, while not being enrolled into the proxalutamide clinical trial, or the abiraterone 
combination treatment. Third, PALB2 as a cancer susceptibility gene increases the hazard of breast 
cancer (absolute risk: 41%-61%). The National Comprehensive Cancer Network (commonly known as 
NCCN) Genetic/Familial High-Risk assessment: Breast, Ovarian and Pancreatic (Version 1.2022) 
recommends that the PALB2 germline mutation carrier should start annual mammograms, with consid-
eration of tomosynthesis and breast MRI with contrast, at age of 30 years and that the healthcare team 
open discussions into the option of risk-reducing mastectomy. PALB2 gene mutations are also 
associated with susceptibility to cancers of the ovary (absolute risk: 3%-5%), pancreas (absolute risk: 5%-
10%), and breast in males. The NCCN: Prostate cancer (Version 1.2022) also recommends germline 
multigene testing that includes (at least) BRCA1/2 and PALB2 in its testing panel. Our patient carried a 
PALB2 germline pathogenic variation, so that his offspring would carry a 50% likelihood of harboring 
the same variation. As such, we would suggest that first- and second-degree relatives visit a genetic 
counselor to further evaluate whether they carry the proband’s same PALB2 mutation; if so, the relative 
should receive genetic counseling to gain a sufficient understanding of the correlative cancer risk, 
further screening options and risk-reduction strategies. This will allow the positive carrier to better 
protect against the onset of related cancers or at least promote their ability to suspect and seek timely 
assessment to detect a cancer much earlier. Although we made such suggestions to our patient’s 
relatives, none have accepted our suggestion as of the writing of this case report; nonetheless, this is part 
of our routine strategy of care and we will continue such efforts in the future.

CONCLUSION
Herein, we have described a comprehensive genomic profiling of ctDNA in a mCRPC patient which 
revealed HRR gene germline PALB2 mutation, including reverse mutations and others affecting known 
cancer-related signaling pathways. Using the ctDNA sequencing results, we were able to analyze the 
intrinsic mechanism underlying the patient’s rapid response and resistance to the PARP inhibitor and 
abiraterone combination therapy. On one hand, our case demonstrated that a patient with HRR gene 
PALB2 mutation can benefit from PAPR inhibitor treatment. On the other hand, the case showed the 
feasibility of ctDNA sequencing to guide treatment, indicate prognosis and analyze resistance and its 
underlying mechanisms, with ctDNA serving as a surrogate for limited or unavailable tumor tissue. 
Overall, though, the case provides a real-world example of how timely multigene testing can be of great 
importance for selecting the most precise therapeutic approach for cancer patients, especially for those 
with mCRPC.
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Abstract
BACKGROUND 
Aortic coarctation (CoA) is usually confused with interrupted aortic arch (IAA), 
especially adult type A interrupted aortic arch, due to their similar anatomical 
location. Although the main difference between them is whether arterial lumen 
exhibits continuity or not, the clinical manifestations are similar and connection 
exists between them. Adult type A IAA is considered as an extreme form of CoA, 
which is complete discontinuity of aortic function and lumen caused by 
degenerative arterial coarctation. This paper reports two cases (interrupted aortic 
arch and severe aortic coarctation) to analyze the difference and similarity 
between them.

CASE SUMMARY 
The two cases of patients presented with hypertension for many years. Computed 
tomography angiography showed that the aortic arch and descending aorta were 
discontinuous or significantly narrowed with extensive collateral flow. The IAA 
patient refused surgical treatment and blood pressure could be controlled with 
drugs. While the CoA patient underwent stent implantation because of 
uncontrollable hypertension, the blood flow recovered smoothly and the blood 
pressures at both ends of the stenosis returned to normal after surgery.

CONCLUSION 
Adult type A IAA and CoA have difference and similarity, and type A IAA is 
associated with CoA to a certain extent. The treatment method should be chosen 
based on the patient's clinical symptoms rather than the severity of the lesion.
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Core Tip: According to the characteristics of aortic coarctation and interrupted aortic arch, this paper 
highlights the difference and similarity between them. The treatment method should be based on the 
patient's clinical symptoms rather than the severity of the lesion.
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INTRODUCTION
Interrupted aortic arch (IAA) is a congenital malformation disease with loss of continuity between the 
aortic arch and descending aorta, accounting for about 1% of congenital heart diseases[1]. According to 
the location of the dissection, it is divided into three types[2]: The dissection located at the distal to the 
left subclavian artery origin (type A); that located between the left common carotid artery and the left 
subclavian artery (type B); and that between the brachiocephalic trunk and the left common carotid 
artery (type C). Type A accounts for approximately 79% of adult IAA cases[3], without the complic-
ations associated with type B such as ventricular septal defects and patent ductus arteriosus[1,4-6]. 
Coarctation of the aorta (CoA) is defined as a discrete stenosis of the aorta usually located in the area of 
the ligamentum arteriosum, with a higher incidence of 6%-8% than IAA[3]. To investigate if there are 
any difference and similarity between adult type A IAA and CoA, cases of both types were reported in 
this study.

CASE PRESENTATION
Chief complaints
A 54-year-old woman presented to the hospital with chief complaints of discomfort in right waist and 
abdominal pain for 1 wk. And a 61-year-old female patient, with tiredness and dizziness, was diagnosed 
with CoA during physical examination 1 year ago.

History of present illness
The medical history was notable for hypertension and the right renal cyst in Case 1. And the described 
patient in Case 2 was diagnosed with CoA during physical examination 1 year ago with tiredness and 
dizziness.

History of past illness
The first woman in Case 1 had hypertension for 8 years. The second patient in Case 2 with a history of 
hypertension for 30 years had the highest blood pressure of 190/100 mmHg, and a clear medical history 
of thyroidectomy and coronary artery stenosis.

Physical examination
In Case 1, continuous murmurs were heard on the chest and back during auscultation. The blood 
pressure was monitored after taking the medication, and the left upper and left lower limb blood 
pressure was 145/77 mmHg and 120/64 mmHg, respectively. The dorsalis pedis arteries were thin and 
weak. In Case 2, the upper limb pressure was higher than the lower limb pressure.

Laboratory examinations
Laboratory examination indicated the following in Case 1: Uric acid, 412 μmol/L; triacylglycerol 
1.95mmol/L.; and glucose, 5.5 mmol/L.

Laboratory examination indicated the following in Case 2: Urea, 3.25 mmol/L; creatinine, 50.8 
μmol/L; cholesterol, 3.94 mmol/L; alanine aminotransferase, 19 U/L; aspartate aminotransferase, 23 
U/L; and glucose, 4.81 mmol/L.

https://www.wjgnet.com/2307-8960/full/v10/i11/3472.htm
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Urinalysis, coagulation tests, complete blood count, and infection marker tests did not reveal any 
obvious abnormalities in either patient.

Imaging examinations
Case 1: Electrocardiogram (ECG) showed complete right bundle branch block and T wave change. Color 
Doppler echocardiography displayed a normal right atrium and right ventricle, and an enlarged left 
atrium and left ventricle. The aortic arch and the distal to the left subclavian artery were discontinuous, 
and numerous collateral branches existed around the descending aorta. The flow of the abdominal aorta 
showed a small slow wave.

Abdominal computed tomography (CT) examination revealed multiple tortuous vascular shadows in 
the paravertebral column and bilateral chest wall areas. To further clarify the diagnosis, thoracic and 
abdominal computed tomography angiography (CTA) was performed, which showed that the aortic 
arch and descending aorta were discontinuous, and the disconnection was located at the distal to the left 
subclavian artery (type A IAA) (Figure 1A). The ascending aorta was dilated with normal curvature and 
aneurysm formation in the descending aorta (Figure 1A and B). Bilateral internal mammary arteries, 
intercostal arteries, thoracoabdominal wall arteries, and multiple arterial branches tortuously expanded 
to supply blood to distal vessels and organs. For example, the bilateral internal mammary arteries were 
connected to the external iliac arteries (Figure 1C), and the blood of the abdominal trunk came from the 
intercostal artery and the inferior phrenic artery.

Case 2: ECG showed first degree atrioventricular block and abnormal Q wave in V1-V3 leads. Color 
Doppler echocardiography indicated no obvious enlargement in the atria or ventricles of the heart.

CTA examination showed that the lumen of the aortic isthmus was significantly narrowed 
(Figure 2A), the normal curvature of the ascending aorta was maintained, and the proximal descending 
aorta was slightly enlarged (Figure 2A). The bilateral internal mammary arteries were connected with 
the distal external iliac arteries (Figure 2B).

Medication History
The maximum systolic pressure was acceptably controlled in the past with valsartan, 
hydrochlorothiazide tablets, and levamlodipine besylate tablets in Case 1. Oral administration of 
nifedipine controlled-release tablets (Bai Xintong), candesartan cilexetil, and indapamide sustained 
release tablets did not control blood pressure well in Case 2.

FINAL DIAGNOSIS
Based on the images of Figure 1 and 2, we diagnosed the two patients as having type A IAA and CoA 
with extensive collateral flow, respectively.

TREATMENT
Without other positive symptoms, the first patient only required treatment of the relevant symptoms. 
The blood pressure controlled with antihypertensive drugs was acceptable during the follow-up period.

Due to uncontrollable hypertension, the second patient was admitted to the hospital and received 
aortic angiography and stent implantation under general anesthesia. The angiography indicated severe 
narrowing of the descending aorta 15 mm distal to the left subclavian artery, with a length of 10 mm. 
Before stent placement, the blood pressure at both ends of the constriction was 185/73 mmHg and 
110/65 mmHg, respectively. After stent placement, the blood flow recovered smoothly, and the blood 
pressure at both ends of the stent was 127/62 mmHg and 122/62 mmHg, respectively.

OUTCOME AND FOLLOW-UP
Both of the patients have remained stable.

DISCUSSION
The difference between type A IAA and CoA in adults is the absence or presence of continuity of the 
arterial lumen. As shown in Case 1, there was no anatomical continuity between the distal to the left 
subclavian artery and descending aorta (type A IAA). In contrast, no obvious anatomical interruption 
was detected in CoA case with the narrowing between the above-mentioned arteries. According to 
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Figure 1 Type A IAA in a 54-year-old woman. A: Reformatted oblique sagittal image of the aorta shows interruption of the aorta just distal to the subclavian 
artery origin (orange arrow). Note the maintenance of curvature of the ascending aorta and the extension of the interrupted aorta beyond the left subclavian artery 
several centimeters; B: Aneurysm formation in the descending aorta (white arrow); C: Maximum intensity projection shows a massive aorta which included two full-
fledged collateral networks ensuring blood circulation to the distal aorta. AA: Ascending aorta; DA: Descending aorta; BCT: Brachiocephalic trunk; LCCA: Left 
common carotid artery; LSA: Left subclavian artery.

Figure 2 Severe coarctation in a 61-year-old woman. A: Reformatted oblique sagittal image of the aorta shows coarctation of the aorta just distal to the 
subclavian artery origin (white arrow) and slight enlargement of the proximal descending aorta. The ascending aorta maintains normal curvature and the narrowing is 
a few centimeters away from the subclavian artery; B: Maximum intensity projection shows collateral flow which included two full-fledged collateral networks ensuring 
blood circulation to the distal aorta. LSA: Left subclavian artery.

previous reports, although the definitions of type A IAA and CoA were different, the clinical manifest-
ations were similar in increased blood pressure, which was higher in the upper limbs than in the lower 
limbs[7-12]. The manifestations of Cases 1 and 2 in this study were consistent with these reports. The 
pathophysiological changes are: (1) Imbalanced distribution of blood flow and blood pressure in the 
upper and lower limbs is caused by increased mechanical resistance resulting from interruption or 
stenosis of the arterial lumen; and (2) hypoperfusion in lower bodies results in the activation of the 
renin-angiotensin-aldosterone system[12]. Typical symptoms were not observed in the lower extremities 
of the two cases due to the fact that extensive collateral circulation was established to supply blood flow 
to the distal organs in both cases. As aggravation of the narrowing, upper limb blood pressure can be 
significantly increased, which may cause a series of symptoms such as upper limb pain, headache, 
dizziness, angina, and lower limb chills and claudication.

The mechanism of IAA in adults is different from that in infancy[1]. The most common type in 
infancy is the type B IAA which is closely related to congenital developmental abnormalities and may 
be concurrent with other anomalies including patent ductus arteriosus, aneurysm, ventricular septal 
defect, etc.[1,9]. While type A IAA in adults is similar to CoA in diseased anatomical position which is 
located between the left subclavian artery and the ductus arteriosus[13], type A IAA in adults may be 
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the result of regression or atrophy of the diseased arterial segment as this segment can be narrowed, 
atretic, fibrotic, or completely absent[2]. Some researchers[9,13] believed that in CoA, the ascending 
aorta maintained normal curvature, the narrowing was located several centimeters away from the left 
subclavian artery, and distal to the coarctation was enlarged or formed aneurysm because increased 
velocity of blood flow at the region damaged the vessel wall[6,14]. These findings were seen in Case 1, 
which strongly suggested that adult type A IAA is the final stage of aortic coarctation degeneration. The 
IAA cases caused by severe CoA have also been reported in the literature[15,16]. The patients initially 
showed aorta narrowing. Over time, the complete obstruction of the narrowed lumens led to aortic 
interruption, which was eventually treated by surgical intervention.

The blood pressure of the patient with type A IAA in Case 1 could be controlled with drugs, so 
surgical intervention was not performed. Generally, the main treatment for IAA is to reconstruct the 
blood flow at both ends of the interrupted arteries, which can be achieved by surgical means (such as 
end-to-end anastomosis, graft interposition, or extra-anastomotic bypass) and percutaneous approach
[1]. At present, there is still a lack of long-term follow-up data on adult patients with type A IAA 
repaired, and postoperative complications in these patients require continuous attention. The goal of 
surgery in CoA is the same as that in type A IAA, which is to reestablish the lesion to enable appropriate 
blood flow. Surgical methods for the treatment of CoA are mainly balloon angioplasty and stent 
placement[17]. The patient with severe CoA in Case 2 was treated by stent placement because of 
uncontrollable hypertension. Blood pressure at both ends of the stenosis returned to normal after 
surgery, and long-term follow-up observation will be essential for a series of complications after CoA is 
repaired, such as restenosis, hypertension, coronary artery disease, aortic rupture, and aneurysm 
formation[3,11,17].

CONCLUSION
Adult type A IAA and CoA have difference and similarity. The difference lies in the absence or presence 
of continuity of the arterial lumen, while the similarity is that they are accompanied by secondary 
hypertension with extensive collateral circulation. In conclusion, type A IAA is associated with CoA to a 
certain extent, and it can be considered that the arterial lumen is completely interrupted between the 
aortic arch and descending aorta with the degeneration or atrophy of arterial narrowing.
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Abstract
BACKGROUND 
Both programmed cell death-1 (PD-1) inhibitors and lenvatinib, which have a 
synergistic effect, are promising drugs for tumor treatment. It is generally 
believed that combination therapy with a PD-1 inhibitor and lenvatinib is safe and 
effective. However, we report a case of toxic epidermal necrolysis (TEN), a grade 
4 toxicity, after this combination therapy.

CASE SUMMARY 
A 39-year-old male presented with erythema, blisters and erosions on the face, 
neck, trunk and limbs 1 wk after receiving combination therapy with lenvatinib 
and toripalimab, a PD-1 inhibitor. The skin injury covered more than 70% of the 
body surface area. He was previously diagnosed with liver cancer with cervical 
vertebra metastasis. Histologically, prominent necrotic keratinocytes, hyperker-
atosis, liquefaction of basal cells and acantholytic bullae were observed in the 
epidermis. Blood vessels in the dermis were infiltrated by lymphocytes and 
eosinophils. Direct immunofluorescence staining was negative. Thus, the 
diagnosis was confirmed to be TEN (associated with combination therapy with 
toripalimab and lenvatinib). Full-dose and long-term corticosteroids, high-dose 
intravenous immunoglobulin and targeted antibiotic drugs were administered. 
The rashes gradually faded; however, as expected, the tumor progressed. 
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Therefore, sorafenib and regorafenib were given in succession, and the patient was still alive at the 
10-mo follow-up.

CONCLUSION 
Cautious attention should be given to rashes that develop after combination therapy with PD-1 
inhibitors and lenvatinib. Large-dose and long-course glucocorticoids may be crucial for the 
treatment of TEN associated with this combination treatment.

Key Words: Toxic epidermal necrolysis; Toripalimab; Lenvatinib; Programmed cell death-1 inhibitor; Liver 
cancer; Case report
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Core Tip: Both programmed cell death-1 (PD-1) inhibitors and lenvatinib, which exhibit a synergistic 
effect, are promising drugs for tumor treatment. However, we encountered a patient who presented with 
erythema, blisters and erosions on the face, neck, trunk and limbs 1 wk after combination therapy with 
lenvatinib and toripalimab, a PD-1 inhibitor. Skin biopsy was performed, and the diagnosis was confirmed 
as toxic epidermal necrolysis (TEN). We are the first group to report the occurrence of TEN, a grade 4 
toxicity, after this combination therapy. Full-dose and long-term corticosteroids were administered, and 
the rashes gradually faded.
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INTRODUCTION
Toripalimab, also known as JS001 or TAB001, is a humanized immunoglobulin G4 monoclonal antibody 
against programmed cell death-1 (PD-1)[1,2]. PD-1 inhibitors help to enhance the ability of the immune 
system to defeat tumor cells, but immune-related adverse events (irAEs) occur in many cases[3]. Toxic 
epidermal necrolysis (TEN) is a rare type of irAE caused by PD-1 inhibitors, with a mortality rate of up 
to 60%[4]. Lenvatinib is an antiangiogenic tyrosine kinase inhibitor (TKI) and shows synergism with 
PD-1 inhibitors in solid tumors[5,6]. There have been no case reports on TEN associated with 
toripalimab or lenvatinib[7]. However, we encountered a patient with metastatic liver cancer who 
developed TEN after combination therapy with toripalimab and lenvatinib. We are the first group to 
report this severe cutaneous adverse event following combination therapy with a PD-1 inhibitor and 
lenvatinib. This case report demonstrates that cautious attention should be given to rashes that develop 
following this combination treatment. The successful treatment of our case also demonstrated the 
significance of large-dose and long-course glucocorticoid application for this special type of TEN.

CASE PRESENTATION
Chief complaints
Erythema, blisters and erosions appeared on the face, neck, trunk and limbs 1 wk after combination 
therapy with toripalimab and lenvatinib.

History of present illness
Four weeks prior to presentation, a 39-year-old male began to receive combination therapy with 
toripalimab and lenvatinib, as well as radiotherapy, after being diagnosed with liver cancer with 
cervical vertebra metastasis. The oral administration dose of lenvatinib was 12 mg once daily. 
Toripalimab (240 mg) was administered intravenously every two weeks. One week prior to 
presentation, erythema, blisters and erosions began to appear on the face and neck, along with pain and 
fever. Rashes soon spread to the trunk and limbs, as well as the scrotum and oral mucosa. Therefore, the 
patient was admitted to the Dermatology Department of the Second Affiliated Hospital of Guangzhou 
University of Chinese Medicine.
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History of past illness
The patient experienced neck pain 2 mo prior to presentation at our clinic. The diagnosis of liver cancer 
with cervical vertebral metastasis was ultimately confirmed by PET-CT. Hepatitis B virus (HBV) 
infection was diagnosed at the same time, and the patient was then treated with entecavir. The patient 
had no other medical history, such as diabetes or hypertension.

Personal and family history
The patient had no history of exposure to industrial poisonous substances and reported no habit of 
smoking or drinking alcohol. The family history was unremarkable.

Physical examination
The patient presented with typical erythema multiforme, slack bullae and epidermal peeling on the face, 
neck, trunk and limbs. Nikolsky’s sign was positive. Scrotal and oral mucosal erosion was observed. 
Skin injury covered more than 70% of the body surface area (BSA) (Figure 1A and B). The patient 
weighed 71 kg.

Laboratory examinations
Skin biopsy was performed. Prominent necrotic keratinocytes, hyperkeratosis, liquefaction of basal cells 
and acantholytic bullae were observed in the epidermis. Blood vessels in the dermis were infiltrated by 
lymphocytes and eosinophils (Figure 2A-C). Direct immunofluorescence (DIF) staining was negative.

Serum albumin decreased to 33.6 g/L. CRP and procalcitonin slightly increased to 20.9 mg/L and 
0.09 ng/mL, respectively. Random blood glucose was 11.23 mmol/L. Quantitative analysis of HBV 
DNA yielded a value of 3.57 × 103 IU/mL. The AFP value was 1497 ng/mL. The results of routine blood, 
blood coagulation function, liver and kidney function, routine stool, and routine urine tests, as well as of 
electrocardiography and chest radiography, were normal. Staphylococcus aureus, Escherichia coli, and 
Klebsiella aerogenes were cultured from the sites of skin erosion.

FINAL DIAGNOSIS
The diagnosis was confirmed to be TEN (associated with combination therapy with toripalimab and 
lenvatinib) according to the patient’s medical history, typical lesion morphologies, and typical 
pathological findings.

TREATMENT
The patient ceased treatment with toripalimab and lenvatinib. Methylprednisolone was administered at 
an initial dose of 80 mg/d. The rashes continued to worsen; thus, 3 days later, the dosage of methyl-
prednisolone was increased to 120 mg/d. Blood pressure and blood glucose were monitored, and 
insulin was used to control secondary hyperglycemia. The patient received high-dose intravenous 
immunoglobulin (IVIG) at 0.4 g/kg/d for 5 days. Targeted antibiotic drugs, such as piperacillin-
tazobactam and cefuroxime, were chosen in succession based on the drug sensitivity tests in pathogenic 
bacteria. A potassium permanganate solution bath and compound polymyxin B ointment were 
administered for external use. The ocular, scrotal and oral mucosa were also carefully treated with 
topical medication. Oxycontin was administered to relieve the cancer-related pain.

OUTCOME AND FOLLOW-UP
Interestingly, the rashes began to improve on the face and neck and progressed on the trunk and edge of 
the limbs at a much lower speed when the methylprednisolone dose was adjusted to 120 mg/d. This 
course lasted for 2 wk, and we did not reduce the dosage of methylprednisolone until we observed 
remarkable improvements in erythema, blisters and erosions (Figure 1C and D).

At the 2-mo follow-up for glucocorticoid therapy, the dosage of methylprednisolone was gradually 
reduced to 8 mg/d, and the rashes did not recur. Enhanced computed tomography (CT) scans showed 
that the size of the primary liver cancer focus increased, and rib metastasis and portal vein tumor 
thrombosis were noticed. The patient was then treated by transcatheter arterial chemoembolization 
(TACE).

At the 4-mo follow-up, enhanced CT scans showed that portal vein tumor thrombosis improved, 
while rib metastasis progressed. Thus, ultrasound-guided microwave ablation and radiotherapy were 
conducted in succession. Oral sorafenib was also administered, and no cutaneous adverse drug 
reactions were observed.
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Figure 1 Clinical images before and after treatment. A: Erythema, blisters and erosions appeared on the face and neck, as well as the oral mucosa; B: 
Typical erythema multiforme, slack bullae and epidermal peeling could be seen and covered more than 70% of the body surface area; C and D: The rashes gradually 
faded after 3 wk of treatment.

Figure 2 Pathological biopsy of the lesion. A: Acantholytic bullae were observed in the epidermis [hematoxylin-eosin staining (HE) × 40]; B: Hyperkeratosis 
and liquefaction of basal cells could be seen in the epidermis. Blood vessels in the dermis were infiltrated by lymphocytes and eosinophils (HE × 100); C: Prominent 
necrotic keratinocytes were identified in the epidermis (HE × 400).

At the 6-mo follow-up, the patient reported paraplegia, which was possibly due to the intraspinal 
metastatic tumors revealed on the contrast-enhanced magnetic resonance imaging scan. Emission 
computed tomography (ECT) revealed metastasis of the occipital bone, cervical vertebra, ribs and 
femur. The patient was experiencing severe pain and agreed to take the risk of the rash recurring to 
receive additional combination treatment with immunotherapy and targeted therapy. Due to the poor 
therapeutic effect of sorafenib, the therapeutic regimen was adjusted to 120 mg regorafenib once daily in 
combination with sintilimab, another PD-1 inhibitor, in addition to toripalimab[8]. A maculopapular 
rash developed on the trunk 2 wk later; thus, sintilimab was stopped. The rashes were not as severe as 
the initial rashes and vanished after a small dose of methylprednisolone was administered.

The patient continued taking regorafenib, and disease progression seemed to decrease. At the 10-mo 
follow-up, the patient was still alive.

DISCUSSION
TEN and Stevens Johnson syndrome (SJS) are two ends of a spectrum of rare severe adverse cutaneous 
drug reactions, typically with a clinical presentation of erythema multiforme, slack bullae and 
epidermal peeling[9]. They are distinguished only by their extent of skin detachment (< 10% BSA: SJS, 
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10%-30% BSA: SJS/TEN, > 30% BSA: TEN)[9]. Histopathologically, widespread necrosis in the 
epidermis aids in the diagnosis. DIF staining should be negative to rule out certain autoimmune 
blistering diseases. Specific drugs, such as allopurinol, carbamazepine, phenytoin, phenobarbital and 
some antibiotics, increase the risk of developing SJS/TEN[9]. The average mortality rate of TEN is 25-
35%[9].

Immune checkpoint inhibitors, including monoclonal antibodies targeting PD-1, programmed death 
ligand 1 (PD-L1) or cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), represent a major 
breakthrough in tumor therapy[10]. Physiologically, the CTLA-4 and PD-1 immune checkpoint 
pathways play a central role in maintaining peripheral tolerance by downregulating T cell activation[3]. 
However, tumor cells may take advantage of this peripheral tolerance to evade the host immune system
[3]. Immune checkpoint inhibitors can restore antitumor immune responses, achieving long-term 
benefits for tumor treatment[3]. Pruritic maculopapular rashes, the majority of which are self-limiting, 
represent the most frequent cutaneous irAE, occurring in more than 1/3 of patients who receive 
immunotherapy[10]. There are few cases of TEN associated with PD-1 inhibitors, such as nivolumab 
and pembrolizumab[11-13]. Toripalimab was introduced into practice in recent years and widely 
adopted, especially in China, while no cases of TEN associated with toripalimab have been reported in 
association with any cancer condition.

Recently, a systematic review summarized 5 cases of TEN-like reactions associated with checkpoint 
inhibitors and reported a median time to onset of 4 wk (average of 5.38 wk) from checkpoint inhibitor 
initiation[4]. Two patients also developed morbilliform rashes that gradually progressed for 2-4 wk 
before evolving into TEN, and the mortality rate reached up to 60%[4]. The incubation period in our 
case was approximately 3 wk, in accordance with previously reported cases. Interestingly, we found 
that the rashes in our case progressed/improved at different sites at the same time. This characteristic 
may be explained by the pharmacokinetic patterns and long half-lives of checkpoint inhibitors. For 
example, nivolumab and pembrolizumab have half-lives of 25 and 23 days, respectively; thus, their peak 
concentrations are not reached until late in the course of treatment[4]. The PD-1/PD-L1 interaction plays 
an important role in peripheral tolerance by sustaining Tregs and inhibiting T cell activation. Anti-PD-1 
treatment allows autoreactive CD8+ T cells targeting keratinocytes to become activated and proliferate, 
contributing to the apoptosis of epidermal keratinocytes[14].

Lenvatinib is an antiangiogenic TKI that is widely used in multiple solid tumors[5]. Both lenvatinib 
and sorafenib are recommended as the first-line treatment for unresectable hepatocellular carcinoma in 
the guidelines[15]. In a global randomized phase 3 trial, lenvatinib was demonstrated to be non-inferior 
to sorafenib for overall survival, and it led to greater improvements in progression-free survival, time to 
progression, objective response and quality-of-life assessments compared with sorafenib[16]. In 
addition, a synergistic effect has been found between lenvatinib and immune checkpoint inhibitors[6]. 
The combination of lenvatinib/pembrolizumab is promising in several solid tumors, such as 
endometrial, lung, hepatocellular and gastrointestinal malignancies[5]. Thus, the patient received 
combination therapy with toripalimab and lenvatinib. Some dermatological adverse events associated 
with the application of lenvatinib have been noted, the most common of which are hand-foot skin 
reactions[7]. SJS/TEN induced by TKIs is rather rare, and no case of TEN associated with lenvatinib has 
been reported in association with any cancer condition[7,17]. However, we are the first group to report 
TEN, a grade 4 toxicity, after combination therapy with a PD-1 inhibitor and lenvatinib. Since this was a 
single case, there is still not sufficient evidence to conclude that combination therapy with a PD-1 
inhibitor and lenvatinib increases the risk of TEN compared with a PD-1 inhibitor alone.

Despite the high mortality rate of the limited cases of TEN associated with checkpoint inhibitors, 
whether they should be managed differently from classic cases of TEN[4] (e.g., the application of 
corticosteroids[11]) is controversial. In our case, the rashes continued to worsen with the initial methyl-
prednisolone dose of 80 mg/d but improved as the dosage increased later. Considering the long half-life 
of toripalimab, methylprednisolone was sustained for a long time, and the rashes did not recur. 
Successful treatment of the case above demonstrates the importance of full-dose and long-term corticos-
teroids in TEN associated with checkpoint inhibitors. High-dose IVIG may help to boost the immune 
system and prevent opportunistic infection caused by corticosteroids. Other treatments, such as anti-
infection regimens, mucosal protection, anti-HBV drugs and maintaining homeostasis of the internal 
environment (e.g., blood glucose), also contributed to the patient’s recovery.

It is understandable that a tumor would progress rapidly after ceasing antineoplastic drugs due to 
severe adverse effects. Thus, it is important for patients to restart antitumor therapy as soon as the 
rashes are controlled. Based on the follow-up of our case, we found that different types of PD-1 
inhibitors or targeted drugs do not necessarily cause the same dermatological adverse events. After 
weighing the pros and cons, other types of PD-1 inhibitors or targeted drugs are still worthy of invest-
igation.

CONCLUSION
In conclusion, we are the first group to report TEN following combination therapy with a PD-1 inhibitor 
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and lenvatinib. Cautious attention should be given to rashes that develop after this combination 
treatment. Large-dose and long-course glucocorticoid application may be crucial for the treatment of 
this special type of TEN.
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Abstract
BACKGROUND 
Glomus tumors are rare neoplasms, usually found on the fingers or toes. Glomus 
tumours that occur in the lower leg are even rarer and is likely to be misdiagnosed 
or underdiagnosed. This article will document the diagnosis, treatment, and 
follow-up of a rare glomus tumor of the lower leg, which had been misdiagnosed 
for up to 15 years.

CASE SUMMARY 
The patient was a A 36-year-old woman who had suffered from localized pain in 
her left lower leg for 15 years. After a complete physical examination, a glomus 
tumor on her lower leg was considered and removed surgically. The specimen 
was pathologically diagnosed as a glomus tumor. There was no relapse at a 4-year 
follow-up.

CONCLUSION 
Correct diagnosis and complete removal of the glomus tumor is important.

Key Words: Glomus tumor; Pain; Lower leg; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A 36-year-old woman who had suffered from localized pain in her left lower 
leg had been misdiagnosed for up to 15 years. She was eventually diagnosed with 
glomus tumor and underwent surgical treatment. The patient recovered well with no 
recurrence observed at a 4-year follow-up.
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INTRODUCTION
Glomus tumor (GT), a rare neoplasm caused by degenerated smooth muscle cells in a neuro-arterial 
adenoma, regulates body temperature through arteriovenous shunting of blood[1,2]. Most GTs are 
benign, with few malignant cases reported[3,4]. The characteristic clinical manifestations of GT are 
spontaneous lancinating pain, extreme pain with the slightest touch, and intolerance to temperature 
changes[5]. It usually presents as a well-defined, blue or red nodule, often located on the fingers or toes, 
especially in the nail bed, and uncommon elsewhere[6]. Individual literatures have reported GTs 
occurring in rare sites such as sinonasal location, but more evidences are needed to verify this[7]. We 
reviewed the literature and found that GT was infrequently reported in the lower leg, thus, it is likely to 
be misdiagnosed or underdiagnosed. In this article, we report the diagnosis, treatment and follow-up of 
a rare case of GT of the lower leg, which was misdiagnosed for up to 15 years because of its small 
number of favored sites and size. The tumor was removed surgically and the patient had complete 
remission after surgery. This case can enhance our understanding of the rare location of GTs to decrease 
misdiagnosis and missed diagnosis.

CASE PRESENTATION
Chief complaints
A 36-year-old Asian woman was admitted to our hospital on April 25, 2016 with localized pain in the 
left anterior tibial region for 15 years.

History of present illness
The patient had visited several hospitals in the past 15 years but was diagnosed with venous 
thrombosis, which did not improve with conservative treatment such as analgetics. Over the past three 
years, the patient's pain had progressively worsened, and was exacerbated by touch, temperature 
changes and mood swings. In addition, the patient often had a poor sleep at night because of the pain.

History of past illness
No special history of past illness.

Personal and family history
There was no personal history of GT or any other family medical history.

Physical examination
Physical examination revealed mildly localized swelling on the on left leg along with tenderness in a 50 
mm × 30 mm area of skin on the anterior medial aspect of her left lower extremity, with no ulceration or 
warmth.

Laboratory examinations
No obvious abnormality was found in laboratory examination.

FINAL DIAGNOSIS
After careful consideration of the patient's medical history and physical examination findings, including 
spontaneous tingling, minimal tenderness and intolerance to temperature changes, we made a tentative 
diagnosis of GT.

TREATMENT
After a thorough preoperative examination and confirming no surgical contraindications, the patient 
underwent soft tissue lesion resection, biopsy and flap transposition on April 27, 2016 (Figure 1A). Intra-
operative examination showed an oval tumor with a light red colour, firm texture, intact envelope and 
clear contours under the skin of her lower leg.

We completely removed the tumor and the surrounding normal soft tissue, which was approximately 
10 mm in thickness and 50 mm × 30 mm in size, for pathological diagnosis (Figure 1B). Because of the 
skin and soft-tissue defect, we designed a lateral gastrocnemius nutrition flap of the left lower limb to 
cover it (Figure 1C).
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Figure 1 The imaging of case. A: Surgical field: The appearance of the medial left lower leg; B: The appearance of excised tissue in operation. Ellipsoid red soft 
tissue be covered with adipose tissue, about 50 mm × 30 mm ×10 mm in size; C: Designing and harvesting the lateral gastrocnemius nutrition flap of the left lower leg 
to cover the tumor's resection site during the surgery; D: Pathologic examination shows a glomus tumor with chronic inflammatory cell infiltrates; E: The appearance 
of the anteromedial incision of the left lower leg two weeks after the surgery. The incision suture had been removed. The flap survived well, and the incision recovered 
well with no infection; F: The anteromedial appearance of the left lower leg four years after the surgery. The pain did not relapse.

OUTCOME AND FOLLOW-UP
The pathological examination at our hospital showed a spindle cell tumor (Figure 1D). The results of 
immunohistochemistry were as follows: Ki-67 (3%, partially up to 10%), Caldesmon(+), CK(-), P63(-), S-
100(-), SMA(part+), VIMENTIN(+), GFAP(-), CD31(-), CD34(-), HMB45(-). The examination results at 
two other tertiary hospitals confirmed it to be a GT. Suturing was performed two weeks after surgery. 
The wound healed well, and the survival of the skin flap was satisfactory (Figure 1E). There was no 
abnormality in blood flow, sensation and movement of her left lower limb. At the one-month follow up, 
the wound was well healed and patient was pain free. No recurrence of pain was observed during a 4-
year follow-up (Figure 1F).

DISCUSSION
GTs were firstly reported by Wood in 1812 as "painful subcutaneous tubercle"[8]. It was not until 1924 
that Masson et al named it GT after pathological analysis[5]. GTs are most commonly encountered on 
the fingers[9]. It has been reported to be very rare, accounting for 1% to 2% of all soft tissue tumors, 
most of which are benign[3,4,10]. The characteristic clinical manifestations of GTs are subcutaneous blue 
or red nodules, firm and smooth, usually no more than 10 mm in diameter. Pain is the most obvious 
symptom of the disease, usually presenting as spontaneous tingling, extreme pain with the slightest 
touch, and intolerance to temperature changes[5,11]. In addition to these obvious symptoms, 
uncommon presentations such as tumor-induced osteomalacia were also reported, but more evidences 
are needed to support this discovery[12]. The disease diagnosis depends on clinical tests such as the 
Love test (point tenderness) and Hildreth's sign (decreased pain on exsanguination of the limb and 
application of a tourniquet)[13]. In addition to qualitative diagnosis, characteristic pain can also be used 
to localize the lesion. Magnetic resonance imaging (MRI) is occasionally helpful, and hyperenhanced 
lesions on T2 weighted and short time inversion recovery sequence imaging may illustrate the vascular 
appearance of GT. Other imaging examinations may include plain radiography, computed tomography 
and colour Doppler ultrasonography. However, all of the above may be negative and exploration of the 
painful location should be considered if a GT is suspected even if the MRI findings are negative[14].

In the present case, the tumor was located in the left anterior tibial region, which is relatively rare, so 
it had been misdiagnosed as venous thrombosis or sciatica resulting in chronic pain for up to 15 years. 
On the one hand, the initial symptom was pain, which would be easily confused with skin disease, 
thrombotic diseases, etc., when the disease is located in the lower leg. On the other hand, the huge size 
of this tumor is extremely rare in this disease. A study of 138 cases suggested that the median size of 
superficial GT was 8 mm, with none exceeding 45 mm[1], while the size of the tumor in our case was up 
to 50 mm in size.
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Once diagnosed, surgical resection is an effective method for the treatment of GT. It should still be 
noted that recurrence may occur due to incomplete resection. We should therefore remove the tumor 
completely during surgery via avoiding residuals and expanding the resection area when conditions 
permit[15]. In previous case reports, a simple excisional approach has generally been used. In our case, 
we used an innovative combination of extended tumor resection and flap transposition due to the large 
volume of the tumor to avoid soft tissue defects while resecting the tumor completely. The patient 
recovered well after the surgery with no recurrence observed during the 4 years of follow-up. The 
patient was satisfied with the surgery and recovered well.

CONCLUSION
The patient with glomus tumor had visited many specialists and underwent numerous examinations 
before receiving a correct diagnosis. Correct diagnosis and surgical treatment eventually healed her. 
Remaining alert to rare diseases can be an effective way to avoid them.
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Abstract
BACKGROUND 
Cladosporium and Corynespora cassiicola (C. cassiicola) infections rarely occur in 
humans. Mutations in human caspase recruitment domain protein 9 (CARD9) are 
reported to be associated with fungal diseases. Pulmonary Cladosporium infection 
coexisting with subcutaneous C. cassiicola infection in a patient with a CARD9 
mutation has not been reported in the literature.

CASE SUMMARY 
A 68-year-old male patient was hospitalized for hypertrophic erythema and deep 
ulcers on the left upper extremity. He was diagnosed with pneumonia caused by 
Cladosporium, as identified through bronchoalveolar lavage fluid analysis, and 
deep dermatophytosis caused by C. cassiicola, as identified through morphological 
characteristics of the wound secretion culture. He underwent antifungal therapy 
(voriconazole) and recovered successfully. He carried two mutations in CARD9 
(chr9:139266425 and chr9:139262240) and was therefore susceptible to fungal 
infections.

CONCLUSION 
This case study is the first to report the coexistence of pulmonary Cladosporium 
infection and subcutaneous C. cassiicola infection in a patient with CARD9 
mutation. Our findings will be helpful in enriching the phenotypic spectrum of 
fungal infections underlying CARD9 deficiency.

Key Words: Cladosporium; Corynespora cassiicola; Caspase recruitment domain protein 
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Core Tip: The genus Cladosporium and Corynespora cassiicola (C. cassiicola) rarely cause human 
infections. Patient with caspase recruitment domain protein 9 (CARD9) mutation is reported to be more 
susceptible to fungal infections. Our case study is the first to report the coexistence of pulmonary 
Cladosporium infection and subcutaneous C. cassiicola infection in a patient with CARD9 mutation. 
Multiple fungal infections in patients with CARD9 mutation are worth clinicians’ attention.

Citation: Wang WY, Luo HB, Hu JQ, Hong HH. Pulmonary Cladosporium infection coexisting with subcutaneous 
Corynespora cassiicola infection in a patient: A case report. World J Clin Cases 2022; 10(11): 3490-3495
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3490.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3490

INTRODUCTION
Cladosporium and Corynespora cassiicola (C. cassiicola), which are common plant pathogens existing in 
both indoor and outdoor environments, rarely cause illness in humans[1,2]. Pulmonary Cladosporium 
infection and subcutaneous C. cassiicola infection have been separately documented in the literature[3,
4]. Thus far, however, there have been no reports on the coexistence of pulmonary Cladosporium 
infection and subcutaneous C. cassiicola infection in humans. Mutations in human caspase recruitment 
domain protein 9 (CARD9) lead to an autosomal recessive primary immunodeficiency disorder, 
resulting in the development of a wide spectrum of fungal infections[5]. Herein, we present a case of 
pulmonary Cladosporium coexisting with subcutaneous C. cassiicola infection with CARD9 deficiency in a 
patient who was successfully treated with voriconazole.

CASE PRESENTATION
Chief complaints
A 68-year-old male farmer who was a non-smoker was admitted to the hospital for hypertrophic 
erythema and deep ulcers on the left upper extremity (Figure 1A) on 18 July 2019.

History of present illness
The patient had a six-month history of red, itchy rash on the left upper extremity.

History of past illness
The patient had a ten-year history of hypertension and a six-month history of sleep disorder.

Personal and family history
The patient had no remarkable personal or family history.

Physical examination
Initial medical examination showed a heart rate of 77 beats/min, respiratory rate of 18 breaths/min, 
body temperature of 36.8 °C, and blood pressure of 137/94 mmHg.

Laboratory examinations
Routine blood test results were normal (white blood cell count in serum of 5.1 × 109/L, absolute 
neutrophil count of 3.4 × 109/L, C-reactive protein of 1 mg/L). Serum cryptococcal antigen, antineut-
rophil cytoplasmic antibodies, antinuclear antibodies, human immunodeficiency virus antibody tests, 
HIV antibodies, and syphilis antibody tests were negative. The serum IgE level of Aspergillus fumigatus 
was low (0.1 KU/L). A skin biopsy was performed 4 d after hospital admission, which showed partial 
squamous hyperplasia with a dermal granulomatous lesion (Figure 1E). C. cassiicola was identified 
according to the morphological characteristics of the wound secretion culture (Figure 1C). The patient 
underwent bronchoscopy 6 d after admission, with a positive result for the bronchoalveolar lavage fluid 
(BALF) galactomannan test (with a value of 2.16), and BALF culture revealed the presence of 
Cladosporium (Figure 1D). Two mutations in CARD9 were detected by ChIP-seq using high-throughput 

https://www.wjgnet.com/2307-8960/full/v10/i11/3490.htm
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Figure 1 Symptoms, culture and pathology. A: Hypertrophic erythema and deep ulcers on the left upper extremity; B: The ulcer on the left upper extremity 
had completely healed after treatment; C: Wound secretion culture revealed Corynespora cassiicola; D: Bronchoalveolar lavage fluid culture analysis revealed the 
presence of Cladosporium; E: Skin biopsy showed a partial squamous hyperplasia with a dermal granulomatous lesion.

sequencing (detection region: exon region of approximately 20000 genes in the human genome; 
detection strategy: the explicit disease-causing genes included in OMIM database “2018.11” were 
analyzed) in the present case: (1) chromosomal location: chr9:139266425; nucleotide change: c.106C>T; 
and (2) chromosomal location: chr9:139262240; nucleotide change: c.1118G>C.

Imaging examinations
Chest computed tomography revealed the presence of multiple nodules with multiple patchy areas in 
both lungs (Figure 2).

FINAL DIAGNOSIS
We made a final diagnosis of pneumonia caused by Cladosporium as well as deep dermatophytosis 
caused by C. cassiicola.

TREATMENT
Piperacillin-tazobactam 3.375 g intravenous drip was administered every 8 h for 7 d, and then 
antifungal therapy (voriconazole: 200 mg twice daily for 3 mo) was initiated. The ulcer on the left upper 
extremity healed completely after one month of treatment (Figure 1B).

OUTCOME AND FOLLOW-UP
Follow-up imaging after 3 mo revealed very good resolution of the lesions in the lung (Figure 2). The 
lung lesions continued to shrink for 5 mo after antifungal therapy was discontinued (Figure 2).
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Figure 2 Imaging. A chest computed tomography scan showing multiple nodules with multiple patchy areas in both lungs (arrow).

DISCUSSION
Our case involved coexistence of pulmonary Cladosporium infection and subcutaneous C. cassiicola 
infection in a patient with CARD9 mutation.

The genus Cladosporium has been reported to cause several different types of opportunistic infections, 
including subcutaneous and deep infections, in humans and animals[1]. Cladosporium spores, which 
potentially lead to the development of respiratory allergy problems such as asthma, rarely cause 
pulmonary infection[6]. Cladosporium can affect the lungs, bronchi, and pulmonary artery branches, as 
revealed by our literature review[3,7-10]. Cladosporium spores can reach the lungs by inhalation[11]. The 
patient in the present case was a farmer; therefore, it is highly likely he was infected by Cladosporium via 
inhalation.

C. cassiicola, a member of Pleosporales, is a common plant pathogen[12]. Subcutaneous C. cassiicola 
infection in humans is extremely rare, and only six cases have been reported thus far[4,13-16]. In these 
cases, erythaematous change, ulcer, plaque, nodule, and erosion were clinical symptoms of all cases, 
and the face or extremities were the infection sites. Antifungal therapy has resulted in successful 
treatment outcomes in most cases, though two patients with CARD9 mutations did not respond well[4,
13-16].

As a member of the CARD protein family, CARD9 plays an important role in the activation of 
antifungal mechanisms[17]. It is a key adaptor that can mediate Dectin-1-, Dectin-2-, and Mincle-
induced activation of transcription factors through formation of the CARD9–B cell lymphoma/ 
leukaemia-10–mucosa-associated lymphoid tissue lymphoma translocation protein 1 complex in 
response to fungal infection[5]. These activated transcription factors mediate translation of key 
cytokines such as nuclear factor κB, which promotes T-helper cell (Th)1/Th17 differentiation, 
stimulating antifungal mechanisms in innate cells[18]. CARD9 mutation is a rare inborn error of 
immunity and probably leads to impaired protection against fungal infections[19]. However, detailed 
and comprehensive reports on CARD9 deficiency susceptibility to fungal infection, clinical character-
istics, diagnostic methods, and prognosis are still lacking. Human CARD9 deficiency is reported to be 
responsible for the spontaneous development of persistent and severe fungal infections (such as 
infections caused by Candida albicans, Candida dubliniensis, Phialophora verrucosa, Trichophyton violaceum, 
Candida sp., Trichophyton mentagrophytes, Exophiala sp., Trichophyton rubrum, and Corynespora cassiicola)[17,
20]. Conversely, Cladosporium infection has not been reported.

The appropriate antifungal therapy for CARD9 deficiency is mostly empirical. Antifungal agents 
itraconazole and voriconazole have been used for the treatment of pulmonary Cladosporium infection, 
whereas amphotericin B, voriconazole, posaconazole, liposomes, and itraconazole have been used to 
treat subcutaneous Corynespora cassiicola infection[13-16]. Voriconazole had a very good therapeutic 
effect in our case. However, there is still no definitive conclusion on the antifungal treatment of these 
two diseases, including suitable medicine, reasonable dose, and course, which warrants further 
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research.

CONCLUSION
A good prognosis for fungal infection is associated with prompt identification and proper treatment. 
Given the findings of our case and the results of our literature review, multiple fungal infections in 
patients with CARD9 mutations are worthy of clinicians’ attention. Further study into the clinical 
characteristics and pathogenesis of CARD9 deficiency will yield new insight into therapeutic measures 
for protecting humans from these devastating fungal diseases.

ACKNOWLEDGEMENTS
We acknowledge the contributions of Mr. Jun-Min Cao for the research assistance.

FOOTNOTES
Author contributions: Hong HH performed the postoperative evaluation and diagnosis; Wang WY reviewed the 
literature and contributed to manuscript drafting; Luo HB and Hu JQ collected the medical data; and all authors 
issued final approval for the submitted version.

Informed consent statement: Informed written consent was obtained from the patient for publication of this report 
and any accompanying images.

Conflict-of-interest statement: The authors declare that they have no conflict of interest.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was 
prepared and revised according to the CARE Checklist (2016).

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Wei-Yi Wang 0000-0003-2563-6294; Hong-Bin Luo 0000-0002-7308-3439; Jun-Qi Hu 0000-0002-6100-
4609; Hui-Hua Hong 0000-0001-8431-7379.

S-Editor: Zhang H 
L-Editor: A 
P-Editor: Zhang H

REFERENCES
Sandoval-Denis M, Gené J, Sutton DA, Wiederhold NP, Cano-Lira JF, Guarro J. New species of Cladosporium associated 
with human and animal infections. Persoonia 2016; 36: 281-298 [PMID: 27616793 DOI: 10.3767/003158516X691951]

1     

Yamada H, Takahashi N, Hori N, Asano Y, Mochizuki K, Ohkusu K, Nishimura K. Rare case of fungal keratitis caused by 
Corynespora cassiicola. J Infect Chemother 2013; 19: 1167-1169 [PMID: 23494266 DOI: 10.1007/s10156-013-0579-8]

2     

Kwon-Chung KJ, Schwartz IS, Rybak BJ. A pulmonary fungus ball produced by Cladosporium cladosporioides. Am J 
Clin Pathol 1975; 64: 564-568 [PMID: 1239189 DOI: 10.1093/ajcp/64.4.564]

3     

Xie Z, Wu W, Meng D, Zhang Q, Ma Y, Liu W, Chen J. A case of Phaeohyphomycosis caused by Corynespora cassiicola 
infection. BMC Infect Dis 2018; 18: 444 [PMID: 30170557 DOI: 10.1186/s12879-018-3342-z]

4     

De Bruyne M, Hoste L, Bogaert DJ, Van den Bossche L, Tavernier SJ, Parthoens E, Migaud M, Konopnicki D, Yombi JC, 
Lambrecht BN, van Daele S, Alves de Medeiros AK, Brochez L, Beyaert R, De Baere E, Puel A, Casanova JL, Goffard JC, 
Savvides SN, Haerynck F, Staal J, Dullaers M. A CARD9 Founder Mutation Disrupts NF-κB Signaling by Inhibiting 
BCL10 and MALT1 Recruitment and Signalosome Formation. Front Immunol 2018; 9: 2366 [PMID: 30429846 DOI: 
10.3389/fimmu.2018.02366]

5     

Rick EM, Woolnough K, Pashley CH, Wardlaw AJ. Allergic Fungal Airway Disease. J Investig Allergol Clin Immunol 
2016; 26: 344-354 [PMID: 27996940 DOI: 10.18176/jiaci.0122]

6     

Castro AS, Oliveira A, Lopes V. Pulmonary phaeohyphomycosis: a challenge to the clinician. Eur Respir Rev 2013; 22: 7     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-2563-6294
http://orcid.org/0000-0003-2563-6294
http://orcid.org/0000-0002-7308-3439
http://orcid.org/0000-0002-7308-3439
http://orcid.org/0000-0002-6100-4609
http://orcid.org/0000-0002-6100-4609
http://orcid.org/0000-0001-8431-7379
http://orcid.org/0000-0001-8431-7379
http://www.ncbi.nlm.nih.gov/pubmed/27616793
https://dx.doi.org/10.3767/003158516X691951
http://www.ncbi.nlm.nih.gov/pubmed/23494266
https://dx.doi.org/10.1007/s10156-013-0579-8
http://www.ncbi.nlm.nih.gov/pubmed/1239189
https://dx.doi.org/10.1093/ajcp/64.4.564
http://www.ncbi.nlm.nih.gov/pubmed/30170557
https://dx.doi.org/10.1186/s12879-018-3342-z
http://www.ncbi.nlm.nih.gov/pubmed/30429846
https://dx.doi.org/10.3389/fimmu.2018.02366
http://www.ncbi.nlm.nih.gov/pubmed/27996940
https://dx.doi.org/10.18176/jiaci.0122


Wang WY et al. Cladosporium and Corynespora cassiicola infection

WJCC https://www.wjgnet.com 3495 April 16, 2022 Volume 10 Issue 11

187-188 [PMID: 23728874 DOI: 10.1183/09059180.00007512]
Keyser A, Schmid FX, Linde HJ, Merk J, Birnbaum DE. Disseminated Cladophialophora bantiana infection in a heart 
transplant recipient. J Heart Lung Transplant 2002; 21: 503-505 [PMID: 11927230 DOI: 10.1016/s1053-2498(01)00357-6]

8     

Brenner SA, Morgan J, Rickert PD, Rimland D. Cladophialophora bantiana isolated from an AIDS patient with pulmonary 
infiltrates. J Med Vet Mycol 1996; 34: 427-429 [PMID: 8971633 DOI: 10.1080/02681219680000751]

9     

Arango-Franco CA, Moncada-Vélez M, Beltrán CP, Berrío I, Mogollón C, Restrepo A, Trujillo M, Osorio SD, Castro L, 
Gómez LV, Muñoz AM, Molina V, Del Río Cobaleda DY, Ruiz AC, Garcés C, Alzate JF, Cabarcas F, Orrego JC, 
Casanova JL, Bustamante J, Puel A, Arias AA, Franco JL. Early-Onset Invasive Infection Due to Corynespora cassiicola 
Associated with Compound Heterozygous CARD9 Mutations in a Colombian Patient. J Clin Immunol 2018; 38: 794-803 
[PMID: 30264381 DOI: 10.1007/s10875-018-0549-0]

10     

Ismail MA. Deterioration and spoilage of peanuts and desiccated coconuts from two sub-Saharan tropical East African 
countries due to the associated mycobiota and their degradative enzymes. Mycopathologia 2001; 150: 67-84 [PMID: 
11407493 DOI: 10.1023/a:1010863507652]

11     

Chen C, Li Q, Fu R, Wang J, Fan Z, Chen X, Lu D. Characterization of the complete mitochondrial genome of 
Corynespora cassiicola (Pleosporales: Dothideomycetes), with its phylogenetic analysis. Mitochondrial DNA B Resour 
2019; 4: 2938-2939 [PMID: 33365801 DOI: 10.1080/23802359.2019.1662753]

12     

Grava S, Lopes FA, Cavallazzi RS, Grassi MF, Svidzinski TI. A rare case of hemorrhagic pneumonia due to Cladosporium 
cladosporioides. J Bras Pneumol 2016; 42: 392-394 [PMID: 27812642 DOI: 10.1590/S1806-37562016000000079]

13     

Lv GX, Ge YP, Shen YN, Li M, Zhang X, Chen H, Deng S, de Hoog GS, Liu WD. Phaeohyphomycosis caused by a plant 
pathogen, Corynespora cassiicola. Med Mycol 2011; 49: 657-661 [PMID: 21281061 DOI: 10.3109/13693786.2011.553635]

14     

Wang CH, Chen WT, Ting SW, Sun PL. Subcutaneous Fungal Infection Caused by a Non-sporulating Strain of 
Corynespora cassiicola Successfully Treated with Terbinafine. Mycopathologia 2019; 184: 691-697 [PMID: 31606812 
DOI: 10.1007/s11046-019-00393-0]

15     

Huang HK, Liu CE, Liou JH, Hsiue HC, Hsiao CH, Hsueh PR. Subcutaneous infection caused by Corynespora cassiicola, 
a plant pathogen. J Infect 2010; 60: 188-190 [PMID: 19925826 DOI: 10.1016/j.jinf.2009.11.002]

16     

Drummond RA, Lionakis MS. Mechanistic Insights into the Role of C-Type Lectin Receptor/CARD9 Signaling in Human 
Antifungal Immunity. Front Cell Infect Microbiol 2016; 6: 39 [PMID: 27092298 DOI: 10.3389/fcimb.2016.00039]

17     

Drummond RA, Saijo S, Iwakura Y, Brown GD. The role of Syk/CARD9 coupled C-type lectins in antifungal immunity. 
Eur J Immunol 2011; 41: 276-281 [PMID: 21267996 DOI: 10.1002/eji.201041252]

18     

Vaezi A, Fakhim H, Abtahian Z, Khodavaisy S, Geramishoar M, Alizadeh A, Meis JF, Badali H. Frequency and 
Geographic Distribution of CARD9 Mutations in Patients With Severe Fungal Infections. Front Microbiol 2018; 9: 2434 
[PMID: 30369919 DOI: 10.3389/fmicb.2018.02434]

19     

Yan XX, Yu CP, Fu XA, Bao FF, Du DH, Wang C, Wang N, Wang SF, Shi ZX, Zhou GZ, Tian HQ, Liu H, Zhang FR. 
CARD9 mutation linked to Corynespora cassiicola infection in a Chinese patient. Br J Dermatol 2016; 174: 176-179 
[PMID: 26440558 DOI: 10.1111/bjd.14082]

20     

http://www.ncbi.nlm.nih.gov/pubmed/23728874
https://dx.doi.org/10.1183/09059180.00007512
http://www.ncbi.nlm.nih.gov/pubmed/11927230
https://dx.doi.org/10.1016/s1053-2498(01)00357-6
http://www.ncbi.nlm.nih.gov/pubmed/8971633
https://dx.doi.org/10.1080/02681219680000751
http://www.ncbi.nlm.nih.gov/pubmed/30264381
https://dx.doi.org/10.1007/s10875-018-0549-0
http://www.ncbi.nlm.nih.gov/pubmed/11407493
https://dx.doi.org/10.1023/a:1010863507652
http://www.ncbi.nlm.nih.gov/pubmed/33365801
https://dx.doi.org/10.1080/23802359.2019.1662753
http://www.ncbi.nlm.nih.gov/pubmed/27812642
https://dx.doi.org/10.1590/S1806-37562016000000079
http://www.ncbi.nlm.nih.gov/pubmed/21281061
https://dx.doi.org/10.3109/13693786.2011.553635
http://www.ncbi.nlm.nih.gov/pubmed/31606812
https://dx.doi.org/10.1007/s11046-019-00393-0
http://www.ncbi.nlm.nih.gov/pubmed/19925826
https://dx.doi.org/10.1016/j.jinf.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/27092298
https://dx.doi.org/10.3389/fcimb.2016.00039
http://www.ncbi.nlm.nih.gov/pubmed/21267996
https://dx.doi.org/10.1002/eji.201041252
http://www.ncbi.nlm.nih.gov/pubmed/30369919
https://dx.doi.org/10.3389/fmicb.2018.02434
http://www.ncbi.nlm.nih.gov/pubmed/26440558
https://dx.doi.org/10.1111/bjd.14082


WJCC https://www.wjgnet.com 3496 April 16, 2022 Volume 10 Issue 11

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 April 16; 10(11): 3496-3504

DOI: 10.12998/wjcc.v10.i11.3496 ISSN 2307-8960 (online)

CASE REPORT

Preoperational diagnosis and management of breast ductal 
carcinoma in situ arising within fibroadenoma: Two case reports

Jun Wu, Ke-Wang Sun, Qiu-Ping Mo, Ze-Ran Yang, Yuan Chen, Miao-Chun Zhong

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Menendez-Menendez 
J, Spain; Serrano Uson Junior PL, 
United States

Received: August 9, 2021 
Peer-review started: August 9, 2021 
First decision: November 17, 2021 
Revised: December 5, 2021 
Accepted: February 27, 2022 
Article in press: February 27, 2022 
Published online: April 16, 2022

Jun Wu, Ke-Wang Sun, Qiu-Ping Mo, Miao-Chun Zhong, Department of Breast Surgery, Zhejiang 
Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, Hangzhou 
310014, Zhejiang Province, China

Jun Wu, Ke-Wang Sun, Qiu-Ping Mo, Ze-Ran Yang, Yuan Chen, Miao-Chun Zhong, Cancer Center, 
Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, 
Hangzhou 310014, Zhejiang Province, China

Ze-Ran Yang, Yuan Chen, Department of Pathology, Zhejiang Provincial People’s Hospital, 
People’s Hospital of Hangzhou Medical College, Hangzhou 310014, Zhejiang Province, China

Corresponding author: Miao-Chun Zhong, MM, Surgeon, Department of Breast Surgery, 
Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College, No. 
158 Shangtang Road, Hangzhou 310014, Zhejiang Province, China. zhongmiaochun@126.com

Abstract
BACKGROUND 
Ductal carcinoma in situ (DCIS) arising within fibroadenoma is a type of tumor 
that is rarely encountered in clinic, with only about 100 cases of carcinoma arising 
within a fibroadenoma reported in the literature. Here, we present two cases of 
breast DCIS arising within a fibroadenoma and discuss their clinical and imaging 
findings as well as treatment.

CASE SUMMARY 
The patients did not have cancer-related personal and family histories. Case 1 (a 
49-year-old woman) was diagnosed with a bilateral breast nodule in May 2018 
and was followed (preoperative imaging data including ultrasound and 
mammography) for 3 years; she underwent an excisional biopsy to address an 
enlargement in nodule size. Case 2 (a 37-year-old woman) was diagnosed with a 
left breast nodule in June 2021 and consequently received vacuum-assisted biopsy 
of the tumor which appeared as “irregularly shaped” and “unevenly textured” 
tissue on ultrasound. The pathological diagnosis was clear in both cases. Both 
patients underwent breast-conserving surgery and sentinel lymph node biopsy. 
The two cases received or planned to receive radiotherapy as well as endocrine 
therapy (tamoxifen).

CONCLUSION 
Breast DCIS arising within a fibroadenoma is rare, but patients treated with 
radiotherapy and endocrine therapy can have good prognosis.

https://www.f6publishing.com
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mailto:zhongmiaochun@126.com


Wu J et al. Breast DCIS arising within fibroadenoma

WJCC https://www.wjgnet.com 3497 April 16, 2022 Volume 10 Issue 11

Key Words: Fibroadenoma; Ductal carcinoma in situ; Vacuum-assisted biopsy; Excisional biopsy; Case 
report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Breast ductal carcinoma in situ arising within a fibroadenoma is a rare event. We present 2 such 
cases and discuss their clinical and imaging findings as well as treatment. Both patients underwent breast-
conserving surgery and sentinel lymph node biopsy. The 2 cases received or planned to receive 
radiotherapy as well as endocrine therapy (tamoxifen). More sections are needed to reduce the missed rate. 
Complete follow-up data with preoperative imaging can help with decision-making during patient follow-
up.

Citation: Wu J, Sun KW, Mo QP, Yang ZR, Chen Y, Zhong MC. Preoperational diagnosis and management of 
breast ductal carcinoma in situ arising within fibroadenoma: Two case reports. World J Clin Cases 2022; 10(11): 
3496-3504
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3496.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3496

INTRODUCTION
Fibroadenoma is the most common breast tumor found in young women[1,2]. Ductal carcinoma in situ 
(DCIS) arising within a fibroadenoma is a specific pathological type of tumor that is rarely encountered 
in the clinic[3]. Its incidence ranges from 0.02% to 0.125%[4-6] and it is usually discovered by chance 
during pathological examination of fibroadenoma resected tissue. So far, approximately 100 cases for 
carcinoma arising within a fibroadenoma have been reported worldwide, including intraductal 
carcinoma, lobular carcinoma in situ and invasive carcinoma, most of which lack preoperative follow-up 
data. Herein, we present 2 cases of breast DCIS arising within a fibroadenoma and discuss their clinical 
and imaging findings as well as treatment.

CASE PRESENTATION
Chief complaints
Case 1: A 49-year-old woman was diagnosed with a bilateral breast nodule in May 2018 (Figure 1A). 
The first ultrasound diagnosis showed a breast nodule of 8 mm × 5 mm × 7 mm in size, located in the 
left breast at the one o’clock direction. The tissue was hypoechoic, with an internal visible bright spot 
that was about 4 mm in length. Mammography suggested coarse granular calcified nodules behind the 
left areola and small nodules in the upper quadrant of the right breast (Figure 2A). No palpable masses 
were noted in either breast. It was recommended that she undergo regular ultrasound review (which 
was performed again in March 2019 and June 2021) and received no interventional treatment. In March 
2019, ultrasound (Figure 1B) and mammography (Figure 2B) of these breast nodules showed no 
differences compared with the previous diagnosis. Yet, in June 2021 the ultrasound suggested an 
increase in the size (11 mm × 6 mm × 11 mm) of the breast nodule behind the left areola at the one 
o’clock direction. Moreover, coarse calcification plaques about 4 mm in length with Breast Imaging 
Reporting and Data System (BIRADS) grade IVA were found in the interior of the nodule. 
Mammography findings were similar to those observed previously. The patient had no remarkable 
physical complaints.

Case 2: A 37-year-old woman was diagnosed with a left breast nodule in June 2021; yet, a specific size 
was not recorded. She was instructed to have regular ultrasound review, and no interventional 
treatment was given. The patient visited the outpatient clinic in July 2021 and underwent further 
ultrasound examination, which showed a nodule in the left breast at the five o’clock position. The 
nodule was approximately 15 mm × 9 mm × 11 mm in size with irregular morphology and uneven 
internal echogenicity but without calcification inside, and of BIRADS grade III. Mammography 
suggested no other abnormalities. During the history-taking, she revealed no remarkable physical 
complaints.

https://www.wjgnet.com/2307-8960/full/v10/i11/3496.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3496
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Figure 1 Left breast nodule ultrasonography of case 1 and case 2. A: May 2018 (case 1); B: March 2019 (case 1); C: June 2021 (case 1); D: Case 2.

History of present illness
Case 1 and case 2 have none present illness.

History of past illness
Case 1: The patient’s previous medical history was unremarkable.

Case 2: The patient was diagnosed with depression for over 9 years. Oral paroxetine was used to control 
symptoms.

Personal and family history
Case 1 and case 2 had no personal or family histories of breast malignancy.

Physical examination
Case 1: Physical examination revealed the blood pressure to be 135/89 mmHg. No abnormalities were 
found in the cardiopulmonary and abdominal regions. The nipples were symmetrical, and the skin of 
both breasts was unremarkable, with no inversion of the nipple on either side and no significant nipple 
bleeding. No palpable masses were noted in either of the breasts, and no enlarged lymph nodes were 
palpable in the axilla and supraclavicular regions.

Case 2: Blood pressure was 122/79 mmHg. Physical examination of the cardiopulmonary and 
abdominal regions revealed no abnormalities. The nipples were symmetrical, and the skin of both 
breasts was unremarkable, with no inversion of the nipple on either side and no significant nipple 
bleeding. A nodule of about 15 mm × 10 mm in size with moderate texture, poorly defined borders, and 
smooth surface was palpable in the outer lower quadrant of the left breast. No palpable mass was 
detected in the right breast. No enlarged lymph nodes were palpable in the axilla and supraclavicular 
regions.

Laboratory examinations
Case 1: Sex hormone tests suggested estradiol < 10 pg/mL, follicle-stimulating hormone 24.86 IU/L and 
luteinizing hormone 15.19 IU/L. The levels of carcinoembryonic antigen, cancer antigen (CA) 125, 
CA153 and CA199 were within normal limits.
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Figure 2 Left breast mammography of case 1 (mediolateral oblique view) and case 2. A: May 2018 (case 1); B: March 2019 (case 1); C: June 2021 
(case 1); D: Case 2.

Case 2: Carcinoembryonic antigen and CA199 levels were within normal limits.

Imaging examinations
Case 1: Breast and axillary lymph node ultrasound showed the nodule behind the left areola at the one 
o’clock position of the left breast was 11 mm × 6 mm × 11 mm in size with coarse calcified plaques about 
4 mm in length diameter and BIRADS grade IVA (Figure 1C). The remaining bilateral breast had 
multiple nodules and BIRADS grade II-III. Mammography suggested a coarse granular calcified nodule 
posterior to the left areola, BIRADS category 2 (Figure 2C). Dynamic contrast-enhanced magnetic 
resonance imaging of the breast showed a left posterior papillary nodule, approximately 7 mm × 6 mm 
in size with a clear border and slightly lobulated appearance, a type II pattern on enhancement curve 
and lipohyalinosis hypointense foci on T1-weight imaging and T2-weighted imaging with possible 
posterior calcification and BIRADS 4a. There were multiple small nodules (BIRADS 3) throughout both 
breasts (Figure 3).

Case 2: Breast and axillary lymph node ultrasound showed the nodule located at the five o’clock 
direction in the left breast. The nodule was approximately 15 mm × 9 mm × 11 mm in size with irregular 
morphology, uneven internal echogenicity, without calcification inside, and BIRADS grade III 
(Figure 1D). Mammography suggested mammary hyperplasia and BIRADS category 3 (Figure 2D). 
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Figure 3  Dynamic contrast-enhanced magnetic resonance imaging of case 1.

Dynamic contrast-enhanced magnetic resonance examination of the mammary gland was not 
performed.

Pathological examination
Case 1: The left breast nodule of the patient was completely resected and sent for pathological 
examination. Intraoperative hematoxylin and eosin-stained frozen sections results are shown in Figures 
4 and 4B; paraffin sections after operation are shown in Figures 5A and 5B. DCIS on a background of 
fibroadenomas (all surrounded by a fibroadenomatous component) in a nested pattern was well 
demonstrated on both frozen and paraffin sections.

Case 2: The patient’s left breast nodule was excised by a vacuum-assisted biopsy system and then sent 
for pathological examination. Intraoperative hematoxylin and eosin-stained frozen section results are 
shown in Figure 4C and 4D and postoperative paraffin section findings in Figures 5C and 5D. The 
frozen section showed no dysplasia of the ductal epithelium within the fibroadenoma, either at low or 
medium magnification. In postoperative paraffin section analysis, a focal intraductal carcinoma 
component within a fibroadenoma was found.

FINAL DIAGNOSIS
The 2 patients were diagnosed with breast DCIS arising within fibroadenoma. Immunohistochemical 
examination suggested estrogen receptor positivity.

TREATMENT
Both patients underwent breast-conserving surgery and sentinel lymph node biopsy. During the 
operations, the negative margin of the resected specimen and negative sentinel lymph nodes were 
confirmed with frozen sections.

OUTCOME AND FOLLOW-UP
Both patients recovered well after the operation. One patient received radiotherapy, while the other 
prepared to start radiotherapy (she consulted a radiotherapy physician and received an appointment for 
radiotherapy). The recommendation to begin endocrine therapy with tamoxifen was given. The follow-
up is ongoing.
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Figure 4 Intraoperative frozen section findings of case 1 and case 2. Sections were stained with hematoxylin and eosin. A: Low magnification image of 
case 1 (40 × magnification); B: Medium magnification image of case 1 (100 × magnification); C: Low magnification image of case 2 (40 × magnification); B: Medium 
magnification image of case 2 (100 × magnification).

DISCUSSION
To the best of our knowledge, this is the first study that reported imaging results of DCIS arising within 
fibroadenoma, which might gradually develop into a prediagnostic follow-up tool that could facilitate 
decisions on when to perform surgical biopsies for breast nodules with an apparently benign tumor 
observed at follow-up. Moreover, these data demonstrate the importance of adequate sampling, which 
can increase the accuracy of early diagnosis. In addition, our results verified the value of frozen and 
paraffin sections for diagnosing this particular cancer type, thus allowing for a definite diagnosis to be 
made.

Breast DCIS arising within a fibroadenoma is a rare occurrence. To our knowledge, there are no 
previous reports on imaging data (including ultrasound and mammography) during the longer 
preoperative follow-up for DCIS developing in fibroadenoma. Herein, we reported 2 cases of breast 
DCIS arising within fibroadenoma: 1 with a short medical history and 1 with more than 3 years of 
follow-up by ultrasound and mammography, subsequently confirmed by pathological examination.

Preoperative color Doppler sonography has a suggestive role in helping physicians make a correct 
diagnosis. In addition, longer preoperative follow-up imaging data allow us to review the develop-
mental changes in this rare disease on imaging. Our data suggested that enlarged lesions with irregular 
margins, uneven texture, and concomitant calcifications could be important features for detecting this 
type of malignancy, which is consistent with previous studies[7,8].

Without adequate sampling and sectioning, a possibility of a missed diagnosis of intraductal 
carcinoma or even invasive carcinoma of such a focal location within a fibroadenoma increase. In 
addition, it is possible that the dysplastic ductal epithelium, or even carcinoma, could not be identified 
because frozen sections were only selected[9], although the ability of frozen sections for the diagnosis of 
this particular cancer type is adequate. In addition, some experts argue that invasive carcinomas arising 
in fibroadenomas could have similar prognostic features as intraductal carcinomas.

These 2 cases of breast DCIS arising within a fibroadenoma also clearly suggest that fibroadenomas 
should not be ignored and warrant close follow-up. Based on the course of the follow-up and diagnosis 
in the above cases and referring to the previous literature, a significantly enlarged mammary nodule 
with irregular morphology or uneven internal echogenicity under ultrasound may indicate the need for 
biopsy or surgical intervention[10].
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Figure 5 Paraffin section findings after operation of case 1 and case 2. Sections were stained with hematoxylin and eosin. A: Low magnification image 
of case 1 (40 × magnification); B: Medium magnification image of case 1 (100 × magnification); C: Low magnification image of case 2 (40 × magnification); D: Medium 
magnification image of case 2 (100 × magnification).

In general, the clinical and macroscopic features of DCIS arising within a fibroadenoma rarely 
differed from those of common DCIS[11]. Therefore, the treatment of this particular entity may be 
similar to the treatment of common DCIS. Based on the prognosis of carcinoma in situ within 
fibroadenomas, some scholars recommend breast-conserving surgery as the preferred treatment 
modality[11]. Only a small amount of adjacent breast tissue is usually included around the biopsy 
specimen. Therefore, biopsy is inadequate to assess adjacent mammary ducts. Re-excision is 
recommended. Mastectomy may also be performed if the patient wishes to approach “near-certain cure”
[11]. In current National Comprehensive Cancer Network guidelines, patients suffering from DCIS 
treated with lumpectomy would be recommended to receive radiotherapy first, with the exception of 
those with lower recurrence risk factors. Whole breast radiation therapy with or without boost to tumor 
bed is the preferred method of radiotherapy (category I). The patients with DCIS without the high 
recurrence risk factors, such as age < 50 years, larger size, higher grade, palpable mass and close or 
involved margins, may be treated by excision alone. This propensity to excision alone would be stronger 
if they were estrogen receptor-positive because there are also endocrine therapies that can be used for 
treatment.

Despite the favorable prognosis, it remains unknown whether radiotherapy can be exempted after 
breast-conserving surgery in DCIS arising within a fibroadenoma. An analysis assessing 20-year 
mortality outcomes in patients with DCIS demonstrated no survival benefit to radiation, although it did 
reduce local recurrence risks significantly[12,13]. Relevant clinical studies could be designed but there 
are no recommendations in the current guidelines. In clinical practice, we may be more cautious in 
decisions about the treatment adopted for DCIS arising within a fibroadenoma. Referring to the recent 
guideline recommendations for common DCIS, age < 50 years was one of the recurrence risk factors. 
Therefore, the 2 patients received or will receive radiotherapy for treatment.

As recommended by National Comprehensive Cancer Network guidelines, DCIS patients are 
recommended routine genetics consultation. In addition to tumor type, age of cancer onset was also 
found to be a statistically significant indicator for germline referral[14]. The 2 cases involved in this 
report were both young patients, making genetic testing more valuable (i.e., it may find BRCA1/2 
mutations, etc.). Regrettably, neither patient accepted this recommendation.

Both of the patients showed estrogen receptor positivity. They were administered endocrine therapy 
with tamoxifen accordingly. As recommended by the recent National Comprehensive Cancer Network 
guidelines, endocrine therapy is considered the risk-reduction treatment of the ipsilateral breast after 
surgery in patients with DCIS undergoing breast-conserving surgery, especially in patients with 
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estrogen receptor-positive DCIS. Patients are treated with tamoxifen during the premenopausal period 
and with tamoxifen or an aromatase inhibitor during the postmenopausal period.

CONCLUSION
Breast DCIS arising within a fibroadenoma is rare. More sections are needed to reduce the missed rate. 
Complete follow-up data with preoperative imaging can help us make decisions during patient follow-
up. Taken together, it remains uncertain whether a more conservative approach can be taken in the 
adjuvant setting for breast DCIS arising within a fibroadenoma.
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Abstract
BACKGROUND 
Chronic radiative chest wall ulcers are common in patients undergoing radiation 
therapy. If not treated early, then symptoms such as erosion, bleeding and 
infection will appear on the skin. In severe cases, ulcers invade the ribs and 
pleura, presenting a mortality risk. Small ulcers can be repaired with pedicle flaps. 
Because radioactive ulcers often invade the thorax, surgeons need to remove large 
areas of skin and muscle, and sometimes ribs. Repairing large chest wall defects 
are a challenge for surgeons.

CASE SUMMARY 
A 74-year-old female patient was admitted to our department with chest wall skin 
ulceration after radiation therapy for left breast cancer. The patient was diagnosed 
with chronic radioactive ulceration. After multidisciplinary discussion, the 
authors performed expansive resection of the chest wall ulcers and repaired large 
chest wall defects using a deep inferior epigastric perforator (DIEP) flap combined 
with a high-density polyethylene (HDPE) patch. The patient was followed-up 6 
mo after the operation. No pigmentation or edema was found in the flap.

CONCLUSION 
DIEP flap plus HDPE patch is one of the better treatments for radiation-induced 
chest wall ulcers.

Key Words: Deep inferior epigastric perforator flap; High-density polyethylene patch; 
Breast cancer; Chest wall; Chronic radiation-induced ulcer; Case report
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Core Tip: In recent years, with the development of microsurgical techniques and breast reconstruction 
techniques and the wide application of autologous flap transplantation, breast surgeons have provided new 
ideas for the treatment of chronic radiation-induced ulcers of the chest wall. Deep inferior epigastric 
perforator flap combined with a high-density polyethylene patch is a promising treatment for chronic 
radiation-induced ulcers of the chest wall.

Citation: Huang SC, Chen CY, Qiu P, Yan ZM, Chen WZ, Liang ZZ, Luo KW, Li JW, Zhang YQ, Huang BY. 
Reconstruction of complex chest wall defects: A case report. World J Clin Cases 2022; 10(11): 3505-3510
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3505.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3505

INTRODUCTION
The incidence of chest wall ulcers due to chronic radiation is about 25%-30%. The radiation dose, 
radiation time and patient’s condition are the risk factors known to affect its occurrence. It has been 
reported that radiation doses exceeding 70 Gy/7 wk/30 fractions are prone to cause such ulcers[1]. 
Radiation-induced ulcers of the chest wall are secondary, progressive and irreversible, with a duration 
of as short as several months and as long as years or decades. Moreover, they can be classified as a 
special type of protracted wound. In addition, radiation can cause vascular contracture, reduce the 
amount of blood supplied to the skin, induce fibrosis of the skin, and directly impair the repair function 
of the skin tissue[2-5].

Chronic radiation-induced ulcers of the chest wall are often associated with infection and easily cause 
rib necrosis and osteomyelitis. This seriously affects the quality of life of patients and is a detriment to a 
patient’s confidence in treating cancer. In the past, surgeons have tried to treat it with debridement and 
dressing change or skin grafting, but it is difficult to achieve the ideal therapeutic effect.At present, chest 
wall reconstruction includes two parts: Bone reconstruction of the chest wall, and soft tissue 
reconstruction of the chest wall. The former uses biological or artificial materials to restore stability of 
the chest wall, while the latter realizes the tightness of the chest wall by transferring its own tissue flap 
to cover the defect. In the repair of the chest wall, titanium alloy plates and high-density polyethylene 
(HDPE) patches are two commonly used materials. Some scholars have pointed out that HDPE patches 
have sufficient toughness and can better maintain the stability of the chest wall without interference 
with radiotherapy[6]. In terms of soft tissue repair, a banded myocutaneous flap is better to repair chest 
wall defects; however, the excessive muscle harvested during the surgery causes the patient sustains 
greater trauma, resulting in prolonged recovery time and affecting the subsequent treatment of patients. 
Due to the development of microsurgical techniques, the application of free flaps to repair chest wall 
defects has become a clinical hot spot.

In this report, the breast cancer patient suffered from a chronic radiation-induced ulcer of the chest 
wall combined with necrosis of the second to fifth ribs. The chest wall defect was repaired by deep 
inferior epigastric perforator (DIEP) flap combined with a HDPE patch, with good postoperative 
recovery.

CASE PRESENTATION
Chief complaints
A 74-year-old female patient was admitted for a radioactive ulcer on the chest wall for more than 4 mo.

History of present illness
The patient’s chest wall ulcer occurred 1 wk after the 6th radiotherapy treatment and lasted about 4 mo. 
The area of the ulcer was 4 cm × 6 cm. The surface of the ulcer was dirty, and the basal granulation 
tissue was sparse. The ulcer surface bled easily, which indicated that it was closely attached to deep 
tissue. The ulcer was hard and surrounded by scar tissue.

History of past illness
The patient underwent modified radical mastectomy of the left breast in our department 5 mo prior. The 
patient did not have hypertension, diabetes or hyperlipidemia.

Personal and family history
Personal and family history was unremarkable.

https://www.wjgnet.com/2307-8960/full/v10/i11/3505.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3505
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Physical examination
An irregularly shaped ulcer was observed on the surface of the skin of the left chest wall and measuring 
4 cm × 6 cm. It was accompanied by red coloration, fishy odor, and pus-like discharge. The skin around 
the ulcer was red and swollen, hard in consistency and tender (Figure 1A). No significantly enlarged 
lymph nodes were palpable in the left axilla or supraclavicular region.

Laboratory examinations
All laboratory tests were normal.

Imaging examinations
Chest computed tomography: Irregular subcutaneous soft tissue of the left anterior chest wall and 
multiple small nodular high-density shadows in the local area were observed. These were predicted to 
change after radiotherapy. Slightly disordered structure of the left axilla was also observed but no 
enlarged lymph nodes were found.

MULTIDISCIPLINARY EXPERT CONSULTATION
The consultation included specialists in breast surgery, thoracic surgery and radiology. After discussion 
by several specialists, the decision was made to perform an expanded excision of the ulcer on the chest 
wall of the patient, including the invaded muscle and ribs. Then, the thoracic defect would be repaired 
with a patch, and the chest wall defect would be covered with a free flap (Figure 1B).

FINAL DIAGNOSIS
Radiation-induced ulcer of the left chest wall (Figure 1C).

TREATMENT
DIEP flap combined with an HDPE patch was used to repair the chest wall ulcer (Figure 1D and E).

OUTCOME AND FOLLOW-UP
The patient was followed-up for 6 mo after the operation. The skin flap showed no pigmentation and no 
edema. The skin growth and healing of the donor site were acceptable. The donor site was not 
complicated with abdominal skin necrosis, abdominal bulge, abdominal weakness, nor abdominal 
hernia (Figure 1F).

DISCUSSION
Although radiotherapy equipment, technology and design have been developed to varying degrees in 
recent years, the occurrence of chronic radiation-induced ulcers of the chest wall are still common when 
radiation therapy is received after breast cancer surgery.

According to scholars, conservative treatment of radiation-induced ulcers using debridement, 
dressing change and antibiotics is ineffective for most patients[7]. Many clinicians have tried different 
methods to treat chronic radiation-induced ulcers of the chest wall. According to Nishimoto et al[8], an 
ideal therapeutic effect was observed in 4 patients upon transfusing platelet-rich plasma and 
simultaneous skin grafting. Other studies have reported that chronic radiation-induced ulcers of the 
chest wall have been cured by intravenous infusion of plasma-purified mannan-binding lectin to 
patients[9,10]. Researchers have also conducted an animal experiment (in guinea pigs) and administered 
arginine glutamate after artificially causing radiation-induced ulcers, and the therapeutic effect of the 
ulcers was adequate[10,11]. However, due to individual differences, the above treatment has not been 
widely promoted in clinical practice, and surgical treatment is still the main treatment.

Radiation injury causes soft tissue damage and leads to necrosis of the sternum and ribs. Surgical 
reconstruction of the chest wall includes two parts: Thoracic reconstruction and soft tissue repair. It is 
generally believed that if the anterolateral chest wall defect is less than 6 cm × 6 cm and the posterior 
chest wall defect is less than 10 cm × 10 cm, then generally no thoracic reconstruction is required[10,12]. 
Soft tissue coverage alone can eliminate the abnormal respiratory movement of the chest wall after 
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Figure 1 Physical examination and surgery. A: Chest wall ulcer; B: Preoperative design; C: Chest wall defect measurement; D: Bone thoracic repair; E: Flap 
acquisition; F: Skin flap shaping.

surgery. However, large defects require thoracic reconstruction to restore the firmness and stability of 
the thorax in order to protect the viscera and maintain normal respiration.

In the reconstruction of the bony chest wall, two kinds of synthetic materials titanium alloy plates and 
HDPE soft patch are mostly used. HDPE patches have good toughness and elicit minimal aseptic 
inflammatory response. In a short time, human tissue can grow on the patch and cover the cavity in the 
body, which is conducive to wound repair. In addition, the patch is easy to cut and use during surgery. 
However, compared with a titanium alloy plate, its hardness and support force are not satisfactory. 
Occasionally, when the patient breathes, the HDPE patch suture loosens, which results in deformation 
of the chest wall. However, HDPE patches do not interfere with subsequent radiation therapy.

Thorough debridement and myocutaneous flap coverage of the defect are the preferred methods for 
the surgical treatment of chest wall ulcers. When debridement of thoracic ulcers is performed, it is 
required to remove the injured skin and subcutaneous soft tissue, necrotic ribs, sternum, clavicle and 
surrounding muscle fibrous tissue as much as possible. The choice of myocutaneous flaps, such as 
latissimus dorsi flap, pectoralis major flap and rectus abdominis flap, is preferred[6]. These 
myocutaneous flaps have the advantages of rich tissue volume, stable vascular pedicle course, and easy 
operation. However, due to the harvesting of a large amount of autologous muscles from patients, they 
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cause greater trauma to individuals and result in a longer recovery time, which may delay the 
subsequent treatment time. In contrast, pedicle musculocutaneous flaps are difficult to cover large 
wounds due to their small incision area.

In this case, DIEP soft tissue was used to repair the chest wall defect. Without harvesting the muscle, 
there was a sufficient amount of tissue to cover the defect, which was less invasive to the patient and 
had less recovery time, that did not disrupt subsequent radiotherapy. However, compared with other 
myocutaneous flaps, DIEP has a relatively small amount of tissue and cannot be used to cover deeper or 
larger defects. Moreover, the operation of DIEP is relatively complex and requires knowledge and 
expertise in microvascular anastomosis surgery, which is difficult to promote in clinical practice.

The main characteristics of this case were: (1) Intraoperative use of DIEP does not cut the rectus 
abdominis muscle, making it less invasive to the patient and shortening the postoperative recovery 
time; and (2) Intraoperative use of HDPE patches can maintain stability of the chest wall and does not 
interfere with the patient’s subsequent radiotherapy.

CONCLUSION
In summary, for patients with smaller chest wall defects accompanied by rib necrosis, DIEP combined 
with HDPE patch repair can be used to obtain satisfactory clinical efficacy and reduce the occurrence of 
postoperative complications. This may be a better way to treat large chest wall radiation-induced ulcers.
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Abstract
BACKGROUND 
Perampanel (PER), a third-generation antiepileptic drug, is a selective and 
noncompetitive α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor 
antagonist, and has been approved for the treatment of adults and adolescents 
with focal epilepsy. However, there are only a few studies about the efficacy and 
tolerability of PER in young children with multidrug-resistant epilepsy. In this 
case, we aimed to share our clinical experience in this group.

CASE SUMMARY 
A 4-year-old boy without perinatal asphyxia and familial history of epilepsy 
began to have ictal seizures from age 14 mo, with jerky movement of four limbs 
and head nodding. Abnormal multifocal discharge and background activity were 
recorded through electroencephalography, and no pathogenic mutation was 
found in the whole exome sequencing for the patient and his parents. He had 
received valproate, levetiracetam, topiramate, oxcarbazepine, clonazepam and 
lacosamide sequentially at different times, but he still had frequent seizures even 
after vagus nerve stimulation (VNS) implantation. He was diagnosed with 
idiopathic multidrug-resistant epilepsy. However, his seizure frequency was 
significantly reduced after PER administration in a dose-dependent manner, and 
better cognitive behavior was observed. In addition, the adverse reactions of 
anger and aggression also appeared.

CONCLUSION 
PER is effective as add-on therapy for young children with multidrug-resistant 
epilepsy who have previously undergone VNS implantation.

Key Words: Perampanel; Young children; Drug-resistant epilepsy; Vagus nerve stimula-
tion; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We report a 4-year-old boy with multidrug-resistant epilepsy who still had frequent seizures after 
vagus nerve stimulation (VNS) implantation, and he showed significant response to perampanel (PER) as 
add-on in a dose-dependent manner. Considering its favorable cognitive profile and the similar efficacy 
and safety profile of PER in children aged < 12 years as in older people, we proposed that the use of PER 
as add-on could further reduce the seizure frequency for young children with drug-resistant epilepsy and 
even after VNS implantation, which may be attributed to its novel antiepileptic mechanism.

Citation: Yang H, Yu D. Young children with multidrug-resistant epilepsy and vagus nerve stimulation responding 
to perampanel: A case report. World J Clin Cases 2022; 10(11): 3511-3517
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3511.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3511

INTRODUCTION
About 10% of children with epilepsy have drug-resistant epilepsy[1]. The treatment of drug-resistant 
epilepsy can be challenging, including resective surgery, ketogenic diet, vagus nerve stimulation (VNS), 
and new antiepileptic drugs (AEDs). The anticonvulsant perampanel (PER), a selective and noncom-
petitive α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor antagonist, is a newly 
developed third-generation AED, possessing the completely different antiepileptic mechanisms with 
previous AEDs. Currently, PER is recommended by the American Academy of Neurology guideline as 
add-on therapy in treatment-resistant adult focal epilepsy to reduce epilepsy frequency (level A)[2]. 
However, only a few studies have reported the efficacy and safety of PER in children younger than 12 
years old with drug-resistant epilepsy. In this paper, we present a 4-year-old child with multidrug-
resistant epilepsy in whom the seizures were not well controlled after VNS implantation, and PER 
administration significantly reduced seizure frequency in a dose-dependent manner. We aimed to 
describe our experience about reducing the seizures in multidrug-resistant young children with PER.

CASE PRESENTATION
Chief complaints
A 19-mo-old boy presented with ictal seizures since age 14 mo, and was brought to our pediatric 
neurology department because of gradually increased seizure attack.

History of present illness
The history taken from the parents revealed that the patient began to have ictal seizures after age 14 mo, 
with jerky movement of four limbs and head nodding, and he experienced one seizure per week lasting 
for 1-2 s. His seizure frequency increased gradually, and when he was admitted to our department, he 
was experiencing 10-15 seizures per day lasting for 1-3 min each time, with hand raising and head 
nodding. The patient could speak only simple words, and could not communicate with others and 
understand instructions.

History of past illness
The patient had a free previous medical history.

Personal and family history
His parents reported that there was no consanguinity, and the patient was born at full term via vaginal 
delivery with a birth weight of 3100 g. He had no perinatal asphyxia, and his Apgar scores were 10 at 1, 
5 and 10 min of life. He had no family history of epilepsy and other familial diseases.

Physical examination
Physical examination showed that the patient had normal consciousness but could not communicate 
with others and understand instructions. He showed normal appearance, and there was no abnormal 
skin mass or depigmentation. The muscle tension, strength and mobility of the limbs were normal.

Laboratory examinations
His laboratory examinations revealed nothing notable.

https://www.wjgnet.com/2307-8960/full/v10/i11/3511.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3511
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Imaging examinations
The cranial fluid-attenuated inversion recovery images showed patchy high-signal areas in the posterior 
part of bilateral lateral ventricle, and in the subcortical white matter of left occipital and temporal lobes 
(Figure 1).

FURTHER DIAGNOSTIC WORK-UP
Video-electroencephalography (vEEG) recordings showed irregular and slow background activity, as 
well as multifocal generalized sharp and (multi-) spike wave discharge (Figure 2A). The high-amplitude 
slow waves with high-frequency discharges were recorded in vEEG during a seizure (Figure 2B). To 
determine the underlying cause of epilepsy, we performed whole exome sequencing for the patient and 
his parents, however, no pathogenic mutation was found.

FINAL DIAGNOSIS
This patient had both focal and generalized seizures, and was later diagnosed as idiopathic multidrug-
resistant epilepsy.

TREATMENT
Several AEDs were applied to this patient sequentially. Valproate sodium (VPA, maximum dose 50 
mg/kg/d) was started at age 19 mo after hospitalization; however, it was ineffective at reducing seizure 
frequency. Levetiracetam (LEV, maximum dose 50 mg/kg/d) was add 1 mo later, and the seizures were 
reduced by 60% after the add-on of LEV. When he was aged 32 and 33 mo, topiramate (TPM, maximum 
dose 5 mg/kg/d) and oxcarbazepine (OXC, maximum dose 60 mg/kg/d) were added, and the seizure 
frequency was decreased gradually to five or six times per day. VPA was replaced with clonazepam 
(CLZ, maximum dose 0.1 mg/kg/d) at 3 years old; however, CLZ was discontinued after 3 mo due to 
ineffectiveness.

To further decrease seizure frequency, left VNS implantation was performed at age 39 mo, and the 
seizures were reduced by 50% to two per day, and he became responsive to calling. LEV, TPM and OXC 
were continued for 7 mo after the insertion of VNS, and OXC was gradually replaced with lacosamide 
(LCM, maximum dose 125 mg/d) in 3 mo after no improvement of seizure frequency. However, the 
seizures were still two per day and LCM was discontinued. PER was started at age 4 years and 3 mo at 
an initial dose of 2 mg/d (0.1 mg/kg/d, body weight 20 kg), and the seizures were significantly reduced 
to one every 1-2 d. Three months later his PER was up-titrated to 4 mg/d (0.2 mg/kg/d) and his seizure 
frequency was one seizure every 2-3 d. After 2 mo, PER was added to current dose of 6 mg/d (0.3 
mg/kg/d), which improved his seizure frequency to one seizure every 3-4 d lasting for 1-2 min each 
time (Figure 3).

OUTCOME AND FOLLOW-UP
At the last follow-up visit, 7 mo after the add-on of PER, the follow-up vEEG showed a decrease in the 
frequency of multifocal discharges, and no seizure was observed during the monitoring (Figure 2C). 
Therefore, the improvements after the use of PER were both clinical and electrophysiological. The 
patient was responsive to calling, and could communicate with others and follow simple instructions, 
showing improved cognitive skills and language according to our observation and his parents’ records. 
In addition, the adverse reactions of anger and aggressive behavior were noticed after the use of PER. 
Although the seizure-free status was not achieved in this patient after 7 mo treatment with PER, he was 
closely followed up to assess the long-term effect of PER oral treatment.

DISCUSSION
PER is the first AED targeting AMPA receptors, which was approved by the United States Food and 
Drug Administration (FDA) to treat partial-onset seizures with or without secondarily generalized 
seizures for adult patients with epilepsy in September 2018[2,3]. Its great cognitive profile, ease of use of 
the titration scheme and the once-daily oral regimen give it advantages over other AEDs. Although the 
FDA approved the use of PER in persons ≥ 4 years of age, according to the strategy that allows 
extrapolation of efficacy across populations[2], reports about the efficacy and safety of PER in children 
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Figure 1 The patient’s cranial magnetic resonance images. Fluid-attenuated inversion recovery showed patchy high-signal areas in the posterior part of 
bilateral lateral ventricle, and in the subcortical white matter of left occipital and temporal lobes (orange arrows).

Figure 2  Video-electroencephalography recordings of this patient before and after perampanel treatment. A: Before treatment with perampanel 
(PER). The basic waves were irregular and slow, and multifocal generalized sharp and (multi-) spike wave discharges were frequent over the whole brain; B: Before 
treatment with PER. Seizures were observed during the monitoring, with 8-10 tics in each seizure, and the high-amplitude slow waves with high-frequency discharges 
were recorded in video-electroencephalography; C: During treatment with PER. The frequency of abnormal multifocal discharges was decreased, and no seizure was 
observed during the monitoring.

under 12 years old with drug-resistant epilepsy are still limited. In the present case, after the sequential 
use of six AEDs and left VNS implantation, the 4-year-old patient still had frequent seizure attacks, 
while seizures were significantly reduced by > 80% after adding PER in a dose-dependent manner. 
Hence, we believe that PER may be an effective and important add-on drug for treatment of multidrug-
resistant epilepsy, especially in young children, which may be attributed to the novel antiepileptic 
mechanism of PER.

PER is a selective, noncompetitive antagonist of ionotropic AMPA glutamate receptor (AMPAR) that 
mediates the fast excitatory synaptic neurotransmission in the central nervous system (CNS). The 
AMPARs are expressed throughout the CNS, and are tetrameric complexes of four different types of 
subunits, including GluA1, GluA2, GluA3 and GluA4. The AMPAR subunits bind in pairs to form a 
variety of symmetric dimers, which next form functional ionic glutamate receptors surrounding a 
permeable cation channel of sodium (Na+), potassium (K+), and calcium (Ca2+). Following the binding of 
glutamate to AMPARs, Na+, K+ and Ca2+ ions rapidly flow into the neurons, and depolarize the 
postsynaptic membranes from the resting potential[4]. The normal function of the human brain depends 
on the balance of excitatory and inhibitory activities of neural networks. Neurons antagonize excitatory 
activities by upregulating the aggregation of inhibitory -aminobutyric acid receptors (GABARs) on the 
postsynaptic membrane, so as to prevent excessive excitability of the neural network[5]. Abnormal 
changes in the composition, function and dynamic characteristics of AMPAR subunits lead to a large 
amount of Ca2+ influx into dendritic cells to overactivate the downstream pathway, inhibit the inhibitory 
GABARs function, and over-increase the excitability of neuronal networks, leading to the excitation/ 
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Figure 3 Clinical course of antiseizure drugs and seizure frequency since diagnosis (19 mo old). VPA: Valproate sodium; LEV: Levetiracetam; 
TPM: Topiramate; OXC: Oxcarbazepine; CLZ: Clonazepam; VNS: Vagus nerve stimulation; LCM: Lacosamide; PRE: Perampanel.

inhibition imbalance in brain, which may be the etiology and mechanism of epilepsy[6]. Up to now, 
there are only two AMPAR antagonists, talampanel and PER, which have entered clinical trials. 
However, development of talampanel was discontinued due to its short half-life, poor antiepileptic 
efficacy and serious adverse reactions in clinical trials. PER is the second AMPAR antagonist and is the 
only one approved for clinical use[6].

VNS is an adjuvant treatment approved by the FDA for patients ≥ 12 years of age with drug-resistant 
epilepsy, and was further approved for use in patients > 4 years of age in 2017. Nowadays, much 
evidence supports that VNS implantation as adjuvant therapy is possibly effective in pediatric (≤ 18 
years old) drug-resistant epilepsy. The pooled prevalence estimates for 50% responder rate and seizure 
freedom at last follow-up (mean 2.54 years) were 56.4% and 11.6%, respectively[7], and VNS may have 
improved efficacy over time[8]. Davis Jones et al[9] reported that PER could further reduce the seizure 
frequency in some adult patients with drug-resistant epilepsy who still had seizures after their previous 
VNS implantation or resective surgery. However, no report was found about the use of PER in young 
children with drug-resistant epilepsy after VNS implantation. Our patient was a 4-year-old boy with 
multidrug-resistant epilepsy who still had frequent seizures after VNS implantation as adjuvant 
therapy, and he showed significant response to PER as add-on in a dose-dependent manner, with 
seizures reduced by > 80% after 7 mo treatment. Therefore, we propose that for young children with 
drug-resistant epilepsy who still have frequent seizures after VNS implantation, the use of PER as add-
on could further reduce the seizure frequency.

Some studies have shown that PER may improve cognitive function in children patients. In a phase II 
randomized, double-blind, placebo-controlled study of 133 adolescent patients with uncontrolled 
partial-onset seizures, the systematic analysis of the Cognitive Drug Study revealed that PER may have 
favorable cognitive profile for adolescent population[10]. The increase of β-band in quantitative electro-
encephalogram (QEEG) is related to the improvement of attention and cognitive function, and the 
increase of α-band is related to the impairment of cognitive function[11]. In a QEEG study on patients 
treated with PER, PER increased the β-band in the occipital lobe region, without increasing the α-band, 
confirming the beneficial effect of PER on cognitive function, which may be mediated by its direct effect 
on the neurotransmission of glutamate[11]. In our case, although the quantitative scales were not 
evaluated in this patient before and after treatment with PER, he showed improved cognitive skills and 
language according to our observation and his parents’ records, which suggested the favorable 
cognitive profile of PER in young children.

The adverse events (AEs) of AEDs are the key factors affecting drug selection, patients’ quality of life 
and long-term drug retention. The AEs of PER mainly include dizziness, irritability, fatigue, aggress-
iveness, suicide, nausea and weight gain[2]. Dizziness and somnolence are the most common AEs[3]. 
Because of some severe mental and behavioral adverse reactions, including aggressiveness, irritability, 
homicidal behavior, and threats, PER was given a black box warning by the FDA when it was first 
approved[12]. The patient in our case developed irritability and aggressive behavior after treatment 
with PER, which were considered to be its adverse reactions. Irritability is the most common psychotic 
adverse reaction, with an incidence of 2.1%-17.9%[13]. Although the mechanism behind irritability and 
related aggressive behavior is unclear, serotonin, GABA, and especially glutamate (via the AMPAR) 
seems to play an important role[13]. The effects of glutamate on behavior are complex, and some animal 
studies have shown that blocking AMPARs can lead to increases or decreases in aggressive behavior. 
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This indicates that the AMPAR blockage may contribute to the emotion-related adverse reactions of PER
[13]. The AEs of PER are dose-dependent, and may disappear after dose adjustment or drug withdrawal
[14]. It is recommended to start PER with a low dose and titrate slowly, generally adding 2 mg every 2-4 
wk. Slow titration can improve the long-term tolerance of PER and reduce the incidence and severity of 
AEs, including psychiatric symptoms. Adverse reactions of PER can be alleviated by taking the drug 
before bedtime[10].

In addition, we also searched the National Library of Medicine and the China National Knowledge 
Infrastructure between January 10 and 15, 2020, with the following keywords perampanel AND 
children. Only papers on the administration of PER for multidrug-resistant epilepsy were selected. We 
identified the data about the efficacy and safety profile of PER in children under 12 years old with drug-
resistant epilepsy (summarized in Supplementary Table 1). From most previous researches, after 3-12 
mo of treatment, nearly 40%-50% or more young children showed responses to PER, and some patients 
could reach seizure-free status using PER. For patients with various genetic causes, significant seizure 
reduction was also reached with treatment of PER. In children under 12 years old, the incidence of AEs 
ranged from 20% to 50%, including somnolence, behavioral deterioration, and emotional change, while 
no obvious AEs were demonstrated in most case reports. Furthermore, in most reported cohorts, PER 
possessed similar efficacy and safety profiles in children under 12 years old as in older people[15,16]. 
Together with this case, these results suggest that PER is an effective and broad-spectrum AED for 
children under 12 years old, who suffer from multidrug-resistant epilepsy, with acceptable safety 
profile.

CONCLUSION
In this study, we presented a 4-year-old boy with multidrug-resistant epilepsy who still had frequent 
seizures after VNS implantation, and he showed significant response to PER as add-on in a dose-
dependent manner. We proposed that the use of PER as add-on could further reduce the seizure 
frequency for young children with drug-resistant epilepsy and even after VNS implantation, which may 
be attributed to its novel antiepileptic mechanism. Considering the similar efficacy and safety profile of 
PER in children < 12 years old as in older people, as well as its potential favorable cognitive profile and 
convenience of use, PER should be considered as an effective and important treatment for young 
children with multidrug-resistant epilepsy. Adverse reactions like irritability and aggressive behavior 
should be monitored during use.
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Abstract
BACKGROUND 
Multiple myeloma (MM) bone disease is indicative of MM, and reduces patient 
life quality. In addition to oncological, antineoplastic systemic therapy, surgical 
therapy in patients with MM is an essential treatment within the framework of 
supportive therapy measures and involves orthopedic tumor surgery. 
Nevertheless, there are few reports on intramedullary (IM) nailing in the 
treatment of MM-induced proximal humeral fracture to prevent fixation loss. We 
here describe a case of pathological fracture of the proximal humerus caused by 
MM successfully treated with IM nailing without removal of tumors and a review 
of the current literature.

CASE SUMMARY 
A 64-year-old male patient complaining of serious left shoulder pain and limited 
movement was admitted. The patient was finally diagnosed with MM (IgAλ, 
IIIA/II). After treatment of the pathological fracture with IM nailing, the patient's 
function recovered and his pain was rapidly relieved. Histopathological 
examination demonstrated plasma cell myeloma. The patient received 
chemotherapy in the Hematology Department. The humeral fracture displayed 
good union during the 40-mo follow-up, with complete healing of the fracture, 
and the clinical outcome was satisfactory. At the most recent follow-up, the 
patient's function was assessed using the Musculoskeletal Tumor Society score, 
which was 29.

CONCLUSION 
Early surgery should be performed for the fracture of the proximal humerus 
caused by MM. IM nailing can be used without removal of tumors. Bone cement 
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augmentation for bone defects and local adjuvant therapy can also be employed.

Key Words: Multiple myeloma; Bone disease; Pathological fractures; Intramedullary nailing; Surgical 
therapy; Case report
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Core Tip: We report a case of a patient who was eventually diagnosed with multiple myeloma (MM). After 
treatment of the pathological fracture with intramedullary (IM) nailing and chemotherapy in the 
Hematology Department, the humeral fracture displayed good union during the 40-mo follow-up, with 
complete healing of the fracture, and the clinical outcome was satisfactory. This case report and review of 
the literature demonstrates early surgery should be performed for the fracture of the proximal humerus 
caused by MM. IM nailing can be used without removal of tumors. Bone cement augmentation for bone 
defects and local adjuvant therapy can also be employed.

Citation: Xu GQ, Wang G, Bai XD, Wang XJ. Intramedullary nailing for pathological fractures of the proximal 
humerus caused by multiple myeloma: A case report and review of literature. World J Clin Cases 2022; 10(11): 
3518-3526
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3518.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3518

INTRODUCTION
Multiple myeloma (MM) is a type of plasma cell dyscrasia that is characterized by immortalized 
monoclonal plasma cell proliferation within the bone marrow. Different to bone metastasis, no new 
bone is formed in the osteolytic bone disease of MM[1]. Complications of osteolysis include fractures of 
the long bones, which often occur in the proximal humerus and femur, usually after minor trauma or 
can be atraumatic, and vertebral body fractures[2]. The clinical presentation and radiological features 
are non-specific, making it more difficult to diagnose. Therefore, some scholars have indicated that MM 
is an important disease that should not be ignored in the differential diagnosis of skeletal pain, even if 
no typical symptoms are identified initially, particularly in the elderly[3]. Intramedullary (IM) nailing is 
a technique used to treat humeral diaphysis fractures with minimal invasion, and it is advantageous in 
small lesions, reduces operation time, there is little soft tissue dissection, and results in early recovery
[4]. However, there is controversy as to whether IM nailing should be used to treat proximal humeral 
fractures as it may lead to fixation loss[5]. As a result, IM nailing is currently restricted to the treatment 
of diaphyseal fractures[4,6-10]. To date, few studies have described the techniques applied in proximal 
humeral fractures, particularly if the skeletal defect is not augmented by the application of bone cement. 
We here describe a 64-year-old male patient suffering from MM bone disease (MMBD) in the proximal 
humerus. He received combined therapy with IM nailing and chemotherapy. Related reports of MMBD 
are also reviewed.

CASE PRESENTATION
Chief complaints
A 64-year-old man who came to our emergency department complaining of left shoulder pain.

History of present illness
He had mild left shoulder trauma due to accidental falling from the standing position while walking 3 h 
ago.

History of past illness
His past medical history included atrial fibrillation treated with aspirin enteric-coated tablets (Bayer 
SPA), metoprolol succinate sustained-release tablets (AstraZeneca AB), and chronic atrophic gastritis.

Personal and family history
The patient denied a history of smoking, alcohol consumption, drug intake, and a family history of 
pathological fracture or osteoporosis.

https://www.wjgnet.com/2307-8960/full/v10/i11/3518.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3518
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Physical examination
Physical examination demonstrated swelling of the left shoulder, localized tenderness, percussion pain 
on the proximal humerus, and limited shoulder motion. The muscular tone of the upper limb was 
normal with no hypoesthesia. Physiological reflexes were present without pathological reflexes.

Laboratory examinations
In contrast, routine laboratory evaluation on admission, with the exception of anemia, was 
unremarkable. Hematopoiesis accounted for 40%, the ratio of granulocytes to erythrocytes was approx-
imately 2:1, and megakaryocytes were 2-7/high power field. Multifocal plasmacytoid cell aggregation 
was also observed. Immunochemistry showed CD38 (+), kappa (+), lambda (+); MPO (+), CD61 (+) and 
CK (-) (Figure 1).

Imaging examinations
Initial X-ray films of the left shoulder were obtained, which showed only a comminuted fracture and 
degenerative changes in the upper left humerus (Figure 2). Magnetic resonance imaging (MRI) was then 
performed and showed an abnormal signal intensity of the proximal humerus associated with a 
comminuted fracture, and multiple soft tissue masses around the fracture, ranging from 4.8 cm to 3.9 
cm, which presented as hypointensity and isointensity, as well as hybrid hyperintensity on T1-weighted 
(T1-W) and T2-W images, respectively. The left humerus, glenoid, and clavicle had multiple sheet-like 
hyperintensity on T2-W images (Figure 2). A neoplastic lesion with radiological characteristics was 
highly suspected.

Further laboratory tests and imaging examinations were performed. Computed tomography (CT) 
scans and X-ray examinations revealed multiple areas of reduced bone density throughout the body. In 
addition, high 18-F-fluorodeoxyglucose metabolism was observed in several ribs on bone scans, and in 
the fifth lumbar vertebra (L5), and left proximal humerus (Figure 3).

FINAL DIAGNOSIS
Plasma cell myeloma was diagnosed following bone marrow aspirate and trephine.

TREATMENT
Following consultation with anesthesiologists and medical oncologists regarding the perioperative risks 
as well as the life expectancy of the patient, locked IM nailing (Sanatmetal Orthopaedic & 
Traumatologic Equipment Manufacturer Ltd.) was chosen for strong fixation of the humeral fracture via 
the trans-deltoid muscle approach. With the greater trochanter as the entry point, an IM nail was 
directly inserted into the humeral medullary cavity without the removal of tumors. The bone defect was 
not augmented with bone cement. No local adjuvant therapy was administered. We inserted the nail 
with great caution to avoid impingement of the acromion or rotator cuff tendons by the proximal end of 
the nail. We also inserted 3 proximal screws as well as 2 distal interlocking screws. On the day after 
surgery, the patient was encouraged to move his shoulder gently. One week after surgery, the patient 
was encouraged to perform passive stretching as well as gravity-resistance exercises.

OUTCOME AND FOLLOW-UP
After surgery, the patient achieved continuous pain relief and improved activity of the left upper limb, 
and no complications were reported. At 24 h postoperatively, the visual analog score declined by 7 
points to 2. Histopathological examination of the sample revealed MM (IgAλ, IIIA/II). One week 
postoperatively, the patient received regular dexamethasone and bortezomib chemotherapy at the 
Department of Hematology. At the 40-mo follow-up, the humeral fracture showed favorable complete 
lesion healing (Figure 4), and the patient reported no pain. The Musculoskeletal Tumor Society score 
was 29[11]. In comparison with the contralateral shoulder, forward flexion, and abduction were limited 
at the terminal 10°, while complete external and internal adduction and rotation were achieved. No 
adverse events occurred.

DISCUSSION
MM accounts for 1% of cancer cases, and approximately 10% of hematologic cancer cases[12]. MM has a 
relatively higher morbidity in males than in females, and morbidity is two-fold higher in blacks than in 
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Figure 1 Plasma cell myeloma was diagnosed following bone marrow aspirate and trephine.

Figure 2 Preoperative X-ray films and magnetic resonance imaging. A, B: X-ray films (A, B) of the left shoulder revealed only a comminuted fracture and 
degenerative changes in the upper left humerus; C, D: Multiple soft tissue masses around the fracture presented as hypointensity and isointensity on T1 weighted 
(T1-W) images (C) and hybrid hyperintensity on T2-W images (D).

Caucasians[13,14]. MM affects the older population, and 70% of cases are diagnosed when they are 60 
years and older[15]. MM is a type of plasma cell dyscrasia that is characterized by immortalized 
monoclonal plasma cell growth within the bone marrow. Nearly all MM cases progress from the 
asymptomatic monoclonal gammopathy of undetermined significance (MGUS) at the pre-malignant 
stage[16,17]. Moreover, MGUS will further develop into MM or associated cancers at an annual growth 
rate of 1%[18,19].

Bone lesions induced by MM are indicative of MM, and they reduce patient life quality. About 80% of 
cases have osteolytic bone disorders when diagnosed, which are linked to a higher risk of skeletal-
related events (SREs) that increase morbidity and mortality[20]. Approximately 60% of MM cases 
develop fractures during the course of the disease[21]. The uncoupled bone-remodeling process lays the 
pathogenic foundation for bone disorders associated with myeloma. The myeloma cell-bone microenvir-
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Figure 3  Bone scan showed high metabolism of 18-F fluorodeoxyglucose in multiple ribs, the fifth lumbar vertebra (L5), and left proximal 
humerus.

Figure 4 Postoperative X-ray films. A, B: Postoperative X-ray films of the left shoulder; C-H: Follow-up at 6 mo (C, D), 15 mo (E, F) and 40 mo (G, H) after 
surgery. The proximal humerus fracture eventually healed.

onment interaction will eventually activate osteoclasts while suppressing osteoblasts, giving rise to bone 
loss. Multiple intercellular, as well as intracellular signal transduction pathways, participate in the 
complicated course of MM. The crosstalk mediated by myeloma across diverse molecular pathways 
forms a forward feedback to maintain the survival of myeloma cells and the decomposition of bone, 
even after reaching the disease plateau[22].

MM is diagnosed when at least one myeloma defining event (MDE) and at least 10% clonal plasma 
cells are detected during bone marrow examinations or when plasmacytoma is detected in biopsy 
samples. MDEs are constituted by the recognized CRAB (hyperCalcaemia, Renal failure, Anaemia, Bony 
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lesions) characteristics and 3 representative biomarkers, including more than one focal lesion detected 
by MRI, ≥ 60% plasma cells in clonal bone marrow, as well as ≥100 free light chains (FLC) in serum[23]. 
In the case of suspected MM in the clinic, M protein testing is recommended by combining serum 
immunofixation, serum protein electrophoresis, as well as serum FLC assay[24]. About 2% of MM cases 
develop the non-secretory disorder with no M protein detected in the above-mentioned tests[25]. 
Positron emission tomography/computed tomography and low-dose whole-body CT scans are the best 
techniques for assessing bone disorder severity[24,26], which can show the changes in bones and soft 
tissues more clearly, and display the boundaries of the lesion. Plain radiographs are usually non-specific 
and can even underestimate the extent of the lesion, and are performed only when no other advanced 
imaging can be accessed. MRI is a particularly useful imaging technique of choice due to its noninvasive 
nature and greater anatomic detail, particularly when smoldering MM is suspected, to eliminate the risk 
of the focal lesion in the bone marrow observed before the occurrence of the actual osteolytic disorder. 
MRI also greatly contributes to the assessment of suspected cord compression and extramedullary 
disorder, and when it is necessary to visualize a certain symptomatic region. Although the diagnosis of 
MM is easy, based on blood and kidney tests and X-rays, in some cases an accurate diagnosis can only 
be made by pathology[27].

MM can result in progressive relapse. MM may recur with clinical symptoms or with biochemical 
disorders. Holistic and multidisciplinary treatment is needed for each MM patient[15]. Treatment 
involves multiple factors, which requires collaboration between radiotherapists, orthopedic surgeons, 
radiologists, hematologists, and anesthesiologists. In this regard, it is necessary to construct a prognostic 
model to predict disease stage, evaluate the patient’s general condition, and determine underlying 
chronic disorders or possible adjuvant treatments[2]. To optimize the outcomes for individuals, 
elucidating the most suitable maintenance treatment or continuous therapy for the specific patient 
group is important. It is also important to consider the clinical safety, effectiveness, tolerability, life 
quality, convenience, feasibility, and long-time treatment burden in patients[23].

In addition to oncological and antineoplastic systemic therapy, surgical therapy in patients with MM 
is an essential treatment within the framework of supportive therapy measures and involves orthopedic 
tumor surgery. For SREs related to myeloma, surgery is mainly performed to maintain and restore 
skeletal function and recovery, reduce patient suffering such as pain, and improve patient mobility as 
well as life quality[28,29]. There is a need for surgical intervention not only for the care and treatment of 
stability-threatening bone lesions and pathological fractures but also for the treatment of tumor-related 
complications, such as neurological deficits, possible paraplegia, or in the case of conservative therapy, 
refractory bone pain. The surgical methods and timing of treatment should be decided individually 
depending on the risk and prognostic outcomes of myeloma cases[28]. Osteolysis of non-supporting 
skeletal sections such as the ribs, skull, or scapula does not usually require surgical treatment. The 
physical status grade established by the American Society of Anesthesiologists (ASA) has been 
extensively used to evaluate the patient's general condition or anesthesia tolerance. Ultrasound-guided 
intercostal brachial plexus block provides an alternative to general anesthesia for patients with 
pathologic humeral fractures caused by MM with systemic presentation and chest infections[30]. 
However, patients with < 2 mo survival or ASA = 4 will be treated using conservative methods instead 
of surgery[31].

Surgery is usually conducted to treat MM-induced proximal humeral fractures, to relieve patient 
suffering and recover bone function and mobility, as well as patient life quality. However, surgical 
strategies are complicated and demanding[32].

Shoulder pain and bone damage due to pathological fractures of the proximal humerus caused by 
MM can be treated using either the simple bone cement technique or percutaneous microwave ablation 
and cementoplasty[33].

Endoprosthetic reconstruction has been extensively used to treat proximal humeral fractures, but it 
does not achieve a satisfactory effect on impaired function. The prosthesis can be a good way of 
relieving pain and fixing the fracture, but it has poor functional recovery compared with other 
treatments[7,34-36]. In addition, more tendons and muscles are sacrificed during resection, which 
inevitably impairs function[35]. Also, plate fixation is associated with numerous drawbacks, such as 
short protection length, massive soft tissue stripping, and risk of nerve injury[9,37,38]. Local relapse 
may give rise to fixation loss or the need for a second operation[34,39]. As a result, plates are restricted 
in the treatment of metastasis.

IM nailing is thought to be unsuitable for treating proximal humeral fractures due to the bone defect 
and thin cortex following curettage[34]. Therefore, at present, IM nailing is restricted to the treatment of 
diaphyseal fractures[6]. Our results revealed that IM nailing is an efficient and robust method for 
treating proximal humeral fractures. IM nailing to fix proximal humeral fractures is advantageous due 
to its decreased operation time, can be used to treat small lesions, decreased soft tissue dissection, and 
early recovery.

In this case, we performed IM nailing to treat a proximal humeral fracture, without bone cement to 
augment the lesion. At follow-up visits, our patient had marked pain relief and improved shoulder 
function. At the 40-mo follow-up, the patient had a favorably healed humeral fracture, complete lesion 
healing was observed, and no pain was reported by the patient. In comparison with the contralateral 
shoulder, the forward flexion and abduction were limited at the terminal 10°, and complete external and 
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internal adduction and rotation were achieved.
Despite it being generally incurable, the long-time survival of MM patients is greatly improved as 

more treatments have recently been developed. In addition, improved survival is also associated with 
early treatment[40]. As suggested by randomized controlled trials which used modern treatments, MM 
has a median survival of about 6 years. An appropriate treatment for metastases is needed to prolong 
patient survival[41].

Although this technique achieved a satisfactory effect, few reports describe this method for the 
treatment of pathological fractures of the proximal humerus caused by MM. Therefore, it is necessary to 
conduct studies with a large sample size to further validate its efficacy and to identify the surgical 
indications and related complications.

Our patient was satisfied with his current functional recovery and treatment of the primary disease 
and agreed to publication of this report, in the hope that more patients suffering from the same disease 
may benefit.

CONCLUSION
When a pathological fracture of the proximal humerus caused by multiple myeloma occurs, early 
surgical treatment is indicated, which can effectively relieve pain and allow early movement. IM nailing 
can be performed for this type of fracture, without removal of tumors, bone cement augmentation for 
the bone defect, or local adjuvant therapy. Moreover, patients can receive combined therapy and have a 
good prognosis.
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Abstract
BACKGROUND 
The protective effect of tracheal stents is reported to relieve airway obstruction 
and reduce side effects of rapid progression of malignant tracheoesophageal 
fistula (MTEF) after immunotherapy in this case with 10 mo follow-up.

CASE SUMMARY 
Two kinds of silicone stents were placed in the main airway of a 58-year-old male 
to relieve the airway obstruction caused by advanced esophageal carcinoma. The 
patient then received four doses of toripalimab. Subsequently, rapid, progressive 
deterioration of the original fistula was found. Although the fistula enlarged 
rapidly after immunotherapy, it remained covered completely, and likely because 
of this, his condition remained stable. Therefore, immunotherapy could be 
continued to treat the primary tumor. Despite these efforts, the patient died of the 
advancement of his esophageal cancer.

CONCLUSION 
Appropriately-sized tracheal stent placement combined with immune checkpoint 
inhibitors may improve the quality of life and survival of patients with MTEF.

Key Words: Immunotherapy; Rapid progression; Malignant tracheoesophageal fistula; 
Esophagus carcinoma; Double tracheal stents; Case report
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Core Tip: A 58-year-old male was diagnosed with advanced esophageal carcinoma and malignant 
tracheoesophageal fistula. For treatment, two kinds of silicone stents were placed in the main airway, 
followed by administration of four doses of toripalimab. Follow-up scans showed the original fistula to 
have rapidly increased in size between the upper trachea and esophagus. The fistula was still covered due 
to the appropriately-sized stents, which were likely protective, as no serious lung infections occurred and 
the patient remained stable. Accordingly, immunotherapy could be continued to treat the primary tumor. 
Unfortunately, however, the patient died of the esophageal cancer in February of 2021.

Citation: Li CA, Yu WX, Wang LY, Zou H, Ban CJ, Wang HW. Double tracheal stents reduce side effects of 
progression of malignant tracheoesophageal fistula treated with immunotherapy: A case report. World J Clin Cases 
2022; 10(11): 3527-3532
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3527.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3527

INTRODUCTION
Malignant tracheoesophageal fistula (MTEF) is a devastating complication of esophageal cancer and 
tracheocarcinoma, which leads to a shorter life-span and decreased quality of life. MTEF develops in 
approximately 5%-15% of patients with an esophageal malignancy, with less than 1% of those having 
bronchogenic carcinoma[1,2]. Airway stent insertion provides an effective approach to improve 
symptoms and quality of life[3]. Toripalimab, a selective monoclonal antibody to the immune-
checkpoint protein programmed cell death protein-1 (PD-1), is used for patients with advanced or 
metastatic esophageal squamous cell carcinoma[4].

In this report, we described the progression of MTEF in a patient caused by advanced esophagus 
squamous cell carcinoma invading the trachea, who was treated with toripalimab after tracheal stent 
placement.

CASE PRESENTATION
Chief complaints
A 58-year-old male presented with an 18-d history of choking after drinking and eating. He was hospit-
alized in Dongzhimen Hospital in Beijing on April 28, 2020.

History of present illness
The patient had previously been diagnosed with advanced esophageal squamous cell carcinoma (c-
T4bN0M1, stage 4B). The patient received radiation as the first-line therapy, without surgery or 
chemotherapy. He was then treated with afatinib for 4 d as a trial treatment. Subsequently, he began 
choking after drinking and eating, and developed dysphagia 18 d before admission. After anti-infective 
and nutritional support treatments, the patient's symptoms were not significantly relieved.

History of past illness
The patient had no remarkable disease history.

Personal and family history
The patient reported a personal history of smoking and drinking for more than 30 years. The patient 
reported his familial history did not include any tumors.

Physical examination
The patient’s physical examination was unremarkable.

Laboratory examinations
Tests of peripheral blood tumor markers showed that pro-gastrin-releasing peptide (commonly known 
as pro-GRP) was 93.58 pg/mL and carcinoembryonic antigen (commonly known as CEA) was 5.6 
ng/mL, both of which were higher than the normal range. All other markers tested were within normal 
range. White blood cell count was 3.8 × 109/L, hemoglobin was 125 g/L, and C-reactive protein was 4.69 
mg/L.
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Imaging examinations
Bronchoscopy and computer tomography imaging found a 5 mm malignant tracheoesophageal fistula 
in the main airway, located between the upper trachea and esophagus (Figure 1).

FINAL DIAGNOSIS
Malignant tracheoesophageal fistula

TREATMENT
Given that the airway was significantly obstructed by the tumor, and performance status and Eastern 
Cooperative Oncology Group (commonly known as ECOG) classification had worsened from 1 to 3-4, 
mechanical debulking was performed on the tumor arising from the membranous trachea. Initially, a Y-
shaped silicone stent of 16 mm × 13 mm × 13 mm in diameter and 80 mm × 30 mm × 15 mm in length 
(TracheobronxaneTM Dumon® TD; Novatech SA, La Ciotat, France) was placed in the main trachea, with 
projections into both the left and right main bronchus by rigid bronchoscopy. However, the upper edge 
of the stent blocked the airway wall, so that the trachea was significantly narrowed. To open the trachea, 
a straight silicone stent 16 mm in diameter and 30-mm length, partially incised along the long axis, was 
sutured to reduce the lumen diameter and inserted into the Y-type Dumon stent in the form of a 
telescope (Figure 2). After placement of the stent, the fistula was completely enclosed, without 
significant stenosis of the trachea. One month after stenting, the patient received the first dose of 
toripalimab (240 mg, intravenous drip, every 3 wk). After the fourth dose of toripalimab, the patient 
presented with hemoptysis. Chest computed tomography and bronchoscopy revealed that the original 
malignant tracheoesophageal fistula between the upper trachea and esophagus had progressed rapidly 
in size, measuring 20-30 mm (Figure 3). However, the fistula was still completely covered by the silicone 
stents.

OUTCOME AND FOLLOW-UP
After palliative treatment for infection (piperacillin sodium and sulbactam sodium for injection, 3.75 g, 
intravenous drip, q8h) and hemostasis (haemocoagulase, 1 U, intravenous injection, q12h), the condition 
of the patient was stable. Immunotherapy was continued. During a 4-mo follow-up, no complications 
related to the stent placement were observed (Figure 4). However, after 7 mo total of toripalimab 
treatment, the patient died of esophageal cancer on February 16, 2021 (Figure 4B).

DISCUSSION
MTEF develops in approximately 5%-15% of patients with an esophageal malignancy, with less than 1% 
of those having bronchogenic carcinoma[1,2]. MTEF is a negative predictor of long-term survival, and 
those patients generally have a very poor prognosis and quality of life. Severe cough, frequent 
aspiration pneumonia, malnutrition, and life-threatening hemoptysis can lead to rapid deterioration of 
the patient, and most patients die within 3-4 mo.

MTEF is mostly caused by tumoral invasion or as a complication of cancer therapies. Esophageal 
cancer invades the trachea directly through its membranous wall or indirectly through metastases from 
the mediastinal lymph nodes. This leads to tumor necrosis, thus paving the path for MTEF formation[5].

Immediate management of MTEF involves nasogastric tube placement or gastrostomy, to minimize 
regurgitation. However, this palliative treatment does not improve the patient's quality of life, due its 
preclusion of oral eating. Radical resection of the MTEF has been reported but with minimal survival 
advantage[6] because of the advanced stage of the cancer and the consequent and ongoing nutritional 
depletion. Mesenchymal stem cell transplantation therapy for MTEF is most useful for smaller 
bronchopleural and distal fistulas, but the further research is required to gain an accurate 
understanding of the treatment’s efficacy and safety profiles[7].

Insertion of a tracheal or esophageal stent, to cover the fistula, is also effective, as was the case with 
our patient. The stent placement relieved dyspnea for our patient, avoided chemical lung infections, and 
improved the quality of life, which enabled the patient to continue immunotherapy. Together, these 
factors likely contributed to the increased survival time for our patient, which was greater than the 
reported median survival time for MTEF (from stent insertion to death) of 163 d[3]. Although, it is 
important to note that the expanded stent may readily erode and enlarge the size of the fistula[5].
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Figure 1 Tracheoesophageal fistula and narrowing of the main bronchus. A: Bronchoscopy image; B: Computed tomography image.

Figure 2 Fistula completely enclosed by a Y-shaped and modified straight silicone stent placed in the main trachea. A, B: Bronchoscopy 
image showing (A) the upper edge of Y-shaped silicone stent incarcerated the airway wall and (B) a Y-shaped silicone stent and a straight silicone stent placed after 
mechanical debulking of the tumor; C: Computed tomography image of B.

Figure 3 Original malignant tracheoesophageal fistula following rapid progression after the fourth dose of toripalimab. A: Bronchoscopy 
image; B: Computed tomography image showing the fistula having progressed.

Despite the increased survival time, the patient in the present report experienced rapid progression of 
MTEF after tracheal stent placement and treatment with toripalimab. Although several clinical studies 
have reported promising efficacies and manageable safety profiles of immune checkpoint inhibitors 
(ICIs) on advanced or metastatic esophageal squamous cell carcinoma[8,9], response rates to different 
anti-PD-1 antibodies in patients with previously treated advanced or metastatic esophageal squamous 
cell carcinoma were reported to be 14.3%-33.3%[10,11]. However, there have been no reports of 
immunotherapy and/or stenting increasing the size of the original fistula. Based on our case report, 
however, there is a potential risk of treating MTEF with immunotherapy and stenting. It is possible that 
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Figure 4 Computer tomography image showing the tracheoesophageal fistula after 4 mo of immunotherapy. A: The progressed fistula after 4 
mo of immunotherapy; B: A different slice image.

immunotherapy may have hastened the development of a fistula by lysing the tumor. Although the 
fistula progressed rapidly after immunotherapy, the enlarged fistula remained completely covered, 
owing to the appropriate size of the stents; in addition, due to the dilation of the trachea by the stents, 
the airway remained open and protected against lung infections from either the cancer or the 
esophagobronchial fistula.

CONCLUSION
This rare case highlights the possibility that toripalimab might exacerbate the progress of a fistula in 
patients with MTEF. However, using an appropriately sized tracheal stent combined with ICIs therapy 
may improve the survival of patients with MTEF.
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Abstract
BACKGROUND 
Andersson lesion (AL) is an uncommon complication in ankylosing spondylitis 
(AS), which is characterized by nonneoplastic bone destruction and often appears 
as bone destruction and sclerosis in the vertebral body and/or the area involving 
the intervertebral disc. According to the literature, Andersson lesion commonly 
occur in the thoracic and lumbar spine and rarely in the cervical spine.

CASE SUMMARY 
This case involved a 78-year-old man with a long history of AS who developed 
AL in the cervical spine (C5/6 and C6/7). One-stage anterior-posterior approach 
surgery was successfully performed. At the 6-month follow-up, the pain was 
significantly reduced, and the limb function was gradually improved.

CONCLUSION 
AL uncharacteristically appears in the cervical spine and tends to be misdia-
gnosed as vertebral metastases or spinal tuberculosis. Posterior combined with 
anterior surgery achieves solid biological stabilization in the treatment of AL bone 
destruction.

Key Words: Andersson lesion; Ankylosing spondylitis; Cervical fracture; Case report
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Core Tip: This case involved an Andersson lesion in the cervical spine that occurred in an ankylosing 
spondylitis patient and was very rare. The Andersson lesion was diagnosed based on orthopaedist clinical 
experience, imaging examinations and final pathology results. This case report provides a reference for the 
clinical diagnosis of such cases.

Citation: Peng YJ, Zhou Z, Wang QL, Liu XF, Yan J. Ankylosing spondylitis complicated with andersson lesion in 
the lower cervical spine: A case report. World J Clin Cases 2022; 10(11): 3533-3540
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3533.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3533

INTRODUCTION
Andersson lesion (AL) are characterized by nonneoplastic bone destruction, which is an uncommon 
phenomenon in late-stage ankylosing spondylitis (AS) and often appears as erosive focal changes with 
sclerosis widely distributed in the region of the vertebral end plate[1,2]. The prevalence of AL-
complicating AS ranges from 1.5% to > 28%[3,4]. With the development of AL, these pathological and 
destructive changes of the spine may lead to progressive, localized and pain-intolerable kyphosis 
deformities and even neurological defects, which must be treated in severe cases[5,6]. AS is a chronic 
active nonunion state with unstable posterior column fractures or unfused facet joints associated with 
vertebral lesion[7]. Since nonspecific inflammation is the main pathological manifestation, Andersson 
lesion commonly occur in the region of the thoracic and lumbar spine but rarely in the cervical spine[8]. 
We successfully treated a patient with nonneoplastic and noninfectious bone destruction of the C6 
vertebral body, who had a history of ankylosing spondylitis for decades, which resulted in nonunion 
involving the middle and posterior columns, characteristics of an Andersson lesion. To the best of our 
knowledge, this is the first report of unstable fractures of AS with C6 aggressive bone destruction and 
accumulation of three columns of the cervical spine.

CASE PRESENTATION
Chief complaints
A 78-year-old male farmer was admitted to our hospital with neck pain, worsened numbness and 
increased disability due to an accidental fall a month prior. He had neck pain and a limited range of 
motions, but he had no symptoms of fever, night sweats or increased nocturnal pain.

History of present illness
This patient had a history of AS and mobility impairments for decades. He had progressive symptoms 
of neck pain for 3 mo complicated with left upper limb pain and numbness without obvious cause.

History of past illness
He had no history of diabetes, tuberculosis or tumour. He had undergone thoracolumbar fracture 
surgery more than ten years ago.

Personal and family history
The patient denied family history.

Physical examination
Physical examination revealed a restricted cervical range of motion. The muscle power of the left upper 
limbs was grade IV with slightly decreased sensation. The Hoffman signs of both upper limbs were 
negative, and bilateral Babinski signs were negative in the lower extremities.

Laboratory examinations
Routine blood analysis revealed a slight increase in the neutrophil ratio (77.4%) with normal 
haematocrit and leukocyte counts. Prothrombin and partial thromboplastin times were almost normal, 
and d-dimers were increased at 1.56 μg/mL. Serum C-reactive protein was increased at 55.6 mg/dL 
(normal range < 10 mg/dL). The blood serum tumour marker analysis showed that ferroprotein 
increased at 516 ng/mL (normal range 30-400 ng/mL), and prostate-specific antigen marginally 
increased to 8.53 ng/mL (normal range < 4 ng/mL).

https://www.wjgnet.com/2307-8960/full/v10/i11/3533.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3533
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Imaging examinations
Radiography and computed tomography (CT) scans revealed typical ankylosing spondylitis in the 
entire spine, i.e., bamboo-like changes; a pathological fracture changed from the C6 vertebra and 
accumulated at the upper and lower endplates to spinous processes (Figure 1). Magnetic resonance 
imaging (MRI) showed C6 new-onset vertebral compression fractures and oedema spread from the 
anterior region of the C6 spinal centrum to the spinous process and supraspinous ligaments, which 
were complicated by the degenerative cervical instability and compression of the spinal cord due to the 
injured cervical spinal stenosis (Figure 2).

FINAL DIAGNOSIS
The final diagnosis of the presented case was Andersson lesion in the lower cervical spine.

TREATMENT
The patient underwent surgery for instrumented stabilization through anterior combined posterior 
approaches. First, the patient's body temperature was normal throughout the examination. Second, he 
was convinced that he had no history of tuberculosis or malignant visceral tumours, and all 
tuberculosis-related laboratory tests or tumour markers were negative. To restore cervical stability, we 
performed a combined posterior and anterior fixation approach with pedicle screws under a C-arm 
perspective (Figure 3). In brief, after exposure of C4-T2 with a posterior midline incision, part of the C5 
and C6 Laminae were removed using an ultrasonic osteotome; the structure in the spinal canal was 
exposed, and posterior spinal canal decompression was completed. Under the guidance of C-arm 
fluoroscopy, the lateral mass or pedicle screws (8 in total, brand: Medtronic) were placed after 
positioning, drilling and sounding on the side mass of C4, C5 and C7 and the pedicle of T2; a connecting 
rod (Brand: Medtronic) was used to connect the fixing screws. Next, anterior surgery in the supine 
position was performed to expose the C6 vertebral body. Under the microscope, the C6 vertebral body 
and the upper and lower endplates were scraped with a curette. Then, we removed the granulation 
tissue for pathological examination and bacterial culture, and a short titanium mesh (Brand: Medtronic) 
was used to support and fix between the C5 Lower endplate and the C6 residual vertebral body. 
Anterior cervical plates and screws (Brand: Medtronic) were placed in front of C4-T1. To prevent screw 
loosening caused by osteoporosis, we used bone cement to strengthen the nail channels.

OUTCOME AND FOLLOW-UP
The operation was very successful, and the pathology indicated hyperplastic and fibrous bone tissue 
with dead bone reaction with no indications of tumour cells and negative bacterial culture results 
(Figure 4). A postoperative double-check CT scan revealed that the internal fixation device was firm and 
reliable, and the stability of the cervical spine recovered well. Six months after the operation, the patient 
reported that the symptoms of pain and numbness were notably relieved and almost returned to 
normal. The follow-up X-ray images of the cervical spine AL showed that the balance of the coronal 
plane and sagittal plane recovered well (Figure 5).

DISCUSSION
Andersson first described the characteristics of destructive lesion of the vertebral body and/or interver-
tebral disc in patients with ankylosing spondylitis in 1937[8]. Since then, they have been known as 
Andersson lesion, spondylodiscitis, spinal pseudarthroses and destructive spondylopathy[9,10]. This 
uncertainty in the naming of AL is mainly due to the lack of consistency in the ethology and pathology 
of the characteristics of these lesions. To date, two mainstream possible mechanisms have been reported. 
First, these lesions are considered to have a chronic nonspecific inflammatory nature and are attributed 
to the disease characteristics of ankylosing spondylitis. The other explanation is that they originate from 
traumatic injury and are characterized by constitute mechanical stress fracture, spinal nonunion or 
pseudarthroses after trauma[11-13]. Generally, the entire spine of patients with ankylosing spondylitis is 
susceptible. However, clinically, the most common site of this lesion is the thoracic and lumbar spine, 
especially the thoracolumbar transition area, i.e., T10-L2, possibly since this area is defined as the 
transition area of high stress in anatomy and biomechanics[14-16].

Previous reports on AL mainly involved the thoracic vertebrae and lumbar vertebrae regions, but 
there were almost no reports of AL in the cervical vertebrae. This is the first study to show nonneo-
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Figure 1 Preoperative X-ray and computed tomography. A: Lateral X-ray view, an arrow shows pathological fracture; B: CT sagittal image, an arrow shows 
pathological fracture; C: Computed tomography (CT) coronal image, an arrow shows pathological fracture; D-F: CT axial images at different slice levels, an arrow 
shows pathological fracture.

plastic destructive lesion in the lower cervical vertebrae and the induction of cervical trauma injury.
This patient had a recent history of trauma, and the destructive lesion in the C6 vertebra was almost 

consistent with the characteristics of imaging, pathology and biomechanics of the Andersson lesion 
(bone destruction caused by chronic compression). Thus, we suspected that these unstable lower 
cervical spine fractures resulted from trauma with Andersson lesion, although the location was different 
from that previously reported (mainly in the thoracic and lumbar vertebrae). Most AL patients have 
been middle-aged and elderly men with or without AS symptoms for decades. The common clinical 
manifestations are local intolerable and progressive pain of the thoracolumbar spine and local severe 
pain after mild trauma with dysfunction[12].

When combined with spinal cord nerve injury, some patients have serious symptoms such as 
numbness, muscle weakness, incomplete paralysis or even paraplegia. X-ray examination can prelim-
inarily detect the degree of erosive bone destruction. Computed tomography is more accurate and 
stereoscopic than X-ray in displaying bone lesion, especially in assessing the location of spinal cord 
compression, the involvement of the spinal canal, the severity of vertebral destruction and the injury 
mechanism. In addition, MRI can provide information about the involvement of soft tissue around the 
spine, and the state of the spinal cord and nerve is clearer.

Based on the imaging findings for this patient, AL might be easily misdiagnosed for spinal 
tuberculosis or spinal metastasis because these conditions are mostly identified by bone destruction. In 
addition, both AL and spinal tuberculosis may be characterized by the narrowed intervertebral space, 
hyperosteogeny and late sclerosis[13]. Unlike AL, most patients with spinal tuberculosis have low fever, 
night sweats and other systemic symptoms in the early stage, and the anti-tuberculosis treatment is 
effective. Similarly, patients with spinal metastases often have symptoms in primary organs, such as 
gastrointestinal tumours and prostate cancer. Spinal metastases are common in the thoracolumbar 
spine, and cervical metastases are rarely reported. With detailed physical examination and previous AS 
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Figure 2 Preoperative magnetic resonance imaging. A: Sagittal T2-weighted image; B: Sagittal T1-weighted image; C: Axial T2-weighted image; D: Sagittal 
STIR image.

Figure 3 Postoperative X-ray. A: Lateral X-ray view; B: Anteroposterior X-ray view.

disease history, laboratory markers, X-ray, CT and magnetic resonance examination are vitally 
important for the diagnosis of AL.

To the best of our knowledge, there are no exact and consistent guidelines on how to systematically 
treat AL[17]. Conservative treatment, including NSAIDs and anti-TNF-α therapy, is often initially 
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Figure 4 Pathology picture.

Figure 5 10 months postoperative X-ray. A: Lateral X-ray view; B: Anteroposterior X-ray view.

suggested, and some researchers have confirmed that conservative treatment is safe and effective[8]. 
Nevertheless, there is still no recognized evidence that these drugs can help the treatment of 
symptomatic AL, although they have been proven to be effective in patients with ankylosing 
spondylitis. Therefore, surgical treatment is recommended to reduce unbearable pain, kyphosis 
deformity, biomechanical instability or neurological deficits caused by trauma[18-21]. Our patient had a 
mild traumatic fracture involving three columns of the cervical spine secondary to Andersson lesion. To 
reconstruct the stability of the cervical spine and fully decompress the spinal canal, we chose the 
posterior with the anterior approach for surgery. According to our experience, successful interbody 
fusion through surgery (one-stage internal fixation) is the safest and most effective choice to treat AL.

CONCLUSION
In summary, AL constitutes a relatively infrequent nonneoplastic bone destruction in patients with AS. 
Our report provides a meaningful reference for the diagnosis, differential diagnosis, treatment and 
prognosis of AL. Surgery is a more reasonable choice to treat AL with unstable cervical fracture, 
especially for patients with kyphosis and dysfunction caused by nerve compression. Fusion is critical, 
and complete decompression is fundamental in the treatment of Andersson lesion.
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Abstract
BACKGROUND 
The airways of patients undergoing awake craniotomy (AC) are considered 
“predicted difficult airways”, inclined to be managed with supraglottic airway 
devices (SADs) to lower the risk of coughing or gagging. However, the special 
requirements of AC in the head and neck position may deteriorate SADs’ seal 
performance, which increases the risks of ventilation failure, severe gastric 
insufflation, regurgitation, and aspiration.

CASE SUMMARY 
A 41-year-old man scheduled for AC with the asleep–awake–asleep approach was 
anesthetized and ventilated with a size 3.5 AIR-Q intubating laryngeal mask 
airway (LMA). Air leak was noticed with adequate ventilation after head rotation 
for allowing scalp blockage. Twenty-five minutes later, the LMA was replaced by 
an endotracheal tube because of a change in the surgical plan. After surgery, the 
patient consistently showed low tidal volume and was diagnosed with gastric 
insufflation and atelectasis using computed tomography.

CONCLUSION 
This case highlights head rotation may cause gas leakage, severe gastric 
insufflation, and consequent atelectasis during ventilation with an AIR-Q 
intubating laryngeal airway.

Key Words: Insufflation; Atelectasis; Laryngeal mask airway; Craniotomy; Case report
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Core Tip: AIR-Q intubating laryngeal airway is a feasible airway management method for predicted 
difficult airways and has been proven to involve fewer complications and a shorter ventilation duration 
than fiberoptic intubation. This case highlights that head rotation during ventilation with an AIR-Q 
intubating laryngeal airway may lead to gas leakage, severe gastric insufflation, and consequent 
atelectasis; this indicates that physicians should pay attention to patient position changes when using 
laryngeal mask airway.

Citation: Zhao Y, Li P, Li DW, Zhao GF, Li XY. Severe gastric insufflation and consequent atelectasis caused by 
gas leakage using AIR-Q laryngeal mask airway: A case report. World J Clin Cases 2022; 10(11): 3541-3546
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3541.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3541

INTRODUCTION
The use of supraglottic airway devices (SADs) has been proven to be a feasible airway management 
method for awake craniotomy (AC) to lower the risk of coughing or gagging during the transition to the 
awake state[1]. Recently, a retrospective analysis of 30 cases of AC reported that patients receiving 
laryngeal mask airway (LMA) had fewer complications and a shorter ventilation duration than patients 
who underwent fiberoptic intubation[2]. Considering the requirements of craniotomy and scalp blocks, 
head rotation and neck flexion may influence the performance of SADs including oropharyngeal leak 
pressure, ventilation, and fiberoptic view[3,4]. Gastric insufflation and regurgitation were also reported 
by studies using SADs[3,5,6]. There are no clinical data on gastric insufflation and regurgitation in AC, 
and the current reviews do not provide suggestions to prevent these complications[1,7,8]. Here, we 
report a case of severe gastric insufflation and consequent atelectasis caused by gas leakage using AIR-Q 
LMA during preparation for craniotomy.

CASE PRESENTATION
Chief complaints
A 41-year-old man was admitted for paroxysmal unconsciousness for 7 d.

History of present illness
Written informed consent was obtained from the patient for the publication of this report and any 
accompanying images. A 41-year-old man (weight, 65 kg; height, 168 cm) was diagnosed with 
postoperative recurrence of a right frontotemporal glioma and was scheduled for AC with the 
asleep–awake–asleep approach[1] on July 24, 2020.

Preoperative medication included daily doses of phenobarbitone 120 mg and carbamazepine 600 mg. 
He did not receive premedication and fasted for longer than 8 h on the day of surgery. After attaching 
the monitors and securing peripheral venous access, pre-oxygenation was performed to reach an 
exhaled oxygen concentration > 90%. Anesthesia was induced with a bolus injection of propofol (2 
mg/kg) and sufentanil (0.2 μg/kg). Bag-mask ventilation with the head-tilt-chin lift, jaw-thrust 
maneuver was applied and rated Grade 1 using Han’s grading scale for mask ventilation[9]. At EEG 
stage D, a size 3.5 AIR-Q intubating laryngeal airway (Cookgas® company) was promptly inserted 
following a standard insertion technique. The sealing pressure was optimized by inflating the cuff until 
the cessation of the air leak sound from the mouth[10].

Large chest elevation amplitude, normal pulmonary auscultation, no epigastric audible sound, and 
standard end-tidal CO2 (ETCO2) curve were achieved. Volume-control ventilation was adopted with the 
following breath parameters: 500 mL/L O2, gas flow 3 L/min, VT 6 mL/kg, I:E 1:2, positive end-
expiratory pressure (PEEP) = 0 cmH2O, and peak inspiratory pressure (PIP) = 18 cmH2O. The 
respiratory rate was adjusted to maintain ETCO2 between 35 and 40 mmHg. Sevoflurane inhalation and 
target-controlled infusion of remifentanil were administered to maintain anesthesia. Scalp nerve block 
was performed using 20 mL ropivacaine 500 mg/L. To facilitate ultrasound-guided bilateral greater and 
lesser occipital nerve blocks, the patient’s head was rotated approximately 45° to the left and right, 
respectively. Air leak sound from the mouth with obvious chest expansion and increased PIP (23 cmH2

O) was noticed and assessed as “adequate” ventilation using a three-point ventilation score[11]. After 
approximately 25 min of administering the scalp block, the anesthesia provider was informed that the 
surgical plan would change to craniotomy under general anesthesia. After administering an induction 
dose of cisatracurium (0.15 mg/kg), the LMA was withdrawn, and an endotracheal tube (ID 7.5) was 
successfully inserted using a video laryngoscope at the first attempt. Ventilation parameters remained 

https://www.wjgnet.com/2307-8960/full/v10/i11/3541.htm
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unchanged, except for PEEP 5 cmH2O and PIP 22 cmH2O. The length of surgery was 460 min. At the 
completion of the surgery, sevoflurane was stopped, and remifentanil was adjusted to 2 μg/mL. Patient 
consciousness and spontaneous breathing were restored in 13 min. However, VT was consistently low 
(160-200 mL) even after a standard lung recruitment maneuver (RM).

History of past illness
The patient had no history of any medical illness other than the diagnosis from the previous surgery.

Personal and family history
This patient is with no family history.

Physical examination
Breath sounds decreased bilaterally.

Laboratory examinations
Intraoperative PO2 of arterial blood gas was between 214 and 225 mmHg.

Imaging examinations
A lung computed tomography (CT) scan was performed in the hybrid operating room. Before gastric 
decompression, gastric insufflation (Figure 1A, asterisk) and atelectasis with air bronchogram 
(Figure 1B, asterisk) were observed. In contrast, after gastric decompression and RM, the stomach was 
deflated (Figure 1C, asterisk), and the atelectatic lung tissue (Figure 1D, asterisk) was re-aerated.

FINAL DIAGNOSIS
Abdominal and chest CT scans revealed severe gastric insufflation (Figure 1A), elevation of the bilateral 
diaphragm dome to the lower edge of the seventh thoracic vertebral body, and atelectasis of the bilateral 
lower lobes (Figure 1B).

TREATMENT
A nasogastric tube was promptly inserted, through which a large amount of gas was released. After 
another RM, VT was restored to 300 mL. The second CT scan showed gastric deflation (Figure 1C), 
descent of the bilateral diaphragm dome to the lower edge of the ninth thoracic vertebral body, and a 
great reduction in the atelectasis region (Figure 1D).

OUTCOME AND FOLLOW-UP
The patient was transferred to the neurological intensive care unit, extubated after 48 h of synchronized 
intermittent mandatory ventilation without other pulmonary complications, and discharged from the 
hospital on the 7th postoperative day.

DISCUSSION
This is the first report to describe severe gastric insufflation and consequent atelectasis during 
mechanical ventilation with an AIR-Q LMA. Contrary to the endotracheal tube, SADs enable effective 
ventilation with risks of gastric insufflation, consequent regurgitation, and pulmonary aspiration[8]. 
These risks may increase upon changing the head and neck position, which is required for certain 
surgical and anesthetic procedures, such as AC and scalp block[1]. Neck flexion decreases longitudinal 
tension in the anterior pharyngeal muscles and reduces the pharyngeal anteroposterior diameter, 
resulting in significant impairment of ventilation and alignment between the SAD and glottis with 
increased oropharyngeal leak pressure. Conversely, neck extension increases the pharyngeal anteropos-
terior diameter by elevating the laryngeal inlet and reduces oropharyngeal leak pressure without 
impairing ventilation. A systematic review and meta-analysis reported that SAD performance was not 
significantly affected by the rotation of the head and neck, and the intracuff pressure of LMAs was 
standardized at 60 cmH2O (5.9 kPa)[7]. In the present case, peak inspiratory pressure-guided intracuff 
pressure was applied to reduce postoperative pharyngolaryngeal complications[12]. This technique 
might have led to a lower intracuff pressure and cuff volume and consequently impaired seal 
performance of LMA as the head and neck positions changed. However, higher intracuff pressure does 
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Figure 1 Patient’s computed tomography of upper abdomen (A and C) and lung (B and D). Before gastric decompression, gastric insufflation (A, 
asterisk) and atelectasis with air bronchogram (B, asterisk) could be seen. After gastric decompression and standard lung recruitment manoeuvre, the stomach was 
deflated (C, asterisk) and atelectatic lung tissue (D, asterisk) was re-aerated.

not necessarily improve sealing performance. A recent study reported that an intracuff pressure of 20 
cmH2O reduced the incidence of gastric insufflation to 35%, compared with that of 60 cmH2O (48%)[6]. 
Moreover, gastric insufflation detected with ultrasonography[6] is reported to be significantly more 
frequent than that with epigastric auscultation[8]. Prolonged duration of surgery and mechanical 
ventilation lead to atelectasis and other pulmonary complications[13]. However, the difference in the 
outcomes between the first RM and the RM after gastric decompression indicated that gastric 
insufflation was an important factor aggravating atelectasis. Furthermore, by continuously stretching 
the diaphragm for approximately 10 h, gastric insufflation might have led to diaphragmatic 
dysfunction, decreasing the patient’s postoperative VT[14].

Because of immobilization of the patient’s head and limited access of the anesthetist to the patient, 
airway management in AC should be treated as a predicted difficult airway. Therefore, gastric 
insufflation with SAD ventilation, which may lead to regurgitation and aspiration, should be prevented, 
detected, and addressed early. An alternative solution may be ventilation with a SAD embedding a 
channel for orogastric tube placement, insertion of an orogastric tube, and careful titration of intracuff 
pressure for various head and neck positions during the asleep period. Further, the orogastric tube can 
be removed at the beginning of the transition to the awake period and reinserted if a SAD is replaced in 
the post-awake phase. If available, ultrasonography for early detection of gastric insufflation and 
measurement of gastric volume is significantly superior to epigastric auscultation. Moreover, ultrasono-
graphy may help monitor the development of atelectasis[15] and diaphragm function[16].

CONCLUSION
Our report suggests that head rotation may lead to gas leakage, severe gastric insufflation, and 
consequent atelectasis during ventilation with an AIR-Q intubating laryngeal airway.
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Abstract
BACKGROUND 
Simultaneous cerebral and myocardial infarction with arterial involvement has 
not been reported in hypereosinophilic syndrome (HES). Here, we report a patient 
with HES that was also associated with acute ischemic stroke, myocardial 
infarction, and arterial involvement of the left common carotid artery, vertebral 
arteries, posterior cerebral artery, and coronary artery.

CASE SUMMARY 
A 64-year-old male patient was admitted with headache and right lower 
extremity weakness. Laboratory tests indicated eosinophilia. Brain magnetic 
resonance imaging (MRI) showed bilateral and multiple acute infarcts in the 
border zones. Electrocardiography revealed that T wave was inverted and that the 
concentration of troponin I was significantly elevated above normal levels. 
Cardiac echocardiography showed an ejection fraction of 69% with mitral and 
tricuspid mild regurgitation. Computed tomography angiography detected 
multiple and localized instances of mild stenosis in the left common carotid artery 
bifurcation, bilateral vertebral arteries (V5 segment), and the posterior cerebral 
artery (P2 segment). These were observed together with multiple non-calcified 
and mixed plaques as well as luminal stenosis in the left circumflex artery, left 
anterior descending artery, and right coronary artery. The patient was treated 
with oral methylprednisolone and clopidogrel, after which the absolute 
eosinophil count fell rapidly to a normal level. After one month, a second brain 
MRI showed a partial reduction in the size and number of the lesions.

CONCLUSION 
HES can masquerade as ischemic stroke, myocardial infarction, and arterial 
vascular involvement. The patient reported here recovered very quickly when his 
eosinophil blood count returned to normal. Early diagnosis and rapid reduction of 
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eosinophils may lead to a good prognosis.
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Core Tip: Hypereosinophilic syndrome (HES) is characterized by unexplained eosinophilia in the blood 
and tissues. Neurologic and cardiac involvement in patients with HES is common and variable. 
Eosinophil-mediated arterial vascular involvement is a rare manifestation of HES. This rare case of HES 
was accompanied by acute ischemic stroke, myocardial infarction and arterial vascular involvement. Early 
diagnosis and rapid reduction of eosinophils may lead to a good prognosis.

Citation: Sun RR, Chen TZ, Meng M. Hypereosinophilic syndrome presenting as acute ischemic stroke, myocardial 
infarction, and arterial involvement: A case report. World J Clin Cases 2022; 10(11): 3547-3552
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3547.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3547

INTRODUCTION
Hypereosinophilic syndrome (HES) is characterized by unexplained eosinophilia in the blood and 
tissues, and is associated with a variety of clinical manifestations[1]. It has long been thought that HES is 
associated with multiple organ dysfunctions, ranging from minor skin involvement to serious and even 
life-threatening cardiovascular, hematologic, and neurologic manifestations[2]. Neurologic involvement 
in patients with HES is common and highly variable, and includes the occurrence of peripheral 
neuropathy, encephalopathy, and stroke[3]. Cardiac involvement may lead to the development of 
thrombi, resulting a transient ischemic attack or embolic stroke with associated sequelae[4]. However, 
eosinophil-mediated arterial vascular involvement is a rare manifestation of HES. Most HES patients 
present with organ involvement showed normal cranial computed tomography angiogram (CTA) or 
magnetic resonance angiography[3,5,6]. Here, we report a rare case of HES accompanied by the 
simultaneous occurrence of acute ischemic stroke and myocardial infarction (MI), as well as arterial 
vascular involvement of the left common carotid artery, vertebral arteries, posterior cerebral artery, and 
coronary artery.

CASE PRESENTATION
Chief complaints
A 64-year-old male patient without any cerebrovascular risk factors was admitted to our hospital with a 
headache and right lower extremity weakness that lasted for two days.

History of present illness
The patient had a history of toothache, smoking, and alcohol consumption.

History of past illness
Until hospitalization, the patient was not burdened with any significant cardiovascular comorbidity.

Personal and family history
The patient had no pertinent family history of heart disease or other illnesses.

Physical examination
The results of a physical examination showed right lower extremity weakness (4-/5 strength) and 
dystaxia.

Laboratory examinations
Routine laboratory tests revealed significant leucocytosis (12.36 × 109/L) and an elevated eosinophil 
count (6.89 × 109/L, 55.7% of leukocytes) in the peripheral blood. The results of a blood clotting test, 
urine and stool routine examination, virus screening, liver and renal function examination, and 

https://www.wjgnet.com/2307-8960/full/v10/i11/3547.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3547


Sun RR et al. HES presenting as AIS, MI, and arterial involvement

WJCC https://www.wjgnet.com 3549 April 16, 2022 Volume 10 Issue 11

immunological function examination were normal. The antinuclear antibodies, anti-neutrophil 
cytoplasmic antibodies, and tumor markers were also negative. Molecular genetic analysis of fusion 
gene mutation (Fip1-like 1-platelet-derived growth factor receptor alpha) was also negative. Bone 
marrow aspirate results were compatible with HES, showing no sign of myelodysplasia, hemoparasite, 
or atypical cells. Cerebrospinal fluid analysis revealed that the levels of white blood cells, proteins, and 
glucose were normal. Acid-fast staining and India ink staining of cerebrospinal fluid were negative. 
Electrocardiography (ECG) revealed that the T wave was inverted and the concentration of troponin I 
(0.644 ng/mL) was significantly elevated. The clinical history and examination results of this patient 
showed no sign of parasitic infection, neoplasm, vasculitis, or allergy.

Imaging examinations
A CT scan of the chest was normal. Abdominal ultrasound revealed multiple hepatic cysts. Brain 
magnetic resonance imaging (MRI) detected bilateral and multiple acute infarcts in the border zones, 
which were located in the cortical and subcortical areas (Figure 1A-C). CTA of the head and neck 
revealed multiple and localized mild instances of stenosis in the left common carotid artery bifurcation, 
bilateral vertebral arteries (V5 segment), and posterior cerebral artery (P2 segment) (Figure 1D-F). 
Cardiac echocardiography showed an ejection fraction of 69% with mitral and tricuspid mild 
regurgitation. Coronary CTA showed multiple non-calcified, mixed plaques and luminal stenoses in the 
left circumflex artery, left anterior descending artery, and right coronary artery (Figure 1G-I). The 
results of cardiac examination supported the diagnosis of non-ST-elevated MI.

FINAL DIAGNOSIS
The patient was diagnosed with HES, accompanied with multiple cerebral infarctions and acute MI.

TREATMENT
The patient was treated with oral methylprednisolone (1 mg/kg/d) and clopidogrel (75 mg/d) for 7 d, 
and responded well to the treatment. The absolute eosinophil count (0.18 × 109/L, 1.8% of leukocytes) 
fell to a normal level within 7 d.

OUTCOME AND FOLLOW-UP
The patient was discharged after two weeks and continued taking low-dose prednisone. The ECG at 
discharge showed a normal T wave. The troponin I was 0.455 ng/mL during hospitalization and 0.012 
ng/mL at discharge. After one month, a second brain MRI showed a partial reduction in the size and 
number of the lesions (Figure 2A-C). After one year, another brain MRI showed cerebromalacia in 
multiple areas of the lesions (Figure 2D-F). The follow-up of this patient was satisfactory in that he 
remained asymptomatic while on low-dose prednisone.

DISCUSSION
HES comprises a group of disorders characterized by the abnormal accumulation of eosinophils in the 
peripheral tissues or blood, independent of known secondary causes of eosinophilia (e.g., parasitic 
infection)[4]. In 2010, new diagnostic criteria of HES were proposed: An absolute eosinophil count of 
more than 1500/mm3 on at least two occasions or marked blood eosinophilia and prominent tissue 
eosinophilia associated with symptoms; exclusion of secondary causes of eosinophilia, such as 
neoplasms, hypoadrenalism, chemical- or drug-induced eosinophilia, allergic diseases, and viral or 
parasitic infection. Advances in diagnostic and therapeutic approaches have prompted a re-evaluation 
of the definition and classification of HES[7]. More than half of the patients with HES in one study (27 of 
52) had neurologic dysfunction[8]. Stroke represents the most devastating neurological consequence of 
HES, which is characterized by a distinct pattern of both internal and external border zone infarcts[2].

In the patient reported here, eosinophilic involvement resulted in multiple cerebral infarctions and 
acute MI. Acute cerebral infarctions in the border zones were the first presenting symptom in this case. 
Meanwhile, the patient suffered from ischemic ECG changes, troponin I elevation, and mild valve 
regurgitation in echocardiography, which supported the diagnosis of MI. As a rare complication of HES, 
MI occurs as the result of endomyocardial fibrosis[9]. CTA of the head and neck, as well as the coronary 
artery showed multiple arterial stenoses in this case. Single arterial stenosis or occlusion has been only 
occasionally reported in patients with HES. Chang et al[10] reported a 43-year-old male patient with 
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Figure 1 Brain magnetic resonance imaging and computed tomography angiography at admission. A: Diffusion-weighted magnetic resonance 
imaging (MRI); B: T2-weighted MRI; C: Fluid-attenuated inversion recovery revealed multiple acute infarcts in the bilateral border zones; D-I: Computed tomography 
angiogram (CTA) of the head and neck revealed mild stenosis in the (D) bilateral vertebral arteries, (E) left common carotid artery bifurcation, and (F) the posterior 
cerebral artery. Coronary CTA showed mild stenosis in the (G) right coronary artery, (H) left anterior descending artery, and (I) the left circumflex artery.

HES presenting with ischemic stroke and segmental stenosis of the right posterior cerebral artery 
resulting from direct eosinophilic toxicity. Li et al[11] described a middle-aged woman with idiopathic 
HES presenting with bilateral middle cerebral artery occlusion and progressive multiple cerebral 
infarction. Our patient suffered from multiple arterial vascular damage involving the left common 
carotid artery, vertebral arteries, posterior cerebral artery, and coronary artery. Eosinophilic toxicity to 
the vascular wall, via either arterial or venous vessels, was considered the pathological consequence of 
eosinophil accumulation[10]. Eosinophils have direct cytotoxic activity through the local release of toxic 
substances, including pro-inflammatory cytokines, reactive oxygen species, enzymes, arachidonic acid-
derived factors, and cationic proteins[10,12].

The mechanism of eosinophilia-associated stroke remains unknown. The major etiology is cardiac 
embolism. More than half of cases with HES show a sign of cardiac involvement in echocardiography, 
which is a common source of thromboembolism with thrombi formation in damaged endocardium[13,
14]. With the development of thromboembolism, patients with HES may experience a transient ischemic 
attack or embolic stroke as the initial presenting symptom[15]. Eosinophilia may damage the 
myocardium and endocardium, and therefore contribute to cardiac embolism by releasing eosinophilic 
granule contents, such as eosinophilic cationic protein and major basic protein[14]. Generally, eosino-
philic myocarditis can be divided into three stages, which may occur simultaneously: (1) Acute 
necrosis/myocarditis stage-eosinophilic infiltration of the myocardium associated with myocardial 
necrosis due to the release of toxic cationic proteins from degranulated eosinophils; (2) thrombosis 
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Figure 2 Brain magnetic resonance imaging during follow-up. A-C: Brain magnetic resonance imaging (MRI) at one month of follow-up showed a 
reduced size and number of lesions compared with the results at admission; D-F: Brain MRI at one year of follow-up showed cerebromalacia in multiple areas of the 
lesions.

stage-thrombosis at both ventricles where the ventricular outflow tract and subvalvular regions are 
associated with a significant risk of embolic complications; and (3) fibrotic stage-fibrosis replaces the 
thrombus formed on denuded myocardium and often requires surgical intervention[9,16]. The clinical 
records and laboratory tests of this case indicated that eosinophilia-induced cardioembolism and 
vascular wall damage may have been the main cause of cerebral infarction. Unfortunately, cardiac MRI 
and endocardial biopsy were not performed. Despite advances in noninvasive imaging methods (e.g., 
echocardiography and cardiac MRI), endomyocardial biopsy remains the gold standard for the 
diagnosis of HES, especially in patients at the early stages of myocardial infiltration.

Corticosteroids are the most widely used medication to reduce eosinophil levels in patients with HES. 
If the patient presents with significant end-organ damage, corticosteroid treatment should be initiated 
immediately. An antiplatelet agent was used to reduce the risk of embolization in this case, however, 
the use of antiplatelet agents or anticoagulants alone is not recommended. The rapid reduction of 
eosinophil count is essential for preventing thromboembolic events and end-organ damage in patients 
at risk.

CONCLUSION
In conclusion, neurologic and cardiac complications occurred almost simultaneously in this case. Thus, 
the early diagnosis and treatment of HES are crucial for the prevention of widespread cardioembolism 
and subsequent irreversible, life-threatening cerebrovascular complications. Long-term follow-up and 
ongoing surveillance are important for monitoring the progression of the disease. Clinicians should be 
cognizant of HES patients presenting with cerebral infarction in the border zone. Early diagnosis and 
prompt treatment with corticosteroids are required.
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Abstract
BACKGROUND 
17α-Hydroxylase deficiency (17-OHD) is a rare form of congenital adrenal 
hyperplasia, characterized by hypertension, hypokalemia, and gonadal dysplasia. 
However, due to the lack of a comprehensive understanding of this disease, it is 
prone to misdiagnosis and missed diagnosis, and there is no complete cure.

CASE SUMMARY 
We report a female patient with 17-OHD. The patient was admitted to the 
Department of Neurology of our hospital due to limb weakness. During 
treatment, it was found that the patient’s condition was difficult to correct except 
for hypokalemia, and her blood pressure was difficult to control with various 
antihypertensive drugs. She was then transferred to our department for further 
treatment. On physical examination, the patient's gonadal development was 
found to be abnormal, and chromosome analysis demonstrated karyotype 46,XY. 
Considering the possibility of 17-OHD, the cytochrome P450 family 17 subfamily 
A member 1 (CYP17A1) test was performed to confirm the diagnosis.

CONCLUSION 
The clinical manifestations of 17-OHD are complex. Hormone determination, 
imaging examination, chromosome determination and CYP17A1 gene test are 
helpful for early diagnosis.

Key Words: Congenital adrenal cortex hyperplasia; Cytochrome P450 family 17 subfamily 
A member 1; 17α-Hydroxylase deficiency; Pseudohermaphroditism; Case report
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Core Tip: 17α-Hydroxylase deficiency (17-OHD) is a rare form of congenital adrenal hyperplasia, charac-
terized by hypertension, hypokalemia, and gonadal dysplasia. We report a case of 17-OHD admitted to our 
hospital due to limb weakness. The patient’s blood pressure was difficult to control with various 
antihypertensive drugs. Her gonadal development was found to be abnormal, and chromosome analysis 
demonstrated karyotype 46,XY. The diagnosis was confirmed by the cytochrome P450 family 17 
subfamily A member 1 (CYP17A1) test. The clinical manifestations of 17-OHD are complex. Hormone 
determination, imaging examination, chromosome determination and CYP17A1 gene detection are helpful 
for early diagnosis.

Citation: Gong Y, Qin F, Li WJ, Li LY, He P, Zhou XJ. Cytochrome P450 family 17 subfamily A member 1 
mutation causes severe pseudohermaphroditism: A case report. World J Clin Cases 2022; 10(11): 3553-3560
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3553.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3553

INTRODUCTION
17α-Hydroxylase deficiency (17-OHD) is a rare type of congenital adrenal hyperplasia (CAH), which is 
caused by mutations in the cytochrome P450 family 17 subfamily A member 1 (CYP17A1) gene, and the 
incidence of this disorder is approximately 1 in 50000[1]. In 1966, Biglieri et al[2] reported the first case of 
17-OHD. To date, about 200 cases have been reported at worldwide[3-5]. At present, there is no unified 
standard for the diagnosis of 17-OHD, which is mainly based on the clinical manifestations, laboratory 
and imaging examinations, etc., and the diagnosis depends on the detection of gene CYP17A1[6]. We 
here report a patient with 17-OHD admitted to our hospital, and review the literature on the 
pathogenesis, clinical characteristics, diagnosis and treatment of the disease.

CASE PRESENTATION
Chief complaints
A 29-year-old female was admitted to the Department of Neurology in our hospital due to limb 
weakness for 1 d.

History of present illness
The patient had a history of syncope on several occasions, which lasted approximately 1 min and could 
be relieved without treatment.

History of past illness
She denied other medical history such as hypertension or coronary heart disease and had no history of 
smoking or alcohol consumption.

Personal and family history
Upon further investigation, the patient had primary amenorrhea and was unmarried and childless. Her 
parents were first cousins and her older brother was healthy.

Physical examination
At admission, her temperature was 36.5 °C, respiration rate was 23 breaths/min, pulse rate was 114 
bpm, blood pressure was 184/127 mmHg, height was 180 cm, weight was 69 kg, and body mass index 
was 21.3 kg/m2. The patient’s breast development had only progressed to Tanner stage 1, and her vulva 
was similar to that of a female infant. The patient’s pubic and axillary hair was undeveloped, and her 
Adam's apple was small. Pathological reflexes were not elicited (Figure 1).

Laboratory examinations
After admission, low serum potassium levels (2.26 mmol/L) were observed and appeared to be 
uncorrected after potassium supplementation. In addition, the patient had constant high blood pressure, 
with a maximum reading of 184/127 mmHg.

Imaging examinations
The results of the patient’s biochemical and imaging examinations are shown in Figure 2 and Tables 1 
and 2. Genetic analysis (Figure 3) showed homozygous mutations in the CYP17A1 gene (NM_000102.3: 

https://www.wjgnet.com/2307-8960/full/v10/i11/3553.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3553
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Table 1 The biochemical examinations of the patient

Projects Results Reference range

Potassium (mmol/L) 2.26 3.5-5.5

Renin (mIU/L) < 0.5 2.8-39.9

Aldosterone (ng/dL) 3.69 0-23.6

Angiotension II (pg/ml) 39.1 25-129

FSH (mIU/mL) 38.97 Follicular phase: 3.03-8.08; Ovulatory phase: 2.55-16.69; Luteal phase: 0.9-16.69; Postmenopausal: 26.7-
133.4

LH (mIU/mL) 14.49 Follicular phase: 1.8-11.78; Ovulatory phase: 7.59-89.08; Luteal phase: 0.56-14; Postmenopausal: 5.16-61.99

Progesterone (ng/mL) 5.5 Follicular phase: < 0.1-0.3; Luteal phase: 1.20-15.9; Postmenopausal: < 0.1-0.2

Estradiol (pg/mL) < 10 Follicular phase: 21-251; Luteal phase: 38-649; Postmenopausal: 21-312

Testosterone (ng/dL) 0.18 Male (21-49 yr): 2.4-8.71; Female (21-49 yr): 0.14-0.53

Cortisol (nmol/L)

0 a.m. 83.46 45-135

8 a.m. 170.11 120-660

4 p.m. 106.01 55-200

ACTH (pmol/L)

0 a.m. 8.54 0.4-4.0

8 a.m. 112.85 1.5-14.1

4 p.m. 27.15 0.95-9.5

Dehydroepiandrosterone-S (μg/dL) 17.80 95-510

GH (ng/mL) 0.648 < 8

Urine cortisol for 24 h (μg/24 h) 17.33 19.30-317.50

Urinary potassium 24 h (mmol/24 
h)

204.5 25-100

Karyotype 46,XY

FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; ACTH: Aadreno-cortico-tropic-hormone; GH: Growth hormone.

Table 2 The imaging examinations of the patient

Projects Results

Plain CT scan of adrenal Bilateral multiple adrenal lesions were considered to be multiple myeloid lipomas or diffuse adrenal hyperplasia

Enhanced CT scan of adrenal Bilateral multiple adrenal lesions were considered to be multiple myeloid lipomas

Plain MRI scan of pituitary gland Normal

X-ray examination of both hands The epiphyses of the fingers, metacarpal and distal ulna and radius of both hands were not healed

Ultrasonography of the pelvis No obvious uterine echo was observed

Plain MRI scan of the pelvis No obvious cryptorchidism and uterine accessory tissues were observed

CT: Computed tomography; MRI: Magnetic resonance imaging.

c.81C>A (p. Tyr27*)). These genetic variations have been reported by Müssig et al[7] and Keskin et al[8]. 
Genetic analysis of the patient showed a heterozygous mutation (c.81C>A). Unfortunately, we were 
unable to perform a genetic analysis of the patient’s older brother, as he was unavailable at the time of 
testing.
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Figure 1 Physical examinations. A and B: The patient showed absence of breast development and axillary hair; C and D: The patient's vulva was similar to that 
of a female infant and had no pubic hair.

FINAL DIAGNOSIS
The clinical manifestations of this patient combined with the results of various auxiliary examinations, 
resulted in a final diagnosis of 17-OHD associated with multiple myeloid lipomas of the adrenal gland.

TREATMENT
Following the diagnosis of 17-OHD, the patient started on oral dexamethasone (0.75 mg/d), which will 
be a lifelong medication. When her blood pressure and potassium level had returned to normal, she was 
discharged from the hospital.

OUTCOME AND FOLLOW-UP
One year later, the patient’s electrolytes (serum potassium level 4.6 mmol/L) and blood pressure 
(130/75 mmHg) were normal on re-examination.

DISCUSSION
CAH is an autosomal recessive disorder caused by mutations in the genes encoding essential enzymes 
for the synthesis of corticosteroids. As a result of the imbalance between glucocorticoids and mineralo-
corticoids, this leads to metabolic disorders, and thus morbidity and mortality in these patients are very 
high[9]. The enzymes involved include 21-hydroxylase, 11β-hydroxylase, 17α-hydroxylase, 3β-
hydroxysteroid dehydrogenase/isomerase etc. These enzyme defects (reduced or absent activity) can 
lead to CAH, but with different clinical manifestations[10]. Of these enzymes, 21-hydroxylase deficiency 
is the most common, accounting for more than 95% of cases[11], followed by 11β-hydroxylase 
deficiency. 17-OHD accounts for about 1% of all CAH cases, with an estimated incidence of 1 in 50000 to 
100000[12,13].
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Figure 2 Imaging examinations. A: Plain computed tomography (CT) scan of adrenals; B: Enhanced CT scan of adrenals; C: Plain magnetic resonance imaging 
scan of the pituitary gland; D: X-ray examination of both hands; E: Ultrasonography of the pelvis.

17-OHD mainly manifests as hypertension, hypokalemia and abnormal sexual development. 
CYP17A1 encodes an enzyme with 17a-hydroxylase and 17,20-lyase activities, which is essential for the 
normal production of adrenal and gonadal glands[14]. When it is deficient, pregnenolone cannot 
translate into 17-hydroxyprogesterone and 17-hydroxylpregnenolone, resulting in the impairment of 
cortisol and gonadal hormones (including testosterone and estrogen)[13]. Cortisol synthesis disorders 
lead to an increase in adrenocorticotropic hormone (ACTH) feedback, which further activates the 17-
deoxy pathway of the zona fasciculata, producing overstimulation of this pathway and increasing 
progesterone, corticosterone and deoxycorticosterone (DOC) synthesis. The excessive levels of these 
hormones then lead to hypertension, and hypokalemia. Deficiency of gonadal hormones causes primary 
amenorrhea in women[15] and feminization of external genitalia in men[16]. Sexual dysplasia[6] in male 
patients mostly manifests as pseudohermaphroditism, with infantile female genitalia and a blind end 
vagina, while the internal genitalia is of the male type with small testicles and dysplasia, and external 
genitals are difficult to distinguish, such as small penis or mammary gland development. Female 
patients can be normal at birth, but do not develop secondary sexual signs with primary amenorrhea. 
There is no pubic or axillary hair growth in both men and women. After puberty, both follicle-
stimulating hormone and luteinizing hormone are significantly increased. Due to the lag in bone age, 
the patient's height continues to increase slowly after reaching adulthood. The bone age of our patient 
was below the actual age, but she was tall (180.0 cm). In addition, some patients are prone to fatigue, 
infection, different degrees of skin pigmentation[17] and osteoporosis. The diversity of clinical manifest-
ations in 17-OHD patients is due to the different mutation sites on the gene encoding the enzyme and 
different effects on the enzyme function. Therefore, in the clinic, the existence of hypertension, and 
hypokalemia accompanied by sexual dysplasia, should be considered as possible 17-OHD. This 
deficiency should be distinguished from several other diseases, such as 5α-reductase deficiency, 
androgen insensitivity syndrome and 3β-hydroxysteroid dehydrogenase deficiency. However, both 5α-
reductase deficiency and androgen insensitivity syndrome are generally not accompanied by 
hypertension and hypokalemia[18,19], and the clinical manifestations in this case did not meet the 
criteria for 3 β-hydroxysteroid dehydrogenase deficiency[20]. Hence, we were able to rule out these 
diseases.

There is no complete cure for 17-OHD, and treatment mainly consists of appropriate glucocorticoid 
and sex steroid hormone supplementation, social sex selection and psychological interventions. Low-
dose glucocorticoid (dexamethasone or prednisolone) replacement therapy is administered in order to 
decrease and normalize the blood levels of 11-DOC and ACTH, which can normalize blood pressure 
and electrolyte imbalances[21]. However, due to the need to avoid high-dose glucocorticoid therapy and 
complete inhibition of the hypothalamic–pituitary–adrenal axis, DOC cannot be completely suppressed, 
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Figure 3 Cytochrome P450 family 17 subfamily A member 1 gene analysis. A: The patient; B: Her father; C: Her mother.

and many patients will eventually become hypertensive, and corticosteroid receptor antagonists or 
calcium channel blockers can be used to control blood pressure[11]. Therefore, during treatment, 
spironolactone and nifedipine sustained release tablets are given to control blood pressure. In addition, 
sex hormone replacement is required for breast and uterus development and to maintain female sexual 
characteristics. Patients require estrogen and progestin circulation therapy to induce circulatory arrest 
bleeding and prevent endometrial hyperplasia. If the patient decides to be considered male, androgen 
replacement therapy may be given, and extensive genital reconstructive surgery may be performed, 
such as gonadectomy, to avoid malignant degeneration of the testes within the abdomen[13]. In this 
case, after full communication with the patient and her family, she decided to temporarily discontinue 
sex hormones and surgical treatment.

CONCLUSION
In summary, 17-OHD is extremely rare in clinical practice, and is prone to misdiagnosis and missed 
diagnosis. For patients with abnormal development of hypertension and hypokalemia, attention should 
be paid to the differentiation of this disease. Chromosome karyotype analysis and gene sequencing can 
help in diagnosis. Hormone replacement and antihypertensive treatment should be given as soon as 
possible after diagnosis. In addition, the psychological state of patients should be closely monitored.
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Abstract
BACKGROUND 
For the treatment of bone sarcoma in the distal femur, wide-margin resection and 
knee reconstruction with tumor endoprosthesis are standard therapies. Extra-
articular knee resection is required in cases of tumor invasion of the knee joint; 
however, the incidence of complications, such as aseptic loosening, prosthesis 
infection, and implant failure, is higher than that following intra-articular knee 
resection. To the best of our knowledge, there are three reports of patellar 
dislocations after replacement of a tumor endoprosthesis.

CASE SUMMARY 
A 36-year-old man with no significant past medical history was admitted to our 
institution with continuous pain in his left knee for 4 mo. An open biopsy was 
performed, and the patient was diagnosed with a left distal femoral malignant 
bone tumor. Extra-articular knee resection and knee reconstruction with a tumor 
endoprosthesis were performed. Although the alignment of the tumor prosthesis 
was acceptable, knee instability was noticed postoperatively. The axial 
radiographic view of the patellar and computed tomography showed lateral 
patellar dislocation at 4 wk postoperatively. The patient had to undergo a lateral 
release and proximal realignment. He could perform his daily activities at 9 mo 
postoperatively. Radiography revealed no patellar re-dislocation.

CONCLUSION 
Proximal realignment may be considered during primary surgery if there is an 
imbalance in the forces controlling the patellar tracking.

Key Words: Bone tumor; Distal femoral replacement; Lateral release; Patellar dislocation; 
Proximal realignment; Case report
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Core Tip: Extra-articular knee resection is required in cases of tumor invasion of the knee joint. To the best 
of our knowledge, there are three reports of patellar dislocations after replacement of tumor endopros-
thesis. We report a case of patellar dislocation after extra-articular knee resection and knee reconstruction 
with a tumor endoprosthesis without its malalignment. When distal femoral replacement with extra-
articular knee resection is planned and the quadriceps muscle is assumed to be resected asymmetrically, 
proximal realignment may be considered during primary surgery if there is concern regarding an 
imbalance in the forces controlling the patellar tracking.

Citation: Kubota Y, Tanaka K, Hirakawa M, Iwasaki T, Kawano M, Itonaga I, Tsumura H. Patellar dislocation 
following distal femoral replacement after extra-articular knee resection for bone sarcoma: A case report. World J 
Clin Cases 2022; 10(11): 3561-3572
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3561.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3561

INTRODUCTION
Bone tumors often arise around the knee, especially in the distal femur[1]. Bone sarcomas, such as 
osteosarcoma, also frequently originate in the distal femur[2]. Standard therapies for bone sarcoma in 
the distal femur include wide-margin resection and knee reconstruction with tumor endoprosthesis, 
which is thought to be an effective surgery to control local tumors and restore knee function. However, 
in cases of tumor invasion extending into the knee joint, extra-articular knee resection is required, which 
leads to wider resection and functional disorders. Moreover, the incidence of complications, such as 
aseptic loosening, prosthesis infection, and implant failure, is higher with extra-articular knee resection 
than with intra-articular knee resection. Initially, a fixed-hinge knee prosthesis was used in these cases; 
however, aseptic loosening was sometimes noted. Since the introduction of the kinematic rotating hinge 
prosthesis, the prosthesis survival rate improved considerably. In 2010, Kinkel et al[3] reported that the 
five-year implant survival rate was 57%, and the local recurrence rate of primary malignant tumors 
around the knee was 3%. Eight reports that have ascertained the outcome and complications after extra-
articular knee resection and knee reconstruction appear in Table 1[3-10]. In summary, following extra-
articular knee resection, the endoprosthesis complication rate is higher than that following intra-
articular knee resection.

Patellar dislocations are rare complications in these patients. We could find three reports of patellar 
dislocations after replacement of a tumor endoprosthesis[11-13], but there are no such reports that 
particularly focus on extra-articular knee resection. Herein, we report a case of patellar dislocation after 
extra-articular knee resection of a malignant bone tumor in the femur and knee reconstruction with a 
tumor endoprosthesis without its malalignment. The patient underwent proximal realignment and had 
an uneventful course.

CASE PRESENTATION
Chief complaints
A 36-year-old man with no significant past medical history was admitted to our institution with 
continuous pain in his left knee for 4 mo.

History of present illness
On physical examination, tenderness was observed over the left femoral medial epicondyle without any 
swelling, redness, or warmth around the joint. Radiological examination and computed tomography 
(CT) revealed an osteolytic lesion over the femoral medial epicondyle without a sclerotic rim, periosteal 
reaction, or calcification (Figure 1). Magnetic resonance imaging (MRI) showed a bone tumor. An open 
biopsy was performed, and reverse transcription-polymerase chain reaction (RT-PCR) and direct 
sequencing revealed the EWSR1/ATF1 fusion gene in the tumor specimens[14]. No other signs of 
metastasis were found on whole-body CT and positron emission tomography/CT. Extra-articular knee 
resection and knee reconstruction with a tumor endoprosthesis were performed.

The patient was placed in a supine position. A longitudinal incision was made starting distally, 
medial to the patellar tendon, and progressing proximally towards the lateral aspect. Medially, the 
distal end of the vastus medialis was resected. Resection was performed at approximately 2 cm from the 
distal end of the intermuscular septum. Subsequently, the medial head of the gastrocnemius muscle and 
the semimembranosus muscle attachment was resected. The distal femur was resected at a distance of 
12 cm. Patellar osteotomy was performed, preserving the articular capsule of the knee. After dissecting 

https://www.wjgnet.com/2307-8960/full/v10/i11/3561.htm
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Table 1 Complications of distal femoral replacement

Ref. Total 
cases Age (yr)1

Average 
follow-
up (mo)1

Extra-
articular 
cases

Implant 
type

Overall 
survival 

Disease-
free 
survival

Local 
recurr-
ence

Limb 
salvage

Implant 
survival 
(without 
re-opera-
tion)

Function 
score1

Total 
compli-
cation 

Infection
Aseptic 
loose-
ning

Implant 
failure

Peri- 
prosth-
etic 
fracture

Other 
compli-
cationsl

Revision

Kendall et 
al[4], 2000

12 (3 died 
who were 
excluded 
from their 
case 
matched 
study)

32.7 (20-
64)

18 (6-56) 9 cases Rotating 
hinge: 8 
cases; 
fixed 
hinge: 
One case

9/12 
(75%)

5/12 
(42%; 1 
case had a 
local and 
3 had 
systemic 
recurr-
ences)

1 case Amputa-
tion/disa-
rticulati-
on: 2 cases

Revision 
of compo-
nents: 0 
case; 
amputa-
tion/ 
disarticu-
lation: 2 
cases

Musculo-
skeletal 
Tumour 
Society 
(%): 56.14; 
Knee 
Society 
(points), 
130.14

12 cases 
(including 
amputa-
tion and 
recurre-
nce)

Superficia
l, 2 cases; 
deep, 2 
cases

NA NA NA Disloca-
tion of 
compo-
nent: 1 
case

Rebush-
ing: 1

Sim et al
[5], 2007

50 40.5 (13-
79)

24.5 (2-
124) 

NA (all 
cases: 
Wide en 
bloc 
resection)

Rotating 
hinge

Median: 
9.5 mo 
(metasta-
tic bone 
tumor) 
and 23.5 
mo 
(primary 
maligna-
ncy). 
Eight 
docume-
nted 
deaths

77% (39 
patients 
were 
initially 
metastasis
-free, 9 
subseq-
uently 
develo-
ped 
metasta-
sis) 
metastatic 
disease

0 case Amputa-
tion: 3 
cases

5 patients 
required 
endopros-
thetic 
revision, 3 
patients 
underw-
ent 
subseq-
uent 
amputa-
tion

NA 17 (34%) Superfic-
ial, 4 
cases; 
deep, 6 
cases

1 case Mecha-
nical 
wear: 2 
cases

2 cases Nerve 
palsies, 5 
cases

5 patients 
require 
endopros-
thetic 
revision 
(10%)

EAR, 31 
cases

64 
complic-
ations 
occurred 
(46 
patients)

Kinkel et 
al[3], 2010

77 38 (11–78) 46 (3–128)

Intraar-
ticular 
resection, 
46 cases

Rotating 
hinge

NA 97% 
(primary 
malignant 
tumor)

4 cases 92% (both 
5 and 10 
yr)

57% after 
5 yr

Enneking 
score, 73%

-

11 cases 13 cases 
(17%)

Locking 
mechani-
sm 
failure, 15 
cases

3 cases Reduced 
ROM, 5 
cases; 
rupture of 
the 
patellar 
tendon, 1 
case

70 
surgical 
revisions 
in 45 
patients 
(58%)

No 
complic-
ations 
were 
associated 
with the 
extensor 
mechan-
ism of the 

Zwolak et 
al[6], 2011

11 39.8 (15-
79)

37.5 (14-
80)

11 Rotating 
hinge 1 
case; not 
mentio-
ned in 
others

9/11 
(81.8%)

7/11 (6 
patients 
develo-
ped 
metasta-
sis)

1 case 100 % 100% NA NA NA NA NA NA 0 case
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patellar, 
specifica-
lly no 
patellar 
fracture 
was 
detected

Capanna 
et al[7], 
2011

14 34.9 (17-
68)

54 (12-
144)

13 Rotating 
hinge in 
some 
cases

10/14 
(71.4%)

8/14 
(57.4%)

3 cases 100% 1 patient 
with an 
interca-
lary 
arthrode-
sing 
prosthesis 
(Megasy-
stem C, 
Waldem-
ar Link)

MSTS-
ISOLS 
score, 83% 
(67- 90)

10 
patients

Deep 
infection, 
2 cases

0 case 1 case 0 case Rupture 
of the 
patellar 
tendon, 2 
cases

Infection, 
2 cases; 
failure of 
the 
grafted 
patellar 
tendon, 2 
cases

Hardes et 
al[8], 2013

59 33 (11-74) 56.4 (1-
204)

55 (93%) 
underw-
ent split-
ting of the 
patellar in 
the 
coronal 
plane; 4 
(7%) 
underw-
ent 
patellec-
tomy 

Rotating 
hinge

53/59 
(89.3%) 

49/59 
(83%)

2 cases 
(3%) 

76% at 
151 mo 

48% at 2 
yr and 
31% at 5 
yr 
postoper-
atively

The mean 
MSTS 
functional 
score: 22 
(10-29); 
the mean 
OKS 
score: 32 
(10-48)

NA 22 
patients 
(37%) 

10 cases 
(17%) 

Failure of 
the joint 
mechani-
sm (wear 
or 
breakage), 
12 
patients 
(20%) 

6 patients 
(10%)

Delayed 
healing, 
18 
patients 
(31%)

A total of 
110 
revision 
procedu-
res were 
carried 
out

Ieguchi et 
al[9], 2014

14 EAR, 44.4 
(23-65)

EAR, 82.8 
(24-176)

EAR, 6 
patients

Rotating 
hinge, 5 
cases; 
semi-
rotating 
hinge, 1 
case

5/6 
(83.3%)

3/6 
(50.0%) 

0 5/6 
(83.3%, 1 
case of 
amputa-
tion) 

5-yr 
survival 
rate of the 
prosthese
s without 
re-opera-
tion was 
33.3%

In the 
extra-
articular 
group, the 
mean 
total 
MSTS 
functional 
score, 21 
(18-26)

NA 2 cases 0 case Avulsion 
fractures 
of the 
patellar 
ligament, 
2 cases 
(no data 
regarding 
how 
many 
cases 
occurred 
in the 
EAR 
group

Detachm-
ent of the 
patellar 
compon-
ent, 1 case 
(no data 
regarding 
how 
many 
cases 
occurred 
in the 
EAR 
group

NA 2 cases (1 
required 
amputa-
tion)

EAR: 5- 
and 10-yr 
reconstru-
ction 
survival, 
65% and 

Shahid et 
al[10] , 
2017

76 32 (9-74) 
EAR: 33 
(11-73)

64 (12-
195)

EAR: 42 
cases 
(55%)

NA 5-yr 
survival 
60% 

NA 12/42 
(29%); 5-
yr 
survival, 
69% 

Amputati
on, 0 case 

MSTS 26 
(24-30)

NA NA NA NA NA NA NA



Kubota Y et al. Patellar dislocation following distal femoral replacement

WJCC https://www.wjgnet.com 3565 April 16, 2022 Volume 10 Issue 11

59%, 
respecti-
vely 

1Data are presented as median (range).
CI: Confidence interval; EAR: Extra-articular resection; MSTS: Musculoskeletal Tumor Society; ISOLS: International Symposium on Limb Salvage; NA: Not available; OKS: The Oxford knee score; PE: Polyethylene; ROM: Range of 
motion.

the patellar tendon, leaving an infrapatellar fat pad over the specimen, the 1-cm proximal tibia was cut 
above the tibial tuberosity (TT). The resected specimen was removed. The tumor prosthesis was 
implanted with patellar resurfacing (Figure 2A-C). The vastus medialis and vastus lateralis muscles 
were attached to the prosthesis. A medial gastrocnemius flap was used for the prosthesis coverage. 
When subcuticular closure was performed, there was no abnormal patellar position.

The patient wore a knee brace, which constrained knee extension, from the first postoperative day 
and began walking with full-body weight-bearing. After walking rehabilitation for six postoperative 
days, knee instability was noticed. Radiography showed a lateral subluxation of the patellar (Figure 2D 
and E). However, because the knee subluxation did not progress to dislocation, walking rehabilitation 
continued. Although a range of motion (ROM) of 30° was allowed during passive motion at 2 wk 
postoperatively, radiographs revealed no progression of subluxation. However, the axial radiographic 
view of the patellar (Figure 2F) and CT showed lateral patellar dislocation at 4 wk postoperatively.

History of past illness
The patient had no significant past medical history.

Personal and family history
The patient and his family had no significant past medical history.

Physical examination
The ROM of the patient was restricted to be between 0° and 60° without pain, swelling, and local heat.

Laboratory examinations
Laboratory tests revealed: Erythrocytes 5.05 × 1012/L (reference range, 4.35 × 1012-5.55 × 1012/L), 
hemoglobin 126 g/L (reference range, 137-168 g/L), leukocytes 5.27 × 109/L (reference range, 3.3 × 109

-8.6 × 109/L), eosinophils 3.2%, basophils 0.9%, neutrophils 54.6%, lymphocytes 36.6%, monocytes 4.7%, 
C-reactive protein 0.7 mg/L (reference range, 0-1.4 mg/L), total protein 69.3 g/L (reference range, 66.0-
81.0 g/L), aspartate aminotransferase 28.8 U/L (reference range, 13.0-30.0 U/L), alanine aminotrans-
ferase 42.2 U/L (reference range, 10.0-42.0 U/L), blood urea nitrogen 23 mg/dL (reference range, 8-20 
mg/dL), creatinine 1.12 mg/dL (reference range, 0.65-1.07 mg/dL), creatine phosphokinase 299 U/L 
(reference range, 59-248 U/L).
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Figure 1 Images before the primary surgery. A: Radiograph showing osteolytic lesion in the left distal femur; B: Computed tomography scan also showing the 
lesion; C and D: The axial radiographic view of computed tomography before the primary operation, line from the middle of the tibial tuberosity (TT) to the bottom of 
the trochlear groove (TG) is drawn parallel to the posterior condyle line,and the distance between TT and TG is 12.7 mm. TT: Tibial tuberosity; TG: Trochlear groove.

Imaging examinations
Based on the findings of studies by Kim et al[15] and Fang et al[16], the postoperative radiographs 
showed good results. The angle between the distal portion of the femoral component and the femoral 
anatomical axis was 96°, and the angle between the proximal portion of the tibial component and the 
tibial anatomical axis was 91° (Figure 2D). A lateral radiograph also showed good results, with a 
postoperative femoral sagittal alignment of 3° and a postoperative tibial sagittal alignment of 2° 
(Figure 2E). The measurement of the patellar position Insall-Salvati ratio was 1.15, and the length of the 
patellar tendon (LT)/height of the patellar tendon insertion (HI) ratio was 1.27, which implied a good 
patellar location (Figure 4A and B) according to the report by Schwab et al[11]. Consequently, we 
considered that the tumor prosthesis was implanted precisely in terms of the alignment and position.

After the patient noticed knee instability for six postoperative days, radiography showed a lateral 
subluxation of the patellar (Figure 2D and E). The axial radiographic view of the patellar (Figure 2F) and 
CT showed lateral patellar dislocation at 4 wk postoperatively.
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Figure 2 Photographic images during the primary surgery, and radiograph postoperatively. A: The anterior view of the resected specimen and the 
longitudinally split patellar are shown; B: The posterior view of the resected specimen; C: After removal of the tumor, a tumor endoprosthesis was implanted; D and E: 
Patellar subluxation is found in radiograph at 1 wk postoperatively. The radiograph of the left knee shows the measurement of the coronal alignment of the femoral 
and tibial components. The overall anatomical alignment is defined as the angle between the femoral anatomical axis and the tibial anatomical axis (D); the lateral 
radiograph of the left knee shows the measurement of the sagittal alignment of the femoral and tibial components (E); F: The radiograph shows lateral luxation of the 
patellar at 1 mo postoperatively.

FINAL DIAGNOSIS
The final diagnosis was patellar dislocation following distal femoral replacement after extra-articular 
knee resection for bone sarcoma.

TREATMENT
It was impossible to treat the patellar dislocation with closed reduction; therefore, open reduction was 
performed. Dejour et al[17] reported that a large distance between the natural TT and the trochlear 
groove (TG) induce lateral patellar tracking, resulting in patellar instability. These indices can be 
measured simply using CT, and they are defined as the distance between the middle of the TT to the 
bottom of the TG. The ideal TT-TG distance is within a range of 10 to 15 mm[17]; TT-TG, in this case, 
was 12.7 mm (Figure 1C and D).

We also measured the rotation of the tibial and femoral components using CT. Before the secondary 
surgery, the post-primary operative rotational alignment of the femoral component was defined as the 
angle subtended by the line tangent to the condyles and the axis of the femoral neck. The angle was 20°, 
which was equal to that of the native alignment (20°) (Figure 3A-D). Moreover, the external axial 
rotation of the tibial component in relation to the posterior margins of the tibial plateau and the tibial 
bearing was 5°, which was a good result (Figure 3E).

The secondary surgery consisted of lateral release and proximal realignment and was performed 1 
mo postoperatively. Under anesthesia, it was impossible to treat the lateral patellar dislocation of the left 
knee with a closed reduction and passive ROM of 0°-30°. A skin incision was made which followed the 
previous skin incision. There was abundant thick scar tissue on the lateral side of the patellar and the 
vastus lateralis muscle. A lateral release was performed from the tibial component to 20 cm proximally, 
and scar adhesion between the vastus lateralis muscle and the femur was also released. Although 
patellar dislocation could be reduced, the ROM was still 30°. We concluded that scar formation of the 
quadriceps muscle was the reason for the flexion contracture.

The pie crust technique was applied to the quadriceps muscle along with a longitudinal split of the 
scar of the vastus lateralis muscle. The removal of scar tissue in the vastus intermedius muscle increased 
the ROM to 60°. The distal end of the vastus medialis had already been resected and was loosely and 
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Figure 3 The computed tomography of a femoral axial and tibial axial view after or before the primary operation. A-D: The computed 
tomography (CT) imaging of a femoral axial after (A and B) and before (C and D) the primary operation, which shows that the postoperative angle between the 
femoral component and the femoral neck axis (A and B) is equal to the preoperative angle between the femoral posterior condylar axis and femoral neck axis (C and 
D); E-G: A CT scan shows the axial rotation of the tibial component in relation to the posterior margins of the tibial plateau and the tibial bearing after the primary 
operation. The line AB is drawn along the posterior margin of the tibial tray. The tibial component axis (TCA) is perpendicular to line AB (E and F); the perpendicular 
distance from the TCA to the tip of the tibial tuberosity is 6.98 mm (G). TCA: Tibial component axis; TT: Tibial tuberosity.

indirectly attached to the patellar via the scar tissue. After the vastus medialis obliquus and scar tissues 
were separated from the patellar, they were advanced over the tendon of the quadriceps muscle and 
sutured, using the baseball suture technique with polyblend polyethylene suture. Polybutylate-coated 
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Figure 4 Radiographs after the secondary operation. A and B: Anteroposterior (AP) view (A) and (B) lateral view which show that the measurement of the 
patellar position Insall-Salvati ratio is 1.15, and the length of the patellar tendon (LT)/height of the patellar tendon insertion (HI) ratio is 1.27; C-E: Radiograph 9 mo 
after the proximal realignment operation which shows no patellar dislocation. LP: Length of the patellar; HI: Height of the insertion; LT: Length of the tendon.

braided polyester suture material was also used to reinforce the sutures. We confirmed that 45° flexion 
of the knee did not tear the sutures or cause patellar dislocation and subsequently closed the surgical 
wound.

From the first postoperative day, the patient began non-weight-bearing exercises. The ROM exercises 
were limited to up to 30°. After confirming wound healing at 2 wk postoperatively, full-weight bearing 
with bilateral crutches and limited ROM exercise up to 60° was allowed. Unlimited ROM exercise was 
started 3 wk postoperatively. The patient could walk with a lateral crutch and the ROM was 0°-90° at 
discharge and 4 wk postoperatively.

OUTCOME AND FOLLOW-UP
At the time of the outpatient consultation, the patient was able to walk stably without crutches, and the 
ROM was 0°-100°. The patient could perform his daily activities at 9 mo postoperatively. Radiography 
revealed no patellar re-dislocation (Figure 4C-E).
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DISCUSSION
The most common site where bone tumors arise is the distal femur[1,2]. The current standard therapy 
for malignant bone tumors is wide margin resection and knee reconstruction using a tumor endopros-
thesis. Extra-articular knee resection is required if the tumor invades the knee joint. As shown in 
Table 1, extra-articular knee resection results in various complications. However, extended survival of 
the salvaged limb can be achieved by taking care of each complication.

Several studies have reported that patellar dislocations occur after treatment with a tumor endopros-
thesis. We could only find three reports on the cause of patellar dislocation and patellar impingement 
following distal femur replacement in the English literature[11-13]. Among them, only one report 
included extra-articular tumor resection[12]. Schwab et al[11] reported three features of distal femoral 
replacement. First, patellar tendon devascularization may cause scar formation, which leads to patellar 
baja. Second, if some parts of the extensor musculature are removed, the patellar offset can be increased. 
This action increases stress on the patellar, which may lead to patellar complications. Finally, knee 
mobilization can be delayed or insufficient because of fascia deficiency, marginal necrosis, and 
chemotherapy. The authors also reported that when the Insall-Salvati ratio was > 0.8 and < 1.2, the ROM 
was usually > 100°. The mean LT/HI ratio of patellar impingement cases was 0.9 and the mean LT/HI 
ratio without impingement was 1.4 (P = 0.07).

Akiyama et al[12] also reported patellar dislocation following distal femoral replacement after extra-
articular tumor resection. The authors enumerated the following reasons for patellar dislocation after 
reconstruction: unconscious femoral rotation, usage of semi-rotating hinge endoprosthesis, insufficient 
balancing of soft tissues at the time of closure, and scarring of the tightened lateral soft tissues. They also 
mentioned that it was very difficult to predict good postoperative patellar tracking, even if intraop-
erative patellar tracking was normal. In their case, the modified Merkow’s realignment procedure of the 
patellar was implemented with medial plication and lateral release, and no patellar dislocation occurred 
during the postoperative course.

We used a rotating hinge endoprosthesis, as recommended by Akiyama et al[12]. In addition, the 
alignment was favorable according to the abovementioned points and the criteria suggested by Kim et al
[15]. The authors suggested placing the knee components in the position with the overall anatomical 
knee alignment at an angle of 3.0°-7.5° valgus, femoral component alignment at 2°-8° valgus, femoral 
sagittal alignment at 0°-3°, tibial coronal alignment at 90°, and tibial sagittal alignment at 0°-7°. In our 
case, each alignment was 7° valgus, 6° valgus, 3°, 91°, and 2°, respectively (Figure 2D and E).

Usually, to measure the femoral rotational alignment during total knee arthroplasty (TKA), the 
posterior condylar angle formed by the line tangent to the posterior condyles and the trans-epicondylar 
axis is used[15]. It was impossible to apply this procedure to our patient because of a distal femur 
replacement. Therefore, we measured the preoperative TT-TG (12.7 mm), which was within the ideal 
range (10-15 mm) (Figure 1C and D). We confirmed that the preoperative angle, subtended by the line 
tangent to the condyles and the axis of the femoral neck, was equal to that of the postoperative angle 
(Figure 3A-D).

With regard to the tibial rotational alignment, we measured 5° on the axial rotation of the tibial 
component in relation to the posterior margins of the tibial plateau and the tibial bearing (Figure 3E). 
The external rotation was within 2°-5°, which could be considered a precise alignment[15]. Furthermore, 
a more accurate measurement procedure for tibial rotational alignment, as described by Saffi et al[18], 
was also applied. The two-dimensional axial CT of the center of the tibial tray to the tip of the tibial 
tubercle was 6.98 mm. It was outside the cut-off values of < 6 mm and > 10 mm, and we confirmed that 
the tibial rotational alignment was preferable (Figure 3G). The causes of patellar dislocation reported in 
earlier cases were not present in our patient, and the implant alignment was favorable. However, the 
patient still experienced patellar dislocation.

The question remains whether extra-articular knee resection could be a cause of patellar dislocation. 
Compared to intra-articular knee resection, extra-articular knee resection requires a wider margin of 
resection, including quadriceps muscle resection, which can cause patellar instability. In this case, the 
reason for patellar dislocation was considered to be an imbalance in the forces controlling patellar 
tracking. The resection of the distal vastus medialis and the scarring of the distal vastus lateralis could 
be contributing factors. The resection of the distal vastus medialis reduces the ability to control the 
patellar medially. It was assumed that scarring of the distal vastus lateralis shortened its length, and the 
patellar was pulled laterally, although it is unknown how the scar developed.

There are four main treatment procedures for patellar dislocation after TKA: proximal realignment
[19], medial patellofemoral ligament (MPFL) reconstruction[20-22], distal realignment including tibial 
tuberosity osteotomy (TTO)[23], and lateral retinaculum release[24]. When any procedure is performed, 
Gennip et al[21], and Goto et al[25] suggested that alignment of the implant should be assessed first, to 
determine whether it is within the normal range of alignment. Gennip et al[21] stated that it is better to 
consider distal realignment if the TT-TG value is outside the normal range, or if it is not possible to 
improve patellar mal-tracking with both lateral release and MPFL reconstruction despite a normal TT-
TG value. Nevertheless, because the present case underwent extra-articular knee resection and distal 
femoral replacement, there was no point for anchoring a graft on the femoral side, and the anchor point 
of the thin patellar could be fractured. Therefore, we chose proximal realignments of the quadriceps as 
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the best procedure. Matar et al[19] reported that patellar proximal realignment for patellar dislocation 
after TKA is effective.

As Piedade et al[26] stated, TTO should not be performed preferentially because of the risk of skin 
necrosis and fracture of the tibial tubercle. If extra-articular knee resection is performed, further 
complications, such as skin necrosis and fracture of the tibial tubercle, could also develop. Hence, in 
cases similar to the present case, TTO should be avoided. Therefore, lateral release and proximal 
realignment were performed. No patellar dislocation occurred over the 9-mo postoperative follow-up 
period (Figure 4C-E).

CONCLUSION
To the best of our knowledge, this is the first report showing that extra-articular knee resection can 
cause patellar dislocation after distal femoral replacement without malalignment of the prosthesis. 
Lateral release and proximal realignment are the most effective procedures. As in the present case, 
when distal femoral replacement with extra-articular knee resection is planned, and the quadriceps 
muscle is assumed to be resected asymmetrically, proximal realignment may be taken into consideration 
during the primary surgery if the forces controlling patellar tracking are imbalanced.
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Abstract
BACKGROUND 
Ulcerative colitis (UC) is a chronic autoimmune disease characterized by 
relapsing-remitting abdominal pain, diarrhea, mucopurulent discharge and rectal 
bleeding. To date, the etiology of the disease remains unknown; therefore, 
medical therapy is not yet available. Left-sided UC is mainly treated with oral and 
topical mesalazine. However, due to its modest clinical effect, endoscopic mucosal 
remission is not achieved in all patients.

CASE SUMMARY 
A 44-year-old man presented to Longhua Hospital with a history of left-sided UC 
for more than 6 years and slight bloody diarrhea over time. Endoscopy suggested 
hyperemia, edema, and erosive mucosa involving the rectum and sigmoid colon. 
The Traditional Chinese medicine Qingchang decoction (QCD) enema treatment 
was initiated once a day combined with a previous standard dose of mesalazine 
for 8 wk, and rectal bleeding ceased after 4 wk of treatment. Another QCD enema 
treatment was provided after symptom relapse due to drug withdrawal for nearly 
6 mo. At the 2-mo follow-up, the colonoscopy results indicated mucosal healing 
with no erosion or ulcers.

CONCLUSION 
The Chinese formula QCD retention enema represents a potential treatment for 
left-sided UC with predominant rectal bleeding to achieve clinical and mucosal 
remission.

Key Words: Ulcerative colitis; Chinese formulas; Qingchang decoction enema; Qingchang 
suppository; Case report
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Core Tip: We present a case of a 44-year-old man with mildly active left-sided ulcerative colitis (UC) for 6 
years in whom mesalazine treatment failed but clinical and mucosal remission was achieved following 
Chinese formula Qingchang decoction (QCD) retention enema treatment combined with oral mesalazine. 
Thus, a QCD enema may be an effective treatment modality for patients with left-sided UC.

Citation: Li PH, Tang Y, Wen HZ. Qingchang decoction retention enema may induce clinical and mucosal 
remission in left-sided ulcerative colitis: A case report. World J Clin Cases 2022; 10(11): 3573-3578
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3573.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3573

INTRODUCTION
Ulcerative colitis (UC) is a chronic autoimmune disease characterized by relapsing-remitting abdominal 
pain, diarrhea, mucopurulent discharge, and rectal bleeding. Its lesions mainly involve the mucous 
membrane and submucosa of the colon. UC can be divided into proctitis, rectal-sigmoid colitis and 
extensive colitis[1], corresponding to 14.8%, 26.4% and 25.0% of all UC cases, respectively[2]. Left-sided 
colitis refers to colitis involving the lower part of the descending colon. The proportion of left-sided 
colitis in China exceeds 50%. The precise pathogenesis of UC remains unknown; therefore, medical 
therapy to cure the disease is not yet available. Therapeutic drugs include sulfasalazine, mesalazine, 
corticosteroids, immunosuppressants, and biological agents[3]. However, not all patients benefit from 
basic mesalazine and amino-salicylic acid treatment for left-sided UC. We report herein a case of a 44-
year-old man with left-sided UC in whom standard oral and topical doses of mesalazine failed but 
clinical remission and mucosal healing were eventually achieved with the Chinese formula Qingchang 
decoction (QCD) enema. This publication reports and discusses the effects of QCD enema treatment on 
left-sided UC.

CASE PRESENTATION
Chief complaints
A 44-year-old Chinese man presented to Longhua Hospital with a history of left-sided UC for more than 
6 years. He received oral treatment with mesalazine at a dose of 3 g/d (occasionally 2 g/d due to 
forgetting to take the medicine). Bowel movements were maintained 2-3 times a day, with a small 
amount of blood and mucus in the stool less than half of the time. Mesalazine suppository therapy and 
glucocorticoid enema were also administered briefly during this period, but the symptoms were not 
relieved. In the previous 6 years, colonoscopy was repeated annually, with results revealing a Mayo 
endoscopic score of 2 (erosion of the rectum and sigmoid colon covered with purulent secretions).

History of present illness
The patient suffered from recurrent bloody mucous stool. After another colonoscopy was conducted at a 
local hospital on October 30, 2019 (Figure 1), which suggested a diagnosis of active left-sided UC, he 
was admitted to our department on November 09, 2019. He reported bowel movements twice a day; 
mild, dull pain in the left lower abdomen that was relieved after a bowel movement; relapsing mucous 
discharge; and rectal bleeding when he was fatigued. We observed his tongue to be red with light 
yellow fur and a thin pulse.

History of past illness
The patient had no significant previous medical history.

Personal and family history
The patient had no significant family history.

Physical examination
Physical examination showed no obvious abnormalities, except for slight tenderness in the left lower 
abdomen.

Laboratory examinations
No sign of inflammation was found in the blood analysis, and the leukocyte level was low, at 3.55 × 109

/L, with predominant neutrophils (67.1%) and normal hemoglobin and platelet counts. The 
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Figure 1 Endoscopic images before Qingchang decoction retention enema treatment. A: Colonoscopy image showing hyperemia, edema, erosions, 
and friability in the sigmoid colon; B: Colonoscopy image showing hyperemia, edema, erosions, and friability in the rectum.

prothrombin level, partial thromboplastin times, and d-dimer levels were normal. The serum C-reactive 
protein level was also within normal limits, and the erythrocyte sedimentation rate was 2 mm/h. The 
blood biochemistry and urine analyses were normal. The ECG results were also normal.

Imaging examinations
Mild inflammation, characterized by hyperemia, edema, erosions and friability was detected in the 
sigmoid colon (Figure 1A) and rectum (Figure 1B), 20 cm from the anus. Normal mucosa was noted in 
the remaining colon.

FINAL DIAGNOSIS
The patient was diagnosed with UC subtyped as left-sided colitis based on endoscopy of the rectum and 
colon (Figure 1) and histology of the biopsy. His condition was mild in severity with an active persistent 
phase. The relevant Traditional Chinese medicine (TCM) syndrome was spleen deficiency and the 
accumulation of dampness and heat.

TREATMENT
Treatment with QCD enema was administered to the patient at a dose of 180 mL once a night, combined 
with oral mesalazine at a dose of 3 g/d. Rectal bleeding ceased after 4 wk of treatment, and after 8 wk of 
treatment, the patient had one or two bowel movements per day, and no mucous or bloody discharge 
was observed. Due to the satisfactory effect, the dose of oral mesalazine was reduced to 2 g/d, and 
enema therapy was stopped without a consultation. At the end of June 2020, relapsing mucous and 
bloody discharge 3 to 4 times a day occurred. On June 22, 2020, the patient came to our ward for further 
treatment with QCD enema. The stool frequency was reduced to 2 to 3 times a day, with no mucus or 
blood present after 4 wk of treatment.

OUTCOME AND FOLLOW-UP
The patient received a total of 12 wk of QCD retention enema treatment combined with oral mesalazine. 
After the second episode of QCD treatment, on August 07, 2020, a colonoscopy was performed again. 
Normal mucosa was seen in the sigmoid colon (Figure 2A), and relative healing with patchy hyperemia 
was detected in the rectum (Figure 2B). The endoscopic Mayo score was evaluated as 1, which indicated 
that the integrated treatment induced both clinical and endoscopic remission. Subsequently, oral 
mesalazine was continued at a dose of 2 g/d with a QCD retention enema twice a week. The patient was 
last followed up on September 28, 2021, and he had no abdominal pain, nor bloody stool with mucus.
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Figure 2 Endoscopic images after Qingchang decoction retention enema treatment. A: Colonoscopy image showing normal mucosa in the sigmoid 
colon; B: Colonoscopy image showing patchy hyperemia in the rectum.

DISCUSSION
As a subtype of inflammatory bowel disease (IBD), UC is characterized by chronic inflammation of the 
colonic mucosa and recurrent attack. The exact etiology and pathogenesis of UC remain unclear, and 
treatment options are limited. For long-standing UC, typically 8 or 10 years after disease onset, there is a 
defined risk of dysplasia and colorectal cancer caused by persistent large-scale colonic inflammation[4]. 
A targeted therapy that focuses on endoscopic mucosal healing rather than mere symptom remission 
has emerged as a new preferred concept in the management approach of IBD[5]. Mucosal healing refers 
to the resolution of inflammatory changes (Mayo endoscopic subscore of 0 or 1)[5]. It is essential to 
manage UC in the remission phase with the minimum category or dose of medicine due to the limited 
choice of medications.

The guidelines recommend oral mesalazine at a dose of ≥ 2.4 g/d combined with an amino-salicylic 
acid preparation enema ≥ 1 g/d as a first-line treatment for mild to moderate left-sided UC[3]. The 
guidelines also indicate that the local effect of mesalazine is better than that of topical corticosteroids. 
However, not all patients benefit from this treatment. For instance, the study by Marteau et al[6] showed 
that the remission rate of UC treated with mesalazine at a dose of 4 g/d combined with 1 g/d enema 
was 64%. A randomized controlled trial (RCT) by Hartmann et al[7] used mesalazine or budesonide 
enema therapy for patients with mild to moderate left-sided UC. The proportion of these patients in 
whom endoscopic remission (defined as an endoscopic score < 2) was achieved was 71.7% (76/106) and 
68.0% (76/103), respectively. Bokemeyer et al[8] reported that 78.8%-84.4% of left-sided UC patients 
were assigned an endoscopic score of 0 or 1 (0 = normal or inactive disease; 1= mild disease, erythema, 
decreased vascular pattern, and mild friability) after 12 mo of oral mesalazine at a dose of 2 g/d. In 
conclusion, oral mesalazine and/or enema therapy is ineffective for approximately 20% to 30% of 
patients with left-sided UC. The guidelines[5] recommend using systemic corticosteroid therapy, but a 
large portion of patients in practice are unwilling to receive oral or intravenous corticosteroid therapy 
due to their side effects. For patients with poor outcomes with mesalazine treatment and who are 
unwilling to accept systemic corticosteroid treatment, TCM therapy is an effective option, which is also 
documented in China’s IBD guidelines[1].

Although UC has no corresponding disease name in TCM, it has long been recorded throughout 
history and is well understood. According to the description of the clinical manifestations of “changpi”, 
“Xiali”, “chronic dysentery”, and “recurrent dysentery” in the medical documents of the previous 
dynasties, it is not difficult to connect these diseases with UC. According to TCM theory, UC is located 
in the large intestine, and the main pathogenesis lies in dampness and heat accumulation. The 
stagnation of qi and blood with dampness and heat thus leads to the formation of pus. Heat toxicity also 
burns intestinal collaterals, causing blood perfusion outside of the collaterals. These pathological 
processes induce symptoms such as abdominal pain, diarrhea, and mucopurulent bloody stools. In the 
mid-1980s, Gui-Tong Ma, a renowned doctor at Longhua Hospital, developed the Qingchang 
suppository (QCS), which was the first suppository for rectal administration composed of pure Chinese 
herbs in China. QCS exerts its effect of clearing heat and dampness, promoting blood circulation and 
removing blood stasis by targeting four major pathogenic factors, namely, dampness, heat, toxicity, and 
blood stasis.

The QCS (Z05170722) consists of Indigo naturalis (IN), Radix notoginseng, Gallnut, Herba portulacae and 
Borneol[9]. As the most essential component of QCS, IN is a commonly used Chinese herb to cure UC by 
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reducing inflammation and rectal bleeding. A randomized, placebo-controlled trial conducted by 
Japanese researchers demonstrated that 8 wk of IN administration (0.5-2.0 g per day) induced a clinical 
response and mucosal healing in patients with active UC[10]. IN includes indigo and indirubin 
molecules[11], which act as representative human aryl hydrocarbon receptor (AHR) ligands. AHR 
signaling stimulates the production of interleukin-22 in mucosal type 3 innate lymphocytes, thus 
inducing the production of tight junction molecules and antimicrobial peptides, which contribute to 
mucosal healing[12]. IN also has an anti-inflammatory role by downregulating proinflammatory factors 
such as IL-1α, IL-6, IL-1β, IL-8 and TNF-α[13].

The mechanism of QCS has also been fully investigated. Sun et al[9] used QCS and sulfasalazine 
suppository (SASP) to treat rats with dextran sulfate sodium-induced colitis and normal control rats. 
The levels of the proinflammatory factors TNF-α and IL-6 were suppressed with both treatments, 
suggesting that QCS has anti-inflammatory effects. Moreover, the production of vascular endothelial 
growth factor (VEGF), hypoxia-inducible factor (HIF)-1α, and inducible NO synthase (iNOS) was also 
inhibited in the QCS- and SASP-treated groups, suggesting that QCS can restrain colonic vascular 
permeability and promote epithelial integrity and colonic hypoxia. Lu et al[14] administered low, 
medium, and high doses of QCS and SASP to rats with trinitro-benzene-sulfonic acid (TNBS)-induced 
colitis and observed the expression of F-actin protein, which is a major component of the cytoskeleton, 
through immunofluorescence. The study revealed that QCS can improve F-actin protein content based 
on reduction after modeling, which suggested that it can reduce the damage of UC to the mucosal 
cytoskeleton and protect the integrity of the intestinal barrier. These studies support the notion that QCS 
can effectively alleviate colonic inflammation in UC.

The clinical effect of QCS has been fully investigated. However, clinical trials aiming to identify the 
effect of QCD enema have not yet been conducted. A previous multicenter RCT demonstrated that an 
efficacy rate of 91.49% 8 wks after the initiation of QCS treatment at a dose of 2 g/d was achieved in 
patients with mild to moderate proctitis compared with 87.23% in the SASP treatment group (P > 0.05)
[15]. Complete efficacy was defined as the basic disappearance of clinical symptoms and mild mucosal 
inflammation or the formation of pseudopolyps found by colonoscopy. The outcome of this study also 
demonstrated that QCS has more advantages in relieving symptoms such as abdominal pain and 
distention, tenesmus, mucopurulent stool, and burning anal pain. After a one-year follow-up of the QCS 
group (9.3%), the recurrence rate was significantly lower than that of the SASP group (26.83%). These 
results indicated that QCS is effective in inducing and maintaining clinical and mucosal remission.

Considering that the suppository application location is mainly limited to the rectum while an enema 
can reach the descending colon, a QCD enema was thus developed according to the components of QCS 
for the treatment of left-sided UC. In the case reported here, the patient with active left-sided UC 
suffered for 6 years after standard oral therapy with mesalazine and intermittent topical treatment. 
Based on oral mesalazine maintenance treatment, an additional QCD enema at a dose of 180 mL/d 
successfully induced endoscopic mucosal healing. Although this is a case report, it provides preliminary 
evidence for the treatment of active left-sided UC. In the future, we will continue to follow up with this 
patient and collect more cases of QCD treatment for UC to provide more evidence for its treatment 
effect in left-sided UC.

CONCLUSION
The case described herein demonstrates that the Chinese formula QCD retention enema can effectively 
reduce both the clinical and mucosal remission of left-sided UC, thus providing another effective 
therapy other than mesalazine. This finding provides a new understanding of the treatment of left-sided 
UC and a basis for further studies to determine the underlying mechanism of the QCD treatment effects.
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Abstract
BACKGROUND 
Juvenile dermatomyositis (JDM) is an idiopathic inflammatory myopathy that 
occurs in childhood. It is characterized by muscle weakness and a characteristic 
rash. Previous literature reports have rarely described JDM with severe skin 
ulcers and infections.

CASE SUMMARY 
Herein, we describe a case of a 2-year-old female patient who suffered from JDM, 
whose myositis-specific autoantibodies were positive for anti-nuclear matrix 
protein 2 antibody, with progressively worsening skin ulcers and severe 
infections. The patient was treated with glucocorticoids and various immunosup-
pressants. Nevertheless, further progression of the disease and the combination of 
primary disease and severe infection in the later period were fatal.

CONCLUSION 
In children, anti-nuclear matrix protein 2+ JDM combined with skin ulcers often 
indicates severe disease. In such cases, personalized treatment for the primary 
disease and infection prevention and control are essential.
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Core Tip:  Juvenile dermatomyositis (JDM) is a rare systemic autoimmune disease characterized by 
specific skin lesions, chronic muscle inflammation, and systemic vasculitis. We report a very rare case of 
JDM with severe skin ulcers and infections. By reporting the disease development and treatment of this 
case of a patient positive for anti-nuclear matrix protein 2 (NXP2) antibody combined with skin ulcers and 
performing a comprehensive literature review, we summarize JDM with skin ulcers, the clinical character-
istics of JDM combined with positivity for anti-NXP2 antibody, and treatment measures for severe JDM.

Citation: Wang YT, Zhang Y, Tang T, Luo C, Liu MY, Xu L, Wang L, Tang XM. Anti-nuclear matrix protein 2+ 
juvenile dermatomyositis with severe skin ulcer and infection: A case report and literature review. World J Clin 
Cases 2022; 10(11): 3579-3586
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3579.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3579

INTRODUCTION
Juvenile dermatomyositis (JDM) is a rare systemic autoimmune disease characterized by vascular 
disease that mainly affects muscles and skin, as well as the lungs, intestines, heart, and other organs[1-
3]. JDM can also lead to macrophage activation syndrome, which is a potentially fatal complication of a 
number of rheumatological conditions[4]. JDM is the most common inflammatory myopathy in children 
and has been reported to affect 1.9 individuals per million children in the United Kingdom and 2.4-4.1 
individuals per million children in the United States[5,6]. Skin ulcers are one of the severe manifest-
ations of childhood dermatomyositis; however, cases of severe skin ulcers with infections are rarely 
reported. Here, we report a single case of a 2-year-old female patient who suffered from JDM and whose 
myositis-specific autoantibodies (MSAs) were positive for anti-nuclear matrix protein 2 antibody, with 
progressively worsening skin ulcers and severe infections.

CASE PRESENTATION
Chief complaints
A 2-year-old Chinese girl came to the Department of Rheumatology and Immunology with a heliotrope 
rash for 1 mo and muscle weakness for 10 d.

History of present illness
This patient developed a heliotrope rash, periorbital edema, and nailfold capillary changes within 1 mo, 
with symmetric proximal muscle weakness. There was no fever, cough, hoarseness, or sensory 
disturbance.

History of past illness
The patient had no significant medical or surgical history.

Personal and family history
The child was born at full term. Her parents and other family members had no family history of 
autoimmune or other diseases.

Physical examination
After admission, the patient’s weight was 14 kg. There were heliotrope rashes on her face, periorbital 
edema, changes in nailfold capillaries, Gottron papules on the dorsal surface of the proximal interdigital 
(PIP), symmetric proximal muscle weakness of arms and legs, no erythema butterfly, and arthritis.

Laboratory examinations
Investigations revealed elevated creatine kinase of 12647 U/L (reference range, 50-220 U/L), lactate 
dehydrogenase (LDH) of 1358 U/L (reference range, 80-300 U/L), erythrocyte sedimentation rate (ESR) 
of 79 mm/h (reference range, 0-20 mm/h), and ferritin of 726 ng/mL (reference range, 10-120 ng/mL). 

https://www.wjgnet.com/2307-8960/full/v10/i11/3579.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3579
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The autoantibody, immunoglobulin, and complement profiles were normal. Anti-nuclear matrix protein 
2 (NXP-2) antibody was positive in the myositis spectrum, as determined by the dot-ELISA method, and 
no other myositis-associated autoantibodies were present (Table 1).

Imaging examinations
Magnetic resonance imaging (MRI) of the bilateral thighs revealed inflammatory changes in the 
musculature and subcutaneous fat layer of the thigh muscles on both sides, which were also charac-
teristic of dermatomyositis. Electromyography (EMG) showed that the motor unit potential amplitude 
of the tibialis anterior and rectus femoris muscle was reduced, and the duration was shortened, thus 
suggesting myogenic abnormalities.

FINAL DIAGNOSIS
Characteristic skin lesions, proximal muscle weakness, elevated serum muscle enzyme levels, EMG 
myopathic abnormalities, and changes in muscle MRI findings confirmed the diagnosis of juvenile 
dermatomyositis.

TREATMENT
When the patient was diagnosed with anti-nuclear matrix protein 2 (NXP2)+ juvenile dermatomyositis, 
she initially received intravenous immunoglobulin (IVIG; 1 g/kg) for 2 d and high-dose glucocorticoids 
(GC; 15 mg/kg) for 3 d, after which she was treated with oral methylprednisolone (1.15 mg/kg.d), 
intravenous cyclophosphamide (IV CYC; 0.1 g/kg) for 2 d, methotrexate (MTX; 7.5 mg qw), hydroxy-
chloroquine (0.05 g qd), and other symptomatic and supportive treatment. Following these treatments, 
the child's rash and edema basically disappeared, and her muscle strength improved.

In the following 8 mo, the girl was hospitalized 9 times, and she received IVIG 9 times (1 g/kg for 2 d 
each time) and IV CYC 6 times, replacing MTX and hydroxychloroquine with mycophenolate mofetil 
(MMF) and thalidomide. From the 4th month of the illness, she was treated with tofacitinib (2.5 mg bid). 
In the first three months after diagnosis, the child developed livedo reticularis on the skin of the 
extremities (Figure 1A) and ulcers on the buttock and left upper arm, while the ulcerated surfaces 
gradually increased. In the 6th month, yellow necrotic fascia was visible on the left buttock (Figure 1B). 
After she received proper wound care, anti-infection, and adjustment of immunosuppressants, the 
ulcers improved (in the 8th month), showing gradual scabbing. Nonetheless, her mother discontinued 
the patient’s hospitalization. One month later, the patient suffered fatigue, anorexia, and multiple ulcers 
on the whole body again, which were worse than before. She never showed calcinosis during the whole 
course of the disease. After rehospitalization, she was given tocilizumab (12 mg/kg). However, when 
she received 20% of the infusion, the patient developed irritability, and her heart rate increased; thus, 
the administration of tocilizumab was stopped.

In the 10th month after diagnosis, the child was hospitalized for the last time because of bloody stools, 
fever, anorexia, listlessness, and multiple painful skin ulcers throughout the whole body (Figure 1C and 
D). The patient could not move on the bed by herself because of low muscle strength. Laboratory 
examinations revealed CK of 289 U/L, LDH of 689 U/L, and ESR of 92 mm/hr. Skin tissue biopsy of the 
left upper arm and left neck suggested epidermal necrosis, hyperplasia of subepidermal fibers and fatty 
tissues, visible vitreous and mucous changes, multifocal necrosis of the subepidermis and dermis, and 
focal chronic inflammatory cell infiltration. We used ceftazidime to fight infections and added 
vancomycin after 2 d. Pathogen detection in the pus from the buttock suggested Escherichia coli. 
Accordingly, the antibiotics were adjusted to vancomycin and meropenem; however, the ulcers further 
deepened (Figure 2A and B). After 9 d, re-examination of the culture revealed Pseudomonas aeruginosa 
and Staphylococcus epidermidis. Based on susceptibility testing, the antibiotics were changed to amikacin 
and ciprofloxacin. Other treatments included adjusting oral methylprednisolone at 6 mg qd (0.5 
mg/kg·d) to intravenous methylprednisolone at 10 mg bid (2 mg/kg·d). During this period, the 
systemic dressing was changed at least 3 times per week, while IVIG, human albumin, component 
blood transfusion, and other symptomatic and supportive treatments were intermittently given.

OUTCOME AND FOLLOW-UP
On the 48th day after admission, gastrointestinal bleeding and shock occurred, after which the girl was 
transferred to the ICU. She was discharged 6 d later and died a few days after leaving the hospital.
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Table 1 Laboratory examinations at the first hospital admission

Laboratory examinations

CBC WBC: 6.71 × 109/L, PLT: 165 × 109/L, L: 0.37, N: 0.54, Hb: 120 g/L, CRP <  8 mg/L

Biochemical examination CK: 12647 U/L, LDH: 1358 U/L, ALT: 116.6 U/L, AST: 359.5 U/L

ESR 79 mm/h

Ferritin 726 ng/mL

Autoantibody profile Negative

Immunoglobulins Normal

Complements Normal

MSA Anti-nuclear matrix protein 2 antibody positive

ALT: Alanine aminotransferase; AST: Aspartate transaminase; CBC: Complete blood count; CK: Creatine kinase; ESR: Erythrocyte sedimentation rate; 
LDH: Lactate dehydrogenase; MSA: Myositis-specific autoantibody.

Figure 1 Clinal examination 3, 6, and 10 mo after diagnosis. A: 3 mo, livedo reticularis; B: 6 mo, ulcers in the buttock; C and D: 10 mo, ulcers in the back 
(C) and left (D) shoulder.

DISCUSSION
JDM is a rheumatic disease that occurs in childhood, with a mortality rate reaching approximately < 4%, 
which is second only to systemic lupus erythematosus[7,8]. With early treatment, 30%-50% of patients 
are likely to achieve remission within 2-3 years from the onset of the disease. In addition to the charac-
teristic skin lesions, other criteria include symmetric proximal muscle weakness, elevated serum muscle 
enzyme levels, myopathic changes on electromyogram, and typical muscle biopsy results[9].

An ulcer is one of the most serious skin manifestations of JDM and is widely regarded as an 
indication for more intensive treatment[10]. In different cohorts, the incidence of JDM skin ulcers has 
been reported to range from 2.6%-23%[7,11,12]. Rare cases have shown such severe skin ulceration with 
multiple pathogenic infections. Cutaneous ulceration may occur on any soft tissue in JDM, especially the 
armpits, elbows, or pressure points. Although rare, gluteal ulcers are more likely to worsen due to 
irritation caused by stool, urine, friction, and maceration, especially in infants and young children[13]. 
In our case, the child’s gluteal ulcer had a protracted condition that gradually expanded and deepened 
and was accompanied by refractory bacterial infection. Infection and JDM promote each other, which 
increases the difficulty of treatment and leads to prolonged and unhealed ulcers. A case of JDM in an 
infant with gluteal ulcer has been reported in Japan. After treatment with high-dose glucocorticoids 
with cyclophosphamide and MTX, the ulcer gradually healed[13]; however, this case was not 
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Figure 2 Deepening of the ulcers after treatment (A and B).

accompanied by serious infection. To prevent infection and promote ulcer healing, topical treatments 
and routine care for skin ulcers are necessary. In 2020, guidelines for skin ulcers related to connective 
tissue diseases were published in Japan, which in detail described systemic and local medication, 
nursing, and other treatment methods for skin ulcers and for different connective tissue diseases[14].

Persistent progression of skin ulcers has also been associated with neglected assessment of skin 
manifestations and severity of JDM. An expert group recommends that the follow-up of patients with 
JDM should focus more on the evaluation of the skin, including the use of multiple scales[8].The 
Cutaneous Dermatomyositis Disease Activity and Severity Index(CDASI) and the Cutaneous 
Assessment Tool (CAT)have good interrater reliability and correlation with other measures of activity 
and damage in children with JDM[15]. The child in our case had prominent skin damage in the later 
stage. Early assessment of skin may help with follow-up treatment. Additional assessment tools can be 
used in clinical practice to more comprehensively assess disease activity[16].

In recent years, JDM combined with different MSAs has received extensive clinical attention. 
Different MSAs have been associated with different clinical phenotypes, prognoses, and risks of 
associated malignancy. In United States and European cohorts, MSAs were reported to be present in 
approximately 70% of JDM cases[17,18].

NXP2 is a protein involved in transcription and RNA metabolism regulation[19]. The autoantibody 
was first identified in 1997 in childhood myositis and was considered a key biomarker for the diagnosis 
of idiopathic inflammatory myopathy[20]. Clinically, anti-NXP2+ JDM often manifests as obvious skin 
rash, muscle weakness, dysphagia, calcinosis, limb edema, younger age of onset and less remission at 2 
years[16]. The incidence of anti-NXP2+ JDM is 20%-25% among JDM cases, making anti-NXP2 a 
common type of antibody[19]. Two different studies in China have revealed detection rates of anti-
NXP2 antibodies in JDM of 30.6% and 20%[21,22]. Albayda et al[23] found that NXP2+ dermatomyositis 
with limb weakness and neck muscle weakness were more serious than NXP2- dermatomyositis; 
accordingly, as our patient showed severe weakness. Another feature of NXP2+ JDM is calcinosis, 
although this was not present in our case. Early diagnosis and treatment of JDM can prevent the 
occurrence of calcinosis[24]. As there is no definitive treatment for severe calcinosis, surgical treatment 
is often necessary; however, there is still the possibility of recurrence[25]. Although most NXP2+ JDM 
patients are sensitive to GC, some patients are prone to severe and refractory JDM manifestations.

Immediately after the diagnosis of JDM was made, we treated this patient with corticosteroids and 
immunosuppressants. Systemic corticosteroids are the gold-standard initial treatment for JDM. 
However, they should not be used as monotherapy because this approach is frequently ineffective and 
associated with the development of unacceptable long-term adverse effects[26]. Immunosuppressants 
have steroid protection and are recommended even for mild cases to minimize the adverse effects of 
long-term GC treatment. Treatments used for refractory disease include IVIG, cyclophosphamide, 
cyclosporine, azathioprine, MMF, hydroxychloroquine, tacrolimus, rituximab, infliximab, and 
autologous stem cell transplantation[8]. Some studies suggest that treatment with GC and cyclophos-
phamide combined with calcineurin inhibitors is very important for dermatomyositis patients with skin 
ulcers or other severe manifestations[27]. A JAK-inhibitor (JAKi) can be used to treat JDM and has been 
reported to be partially effective for interstitial lung disease and cutaneous dermatomyositis[28,29]. 
However, in the present case, a JAKi did not stop the progression of the disease. For NXP2+ JDM and 
severe JDM, many studies have reported a favorable therapeutic effect of rituximab[19,30], which can 
reduce disease activity and reduce GC use. Additionally, rituximab can ameliorate the skin symptoms 
of refractory JDM and is effective for skin ulcers of JDM[19]. However, because the skin ulcers in this 
case were accompanied by severe infection, we were worried that the use of rituximab would further 
aggravate the infection, so it was not used. We tried tocilizumab, but the patient could not tolerate it. 
Plasmapheresis can be considered for the treatment of cases refractory to immunosuppressants[8].
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For JDM-related skin ulcers, steroids and immunosuppressants should be first used to control the 
primary disease. However, if skin ulcers are complicated by infections, this type of treatment may 
exacerbate the ulcers due to the increased susceptibility of the patient to infection[14]. Therefore, in such 
cases, it is necessary to treat the primary disease and the infection simultaneously. According to the 
pathogenic examination and drug susceptibility results of the site of infection, appropriate antibacterial 
drugs were chosen, and the use of IVIG was considered. Due to the refractory nature of cutaneous 
vasculitis in JDM, case studies suggest that nifedipine, sildenafil, intravenous prostaglandins, and 
bosentan should be added as early adjuncts[26,31].

In the present case, after high-dose GC treatment, IVIG, MTX, MMF, hydroxychloroquine, a JAKi, 
thalidomide, and tocilizumab were given to the patient, and improvement was observed; however, the 
disease was not completely prevented. Further progression of the disease and the combination of 
primary disease and severe infection in the later period were fatal. It remains unknown whether the 
early use of vasodilatory agents and rituximab or plasmapheresis at the proper time could save patients’ 
lives, which future studies should address.

CONCLUSION
Only scarce reports of JDM with severe ulcers accompanied by infection have been reported. Skin ulcer-
complicated and anti-NXP2+ JDM usually represent severe cases, and it is important to actively prevent 
the occurrence of infection while GC and appropriate immunosuppressive therapy are used. According 
to the different clinical manifestations and immunological indicators of JDM patients, appropriate 
assessment tools should be used to comprehensively assess the condition of JDM patients at an early 
stage, and individualized treatment plans should be customized.
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Abstract
BACKGROUND 
The incidence of cervical pregnancy is increasing due to the recent widespread 
application of assisted reproductive technology. Although hysterectomy has been 
a treatment option, high-sensitivity human chorionic gonadotropin testing and 
improved accuracy of transvaginal ultrasound imaging have increased possibility 
of uterine preservation. Dilation and curettage with methotrexate therapy and 
uterine artery embolization have been reported as treatments with fertility preser-
vation; however, certain disadvantages limit their use.

CASE SUMMARY 
In our two reported cases, we avoided massive bleeding and immediately 
resumed infertility treatment using ultrasound-guided local ethanol injection for 
cervical pregnancies with fetal heartbeats.

CONCLUSION 
This treatment may be a new fertility-preserving option for cervical pregnancy.

Key Words: Ultrasonography; Ethanol; Infertility; Fertility preservation; Methotrexate; 
Case report
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Core Tip: We describe the use of transvaginal ultrasound-guided local injection of absolute ethanol as a 
new treatment method for cervical pregnancy that preserves fertility. In both cases, the patients had 
developed cervical pregnancy through assisted reproductive technology and sought fertility-preserving 
treatment. A local injection of absolute ethanol allowed resumption of menstruation 2 mo after treatment 
and early resumption of infertility treatment without any complications. We suggest that local injection of 
absolute ethanol for cervical pregnancy could be a safe and effective new treatment method.

Citation: Kakinuma T, Kakinuma K, Matsuda Y, Ohwada M, Yanagida K, Kaijima H. Ultrasound-guided local 
ethanol injection for fertility-preserving cervical pregnancy accompanied by fetal heartbeat: Two case reports. 
World J Clin Cases 2022; 10(11): 3587-3592
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3587.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3587

INTRODUCTION
Cervical pregnancies occur in approximately 1 in 9000 pregnancies[1,2]. They are believed to be more 
common in those with a history of abortion or cesarean delivery, and are more common with assisted 
reproductive technology than with natural pregnancies[3]. The cervix contains very little smooth 
muscle, and it is thought that the villi easily infiltrate the muscular layer and form a high degree of 
placenta accreta. Furthermore, careless intracervical curettage for cervical pregnancy may cause 
complicated massive bleeding. Therefore, hysterectomy should be considered for treatment.

However, the recent development of high-sensitivity human chorionic gonadotropin (hCG) testing 
and improved accuracy of transvaginal ultrasound imaging have allowed asymptomatic diagnosis and 
increased fertility preservation due to early intervention. Dilation and curettage with methotrexate 
(MTX) therapy[4] and uterine artery embolization (UAE)[5] have been reported as treatments for the 
preservation of fertility. However, in patients who wish to preserve fertility, MTX therapy poses 
problems that may include ovarian dysfunction and a delay in resumption of infertility treatment due to 
the washout period[6]. Furthermore, there are many reported cases of unsuccessful MTX administration 
in cases accompanied by fetal heartbeat or blood hCG concentration of ≥ 10000 mIU/mL[7]. Moreover, 
with UAE, the rate of preterm birth in subsequent pregnancies may increase, and placenta accreta may 
occur[8].

There have been reports on the efficacy and safety of ultrasound-guided local ethanol injection as an 
alternative to topical MTX therapy in ectopic pregnancy[9,10]. This therapy has the potential to become 
a treatment option, as it does not require a washout period and has fewer complications than UAE 
therapy. Nevertheless, reports on this topic are scarce. In this report, we present two cases of cervical 
pregnancy with fetal heartbeat and elevated blood hCG concentration, in which fertility was preserved 
using local ethanol therapy.

CASE PRESENTATION
Chief complaints
Case 1: A 39-year-old nulliparous woman achieved pregnancy via in vitro fertilization-embryo transfer 
(IVF-ET). Ultrasonographic images at 6 wk 2 d of gestation suggested cervical pregnancy; therefore, she 
was referred to our hospital for detailed examination and treatment.

Case 2: A 33-year-old woman, gravida 2, para 1 had achieved pregnancy via IVF-ET. Ultrasound 
imaging results at 7 wk 6 d of gestation suggested cervical pregnancy; therefore, she was referred to our 
hospital for further examination and treatment.

History of present illness
Cases 1 and 2: The patients were asymptomatic aside from the ultrasonographic images suggesting 
cervical pregnancy.

History of past illness
Cases 1 and 2: The patients reported no notable past illness.

Personal and family history
Cases 1 and 2: No notable personal or family medical history.

https://www.wjgnet.com/2307-8960/full/v10/i11/3587.htm
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Physical examination
Case 1: Findings upon presentation included blood pressure of 128/72 mmHg, pulse rate of 72 
beats/min, and body temperature of 36.8 ℃.

Case 2: Findings upon presentation included a blood pressure of 104/79 mmHg, pulse rate of 78 
beats/min, and body temperature of 36.9 ℃.

Laboratory examinations
Case 1: Blood testing revealed an elevated hCG concentration of 16346 mIU/mL and no other 
abnormalities noted.

Case 2: Blood testing revealed an elevated hCG concentration of 26930 mIU/mL and no other 
noteworthy abnormalities.

Imaging examinations
Case 1: Transvaginal ultrasonography revealed no gestational sac (GS) within the uterine body; 
however, a 21-mm GS-like mass with a fetal heartbeat was found within the cervix (Figure 1).

Case 2: Transvaginal ultrasonography revealed a 30 mm cervical GS with fetal heartbeat, and blood 
flow was noted around the GS by color Doppler imaging (Figure 2).

FINAL DIAGNOSIS
In both cases, based on the findings, cervical pregnancy was diagnosed.

TREATMENT
Case 1
MTX therapy was offered as a treatment option because of the patient's desire to preserve fertility. The 
patient declined MTX therapy after learning that side effects may include ovarian dysfunction and that 
a course of contraception was required during MTX washout. Dilation and curettage with UAE were 
also presented as options; however, the patient declined these after understanding that UAE may affect 
subsequent pregnancies. As such, the patient sought other fertility-preserving therapies. Therefore, we 
offered transvaginal ultrasound-guided local absolute ethanol injection because it allows early 
resumption of infertility treatment and has little effect on ovarian function and subsequent pregnancy. 
We also emphasized its efficacy and safety in patients with ectopic pregnancies. We explained that the 
use of local absolute ethanol injection for cervical pregnancy is an off-label and unestablished treatment 
at this time. Upon explaining the above, the patient and her family chose this treatment.

The treatment involved local injection of 2.5 mL absolute ethanol around the cervical GS using a 23-
gauge percutaneous transhepatic cholangiography (PTC) needle under transvaginal ultrasonic guidance 
(Hakko Co., Ltd., Nagano, Japan). The blood hCG concentration 2 h after treatment was decreased by 
20% from the pretreatment value; therefore, the therapeutic effect was confirmed. However, the blood 
hCG concentration increased the next day to 18087 mIU/mL; therefore, 2.5 mL absolute ethanol was 
injected again in the same manner. Thereafter, the blood hCG concentration decreased steadily, and 
spontaneous passage of the GS was observed 7 d after the second local injection of absolute ethanol. 
Histopathological examination revealed decidua and chorionic villi.

Case 2
The patient and her family sought fertility-preserving treatment. As in Case 1, the patient chose 
transvaginal ultrasound-guided local absolute ethanol injection among the available fertility-preserving 
treatments.

Using a 23-gauge PTC needle, 4.0 mL absolute ethanol was locally injected around the cervical GS 
under transvaginal ultrasonic guidance (Hakko Co., Ltd.). The blood hCG concentration 2 h after 
treatment was 20% less than the pretreatment value, verifying the therapeutic effect. Thereafter, the 
blood hCG concentration decreased steadily, and the GS spontaneously passed 6 d after the local 
injection of absolute ethanol. Histopathological examination revealed decidua and chorionic villi.
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Figure 1 Transvaginal ultrasound findings in Case 1. A gestational sac with fetal heartbeat was found in the cervix.

Figure 2 Transvaginal ultrasound findings in Case 2. A 30 mm gestational sac with fetal heartbeat was found in the cervix, and blood flow was noted 
around the sac by color Doppler imaging.

OUTCOME AND FOLLOW-UP
Case 1
On day 17, the blood hCG concentration had decreased to 198 mIU/mL, and no complications due to 
local ethanol injection were observed during follow-up. Two months after local ethanol therapy, 
menstruation had resumed, and infertility treatment was re-initiated.

Case 2
On day 10, the blood hCG concentration had decreased to 116 mIU/mL, and only a small amount of 
vaginal bleeding was noted during follow-up. In addition, no complications due to local ethanol 
injection were noted. Two months after local ethanol therapy, menstruation had resumed, and infertility 
treatment was re-initiated.

DISCUSSION
The patients in this report developed cervical pregnancy through assisted reproductive technology. 
Under these circumstances, many patients wish to preserve their fertility. Such patients often choose 
MTX therapy or UAE, both of which have high rates of treatment success[4,5] and postoperative 
pregnancy[11]. However, MTX therapy and UAE also have disadvantages for patients who desire 
fertility preservation. In a study of 35 patients with a history of MTX treatment for cervical pregnancy, 
oocyte yields during in vitro fertilization were 10.1 ± 3.9 before treatment and 7.8 ± 3.6 after treatment, 
suggesting that MTX therapy caused a decrease in the number of oocytes. It has been reported that a 
decrease in oocyte count leads to a decrease in the number of collected eggs[6], and because MTX 
therapy affects the ovaries, it may also affect fertility preservation. Furthermore, when MTX is used, a 
4–6-mo contraception period is required after surgery for washout[12,13], which delays the resumption 
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of fertility treatment. Because patients under infertility treatment are becoming older, the best treatment 
method should allow early resumption of infertility treatment.

In UAE, postoperative fever is the most common complication, and pain, endometritis, intrauterine 
adhesions, uterine necrosis, and ovarian dysfunction may also occur[14-16]. According to Hardeman et 
al[17], 14 of 53 patients who underwent UAE for obstetrical bleeding desired subsequent pregnancy (all 
gelatin embolization cases), and 12 of these patients conceived and had successful delivery. These 
results indicate relatively high rates of postoperative fertility. However, in post-UAE pregnancies, there 
have been reports of significant increases in miscarriage rate, postpartum bleeding, preterm birth rate, 
and fetal position abnormalities, and there have been case reports of intrauterine growth restriction[8]. 
This emphasizes the need for strict perinatal management in post-UAE pregnancies.

In this report, transvaginal ultrasound-guided local injection of absolute ethanol was performed as a 
new treatment method replacing MTX therapy and UAE. Previously, we reported the efficacy and 
safety of transvaginal ultrasound-guided local absolute ethanol injection in ectopic pregnancies[9,10]. 
This treatment method involves the local injection of absolute ethanol around the implantation site 
under ultrasonic guidance. Its therapeutic effect can be determined earlier than in MTX therapy since a 
10%-30% decrease in blood hCG concentration can be confirmed within 2 h of injection. We believe that 
absolute ethanol dehydrates and denatures the villous tissue, and that acute tissue changes reduce the 
blood hCG concentration within a short period of time. Therefore, we believe that these mechanisms are 
effective in patients such as ours, who had high blood hCG concentrations and fetal heartbeats—factors 
associated with unsuccessful MTX therapy. Furthermore, because no massive bleeding was observed 
after local injection of absolute ethanol, we believe that these mechanisms are hemostatic and may also 
be an effective treatment for cervical pregnancy accompanied by genital bleeding in patients who desire 
fertility preservation.

Absolute ethanol administration may also be effective in other transvaginal procedures, as there is a 
low possibility of iatrogenic infection. The therapy requires no anesthesia because the small needles 
cause less bleeding and pain, and the procedure is also more affordable than MTX therapy. This 
mitigates the physical and financial burdens of patients. In addition, when repeated administration is 
required for persistent ectopic pregnancy, side effects of anticancer drugs, such as MTX, also become a 
problem. However, injection of absolute ethanol causes only a local effect, which means that it can be 
repeated for persistent ectopic pregnancies. In Case 1, two local injections of absolute ethanol were 
administered for persistent ectopic pregnancy; however, no side effects were observed with this 
treatment.

In our two reported cases, blood hCG concentration was high and fetal heartbeat was present, which 
are risk factors for unsuccessful MTX therapy. However, the local injection of absolute ethanol was still 
able to preserve fertility. In both cases, local injection of absolute ethanol allowed resumption of 
menstruation 2 mo after treatment and early resumption of infertility treatment without any complic-
ations. Based on these results, we suggest that local injection of absolute ethanol for cervical pregnancy 
could be a safe and effective new treatment method.

CONCLUSION
In this report, we presented two cases of cervical pregnancy with elevated blood hCG concentrations 
and fetal heartbeats. Each underwent fertility-preserving treatment with local ethanol injection. The 
outcomes suggested that this treatment method may avoid the complications of MTX therapy and UAE 
and may be an option for patients who desire fertility preservation.
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Abstract
BACKGROUND 
Apatinib is an orally bioavailable small-molecule receptor tyrosine kinase 
inhibitor. In December 2014, the China Food and Drug Administration made it the 
first anti-angiogenic therapy to be approved for treating metastatic gastric cancer. 
It was specifically designated as a third-line or later treatment for metastatic 
gastric cancer.

CASE SUMMARY 
Here, we present a case of advanced renal cell carcinoma (RCC) with multiple 
metastases (Stage IV) in a 48-year-old male with an extremely poor general status 
(Karnofsky 30%). He was initially given pazopanib as a targeted therapeutic. 
However, he experienced severe adverse reactions within two weeks, including 
grade IV oral mucositis. We, thus, tried switching his targeted treatment to an 
apatinib dose of 250 mg once daily since April 2018. The patient demonstrated 
striking benefits from this switch to the apatinib palliative treatment. Nearly one 
month later, his pain and other associated symptoms were alleviated. The patient 
was able to move freely and had an excellent general status (Karnofsky 90%). His 
progress has been followed up with regularly, allowing for a documented 
progression-free survival interval of approximately 32 mo.

CONCLUSION 
This case suggests that, like other multi-target drugs, apatinib may be a useful 
first-line therapeutic drug for advanced RCC. It may be a particularly helpful 
curative option when patients are found to be intolerant of other targeted drugs.

Key Words: Apatinib; Renal cell carcinoma; Targeted therapy; Palliative treatment; Case 
report
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Core Tip: Apatinib, an orally bioavailable small-molecule receptor tyrosine kinase inhibitor, is typically 
used in the treatment of partial solid tumours. Here, we report a case of advanced renal cell carcinoma 
(RCC) with multiple metastases (Stage IV) in a 48-year-old man with an extremely poor general status 
(Karnofsky 30%). Due to his intolerance to pazopanib (patient developed oral mucositis), we attempted 
targeted treatment with apatinib, at a dose of 250 mg once daily (from April 2018). This led to an excellent 
recovery response, realising an approximately 32 mo progression-free survival. This case suggests that 
apatinib, like other multi-target drugs, may be used as a first-line therapeutic treatment for advanced RCC.

Citation: Wei HP, Mao J, Hu ZL. Successful apatinib treatment for advanced clear cell renal carcinoma as a first-
line palliative treatment: A case report. World J Clin Cases 2022; 10(11): 3593-3600
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3593.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3593

INTRODUCTION
Renal cell carcinoma (RCC) derives from malignant tumours originating in the renal parenchymal 
urotubular epithelium. Although it only accounts for approximately 2% of all malignant tumours, its 
morbidity and mortality rates are increasing annually[1,2]. Clear cell RCC (ccRCC) is the most common 
subtype of RCC, accounting for 80% of all cases[3]. Although surgical excision can cure localised RCC, 
recurrence is common. In addition, many RCC patients do not present clinical symptoms until they have 
developed unresectable, locally progressive, or metastatic lesions. Consequently, many patients miss the 
window for surgery. Moreover, RCC is unresponsive to standard radiotherapy and chemotherapy, and 
its incidence and mortality rates are increasing with each passing year. Thus, targeted therapy is the 
most effective treatment for ccRCC patients. Currently, the main targeted drugs for ccRCC include 
sorafenib, sunitinib, pazopanib, and cabozantinib; all of which achieve anti-tumour effects by impacting 
vascular endothelial growth factor receptor (VEGFR) expression and inhibiting blood pressure 
angiogenesis and cell proliferation[2,4].

Apatinib (Hengrui Pharmaceutical Co, Ltd, Shanghai, China) is a highly selective inhibitor of VEGFR-
2 tyrosine kinase. In December 2014, it became the first China Food and Drug Administration approved 
anti-angiogenic therapy for treating metastatic gastric cancer. Its official approved use was as a third-
line or later treatment[5]. It acts to specifically inhibit the VEGFR tyrosine kinase activity, thereby 
inhibiting tumour angiogenesis. Since its approval, given its effectiveness in treating gastric cancer, it 
has also been used to treat other tumours. Hence, apatinib has shown to be a strikingly effective new 
option against multifarious malignancies, including advanced non-small cell lung cancer, metastatic 
triple-negative breast cancer, angiosarcoma, desmoplastic small round cell tumour, advanced 
intrahepatic cholangiocarcinoma, and myxoid/round cell liposarcoma[6-10].

However, to the best of our knowledge, cases have yet to be reported regarding apatinib’s usefulness 
in both the treatment of RCC and controlling tumour growth. Thus, in the current report, we present an 
advanced ccRCC case with multiple metastases (Stage IV) in a 48-year-old male with an extremely poor 
general status (Karnofsky 30%).

CASE PRESENTATION
Chief complaints
In March 2010, a middle-aged (48-year-old) man was admitted to Dongyang Hospital Affiliated to 
Wenzhou Medical University complaining of soreness and swelling on his waist and back.

History of present illness
The patient’s symptoms of persistent pain had started one year prior. However, two weeks before 
admission, it had worsened to the point that he could not lie down on his back at night. Oral analgesics 
did not control his pain, which he reported suffering from in frequent bouts.

History of past illness
In May 2017, the patient was admitted to the Fourth Affiliated Hospital of Zhejiang University’s 
Medical College. Urinary system and bladder ultrasounds showed the presence of a parenchymal space-
occupying tumour of the left kidney. Chest and abdomen computed tomography (CT) scans suggested 
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that the tumour had triggered implantation metastasis at multiple sites, including parapyloric nodules, 
lumbar areas, multiple nodules in both lungs, left pleura, left breast, and the abdominal wall. Realising 
the seriousness of his condition, the patient immediately visited the Cancer Hospital affiliated with 
Fudan University, where he was advised to undergo a left nephrectomy, followed by adjuvant therapy. 
However, the patient was resistant and refused the suggested treatment. Instead, he consumed 
traditional Chinese medicine orally at home. Unfortunately, by March 2018, the tumours had 
progressed and the mass on his back had grown more.

Personal and family history
The patient had no history of smoking or drinking alcohol. There was no relevant family history.

Physical examination
The patient’s vital signs were stable in March 2018. However, the clinical examination showed 
tenderness in the lower back and localised skin swelling.

Laboratory examinations
Blood tests showed increased leukocytes and tumour markers. The neutrophil, hemoglobin, platelets 
and biochemistry was normal.

Imaging examinations
Lumbar CT scans, taken on March 5, 2018, showed that the patient’s lumbar spinous process level space 
had been blocked by the deterioration and absorption of lumbar 2 appendages and the invasion of the 
spinal canal (Figure 1).

Further diagnostic work-up
Considering the medical history and follow-up treatments in this case, a puncture biopsy of the mass 
was recommended. Thus, on March 17, 2018, a puncture biopsy was performed on the back tumour, 
with guided colour Doppler ultrasound. The observed malignant tumours were consistent with ccRCC 
according to their morphology and histology; CK+, CK7−, CK20−, cam5.2+, CD10+, EMA+, 34beta 
E12−, Ki-67+ (10%) (Figure 2).

MULTIDISCIPLINARY EXPERT CONSULTATION
This patient had a clear diagnosis of ccRCC with multiple metastases (Stage IV; IMDC mid-risk). Given 
the multiple metastases, surgery was not advisable. Instead, medical treatment was considered.

FINAL DIAGNOSIS
The patient was diagnosed with ccRCC with multiple metastases (Stage IV; IMDC mid-risk) in various 
organs, including the lungs (contralateral), bones, pleura, abdominal cavities, and lymph nodes. The 
patient had an extremely poor general status (Karnofsky 30%) and was informed on his poor prognosis.

TREATMENT
Initially, the patient was administered pazopanib targeted treatment. However, two weeks later he 
experienced severe adverse reactions in the form of grade IV oral mucositis. Considering his intolerance 
to pazopanib, we attempted targeted treatment with apatinib, at a dose of 250 mg daily since April 2018. 
There were no grade III or higher adverse reactions during apatinib treatment.

OUTCOME AND FOLLOW-UP
In response to apatinib treatment, the lump in his back shrank after one week. The patient was thus able 
to lie down, and his pain in so doing was alleviated. He was able to move freely and his performance 
status improved drastically (Karnofsky 90%). CT taken on July 26, 2018, revealed left inferior pole RCC 
(diameter: 4.5 cm), L2 spinous process metastatic bone tumours secondary to corresponding plane 
spinal stenosis, and multiple metastatic tumours in both the lungs (both the length and diameter of the 
lesion were approximately 1.0 cm), and he had a stable disease (SD), according to the RECIST 1.1 criteria 
(Figure 3). After several months, a follow-up CT taken on October 20, 2018, and compared with the prior 
scan (July 26, 2018), suggested that the left inferior pole RCC had reduced in size (diameter: 3.9 cm). 
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Figure 1 Lumbar computed tomography was taken on March 5, 2018, which showed lumbar spinous process level occupied space with 
destruction and absorption of lumbar 2 appendages and invasion of the spinal canal. A: Sagittal sections of the masses; B: Coronal sections of the 
masses (red arrow).

Figure 2 Haematoxylin and eosin staining of a tumour section. A: Under × 10 times microscope; B: Under × 40 times microscope. Immunohistochemical 
staining of a tumour section; C: It showed that CD10 was postive; D: It showed that CD20 was negtive.

Moreover, the rest of the metastatic tumours did not demonstrate any noticeable change (in terms of 
growth) (Figure 3). Furthermore, the patient showed a SD, according to the RECIST 1.1 criteria. The 
follow-up CT taken on March 5, 2019 showed that the left inferior pole RCC had enlarged (diameter: 
Approximately 4.7 cm). However, the progression was slow, according to the RECIST 1.1 criteria 
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Figure 3 Computed tomography images during treatment showing the changes of the mass. A: Computed tomography (CT) images obtained on 
July 26, 2018; B: CT images obtained on October 20, 2018; C: CT images obtained on March 5, 2019; D: CT images obtained on December 24, 2019; E: CT images 
obtained on October 5, 2020; F: CT images obtained on December 14, 2020.

(Figure 3). During this period, combination immunotherapy was recommended due to the increase in 
tumour size. However, the patient rejected it for economic reasons. Thereafter, he was followed up with 
several times and was reported to be stable till December 2020. The follow-up CT, taken on December 
14, 2020, showed that the left inferior pole RCC had increased in size (diameter: Approximately 5.5 cm). 
Considered together with the other lesions, this indicated that the disease had resumed progression 
(Figure 3). Strikingly, until this point, the patient had experienced 32 mo of progression-free survival 
(PFS).
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DISCUSSION
RCC is considered a serious disease worldwide because of the extent to which it endangers human life 
and health. It demonstrates insidious onset, low survival rate, and high morbidity and mortality. RCC is 
the second most common urinary tumour, accounting for 2%–3% of all adult malignant tumours[2]. 
Currently, the best treatment for RCC is surgical resection. In 2010, radical nephrectomy was proposed 
as a viable option for advanced RCC patients in sufficiently good general condition such that they could 
tolerate surgery[11]. However, approximately one third of RCC patients demonstrate distant metastasis 
at the time of initial diagnosis. Thus, they have missed the window for surgery. Statistically, RCC 
patients showing a 2-year survival rate amount to less than 20% of all cases, whereas the 5-year survival 
rate is approximately 10%[2]. Therefore, pursuit of medical treatment for RCC is also extremely 
important. Luckily, over the past decade, a range of therapeutic options have been approved for mRCC, 
including the targeted, immune checkpoint, and combined immune checkpoint treatments[12]. In the 
mid to late 2000s, targeted therapies, including inhibitors of VEGF and the mammalian target of 
rapamycin pathway have entered into the clinical toolkit, thus expanding the range of standard ccRCC 
therapy options[13]. Consequently, the 5-year survival rate for advanced RCC has increased to nearly 
20%[2]. Recent studies have shown that immunotherapy and target therapy combined with immuno-
therapy have led to positive results in the PFS of advanced RCC patients[14,15].

Researchers have shown that targeted therapies, such as bevacizumab, sunitinib, and axitinib, have a 
25%–35% overall response rate among treatment-naive patients, a disease control rate of 45%–80%, and 
a median PFS ranging from 6.5–11 mo[16]. Currently, immunotherapy has also been used as a first-line 
treatment[17]. The median PFS for advanced first-line RCC immunotherapy is between 11.2 and 15.1 mo
[18-20]. However, immunotherapy, being very expensive and not yet insured, is not an economic first-
line RCC treatment[21].

Apatinib is an orally bioavailable small-molecule VEGFR2 tyrosine kinase inhibitor. It inhibits VEGF-
mediated endothelial cell migration and proliferation, thereby arresting angiogenesis in tumours[22]. In 
addition, this agent mildly inhibits c-Kit and c-Src tyrosine kinases. Studies have shown that apatinib 
can arrest the growth of tumour cells in advanced gastric cancer patients. It has been shown to similarly 
affect advanced epithelial ovarian cancer, recurrent malignant glioma, and metastatic breast cancer[5,6,
8,23,24].

In the present case, the patient was diagnosed with ccRCC with multiple metastases (Stage IV) and 
was in deplorable physical condition. Therefore, targeted therapy was recommended. Given the 
patient’s intolerance to pazopanib and our uncertainty with regards to his response to sunitinib, we 
chose apatinib as this drug had been reported to be successful in treating various malignancies. The 
patient showed a positive clinical response to apatinib. His general status improved drastically, and 
nearly 32 mo of PFS was realised, which was longer than any previously reported case. Although, the 
patient showed a slow disease progression, apatinib was still effective in reversing disease severity. 
Thus, we posit an ideal treatment combination of apatinib and immunotherapy. Unfortunately, the 
patient did not receive immunotherapy concurrently for financial reasons.

However, this study has some limitations. Because case reports cannot replace randomised controlled 
trials, it is unclear whether apatinib is suitable for all RCC patients. Further prospective studies are 
required to optimise the use of apatinib in the treatment of RCC and identify patients that can benefit 
from this agent.

CONCLUSION
In conclusion, this case report indicates that apatinib significantly augmented the quality of life for an 
RCC patient. It also markedly improved his PFS. Thus, apatinib, like other multi-target drugs, may be 
useful as a first-line therapeutic drug for advanced RCC. It may be a particularly helpful curative option 
when patients are found to be intolerant of other targeted drugs.
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Abstract
BACKGROUND 
Del(5q) is the most common molecular event in myelodysplastic syndrome 
(MDS), accounting for 10%-15% of cases. Inv(3) is an adverse cytogenetic 
abnormality observed in less than 1% of MDS patients. Few studies have reported 
the coexistence of del(5q) and inv(3) in MDS. Therefore, the pathological 
mechanism, treatment strategy and prognosis of this subtype need to be 
elucidated.

CASE SUMMARY 
A 66-year-old woman was admitted to the hospital due to chest tightness and 
shortness of breath. Combining clinical assessments with laboratory examin-
ations, the patient was diagnosed with MDS containing both del(5q) and inv(3). 
Considering the deletion of chromosome 5q, we first treated the patient with 
lenalidomide. When drug resistance arose, we tried azacitidine, and the patient 
had a short remission. Finally, the patient refused treatment with haematopoietic 
stem cell transplantation and died of severe infection four months later.

CONCLUSION 
MDS patients with del(5) and inv(3) have a poor prognosis. Azacitidine may 
achieve short-term remission for such patients.

Key Words: Myelodysplastic syndrome; Del(5q); Inv(3); Lenalidomide; Azacitidine; Case 
report
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Core Tip: We report a rare case of myelodysplastic syndrome (MDS) with two chromosomal structural 
abnormalities, del(5q) and inv(3). The patient evolved from the initial del(5q) to inv(3) combined with 
del(5q). Considering the deletion of chromosome 5q, we first treated the patient with lenalidomide. When 
drug resistance arose, we tried azacitidine, and the patient had a short remission. Finally, the patient 
refused treatment with haematopoietic stem cell transplantation (HSCT), and her condition gradually 
deteriorated until she was discharged from the hospital. In this rare and contradictory situation, we found 
that MDS patients with coexisting del(5q) and inv(3) may have a poor prognosis. However, azacitidine 
may play a role to some extent in MDS with del(5q) and inv(3), and HSCT may be the only way to cure 
the disease.

Citation: Liang HP, Luo XC, Zhang YL, Liu B. Del(5q) and inv(3) in myelodysplastic syndrome: A rare case 
report. World J Clin Cases 2022; 10(11): 3601-3608
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3601.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3601

INTRODUCTION
Myelodysplastic syndrome (MDS) is defined as a typical heterogeneous group of clonal haematopoietic 
disorders characterized by dysplastic and ineffective haematopoiesis, and approximately 30% of 
patients progress to acute myeloid leukaemia (AML)[1,2]. The incidence of MDS is associated with age, 
especially in people 60 years older, and males are more susceptible than females[3]. MDS patients 
generally have poor outcomes, with a median overall survival of 5 years[2]. According to the Interna-
tional Prognostic Scoring System (IPSS) and revised International Prognostic Scoring System (IPSS-R), 
cytogenetic abnormalities, especially certain unbalanced abnormalities, have a profound impact on the 
prognosis of MDS patients[4]. Unbalanced chromosomal abnormalities caused by partial acquisition or 
deletion of chromosomes are common in MDS[5]. These abnormalities often occur during tumorigenesis 
and play a crucial role in MDS progression.

Here, we report a case of an MDS patient with clonal progression from del(5q) to inv(3) and del(5q), 
who was treated with azacitidine after lenalidomide resistance. Furthermore, we will summarize the 
genetic abnormalities and treatment strategies to add a corresponding contribution to the treatment and 
prognosis of these patients.

CASE PRESENTATION
Chief complaints
In September 2020, a 66-year-old woman was admitted to our hospital for progressive chest tightness 
and shortness of breath.

History of present illness
One year prior, the patient had been admitted to the hospital with severe anaemia and thrombocytosis. 
Physical examination showed that the patient had an anaemic appearance. The results of peripheral 
blood examination were as follows: red blood cell (RBC) count, 1.0 × 1012/L; platelet (PLT) count, 409 × 
109/L; haemoglobin (HB), 36 g/L; creatinine, 0.55 mg/dL; and lactate dehydrogenase (LDH), 418 U/L. 
Bone marrow trephine biopsy revealed more than 10% abnormal megakaryocytes (single round nuclei 
and cytosolic lobulated micronuclei) (Figure 1A). Fluorescence in situ hybridization (FISH) indicated 
deletion of the EGR1 (5q31) gene (Figure 1B). Furthermore, the karyotype was described as 46, XX, 
del(5)(q13q31) by G band staining (Figure 1C). Based on clinical manifestations and laboratory tests, the 
patient was diagnosed with low-risk MDS (low risk, IPSS-R = 2.5). The endothelial activation and stress 
index (EASIX) was 0.56. EASIX is an independent prognostic factor for lower-risk MDS patents that was 
calculated by the following formula: LDH (U/L) × creatinine (mg/dL)/PLT (nL)[6]. The patient was 
advised to be treated with lenalidomide. The dosing schedule was 10 mg/d or 21 d in a 28-d cycle. After 
three cycles of treatment, peripheral blood examination showed HB 97 g/L and PLT 341 × 109/L.

History of past illness
The patient was previously healthy. There was no disease history in other systems.

Personal and family history
No contributory personal history or similar family history.

https://www.wjgnet.com/2307-8960/full/v10/i11/3601.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3601
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Figure 1 Bone marrow aspiration biopsy, karyotype and fluorescence in situ hybridization assay at first diagnosis. A: Representative image 
of May Grunwald-Giemsa staining of bone marrow specimen. It is showed that more than 5% blast cell and more than 10% abnormal megakaryocytes, including 
unicellular megakaryocytes (panel A red arrow) and lymphatic-like small megakaryocytes (yellow arrow). B: EGR(5q31) gene was detected by fluorescence in situ 
hybridization. Each signal mode was detected as follows :2G1R 50%,2G2R 50%. EGR(5q31) probe was labeled with red fluorescence, D5S23 and D5S721(5p15.2) 
probe was labeled with green fluorescence. C: G-band bone marrow karyotype. Arrows indicate the del(5)(q13q31).

Physical examination
Physical examination showed that the patient had a moderate anaemic appearance. Her vital signs were 
stable, with no other positive findings.

Laboratory examinations
The results of the peripheral blood examination were as follows: RBC, 2.27 × 1012/L; WBC, 1.93 × 109/L; 
PLT, 114 × 109/L; and HB, 58 g/L.

Further diagnostic work-up
Bone marrow aspirate smears showed hypercellularity with marked myeloid and erythroid hypoplasia 
and a blast cell count of 16% (Figure 2A). Another karyotype examination revealed 46, XX, 
inv(3)(q21q26), and del(5)(q13q31) (Figure 2B). qRT–PCR showed that the EVI1 expression level was 
90.63%, which was classified as high expression.

FINAL DIAGNOSIS
According to the IPSS-R, the patient's diagnosis was revised to high-risk MDS (very high risk, IPSS-R = 
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Figure 2 Bone marrow aspiration biopsy and karyotype analysis after lenalidomide resistances. A: Bone marrow aspiration smear showing blast 
cell counted 16% and Hypercellularity with marked myeloid and erythroid hypoplasia. Abnormal megakaryocytes including unicellular megakaryocytes (red arrow) and 
lymphatic-like small megakaryocytes (yellow arrow) could still be observed. B: karyotype analysis depicting 46, XX, inv(3)(q21q26),del(5)(q13q31) (Red arrow).

7.5).

TREATMENT
We continued to treat the patient with lenalidomide. In less than one treatment cycle, the patient rapidly 
developed resistance to the drug. Subsequently, we tried azacitidine as a treatment and administered 75 
mg/m2/d intravenously for 7 consecutive days every 28 d. After two courses, haematology showed HB 
70 g/L and PLT 56 × 109/L. After the fourth cycle, peripheral blood examination revealed HB 40 g/L 
and PLT 14 × 109/L. Bone morrow aspirate smears revealed that nucleated cells accounted for 6% of the 
cell population. A mutation of the ASXL1 gene [NM 015338:c.4232_4233delinsA(p. W1411*) exon 12] 
with a variant allele frequency of 33.1% was detected. Subsequently, her medical condition gradually 
deteriorated. In view of the present situation, we recommended HSCT.

OUTCOME AND FOLLOW-UP
The patient was discharged and wilfully refused HSCT. After four months, the patient died of the 
infection.
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DISCUSSION
We report a rare case of MDS with clonal evolution from del(5q) to inv(3) (Figure 3). MDS with del(5q), 
also known as 5q-syndrome, is a specific type of MDS that has a better prognosis than other subtypes of 
MDS. The median expected survival time of this syndrome is approximately 58 mo[7]. Deletion of 
chromosome arm 5q results in the deletion of genes located on this chromosome, including SPARC, 
EGR1, CTNNA1, APC and NPM1[8]. Based on this, we used LSI EGR1 and D5S23 and a D5S721 dual 
colour probe to detect del(5q). MDS with inv(3)/t(3) is considered to be a rare event (< 1%); it is an 
invasive disease with a high risk of developing AML. Furthermore, high expression of EVI1 was 
observed with chromosome 3 abnormalities in our case. EVI1 is an oncogenic transcriptional regulator 
that may be involved in the proliferation and maintenance of haematopoietic stem cells, and its 
abnormally high expression often promotes disease progression[9]. In addition, ASXL1 mutations that 
frequently occur in MDS were detected in our case and predict an adverse outcome[10]. Therefore, the 
patient in our report contained "dominant" karyotypes [del(5q)], "inferior" karyotypes [inv(3)] and 
harmful ASXL1 mutations. However, the prognostic tendency of these patients remains elusive.

Combining bone marrow cytogenetics, the percentage of bone marrow blasts and cytopenia, our 
patient was classified as low risk according to the IPSS-R at primary diagnosis. In recent years, 
cardiovascular disease has been considered to be the second most common cause of death among 
patients with low-risk MDS after haematological complications[11]. Therefore, we used EASIX to assess 
the patient’s cardiovascular risk, which was 0.56[6]. Because the patient had no previous history of 
cardiovascular disease and the cardiovascular examination results were negative at admission, we 
alleviated the patient's cardiovascular disease concerns. Considering the IPSS-R and EASIX, we prelim-
inarily evaluated the patient had a good prognosis.

Lenalidomide therapy is initially recommended based on age, general conditions, and cytogenetic 
abnormalities. Since 2005, the Food and Drug Administration of the United States has approved the use 
of lenalidomide for the treatment of transfusion-dependent low-risk MDS with or without del(5q), and 
it has been indicated that lenalidomide could reduce transfusion requirements and reverse cytogenetic 
abnormalities[12]. Lenalidomide is the first and only treatment for cytogenetically defined subsets of 
MDS disease, especially MDS with del(5q). However, not all patients achieve a long-term response. It 
was reported that approximately half of patients with del(5q) lost response or progression after 2-3 
years of treatment[13]. Indeed, lenalidomide resistance has become a common event in the treatment of 
MDS.

In our case, lenalidomide treatment initially showed a good response in the patient, but the patient 
rapidly developed drug resistance after the first remission. Based on the available data, we found that 
the occurrence of primary resistance to lenalidomide in MDS is mainly related to TP53 mutations. We 
reviewed the role of TP53 mutations and abnormal p53 pathway activation in myeloid malignant 
tumours. In del (5q) patients who had a high mutation rate of TP53, the cytogenetic complete remission 
rate was less than 12% after treatment with lenalidomide[7]. Therefore, it is plausible that there is a high 
correlation between TP53 mutations and lenalidomide resistance. In addition, lenalidomide upregulates 
RUNX1 expression in a CRBN- and TP53 -dependent manner in del (5q) MDS, and RUNX1 induces 
megakaryocyte differentiation and apoptosis assisted by GATA2. As a result, lenalidomide resistance 
occurs when RUNX1 is mutated or downregulated[14]. The secondary or acquired resistance to 
lenalidomide is associated with the overexpression of PP2A. The overexpression of PP2A leads to the 
degradation of p53 in red blood cell precursors and the instability of β-catenin, which is more conducive 
to the evolution of del(5q) clones[15]. However, TP53 and RUNX1 mutations were not detected in our 
case. The acquired resistance of our patients to lenalidomide may be related to PP2A abnormalities, but 
further sufficient data is required for further exploration.

After the lenalidomide treatment failed, inv(3) with EVI1 overexpression and ASXL1 mutations 
occurred in the patient. Based on clinical assessments and laboratory examination, the patient's 
diagnosis was revised to high-risk MDS. We then tried to treat the patient with azacytidine, which is a 
demethylation drug. Demethylation drugs mainly include azacitidine and decitabine, both of which can 
inhibit DNA methylation by binding to DNA. Interestingly, azacitidine also binds to RNA to inhibit 
RNA synthesis and protein metabolism[16]. Sallman et al[16] reported a study about the response to 
azacitidine in del(5q) MDS patients after lenalidomide resistance. Among 18 del(5q) MDS patients 
treated with azacytidine, the overall response rate was 56%, including a complete response rate of 5.6%, 
a marrow complete response rate of 11.1%, and a haematological improvement rate of 38.9%. 
Azacitidine had the same effect in del(5q) and non-del(5q) patients[17]. In the study by Wanquet et al
[18], 157 AML/MDS patients with chromosome 3q abnormalities and 27 patients with isolated EVI1 
overexpression were treated with azacitidine. The overall response rate was 50%, including a complete 
remission rate of 29%, and the median overall survival time was 10.6 mo. AML/MDS with 3q 
abnormalities has a special response to azacitidine, and azacitidine is an appropriate choice before the 
patient receives allohaematopoietic stem cell transplantation[18]. To date, there have been a few reports 
on the treatment of MDS with decitabine[3]. Therefore, we believe that azacitidine is a reasonable option 
for the treatment of MDS after the failure of lenalidomide. Our patient experienced a short-term 
improvement after 2 courses of azacitidine treatment.
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Figure 3 Clonal evolution architecture of the patient. The patient was initially found to have del(5q) with EGR1 gene deletion, so she was diagnosed with 
MDS (low risk). Following lenalidomide treatment, the patient developed inv(3) with overexpression of EVI1. At that time, the patient's diagnosis was revised to MDS 
(very high risk). In addition, the patient also had ASXL1 mutations. The revised international prognostic scoring system (IPSS-R) for myelodysplastic syndrome was 
calculated according to a previously reported method[24], and the details can be found in Supplementary Table 1. HB: Haemoglobin; PLT: Platelet; IPSS-R: Revised 
International Prognostic Scoring System.

The condition of our patient worsened again after a short period of time, and we considered HSCT. 
At present, for both low-risk and high-risk MDS patients, HSCT is still the only curative treatment[19]. 
Patients under 65 years of age and suitable healthy elderly patients should be strongly recommended 
for HSCT with a suitable donor with the same human leukocyte antigen[20]. Among high-risk MDS 
patients undergoing HSCT, 40-50% of patients have achieved a prolonged disease-free survival and 
have improved over the years[21]. However, the optimal timing of HSCT and the specific chemical 
regimen before HSCT treatment is still a controversial issue. It is generally believed that an increase in 
the percentage of bone marrow blasts, especially if it is greater than 10%, is associated with a higher risk 
of recurrence[22]. In addition, the existence of poor prognostic mutations, especially mutations in TP53, 
ASXL1 and RUNX1, should be considered for the use of HSCT to reduce the risk of recurrence[23]. 
However, in our case, when we recommended that the patient undergo HSCT, the patient rejected the 
recommendation for unknown reasons. Subsequently, the patient chose to leave the hospital 
voluntarily, and we learned during follow-up that the patient died of serious infection after four 
months.

CONCLUSION
In summary, we report a rare case of MDS with clonal evolution from del(5) to inv(3). Although 
lenalidomide and azacitidine provided temporary remission to the patient, the patient inevitably has a 
poor prognosis. The complex and heterogeneous pathophysiology of MDS is still the main reason for 
the limited effectiveness of current treatments; thus, emerging therapeutic strategies are still urgently 
needed.
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Abstract
BACKGROUND 
The recognized pattern of cervical lymph node metastasis (CLNM) of papillary 
thyroid carcinoma involves a stepwise route. Contralateral lymph node skip 
metastasis is very rare. In addition, the patient in our case report also suffered 
from a breast carcinoma accompanied by left supraclavicular lymphadenopathy, 
which made it difficult to distinguish the origin of the CLNM. Based on this case, 
we recommended that more detailed physical and imaging examinations are 
needed for patients with uncommon cervical lymphatic metastasis of primary 
cancer.

CASE SUMMARY 
A 53-year-old women was admitted to the hospital for a neck mass in the left 
cervical region that had existed for 2 mo. The neck mass was suspected to be an 
enlarged lateral LN originating from papillary thyroid microcarcinoma of the 
contralateral thyroid lobe, according to ultrasound and ultrasound-guided fine 
needle aspiration biopsy. The patient underwent total thyroidectomy and radical 
cervical LN dissection. Postoperative pathology confirmed the diagnosis of 
papillary thyroid microcarcinoma with contralateral lymphatic skip metastasis. 
Unfortunately, a breast cancer was discovered 4 mo later, which was accom-
panied by ipsilateral supraclavicular LN metastasis. She accepted neoadjuvant 
chemotherapy and subsequent left modified radical mastectomy for treatment. 
The patient is currently receiving postoperative radiotherapy, and no local 
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recurrence was observed in the 6-mo follow-up after surgery.

CONCLUSION 
We present a rare case of papillary thyroid microcarcinoma with contralateral lymphatic skip 
metastasis and breast cancer with supraclavicular lymphatic metastasis.

Key Words: Thyroid cancer; Papillary; Breast neoplasms; Lymphatic metastasis; Skip metastasis; 
Contralateral metastasis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The recognized pattern of cervical lymph node metastasis (CLNM) of papillary thyroid 
carcinoma involves a stepwise route. Contralateral lymph node skip metastasis is very rare. In addition, the 
patient in our case report also suffered from a breast carcinoma accompanied by left supraclavicular 
lymphadenopathy, which made it difficult to distinguish the origin of the CLNM. Based on this case, we 
recommended that more detailed physical and imaging examinations are needed for patients with 
uncommon cervical lymphatic metastasis of primary cancer.

Citation: Ding M, Kong YH, Gu JH, Xie RL, Fei J. Papillary thyroid microcarcinoma with contralateral lymphatic 
skip metastasis and breast cancer: A case report. World J Clin Cases 2022; 10(11): 3609-3614
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3609.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3609

INTRODUCTION
Thyroid cancer and breast cancer (BC) are very common in women[1] and both can involve cervical 
lymph node metastasis (CLNM). The most common type of thyroid cancer is papillary carcinoma, and 
papillary thyroid microcarcinoma (PTMC) accounts for the majority of cases. When it comes to multiple 
primary cancers, such as PTMC and BC, the origin of CLNM needs to be distinguished. CLNM in PTMC 
is usually related to a relatively poor prognosis, especially for lateral CLNM. The recognized pattern of 
CLNM of PTMC involves a stepwise route. The first site involved is the central compartment, followed 
by the ipsilateral lateral lymph node (LN) compartment. The contralateral and the mediastinal LN 
compartments then follow suit[2,3]. Contralateral LN skip metastasis is very rare. CLNM in BC is 
usually indicative of a terminal stage.

Here, we report a rare case of PTMC with contralateral lymphatic skip metastasis and BC with 
supraclavicular lymphatic metastasis.

CASE PRESENTATION
Chief complaints
A 53-year-old woman presented to the hospital with a neck mass in her left lateral cervical region.

History of present illness
The patient’s symptom started 2 mo prior and she had not received any treatment in that period.

History of past illness
The patient had a free medical history.

Personal and family history
The patient denied any relevant personal family history, particularly for thyroid issues.

Physical examination
A nodule of approximately 0.8 cm in diameter was found in the right lobe of the thyroid gland. It was 
not tender and easily moved upward and downward when she swallowed. A firm mass of roughly 1.0 
cm was palpated in the left lateral cervical region.

https://www.wjgnet.com/2307-8960/full/v10/i11/3609.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3609


Ding M et al. Contralateral skip metastasis of PTMC

WJCC https://www.wjgnet.com 3611 April 16, 2022 Volume 10 Issue 11

Laboratory examinations
Thyroid function and autoimmune antibody were all in normal ranges, except for the anti-thyroid 
peroxidase (TPO) antibody (787.40 IU/mL; normal range: 0-9 IU/mL). Routine blood indexes were all 
within normal range. Tests for serum tumor markers, including carcinoembryonic antigen, alpha-
fetoprotein, carbohydrate antigen 19-9, CA242, cytokeratin 19 fragment and squamous cell carcinoma 
antigen, were all negative.

Imaging examinations
Ultrasound (US) examination showed a 7.8 mm × 7.4 mm heterogeneous hypoechoic nodule in the right 
lobe of the thyroid gland (Thyroid Imaging Reporting and Data System category 4B). In addition, 
several abnormal LNs were detected in level V; the biggest one being approximately 14.0 mm × 7.0 mm 
in size (Figure 1).

Further diagnostic follow-up
US-guided fine needle aspiration biopsy was taken for further evaluation. It indicated that the nodule in 
the right lobe was PTMC, and the LN was malignant. We preliminarily concluded that this patient 
suffered from PTMC accompanied by CLNM.

The patient underwent total thyroidectomy and radical cervical neck dissection (bilateral central LN 
and left lateral LN). Postoperative pathology found isolated PTMC in the right lobe, which was also 
supported by the findings of immunohistochemical analysis [CD56 (partly positive), HBME-1 
(negative), galectin-3 (positive), CK19 (partly positive), TPO (negative), Ki67 index (1%)]. Surprisingly, 
the bilateral central cervical LNs (n = 16) were all disease-free. Metastasis was found, involving one LN 
in the left level V and one LN in levels III and IV (Figure 2). Immunohistochemical analysis of the 
metastatic LN in left levels III and IV were positive for galectin-3 and CK19, and were negative for 
CD56, HBME-1 and TPO. The Ki-67 index of 1% indicted that the left lateral CLNM in levels III and IV 
had originated from the thyroid.

No local relapse was found by US at the next 3-mo follow-up. The patient intended to receive iodine-
131 therapy; however, she was admitted to our hospital for a large mass in her left breast 1 mo later. 
Mammography showed a mass of approximately 3.7 cm ´ 2.6 cm in the left breast, which was highly 
suspicious of malignancy (Breast Imaging Reporting and Data System 5). US also showed several 
abnormally enlarged LNs in the left axillary, supraclavicular and level V. US-guided core needle biopsy 
was taken for the breast mass, which revealed infiltrative carcinoma originating from the breast by 
pathology and immunohistochemical analysis. US-guided fine needle aspiration biopsy was taken for 
the suspicious LNs, including the left axillary, supraclavicular and level V, which were all determined to 
be malignant. It was unknown whether the CLNM in the supraclavicular and level V area originated 
from the thyroid or breast. The patient underwent another thyroid US. Several hypoechogenic 
structures could be detected in levels IV and V with irregular shape, obscure boundary and unclear 
lymphatic hilus. The findings were highly suspicious of metastatic LNs, and we first considered 
origination from the breast (Figure 3). No distant metastasis was found upon further examination.

FINAL DIAGNOSIS
PTMC with contralateral lymphatic skip metastasis and BC with supraclavicular lymphatic metastasis.

TREATMENT
Given that the BC was in an advanced stage (cT2N3M0), the patient underwent four cycles of 
neoadjuvant chemotherapy with epirubicin (145 mg/m2) and cyclophosphamide (900 mg/m2), followed 
by four cycles with docetaxel (150 mg/m2). Clinical responses in the breast and LNs were assessed by 
US after the neoadjuvant chemotherapy treatment, and she was determined to have achieved partial 
remission. Then, she underwent a left modified radical mastectomy. Postoperative pathology of the 
breast revealed invasive ductal carcinoma accompanied by a few invasive micropapillary carcinomas 
and intermediate grade ductal carcinoma in situ. In addition, three of the seventeen LNs were 
metastatic. The immunohistochemistry profile of the specimen was as follows: estrogen receptor (+, 
strong, 95%); progesterone receptor (+, strong, 80%); human epidermal growth factor receptor-2 (1+); 
Ki-67 (15%); androgen receptor (60%); E-cadherin (+); GATA3 (+); mucin (+); cytokeratin 5/6 (-); 
epidermal growth factor receptor (-); D2-40 (-); and P63 (-).
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Figure 1 Ultrasound showed a nodule in the right thyroid lobe and an abnormal lymph node in left level V. A: A 7.8 mm × 7.4 mm 
heterogeneous hypoechoic nodule with obscure boundary and hyperechoic punctuations was observed in the middle and upper part of the right lobe of the thyroid 
gland; B: A hypoechogenic structure could be detected in level V, which was approximately 14.0 mm × 7.0 mm in size, with irregular shape, obscure boundary, 
heterogeneous echo, and unclear lymphatic hilus.

Figure 2 Hematoxylin and eosin staining of the right thyroid nodule and lymph node in left levels III and IV. A: Papillary thyroid microcarcinoma 
in the right thyroid lobe; B: Lymph node metastasis in left levels III and IV. Magnification: 800 ×.

OUTCOME AND FOLLOW-UP
The patient is currently receiving postoperative radiotherapy for control of the metastatic lesions. At the 
6-mo follow-up, US assessment revealed no local recurrence.

DISCUSSION
We have reported, here, the first case of a rare contralateral LN skip metastasis of PTMC accompanied 
by BC. Bruno et al[4] reported a similar case of contralateral LN skip metastasis in Germany. However, 
those authors identified the unusual pathway of CLNM, mainly via the detection of high thyroglobulin 
levels in the wash-out liquid of fine-needly aspiration biopsy. In our case, it was mainly based on the 
postoperative immunohistochemical findings.

We raised two hypotheses for this kind of phenomenon. First, there may be unknown cervical LN 
drainage pathways. Second, there may be occult PTMC in the left lobe. A previous study reported cases 
of occult PTMC without detection of the primary tumor[5,6]. In one, Yamashita et al[5] hypothesized 
that the primary tumor was PTMC of less than 5 mm, as it was difficult to prepare slices of pathological 
specimens thinner than 5 mm.

Our patient, described herein, had developed cancers of PTMC and BC. However, the US-fine needle 
aspiration biopsy of LNs in the supraclavicular and level V areas failed to show the origin of her 
metastasis, which was crucial information. We hypothesized that they had originated from the BC 
instead of PTMC, for the following reasons. First, the most common sites of lateral CLNM in PTMC are 
levels II to IV. CLNM in level V is comparatively rare[7,8]. Second, the metastatic LNs of PTMC may 
show specific features, such as microcalcifications and cystic appearance, on US[9], which was not 
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Figure 3 Ultrasound for the abnormal lymph nodes in the left supraclavicular and level V areas. Several hypoechogenic structure were detected in 
the left supraclavicular and level V areas, one of which was approximately 10.1 mm × 6.5 mm in size with unclear lymphatic hilus.

observed in our patient. Third, the size of the metastatic cervical LNs obviously decreased after 
neoadjuvant chemotherapy for BC.

Although most PTMC diagnoses have an excellent prognosis due to its indolent nature, some tend to 
be aggressive and are related to a poor prognosis[10]. The PTMC in our patient was T1aN1bM0 (IVa) 
stage according to the American Joint Committee on Cancer/Union for International Cancer Control 
TNM staging system[11]. Therefore, radical therapy was recommended. Because PTMC usually has a 
high incidence of multifocality and the presence of contralateral abnormal LNs[10], we could not 
exclude the existence of occult PTMC in the left lobe preoperatively. The patient underwent total 
thyroidectomy instead of lobectomy for complete resection of malignant tumors that allowed 
subsequent radiotherapy. Furthermore, prophylactic central compartment bilateral neck dissection was 
conducted for the presence of clinically involved lateral LNs (cN1b) as recommended by the 2015 
American Thyroid Association guidelines[11]. However, a longer follow-up time was needed to learn 
the long-term prognosis of this patient. The BC was in a terminal stage as soon as it was discovered. In 
fact, it may have been discovered earlier if a more detailed examination had been performed at her first 
visit. The level V metastatic LNs discovered in the first surgery were not evaluated by further immuno-
histochemistry and were assumed to also be contralateral skip metastatic LNs. However, we cannot 
exclude that it may have originated from BC.

CONCLUSION
Here, we describe a case of PTMC with contralateral lymphatic skip metastasis and BC with supracla-
vicular lymphatic metastasis, which has rarely been reported in the literature. Both thyroid cancer and 
BC may involve CLNM. The characteristics of US, more detailed immunohistochemistry examination 
findings, and knowledge of the sites of CLNM may help to distinguish the origin of CLNM. In addition, 
when it comes to uncommon CLNM of the primary cancer, a more detailed examination such as by 
head-neck computed tomography, chest computed tomography and physical examination is strongly 
recommended.
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Abstract
BACKGROUND 
Synchronous combined hepatocellular-cholangiocarcinoma (CHC) and hepato-
cellular carcinoma (HCC) is very rare, with few literature reports and poor clinical 
outcomes associated with the disorder. Surgical resection is the main treatment, 
which makes the preoperative diagnosis very important. However, due to 
imaging manifestations overlapping with HCC, diagnosis of this type of 
synchronous cancer is challenging and it tends to be misdiagnosed as multiple 
HCC. Herein, we report the contrast-enhanced ultrasound (CEUS) manifestations 
of a case of synchronous CHC and HCC, aiming at adding to the understanding 
of this disease. CEUS displayed exquisite vascularity and tissue perfusion in real 
time with good spatial and temporal resolution and more accurately reflect tumor 
washin and washout times than contrast-enhanced computed tomography (CT) in 
this case.

CASE SUMMARY 
The patient was a 69-year-old female with a 20-year history of chronic hepatitis B. 
Due to months of epigastric pain and anorexia, she reffered to our hospital for 
treatment. Five days before hospitalization, abdominal magnetic resonance 
imaging performed at another hospital detected a space-occupying lesion in the 
liver. After her hospitalization, laboratory tests showed elevated alpha-fetoprotein 
and carbohydrate antigen 19-9 level. Two suspicious liver lesions located in S4 
and S6, respectively, were identified in a cirrhotic background by abdominal 
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contrast-enhanced CT (CECT). Furthermore, the lesion in S4 and S6 were detected by CEUS and 
assigned to CEUS LI-RADS 5 and M categories, respectively. The patient underwent tumor radical 
resections. Post-operative pathology confirmed the S4 and S6 lesions to be HCC and CHC, 
respectively. A newly-found suspicious liver nodule with potential malignancy was detected in 
liver S1 by both CEUS and CECT 7 mo after operation.

CONCLUSION 
The CEUS characteristics of CHC and HCC are different. CEUS features in combination with 
clinical information could help in effective diagnosis, clinical decision-making and better 
prognosis.

Key Words: Contrast-enhanced ultrasound; Synchronous dual primary malignancies of liver; Combined 
hepatocellular and cholangiocarcinoma; Hepatocellular carcinoma; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Synchronous hepatocellular-cholangiocarcinoma (CHC) and hepatocellular carcinoma (HCC) is 
rare and tend to be misdiagnosed as multiple HCC in clinical settings. Patients afflicted with this disorder 
generally have poor prognosis, moreover, preoperative imaging diagnosis is often challenging. This paper 
introduces contrast-enhanced ultrasound (CEUS) manifestations of a case of synchronous CHC and HCC, 
which showed different imaging features on CEUS images. Overall, the combination of CEUS character-
istics with clinical information could help in effective diagnosis of synchronous CHC and HCC, as well as 
clinical decision-making and patients’ prognosis.

Citation: Gao L, Huang JY, Lu ZJ, Lu Q. Contrast-enhanced ultrasound manifestations of synchronous combined 
hepatocellular-cholangiocarcinoma and hepatocellular carcinoma: A case report. World J Clin Cases 2022; 10(11): 
3615-3623
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3615.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3615

INTRODUCTION
Liver cancer is predicted to be the sixth most commonly diagnosed cancer and the fourth leading cause 
of cancer death worldwide in 2018[1]. Approximately half of primary liver cancers exhibit multifocal 
origins[2]. According to different origins, multifocal liver cancer can be divided into primary liver 
cancer with intrahepatic metastasis and liver cancer with a multicentric origin[3,4]. Synchronous 
combined hepatocellular-cholangiocarcinoma (CHC) and hepatocellular carcinoma (HCC) is rare in 
multicentric liver cancer, and it is often misdiagnosed as multiple HCC and has a poor prognosis[5,6]. 
Moreover, the treatment strategies and outcomes of the two diseases are different. When CHC and HCC 
occur synchronously, due to the unique fiber components of intrahepatic cholangiocarcinoma (ICC) 
contained in CHC, treatments typically used for multiple HCC, e.g. transcatheterial arterial chemoem-
bolization (TACE) and chemotherapy, provide limited benefits[6]. Therefore, an accurate preoperative 
diagnosis is very important.

CASE PRESENTATION
Chief complaints
A 69-year-old female referred to our hospital due to months of epigastric pain and anorexia.

History of present illness
Epigastric pain and anorexia were presented. No nausea, vomiting, acid regurgitation, belching, chills, 
fever, hematemesis, melena or jaundice (among other symptoms) were observed.

History of past illness
The patient had a 20-years history of chronic hepatitis B and did not receive standardized treatments.

https://www.wjgnet.com/2307-8960/full/v10/i11/3615.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3615
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Personal and family history
The patient had a > 20-year history of alcoholism (approximately 50 mL liquor per day) and did not 
have a smoking history, nor did she have a travel history to pastoral areas or epidemic areas.

Physical examination
The patient's height and weight were 155 cm and 59 kg, respectively, with a body mass index of 24.6 
kg/m². No swollen lymph nodes were found. The abdomen was soft without rebound tenderness, and 
the liver and spleen were not palpable under the ribs. There was no percussion pain in the liver area. 
Mobility dullness was negative, and bowel sounds were normal.

Laboratory examinations
Platelet count: 93 × 109/L; white blood cell count: 2.65 × 109/L; red blood cell count: 3.99 × 1012/L; 
hemoglobin: 124 g/L; albumin: 42.2 g/L (normal range: 40.0-55.0 g/L); globulin: 23.1 g/L (normal 
range: 20.0-40.0 g/L); total bilirubin: 10.3 μmol/L (normal range: 5.0-28.0 μmol/L); direct bilirubin: 3.4 
μmol/L (normal range: < 8.8 μmol/L); alanine aminotransferase (ALT): 50 IU/L (normal range: < 40.0 
IU/L); aspartate aminotransferase (AST): 61 IU/L (normal range: < 35.0 IU/L); alkaline phosphatase 
(ALP): 126 IU/L (normal range: 50.0-135.0 IU/L); hepatitis B surface antigen (+); hepatitis B e antibody 
(+); hepatitis B core antibody (+); hepatitis C antibody (-); HBV DNA level: 6.32 × 105 IU/Ml (normal 
range: < 1.0 × 102 IU/mL); Serum bio-marker analysis showed elevated alpha-fetoprotein (AFP): 219.00 
ng/mL (normal range: < 7 ng/mL), serum carbohydrate antigen 19-9 (CA19-9): 38.40 U/mL (normal 
range: < 30 U/mL) and protein induced by vitamin K absence or antagonist-II (PIVKA-II): 54.00 
mAU/mL (normal range: 6.0-32.5 mAU/mL); carcinoembryonic antigen (CEA) and serum carbohydrate 
antigen 125 (CA-125) were both normal.

Imaging examinations
CT showed a slightly enlarged spleen. S4 showed a hypoattenuating mass (Figure 1A) (approximately 
2.1 cm × 2.0 cm), which presented with marked enhancement in the arterial phase (Figure 1B) and 
isoenhancement in the portal venous phase (Figure 1C). S6 revealed a hypoattenuating mass (Figure 2A) 
(an area of approximately 3.0 cm × 2.7 cm), which presented with an annular weak enhancement in the 
arterial phase (Figure 2B) and mild hypoenhancement in the portal venous phase (Figure 2C). The 
diagnosis was considered to be cirrhosis with a malignant tumor of the liver. Ultrasound indicated that 
the liver parenchyma was thickened and uneven. A quasicircular hypoechoic nodule with a size of 
approximately 2.1 cm × 2.0 cm was found in S4 alongside the gallbladder (Figure 1D); it had a clear 
boundary and a regular shape and pushed and squeezed the gallbladder. The gallbladder wall was 
continuous and complete, and a mild blood flow signal was observed inside of the nodule (Figure 1E). 
S6 indicated a hypoechoic nodule with a size of approximately 3.9 cm × 3.5 cm (Figure 2D), with an 
irregular shape and an unclear boundary. The nodule protruded outward and pushed and squeezed the 
right kidney. The capsule of the right kidney was intact. Additionally, short-line blood flow signals 
could be observed inside of the nodule (Figure 2E). No enlarged lymph nodes were found in the 
abdominal cavity. On contrast-enhanced ultrasound (CEUS) (Sonazoid 0.6 mL bolus injection, Philips 
EPIQ7, and C5-1 convex array probe), the S4 nodule showed rapid hyperenhancement in the arterial 
phase (Figure 1F), mild hyperenhancement in the portal venous phase (Figure 1G) and mild hypoen-
hancement in the post vascular phase (Figure 1H). The S6 nodule indicated rim hyperenhancement in 
the arterial phase (Figure 2F); in addition, washing out began in the late arterial phase (27 s) (Figure 2G), 
the portal phase showed hypoenhancement, and the post vascular phase showed marked hypoen-
hancement (Figure 2H). The ultrasound suggested liver cirrhosis; additionally, the S4 hypoechoic 
nodule was considered to be HCC, and the S6 hypoechoic nodule was considered to be a malignant 
liver tumor (the ultrasound manifestations of the two intrahepatic nodules are shown in Table 1).

FINAL DIAGNOSIS
Synchronous CHC and HCC.

TREATMENT
The patient underwent a complex liver cancer resection, cholecystectomy and partial resection of the 
right adrenal gland.



Gao L et al. CEUS manifestations of synchronous CHC and HCC

WJCC https://www.wjgnet.com 3618 April 16, 2022 Volume 10 Issue 11

Table 1 Ultrasound manifestation of the two intrahepatic nodules

Nodules Location Size (cm) Boundary Arterial phase Portal phase Post-vascular phase 

HCC S4 2.1 × 2.0 Clear Hyperenhancement Hyperenhancement Mild hypoenhancement

CHC S6 3.0 × 2.7 Unclear Rim enhancement Marked hypoenhancement Marked hypoenhancement

HCC: Hepatocellular carcinoma; CHC: Hepatocellular-cholangiocarcinoma.

Figure 1 Contrast enhanced computed tomography and ultrasound images of a liver lesion in S4. A: A slightly low-density nodule measuring 2.1 
cm × 2.0 cm was detected in liver S4 (A, arrow) on unenhanced computed tomography; B and C: The nodule showed marked enhancement in the arterial phase (B, 
arrow) followed by isoenhancement in the portal venous phase (C, arrow); D and E: The nodule presented a hypoechoic lesion with a clear boundary and regular 
shape (D, arrow) on conventional ultrasound; the color Doppler showed punctate blood flow signal (E, arrow) in the peripheral area of the lesion; F-H: On contrast 
enhaned ultrasound, the lesion manefested homogeneous hyperenhancement (F, arrow), followed by mild hyperenhancement in the portal venous phase (G, arrow) 
and hypoenhancement in the late phase (H, arrow); I: Postoperative pathology confirmed this lesion as being a poorly differentiated hepatocellular carcinoma 
(hematoxylin-eosin staining).

OUTCOME AND FOLLOW-UP
Postoperative pathology
Postoperative pathology confirmed the S4 nodule a HCC (Figure 1I) and the S6 nodule a CHC 
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Figure 2 Contrast enhanced computed tomography and ultrasound images of a liver lesion in S6. A: A low-density nodule measuring 3.0 cm × 2.7 
cm was detected in liver S6 (A, arrow) on unenhanced computed tomography (CT); B and C: The lesion showed rim hyperenhancement in the arterial phase (B, 
arrow) followed by hypoenhancement (C, arrow) in the portal venous phase on contrast enhanced CT; D and E: The lesion presented a hypoechoic nodue with an 
unclear boundary and irregular shape (D, arrow); a sparse of blood flow was detected by color Doppler (E, arrow); F-H: The lesion manefested rapid rim 
hyperenhancement (F, arrow) and early washout (G, arrow) in the arterial phase, followed by marked washout in the late phase on contrast enhanced ultrasound.

(Figure 3). As to the S6 lesion, positive expression of Arginase 1 (Arg 1) (Figure 4A) and Glypican-3 
(GPC-3) (Figure 4B) in the hepatocellular carcinoma component, and Cytokeratin 7 (CK7) (Figure 4C) 
and Cytokeratin 19 (CK19) (Figure 4D) in the cholangiolocarcinoma components were confirmed by 
immunohistochemical analysis. No metastasis was found in the gallbladder or in the right adrenal 
gland.

Examination results
The patient underwent follow-up examinations at 7 mo after the operation. A newly found liver lesion 
located in S1 showing internal hypoenhancement and mild peripheral hyperenhancement was detected 
by contrast-enhanced computed tomography (CECT) (Figure 5A). The lesion manifested peripherial 
hyperenhancement (Figure 5B) in the arterial phase followed by early washout in the portal venous 
phase (Figure 5C) on CEUS. Both CECT and CEUS considered this lesion a malignancy.
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Figure 3 The nodule in liver S6 confirmed to be a combined hepatocellular-cholangiolocarcinoma by pathology. A: A distinct transitional zone 
was observed between the hepatocellular carcinoma (white arrow) and cholangiolocarcinoma (orange arrow) tissues (original magnification); B: Hepatocellular 
carcinoma cells huddled between the trabecular in disarray; C: Cholangiolocarcinoma consisted of neoplastic cells with marked pleomorphism.

Figure 4 Immunohistochemical analysis of the nodule in liver S6. A and B: Arg (A) and GPC-3 (B) were highly expressed in hepatocellular carcinoma 
tissues; C and D: CK7 (C) and CK19 (D) were expressed in Cholangiolocarcinoma tissues, respectively.

DISCUSSION
Synchronous CHC and HCC is an uncommon condition that very few literatures had reported 
previously. Though rarely occurs, this disorder typically has a poor prognosis. Because of overlapping 
imaging features with HCC and atypical clinical manifestation, effective diagnosis of this disease can be 
challenging[6]. Patients afflicted with synchronous CHC and HCC has little or no response to 
therapeutic drugs due to unique fiber components of ICC in CHC. Therefore, a series of local 
treatments, including TACE and chemotherapy, cannot significantly benefit these patients[6]. Previous 
studies showed that the survival rate of patients with CHC, who underwent liver transplantation 
showed inferior survival in comparison to those with HCC alone, and the role and indications of liver 
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Figure 5 A recurrent tumor in liver S1 was found by contrast enhanced imaging modalities 7 mo after operation. A: The nodule showed mild 
annular enhancement on contrast enhanced computed tomography; B and C: The lesion manifested peripherial hyperenhancement (B, arrow) in the arterial phase and 
hypoenhancement in the portal venous phase (C, arrow) on contrast enhanced ultraound.

transplantation in combined tumor have yet to be defined[7-9]. Therefore, surgery is currently the best 
treatment choice, but the prognosis is poor due to a high incidence of vascular invasion and lymph node 
metastasis; additionally, the average relapse time after radical resection is only 5.4 mo[10,11]. Thus, an 
accurate preoperative diagnosis is of great significance for clinical decision-making and good prognosis.

Although the CEUS features of CHC partially overlap with those of HCC and ICC, CHC still 
possesses its own clinical characteristics. HCC usually occurs in patients with chronic hepatitis B or 
cirrhosis. On CEUS images, rapid arterial phase hyperenhancement (APHE) resulted from the formation 
of neoangiogenesis, and washout during postarterial phases due to reduced or absent of normal 
structure of portal triads, are identified as characterics of HCC[12]. According to the criteria of CEUS LI-
RADS V2017 and related research[13,14], typical HCC is characterized by APHE (in whole or in part, 
not rim or peripheral discontinuous globular enhancement) with mild and late washout (> 60 s). Rim-
like hyperenhancement, early (< 60 s) washout and marked washout within 120 s are specific 
enhancement patterns of ICC on CEUS. Arterial rim hyperenhancement pattern of ICC is associated 
with a high degree of malignant cell proliferation in the periphery while necrosis or fibrosis in the center 
of the tumor on pathology[15,16]. The ultrasound manifestations of CHC are related to the proportion of 
HCC and ICC components in the mass. The enhancement pattern of HCC-dominant lesions is similar to 
that of HCC, whereas those of ICC-dominant lesions is similar to that of ICC. The amount of the HCC 
component may be the main determinant of radiologic LI-RADS categories of hepatocellular-cholan-
giocarcinoma; tumors of LR-4 or LR-5 categories were associated with a larger proportion of the HCC 
component and smaller or none proportion of the cholangiocarcinomas component[17]. According to 
the CEUS LI-RADS criteria, most CHCs are diagnosed as LR-M, and studies have showed that the 
disease-free survival rate of these patients is low[18-20]. The enhancement pattern of CHC on CEUS is 
also associated with nodule size. When the nodule is smaller than or equal to 3 cm, the enhancement 
pattern is similar to that of HCC; when the nodule is larger than 3 cm, the enhancement mode is similar 
to that of ICC. With an increase in lesion diameter, the manifestations of CHC in enhanced images 
change from HCC-like to ICC-like[21]. On CECT, CHC commonly shows central delayed enhancement 
in the delayed phase, whereas it shows marked washout on CEUS images. This heterogeneity rarely 
appears in HCC, which is helpful in distinguishing between the two entities. In our case, the S4 nodule 
showed rapid and hyperenhancement in the arterial phase followed by mild and late washout in the 
delayed phase, a typical manifestation of CEUS LR-5 category. The S6 nodule displayed peripheral rim-
like hyperenhancement in the arterial phase, followed by early washout, which should be classified as a 
LR-M nodule. Both of the nodules were differ in enhancement pattern, and onset and degree of 
washout. The discrepancy between the simultaneously elevated level of AFP and CA19-9 and the CEUS 
patterns (i.e., the CEUS mode of ICC presents upon the increase in AFP and the CEUS mode of HCC 
presents upon the increase in CA19-9) have been reported to be the diagnostic criteria that can improve 
the accurate diagnostic rate of CHC[22]. Although some of the previously described features can help us 
distinguish CHC from HCC, accurate diagnosis of some cases remained tough before operations. 
Alternatively, ultrasound-guided puncture biopsy is necessary in such circumstances.

CONCLUSION
In summary, the CEUS manifestations of HCC and CHC are different. CEUS combined with clinical 
information (history of chronic hepatitis B and the synchronously elevated level of AFP and CA19-9) 
may indicate synchronous CHC and HCC, which help in effective diagnosis, clinical decision-making 
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and better prognosis.
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Abstract
BACKGROUND 
The literature on thyrotoxicosis caused by excessive ingestion of exogenous 
thyroid hormone is limited, and most cases reported have involved pediatric 
clinical studies.

CASE SUMMARY 
A 21-year-old woman initially presented with palpitation and chest tightness after 
an overdose of levothyroxine (10 mg). The patient transiently lost consciousness 
and developed atrial fibrillation during hospitalization. We used propylthiouracil 
to decrease the peripheral conversion of T4 to T3 and inhibit the synthesis of 
endogenous thyroxine, propranolol to control heart rate, hydrocortisone to correct 
severe thyrotoxicosis, and hemoperfusion to increase levothyroxine clearance. The 
patient recovered and was discharged.

CONCLUSION 
For patients with thyrotoxicosis after taking excess levothyroxine, it is critical to 
monitor vital signs and initiate effective treatment.

Key Words: Levothyroxine; Overdose; Thyrotoxicosis; Thyroid crisis; Treatment; Case 
report
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Core Tip: The literature on thyrotoxicosis caused by excessive ingestion of exogenous thyroid hormone is 
limited. We report a 21-year-old woman who presented with thyroid crisis after an overdose of 
levothyroxine. For patients with thyrotoxicosis or even thyroid storm after an overdose of levothyroxine, it 
is critical to monitor vital signs and symptoms and initiate effective treatment.

Citation: Du F, Liu SW, Yang H, Duan RX, Ren WX. Thyrotoxicosis after a massive levothyroxine ingestion: A 
case report. World J Clin Cases 2022; 10(11): 3624-3629
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3624.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3624

INTRODUCTION
Levothyroxine is a commonly used medication for hypothyroidism. Although many patients with 
hypothyroidism use levothyroxine as an alternative treatment, few cases of acute overdosage have been 
reported worldwide[1], and a large proportion of them have involved pediatric patients. Most reported 
levothyroxine intoxication symptoms have been mild[2,3], but severe manifestations including 
hyperthermia[3], vomiting[4], cardiac arrhythmias[5], seizures[6], coma[7], and thyroid storm[7,8] have 
been reported to occur after massive levothyroxine overdosage.

We report herein a case of a 21-year-old woman with a history of hypothyroidism and depression 
who took 200 tablets of levothyroxine, more than 10 tablets of clonazepam, and 20 tablets of zolpidem 
after mental stimulation. She ultimately developed symptoms of thyrotoxicosis, such as arrhythmia, 
dyspnea, dizziness, and coma.

CASE PRESENTATION
Chief complaints
A 21-year-old woman was admitted to the emergency department with palpitations and chest tightness.

History of present illness
Fifteen hours earlier, the patient had ingested 200 levothyroxine tablets (10 mg), more than 10 
clonazepam tablets (20 mg), and 20 zolpidem tablets (200 mg), after mental stimulation.

History of past illness
The patient's parents reported that she had been diagnosed with hypothyroidism due to fatigue 3 years 
ago and was being treated with levothyroxine (12.5-25.0 µg/d) without thyroid function monitoring. In 
addition, she was diagnosed with depression 2 years previously and was taking clonazepam and 
zolpidem for intermittent treatment.

Personal and family history
Her family history included maternal hypothyroidism.

Physical examination
On admission, the patient was conscious, presenting with palpitations, dyspnea, dizziness, fatigue, and 
sweating but with no nausea, vomiting, abdominal pain, nor diarrhea. Her vital signs were a 
temperature of 37.3 ºC, heart rate of 103 beats/min, blood pressure of 100/73 mmHg, respiratory rate of 
27 breaths/min, and oxygen saturation of 95% while breathing room air. The thyroid gland was Ⅰ degree 
swollen, tough, and without tenderness.

Laboratory examinations
The patient’s thyroxine (T4) level was > 320 nmol/L, free thyroxine (FT4) level was > 100 pmol/L, 
triiodothyronine (T3) level was 6.27 nmol/L, free triiodothyronine (FT3) level was 27.96 pmol/L, 
thyroid stimulating hormone (TSH) level was < 0.01 mIU/mL, thyroglobulin antibody (TGAb) level was 
583.4 IU/mL, thyroid peroxidase antibody (TPOAb) level was 30.8 IU/mL, and thyrotropin receptor 
antibody (TRAb) level was < 0.3 IU/L (Table 1). Chemistries were within normal limits, except for an 
alanine aminotransferase level of 74.3 U/L (normal range: 7-40 U/L).

Imaging examinations
There was no imaging examination.

https://www.wjgnet.com/2307-8960/full/v10/i11/3624.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3624
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Table 1 Laboratory results after levothyroxine ingestion

Result Day 1 Day 2 Day 4 Day 8 Day 14 Reference range

FT3 (pmol/L) 27.96 17.5 10 6.18 3.41 3.11-8.53

FT4 (pmol/L) > 100 > 100 53.29 34.02 16.35 9.11-25.70

T3 (nmol/L) 6.27 3.46 4.84 — — 1.3-3.1

T4 (nmol/L) > 320 > 320 236.58 — — 66-181

TSH (mIU/mL) < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.3-5.0

TGAb (IU/mL) 583.4 — — — — < 115

TPOAb (IU/mL) 30.8 — — — — < 34

TRAb (IU/L) < 0.3 — — — — < 1.75

FT3: Free triiodothyronine; FT4: Free thyroxine; T3: Triiodothyronine; T4: Thyroxine; TSH: Thyroid stimulating hormone; TGAb: Thyroglobulin antibody; 
TPOAb: Thyroid peroxidase antibody; TRAb: Thyrotropin receptor antibody.

FINAL DIAGNOSIS
Thyrotoxicosis caused by excessive intake of levothyroxine.

TREATMENT
After fluid rehydration, supplemental oxygen, and emergency hemoperfusion, the patient was 
transferred to our department. Continuous cardiorespiratory monitoring was begun, propylthiouracil 
(150 mg 3 times per day) was given to reduce the conversion of T4 to T3 and inhibit the synthesis of 
endogenous thyroxine, propranolol (20 mg every 6 h) to control the heart rate, and intermittent 
hemoperfusion to increase levothyroxine clearance. Treatment was supplemented with liver protection, 
adequate energy intake, and other support measures.

On day 3 after admission, the patient lost consciousness without inducement, along with excessive 
sweating, and without nausea, vomiting, or gatism. Her pupils were sensitive to light, the body 
temperature was 37.1 ºC, the electrocardiogram showed sinus tachycardia, heart rate fluctuations of 120-
150 beats/min, blood pressure fluctuations from 90-110/76-94 mmHg, and an oxygen saturation of 94%-
96% with a nasal catheter flow of 2 L/min and 40-50 breaths/min. Considering that the patient was in 
thyroid crisis, intravenous hydrocortisone 100 mg was given and an emergency hemoperfusion was 
performed. The patient regained consciousness 1 h later.

On day 7 after admission, the patient developed atrial fibrillation, with a heart rate of 100-110 
beats/min after emotional agitation; after about 1 h, the patient spontaneously shifted to sinus rhythm. 
The patient continued to improve and was discharged on day 15.

OUTCOME AND FOLLOW-UP
The patient had no discomfort after discharge, and thyroid function gradually returned to normal.

DISCUSSION
Thyrotoxicosis involves an excess of circulating thyroid hormone that has a number of causes and 
eventually leads to sympathetic nerve excitation and hypermetabolic syndrome. The symptoms are 
diverse and include fever, irritability, tachycardia, diarrhea, and seizures. The most common causes of 
thyrotoxicosis are Graves’ disease, toxic multinodular goiter, and thyroiditis. An excess dose of 
exogenous thyroid hormones can also lead to thyrotoxicosis, but the published literature on 
levothyroxine intoxication is limited and most of the described cases are pediatric clinical reports. Cases 
of adults ingesting overdose levothyroxine are extremely rare, and adults who ingest massive doses of 
levothyroxine nearly always have mental disorders and other relevant medical histories[2]. Our case 
occurred in a woman who presented with severe symptoms of thyrotoxicosis after taking a massive 
levothyroxine dose. As she took the medication after mental stimulation, it may have been related to her 
history of depression.
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Our patient developed clinical symptoms 15 h after an overdose of levothyroxine, improved with 
treatment, and was discharged 15 d after admission. Golightly et al[9] studied levothyroxine ingestion in 
41 children who accidentally ingested levothyroxine sodium. The patients were managed by a standard 
protocol based on the reported amount of ingested levothyroxine, which ranged from 0.05-13 mg. The 
onset of symptoms ranged from 12 h to 11 d, and all symptoms resolved by 14 d after ingestion. 
Levothyroxine is a synthetic T4 preparation that needs to be converted to T3 in vivo to exert its effects, 
and has a long half-life of approximately 7 d. Therefore, the symptoms of levothyroxine overdose may 
be delayed and may last for several days.

Thyroid storm, also known as thyroid crisis, is a serious clinical manifestation of thyrotoxicosis and is 
characterized by high fever, sweating, tachycardia, arrhythmia, loss of consciousness, and other 
symptoms that may be life threatening. Prompt diagnosis and active treatment are essential. The Burch 
and Wartofsky scoring system[10], based on abnormalities of thermoregulation and the central nervous 
system, gastrointestinal, and cardiovascular systems can be used to help determine whether a patient is 
experiencing a thyroid storm. This patient had a total score of 55 points, 30 for disturbance of 
consciousness and 25 for tachycardia, which met the diagnostic criteria for thyroid storm. Thyroid storm 
can occur a few days after an overdose of levothyroxine. In the cases reported by Wong et al[7] and 
Schottstaedt and Smoller[11], the thyroid storm occurred 3 d after ingestion. The delayed occurrence of 
the thyroid storm can be attributed to the onset of levothyroxine action, which occurs 3–5 d after oral 
administration.

Alternative treatments of levothyroxine overdose
Conservative monitoring: This is recommended if the patient is asymptomatic or only mildly 
symptomatic.

Gastrointestinal decontamination: There are no standard criteria for when to perform gastrointestinal 
decontamination. Ritowitz and White[12] studied 78 children who were all about 12 years of age and 
had accidentally ingested levothyroxine. They recommended that children with ingestion of ≤ 0.5 mg 
should not be treated by gastrointestinal purification, those ingesting 0.5–3.0 mg can be treated by 
ipecac-induced emesis at home, and those ingesting > 3.0 mg should be treated by ipecac-induced 
emesis followed by activated charcoal. Tunget et al[13] recommend that children who ingest > 5.0 mg of 
levothyroxine be given activated charcoal, as it can reduce systemic absorption if given within 1 h of the 
levothyroxine. Bouchard[14] recommended that adults with a levothyroxine intake of > 5.0 mg be given 
activated charcoal. There is a limited role for gastric lavage in this setting, except very soon after a 
massive overdose (e.g., > 10 mg).

Symptomatic treatment: Pay close attention to the patient's vital signs and symptoms, and deal with 
them promptly. Beta-blockers are recommended for symptomatic treatment of patients with 
sympathetic overexcitation, such as tachycardia, and propranolol is the first choice. In addition to 
cardiac benefits, propranolol also reduces the conversion of FT4 to FT3 in peripheral blood. Our patient 
had palpitations and a heart rate of more than 100 beats/min, so propranolol was given to control the 
heart rate. Physical cooling and acetaminophen are recommended for patients with fever. 
Benzodiazepines can be considered if the patient is severely agitated and irritable[14], and antiepileptic 
drugs, such as phenobarbital, may be considered for patients with seizures[2].

Decrease peripheral conversion of T4 to T3: Propylthiouracil can reduce the peripheral conversion of 
T4 to T3 and inhibit the synthesis of endogenous thyroxine. Dexamethasone[15], prednisone[16], and 
hydrocortisone[17] can be useful in severe thyrotoxicosis because they also reduce T4 to T3 conversion. 
Kirstie et al[1] recommend the use of corticosteroids in patients with an overdose of levothyroxine (> 
10.0 mg), especially when the initial FT4 Level is above the upper limit, or in any patient with associated 
adrenal insufficiency. In our case, we used propylthiouracil upon admission and we also used 
hydrocortisone when the patient developed a coma. If necessary, sodium ipodate can also be used 
because it inhibits type I iodothyronine 5’-monodeiodinase, which catalyzes the T4 to T3 conversion[3].

Increase thyroid hormone clearance: It has been reported that hemoperfusion[17,18] and plasma-
pheresis[17] remove levothyroxine from serum and can be used to treat acute and severe thyrotoxicosis. 
Our patient had taken a high dose of thyroxine and thyroid storm was considered, so hemoperfusion 
was used. Levothyroxine has a high rate of binding to specific transporters of about 99.97%, and 
plasmapheresis seems to be more effective than hemoperfusion for the clearance of T4. In addition, 
patients can be given cholestyramine, which reduces thyroid hormone levels by decreasing 
levothyroxine enterohepatic recycling and enhancing elimination[19].

CONCLUSION
Although most patients with levothyroxine overdose are asymptomatic or have only mild symptoms, 
severe cases and delayed symptoms have also been reported. Levothyroxine overdose can usually be 
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diagnosed by the patient’s history and examination results. Treatment of a thyroxine overdose should 
be based on the levothyroxine dose and the patient’s clinical symptoms and signs.
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Abstract
BACKGROUND 
Myoepithelial carcinoma (MC) is a clinically rare malignancy, there is controversy 
regarding its etiology and its biological behavior is not fully elucidated. Extensive 
surgical resection is the main treatment method. We describe a case of 
pleomorphic adenoma (PA) with multiple postoperative recurrences after 
malignant transformation, and the history of the disease in this patient was more 
than 20 years. Complete resection during the first surgery of PA and long-term 
postoperative follow-up is necessary.

CASE SUMMARY 
A 34-year-old male with PA and a history of 5 postoperative recurrences over 21 
years, each surgically removed, presented 15 d ago with headache, nasal 
congestion, protrusion of the right eyeball and loss of vision in the right eye, with 
progressively worsening symptoms. The patient underwent surgery, and MC was 
confirmed by pathology examination. A small PA component was locally visible 
under light microscope. The patient had a recurrence of the tumor 2 mo after 
surgery and underwent surgical resection.

CONCLUSION 
During the first operation for PA, care should be taken not to rupture the 
envelope to prevent tumor cell implantation, and when complete resection is not 
possible due to the anatomical site, postoperative radiotherapy is necessary to 
control the lesion and prevent infiltration and malignant transformation of the 
tumor to MC. Computed tomography and magnetic resonance imaging is 
important for establishing diagnosis and developing a treatment plan.

Key Words: Myoepithelial carcinoma; Pleomorphic adenoma; Magnetic resonance 
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Core Tip: This case illustrates that pleomorphic adenoma should be completely removed during the first 
operation to prevent capsule rupture and tumor cell implantation. When complete resection is not possible 
due to the anatomical site, postoperative radiotherapy should be performed to control the lesion and 
prevent infiltration and malignant transformation to myoepithelial carcinoma. Postoperative follow-up, 
especially long-term follow-up for recurrent cases, is necessary and systemic examination should be 
undertaken to prevent distant metastasis.

Citation: Huang WP, Li LM, Gao JB. Pleomorphic adenoma of the left lacrimal gland recurred and transformed 
into myoepithelial carcinoma after multiple operations: A case report. World J Clin Cases 2022; 10(11): 3630-
3638
URL: https://www.wjgnet.com/2307-8960/full/v10/i11/3630.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i11.3630

INTRODUCTION
Myoepithelial carcinoma (MC) is a rare malignant tumor with a low incidence[1]. The mechanism of 
myoepithelial carcinogenesis is still controversial and the biological behavior is not yet fully elucidated. 
Some scholars believe that the tumor may occur independently, while some believe that the tumor is a 
malignant transformation from pleomorphic adenoma (PA) or benign myoepithelial tumor[2]. Here, we 
present a rare case of PA which recurred many times after surgery and finally transformed into MC.

CASE PRESENTATION
Chief complaints
A 34-year-old male patient presented to our hospital 15 d ago with headache, nasal congestion, 
protrusion of the right eyeball and loss of vision in the right eye, with progressively worsening 
symptoms.

History of present illness
The patient had undergone resection of a left lacrimal gland tumor 21 years ago, and postoperative 
pathology showed PA. The tumor recurred at 19 years, 12 years, 9 years, and 2 years, respectively, and 
was surgically removed. He came to our hospital for medical treatment. He had normal spirit, appetite, 
sleep, defecation and urination, and no weight loss.

History of past illness
The patient had no previous history of hypertension or heart disease, no history of diabetes mellitus or 
cerebrovascular allergy, no history of infectious diseases or drug allergy.

Personal and family history
The patient had no family history of hereditary diseases.

Physical examination
On admission, he had old surgical incisions on the left frontotemporal and periorbital areas, partial 
depression of the surface, muscle atrophy, protrusion of the right eye, and normal movement of the 
right eye in multiple directions.

Laboratory examinations
Laboratory test results showed that the white blood cell count was 13.11 × 109/L (normal range, 
3.50–9.50 × 109/L), lymphocyte count was 0.80 × 109/L (normal range, 1.10–3.20 × 109/L), red blood cell 
count was 2.67 × 1012/L (normal values range, 4.30–5.80 × 1012/L), neutrophil count was 11.84 × 109/L 
(normal range, 1.80–6.30 × 109/L), and hemoglobin was 82.1 g/L (normal range, 130–175 g/L).

https://www.wjgnet.com/2307-8960/full/v10/i11/3630.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3630
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Figure 1 The first preoperative Magnetic resonance imaging findings. A-I: Magnetic resonance imaging shows multiple masses with T1 weighted 
imaging (WI) inhomogeneous low signals (A-D) and T2WI inhomogeneous high signals (E-H) in the bilateral frontal, bilateral septal sinuses, bilateral frontal sinuses, 
left orbit, left nasal cavity, left pterygoid sinus and left maxillary sinus, the lesion showed equal or slightly lower signals on diffusion WI with poorly defined borders (I); 
J-L: Bilateral frontal lobe and right orbital compression resulted in a localized left shift of the frontal midline, and right shift of the nasal cavity. After enhancement, the 
lesion showed significant heterogeneous progressive enhancement.

Imaging examinations
Ultrasound showed multiple solid hypoechoic masses with poorly defined borders and uneven internal 
echogenicity in the bilateral orbits, and dotted line blood flow signals were detected on color Doppler 
flow imaging. Computed tomography (CT) revealed multiple round-like soft tissue masses in the left 
maxillary sinus, pterygoid sinus, bilateral septal sinuses, nasal tract and bilateral intraorbital, frontal 
sinus, and bilateral frontal lobes, with swelling, resorption destruction and compression displacement of 
the surrounding adjacent bones, and anterior convexity of the right eyeball with compression, with no 
obvious invasion of the right optic nerve. Magnetic resonance imaging (MRI) displayed multiple masses 
with inhomogeneous low signals on T1 weighted imaging (T1WI) and inhomogeneous high signals on 
T2WI in the bilateral frontal, bilateral septal sinuses, bilateral frontal sinuses, left orbit, left nasal cavity, 
left pterygoid sinus and left maxillary sinus, the lesion showed an equal or slightly lower signal on 
diffusion WI (DWI) with poorly defined borders. Bilateral frontal lobe and right orbital compression 
resulted in a localized left shift of the frontal midline, and right shift of the nasal cavity. After 
enhancement, the lesion showed significant heterogeneous progressive enhancement (Figure 1) of 
approximately 7.3 cm × 7.8 cm × 8.4 cm (AP × LR × SI). Bilateral frontal dura mater was visible as linear 
enhancement.
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Figure 2 The first postoperative immunohistochemistry results. A: Hematoxylin-eosin staining shows spindle-shaped tumor cells, mucinous 
mesenchyme and foci of necrosis, with nuclear schizophrenia and marked nuclear anisotropy, and a small localized pleomorphic adenomatous component in the 
tumor (magnification × 200); B-I: Immunohistochemistry showed that the tumor cells were positive for CK (B), CK7 (C), P63 (D), Calponin (E), S-100 (F), SMA (G), 
SOX-10 (H) and 5% of cells were positive for Ki-67 (I) [Envision (B-I) × 200].

FINAL DIAGNOSIS
Postoperative pathology combined with morphology and immunohistochemistry findings were 
consistent with PA transformation to MC.

TREATMENT
The patient underwent the fifth surgical resection of the tumor. Intraoperatively, the tumor tissue was 
located outside the dura mater, grayish yellow and grayish red in color, with a hard texture and rich 
blood supply, and the tumor had an envelope, which was lobulated and locally invaded the dura mater. 
A small amount of cerebrospinal fluid leaked out during resection of the tumor and its envelope. The 
fifth postoperative pathology showed spindle-shaped tumor cells, mucinous mesenchyme and foci of 
necrosis, with nuclear schizophrenia and marked nuclear anisotropy, and a small localized pleomorphic 
adenomatous component of the tumor (Figure 2). Immunohistochemistry findings were as follows: CK 
(+), EMA (-), S-100 (+), SSTR-2 (-), Ki-67 (5%+), CD34 (-), CD68 (-), SMA (+), SOX -10 (+), P63 (+), 
Calponin (+), and CK7 (+).
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Figure 3 The second preoperative computed tomography findings. A: Computed tomography (CT) scan shows large lamellar soft tissue density masses 
in the left orbit, bilateral frontal areas, bilateral septal sinuses, pterygoid sinuses, left maxillary sinus, and anterior skull base, with CT attenuation of approximately 22 
Hounsfield units (HU), peripheral multiple osteolytic destruction of bone; B: Arterial phase shows moderate enhancement of the lesion, with CT attenuation of 
approximately 58 HU.

After surgery, the patient was given symptomatic supportive treatment such as anti-infection, 
dehydration, and pain relief. The patient did not receive adjuvant therapy.

OUTCOME AND FOLLOW-UP
Two months later the patient developed dizziness. Combined head and neck CT angiography showed 
posterior displacement of the left internal carotid artery due to compression, slightly dilated lumen of 
the cavernous sinus segment, slender right vertebral artery, bilateral internal carotid arteries with 
calcium shifts and mixed plaque shadow, and moderate lumen narrowing. A large lamellar soft tissue 
density shadow was seen in the left orbit, bilateral frontal areas, bilateral septal sinuses, pterygoid sinus, 
left maxillary sinus, and anterior skull base, with CT attenuation of about 37 Hounsfield units (HU) and 
multiple surrounding osteolytic destruction of bone, and CT attenuation of about 58 HU in the arterial 
phase (Figure 3). The patient underwent MRI, which showed multiple abnormal signals in the left orbit, 
bilateral frontal areas, bilateral septal sinuses, pterygoid sinuses, left maxillary sinus, and anterior skull 
base with significant enhancement (Figure 4), and tumor recurrence was considered. The patient 
underwent the sixth surgical resection again, and intraoperatively, grayish-white tumor tissue was seen 
in the anterior skull base epidural with a general blood supply, eroding the bone of the bilateral 
supraorbital wall, brow arch and anterior skull base, and growing into the anterior skull base, sieve 
sinus and nasal cavity on both sides. The bone of the bilateral supraorbital wall was eroded by the 
tumor, and the bone was thin, with localized worm-like changes of bone hyperplasia and partial defects 
in the eroded bone. The tumor had an envelope, with relative boundaries to the surrounding tissues but 
abnormally tight adhesions, and separation-like changes were seen within the tumor. The tumor, part of 
the tumor envelope, and the bone of the anterior skull base and supraorbital wall eroded by the tumor 
were removed microscopically in pieces. The sixth postoperative pathology showed diffuse distribution 
of spindle-shaped tumor cells, and immunohistochemistry findings were as follows: CK (+), CK7 (+), 
P63 (+), Calponin (+), CK5/6 (+), SOX-10 (+), S-100 (+), SMA (-), Des (-), CD99 (±), ERG (-), Ki-67 (8%+), 
and SSTR -2 (+). A postoperative pathological diagnosis of MC recurrence was made (Figure 5). The 
patient is still being followed up.

DISCUSSION
PA is one of the most common salivary gland tumors, and is mostly located in the parotid gland, 
followed by the submandibular gland and sublingual gland, with easy recurrence after surgery, histolo-
gically it originates from epithelial cells with multidirectional differentiation potential and complex 
composition, containing mucus, adeno-duct-like structures and cartilage-like tissue, molecular 
characters such as TERT promoter mutation, high PD-L1 expression, and t(3;8) chromosomal 
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Figure 4 The second preoperative magnetic resonance imaging findings. A-H: Magnetic resonance imaging shows multiple masses of T1 weighted 
imaging (WI) low signals (A-D) and T2WI inhomogeneous high signals (E-H) in the left orbit, bilateral frontal areas, bilateral septal sinuses, pterygoid sinuses, left 
maxillary sinus, and anterior skull base; I: Slightly lower signals on diffusion WI, and lesion borders were not well defined; J-L: After enhancement, the lesion showed 
significant heterogeneous enhancement.

abnormality[3,4]. Because PA has a recurrent and infiltrative envelope, it is clinically classified as a 
junctional tumor, i.e., a tumor that is intermediate between benign and malignant. The WHO has 
classified malignant PAs into three categories: (1) Carcinoma ex pleomorphic adenoma (CXPA), which 
refers to the presence of cancerous components in an existing PA, with high invasiveness and 
metastasis, the origin of which is still uncertain, and the cancerous components are diverse, mostly 
salivary gland ductal carcinoma, non-specific adenocarcinoma, a few are MC, epithelial-MC, undifferen-
tiated carcinoma, and adenoid cystic carcinoma[5]; (2) Carcinosarcoma (CS), in which the epithelial 
component is often in the form of ductal carcinoma and the mesenchymal component is in the form of 
chondrosarcoma-like changes; and (3) Metastasizing pleomorphic adenoma, in which the risk of 
malignant transformation to CXPA is about 12% in patients who develop recurrence after surgical 
excision of PA[6]. In particular, if the mass is long-standing and appears to increase rapidly over a short 
period of time, the possibility of PA malignancy to CXPA should be highly suspected, and if the tumor 
infiltrates the nerves and surrounding tissues, it may be accompanied by facial palsy, skin infiltration, 
pain, and restricted mouth opening. The long course and rapid growth of the tumor are the important 
features in the present case. The patient had a typical clinical course of PA appearing malignant, and 
recurrence may have been due to incomplete surgical resection of tumor cells breaking through the 
envelope to infiltrate normal tissues, or to rupture of the tumor leading to implantation of tumor cells 
and recurrence. This patient has undergone five surgeries and has a disease history of more than 20 
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Figure 5 The second postoperative immunohistochemistry results. A: Hematoxylin-eosin staining shows diffuse distribution of spindle-shaped tumor 
cells (magnification × 200); B-I: Immunohistochemistry showed that the tumor cells were positive for CK (B), CK5/6 (C), CK7 (D), P63 (E), Calponin (F), S-100 (G), 
SOX-10 (H) and SSTR2 (I) [Envision (B-I) × 200].

years, with associated malignancy. Early symptoms are atypical due to the hidden anatomical location 
of the orbital region and clinicians should be particularly alert to this disease. Depending on the degree 
of infiltration of cancer cells into surrounding tissues, CXPA can be divided into three subtypes: Non-
invasive, minimally invasive (invading surrounding tissues to a depth of ≤ 1.5 mm), and invasive 
(invading surrounding tissues to a depth of > 1.5 mm)[7]. In the present case, infiltration into the 
surrounding tissue was deep, and it was an invasive CXPA with tight adhesion to the surrounding 
tissue, and hemorrhagic necrosis and cystic changes were seen on the cut surface.

Preoperative confirmation of the diagnosis of CXPA relies on highly accurate fine needle aspiration 
cytopathology. However, the large size of this patient's tumor, the high number of malignant 
components, and the small proportion of residual PA components made the cytocentrifugal diagnosis 
very difficult. In this patient, the combination of mass morphology, immunohistochemical findings, and 
medical history was consistent with a PA carcinoma with a malignant type of MC.

In this case, the lesion was located in the eye, was large in size, had swelling and invasive growth, 
involved many complex structures, and had an incomplete envelope, which is now generally considered 
not to be a true tissue envelope, but a fibrous package formed by the reaction of the surrounding tissues 
caused by the tumor growth process. The density on CT was similar to that of the adjacent muscles, and 
the border was poorly defined, and CT clearly showed the details of the bone changes. Due to the thin 
structure of the orbital area tissue, this caused compression, resorption, and osteolytic destruction of the 
surrounding bone. MRI showed the relationship between internal tumor structures and adjacent 
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structures. In this case, the signal was heterogeneous on T1WI and T2WI, which was related to its 
diverse pathological composition. Some of the lesions showed equal or slightly lower signals on DWI, 
which was related to the sparseness of pathological structures and the amount of interstitial stroma, and 
some of the lesion centers showed more hypointense or obvious T1WI low signals and T2WI high signal 
cystic areas. Pathology mostly demonstrated a large number of proliferating tiny arteries and tropho-
blastic vessels, which showed marked enhancement, and the progressive enhancement pattern may 
have been related to the prolonged residence time of the contrast medium and slow contouring due to 
mucus and adenoid-like structures in CXPA. CT can show the location, size and density of the tumor, 
and is the preferred examination method for showing bony lesions. MRI has better resolution of soft 
tissues than CT, and can clearly show the histological features of the tumor and its relationship with 
surrounding tissues, and is currently considered the most valuable imaging method for diagnosing 
ocular lesions.

Current treatment is wide surgical excision to ensure adequate safety margins, with the surgical route 
and approach depending on the tumor site and size. Miccio et al[8] showed that adjuvant radiotherapy 
prolongs the survival of patients with grade III and IV MC. Polymorphic adenomas are prone to 
recurrence after surgery, and the cause of recurrence is related to the first inappropriate surgical 
approach. Avoidance of preoperative biopsy and intraoperative compression and clamping of the 
tumor, together with complete excision of the mass with the envelope may reduce the recurrence rate. 
When rupture of the tumor envelope occurs during surgery, tumor cells can easily spread into the 
adjacent tissues leading to recurrence. As the lymph node metastasis rate of this tumor is not high, 
selective cervical lymphatic dissection can be considered in principle. In the present case, recurrence and 
malignancy occurred 21 years after surgery and the disease was of long duration; therefore, 
postoperative follow-up, especially long-term follow-up in recurrent cases, is necessary and systemic 
examination may be performed to prevent distant metastases. CT and MRI can show features such as 
lesion morphology, size, blood supply, and growth characteristics, which are important for selection of 
the surgical modality and follow-up review.

CONCLUSION
In summary, we report a patient with PA that recurred multiple times after surgery and finally 
transformed to MC. During the first operation for PA, care should be taken not to rupture the envelope 
to prevent implantation of tumor cells, and when complete resection is not possible due to the 
anatomical site, postoperative radiotherapy should be performed to control the lesion and prevent infilt-
ration and malignant transformation to MC. CT and MRI can provide accurate visualization and aid 
decision making for the surgical approach, which is important for clarifying clinical diagnosis and 
developing a treatment plan.
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