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Abstract

The review article by Pavlidis et al published in World | Clin Oncol provides a
meticulous analysis of the intricacies surrounding anaplastic carcinoma of the
thyroid. Thyroid carcinoma encompasses a spectrum of diseases, each charac-
terized by distinct behaviors and outcomes. Diagnostic approaches encompass a
diverse array of tools. Surgery remains the pivotal treatment for anaplastic
thyroid carcinoma. Radiotherapy and chemotherapy offer the best overall sur-
vival in aggressive disease. Combinations of immunotherapy with targeted the-
rapies, such as dabrafenib-trametinib, demonstrate potential for enhanced effect-
iveness and improved survival outcomes. Multifaceted approach fuelled by
precision medicine and interdisciplinary collaboration is imperative in charting a
course toward improved outcomes in this formidable malignancy.

Key Words: Anaplastic thyroid cancer; Surgery; Radiotherapy; Chemotherapy; Targeted
therapy; Immunotherapy
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Core Tip: Anaplastic thyroid cancer is an aggressive disease. Surgery is the main
treatment. Combination of radiotherapy and chemotherapy help to further improve the
outcome of patients with this malignancy. Immunotherapy, targeted therapies, and
molecular insights herald a new dawn for a patient cohort hitherto consigned to bleak
prognoses.
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INTRODUCTION

The review article by Pavlidis et al[1] published in World ] Clin Oncol provides a meticulous analysis of the intricacies
surrounding anaplastic carcinoma of the thyroid[1]. Thyroid carcinoma encompasses a spectrum of diseases, each charac-
terized by distinct behaviors and outcomes. While well-differentiated thyroid carcinomas typically has a favorable
prognosis, constituting a 5-year survival rate exceeding 95%, anaplastic thyroid cancer, a rarity accounting for less than
0.2%, stands as an ominous exception[2]. This aggressive variant, often observed among the elderly, presents with rapid
growth and lamentable prognosis, resulting in a median survival of 9.5 months, accompanied by a profound deteri-
oration in quality of life[3].

The urgency of early diagnosis and staging cannot be undermined in confronting anaplastic thyroid cancer. Diagnostic
approaches encompass a diverse array of tools, ranging from conventional biopsy techniques-fine needle aspiration
(FNA), core needle biopsy (CNB), and open surgery-to sophisticated imaging modalities like high-resolution ultrasound
(US), computed tomography (CT), magnetic resonance imaging, 18-fluoro-D-glucose positron emission tomography/CT,
liquid biopsy, and microRNAs[4]. In cases of rapidly enlarging neck nodules, initial high-resolution US imaging is
essential. Although FNA cytology under US guidance has been commonly used, its high false-negative rates do not
support its use, and CNB has shown superior accuracy. Contrary to earlier guidelines, CNB is now recommended as the
primary diagnostic method, avoiding unnecessary delays caused by inconclusive FNAs[5]. CNB is safe, rarely causing
bleeding or hematoma. Incision/open surgery biopsies, once used, are now replaced by CNB. Liquid biopsy, a non-
invasive genotyping method detecting malignant cells in serum and tumor DNA, offers valuable diagnostic, prognostic,
and treatment response insights. Molecular investigations often unearth the presence of the BRAF gene, notably BRAF-
V600E and BRAF wild type, alongside other implicated genes like RET, KRAS, HRAS, and NRAS, or genes implicated in
the WNT and NOTCH signaling pathways, delineating possible options pivotal for personalized therapeutic
interventions[6].

MANAGEMENT OF ANAPLASTIC THYROID CARCINOMA

Surgery remains the pivotal treatment for anaplastic thyroid carcinoma, with a spectrum ranging from palliative thyroid-
ectomy to complete thyroidectomy and neck node dissection. Radical surgery, often combined with adjuvant
chemotherapy, can yield occasional long-term survival over 5 years, especially in earlier disease stages and can improve
locoregional disease control and quality of life. Studies have identified surgery and radiotherapy as independent factors
predicting increased overall survival. But extreme radical resections like laryngectomy or extensive neck dissections lack
substantial oncological benefits[7,8]. National Comprehensive Cancer Network and American Thyroid Association (ATA)
guidelines recommend surgical resection, and lymphadenectomy for stage-IVA and IVB, and even for locally resectable
stage-IVC tumors. Locally unresectable cases might respond to neoadjuvant therapies, becoming eligible for surgical
excision. For inoperable cases, palliative surgeries aim to alleviate symptoms and prevent life-threatening events[9].
Although aggressive surgery, radiotherapy and chemotherapy offer the best overall survival, their use should be weighed
against patient comfort and quality of life, and radiotherapy and chemotherapy are favored for unresectable cases.

Complementary to surgery, chemotherapy with agents like cisplatin or doxorubicin including taxanes (paclitaxel,
docetaxel, cabazitaxel), radiotherapy in adjuvant or definitive settings, targeted biological agents, and the promising
immunotherapy constitute the pillars of contemporary management paradigms and recommended by ATA guidelines
[10]. Adjuvant chemotherapy enhances median survival, and newer strategies combine chemotherapy with targeted
biological agents like dabrafenib and trametinib for BRAF/MEK gene mutations or immunotherapy for unmutated cases.
Combining chemotherapy with radiation improves survival in resected and unresected cases. Food and Drug Adminis-
tration (FDA)-approved anlotinib, combined with paclitaxel, capecitabine, or carboplatin, demonstrates safety and
efficacy as a first-line therapy for advanced thyroid carcinomal[11].

Immunotherapy, specifically employing anti-programmed death-ligand 1 (PD-L1) antibodies, tailored stem cell
therapies, advancements in nanotechnology, and the integration of artificial intelligence, have emerged as optimistic
alternatives. Combinations of immunotherapy with targeted therapies like dabrafenib-trametinib demonstrate potential
for enhanced effectiveness and improved survival outcomes. Recent developments in targeted PD-L1 and programmed
cell death 1 (PD-1) interactions via monoclonal antibodies including pembrolizumab, atezolizumab and spartalizumab
provide increasing adoption, particularly in cases with high PD-1/PD-L1 expression and without BRAF mutations[12].
Atezolizumab, specifically, exhibits encouraging outcomes in combination with radiation therapy. Spartalizumab and
pembrolizumab, targeting PD-1, demonstrate promise in phase II studies for locally advanced or metastatic cases,
showing notable survival rates but accompanied by side effects like diarrhea, pruritus, fever, and fatigue. These
modalities demonstrate potential in reshaping the landscape of treatment outcomes for a patient cohort traditionally
consigned to dismal prognoses.

Crucially, the treatment trajectory is increasingly influenced by the genomic profile, delineating molecular pathways,
and thereby guiding novel therapeutic strategies. Strategies targeting specific mutations-anti-epidermal growth factor
receptor (EGFR), anti-vascular endothelial growth factor-A (VEGF-A), and anti-BRAF-have emerged as a more tailored
and effective approach. Notably, the combination therapy of the MEK inhibitor trametinib and the BRAF inhibitor
dabrafenib has been approved by the FDA for cases featuring BRAF-V600E gene mutations. Drugs targeting various gene
mutations include angiogenesis (lenvatinib, sorafenib), BRAF (dabrafenib, vemurafenib), MEK (trametinib, cobimetinib)
and EGFR (docetaxel, gefitinib). Dabrafenib combined with trametinib is more effective than individual drugs.
Vandetanib, sunitinib, and lenvatinib exhibit potent anti-cancer effects. Carfilzomib and suberoylanilide hydroxamic acid
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show promise, affecting cell proliferation and promoting apoptosis. Lenvatinib, targeting VEGFRs, proves effective,
extending survival in unresectable cases. Glutaminolysis inhibition by tyrosine kinase inhibitors enhances conventional
chemotherapy efficiency. Several targets like ICAM1, CTHRCI, and fibronectin depletion show potential in overcoming
resistance to inhibitors. Additionally, targeting EZH2 complex and one-carbon metabolism holds promise, offering
potential therapeutic strategies for anaplastic thyroid carcinoma. These diverse approaches represent a broad spectrum of
targeted therapies with potential implications for future treatments[13].

Radiation therapy stands as a crucial element in managing this malignancy, halting tumor progression, and preventing
recurrence pre- and post-surgery. Utilized as neoadjuvant or adjuvant therapy, external beam radiation therapy (EBRT)
significantly improves median survival rates in multimodal treatment, along with surgery, chemotherapy, targeted
therapy, and immunotherapy. Optimal EBRT doses (45-70 Gy) and subsequent hypofractionation (> 5 Gy) reduce local
recurrence and mortality. Furthermore, radiation therapy may synergize with immunotherapy, although its efficacy
remains limited alongside targeted therapy like Lenvatinib[14].

Prognostic factors, such as younger age, earlier tumor stage, and the judicious incorporation of radiation therapy, have
been identified as pivotal determinants for improved outcomes. An indispensable facet of confronting anaplastic thyroid
cancer lies in adopting a multidisciplinary approach, tailoring therapeutic plans to individualized patient profiles based
on insights gleaned from surveillance and epidemiology end results.

CONCLUSION

The contemporary vista of anaplastic thyroid cancer management signifies a departure from the erstwhile despondent
landscape, offering rays of hope buoyed by innovative therapeutic avenues. The synergy between conventional
interventions and burgeoning advancements in immunotherapy, targeted therapies, and molecular insights heralds a
new dawn for a patient cohort hitherto consigned to bleak prognoses. Embracing this multifaceted approach, fuelled by
precision medicine and interdisciplinary collaboration, is imperative in charting a course toward improved outcomes and
enhanced quality of life for those afflicted by this formidable malignancy.
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Abstract

Locally advanced rectal cancer requires a multidisciplinary approach based on
total neoadjuvant treatment with radiotherapy (RT) and chemotherapy (ChT),
followed by deferred surgery. Currently, alternatives to the standard total
neoadjuvant therapy (TNT) are being explored, such as new ChT regimens or the
introduction of immunotherapy. With standard TNT, up to a third of patients
may achieve a complete pathological response (CPR), potentially avoiding
surgery. However, as of now, we lack predictive markers of response that would
allow us to define criteria for a conservative organ strategy. The presence of muta-
tions, genes, or new imaging tests is helping to define these criteria. An example
of this is the diffusion coefficient in the diffusion-weighted sequence of magnetic
resonance imaging and the integration of this imaging technique into RT
treatment. This allows for the monitoring of the evolution of this coefficient over
successive RT sessions, helping to determine which patients will achieve CPR or
those who may require intensification of neoadjuvant therapy.

Key Words: Locally advanced rectal cancer; Total neoadyuvant treatment; Radiotherapy;
Biomarker; Magnetic resonance imaging; Conservative organ strategy; Watch and wait
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Core Tip: The treatment of rectal cancer is well-established, based on total neoadjuvant treatment followed by deferred
surgery. However, the development of biomarkers is necessary to predict which patients will achieve a complete
pathological response and, therefore, may not require surgical treatment. The advent of new imaging techniques and their
morphological, metabolic, and functional information pave the way for defining criteria for patients with locally advanced
rectal cancer who are candidates for a conservative strategy.
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INTRODUCTION

Colorectal cancer is the third most common worldwide, accounting for 10% of all diagnosed cancers and standing as the
second leading cause of cancer-related deaths globally[1]. Currently, the management of patients with locally advanced
rectal cancer (LARC) requires a multidisciplinary approach integrating various treatment modalities such as concurrent
and/ or sequential neoadjuvant radiotherapy (RT) and chemotherapy (ChT), followed by surgery[2-7].

NEOADJUVANT TREATMENT

The intensification of neoadjuvant treatment, known as total neoadjuvant therapy (TNT), is considered the standard of
care for LARC.

TNT is based on ChT and RT. There are two modalities of RT: The short-course and the long-course. Regarding com-
puted tomography (CT), different systemic treatment regimens are being considered[8].

TNT improves compliance rates for ChT treatment compared to adjuvant ChT, with rates of complete pathological
responses (CPR) ranging between 10%-30%, depending on the regimen used[2,7,9-13]. Two meta-analyses in recent years
have supported that treatment intensification of neoadjuvant TNT therapy in LARC achieved higher CPR rates. One of
them is that of Petrelli ef al[14], that after review of multiple papers and nearly 3000 patients treated with TNT reported
CPR rates of 22.4% (95%CI 19.4%-25.7%), concluding that intensification of neoadjuvant LARC treatment achieves higher
CPR rates. On the other hand, the meta-analysis by Liu et al[15] analyzed the outcome in more than 2000 patients and also
concluded that CPR rates were significantly improved with TNT with respect to the standard scheme in LARC. In
addition, the CPR variable is considered a prognostic factor that acts as a predictor of local recurrence[3,16,17], possibly
impacting overall survival, disease-free survival, and the risk of distant metastasis[15]. Additionally, the interval between
RT and surgery becomes crucial in the CPR rates[4,18-20], as indicated by data from the OPRA7 trial[21].

Beyond the combination of RT and ChT in TNT, there is currently debate opening up to consider neoadjuvant mono-
therapy with ChT or immunotherapy. In this line, the PROSPECT study (NCT01515787) was focused[22]. It compared one
arm with the standard treatment of RT and CT against intensified monotherapy CT (FOLFOX). They demonstrated
similar short-term oncologic outcomes (disease-free survival, overall survival, and local recurrence). However, they did
not conclude that RT could be omitted due to the significantly higher rate of side effects in the experimental arm
compared to the standard treatment.

On the other hand, the characterization of the immunological microenvironment tumour may help in the development
of new strategies based on immunotherapy. In this regard, tumours with loss of mismatch repair (MMR) protein
expression show elevated therapeutic response to PD-1/PD-L1 inhibitors. Nevertheless, those tumours only represent
5%-15% of all colorectal cancers. Although there are no specific publications on rectal cancer, we already have some data
on colon cancer, such as the preliminary NICHE study. This study included patients with dAMMR or pMMR colon cancers
received a single dose of ipilimumab and two doses of nivolumab before surgery, the pMMR group with or without
celecoxib. This treatment was safe and feasible, without compromising surgery. Their results showed 100% and 27%
pathological response in dAMMR and pMMR tumors, respectively[23].

In any case, in the management of LARC, there is a growing interest in the conservative Watch and Wait (WW)
strategy, initially proposed by the Habr-Gama et al[24] over 20 years ago. The goal is to avoid surgical treatment in
selected patients who achieve a complete clinical response after neoadjuvant treatment, opting for close monitoring. The
results show survival outcomes similar to those surgically treated with CPR[17,24-27]. Data confirmed in subsequent
publications do not show statistically significant differences in terms of local control and overall survival between both
treatment approaches. However, differences are observed in quality of life, especially in the physical and cognitive
spheres[28], especially in elderly patients and/or those with comorbidities[2,3,7,11] in favour of the conservative strategy
However, despite the reported data, prospective studies are still necessary to optimize the management of patients with a
WW strategy[7,29-32]. This includes appropriate patient selection, standardization of follow-up strategies, and primarily
the identification of applicable biomarkers in clinical practice to help predict which patients would achieve CPR[33]. In
this regard, morphofunctional and metabolic imaging, radiomics, and artificial intelligence emerge as elements that open
a disruptive and novel research field to define predictive factors for response to RT and ChT treatment.
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Some of the biomarkers explored to date include the presence of mutations to assess the response to specific
treatments, as mentioned earlier. Additionally, there are groups that have explored the expression of miRNA and found a
relationship with resistance to RT[34]. Other studies have examined the expression of specific genes and established a
prognostic risk score model to predict the response to ChT[35]. The role of the microbiota has also been analyzed in
neoadjuvant treatment response, and the presence of certain bacteria has been associated with a poorer response to
treatment[36].

Another area that has been explored as a biomarker is magnetic resonance imaging (MRI). Diffusion-weighted imaging
(DWI) sequences characterize the microenvironment and tumour tissues based on the movements of water molecules as a
surrogate for the density of the tumour environment, quantified by the apparent diffusion coefficient (ADC). The ADC is
inversely proportional to tissue cellularity and has proven capable of distinguishing between tumour recurrence or
persistence and inflammation or necrosis with a high level of specificity[2,3,6,37-42].

Several studies propose ADC as a biomarker for CPR in LARC[2,3,9,42-46]. However, to date, there is no well-esta-
blished relationship between the evolution of this marker and the histopathological response of the surgical specimen.
Lambregts et al[47] analysed the value of the DWI sequence of MRI in the reevaluation after neoadjuvant treatment to
detect patients with a complete response, demonstrating an increase in sensitivity to 52%-64% and a specificity exceeding
90% when adding DWI. This reduced the risk of underestimating residual tumour to below 10%, and these findings were
subsequently confirmed[48]. Recently, Azamat et al[49] analyzed the response of tumour lesions in patients with LARC
after neoadjuvant treatment using the T2 sequence and ADC value by performing an MRI before and after treatment.
They concluded that the T2 sequence varied according to whether the response was complete or partial or there was no
response, and there is a cut off value of ADC that can be used as a marker for complete response.

A step further has been taken with magnetic resonance-guided RT (MRgRT), allowing for information from morpho-
functional imaging and ADC to be obtained throughout successive RT sessions[6]. Cusumano et al[50] analyzed data from
patients with LARC treated with neoadjuvant MRgRT followed by surgery, studying the early regression index (ERITCP)
and correlating it with the rate of pathological responses. They demonstrated that it is a good predictive marker in these
patients treated with MRgRT. They obtained combined information on the tumor volume in MRI images at the time of RT
treatment planning and the same volume during MRgRT treatment. Moreover, studies suggest that the ADC measured
before, during, and after treatment may be useful in predicting pathological response before surgery in LARC, surpassing
other classic parameters such as tumor size[2,3]. It positions itself as a potential predictive factor for response in patients
undergoing long courses of RT with concurrent CT. In this regard, we will have to await data from ongoing studies like
TRIGGER, which will allow us to validate the Magnetic Resonance Tumour Regression Grade as a response marker in the
management of LARC with the aim of avoiding surgery, maintaining quality of life in appropriately selected patients
without impacting survival rates[13].

CONCLUSION

Taking all of the above into account, we know that the standard TNT has excellent results, but recently, doors have been
opened to consider variants based on each patient's characteristics. Predicting the response to TNT remains a challenge.
Identifying biomarkers for neoadjuvant treatment response will allow us to determine which patients can safely enter a
WW strategy and which patients require an intensification of the treatment.
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Abstract

Bone metastases from lung cancer account for 8.5%, with those located in the
hyoid bone being extremely rare. In this editorial, we made a review about Hsu et
al case report highlighted the importance of palliative radiotherapy, even with an
unusual but effective scheme in pain control in a patient with non-small cell lung
cancer in stage IV.
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Core Tip: Bone metastases from lung cancer account for 8.5%, with those located in the
hyoid bone being extremely rare. This editorial remarks the importance of radiotherapy
in palliative care, specially in pain control, always accompanied of systemic therapy in
oncological patients.

Citation: Montijano M, Ocanto A, Coufiago F. Hyoid metastasis an unusual location from lung
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DOI: https://dx.doi.org/10.5306/wjco.v15.i7.796

INTRODUCTION

The treatment of choice in patients with metastatic non-small cell lung cancer (NSCLC)
is systemic treatment[1], and around 20%-50% of patients with NSCLC present olig-
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ometastases at the time of diagnosis, however approximately around a half of patients will receive radiotherapy (RT) in
any moment of the disease[1]. Normally the principal place of lung metastases are brain (35.5%) and contralateral lung
(33.6%), followed by adrenal glands (13.0%), bone (8.5%), liver (2.4%), and lymph node (2.4%); within bone metastases the
hyoid metastasis are exceptional[2]. In the last number of World Clinical Cancer, Hsu et al[3], published a case report 72-
year-old, non-smoking woman diagnosed with lung adenocarcinoma with metastasis to the hyoid bone. Treated with a
platinum-based chemotherapy regimen and pembrolizumab. Palliative RT was performed on the hyoid metastasis.

UNUSUAL LOCATION OF BONE METASTASES

Bone metastases of pulmonary origin are common in the evolution of the disease, with osteolytic metastases being the
most related to lung cancer and produce by cell adhesion molecules, chemokine receptors of tumor cells and cell surface
receptors that attach to the bone matrix and establish growth in bone[4], this type of lesions are exceptional in the hyoid
bone, in fact in solid tumors only a few case reports have been described in this location, therefore their clinical mana-
gement is not clearly standardized.

Nowadays in the stage IV lung adenocarcinoma, the targetable oncogenic driver mutations, immune checkpoints
(programmed cell death protein 1/programmed cell death ligand 1/cytotoxic T lymphocyte-associated protein 4) and
translocations conducted to development of specific drugs (tyrosine kinase or immune checkpoints inhibitors) with
impressive response and survival rates[5]. An example is this case report[3], the patient was treated with a platinum-
based chemo-immunotherapy along with pembrolizumab, which is recognized as the standard first-line in this stage. The
data from KEYNOTE-189[6], published in 2018, suggested that introducing pembrolizumab as a first-line therapy in
untreated metastatic non-squamous NSCLC without epidermal growth factor receptor or anaplastic lymphoma kinase
mutations improve overall survival across all programmed cell death ligand 1 categories. In this case report epidermal
growth factor receptor and anaplastic lymphoma kinase mutations are not evaluated or mentioned, which can change the
therapeutic management. For this group of patients, an increase in survival justify local therapies including RT.

There are several phase 2 clinical trials that have shown an increase in progression free survival in oligometastatic
patients with NSCLC treated with Stereotactic Body Radiotherapy (SBRT) compared to those undergoing maintenance
therapy[7-10]. These trials demonstrated that patients most likely to benefit from RT are those whose disease responds to
systemic therapy. Most trials recommend SBRT, either alone, conventionally, hypofractioned RT or chemoradiotherapy to
the primary lesion. In fact, the most radical approximation in patients oligometastatic is a combination of primary tumor
treatment with metastases directed to therapy.

Palliative RT could achieve a significant pain response in up to 80% of patients with a median response duration of 18-
21 months. It is broadly accepted as the standard of care RT in metastatic bone pain, despite the absence of randomized
trials comparing RT with pain killing strategies such as opioids or surgical options[11]. Based on all the available evide-
nce, palliative RT as symptom control is similar despite the scheme used[12]. A review of randomized trials determined
equivalent outcomes in pain control and toxicity after a single dose of 8 Gy compared to multiple fraction RT in patients
with bone metastases[13]. In this case the dose were 36 Gy in 12 fractions, a different palliative scheme compared with
traditional but with an excellent local control and pain response. At the moment exists the controversial about the
effectivity of SBRT in pain control. Actually, several clinical trials comparing conventional RT with SBRT for patients with
non-spinal and spinal bone metastases have been published with conflicting outcomes[14,15], for now, the key is good
patient selection and the intent of the RT: Ablative, pain control, etc. Another interesting point to note is the reevaluation
form, in the clinical practice guidelines is not clear the radiological reevaluation during the treatment, the classic imagen
is the computed tomography-scan[16], in this case the use of positron emission tomography-computed tomography
helped to identify the clearly effect of palliative RT added to symptom control by the patient.

CONCLUSION

Metastases bone in hyoid are exceptional with a management not clear until the date. In patients oligometastatic the key
is the ablative therapy and in palliative stage the RT is the best option with good results in pain control despite the
scheme used. RT must to be accompanied of systemic therapy according targetable oncogenic driver mutations/translo-
cations and immune checkpoints.

FOOTNOTES

Author contributions: Montijano M, Ocanto A, and Coufiago F designed the overall concept and outline of the manuscript, and
contributed to the writing, and editing the manuscript and review of literature; Montijano M contributed to the discussion and design of
the manuscript.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

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

gﬁ;@ WJCO | https://www.wjgnet.com 797 July 24,2024 | Volume15 | Issue7 |



Montijano M et al. Hyoid metastasis and palliative care

original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: Spain

ORCID number: Abrahams Ocanto 0000-0002-6494-8197; Felipe Coufiago 0000-0001-7233-0234.

S-Editor: Wang JJ
L-Editor: A
P-Editor: Zhao YO

REFERENCES

1

)

6

10

)

16

Kong FM, Zhao J, Wang J, Faivre-Finn C. Radiation dose effect in locally advanced non-small cell lung cancer. J Thorac Dis 2014; 6: 336-
347 [PMID: 24688778 DOI: 10.3978/j.issn.2072-1439.2014.01.23]

Ashworth A, Rodrigues G, Boldt G, Palma D. Is there an oligometastatic state in non-small cell lung cancer? A systematic review of the
literature. Lung Cancer 2013; 82: 197-203 [PMID: 24051084 DOI: 10.1016/j.lungcan.2013.07.026]

Hsu J, Hribar K, Poen J. Radiotherapy for hyoid bone metastasis from lung adenocarcinoma: A case report. World J Clin Oncol 2024; 15: 159-
164 [PMID: 38292655 DOI: 10.5306/wjco.v15.11.159]

Yin JJ, Pollock CB, Kelly K. Mechanisms of cancer metastasis to the bone. Cell Res 2005; 15: 57-62 [PMID: 15686629 DOI:
10.1038/sj.cr.7290266]

Waujanto C, Vellayappan B, Siva S, Louie AV, Guckenberger M, Slotman BJ, Onishi H, Nagata Y, Liu M, Lo SS. Stereotactic Body
Radiotherapy for Oligometastatic Disease in Non-small Cell Lung Cancer. Front Oncol 2019; 9: 1219 [PMID: 31799188 DOI:
10.3389/fonc.2019.01219]

Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F, Domine M, Clingan P, Hochmair MJ, Powell SF, Cheng SY,
Bischoff HG, Peled N, Grossi F, Jennens RR, Reck M, Hui R, Garon EB, Boyer M, Rubio-Viqueira B, Novello S, Kurata T, Gray JE, Vida J,
Wei Z, Yang J, Raftopoulos H, Pietanza MC, Garassino MC; KEYNOTE-189 Investigators. Pembrolizumab plus Chemotherapy in Metastatic
Non-Small-Cell Lung Cancer. N Engl J Med 2018; 378: 2078-2092 [PMID: 29658856 DOI: 10.1056/NEJMoal801005]

Gomez DR, Tang C, Zhang J, Blumenschein GR Jr, Hernandez M, Lee JJ, Ye R, Palma DA, Louie AV, Camidge DR, Doebele RC, Skoulidis
F, Gaspar LE, Welsh JW, Gibbons DL, Karam JA, Kavanagh BD, Tsao AS, Sepesi B, Swisher SG, Heymach JV. Local Consolidative Therapy
Vs. Maintenance Therapy or Observation for Patients With Oligometastatic Non-Small-Cell Lung Cancer: Long-Term Results of a Multi-
Institutional, Phase II, Randomized Study. J Clin Oncol 2019; 37: 1558-1565 [PMID: 31067138 DOI: 10.1200/JC0O.19.00201]

Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, Mulroy L, Lock M, Rodrigues GB, Yaremko BP, Schellenberg D, Ahmad B,
Senthi S, Swaminath A, Kopek N, Liu M, Moore K, Currie S, Schlijper R, Bauman GS, Laba J, Qu XM, Warner A, Senan S. Stereotactic
Ablative Radiotherapy for the Comprehensive Treatment of Oligometastatic Cancers: Long-Term Results of the SABR-COMET Phase I1
Randomized Trial. J Clin Oncol 2020; 38: 2830-2838 [PMID: 32484754 DOI: 10.1200/JC0O.20.00818]

Iyengar P, Wardak Z, Gerber DE, Tumati V, Ahn C, Hughes RS, Dowell JE, Cheedella N, Nedzi L, Westover KD, Pulipparacharuvil S, Choy
H, Timmerman RD. Consolidative Radiotherapy for Limited Metastatic Non-Small-Cell Lung Cancer: A Phase 2 Randomized Clinical Trial.
JAMA Oncol 2018; 4: €173501 [PMID: 28973074 DOI: 10.1001/jamaoncol.2017.3501]

Tsai CJ, Yang JT, Shaverdian N, Patel J, Shepherd AF, Eng J, Guttmann D, Yeh R, Gelblum DY, Namakydoust A, Preeshagul I, Modi S,
Seidman A, Traina T, Drullinsky P, Flynn J, Zhang Z, Rimner A, Gillespie EF, Gomez DR, Lee NY, Berger M, Robson ME, Reis-Filho JS,
Riaz N, Rudin CM, Powell SN; CURB Study Group. Standard-of-care systemic therapy with or without stereotactic body radiotherapy in
patients with oligoprogressive breast cancer or non-small-cell lung cancer (Consolidative Use of Radiotherapy to Block [CURB]
oligoprogression): an open-label, randomised, controlled, phase 2 study. Lancet 2024; 403: 171-182 [PMID: 38104577 DOI:
10.1016/S0140-6736(23)01857-3]

Oldenburger E, Brown S, Willmann J, van der Velden JM, Spatek M, van der Linden YM, Kazmierska J, Menten J, Andratschke N, Hoskin P.
ESTRO ACROP guidelines for external beam radiotherapy of patients with complicated bone metastases. Radiother Oncol 2022; 173: 240-253
[PMID: 35688398 DOI: 10.1016/j.radonc.2022.06.002]

Stevens R, Macbeth F, Toy E, Coles B, Lester JF. Palliative radiotherapy regimens for patients with thoracic symptoms from non-small cell
lung cancer. Cochrane Database Syst Rev 2015; 1: CD002143 [PMID: 25586198 DOI: 10.1002/14651858.CD002143.pub4]

Chow E, Zeng L, Salvo N, Dennis K, Tsao M, Lutz S. Update on the systematic review of palliative radiotherapy trials for bone metastases.
Clin Oncol (R Coll Radiol) 2012; 24: 112-124 [PMID: 22130630 DOI: 10.1016/j.clon.2011.11.004]

Pielkenrood BJ, van der Velden JM, van der Linden YM, Bartels MMT, Kasperts N, Verhoeff JJC, Eppinga WSC, Gal R, Verlaan JJ,
Verkooijen HML. Pain Response After Stereotactic Body Radiation Therapy Versus Conventional Radiation Therapy in Patients With Bone
Metastases-A Phase 2 Randomized Controlled Trial Within a Prospective Cohort. /nt J Radiat Oncol Biol Phys 2021; 110: 358-367 [PMID:
33333200 DOI: 10.1016/j.ijrobp.2020.11.060]

Sahgal A, Myrehaug SD, Siva S, Masucci GL, Maralani PJ, Brundage M, Butler J, Chow E, Fehlings MG, Foote M, Gabos Z, Greenspoon J,
Kerba M, Lee Y, Liu M, Liu SK, Thibault I, Wong RK, Hum M, Ding K, Parulekar WR; trial investigators. Stereotactic body radiotherapy
versus conventional external beam radiotherapy in patients with painful spinal metastases: an open-label, multicentre, randomised, controlled,
phase 2/3 trial. Lancet Oncol 2021; 22: 1023-1033 [PMID: 34126044 DOI: 10.1016/S1470-2045(21)00196-0]

Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, Bruno DS, Chang JY, Chirieac LR, DeCamp M, Dilling TJ, Dowell J,
Durm GA, Gettinger S, Grotz TE, Gubens MA, Hegde A, Lackner RP, Lanuti M, Lin J, Loo BW, Lovly CM, Maldonado F, Massarelli E,
Morgensztern D, Ng T, Otterson GA, Patel SP, Patil T, Polanco PM, Riely GJ, Riess J, Schild SE, Shapiro TA, Singh AP, Stevenson J, Tam A,
Tanvetyanon T, Yanagawa J, Yang SC, Yau E, Gregory KM, Hughes M. NCCN Guidelines® Insights: Non-Small Cell Lung Cancer, Version
2.2023. J Natl Compr Canc Netw 2023; 21: 340-350 [PMID: 37015337 DOI: 10.6004/jncen.2023.0020]

3%9@) WJCO | https://www.wjgnet.com 798 July 24,2024 | Volume15 | Issue7 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-6494-8197
http://orcid.org/0000-0002-6494-8197
http://orcid.org/0000-0001-7233-0234
http://orcid.org/0000-0001-7233-0234
http://www.ncbi.nlm.nih.gov/pubmed/24688778
https://dx.doi.org/10.3978/j.issn.2072-1439.2014.01.23
http://www.ncbi.nlm.nih.gov/pubmed/24051084
https://dx.doi.org/10.1016/j.lungcan.2013.07.026
http://www.ncbi.nlm.nih.gov/pubmed/38292655
https://dx.doi.org/10.5306/wjco.v15.i1.159
http://www.ncbi.nlm.nih.gov/pubmed/15686629
https://dx.doi.org/10.1038/sj.cr.7290266
http://www.ncbi.nlm.nih.gov/pubmed/31799188
https://dx.doi.org/10.3389/fonc.2019.01219
http://www.ncbi.nlm.nih.gov/pubmed/29658856
https://dx.doi.org/10.1056/NEJMoa1801005
http://www.ncbi.nlm.nih.gov/pubmed/31067138
https://dx.doi.org/10.1200/JCO.19.00201
http://www.ncbi.nlm.nih.gov/pubmed/32484754
https://dx.doi.org/10.1200/JCO.20.00818
http://www.ncbi.nlm.nih.gov/pubmed/28973074
https://dx.doi.org/10.1001/jamaoncol.2017.3501
http://www.ncbi.nlm.nih.gov/pubmed/38104577
https://dx.doi.org/10.1016/S0140-6736(23)01857-3
http://www.ncbi.nlm.nih.gov/pubmed/35688398
https://dx.doi.org/10.1016/j.radonc.2022.06.002
http://www.ncbi.nlm.nih.gov/pubmed/25586198
https://dx.doi.org/10.1002/14651858.CD002143.pub4
http://www.ncbi.nlm.nih.gov/pubmed/22130630
https://dx.doi.org/10.1016/j.clon.2011.11.004
http://www.ncbi.nlm.nih.gov/pubmed/33333200
https://dx.doi.org/10.1016/j.ijrobp.2020.11.060
http://www.ncbi.nlm.nih.gov/pubmed/34126044
https://dx.doi.org/10.1016/S1470-2045(21)00196-0
http://www.ncbi.nlm.nih.gov/pubmed/37015337
https://dx.doi.org/10.6004/jnccn.2023.0020

700

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5306 / wjco.v15.i7.799

World Journal of
Clinical Oncology

World ] Clin Oncol 2024 July 24; 15(7): 799-805

ISSN 2218-4333 (online)

EDITORIAL

Screening of colorectal cancer: Methods and strategies

Zhen Liao, Jin-Tao Guo, Fan Yang, Shu-Peng Wang, Si-Yu Sun

Specialty type: Oncology

Provenance and peer review:
Invited article; Externally peer

reviewed.
Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B
Novelty: Grade B

Creativity or Innovation: Grade B
Scientific Significance: Grade A

P-Reviewer: Maida M, Italy

Received: March 18, 2024

Revised: May 14, 2024

Accepted: May 27, 2024

Published online: July 24, 2024
Processing time: 119 Days and 18.3
Hours

Bisnidenge  /VJCO | https://www.wjgnet.com

Zhen Liao, Jin-Tao Guo, Fan Yang, Shu-Peng Wang, Si-Yu Sun, Department of Gastroenterology,
Engineering Research Center of Ministry of Education for Minimally Invasive Gastrointestinal
Endoscopic Techniques, Shengjing Hospital of China Medical University, Shenyang 110004,
Liaoning Province, China

Corresponding author: Si-Yu Sun, MD, PhD, Professor, Department of Gastroenterology,
Engineering Research Center of Ministry of Education for Minimally Invasive Gastrointestinal
Endoscopic Techniques, Shengjing Hospital of China Medical University, No. 36 Sanhao
Street, Shenyang 110004, Liaoning Province, China. sunsy(@sj-hospital.org

Abstract

Colorectal cancer (CRC) has high incidence and mortality rates, and the em-
ergence and application of CRC screening have helped us effectively control the
occurrence and development of CRC. Currently, common international screening
methods include tests based on feces and blood, and examination methods that
allow for visualization, such as sigmoidoscopy and colonoscopy. Some methods
have been widely used, whereas others such as multi-target stool RNA test are
still being explored and developed, and are expected to become front-line
screening methods for CRC in the future. The choice of screening method is
affected by external conditions and the patients' situation, and the clinician must
choose an appropriate strategy according to the actual situation and the patient's
wishes. This article introduces various CRC screening methods and analyzes the
factors relevant to the screening strategy.

Key Words: Colorectal cancer; Screening; Stool-based test; Endoscopic examination;
Computed tomography colonography; Blood-based test
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Core Tip: Screening for colorectal cancer have helped us effectively control its
occurrence and development. This article presents various colorectal cancer screening
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INTRODUCTION

Colorectal cancer (CRC) ranks third globally in terms of cancer incidence (10.0%), and second in terms of mortality (9.4%)
[1]. Advanced CRC readily metastasizes to the liver, lungs, bones, brain, and even pancreas[2] and spleen[3], significantly
impacting patient prognosis. Hence, early screening for CRC and even intercepting it in the precancerous state are crucial
for reducing the incidence and mortality rates of CRC.

In the early 1990s, the American Cancer Society, National Cancer Institute, and American College of Physicians
advocated sigmoidoscopy or fecal occult blood tests for CRC screening based on clinical practice, despite the absence of
reported randomized controlled trials (RCTs) supporting the safety, efficacy, and practicality of these methods at that
time. With medical advancements, colonoscopy, fecal immunochemical tests (FIT), computed tomography colonography
(CTC), and FIT-DNA tests have gradually emerged as new screening modalities[4]. Screening plays a pivotal role in
reducing mortality by identifying asymptomatic early-stage cancers and preventing diseases by detecting and removing
precancerous lesions (adenomas and serrated polyps). Recent data also demonstrate that widespread CRC screening has
decreased CRC mortality rates globally[5].

In addition to the benefits of screening methods, judicious application of screening strategies aids in diminishing
disease occurrence and progression. Each screening method has its own set of advantages and disadvantages, and is
suitable for different demographic groups. Correspondingly, each method has a recommended screening frequency, and
the recommended onset and cessation ages for screening are continuously adjusted based on the evolving clinical reality.
Therefore, this article presents various CRC screening methods and analyzes pertinent factors in screening strategies.

METHODS OF SCREENING

Stool-based test

Guaiac-based fecal occult blood test: The guaiac-based fecal occult blood test (gFOBT) method leverages the peroxidase
activity of hemoglobin in stool to decompose hydrogen peroxide in the reagent, reacting with a guaiac developer to
indicate the presence of hemoglobin. This approach is simple to perform, can be conveniently conducted at home, and
poses no harm to the patient's body, making it an ideal screening method for early-stage detection. Numerous studies
have demonstrated that annual or biennial gFOBT effectively reduced CRC morality rate. Lin ef al[6] synthesized findings
from five RCTs in a comprehensive study. Over a follow-up period ranging from 11-30 years, the study compared CRC
mortality rates between the screening and non-screening groups after 2-9 rounds of screening, revealing a lower mortality
rate in the screening group [at 19.5 years, risk ratio (RR) = 0.91, 95% confidence interval (CI): 0.84-0.98; at 30 years, RR =
0.78, 95%CI: 0.65-0.93]. Another meta-analysis of 10 RCTs and 47 model studies indicated that gFOBT screening reduced
the CRC-specific mortality rate by 21% [RR = 0.79, (95%CI: 0.68-0.91), P =0.001][7]. However, the gFOBT detection method
lacks specificity for blood. Dietary substances with peroxidase activity (such as plant peroxidase and red meat) can also
yield positive test results, whereas antioxidants (such as ascorbic acid) may inhibit hemoglobin peroxidase activity,
leading to false-negative results[8]. Consequently, dietary restrictions are necessary before the gFOBT examination. The
sensitivity of gFOBT is notably lower than that of other screening methods and may require multiple samples. The effect
of gFOBT on the incidence risk of CRC is limited because the early manifestations of CRC often involves polyps without
bleeding symptoms, and only colonoscopy can reliably detect the lesions. The USPSTF recommends annual gFOBT
screening.

FIT: The FIT utilizes the high sensitivity of the antigen-antibody response of human hemoglobin to quantitatively detect
the level of hemoglobin in feces, measuring the content of human hemoglobin per gram of formed feces. Compared with
gFOBT, FIT not only has the advantages of non-invasive and ease of performance but also exhibits high specificity for
CRC screening. The FIT remains unaffected by diet or medication, and its sample collection is simpler, thereby increasing
population compliance. Automated test reading and quantitative measurement of fecal hemoglobin concentration with
FIT enable the adjustment of positively threshold and sensitivity for CRC detection[9]. Findings from an RCT suggests
that FIT is significantly more sensitive than gFOBT (sensitivity difference =18.9%, 95%CI: 10.2-32.6)[10]. Grobbee et al[11]
analyzed data from 63 studies, revealing sensitivities of 59% for gFOBT and 89% for FIT for CRC detection. In recent
years, FIT has progressively supplanted gFOBT as the preferred stool screening method for CRC owing to its relative
advantages[12]. However, to date, no randomized trial has assessed the long-term effectiveness of FIT on CRC mortality.
Although data modeling has predicted a significant reduction in the CRC-specific mortality rate with FIT compared to no
screening|[7], actual prospective data as reference and evidence are lacking. The USPSTF recommends annual FIT scr-
eening.

Stool DNA test: Currently, the only stool DNA test approved by the US Food and Drug Administration is the multi-
target stool DNA (mt-sDNA) test, which integrates a FIT component known as the FIT-DNA test. This test detects cells
containing tumor-altered DNA shed from colon cancer by sensitively identifying specific genetic and epigenetic
biomarkers, allowing for differentiation between tumor and non-tumor tissues. Leveraging this principle, the stool DNA
test identifies DNA biomarkers from cancer cells sloughed off the inner membrane of the colon and rectum in the fecal
matter. As a standalone screening test, the stool DNA test surpasses the FIT in terms of sensitivity. The mt-sDNA test
boasts a 92% sensitivity for CRC detection, significantly higher than that of FIT (74%)[13]. Nonetheless, the mt-sDNA test
exhibits low specificity, leading to false-positive results. Consequently, patients with positive stool screening results are
advised to undertake sigmoid colonoscopy or colonoscopy to ascertain the presence of lesions. An increase in false-
positive outcomes necessitate more follow-up colonoscopy examinations and associated adverse events. Similar to FIT,
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there is no direct evidence evaluating the impact of stool DNA testing on CRC mortality[14]. The USPSTF recommends
stool DNA screening every 1-3 years.

Multi-target stool RNA test: The multi-target stool RNA (mt-sRNA) test is not yet available in the market and is still
undergoing phase III clinical trials. In a blinded, prospective, cross-sectional study conducted by Barnell et al[15] from
June 2021 to June 2022, 8920 participants aged > 45 years from 49 states in the United States completed the mt-sRNA test.
Stool samples were collected form participants before undergoing colonoscopy at a local endoscopy center. After the
study, the results of the mt-sRNA test (positive or negative) were compared with the data obtained from other tests. The
findings revealed that, compared to FIT, the mt-sRNA test exhibited significantly improved sensitivity for detecting CRC
(94% vs 78%, respectively, McNemar P = 0.01). We anticipate further reports on the experimental results from the Erica K
team to enhance our understanding of the mt-sRNA test. Once this method becomes commercially available, it is im-
perative to conduct additional research to ascertain the specificity of mt-sRNA testing for CRC screening and its impact
on CRC incidence and mortality. Such studies will aid in the informed selection and application of this method in the
future.

Endoscopic examination

Sigmoidoscopy: Sigmoidoscopy involves the use of a flexible endoscope to visually assess the internal condition of the
rectum and distal colon after intestinal cleansing. This method accurately screens for CRC and identifies and treats
precancerous lesions (such as adenomas and serrated polyps) to prevent CRC occurrence. Typically, sedation or
anesthesia is unnecessary during sigmoidoscopy. As the earliest endoscopic method employed for CRC screening,
sigmoidoscopy, along with gFOBT, is the sole CRC screening method supported by evidence from RCTs. Sigmoidoscopy
screening contributes to a reduction in the CRC mortality rate. In an RCT with a median follow-up of 16.8 years, the CRC
mortality rate with sigmoidoscopy screening (417 deaths, 3.37 per 10000 people per year) was lower than that of the
unscreened group (549 deaths, 4.48 per 10000 people per year, RR = 0.75, 95%CI: 0.66-0.85). Flexible sigmoidoscopy
screening continues to exhibit long-term efficacy in reducing CRC mortality rates[16]. A meta-analysis encompassing four
large-scale randomized trials of sigmoidoscopy screening conducted in Norway, the United States, the United Kingdom,
and Italy, with a 15-year follow-up of the screened population, revealed a difference in CRC mortality of 0.13 deaths per
100 individuals (95%CI: 0.07-0.19) and a mortality ratio of 0.80 (95%CI: 0.72-0.88) between the sigmoidoscopy screening
and non-screening groups[17]. In a meta-analysis comprising solely RCTs, patients undergoing sigmoidoscopy, co-
lonoscopy, and gFOBT were followed up and compared with those receiving standard care, revealing that the sole
screening test that significantly extended life was sigmoidoscopy (110 d, 95%CI: 0-274). Current evidence does not
support the notion that common CRC screening tests prolong life, except for sigmoidoscopy[18]. Nevertheless, sig-
moidoscopy has largely been supplanted by colonoscopy, which can examine the entire large intestine and is more
effective than sigmoidoscopy[14]. The USPSTF recommends sigmoidoscopy every 5 years, or every 10 years if combined
with annual FIT.

Colonoscopy: Before undergoing a colonoscopy examination, patients must adhere to specific standards to ensure that
their entire intestines are thoroughly cleansed. Similar to sigmoidoscopy, endoscopists can address precancerous lesions
during examination. However, colonoscopy offers the advantage of visualizing the entire colon and rectum, covering a
broader area than sigmoidoscopy. Additionally, patients have the option to choose sedation or anesthesia during the
examination, which improves the comfort during examination. In an RCT, after a 10-year follow-up, the risk of CRC
decreased from 1.22% to 0.84%, and the risk of CRC-related death decreased from 0.30% to 0.15% compared to the
conventional care group. Participants invited for colonoscopy in this trial had a lower risk of CRC at the 10-year follow-
up than those who were not screened[19]. One possible explanation is that colonoscopy not only screens for CRC but also
prevents its occurrence by detecting precancerous lesions. Hence, colonoscopy screening can reduce both the mortality
and incidence rates[20]. Further, rectal endoscopic ultrasonography can be used to identify locoregional tumor stage in
the rectum with shear wave elastography[21]. Nonetheless, colonoscopy is more invasive and burdensome than stool-
based tests or sigmoidoscopies. Colonoscopy examinations necessitate more clinical resources and lack RCT data. Despite
being considered the gold standard for CRC screening, colonoscopy is not the most popular screening method for the
general population. Therefore, colonoscopy has not replaced sigmoidoscopy in certain regions. Considering these factors,
it is crucial to strike a balance between the benefits, harms, and cost-effectiveness of various CRC screening tests[19]. The
USPSTF recommends colonoscopy screening every 10 years.

Colon capsule endoscopy: Colon capsule endoscopy (CCE) entails participants swallowing a capsule-sized wireless
camera, which captures images of the colorectal mucosa and transmits them to the examiner for evaluation. If the images
reveal colorectal polyps or cancer, a colonoscopy is necessary for definitive screening. CCE does not involve radiation
exposure, sedation, or gas inhalation during examination[22,23]. The sensitivity of the latest CCE-2 (second generation)
for detecting advanced tumors of 10 mm or larger is 76.7% (95%CI: 63.7-86.2), with a specificity of 90.7% (95%CI: 83.6-
95.0). The sensitivity of this screening method depends on the percentage of colon surface area displayed in the images
and the capsule excretion time. The sensitivity for detecting advanced tumors (> 6 mm) reaches 100% when the tra-
nsmission time is 3-5 h. Although the USPSTF has not yet approved CCE for average-risk CRC screening, the US Food
and Drug Administration has sanctioned its use for CRC screening in individuals with an incomplete history of
colonoscopy or a high risk of complications during colonoscopy. Among individuals with incomplete colonoscopy, CCE
outperforms CT colonography in detecting tumors > 6 mm and carries a lower risk of serious adverse events than
traditional colonoscopy[24].
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CTC

Before undergoing CTC, the patients were required to undergo intestinal preparation using laxatives, followed by oral
administration of contrast medium and insufflation of gas via the rectum to expand the colon and rectum. Subsequently,
an abdominal CT examination was conducted. The obtained images were then reconstructed using specialized computer
software to generate two-dimensional or three-dimensional images of the large intestine[25], enabling the evaluation of
polyps and cancer. In a meta-analysis involving 11151 patients, CTC demonstrated a sensitivity of 96.1% (95%CI: 93.8-
97.7) in detecting CRC, which is comparable to that of colonoscopy[26]. However, a guidance statement indicated a
sensitivity range of 0.86 to 1 for CTC, with no evidence from feasible studies evaluating its effectiveness in CRC screening
[27]. The accuracy of CTC detection is contingent on the experience of the radiologist. Radiologists must undergo specific
preliminary training to effectively perform and interpret test results[28]. The USPSTF recommends CTC screening every 5
years.

Blood-based test

Serum methylated septin 9 test: The blood-based SEPT9 methylation test is an inaugural FDA-approved blood test for
CRC screening. This method targets the detection of abnormal methylation in the SEPT9 gene promoter region of
substances (circulating tumor DNA or ctDNA) released from CRC cells into the peripheral blood. A meta-analysis
comprising 25 independent studies, predominantly case-control or cohort studies, with only one randomized multi-center
screening study and two opportunistic screening studies included, demonstrated a sensitivity ranging from 48.2% to
95.6% and specificity ranging from 79.1% to 99.1%[29]. Another study compared the serum methylated septin 9 test
(mSEPT9) in peripheral blood to gFOBT in 650 participants, revealing a positive result for mSEPT9 in 73% of patients
with CRC, with a specificity of 94.5%. These data suggest that mSEPT9 outperforms gFOBT in CRC screening[30].
However, a positive result for mSEPT9 does not definitively indicate the presence of lesions akin to stool-based tests,
necessitating confirmation via colonoscopy. A single-tube methylation-specific quantitative polymerase chain reaction
assay (mqMSP) was developed, utilizing 10 different methylation markers to quantitatively analyze plasma samples
containing tumor DNA at concentrations as low as 0.05%. In a cohort study, mqMSP detection demonstrated a sensitivity
of 84.9% and specificity of 83.3%. Multichannel detection entails the simultaneous use of multiple circulating tumor DNA
(ctDNA) markers, which may enhance the capability of liquid biopsies[31]. This approach could potentially represent a
future development trend for serum mSEPT9 testing.

Cell-free DNA blood-based test: Cell-free DNA (cfDNA) is released by dying and decomposed cancer cells, containing
tumor-specific genetic information. Analyzing specific mutations and methylation patterns in these DNA fragments
enables the detection of cancer through cfDNA blood-based tests. A recent large-scale study evaluated the performance of
cfDNA blood-based tests in asymptomatic and early-stage CRC within a screening-relevant population. The results
demonstrated an 83% (95%CI: 72.2-90.3) sensitivity for CRC and 90% (95%CI: 88.8-90.3) specificity for advanced ne-
oplasia, comparable to those of other screening methods. There was no apparent differences among subgroups and no
reported serious adverse events. Additionally, blood-based tests are seamlessly integrated into routine healthcare
encounters and are relatively simple to complete, making them easier to administer and enhancing patient adherence.
The study reported a 3.7% rate of invalid cfDNA blood-based test results, well within the recommended target range (<
5%) for programmatic FIT offering[32]. Thus, cfDNA blood-based tests represent a promising alternative for CRC scr-
eening.

STRATEGIES OF SCREENING
Repeated testing

For stool-based screening methods, such as FIT, the CRC detection rate from a single test is low but significantly
improves with repeated testing, surpassing the detection rates of other methods. A randomized trial indicated similar
CRC detection rates between one-round FIT every two years and once sigmoidoscopy, with even higher rates observed
with three-round FIT. Moreover, in detecting advanced adenomas, the detection rate in the one-round FIT group was
lower than that in the once-sigmoidoscopy group, while the three-round FIT group exhibited a higher detection rate than
the one-round FIT group. The incidence of complications was similar between the repeat FIT and sigmoidoscopy groups
[9]. However, repeated testing is contingent on obtaining negative results. If the fecal test result is positive, a colonoscopy
should be performed to confirm the presence of lesions rather than repeating the fecal test.

Age

In the past, experts recommended initiating CRC screening in the general population at the age of 50 years, with CRC
diagnosed before this age categorized as early onset CRC (eoCRC), which was relatively uncommon. However, studies
have found that certain populations, such as black individuals, possess genes predisposing them to a higher risk of CRC,
warranting a lower screening age threshold (e.g., 45 years) for more effective early disease detection. Nevertheless, this
recommendation did not accurately reflect the situation for the majority of the population and lacked support from
realistic data, thus failing to gain widespread acceptance[4]. Before 2018, most international guidelines recommended
CRC screening for average-risk individuals aged between 50 and 75[33]. However, with shifting demographic trends, the
incidence and mortality rates of eo0CRC have increased.
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To address the growing burden of eoCRC, the American Cancer Society revised its screening guidelines in 2018,
lowering the starting age of average-risk individuals from 50 years to 45 years. Subsequently, in October 2020, the
USPSTF issued a draft recommendation statement supporting this adjustment. Notably, in 2020, over 140000 people in
the United States were diagnosed with CRC, with one-seventh of these cases occurring in individuals under the age of 50
years[34].

In 2021, the USPSTF released updated CRC screening guidelines, recommending screening for all adults aged 50 years
to 75 years (level A recommendation). Additionally, it advised CRC screening for adults aged 45-49 years (level B re-
commendation). For individuals aged 76 years to 85 years, the USPSTF suggested that clinicians selectively consider CRC
screening (level C recommendation), as evidence indicates minimal net benefit from screening in this age group. When
determining the appropriateness of CRC screening for individuals, patients and clinicians should consider factors such as
overall health status, screening history, and personal preferences[14].

Adjustment of the screening age marks the beginning of a new era, bringing forth both opportunities and challenges
for population screening[35].

Compliance

The compliance of participants in various screening methods significantly impacts the experimental results. For instance,
in an RCT comparing colonoscopy, gFOBT, and FIT, researchers observed relatively low compliance in the colonoscopy
group compared to that in the gFOBT and FIT groups. This discrepancy may be attributed to the invasiveness of co-
lonoscopy, the need for intestinal preparation, and the participants' limited knowledge of CRC screening[36]. In another
randomized trial, the compliance rate was 83.6% in the colonoscopy group and 73.1% in the gFOBT group after the first
screening round (RR =1.14, 95%CI: 1.10-1.19, P < 0.001). However, compliance decreased to 38.3% after four consecutive
rounds of gFOBT, indicating unsatisfactory compliance with multiple rounds of gFOBT compared to colonoscopy
screening[37]. Approximately 33% of adults aged 50-75 years did not undergo screening as recommended, further
highlighting low compliance rates[38]. Such low compliance rates can lead to experimental results failing to meet expect-
ations, resulting in a lower CRC detection rate and impacting the overall judgment of the study.

CONCLUSION

As CRC screening becomes more widespread, numerous studies have consistently demonstrated its crucial role in
reducing CRC mortality, although its impact on CRC morbidity varies. Recent data reveal significant declines in the age-
standardized incidence of CRC in certain countries, such as the United States, Japan, and France, while other countries,
such as Baltic countries, Russia, China, and Brazil, experience an increase in CRC incidence. In high-incidence countries,
the decline in CRC incidence is attributed to population-level changes driven by healthier lifestyle choices, such as
reduced smoking rates and increased acceptance of screening.

Despite the availability of numerous screening methods, determining the most effective strategy remains challenging
owing to limited evidence. The International Agency for Research on Cancer asserts that insufficient evidence exists to
rank the effectiveness of screening tests, with no face-to-face studies demonstrating the superiority of one method in
reducing CRC mortality or morbidity. However, evidence suggests that in some emerging economies, utilizing more
affordable and less invasive methods, such as gFOBT and FIT, for CRC screening may be cost-effective. This approach
provides viable options for managing escalating disease burden.
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Abstract

Poly (ADP-ribose) (PAR), a polymer of ADP-ribose, is synthesized by PAR po-
lymerase and is crucial for the survival of cancer cells due to its vital functions in
DNA repair and post-translational modifications. Beyond its supportive role, PAR
also triggers cancer cell death by excessive accumulation of PAR leading to an
energy crisis and parthanatos. This phenomenon underscores the potential of
targeting PAR regulation as a novel anticancer strategy, and the rationale would
present an engaging topic in the field of anticancer research. Therefore, this
editorial provides an overview of the mechanisms determining cancer cell fate,
emphasizing the central role of PAR. It further introduces promising methods for
modulating PAR concentrations that may pave the way for innovative anticancer
therapies.

Key Words: ADP-ribose; Poly (ADP-ribose); ADP ribosylation; PARylation; Parthanatos;
Anticancer
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Core Tip: The biosynthesis of Poly (ADP-ribose) (PAR) by PAR polymerase plays a
pivotal role in modulating cellular processes that dictate the survival or death of cancer
cells. Considering the dichotomous functions of PAR is instrumental in unveiling novel
strategies for cancer treatment.
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INTRODUCTION

Poly (ADP-ribose), or PAR, is a polymer structure in which ADP-ribose is covalently bound to various amino acid re-
sidues of target genes or linked to each other via ribose-ribose bonds[1]. The polymerization of ADP-ribose from the
donor molecule, nicotinamide adenine dinucleotide (NAD)+, is catalyzed by PAR polymerase (PARP). This biochemical
action yields a linear or branched conformation, depending on whether the ADP-ribose is attached to the 2’-OH terminus
of a growing chain or an ADP-ribose residue adjacent to the PARylation target[2,3]. The formation of PAR enables it to
interact non-covalently with other molecules and act as a regulator mediating physiological signals involving potential
molecular biological and biochemical reactions[4]. Recent studies have shown that PAR could a significant role in the
entire process of carcinogenesis, including initiation, promotion, progression, and metastasis[5]. In other words, PAR can
be associated with a major network to understand malignant transformation as a multistep process of cell cycle and sig-
naling regulation, including genomic instability, which represents cancer cell proliferation and differentiation from a
functional perspective[6,7]. Despite the involvement of PAR in all major post-translational modification processes in
carcinogenesis, the synthesis and hydrolysis of PAR are tightly controlled, with a half-life of only a few minutes[8]. In an
environment where the hydrolysis of PAR is delayed, the excessive accumulation of intact PAR freely dissociated from
the target can conversely induce cell death[9]. An approach to cancer treatment that leverages this unique entity, which
can simultaneously control the survival and death of cancer cells, is considered a promising avenue to explore. In this
respect, this editorial briefly introduces the general knowledge about PAR and intriguing methods to induce anticancer
effects by regulating PAR.

THE DUAL ROLE OF PAR INVOLVED IN CANCER CELL SURVIVAL AND DEATH

The biosynthesis of PAR is part of various physiological processes that are intrinsically linked to the survival of cancer
cells. Therefore, continuous efforts are being made to uncover the relationship between PAR and carcinogenesis. The
numerous functions of PAR can be categorized into three main categories based on their roles: overcoming genomic
instability in response to DNA damage, regulating proliferation and differentiation, and mitosis[10-17]. Firstly, PAR acts
as an epigenetic regulator under conditions of genetic instability caused by external or internal stress[11]. PARylation on
histone proteins is associated with an open chromatin structure, crucial for maintaining DNA integrity[10]. At sites of
DNA damage, this function is vital for recruiting relevant factors for DNA damage repair, such as X-ray repair cross-
complementing and proliferating cell nuclear antigen[16,17]. Secondly, PAR directly regulates the recruitment of tran-
scription factors and cofactors[14]. PARP-1 triggers the synthesis of PAR, which in turn influences the upregulation of
oncogenes or the downregulation of tumor suppressor genes. This activity plays a key role in the growth and differen-
tiation of cancer cells[13,14]. Lastly, PAR plays a role in mitosis. PARylation is responsible for the regulation of chromo-
somal proteins involved in chromosome segregation and interaction with spindle checkpoint components[10,15]. It is also
crucial for the formation and maintenance of spindle polarity through covalent modification with spindle pole proteins
that cross-link microtubule ends at the spindle poles[15]. This process facilitates the relentless proliferation characteristic
of malignancy, ensuring the continuous replication and distribution of oncogenic genetic material necessary for cancer
progression[15]. In contrast, the beneficial role of PAR in cancer cell survival may shift significantly under certain stress-
inducing conditions. PARylation by PARP-1 is initially linked to DNA repair; however, its overactivation can lead to cell
death due to a metabolic catastrophe and represents a caspase-independent cell death mechanism, distinct from conven-
tional apoptosis[9]. This occurs when excessive DNA damage causes PARP-1 to overconsume NAD+, an essential
substrate for synthetizing PAR, resulting in an energy crisis[18]. The process involves a complex interplay of cellular me-
chanisms, including the reversal of mitochondrial ATP synthase activity and the depletion of NAD+ levels[18,19].
Parthanatos represents another form of cell death by PAR accumulation, which leads to PAR translocation from the
nucleus to the cytoplasm and alters mitochondrial function[20,21]. It is characterized by the release of apoptosis-inducing
factor (AIF) from mitochondria to the nucleus, resulting in chromatin condensation and large-scale DNA fragmentation.
Since AIF is known to be a binding protein with a high affinity for PAR, morphologically branched PAR would act as a
more potent inducer of AIF release[20,21]. In summary, the functions of PAR within cancer cells are under strict regu-
lation, they simultaneously exhibit dual roles - promoting survival or inducing death, contingent upon the internal
conditions of cancer cells. The unique characteristic that the conjugated form of a single molecule can dictate both events
of cancer cell fate underscores the potential of PAR as a therapeutic target.
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Figure 1 Strategies for inducing cancer cell death through poly (ADP-ribose) regulation. A: The anticancer effect is achieved by diminishing the
synthesis of poly (ADP-ribose) (PAR), a process mediated by the inhibition of PAR polymerase-1; B: Promising strategies for the development of innovative
anticancer treatments focused on PAR accumulation. The enzymes responsible for PAR degradation, such as PAR glycohydrolase or (ADP-ribosyl)hydrolase 3
(ARH3), are inhibited by IDE161 (IDEAYA Biosciences) or ARH3 inhibitor 26. Pearl-101, a molecule currently under development by PearlsInMires, plays a crucial
role in maintaining the structural integrity of the PAR chain. The accumulation of PAR can lead to the death of cancer cells through a process known as synthetic
lethality intervention and the release of apoptosis-inducing factors. PAR: Poly (ADP-ribose); PARG: PAR glycohydrolase; ARH3: (ADP-ribosyl)hydrolase 3; PARP-1:
Poly (ADP-ribose) polymerase-1; pADP: Poly(ADP-ribose).

HOW TO CONQUER CANCER BY CONTROLLING THE DOUBLE-EDGED SWORD, PAR?

Given the substantial contribution of PAR in promoting cancer cell survival first, strategies that inhibit PAR synthesis
could be prioritized in an anticancer area. It has been realized with the development of PARP inhibitors work by impe-
ding the function of PARPs, the enzymes integral to DNA repair processes[22]. PARP inhibitors were designed to treat
cancers with breast cancer susceptibility gene mutations, however, one of their key mechanisms of action is the regulation
of PARylation[23]. By inhibiting PARylation, PARP inhibitors disrupt the survival of cancer cells, leading to their death
(Figure 1A). This mechanism could be harnessed to extend their application in treating several types of cancer. Therefore,
the recent research is also focused on the preclinical and clinical advancement of PARP inhibitors as standalone trea-
tments and in combination with other therapies for gastrointestinal cancer[24]. Meanwhile, developing strategies to
increase PAR levels could potentially enhance the anticancer effect by considering the mechanisms through which PAR
induces cancer cell death. There are two primary strategies for preserving PAR levels within cancer cells: the first
involves inhibiting ADP-ribosylhydrolases, such as PAR glycohydrolase (PARG) and (ADP-ribosyl)hydrolase 3 (ARH3),
while the second strategy aims to protect PAR itself from these hydrolases (Figure 1B)[25,26]. The most advanced PARG
inhibitor, IDE161, is currently under development by IDEAYA Biosciences. IDE161 operates by inhibiting the hydrolysis
of PAR chains, leading to an accumulation of PAR and subsequently resulting in synthetic lethality (Figure 1B)[27].
IDE161 is under evaluation in a Phase 1 clinical trial, and this trial is strategically aimed at estrogen receptor-positive,
human epidermal growth factor receptor 2-negative breast cancer, as well as other solid tumors with homologous
recombination deficiency including colorectal cancer (NCT05787587)[28]. ARH3 inhibitor 26 (AI26) is another recognized
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agent for ADP-ribosylhydrolase inhibition[26]. This novel small molecule selectively targets ARH3, binding to its catalytic
pocket and inhibiting its enzymatic activity[26]. When cells are pretreated with AI26, there is an accumulation of PAR,
leading to defects in DNA damage repair and the induction of synthetic lethality (Figure 1B). This reveals the potential of
AlI26 as a chemotherapeutic strategy in cancer treatment[26]. However, it is crucial to note that research on AI26 is still in
progress, and further studies are required to fully comprehend its therapeutic benefits. In addition to the conventional
approach using inhibitory agents, there exists a unique method that promotes intracellular PAR accumulation by
protecting the PAR chain. Pearl-101, an anticancer drug currently under non-clinical development by PearlsInMires,
employs this unique method (http:/ /eng.pearlsinmires.com/). It recombines an endogenous peptide to specifically bind
to PAR, highlighting a novel approach in cancer therapeutics. Pearl-101 directly protects the PAR chain, thereby
disrupting the activity of ADP-ribosylhydrolase. This disruption leads to an accumulation of PAR in cancer cells, which
subsequently triggers cancer cell death by parthanatos and synthetic lethality intervention with DNA fragmentation
(Figure 1B). This approach has the benefit of specifically targeting areas where PAR is excessively synthesized, thereby
ensuring precise action within cancer cells while minimizing adverse effects on normal cells. Taken together, inhibitors of
PARP and ADP-ribosylhydrolases, and a PAR protector are being developed for cancer treatment as distinct methods to
either reduce or accumulate PAR. Considering the distinct targets of these drugs, a synergistic anticancer effect would
also be achieved through a combined approach such as a fixed-dose combination in addition to use as a single agent.

CONCLUSION

The dual nature of PAR, which can both support and challenge cancer cell survival, provides a wealth of opportunities
for scientific and clinical exploration. As such, ongoing research into the effects of PAR on cancer cell fate is anticipated to
be a promising area, and this suggests that PAR could emerge as a significant biomarker in clinical settings and may play
a crucial role in anti-cancer strategies.
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Abstract

This editorial discusses the literature review article by Tonini and Zanni, the
paper was published in January 2024, and the authors provided very interesting
conclusions regarding existing barriers to the early diagnosis of colon cancer.
Many cancers do not have identifiable precursors, or there are currently no
screening tests to find them. Therefore, these cancers do not have preventive
screening options. Early detection is crucial for reducing mortality rates by
identifying cancer at an earlier stage through screening, as opposed to no
screening. Colorectal cancer develops from precancerous lesions, which can be
detected early and potentially prevented and cured. Early detection leads to
improved survival rates, decreased complications, and reduced healthcare
expenses. This editorial provides a brief description of the biology of colon cancer,
emphasizing the contrast in outcomes between early detection and late detection.
We also describe screening programs around the globe and examine the barriers
in each program. Finally, we explore potential future solutions to enhance
inclusion in screening programs and improve patient compliance.
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Core Tip: The incidence of colon cancer is on the rise, affecting increasingly younger populations. Contributing factors
include dietary changes, sedentary lifestyles, genetic predispositions, and environmental influences. To combat this trend,
promoting awareness and encouraging preventive measures is crucial. Early detection of colon cancer is critical for
improving survival rates and treatment outcomes. However, several barriers impede effective screening. This editorial article
provides a detailed analysis of the obstacles outlined in Tonini and Zanni's publication and investigates potential strategies to
enhance screening delivery to diverse populations.

Citation: Aleissa M, Drelichman ER, Mittal VK, Bhullar JS. Barriers in early detection of colorectal cancer and exploring potential
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INTRODUCTION

In 2024, the American Cancer Society projects that there will be approximately 152810 newly diagnosed cases of colorectal
cancer (CRC). Of the total number, 106590 (70%) cases will be diagnosed as colon cancer, while 46220 (30%) cases will be
identified as rectal cancer. CRC is the second most common cause of cancer-related deaths in the United States. It is
estimated that there will be 53010 deaths from CRC in 2024, which is a slight increase compared to the estimated 52550
deaths in 2023. The prevalence of CRC has been steadily increasing at an annual rate of 1% to 2% in individuals under the
age of 55, a concerning pattern observed since the mid-1990s. Since the mid-2000s, the mortality rate among young
individuals has been steadily increasing by approximately 1% per year. It is currently ranked as the primary cause of
cancer-related mortality among males below the age of 50 and as the second most common cause among females in the
same age bracket[1].

Currently, there is clear evidence that the mortality rate for patients diagnosed with colon cancer decreases signi-
ficantly when the cancer is detected at an early stage, as opposed to an advanced stage[2]. The article by Tonini and Zanni
[3] focuses on the screening methods currently available in practice. The study examines the barriers, such as techno-
logical and patient-related factors, that hinder the early detection process. The authors emphasize the importance of
implementing strategies to improve the effectiveness of screening, as this can reduce both the incidence rate and the costs
associated with advanced CRC treatment. Their analysis concludes that the ineffectiveness of early detection can be
ascribed to the low precision of screening tools, the lack of compliance, the absence of screening programs in specific
global regions, and the influence of the coronavirus disease 2019 (COVID-19) pandemic. However, the paper might focus
narrowly on certain screening technologies without sufficiently exploring newer, promising methods like liquid biopsies
or advanced artificial intelligence (Al) algorithms in patient selection. Their discussion may lack integration of
multidisciplinary approaches, such as the role of genetic counseling and personalized medicine in early detection
strategies. Moreover, the analysis might be predominantly focused on healthcare systems in high-income countries,
without adequately addressing challenges and potential solutions applicable to low- and middle-income countries where
CRC incidence is rising.

This review focuses on CRC biology, as comprehending the pathway is essential for early screening programs in
various patient groups. Additionally, it is crucial for implementing novel approaches in the future. We also highlight the
different methods used for CRC screening in various countries worldwide and the difficulties encountered in each
system. In addition, we emphasize the barriers and inequalities in CRC screening among different demographic groups.

BIOLOGY OF COLON CANCER

CRC is a heterogeneous disease. Adenomas, which are precursors to cancer, exhibit different molecular signatures,
distinct pathological characteristics, and different natural progressions. CRC can develop through different molecular
pathways. The most common pathway, known as chromosomal instability (CIN), is responsible for up to 85% of cases.
Another major pathway is the CpG island methylator phenotype (CIMP), which includes sporadic microsatellite
instability-high (MSI-H) cancers. Lastly, there is the pure microsatellite instability (MSI) pathway, caused by a genetic
mutation in a DNA mismatch repair (MMR) gene[4].

For cancer to develop, a series of genetic alterations must occur, regardless of the specific pathway involved. Genetic
perturbations lead to the formation of successive clones, with a 'successful cancer' requiring around ten clonal events,
each marked by a relative growth advantage[5]. For precancerous cells to progress, they must create an environment that
allows for genetic and possibly epigenetic changes, such as genomic and epigenomic instability[6]. Understanding the
molecular and genetic alterations in colon cancer allows for the identification of distinct biomarkers that can be detected
in blood, stool, or tissue samples. This enables the use of non-invasive screening tests.

The CIN pathway
The majority of CRCs originate from CIN. The first abnormality in this pathway is the dysplastic aberrant crypt focus, a
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microscopic mucosal lesion that appears before a polyp forms. At this stage, mutations in the adenomatous polyposis coli
gene can lead to the activation of the Wnt signaling pathway. Activating mutations of the proto-oncogene KRAS,
mutations in TP53, and loss of heterozygosity at chromosome 18q are necessary for the progression to larger adenomas
and early carcinomas. In a small percentage of CRCs, the mutational activation of PIK3CA occurs later in the adenoma-
carcinoma sequence[7]. CIN can be seen in benign adenomas and tends to increase as the tumor advances[8]. Colorectal
carcinogenesis has been extensively studied through the CIN pathway and its adenoma-carcinoma sequence. This has
allowed for the molecular classification of CRC and serves as a benchmark for comparing other molecular profiles.
However, research has shown that there are alternative pathways through which CRC can develop.

The MSI pathway

Another form of CRC is characterized by the molecular fingerprint of the deficient MMR system, which is present in
approximately 15% of cases[9]. MSI develops because of different genetic factors, such as mutations in MMR genes or
epigenetic changes in the MLH1 gene. These changes can occur in hereditary conditions such as Lynch syndrome as well
as sporadic tumors. In sporadic tumors, there is often methylation of CpG islands in gene promoter regions and frequent
hotspot mutations in the BRAF oncogene[6]. Tumors with MSI have unique characteristics and consistently show a more
favorable prognosis compared with tumors that are microsatellite-stable[10].

The CIMP pathway

The CIMP pathway is the second most common pathway to sporadic CRCs, accounting for approximately 15% of those
cases[11]. The CIMP pathway provides the epigenetic instability necessary for sporadic cancers to methylate the promoter
regions of, and thus epigenetically inactivate the expression of, key tumor suppressor genes such as MLH1[11]. CIMP-
positive CRCs are characterized by a well-defined cluster of clinicopathological features, including proximal location and
a gender and age risk bias for development in older women[12]. Classically, CIMP-positive CRCs that are MSI-H share
characteristics, specifically a relatively good prognosis, but in the absence of MSI-H, the CIMP-positive phenotype is
characterized by more advanced pathology, poorer clinical outcomes, and an absence of tumor-infiltrating lymphocytes
[12]. CIMP-positive CRCs differ from the other pathways with respect to their precursor lesions. In contrast to CRCs
developing via the CIN pathway, and also in hereditary non-polyposis CRC, which originate from adenomatous polyps
[4], sessile serrated adenomas are the chief pathological precursor in the CIMP pathway[8].

IMPORTANCE OF EARLY SCREENING IN MORTALITY REDUCTION

Throughout the years, there has been a notable improvement in the 5-year survival rate for CRC. It was reported as 50%
in the mid-1970s, compared with 65% from 2012 to 2018 in the United States. This improvement is due to advancements
in clinical practice, imaging technology, infection control, surgical techniques, and cancer treatments. These
advancements have led to enhanced detection, staging, and treatment of CRC over the long term. The stage at diagnosis
remains the crucial factor in determining survival rates. The 5-year relative survival rate reaches up to 91% for stage I
disease, while it drops as low as 14% for stage IV disease with distant metastasis[13]. Recent research showed that
surveillance-compliant patients with polyps (but no cancer) at screening have a long-term CRC risk following
polypectomy similar to that of patients without polyps[2,14]. However, 20%-30% of screen-detected CRCs present with
lymph nodes or distant metastasis, detrimentally affecting prognosis[1,13], highlighting the significance of early
screening and, above all, the necessity of consistent surveillance. In 2021, the United States Preventive Services Task Force
revised their guidelines, lowering the recommended age for CRC screening from 50 to 45 for average-risk individuals
[15]. Starting screening at an earlier age suggests a focus on preventing cancer since there will likely be fewer cases of
CRC in younger individuals, especially those under 50 years old.

SCREENING PROGRAMS AROUND THE WORLD AND BARRIERS

There are currently two prominent screening models worldwide for CRC: Systematic screening and opportunistic
screening. Systematic screening encompasses the entire population in a specific area and necessitates the involvement of
specialized institutions and professionals, along with substantial resources. This type of screening is conducted on a
population-wide scale. Opportunistic screening focuses on individuals who are seeking medical treatment and aims to
screen for specific diseases during their treatment or examination. Many European countries have implemented
systematic screening programs that involve fecal occult blood tests (FOBTs) and subsequent colonoscopy. Studies have
shown that these programs decrease the mortality of colon cancer; however, the participation rate for these protocols
remains low. In addition, these tests often yield a high number of false positive results[16,17]. On the other hand,
opportunistic screening eliminates the need for additional examinations, despite a slightly higher cost. A major limitation
of opportunistic screening is that it only targets individuals who actively seek medical attention or undergo health
examinations, leaving out potential patients who do not seek medical treatment. It is important to note that the screening
process may not be able to reach certain high-risk populations, which can reduce its overall effectiveness. A recent review
article found that organized screening programs have higher rates of participation and lower rates of non-compliance
with follow-up testing after a positive screen compared with opportunistic screening[18]. To successfully implement a
systematic screening program, it is essential to identify suitable screening methods that are accessible to the entire
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population, cost-effective, and culturally accepted by the target population. Monitoring strategies should be implemented
for patients who have tested positive and those who are at higher risk. To date, there is no universally agreed-upon
screening consensus on which method to choose or which program is the most effective. In Europe, a fecal immuno-
chemical test (FIT) is a systematic stool sample screening test. Studies have shown that the rate of CRC detection was
similar when four rounds of FIT were used in alternating years compared with a single flexible sigmoidoscopy and single
colonoscopy. Despite its generally high sensitivity for detecting CRC, FIT may fail to detect approximately one-third of
stage I cases. According to the manufacturer's recommended threshold, FIT showed a sensitivity of 52% for detecting T1
cancers, 79% for T2 tumors, 93% for T3 tumors, and 84% for T4 tumors[19]. Research has shown that the effectiveness of
FIT in detecting tumors in the proximal colon is lower than in the distal colon[20]. Understanding the limitations of the
FIT test is essential when advising patients and ensuring the success of screening programs.

The colonoscopy is the most common method used in areas where opportunistic screening is implemented; however,
the compliance rate is lower compared to other test methods. This is due to multiple barriers, including financial, cultural,
and resource-related factors. Moreover, over the past decade, there has been growing evidence of significant variability in
the proficiency of endoscopists to identify and remove polyps effectively. Patients who undergo colonoscopy performed
by an endoscopist with a high adenoma detection rate have a significantly reduced risk of developing CRC compared to
those examined by an endoscopist with a low detection rate[21,22]. Consequently, in order to establish colonoscopy as a
screening program, it is necessary to implement rigorous quality assurance programs that encompass training,
supervision, and auditing.

Surveillance protocols following polyp removal differ across regions; the United States implements more frequent and
shorter intervals for surveillance, while Europe opts for less surveillance among a smaller population[23]. It is important
to note that existing surveillance recommendations are derived from low-quality evidence relying on surrogate endpoints
like recurrent adenomas and expert opinion.

There is potential for practitioners to enhance the visibility of opportunistic screening programs. This can be achieved
through increased awareness regarding the importance of screening among both patients and physicians. In one study,
81% of patients who tested positive for FOBT were willing to undergo a subsequent colonoscopy after consulting with
physicians and receiving their advice[24]. Currently, the majority of CRC screening efforts are conducted by community
physicians and other primary healthcare personnel, who often have limited expertise and training in the field. Research
indicates that community health providers in the United States frequently rely on patients' preferences when selecting
CRC screening programs, rather than adhering to established national screening guidelines[25]. Thus, dissemination of
knowledge among healthcare professionals regarding the significance of screening, coupled with the establishment of
dedicated organizations tasked with providing guidance and oversight for CRC screening, could potentially facilitate the
implementation and enforcement of screening protocols by clinicians.

BARRIERS AND DISPARITIES OF SCREENING PROGRAM AROUND THE WORLD

The barriers to implementing screening programs are not limited to developing countries, in the United States, multiple
disparities and barriers hinder the availability of fair screening and treatment for various groups, including Black
Americans, American Indians/Alaska Natives, and underserved Americans. The disease disproportionately impacts
these groups. African Americans have a 15% higher likelihood of developing CRC and a 35% higher likelihood of
mortality. A lower proportion of Hispanic Americans undergo CRC screening, with just over 50% of eligible individuals
being screened. Widespread social disapproval, discomfort with screening techniques, lack of trust in healthcare
institutions, and prejudice/discrimination in the healthcare system contribute to these disparities. Individuals from lower
socioeconomic backgrounds, regardless of their racial background, face significantly increased risks of receiving
inadequate treatment and experiencing delays in care. Financial barriers are significant factors that hinder patients from
undergoing screening. Individuals with Medicare and private insurance exhibit a higher likelihood of undergoing
screening (76.3%) compared to those with Medicare alone (68.8%) or Medicare and Medicaid (65.2%)[20]. In the United
States, Section 4104 of the Patient Protection and Affordable Care Act waived previous cost-sharing requirements for
many Medicare-covered preventive services. A study conducted between 2015 and 2023 showed a 20% short-term and
25% long-term increase in the probability of undergoing a mammogram in the four years following the implementation
of the 1997 deductible waiver. The potential efficacy of eliminating cost-sharing as a strategy for enhancing the utilization
of preventive services is worth considering. Medicare beneficiaries faced unexpected financial charges for a significant
period when their screening colonoscopy involved polyp removal categorized as therapeutic. Recent research revealed
that 48.2% of patients with commercial insurance and 77.9% of patients with Medicare coverage shared the cost of CRC
screening[26]. Cost-sharing contributes to disparities in CRC outcomes based on race, ethnicity, and socioeconomic status.
In 2020, the United States Congress took action to address a financial loophole by gradually eliminating coinsurance from
2022 to 2030, potentially enhancing patient access to colonoscopy procedures. The primary obstacle identified in
developing countries is the scarcity of resources to implement comprehensive programs, including limited access to
colonoscopy procedures and a shortage of trained healthcare professionals[27]. In developing countries where CRC
screening methods are established, challenges such as insufficient knowledge about CRC, limitations within the
healthcare system, cultural factors, and sociodemographic disparities persist. To address these issues, we recommend
adopting more personalized approaches. This includes studying existing barriers in specific populations, providing FITs,
offering additional training for healthcare practitioners, and expanding educational campaigns targeting patients,
physicians, and community leaders. This comprehensive strategy aims to improve screening uptake and effectiveness by
addressing both systemic and individual-level barriers.
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THE PREVENTIVE MEASUREMENT CULTURE AND ITS ROLE IN SCREENING ADHERENCE

Despite the proven effectiveness of CRC screening, the level of compliance continues to be relatively low, with rates
varying from 19% in Croatia and the Czech Republic to 69% in the Basque region of Spain[28]. Approximately 35% of the
eligible population in the United States is not currently undergoing screening[29]. In the early 1950s, the Health Belief
Model (HBM) was formulated to comprehend the reasons behind individuals' reluctance to participate in disease
prevention strategies or undergo screening tests for early disease detection. It consists of perceived benefits, perceived
susceptibility, cues to action, self-efficacy, perceived severity, and perceived barriers. HBMs have been extensively
employed in the field of breast cancer screening research. Numerous studies have demonstrated a significant correlation
between adherence to mammography in female populations and various factors, including a heightened perception of
susceptibility to breast cancer, a greater perception of the benefits of screening, reduced barriers to undergoing screening,
and the presence of cues to action such as recommendations from healthcare professionals[30]. A systematic review
article on CRC screening, involving a sample of 21010 participants from 18 different countries, proposed that the HBM
can provide valuable insights into the factors that promote or hinder CRC screening. The review revealed that cues to
action consistently correlated with screening adherence. Notably, the most prevalent cue identified across studies was the
presence of a physician's recommendation to screen, as well as advice from family or friends. Perceived obstacles were
primarily due to limited healthcare accessibility and concerns regarding the financial implications of screening.
Psychosocial factors also exerted a substantial influence, such as feelings of embarrassment associated with undergoing
screening and fear of outcomes[31]. Other well-studied factors contributing to poor patient compliance include lack of
knowledge, fatalism, and low literacy[31].

EMERGING SCREENING TOOLS AND FUTURE TESTS MIGHT BE THE SOLUTION TO CURRENT
BARRIERS

A recently developed multi-target DNA test has been introduced to the market, demonstrating enhanced sensitivity
compared to the FIT test for diagnosing both adenoma and CRC. The United States Food and Drug Administration has
approved this test only for average-risk patients who are asymptomatic and aged 45 years and older. Patients with
ongoing melena or hematochezia, a personal history of colorectal adenoma or inflammatory bowel disease, a family
history of colorectal adenoma in a first-degree relative diagnosed at any age, or heritable cancer syndromes should not be
offered this test[32]. We agree with the authors that the COVID-19 pandemic has presented various obstacles for prompt
CRC screening. These challenges can be effectively addressed by carefully deliberating and engaging in informed conver-
sations with patients regarding all accessible, guideline-endorsed alternatives. Additionally, fostering effective
communication between primary and specialty care providers is crucial to ensure proper follow-up for positive screening
test outcomes. The home-based test is supported by compelling scientific data and increasing practical experience[33].
Other stool-based studies and liquid biopsies analyzing circulating blood DNA have yet to achieve the necessary
sensitivity and specificity standards for effective population-wide screening. Despite this, it is recommended to continue
developing these biomarkers as part of a comprehensive panel that includes serum protein biomarkers. Current research
efforts are focused on identifying screening markers through the analysis of microRNA in feces and blood, as well as the
gut microbiome[34]. The primary objective is to determine the most effective combination of molecular biomarkers to
optimize screening sensitivity and specificity. The development of non-invasive and cost-effective methods for CRC
screening will be crucial in enhancing early detection and improving patient outcomes.

We also agree with the authors regarding the role of Al in enhancing early detection. Using Al in healthcare practice
should promote more preventive measures by tracking and identifying patients at high risk and setting reminders for
both clinical providers and patients. Currently, Al is used in colonoscopy to enhance the identification and character-
ization of polyps, thereby improving patient outcomes[35]. Al models can also serve as a valuable tool for training junior
endoscopists, acting as a 'second observer' during colonoscopy procedures. Al-based applications on mobile devices, such
as the CRC Awareness Application (ColorAppTM), have the potential to enhance community education and engagement
in CRC screening programs[36]. Additionally, the use of Al for reviewing images from second-generation colon capsule
endoscopy shows promise.

CONCLUSION

CRC screening remains an unmet need due to various barriers, including insufficient education among healthcare
providers, patient-related factors, systemic issues, and limitations in current diagnostic methods. Addressing these
challenges is crucial for improving CRC screening rates and outcomes, similar to the success achieved with cervical and
breast cancer screenings. Implementing strategies that enhance provider education, increase patient awareness, and
improve healthcare systems, particularly within the framework of the Health Promotion Model, could significantly
advance CRC early detection efforts. Understanding the biology of CRC is crucial for developing screening methods that
surpass the limitations of current tools. Although liquid biopsy has yet to achieve significant sensitivity and specificity,
ongoing research in this area is highly encouraged to enhance its effectiveness.
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Abstract

This review delved into the intricate relationship between circadian clocks and
physiological processes, emphasizing their critical role in maintaining homeo-
stasis. Orchestrated by interlocked clock genes, the circadian timekeeping system
regulates fundamental processes like the sleep-wake cycle, energy metabolism,
immune function, and cell proliferation. The central oscillator in the hypothalamic
suprachiasmatic nucleus synchronizes with light-dark cycles, while peripheral
tissue clocks are influenced by cues such as feeding times. Circadian disruption,
linked to modern lifestyle factors like night shift work, correlates with adverse
health outcomes, including metabolic syndrome, cardiovascular diseases, infec-
tions, and cancer. We explored the molecular mechanisms of circadian clock genes
and their impact on metabolic disorders and cancer pathogenesis. Specific associ-
ations between circadian disruption and endocrine tumors, spanning breast,
ovarian, testicular, prostate, thyroid, pituitary, and adrenal gland cancers, are
highlighted. Shift work is associated with increased breast cancer risk, with PER
genes influencing tumor progression and drug resistance. CLOCK gene expression
correlates with cisplatin resistance in ovarian cancer, while factors like aging and
intermittent fasting affect prostate cancer. Our review underscored the intricate
interplay between circadian rhythms and cancer, involving the regulation of the
cell cycle, DNA repair, metabolism, immune function, and the tumor microenvir-
onment. We advocated for integrating biological timing into clinical consider-
ations for personalized healthcare, proposing that understanding these connec-
tions could lead to novel therapeutic approaches. Evidence supports circadian
rhythm-focused therapies, particularly chronotherapy, for treating endocrine
tumors. Our review called for further research to uncover detailed connections
between circadian clocks and cancer, providing essential insights for targeted
treatments. We emphasized the importance of public health interventions to
mitigate lifestyle-related circadian disruptions and underscored the critical role of
circadian rhythms in disease mechanisms and therapeutic interventions.
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Core Tip: This review explored the pivotal role of circadian clocks in physiological processes and adverse health outcomes,
including metabolic syndrome and cancer, linked to their disruption. Orchestrated by interlocked CLOCK genes, the
circadian system regulates vital functions, from sleep-wake cycles to immune response. Disruptions, often from night shift
work, correlate with increased risks, notably in endocrine tumors. Molecular insights highlight potential therapeutic vistas,
emphasizing the need for integrating circadian considerations in personalized healthcare. Chronotherapy emerges as a
promising approach for endocrine tumor treatment, urging further research into precise mechanisms and public health
interventions to mitigate lifestyle-related circadian disruptions.
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INTRODUCTION

Circadian clocks are intrinsic oscillators in cells and organisms, coordinating multiple biological processes within an
approximate 24-hour cycle. The circadian timekeeping system comprises a network of clock genes (CGs) interlocked in a
complex of autoregulatory transcriptional-translational feedback loops that generate and synchronize circadian rhythms,
primarily influenced by light-dark cycles[1]. This self-sustained internal system orchestrates fundamental physiological
processes, including the sleep-wake cycle, energy metabolism, immune function, cognitive and physical performance, as
well as cell proliferation and tumorigenesis[2,3]. Additionally, it contributes to the adaptation of organisms to environ-
mental changes, thereby maintaining systematic and tissue homeostasis[3,4].

In mammals, the circadian timing system consists of a central oscillator located in the hypothalamic suprachiasmatic
nucleus (SCN) and various peripheral tissue clocks. The core pacemaker of these intricate rhythms is the SCN, which is
attuned to geophysical time and environmental changes[5]. This synchronization is mediated by light transmitted to the
SCN, primarily via retinal ganglion cells, and subsequently temporal information is conveyed to peripheral tissue clocks,
thereby aligning internal timing with the light-dark cycle[6].

However, it has been proposed that other environmental cues, with feeding times being the most crucial, can also
synchronize peripheral oscillators[7]. Circadian homeostasis among central and peripheral clocks is well documented as
integral to optimal health status and survival. In contrast, there is growing evidence of the detrimental effects of circadian
rhythm disruption due to environmental or behavioral factors, which are often concomitants of modern society. These
factors include night shift work, irregular sleep patterns or meal timing, and exposure to artificial light during the night,
all of which can perturb the harmonious coordination among clocks, leading to aberrant epigenetic modifications and
adverse health outcomes|§,9].

It is worth noting that circadian system dysregulation has been linked to a wide range of adverse health issues, in-
cluding metabolic syndrome, cardiovascular diseases, susceptibility to infections, and even certain types of cancer, high-
lighting the pivotal role of biological clock homeostasis in human health[10]. Given this association, it may be that novel
therapeutic approaches could be considered for neuropsychiatric diseases and cardiometabolic disorders. A growing
body of research into circadian rhythms regarding cancer pathogenesis has shed light on the possible role of chronothera-
peutic interventions[11].

The aim of this narrative review was to summarize our understanding of the critical interplay between circadian
disruption and its clinical implications in a wide array of related diseases. Additionally, we discussed the latest evidence
that connects molecular mechanisms of circadian disruption to tumorigenesis. We aimed in this way to highlight the
importance of integrating biological timing into the clinical setting and the need to consider circadian-based approaches
in personalized health care. Please note that in this review in murine (mouse and rat) gene nomenclature, gene symbols
are typically italicized with only the initial letter capitalized, followed by lowercase letters (e.g., Gfap). Corresponding
protein symbols maintain the same designation as the gene symbol but are not italicized with only the initial letter
capitalized, followed by lowercase letters (e.g., Gfap). In human gene nomenclature, gene symbols are italicized and
presented in all uppercase letters (e.g., TP53). Protein symbols follow the same naming convention as the gene symbols,
except they are not italicized and remain in all uppercase letters, reflecting their human origin (e.g., TP53). mRNAs and
c¢DNAs adopt the same formatting conventions as their respective gene symbols.
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CIRCADIAN CLOCK GENES

The CGs constitute a group of genes identified in mammals that collectively bear the responsibility of maintaining
independent circadian rhythms in every individual cell[12]. To achieve this, CGs form three major transcriptional-transla-
tional feedback loops. The first identified CG, Period (Per), was discovered in Drosophila. In humans, PER encodes the
PER protein, and its mRNA has been demonstrated to oscillate periodically[13,14]. The circadian locomotor output cycles
kaput (Clock) gene, discovered in mice, encodes a regulatory transcriptional protein with a DNA-binding domain, a PAS
dimerization domain, and a Q-rich transactivation domain[15]. While CLOCK mRNA does not exhibit periodic osci-
llation, its cellular localization between the nucleus and cytoplasm varies during the 24-hour cycle[16]. Brain and Muscle
ARNT-Like 1 (BMAL1) protein serves as the binding partner of the CLOCK protein[17] and is the primary functional
component in the BMAL1-CLOCK complex. Cryptochrome (CRY1 and CRY2) genes, found in the SCN, retina, and
ganglion cells[18], exhibit regulatory properties akin to the period genes. CRY1 and CRY2 can form dimers with PER1,
PER2, and PER3, and these complexes have the ability to inhibit the CLOCK-BMALL1 heterodimer[19]. The casein kinase 1
epsilon (CK1e) gene possesses the capacity to phosphorylate PER proteins, leading to their degradation and disrupting
the inhibition of the CLOCK-BMAL1[20].

There are three transcriptional feedback loops governing CGs. The primary loop involves the transcription of CLOCK
and BMALI genes in the cytoplasm of mammalian cells. These proteins form a complex, CLOCK-BMAL1, which
translocates to the nucleus and binds to enhancer box sequences (E-box), thereby regulating transcription[17]. The period
(PER1, PER2, PER3) and cryptochrome (CRY1, CRY2) CGs, when activated by CLOCK-BMALLI, form a PER-CRY protein
dimer that is translocated from the cytoplasm to the nucleus. This complex interacts with CLOCK-BMALI, thereby
halting its transcription in a negative feedback loop[21]. Once the protein levels of PER and CRY have decreased, the
repression ceases, allowing CLOCK-BMALL1 to initiate gene transcription and commence a new oscillatory cycle[22].

The second loop involves the nuclear receptors REV-ERBa, REV-ERBf (REV-ERBs), and the retinoic acid orphan
receptor ROR (RORa, RORB, RORy), which bind to BMALI binding sites[23]. Specifically, REV-ERBs nuclear receptors
repress the transcription of BMALI, in contrast to the RORs, which positively regulate its expression by binding to
retinoic acid receptor-related orphan receptor element (RORE) on the BMALI gene promoter[23].

The third loop involves CLOCK-BMALTL and CRY1, which regulate D-box binding protein (DBP) and interleukin-3
regulated protein (NFIL3). These proteins bind to D-box elements, including RORa and RORf[24]. NFIL3 can also bind to
E-box and repress the transcription of PER2[24]. DBP can bind to the CRY1 promoter, influencing the timing of trans-
cription and playing a role in the PER-CRY negative feedback loop[25]. Figure 1 provides a schematic illustration of the
intricate functions of the mammalian circadian clock.

Regulators of the core circadian CGs include certain genes forming minor transcriptional feedback loops in addition to
the major transcriptional feedback loops. F-box protein 3 and 21 have been identified as degraders of CRY1[26,27].
Neuronal PAS family member 2 (NPAS2) shares homology with the CLOCK gene and is the largest member of the family
[28]. Differentially expressed in chondrocyte (DEC1) and DEC2 inhibit CLOCK-BMALL transactivation by either binding
with BMALLI or E-boxes[29]. Other factors that may intervene in circadian clock rhythms include cAMP signaling,
intracellular calcium flux, and membrane depolarization[30,31]. These factors are crucial for the SCN, potentially forming
positive feedback loops on the central pacemaker of the circadian clock.

Post-translational regulation of the clock proteins includes phosphorylation, O-GlcNAcylation, and acetylation of the
CLOCK-BMALL1 complex. These processes lead to either ubiquitination and degradation of core clock proteins or
inhibition of their destruction, thereby promoting stabilization and a prolonged half-life. This delicate balance is crucial
for maintaining the period of the molecular clock[32,33]. Molecules responsible for the amplitude of the clock period
primarily include casein kinase II, PI3-kinase, and c-Jun N-terminal kinases[34].

CIRCADIAN CLOCK GENES AND METABOLIC DISORDERS

Disruption of circadian rhythms has been increasingly linked to metabolic disorders. Recent guidelines for the mana-
gement of type 2 diabetes mellitus (T2DM) emphasize the importance of adequate sleep[35]. Circadian misalignments
may lead to a notable reduction in muscle insulin sensitivity and an elevated fasting glucose level[36]. Meta-analyses
support the idea that shift workers have a greater risk of T2DM[37] and that abdominal obesity is more prevalent among
shift workers[38]. Moreover, shift work has been linked to a higher risk of metabolic syndrome[39], and permanent night
shift workers tend to have higher levels of total cholesterol and triglycerides and lower levels of high-density lipoprotein
cholesterol[40].

In line with epidemiological studies, there is ample evidence that circadian gene variations are associated with
metabolic disorders. A CLOCK gene single nucleotide polymorphism has been associated with a lower risk of T2DM[41],
while polymorphisms in CLOCK and ARNTL in patients with T2DM have been linked to myocardial infarction[42]. In
recent years, research has focused on interventions that could improve metabolic profiles by influencing circadian
rhythms. Time-restricted eating between 8 am and 2 pm appears to decrease morning fasting glucose and mean daily
glucose levels and affect the expression of circadian CGs, such as BMAL-1, CRY1, CRY2[43]. Furthermore, according to a
recent cross-sectional study, chronotype-aligned exercise has better outcomes in HbAlc, fasting glucose, and lipidemic
profile of individuals with T2DM compared to exercise disregarding chronotype[44]. In addition, a three-meal diet with a
rich carbohydrate breakfast appears to optimize HbAlc, reduce body weight and insulin requirements, and concom-
itantly upregulate the expression of CGs in patients with T2DM compared to a six-meal isocaloric diet[45]. Moreover, a
12-wk warm light exposure can alter the expression of REV-ERBa in shift workers[46], suggesting that light therapy could
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Figure 1 Schematic illustration of the intricate functions of the mammalian circadian clock. Transcriptional-translational feedback loops are
highlighted along with the regulatory mechanisms of the clock, interactions of circadian clock genes with cellular processes and regulation of complex biological
mechanisms. The circadian clock mechanism primarily relies on a core feedback loop (green area) involving the transcription factors BMAL1 and CLOCK. These
factors heterodimerize and bind to the promoters of target genes, such as PER and CRY. The proteins encoded by these genes form complexes that inhibit their own
transcription by interfering with the activity of BMAL1 and CLOCK. A second feedback loop (blue area) features the transcriptional roles of REV-ERB. Ck1 and p53
are involved in phosphorylating PER for degradation. ROR/REV-ERB regulates BMAL1 transcription. The DEC gene contributes to circadian gene regulation. A third
feedback loop (grey area) features the interrelationship between ROR/REV-ERB and DBP/NFIL3. There are additional loops and components that contribute to the
regulation of the circadian clock. PERs can form a complex (not shown) with the ATM kinase and the checkpoint kinase Chk2, thereby influencing DNA repair, cell
cycle arrest, and/or apoptosis. The diagram shows how these circadian components influence critical cellular functions such as cell proliferation and differentiation
and the G2-M transition in cell cycle progression (from the G2 phase to the mitotic phase). Each of these processes is essential for the normal functioning of cells and
organisms. They work together to ensure that cells divide properly, maintain their genetic integrity, differentiate into various cell types as required, and eliminate cells
that are no longer needed or are potentially harmful. Disruptions in any of these processes can lead to serious health issues, including developmental abnormalities,
immune system dysfunction, and various forms of cancer. Dark grey lines: Positive regulation of transcription in a loop. Orange lines: Negative regulation of
transcription. 'CRY1 gene.

be used to rectify circadian disturbances. Based on current data, future research could uncover therapeutic methods for
metabolic disorders based on circadian rhythms.

ROLE OF CIRCADIAN CLOCK GENES IN CANCER

Several studies support the notion that disruption of the circadian clock can lead to oncogenesis through various path-
ways. Interestingly, CGs appear to regulate the expression of the majority (60%-80%) of the proteins of cells. Simultan-
eously, the tumor itself can influence normal circadian function. Mechanisms contributing to oncogenesis include the
disruption of cellular homeostasis, interference with gene expression and DNA repair, as well as alterations in the tumor
microenvironment (TME) and the immune response that favor tumor growth, survival, and metastasis[47-50].

The circadian system and the cell cycle are tightly interconnected. CGs control the transcription of key cell cycle
regulators, gating the initiation of different phases (G1, S, G2, M)[51]. Transcriptional regulation can be facilitated either
through E-boxes in gene promoters (Cyclins A, B1, D1, p53, c-Myc, and Weel)[52,53] or through RORE regions on gene
promoters that are targets of REV-ERBa[54]. For example, C-MYC expression (G0/G1 checkpoint and oncogene) is
negatively regulated by BMAL1- CLOCK/NPAS through its E-box[52,55]. Bmall-Clock controls both cyclin Bl, an
enhancer of G2/M transition, and Weel, an inhibitor[56]. This relationship is bidirectional, as both Per2 and Rev-Erb
transcription is regulated by genes like p53 and other tumor suppressor or cyclin kinase genes[57,58]. Therefore, CG
disruption could contribute to tumorigenesis by interfering with different phases of the cell cycle[49,51].

A normal part of the cell cycle is the process of ensuring that any damage in the DNA are identified and repaired.
Cryptochrome genes seem to be stimulated in states of genotoxic stress, and Cry2-deficient cells have been found to
sustain damaged DNA[59]. CRYs and PER1 interact with the ATR/CHK1,2 signaling pathway involved in repairing
DNA strands destroyed by ionizing radiation[60-62]. An attribute of cancer cells is their infinite replication potential.
Telomerase activity, crucial for maintaining telomere length and preventing reproductive senescence[50], seems to be
associated with CLOCK-BMAL expression[63]. Moreover, the circadian clock controls genes affecting cellular duplication
(Ki-67)[64,65], the MDM-2 oncogene[52,66], cell apoptosis through Bax and Bcl-2[67], invasion and metastasis (MMP9)[68,
69], and angiogenesis (VEGF)[64,70,71].
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Dysregulation of the circadian clock can cause disruption of cellular metabolism. Chronic jet lag may be associated
with the appearance of hepatocellular carcinoma via nonalcoholic fatty liver disease[72]. Increased glycolytic metabolism
(Warburg effect) is crucial for cancer cell nutrition. For example, PI3-kinase/PdK1/AKT and hypoxia-induced factor 1
(HIF-1) pathways, which increase cell glycolysis, are influenced by circadian clock components[73,74].

Furthermore, the circadian clock controls the immune system and maintains homeostasis during inflammation.
Disruption of the circadian clock can lead to immune dysfunction and immunosuppression through interference with
antigen presentation, cell trafficking, and the function of T and B lymphocytes, natural killer cells, and monocytes[75,76].
Disruption of the circadian clock is also associated with chronic inflammation via cytokines, which have both paracrine
and endocrine activity and affect cells locally and in distant tissues[47,48,50,77]. The TME, consisting of many different
cells[78], dysfunctional vessel networks, cytokines, and deleterious intercellular signaling, is affected by CGs. This can be
through the regulation of lymphocyte TME infiltration, impaired vigilance toward cancer cells, as well as the interaction
between CGs and HIFs[71,79]. These processes can contribute to angiogenesis, metastasis, and immune system evasion
[80,81].

Animal studies have shown that mutated CGs may act as tumor suppressors or oncogenes in various tissues[82-85].
These mutations might cause different disorders in different tissues. Genetic and genomic studies have shown that
variations in the transcription of CGs are more common than mutations. Interestingly, it could be cancer cells themselves
that disrupt the circadian clock, enhancing tumorigenesis[50].

Can shift work be solely responsible for the detrimental effects of circadian disruption? Studies have shown that night
shift workers have an increased incidence of breast, prostate, and colorectal cancer[86-88]. Environmental factors such as
light exposure and food consumption are indeed known circadian modulators. However, the effect of nocturnal activity,
be it work or social life, is multifactorial, often mixed with other habits that increase cancer risk, such as alcohol or
tobacco use, junk food consumption, and reduced exercise[89-93]. Some are skeptical of the association between cancer
and the circadian clock, given certain reports of clockless animals that appear to be resistant to certain cancers[94].
Nevertheless, generalizations should be avoided; research should hone on the specific effects of distinct CGs on distinct
forms of cancer and vice versa[94]. More studies that illustrate in detail the connections between the circadian clock and
cancer and enable the design of new treatments are necessary.

CIRCADIAN CLOCKS IN CANCER PATIENTS WITH METABOLIC DISORDERS

An interesting but complex issue to address is the effect of circadian disruption in patients with metabolic disorders on
the development and progression of cancer. In patients with diabetes, circadian clocks and sirtuins (SIRTs) influence
oxidative stress, inflammation, and aging, contributing to organ-specific damages such as those seen in diabetic lung
disease[95]. An imbalance of the circadian clock systems can lead to immune dysregulation and chronic inflammation
that is linked to diabetes and obesity but additionally promotes cancer cell proliferation and invasion as well as evasion of
immune surveillance[96]. Alterations in microbiota that are known to have circadian rhythmicity have been linked to
metabolic disorders and could promote carcinogenesis especially in the colon[97]. Further exploration of the intercon-
nections between metabolically-induced circadian disruption and carcinogenesis is beyond the objective of this review
albeit being an exciting field.

CIRCADIAN DISRUPTION AND CLOCK GENES IN ENDOCRINE TUMORS

Breast cancer

Breast cancer (BC) is the most common cancer in females. According to a systematic review[98], in which the authors
examined the relationship between BC and night shifts among nurses, most studies suggested a relationship between
increased BC risk and cumulative years working in night shifts, particularly with three or more nights per month for at
least 15 years. Furthermore, long-duration shift work is associated with estrogen and progesterone receptor-positive
tumors, especially among young women with intensive shifts (12-h shifts). Night work schedules may shorten telomere
length, a potential contributing factor to BC risk, and are associated with irregular menstrual cycles, which are considered
a risk factor for BC.

The early onset and high mortality of BC are linked to a heterogeneous TME, consisting of various cell types such as
cancer-associated fibroblasts, immune cells, and endothelial cells. Cancer-associated fibroblasts, in particular, contribute
to tumor progression, metastasis, and drug resistance. Circadian CGs can modulate the TME, and their disruption can
impact the biology of breast tissue, causing metabolic disturbances and immune dysfunction and potentially promoting
tumor growth[99]. Additionally, in BC, there is lower expression of PER genes compared to normal breast epithelial cells.
Loss-of-function mutations in PER2 have been linked to higher cancer incidence, especially radiation-induced cancer.
Loss of PER? inhibits programmed cell death, affecting p53 and cell cycle regulation[100]. Single nucleotide polymor-
phism in circadian rhythm genes are associated with altered expression of cell cycle-regulating genes. For example,
NPAS?2 polymorphisms are linked to a higher risk of BC, especially in females[101]. Sirtuin-1 (SIRT1), a histone deace-
tylase, is involved in many cancer cases, and polymorphisms in the SIRT1 gene are considered a risk factor[102]. Circa-
dian genes, through the regulation of estrogens, glucocorticoids, and melatonin, as well as estrogen receptor transcri-
ption, could be involved in BC development[103].
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The role of protein arginine methyltransferase 6 (PRMT6) and poly ADP-ribose polymerase 1 (PARP1) in BC pro-
gression and their involvement in circadian rhythm disruption have been recently examined[104]. PRMT6 binds to
PARP1, leading to the recruitment of the Cullin4B-Ring E3 Ligase (CRL4B) complex. Together, these components
stimulate histone methylation and ubiquitination, which promotes BC progression through the disruption of circadian
rhythm and by repressing key DNA repair genes like PER1 and PER3. PRMT6 and PARP1 have individual roles in DNA
repair by interacting with different proteins[105]. Furthermore, PRMT6 acts as a TP53 transcriptional repressor and a
transcriptional coactivator in different contexts. It enhances BC cell proliferation, invasiveness, metastasis, and epithelial-
mesenchymal transition[106]. PARP1 also interacts with PRMT6 and DDBI1 in the CRL4B complex for transcriptional
regulation. Inhibition of PARP1 enzymatic activity by olaparib disrupts the assembly of the PRMT6/PARP1/CRL4B
complex, impacting circadian clock oscillation. As a result, PRMT6 and PARP1 inhibitors are suggested as potential
treatments to restore natural circadian rhythms and obstruct tumor progression in BC cells with upregulated PRMT6
expression[104].

Ovarian cancer

Ovarian cancer is a common and deadly gynecologic malignancy, and research has shown that disturbances in circadian
rhythms, such as shift work or irregular sleep patterns, might entail an increased risk[107]. Ovaries express circadian
genes, controlling hormones during reproductive cycles, and lower expression of PER1, PER2, CRY2, and CLOCK in
ovarian cancer compared to normal ovaries has been demonstrated[108]. Low expression of both BMALI and CRY1 was
connected with a reduced overall survival rate. In contrast, CRY1, PER3, and BMAL1 showed higher and antiphasic
(opposing) expression in ovarian malignancy.

CLOCK gene expression was linked to cisplatin resistance in ovarian cancer cells, and particularly upregulation of
CLOCK reduced sensitivity to cisplatin. CLOCK knockdown increased the inhibitory effects of cisplatin on cell prolif-
eration and induction of apoptosis[109]. Furthermore, Piwil2 and Pasd1, which are cancer/testis antigens, can interact
with CGs like Bmall or Clock and interfere with circadian rhythms both in normal testis and cancer cells. Moreover, they
negatively regulate the transcriptional activation of clock-controlled genes[110].

Prostate cancer

Prostate cancer (PCa) is a leading cause of cancer-related deaths in males. Studies that included immigrant populations
suggested that environmental, lifestyle, and circadian rhythm disruptions may contribute to PCa formation. Both
exogenous and endogenous factors might contribute to this process. Aging is closely connected to the circadian clock and
changes in the SCN[111]. Sleep patterns, sleep quality, and duration are also factors that may affect PCa risk. Intermittent
fasting and its effect on circadian rhythm regulation might offer protection against carcinogenesis, including PCa[112].
The circadian genes NPAS2, PER1, PER2, and PER3 play roles in controlling DNA damage, cell growth, and cell cycle
regulation. Alterations in these genes can influence PCa risk and growth[113-118].

Chronic inflammation is proposed to be implicated in prostate carcinogenesis, and circadian rhythm disruption may
contribute to the proinflammatory environment in PCa. The downregulation of PER? is associated with the induction of
epithelial-mesenchymal transition, which plays a role in cancer dissemination[119]. Increased melatonin is associated
with protection against PCa progression[120], while inverse relationship of cortisol with the melatonin/cortisol ratio is
linked to PCa emergence and stage[121]. The role of osteoblastic protein kinase D1 (PKD1) in promoting dormancy in
PCa cells has been highlighted[122-124]. The results indicated that osteoblastic PKD1 induced dormancy in co-cultured
PCa cells by activating cAMP responsive element binding protein 1 and increasing growth arrest specific 6 secretion. This
osteoblastic PKD1-induced dormancy also enhanced the expression of core circadian clock molecules in PCa cells, which
was linked to recurrence-free survival in metastatic PCa patients[122].

Thyroid and parathyroid glands

The rapid increase in the detection rate of thyroid cancer (TC) recently has been largely attributed to screening[125]. TC
accounts for 3.4% of all cancers diagnosed annually worldwide[126], and recent data suggest that TC is increasing
globally faster than other malignant lesions[127,128]. Several risk factors for TC have been identified by epidemiological
research, namely female sex, advanced age[129], ionizing radiation[130,131], non-Hispanic white race[132], alterations in
thyroid stimulating hormone (TSH) levels[133,134], obesity[135,136], and last but not least iodine deficiency[137].
However, even though the above-mentioned risk factors have been studied thoroughly, they cannot fully explain the
variation in TC risk.

Growing evidence suggests that the disruption of circadian rhythm is a potential factor in thyroid tumorigenesis[138].
An epidemiological study in post-menopausal non-obese women proposed an association between insomnia and a higher
incidence of TC[139], supporting the role of circadian dysregulation in TC development caused by sleep disorders.
Furthermore, night shift work has been an established circadian disruptor and related to altered TSH plasma levels[140].
Artificial light at night suppresses melatonin, a fundamental regulator of circadian rhythms, causing circadian disruption
[141]. A study in the United States[142] evaluated the hypothesis of a positive association between higher exposure to
light at night and the risk of TC, especially papillary thyroid carcinoma. The same study suggested potential sex
differences with a stronger association observed in females and a higher risk of anaplastic thyroid carcinoma for higher
exposure to artificial light at night.

Based on current evidence, the SCN exerts control over the endocrine system. In humans, thyrotropin-releasing
hormone and TSH show a nocturnal peak around 2 am to 4 am, while free thyroxine 4 has a less prominent circadian
profile. The abovementioned hypothalamic nucleus directs neuronal outputs into the paraventricular hypothalamic
nucleus and may be responsible for the circadian pattern of thyrotropin-releasing hormone[143].
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At the genomic level, alterations in the characteristics of CGs were observed recently[144] in thyroid follicular
malignancies. The cells were in vitro synchronized primary thyrocytes and cells recuperated by tissue biopsies. BMAL1
gene expression was 13-fold upregulated, while CRY2 expression was about 2-fold downregulated in papillary thyroid
carcinoma nodules compared with benign thyroid nodules. In follicular thyroid carcinoma, BMAL1 showed 2-fold
upregulated levels, with CRY2 downregulated equally by 2-fold. It is worth mentioning that upregulated levels of tissue
inhibitor of metalloproteinase 1 were found, in contrast to downregulated levels of growth arrest and DNA damage
inducible gene 153 transcripts in papillary thyroid carcinomas, a finding that was in agreement with previously
published studies[145,146].

The transformation of normal thyroid tissue to nodular thyroid tissue with benign characteristics does not alter the
circadian oscillator function[144]. However, malignant transformation of thyrocytes might implicate a change in circadian
oscillator properties, namely the alteration of PER2 profile, especially in papillary thyroid carcinoma. PER2 can act as a
tumor suppressor and has been found to play a key role by regulating responsive DNA damage pathways[52]. A recent
cohort study evaluated the circadian rhythm genes involved in anaplastic thyroid carcinoma, a rare and extremely
malignant type of endocrine cancer[147]. This work demonstrated that the NPAS2 gene promoted malignant phenotypes
of anaplastic thyroid carcinoma by modulating the cell cycle as well as focal adhesion signals. This finding could be
useful in the development of new therapeutic agents for this challenging type of endocrine cancer.

Dysregulation of various CGs including CRYs, PER1-2-3, REV-ERBs, and ROR a-f-y have been associated with a higher
risk of TC development[101,148]. In addition, increased levels of the circadian clock factor DEC1 have been found to
promote the induction of several cell cycle-related genes, potentially leading to the development of TC[149].

As far as parathyroid tumors are concerned, available data is scarce. In parathyroid adenomas, mRNA of NFIL3, a gene
responsible for repression of PERI and PER2 expression, was downregulated. Moreover, NFIL3 and CRY2 mRNA levels
were following the same pattern of downregulation. It is interesting though that no statistical difference was found
between parathyroid adenomas and parathyroid hyperplasia concerning the core CGs[107]. Nevertheless, the me-
chanisms implicated in the interaction between circadian clock gene abnormalities and malignant transformation of
thyroid tissue remain to be clarified and elucidated by more clinical studies, providing new insights that could contribute
to malignant nodule preoperative diagnosis and new treatment prospects.

Adrenal gland

Adrenal masses are encountered in 2% of the general population, and less than one-third of them are hormone-producing
adenomas[150,151]. Adrenal carcinomas are scarce, with an incidence of 0.5-2.0 cases per million population per year[152,
153]. Adrenal tumorigenesis is currently perceived as a gradual process of transformation from normal tissue to adeno-
matous tissue and consequently to a cancerous lesion[154]. Possible interactions between CGs and adrenal function, as
well as the effect of circadian disruption on the development and progression of adrenal masses, are being investigated.

Cortisol-secreting adenomas

Cortisol-secreting adenomas (CSAs) were found to have reduced expression of PER1, CRY1, and REV-ERB mRNAs
compared with adjacent normal adrenal tissue in humans[155]. The rhythmicity of glucocorticoid secretion is multi-
factorial and complex and has been extensively reviewed previously[156,157]. The various ways by which centrally or
adrenal-expressed CGs regulate glucocorticoid secretion in humans remain to be elucidated.

Studies in mice show that the loss of core CGs like PER1 leads to deranged rhythmicity of glucocorticoid production
[158]. Lack of Perl or Per2 in mice causes higher circulating levels of glucocorticoids[158], whereas the lack of both Per2/
Cry1 leads to the complete loss of the circadian rhythm of both adrenocorticotropic hormone and corticosterone, as well
as other CGs[159]. Conversely, adrenal-specific knockout (KO) of Bmall did not have an effect on basal secretion of
glucocorticoids in mice, but an increased glucocorticoid response to acute stress was observed[160]. Therefore, BMAL1
expressed in the adrenal glands has a local regulatory role.

The effect of circadian disruption on cortisol secretion is another interesting domain. Indicatively, shift work causes a
partial adaptation in cortisol secretion in humans, as demonstrated by Koshy et al[161], who studied police officers after
seven night shifts[161]. This was accompanied by a loss of morning/evening difference in CLOCK gene expression in
both the oral mucosa and peripheral blood cells. Undoubtedly, more evidence is required, taking into consideration that
work-related stress might be an additional driver of glucocorticoid production, independent of circadian rhythm dis-
ruption itself.

Aldosterone-producing adenoma

In human tissues from aldosterone-producing adenomas (APAs), all CGs were found to be upregulated compared to
normal tissue but not with statistical significance[155]. Interestingly, PER1 and BMAL1 were more downregulated in
APAs compared with CSAs[155]. Aldosterone stimulates Per gene transcription in mice[162]. CRY1 was found to be
upregulated in human tissues of APAs, while CRY2 was downregulated[163]. Moreover, treatment with angiotensin II
caused a significant upregulation of CRY1 and downregulation of CRY2. These studies imply that high levels of
circulating aldosterone or angiotensin II are affecting the expression of CGs with consequent circadian disruption but
cannot prove the opposite effect.

Further studies have revealed increased aldosterone levels in male mice, with global Perl KO and kidney-specific Perl
KO on a normal salt diet[164-166]. This was accompanied by altered Na+ handling and non-dipping hypertension after
high-salt and mineralocorticoid treatment. Perl KO also caused an increase in Cry2 expression in the adrenals[165].
Adrenal-specific Bmall ablation in mice also led to changes in diurnal aldosterone levels and Na+ handling by the kidney
[167]. These results would imply that Perl and Bmall regulate the expression of aldosterone, but it is unknown if these

WJCO | https://www.wjgnet.com 824 July 24,2024 | Volume15 | Issue7 |

Jaishideng®



Savvidis C et al. Circadian disruption and endocrine tumors

sex-specific findings could translate similarly into human tissues.

Pheochromocytoma

In the murine adrenal medulla, Bmal, Perl, and Per3 seem to have a distinct circadian rhythm, while other CGs show
weak expression[159]. There is yet no evidence of dysregulated CGs in human pheochromocytoma (PCC) tissues.
However, research on PCCs and genes implicated in their development has revealed an interesting association between
the hypoxia signaling pathway and the circadian clock; BMAL1, CLOCK, and PERIOD are heterodimerizing transcription
factors that belong to the same family ((HLH-PAS) as HIF1a, 18, 2a[168]. It is well known that mutations in CLUSTER 1
and 2 genes in PCC cells lead to stabilized and therefore increased hypoxia-inducible factors. As a result, there is
increased hypoxia signaling in the environment of PCC cells and consequent overexpression of genes that control
apoptosis, cell growth and proliferation, as well as VEGF, which leads to angiogenesis[169-171].

As members of the same family, BMAL1 might form a heterodimer with CLOCK or HIF-1p and HIF-1B a heterodimer
with HIF-a or CLOCK, and they can bind to DNA regions that modulate gene expression of either the circadian or the
hypoxia pathway. This leads to a bidirectional interaction. Animal studies have demonstrated how VEGF expression can
be controlled by Bmall and Per2, causing angiogenesis driven by the circadian pathway[71,79]. Rutter et al[172] described
an association between the redox state within the cell and the binding of CLOCK2-BMALL1 on E-box sites, indicating that
circadian clock disruption can occur in states of oxidative stress[172].

One known clock-controlled gene in PCC cells is Atf5, which was found to be negatively regulated by Clock-Bmall in
PC12 cells[173]. In the absence of Bmal, this gene is overexpressed[174], having a negative effect on neuronal differen-
tiation in PC cells. On this occasion, cell differentiation is disrupted by a clock gene.

Adrenocortical carcinoma

Recent studies on human adrenal tissue proclaim that there are different patterns of clock gene disruption in benign
compared to malignant adrenal tumors. CLOCK, CRY1, and PERI gene expression were amplified in adrenocortical
carcinomas (ACCs) compared to CSAs. On the contrary, BMALI, RORa, and REV-ERB expression were decreased[155].
Differences have been observed between ACC cells and normal tissue: Upregulation of CRY1 and PER1 and downregu-
lation of BMAL1, RORa, and REV-ERB genes in ACC cells were noted[155]. The exact effects of clock gene disruption on
tumorigenesis are not yet known.

Pituitary gland tumors

Pituitary adenomas consist of typically monoclonal cell populations that can be either sporadic or familial. Four to five
percent of pituitary adenomas are associated with clinical syndromes like multiple endocrine neoplasia 1 (Carney
complex) and familial isolated pituitary adenoma, whose diverse genetic profiles are still under investigation[175]. A
recent work has revealed the role of PER2, a key clock gene, in the pathogenesis of pituitary adenomas[176]. In human
tissues obtained from prolactinomas and growth hormone-producing adenomas, the expression of several CGs was
dysregulated compared to controls, with PER2 being consistently overexpressed. This overexpression of PER2 was
confirmed in TSH-producing and adrenocorticotropic hormone-producing adenomas as well as non-functioning pituitary
tumors.

Jet-lagged mice that had been inoculated with GH3 cells exhibited a faster rate of tumor growth that had a time-specific
pattern[176]. The timing of higher cell proliferation was different compared to mice with intact circadian rhythm and
correlated with elevated Per2 expression. In other groups of mice, one with estrogen-induced prolactinomas and one with
xenograft GH3 tumors, KO of Per2 led to slower progression of the tumors as indicated by decreased Ki67 or smaller
tumor mass and volume[176]. Apparently, Per2 plays an important role in cell cycle regulation, as its loss halts cells in the
G2/M phase and negatively affects the number of pituitary cells in mitosis and positively those in apoptosis. More
specifically, Per2 seems to act by upregulating key cell cycle genes (Ccnb2, Cdc20, Espl1) through HIF-1a[176].

Furthermore, a REV-ERBa antagonist administered to mice with GH3 tumors was found to counteract tumor growth
by inhibiting Per2 expression. Interestingly, this agent was injected at a specific time of day that correlated with peak Per2
levels[176]. Patterns of PER2 expression in pituitary adenoma cells that might reflect times of higher cell proliferation
could be useful guides for the timing of pharmacotherapeutic interventions in the future.

Neuroendocrine tumors

The expression of CGs has also been studied recently in gastric neuroendocrine tumors. In human gastric neuroendocrine
tumor cells, CLOCK and BMAL1 were significantly upregulated, and REV-ERB was downregulated compared to normal
tissue. On the contrary, the expression of PER2 and CRY1 was not altered significantly[177].

CLOCK GENES AND CANCER THERAPY

During the last decades, an increasing number of studies have investigated the interaction between circadian clocks and
cancer therapy as well as the clinical utility of chronotherapy, which consists of three approaches[178,179].

The first approach is to promote and preserve an ideal circadian rhythm by entraining the circadian clock using
daytime exposure to LED light[180], administering melatonin (apart from its antiproliferative, antioxidant, and immuno-
logical effects)[181], following intermittent fasting[182], doing exercise at different times of the day[183], or administering
glucocorticoids[184] (the latter can alter the expression of CGs and display time-dependent pharmacokinetics)[185].
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The second approach is to optimize chemotherapy and/or radiotherapy administration to maximize therapeutic
results and reduce adverse effects by selecting a specific dosing time during the day[11,186,187]. This is based on the
time-dependent expression of CGs, which affects the sensitivity of tumors to anticancer drugs[188] as well as the im-
provement of radiotherapy outcomes based on chronomodulation[189].

The third approach is to use small molecules that alter a circadian clock gene and can improve efficacy in combination
with other anticancer treatments[178,179]. Almost all tumors are characterized by a disruption in the expression of CGs
[190], and a number of small molecule modulators have been studied in several types of cancer. Additionally, chemo-
therapeutic agents have been shown to exhibit rhythmic cytotoxic activity. However, there is a lack of data concerning the
use of these molecules and the specific time-of-day administration of chemotherapy in endocrine cancer, and assumptions
can be made about their utility in that field.

Some small molecules have been shown to be effective against certain types of cancer. SR9009 and SR9011 are agonists
of nuclear receptors Rev-Erba/p, which reduce Bmall transcription[179], and appear to be specifically lethal to glioma
cells without affecting normal cells. KL001, a stabilizer of Cry1/2, reduces glioma stem cell proliferation[191]. These
molecules could potentially be useful in endocrine cancers, considering the significant upregulation of BMALI and
downregulation of CRY2 in follicular and papillary TC[144], the synergistic interaction between Bmall and Hif-1a at the
genomic level in PCC[73], as well as the significant increase of Bmall and reduced expression of REV-Erbs in gastric
neuroendocrine cells compared to adjoining enterochromaffin-like tissue[177].

Another small molecule, LYC-55716, a RORy agonist involved in the regulation of circadian rhythms and the immune
system, has been successfully tested in a phase 1 open-label multicenter study in advanced tumors[192]. In addition,
SR8278, a REV-ERB antagonist leading to the downregulation of pituitary expression of Per-2, reduces pituitary tumori-
genesis[176]. Nevertheless, CGs display differential expression in different types of cancer[190]. Therefore, further clinical
studies are required to elucidate the possible effects of chronomodulating small molecules in accordance with the diverse
expression of CGs in cancerous tissues, including endocrine cancer. On the other hand, core clock proteins could be used
as tumor biomarkers[193] or diagnostic preoperative markers[144].

PROGNOSTIC VALUE FOR CIRCADIAN CLOCK GENES IN CANCER DIAGNOSIS

Circadian CGs, particularly the PER gene family, play a crucial role in cancer progression and patient prognosis[194].
Mutations in these genes can affect cell function, metabolism, immunity, and response to treatment, contributing to
varying cancer outcomes[194,195]. Studies have shown that the expression levels of circadian genes are significantly
altered in cancers such as colorectal carcinoma, HER2-positive advanced gastric cancer, BC, pancreatic cancer, and
obesity-related cancers[196-200]. These alterations could serve as biomarkers for cancer prognosis.

In colorectal cancer, the variable expression of circadian genes correlates with tumor progression and patient survival
[197,201,202]. In pancreatic cancer, targeting circadian genes may optimize treatment and improve prognosis[199]. In BC,
disruptions in circadian rhythms and alterations in circadian gene expression have been linked to different BC subtypes,
tumor progression, and response to chemotherapy and radiotherapy[196,203-205]. Notably, lower expression of PER
genes has been correlated with more aggressive tumor phenotypes and poorer survival rates in some cases[194,202],
whereas in adrenocortical carcinoma PER1 expression is enhanced[155] and in pituitary adenomas there is marked
overexpression of Per2[176]. It is evident that different types of tumors display distinct alterations in CGs that could be
associated with prognosis and survival rates. Therefore, there is no single pattern that fits all. Further studies assessing
the expression of circadian genes, including the PER family, can provide valuable prognostic information and guide
personalized treatment strategies.

CONCLUSION

Disruptions in circadian rhythms, often a result of modern lifestyle factors such as shift work, irregular sleep patterns,
and exposure to artificial light, lead to aberrant epigenetic modifications and adverse health outcomes. These disruptions
have been linked to a range of diseases, including metabolic syndrome, cardiovascular diseases, and various types of
cancer, emphasizing the critical role of biological clock homeostasis in human health. Circadian misalignments may lead
to reductions in muscle insulin sensitivity, elevated fasting glucose levels, and an increased risk of T2DM among shift
workers. Moreover, circadian gene variations have been associated with different metabolic disorders, highlighting the
potential for interventions that could influence circadian rhythms to improve metabolic profiles.

The connection between circadian disruption and cancer involves multiple pathways, including interference with gene
expression, DNA repair, and immune response. CGs control key cell cycle regulators and discuss the bidirectional
relationship between the circadian system and the TME, which affects tumor growth, survival, and metastasis. An
association between night shift work and increased BC risk, particularly with long-duration shift work, has been
observed. Table 1 provides a comprehensive overview of how circadian disruption and CGs influence various endocrine
tumors along with the related outcomes and interventions, highlighting the complex interplay between circadian rhythms
and the pathology of endocrine tumors.

The evidence presented supports the potential for circadian rhythm-focused therapies, including chronotherapy, to
treat endocrine tumors. Understanding the rhythmic patterns of drug efficacy and toxicity could optimize treatment
schedules and minimize side effects. We call for further research to elucidate the precise mechanisms through which
circadian genes influence tumor biology. Investigating specific pathways and molecular mechanisms involved can help
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Table 1 The role of circadian disruption and clock genes in different types of endocrine tumors

Endocrine tumor Circadian gene influence Associated findings/interventions

Breast cancer PER genes, PRMT6, PARP1 Night shifts linked to increased risk, PER genes involved in tumor progression,
PRMT6 and PARPI implicated in cancer progression

Ovarian cancer PER1, PER2, CRY2, CLOCK Shift work/irregular patterns linked to risk, gene expression alterations, CLOCK
gene linked to cisplatin resistance

Prostate cancer NPAS2, PER1-3 Environmental/lifestyle factors contribute, aging and sleep patterns, PER2
linked to cancer dissemination, intermittent fasting as a protective factor

Thyroid cancer Various clock genes Disruption as a potential contributing factor, alterations in gene expressions in
follicular malignancies, NPAS2 gene promotes malignant phenotypes

Parathyroid tumors NFIL3, CRY2 Downregulation observed in adenomas, further research needed

Adrenal tumors PER1, BMAL1, CRY1 Altered expression in cortisol-secreting and aldosterone-producing adenomas,
adrenal-specific gene influences, implications in glucocorticoid secretion and
regulation

Pituitary tumors PER2 Overexpression linked to tumor growth, potential timing for pharmacothera-

peutic interventions

Clock genes abbreviations: BMAL1: Basic Helix-Loop-Helix ARNT Like 1; CLOCK: Circadian locomotor output cycles kaput; CRY2: Cryptochrome
Circadian Regulator 2; NFIL3: Nuclear Factor, Interleukin 3 Regulated; NPAS2: Neuronal PAS Domain Protein 2; PARP1: Poly(ADP-Ribose) Polymerase 1;
Per: Period; PER1: Period Circadian Regulator 1; PER2: Period Circadian Regulator 2; PER3: Period Circadian Regulator 3; PRMT6: Protein arginine N-

methyltransferase 6.

identify new therapeutic targets and improve prognostic tools for various cancers. Given the associations between
lifestyle factors like shift work and increased cancer risk, there is a significant opportunity for public health interventions.
The importance of circadian rhythms in human health and disease is critical, and the need to consider the circadian
dimension in understanding disease mechanisms and developing more effective, time-based therapeutic interventions
should be emphasized.
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Abstract

The majority of bladder cancers (BCs) are non-muscle invasive BCs (NMIBCs) and
show the morphology of a conventional urothelial carcinoma (UC). Aberrant
morphology is rare but can be observed. The classification and characterization of
histologic subtypes (HS) in UC in BC have mainly been described in muscle in-
vasive bladder cancer (MIBC). However, the currently used classification is ap-
plied for invasive urothelial neoplasm and therefore, also valid for a subset of
NMIBC. The standard transurethral diagnostic work-up misses the presence of
HS in NMIBC in a considerable percentage of patients and the real prevalence is
not known. HS in NMIBC are associated with an aggressive phenotype. Conse-
quently, clinical guidelines categorize HS of NMIBC as ”(very) high-risk” tumors
and recommend offering radical cystectomy to these patients. Alternative
strategies for bladder preservation can only be offered to highly selected patients
and ideally within clinical trials. Novel treatment strategies and biomarkers have
been established MIBC and NMIBC but have not been comprehensively invest-
igated in the context of HS in NMIBC. Further evaluation prior to implementation
into clinical practice is needed.
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Core Tip: The currently used classification for histologic subtypes (HS) in urothelial
carcinoma has mainly been described in muscle invasive bladder cancer. However, a
subset of non-muscle invasive bladder cancer presents HS, and their presence is
clinically relevant. In this minireview, we discuss the epidemiology, classification,
characterization and the clinical relevance of HS in non-muscle invasive bladder cancer.

835 July 24,2024 | Volume15 | Issue7 |


https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v15.i7.835
mailto:nicolagiudici@gmail.com

Giudici N et al. Histologic subtypes of NMIBC

Citation: Giudici N, Seiler R. Histologic subtypes of non-muscle invasive bladder cancer. World J Clin Oncol 2024; 15(7): 835-839
URL: https://www.wjgnet.com/2218-4333/full/v15/i7/835.htm
DOI: https://dx.doi.org/10.5306/wjco.v15.i7.835

INTRODUCTION

The majority (75%) of bladder cancers (BCs) are non-muscle invasive BCs (NMIBCs) and are confined to the mucosa or
the submucosa. While most NMIBC show the morphology of conventional urothelial carcinoma (UC), aberrant mor-
phology can be observed. These so-called histologic subtypes (HS) were first described in the literature in the 1990s in
small case series. More recently, an increasing interest in the biological and clinical characteristics of HS has emerged. In
the literature, HS are mainly investigated in radical cystectomy (RC) specimens from patients with muscle-invasive
bladder cancer (MIBC). Only for selected specific HS, have aggressive features in NMIBC been identified. However, HS
have raised the interest of scientists, urologists and oncologists due to emerging novel diagnostic and therapeutic options.
The purpose of this mini-review is to summarize the current literature on HS in NMIBC. Further evaluation prior to
implementation into clinical practice is needed.

HS IN NMIBC

Classification

According to the fifth and new edition of the 2022 World Health Organization (WHO) Classification, histologic character-
istics are still considered the gold standard for the classification. Due to the recent considerable advances in un-
derstanding the genomic landscape of UC and definition of intrinsic molecular subtypes, their future potential clinical
impact is acknowledged in the new 2022 WHO Classification. Regarding HS in UC, investigations have mainly been
conducted in MIBC and a separate classification of HS in NMIBC has not been described. However, the classification still
includes the category “invasive urothelial carcinoma”, which includes a subset of NMIBC.

Table 1 indicates the current classification of tumors of the urinary tract. Further categories listed in this table, such as
noninvasive urothelial neoplasms and nonurothelial tumors (metastatic, hematolymphoid, mesenchymal, neuroen-
docrine, and genetic syndrome-related tumors), are not further discussed in this article[1].

The real incidence of HS in NMIBC is unknown and is not comprehensively investigated in the literature. In cys-
tectomy series, pure UC is present in two-thirds of the patients and is the most common histologic entity in BC.
Cystectomy series of patients with NMIBC likely overestimate the incidence of HS because these are associated with more
aggressive tumor characteristics and are more frequently treated with RC[2].

Accuracy of transurethral resection of the bladder tumor in detecting HS

NMIBC is treated by transurethral resection of the bladder tumor (TURBT) to confirm the diagnosis, define tumor
grading, and ideally remove the entire tumor. Pathological evaluation of TURBT specimens has several limitations. In the
context of this article, we are focusing on the diagnostic accuracy and potential limitations of TURBT in evaluating the
presence of HS. Several studies have shown low concordance between the presence of HS in TURBT and RC[3]. By
contrast, other retrospective studies have reported a relatively high rate of detecting HS in TURBT[4]. The reasons for
these conflicting results are likely related to the heterogeneity of patient populations, resection techniques, and patho-
logical work-up.

Another critical aspect is the missed diagnosis of HS in the initial pathological reporting, as shown by Kamat et al[5].
after reviewing specimens of 100 patients with micropapillary NMIBC. This last aspect is not only related to the
experience of the pathologist in uropathology, as interobserver variability between experienced uropathologists is also a
critical issue[6].

In summary, TURBT alone likely misses the presence of HS in NMIBC in a considerable percentage of patients, and a
comprehensive investigation of this clinically relevant issue has not yet been published.

TREATMENT OPTIONS

According to the current American Urological Association and European Association of Urology guidelines, NMIBC with
HS should be considered” (very) high-risk” tumors in the risk stratification for primary UC. This recommendation is
based on the association of HS with more advanced TNM stage, worse outcomes, and increased risk of treatment failure
after bladder-sparing therapy in T1 disease. Moreover, the risk of progression is significantly higher in patients with HS
(16% after 1 year, 40% after 5 years) and therefore, clinical guidelines suggest offering primary RC in these patients[7].
Due to the diagnostic challenges and limitations, and considering the limited data, an assessment of prognostic dif-
ferences among HS in NMIBC cannot be made.
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Table 1 Classification of tumors of the urinary tract

Category Features
Urothelial Invasive urothelial neoplasms: (1) Conventional urothelial carcinoma; (2) Urothelial carcinoma with squamous differentiation; (3)
tumors Urothelial carcinoma with glandular differentiation; (4) Urothelial carcinoma with trophoblastic differentiation; (5) Nested urothelial

carcinoma; (6) Large nested urothelial carcinoma; (7) Tubular and microcystic urothelial carcinomas; (8) Micropapillary urothelial
carcinoma; (9) Lymphoepithelioma-like urothelial carcinoma; (10) Plasmacytoid urothelial carcinoma; (11) Giant cell urothelial
carcinoma; (12) Lipid-rich urothelial carcinoma; (13) Clear cell (glycogen-rich) urothelial carcinoma; (14) Sarcomatoid urothelial
carcinoma; and (15) Poorly differentiated urothelial carcinoma

Noninvasive urothelial neoplasms: (1) Urothelial papilloma; (2) Urothelial papilloma, inverted; (3) Papillary urothelial neoplasm of low
malignant potential; (4) Inverted papillary urothelial neoplasm of low malignant potential; (5) Noninvasive papillary urothelial
carcinoma, low grade; (6) Low-grade papillary urothelial carcinoma with an inverted growth pattern; (7) Noninvasive papillary
urothelial carcinoma, high grade; (8) Noninvasive high-grade papillary urothelial carcinoma with an inverted growth pattern; and (9)
Urothelial carcinoma in situ

Nonurothelial (1) Squamous cell neoplasms of the urinary tract; (2) Glandular neoplasms; (3) Adenocarcinomas; (4) Urachal and diverticular neoplasms;
tumors (5) Urethral neoplasms; and (6) Tumors of Mullerian type

Instillation therapy

In a retrospective series of 44 patients with micropapillary NMIBC treated with bacillus Calmette-Guérin (BCG), 67% of
these patients experienced tumor progression, 22% developed metastasis, and two-thirds ended up with secondary RC
[5]. Another retrospective series of 36 patients with micropapillary NMIBC, 21 of whom underwent primary conservative
therapy (BCG, surveillance, deferred RC), showed a slightly lower tumor progression rate (10%), a similar rate of
metastasis (19%), and a 5-year cancer-specific mortality of 25% (vs 17% in the subcohort undergoing early RC; P = 0.8)[8].
In 2015, Willis et al[9] analyzed 72 patients with micropapillary UC staged as cTINOMO. Of the 40 patients who received
primary BCG therapy, 75% had recurrence, 45% showed progression, and 35% developed metastasis. Five-year disease-
specific survival was 60% (vs 100% in the subgroup with upfront RC; P = 0.006). In 2020, Prado et al[10] reviewed 347
patients with NMIBC (59 with HS, 288 with pure UC) who underwent intravesical treatment with BCG. Surprisingly,
recurrence-free survival was greater in the HS group compared to the pure UC group (62.1% vs 38.0%; P < 0.05). The
authors concluded that a selected subpopulation may be treated with BCG. However, these results were presented as an
abstract in 2020 and a final publication is still pending.

More recently, a systematic review analyzed 16 studies from 2011 to 2020 on NMIBC with HS. According to their
analysis, TURBT and BCG seem to be feasible in NMIBC with squamous and/or glandular differentiation in selected
patients with low tumor burden and without risk factors. For most HS (e.g., micropapillary, sarcomatoid, plasmacytoid,
and nested variant), RC should be considered first-line therapy[11].

Novel treatment options and promising biomarkers

More recently, several novel intravesical treatments and regimens have been discovered and investigated for the
treatment of NMIBC[12-14]. Moreover, systemic treatment with check-point inhibition is being tested with or without
intravesical instillation therapies[15]. None of these investigations and trials have focused on the antitumor activity in
NMIBC with HS. Therefore, these alternative strategies for bladder preservation should only be offered to highly selected
patients and ideally within a clinical trial.

Novel biomarkers such as cell-free circulating tumor DNA (ctDNA) in serum or even urine have been discovered[15,
16]. They are thought to reflect the residual tumor more accurately compared to the current standard of care. This
approach may be promising in some HS that have been associated with specific genomic alterations. For example, the
plasmacytoid variant shows frequent somatic cadherin 1 loss-of-function mutations[17]. Whereas, large nested variant is
fibroblast growth factor receptor 3-mutated[18]. Whether ctDNA allows exploitation of these genomic characteristics in
specific HS and better reflect residual disease or tumor recurrence remains to be shown. However, more accurate
monitoring of the tumor burden and clinical course may allow bladder preservation in such selected situations.

CONCLUSION

The presence of HS is underdiagnosed by TURBT in MIBC, while in NMIBC findings are not consistent. Upfront radical
surgery should be offered to these patients whereas bladder preservation may be performed in selected cases or within
clinical trials. Predictive models like the European Organization for Research and Treatment of Cancer risk tables should
include HS in the future. Novel treatment strategies and biomarkers seem to be promising but require further evaluation
before implementation into daily routine.

FOOTNOTES

Author contributions: Giudici N performed the majority of the writing and prepared the tables; Seiler R provided input and supervision
in writing the paper; Both authors have read and approved the final manuscript.

3%9@) WJCO | https://www.wjgnet.com 837 July 24,2024 | Volume15 | Issue7 |



Giudici N et al. Histologic subtypes of NMIBC

Conflict-of-interest statement: The authors have no conflicts of interest to declare.

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 of origin: Switzerland
ORCID number: Nicola Giudici 0009-0005-9844-1799.
Corresponding Author's Membership in Professional Societies: European Association of Urology.

S-Editor: Gao CC
L-Editor: Filipodia
P-Editor: Zhao YQ

REFERENCES

1 Netto GJ, Amin MB, Berney DM, Compérat EM, Gill AJ, Hartmann A, Menon S, Raspollini MR, Rubin MA, Srigley JR, Hoon Tan P, Tickoo
SK, Tsuzuki T, Turajlic S, Cree I, Moch H. The 2022 World Health Organization Classification of Tumors of the Urinary System and Male
Genital Organs-Part B: Prostate and Urinary Tract Tumors. Eur Urol 2022; 82: 469-482 [PMID: 35965208 DOI:
10.1016/j.eururo.2022.07.002]

Veskimie E, Espinos EL, Bruins HM, Yuan Y, Sylvester R, Kamat AM, Shariat SF, Witjes JA, Compérat EM. What Is the Prognostic and

Clinical Importance of Urothelial and Nonurothelial Histological Variants of Bladder Cancer in Predicting Oncological Outcomes in Patients

with Muscle-invasive and Metastatic Bladder Cancer? A European Association of Urology Muscle Invasive and Metastatic Bladder Cancer

Guidelines Panel Systematic Review. Eur Urol Oncol 2019; 2: 625-642 [PMID: 31601522 DOI: 10.1016/j.u0.2019.09.003]

Cai T, Tiscione D, Verze P, Pomara G, Racioppi M, Nesi G, Barbareschi M, Brausi M, Gacci M, Luciani LG, Liguori G, Gontero P,

Campodonico F, Simonato A, Boddi V, Di Stasi SM, Colombo R, Serretta V, Carmignani G, Malossini G, Altieri V, Carini M, Terrone C,

Bassi P, Montorsi F, Ficarra V, Selli C, Mirone V, Bartoletti R. Concordance and clinical significance of uncommon variants of bladder

urothelial carcinoma in transurethral resection and radical cystectomy specimens. Urology 2014; 84: 1141-1146 [PMID: 25239253 DOIL:

10.1016/j.urology.2014.06.032]

4 Abufaraj M, Shariat SF, Foerster B, Pozo C, Moschini M, D'Andrea D, Mathieu R, Susani M, Czech AK, Karakiewicz PI, Seebacher V.
Accuracy and prognostic value of variant histology and lymphovascular invasion at transurethral resection of bladder. Worid J Urol 2018; 36:
231-240 [PMID: 29127452 DOI: 10.1007/s00345-017-2116-3]

5 Kamat AM, Gee JR, Dinney CP, Grossman HB, Swanson DA, Millikan RE, Detry MA, Robinson TL, Pisters LL. The case for early
cystectomy in the treatment of nonmuscle invasive micropapillary bladder carcinoma. J Urol 2006; 175: 881-885 [PMID: 16469571 DOI:
10.1016/S0022-5347(05)00423-4]

6 Humphrey PA, Moch H, Cubilla AL, Ulbright TM, Reuter VE. The 2016 WHO Classification of Tumours of the Urinary System and Male
Genital Organs-Part B: Prostate and Bladder Tumours. Eur Urol 2016; 70: 106-119 [PMID: 26996659 DOI: 10.1016/j.eururo.2016.02.028]

7 Stroman L, Nair R, Russell B, Malik N, Desai A, Chandra A, Thurairaja R, Dasgupta P, Khan MS, Malde S. The impact of non-urothelial
variant histology on oncological outcomes following radical cystectomy. BJU Int 2019; 124: 418-423 [PMID: 30740862 DOI:
10.1111/bju.14704]

8 Spaliviero M, Dalbagni G, Bochner BH, Poon BY, Huang H, Al-Ahmadie HA, Donahue TF, Taylor JM, Meeks JJ, Sjoberg DD, Donat SM,
Reuter VE, Herr HW. Clinical outcome of patients with T1 micropapillary urothelial carcinoma of the bladder. J Urol 2014; 192: 702-707
[PMID: 24603101 DOI: 10.1016/j.juro.2014.02.2565]

9 Willis DL, Fernandez MI, Dickstein RJ, Parikh S, Shah JB, Pisters LL, Guo CC, Henderson S, Czerniak BA, Grossman HB, Dinney CP,
Kamat AM. Clinical outcomes of ¢T1 micropapillary bladder cancer. J Urol 2015; 193: 1129-1134 [PMID: 25254936 DOI:
10.1016/j.juro0.2014.09.092]

10 Prado K, Greenberg D, Zhang C, Sun A, Skinner E. PD12-10 management of variant histology in non-muscle invasive bladder cancer. J Urol
2020; 203: €263 [DOI: 10.1097/7U.0000000000000846.010]

11 Sanguedolce F, Calo B, Mancini V, Zanelli M, Palicelli A, Zizzo M, Ascani S, Carrieri G, Cormio L. Non-Muscle Invasive Bladder Cancer
with Variant Histology: Biological Features and Clinical Implications. Oncology 2021; 99: 345-358 [PMID: 33735905 DOI:
10.1159/000514759]

12 Boorjian SA, Alemozatfar M, Konety BR, Shore ND, Gomella LG, Kamat AM, Bivalacqua TJ, Montgomery JS, Lerner SP, Busby JE, Poch
M, Crispen PL, Steinberg GD, Schuckman AK, Downs TM, Svatek RS, Mashni J Jr, Lane BR, Guzzo TJ, Bratslavsky G, Karsh LI, Woods
ME, Brown G, Canter D, Luchey A, Lotan Y, Krupski T, Inman BA, Williams MB, Cookson MS, Keegan KA, Andriole GL Jr, Sankin Al,
Boyd A, O'Donnell MA, Sawutz D, Philipson R, Coll R, Narayan VM, Treasure FP, Yla-Herttuala S, Parker NR, Dinney CPN. Intravesical
nadofaragene firadenovec gene therapy for BCG-unresponsive non-muscle-invasive bladder cancer: a single-arm, open-label, repeat-dose
clinical trial. Lancet Oncol 2021;22: 107-117 [PMID: 33253641 DOL: 10.1016/S1470-2045(20)30540-4]

13 McElree IM, Steinberg RL, Martin AC, Richards J, Mott SL, Gellhaus PT, Nepple KG, O'Donnell MA, Packiam VT. Sequential Intravesical
Gemcitabine and Docetaxel for bacillus Calmette-Guérin-Naive High-Risk Nonmuscle-Invasive Bladder Cancer. J Urol 2022; 208: 589-599
[PMID: 35892270 DOI: 10.1097/JU.0000000000002740]

14 Meghani K, Cooley LF, Choy B, Kocherginsky M, Swaminathan S, Munir SS, Svatek RS, Kuzel T, Meeks JJ. First-in-human Intravesical
Delivery of Pembrolizumab Identifies Immune Activation in Bladder Cancer Unresponsive to Bacillus Calmette-Guérin. Eur Urol 2022; 82:
602-610 [PMID: 36008193 DOI: 10.1016/j.eururo.2022.08.004]

o

W

Qﬁg@) WJCO | https://www.wjgnet.com 838 July 24,2024 | Volume15 | Issue7 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0005-9844-1799
http://orcid.org/0009-0005-9844-1799
http://www.ncbi.nlm.nih.gov/pubmed/35965208
https://dx.doi.org/10.1016/j.eururo.2022.07.002
http://www.ncbi.nlm.nih.gov/pubmed/31601522
https://dx.doi.org/10.1016/j.euo.2019.09.003
http://www.ncbi.nlm.nih.gov/pubmed/25239253
https://dx.doi.org/10.1016/j.urology.2014.06.032
http://www.ncbi.nlm.nih.gov/pubmed/29127452
https://dx.doi.org/10.1007/s00345-017-2116-3
http://www.ncbi.nlm.nih.gov/pubmed/16469571
https://dx.doi.org/10.1016/S0022-5347(05)00423-4
http://www.ncbi.nlm.nih.gov/pubmed/26996659
https://dx.doi.org/10.1016/j.eururo.2016.02.028
http://www.ncbi.nlm.nih.gov/pubmed/30740862
https://dx.doi.org/10.1111/bju.14704
http://www.ncbi.nlm.nih.gov/pubmed/24603101
https://dx.doi.org/10.1016/j.juro.2014.02.2565
http://www.ncbi.nlm.nih.gov/pubmed/25254936
https://dx.doi.org/10.1016/j.juro.2014.09.092
https://dx.doi.org/10.1097/JU.0000000000000846.010
http://www.ncbi.nlm.nih.gov/pubmed/33735905
https://dx.doi.org/10.1159/000514759
http://www.ncbi.nlm.nih.gov/pubmed/33253641
https://dx.doi.org/10.1016/S1470-2045(20)30540-4
http://www.ncbi.nlm.nih.gov/pubmed/35892270
https://dx.doi.org/10.1097/JU.0000000000002740
http://www.ncbi.nlm.nih.gov/pubmed/36008193
https://dx.doi.org/10.1016/j.eururo.2022.08.004

)

16

Giudici N et al. Histologic subtypes of NMIBC

Kamat AM, Shore N, Hahn N, Alanee S, Nishiyama H, Shariat S, Nam K, Kapadia E, Frenkl T, Steinberg G. KEYNOTE-676: Phase I1I study
of BCG and pembrolizumab for persistent/recurrent high-risk NMIBC. Future Oncol 2020; 16: 507-516 [PMID: 32162533 DOI:
10.2217/fon-2019-0817]

Christensen E, Birkenkamp-Demtroder K, Sethi H, Shchegrova S, Salari R, Nordentoft I, Wu HT, Knudsen M, Lamy P, Lindskrog SV, Taber
A, Balcioglu M, Vang S, Assaf Z, Sharma S, Tin AS, Srinivasan R, Hafez D, Reinert T, Navarro S, Olson A, Ram R, Dashner S, Rabinowitz
M, Billings P, Sigurjonsson S, Andersen CL, Swenerton R, Aleshin A, Zimmermann B, Agerbak M, Lin CJ, Jensen JB, Dyrskjot L. Early
Detection of Metastatic Relapse and Monitoring of Therapeutic Efficacy by Ultra-Deep Sequencing of Plasma Cell-Free DNA in Patients With
Urothelial Bladder Carcinoma. J Clin Oncol 2019; 37: 1547-1557 [PMID: 31059311 DOI: 10.1200/JC0O.18.02052]

Al-Ahmadie HA, Iyer G, Lee BH, Scott SN, Mehra R, Bagrodia A, Jordan EJ, Gao SP, Ramirez R, Cha EK, Desai NB, Zabor EC, Ostrovnaya
I, Gopalan A, Chen YB, Fine SW, Tickoo SK, Gandhi A, Hreiki J, Viale A, Arcila ME, Dalbagni G, Rosenberg JE, Bochner BH, Bajorin DF,
Berger MF, Reuter VE, Taylor BS, Solit DB. Frequent somatic CDH1 Loss-of-function mutations in plasmacytoid variant bladder cancer. Nat
Genet 2016; 48: 356-358 [PMID: 26901067 DOI: 10.1038/ng.3503]

Weyerer V, Eckstein M, Compérat E, Juette H, Gaisa NT, Allory Y, Stohr R, Wullich B, Rouprét M, Hartmann A, Bertz S. Pure Large Nested
Variant of Urothelial Carcinoma (LNUC) Is the Prototype of an FGFR3 Mutated Aggressive Urothelial Carcinoma with Luminal-Papillary
Phenotype. Cancers (Basel) 2020; 12 [PMID: 32213857 DOI: 10.3390/cancers12030763]

Qﬁg@) WJCO | https://www.wjgnet.com 839 July 24,2024 | Volume15 | Issue7


http://www.ncbi.nlm.nih.gov/pubmed/32162533
https://dx.doi.org/10.2217/fon-2019-0817
http://www.ncbi.nlm.nih.gov/pubmed/31059311
https://dx.doi.org/10.1200/JCO.18.02052
http://www.ncbi.nlm.nih.gov/pubmed/26901067
https://dx.doi.org/10.1038/ng.3503
http://www.ncbi.nlm.nih.gov/pubmed/32213857
https://dx.doi.org/10.3390/cancers12030763

é) ﬁ World Journal of
Clinical Oncology

Submit a Manuscript: https:/ /www.f6publishing.com World ] Clin Oncol 2024 July 24; 15(7): 840-847

DOI: 10.5306/ wjco.v15.i7.840

ISSN 2218-4333 (online)

Retrospective Cohort Study

ORIGINAL ARTICLE

Impact of hyperthermic intraperitoneal chemotherapy on gastric
cancer survival: Peritoneal metastasis and cytology perspectives

Asada Methasate, Thammawat Parakonthun, Thita Intralawan, Chawisa Nampoolsuksan, Jirawat Swangsri

Specialty type: Oncology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade D
Novelty: Grade C

Creativity or Innovation: Grade C
Scientific Significance: Grade C

P-Reviewer: Liu TF, China

Received: March 12, 2024

Revised: May 11, 2024

Accepted: June 3, 2024

Published online: July 24, 2024
Processing time: 125 Days and 14.9
Hours

Asada Methasate, Thammawat Parakonthun, Thita Intralawan, Chawisa Nampoolsuksan, Jirawat
Swangsri, Minimally Invasive Surgery Unit, Department of Surgery, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand

Asada Methasate, Thammawat Parakonthun, Chawisa Nampoolsuksan, Jirawat Swangsri, Upper
Gastrointestinal Cancer Center, Siriraj Hospital Mahidol University, Bangkok 10700, Thailand

Corresponding author: Thammawat Parakonthun, MD, Associate Professor, Minimally Invasive
Surgery Unit, Department of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol
University, 2 Wang Lang Road, Bangkok 10700, Thailand. thammawat.paa@mahidol.edu

Abstract

BACKGROUND

Gastric cancer presenting with peritoneal metastasis is notably associated with
diminished survival prospects. The use of cytoreductive surgery in conjunction
with hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown to
increase survival rates in these patients. Despite these advancements, debates
persist regarding the magnitude of survival improvement attributed to this
treatment modality. The present investigation examined survival outcomes
following HIPEC in individuals diagnosed with gastric cancer and peritoneal
metastasis, and it took a comparative analysis of patients exhibiting positive and
negative cytological findings.

AIM
To compare the impact of HIPEC on survival in gastric cancer patients with pe-
ritoneal metastasis and positive or negative cytology.

METHODS

Between April 2013 and March 2020, 84 patients with advanced gastric cancer
treated at our institution were categorized into three cohorts: HIPEC (20 patients
with peritoneal metastasis), cytology-positive (23 patients without peritoneal
nodules but with positive wash cytology), and cytology-negative (41 patients with
advanced gastric cancer, no peritoneal nodules, and negative wash cytology). The
HIPEC cohort underwent gastrectomy with HIPEC, while the cytology-positive
and cytology-negative groups received gastrectomy alone. The demographic, pat-
hological, and survival data of the groups were compared.
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RESULTS

The HIPEC cohort-predominantly younger females-exhibited relatively extended surgical durations and high
blood loss. Nevertheless, the complication rates were consistent across all three groups. Median survival in the
HIPEC group was 20.00 + 4.89 months, with 1-year, 2-year, and 3-year overall survival rates of 73.90%, 28.70%, and
9.60%, respectively. These figures paralleled the survival rates of the cytology-positive group (52.20% at 1 year,
28.50% at 2 years, and 19.00% at 3 years). Notably, 47% of patients experienced peritoneal recurrence.

CONCLUSION
HIPEC may offer a modest improvement in short-term survival for patients with gastric cancer and peritoneal
metastasis, mirroring the outcomes in cytology-positive patients. However, peritoneal recurrence remained high.

Key Words: Cytoreductive surgery; Gastric cancer; Hyperthermic intraperitoneal chemotherapy; Peritoneal metastasis; Positive
cytology

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This investigation evaluated the survival outcomes of 84 advanced gastric cancer patients from 2013 to 2020.
Among them, the hyperthermic intraperitoneal chemotherapy (HIPEC) cohort, characterized by peritoneal nodules,
underwent longer surgeries and experienced greater blood loss; however, the rate of complications did not significantly
differ among groups. The HIPEC group’s median survival was 20.00 + 4.89 mo, with 1-year, 2-year, and 3-year survival
rates of 73.90%, 28.70%, and 9.60%, respectively. These rates were akin to those of the cytology-positive group. While
HIPEC appears to offer a survival benefit, particularly in the short term, the incidence of peritoneal recurrence remains high.

Citation: Methasate A, Parakonthun T, Intralawan T, Nampoolsuksan C, Swangsri J. Impact of hyperthermic intraperitoneal
chemotherapy on gastric cancer survival: Peritoneal metastasis and cytology perspectives. World J Clin Oncol 2024; 15(7): 840-847
URL: https://www.wjgnet.com/2218-4333/full/v15/i7/840.htm

DOI: https://dx.doi.org/10.5306/wjco.v15.i7.840

INTRODUCTION

Although the global incidence and mortality rates of gastric cancer are declining[1], Thailand is experiencing an increase
in mortality related to this malignancy[2]. This discrepancy may stem from the disease’s advanced stage at the time of
diagnosis within the Thai population, with peritoneal carcinomatosis found in the majority of Thai gastric cancer patients
[3]. Despite being managed by multidisciplinary teams[4], these patients have historically survived for only 3 to 4 months
[5]. Even though systemic chemotherapy offers only marginal benefits, the combination of cytoreductive surgery (CRS)
with hyperthermic intraperitoneal chemotherapy (HIPEC) is recognized as an effective strategy for managing gastric
cancer accompanied by carcinomatosis, demonstrating an acceptable complication profile. Rau’s et al findings[6],
alongside additional research, corroborate the survival advantages conferred by CRS and HIPEC, with some patients
achieving long-term survival[7-9]. However, the extent of survival improvement with this approach remains variable.
Our study endeavored to compare the outcomes of a CRS and HIPEC cohort against those of patients exhibiting positive
cytology who were treated solely with systemic chemotherapy.

MATERIALS AND METHODS
Study design

This research was conducted at the Minimally Invasive Unit, Department of Surgery, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand, from April 2013 to March 2020. Patients diagnosed with gastric cancer mani-
festing either peritoneal carcinomatosis or positive cytology were included. The study population was divided into two
primary groups: those who received CRS with HIPEC (referred to as the “HIPEC group”) and those who underwent D2
gastrectomy followed by postoperative systemic chemotherapy (termed the “cytology-positive group”). Additionally, the
study included a cohort of advanced gastric cancer patients characterized by negative cytology (the “cytology-negative
group”). Patients under the age of 18 years were excluded.

Comprehensive demographic data, including age, sex, operative time, duration of hospital stay, blood loss, instances of
combined resection, and complications, were collected. The following pathological parameters were meticulously
documented: tumor size, histology, anatomical location, margin status, presence of lymphovascular invasion, and
number of lymph nodes retrieved. Tumor staging was performed in accordance with the guidelines in the 8" edition of
the staging manual of the American Joint Committee on Cancer.
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The preoperative evaluation included gastroscopy and abdominal computed tomography scans for all patients.
Diagnostic laparoscopy and wash cytology were uniformly conducted to ascertain the extent of disease spread. In the
absence of discernible gross peritoneal nodules, patients underwent gastrectomy accompanied by D2 lymph node
dissection. For individuals with positive cytology findings, a regimen of postoperative systemic chemotherapy comp-
rising fluoropyrimidines and platinum-based drugs was initiated. When peritoneal nodules were identified during
diagnostic laparoscopy, the treatment approach varied by period: CRS with HIPEC was the choice for patients identified
before 2017, while those diagnosed from 2017 onward received preoperative chemotherapy.

During diagnostic laparoscopy for CRS with HIPEC, the peritoneal cancer index (PCI) was determined following
established protocols[10]. Subsequent to this assessment, gastrectomy with D2 lymph node dissection was performed. In
cases where complete (R0) resection was needed, gastrectomy was accompanied by resection of the adjacent involved
organs. A comprehensive peritonectomy, involving the removal of the entire abdominal peritoneum, was conducted in
every patient to minimize residual disease. After completing the surgical anastomosis, extensive intraperitoneal lavage
was carried out using 10 liters of tepid saline, followed by HIPEC at 42 °C for 60 min, utilizing either 100 mg/m? cisplatin
or 120 mg/m? oxaliplatin. The application of CRS combined with HIPEC was contraindicated in patients who presented
with distant metastases, para-aortic nodal metastases, or a poor preoperative functional state.

Statistical analyses

We performed the statistical analyses using IBM SPSS Statistics, version 29 (IBM Corp, Armonk, NY, United States).
Continuous variables were analyzed by calculating means and standard deviations, whereas categorical variables were
expressed as percentages. When the data deviated from a normal distribution, we utilized medians and interquartile
ranges. We determined differences in means using either Student’s ¢ test or the Mann-Whitney U test, depending on the
parametric nature of the data. Differences among groups were assessed using one-way analysis of variance. The Tukey
test was applied for homogeneity of variances, while the Games-Howell test was employed when variances were
unequal. Categorical variables across groups were compared using the y? test. Survival durations and their curves were
estimated through the Kaplan-Meier method, with intergroup differences evaluated via the log-rank test. All P values
were computed as two-tailed, with the significance threshold set at P < 0.05.

RESULTS

Our study included 84 individuals who were diagnosed with gastric cancer. Specifically, the HIPEC cohort included 20
patients who exhibited peritoneal carcinomatosis. The cytology-positive category comprised 23 participants without
peritoneal nodules but with affirmative wash cytology results. Conversely, the cytology-negative group consisted of 41
patients with advanced gastric cancer who lacked peritoneal nodules and had negative wash cytology findings. The
demographic characteristics are detailed in Table 1. Notably, the mean age within the HIPEC group was significantly
younger (45.10 + 11.34 years) than those in the cytology-positive or cytology-negative cohort. Females predominated in
the HIPEC group, constituting 85% of its demographic data. The surgical duration in the HIPEC group averaged 534.60
112.76 min, and blood loss was 1056.50 + 128.03 mL, with both values notably surpassing those of the other groups. The
frequency of combined organ resections, apart from splenectomy, was greater in the HIPEC group, occurring in 90% of
patients. This group also experienced a 35% rate of complications, which was higher than the rates of the other two
groups, although the differences did not reach statistical significance. The study reported zero mortality.

The HIPEC group exhibited significantly larger tumor sizes than did the cytology-negative group, as detailed in
Table 2. Histological analysis revealed that 70% of patients in the HIPEC group presented with poorly differentiated
adenocarcinoma or signet ring cell adenocarcinoma. Regarding tumor staging, 50% of these patients were at primary
tumor stage IVa, while 30% were at stage IVb. Sixty percent of the patients were classified as having lymph node stage III
disease. In addition, 25% of the patients in the HIPEC group exhibited positive resection margins, indicating the presence
of tumor cells at the cut edge of the removed tissue. Moreover, 80% of patients demonstrated angiolymphatic invasion,
reflecting aggressive tumor behavior. The PCI ranged from 0 to 18, with a median score of 3.0. Complete cytoreduction,
indicating no visible residual disease, was achieved in 95% of the patients (19 individuals) with a complete cytoreduction
score of zero, while a score of one was recorded in 5% of the patients (1 individual).

All patients underwent follow-up for a median of 88 months (range: 1-179 months). The HIPEC group exhibited a
median survival duration of 20.00 + 4.89 months. The 1-year overall survival rate was 73.90%, declining to 28.70% by the
second year and 9.60% by the third year. In comparison, the cytology-positive group had a 1-year survival rate of 52.20%,
which decreased slightly to 28.50% by the second year and increased to 19.00% by the third year. The cytology-negative
group demonstrated more favorable survival rates of 76.70% at 1 year, 50.10% at 2 years, and 38.90% at 3 years. These
survival trends are depicted in Figure 1, which shows that while the survival rate of the HIPEC group aligned with that of
the cytology-positive group, it remained substantially lower than that of the cytology-negative group.

Recurrent disease was observed in 80% (16 of 20) of the patients in the HIPEC group. Specifically, peritoneal recurrence
was noted in 47% of these patients, with 35% presenting with isolated peritoneal carcinomatosis and 12% showing
combined organ and peritoneal metastases. Additionally, 41% of patients experienced distant organ metastasis, and 12%
experienced local or lymph node recurrence (Figure 2).

Univariate analysis of prognostic factors revealed a significant association between the PCI score and survival
outcomes (P = 0.041), underscoring the prognostic relevance of the PCI score in this context.
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Table 1 Comparative demographic characteristics of hyperthermic intraperitoneal chemotherapy, cytology-positive, and cytology-

negative patient groups

Feature Cytology-negative group, n = 41 Cytology-positive group, n = 23 HIPEC group, n=20 P value
Age 59.87 +10.25 63.17 +13.57 4510 +11.34 <0.0001
Sex
Male 23 (56.1) 15 (62.5) 3 (15) 0.002
Female 18 (43.9) 8 (34.8) 17 (85)
Operative time 269.27 + 98.42 326.43 + 135.39 534.60 +112.76 <0.0001
Length of stay 14.88 £7.76 14.69 + 6.48 19.05 +9.63 0.120
Blood loss 437.56 + 69.04 616.09 + 134.64 1056.50 + 128.03 <0.0001

Combined resection (other than splenectomy)

No 37 (90) 18 (78.3) 2 (10) <0.0001
Yes 4(9.8) 5(21.7) 18 (90)

Complication
No 33 (80.5) 17 (73.90) 13 (65.0) 0.419
Yes 8 (19.5) 6 (26.10) 7 (35.0)

Data are n (%). HIPEC: Hyperthermic intraperitoneal chemotherapy.
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0.2 L N
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0 1 2 3 4 5 6 7 8 Survival (years)
No. at risk
HIPEC group 20 8 3 1 0
Cytopositive group 23 14 6 4 3 2 2 2 2

Cytonegative group 41 32 25 17 12 11 11 10 7

Figure 1 Comparative survival analysis of hyperthermic intraperitoneal chemotherapy vs cytology-positive and cytology-negative
groups. HIPEC: Hyperthermic intraperitoneal chemotherapy.

DISCUSSION

Our analysis suggested that CRS combined with HIPEC may enhance short-term survival in patients, with 2-year and 3-
year survival rates of 28.70% and 9.60%, respectively. The median survival duration for individuals in the HIPEC cohort
was 20.00 * 4.89 months, consistent with the findings of Smith et al[11]. Liu’s et al meta-analysis of 21 randomized
controlled trials, encompassing 1674 participants, demonstrated a significantly greater 3-year survival rate in patients
receiving HIPEC than in those who did not[12]. Chia’s et al systematic review also revealed a 5-year survival rate ranging
from 6% to 31% for CRS patients within the HIPEC group[13]. Brandl et al[14] identified 28 long-term survivors with a
median survival exceeding 5 years among 448 patients treated with HIPEC. Despite these encouraging results, our study
did not record any 5-year survivors, suggesting the presence of more advanced peritoneal metastases in our patient
cohort.
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Table 2 Pathological profile comparison among hyperthermic intraperitoneal chemotherapy, cytology-positive, and cytology-negative

groups

Feature Cytology-negative group, n= Cytology-positive group, n= HIPEC group,n= P

41 23 20 value
Size 6.34 £3.40 7.49 £ 3.66 9.13 £4.25 0.025
Histology
Well/moderately differentiated 15 (36.6) 6(26.1) 6 (30.0) 0.670
Poorly differentiated/Signet ring cell adenocar- 26 (63.4) 17 (73.9) 14 (70.0)
cinoma
Location
Upper 19 (46.3) 8 (34.8) 4 (20.0) 0.548
Middle 6 (14.6) 4 (17.4) 6 (30.0)
Distal 11 (26.8) 7 (30.4) 6 (30.0)
Entire 5(12.2) 4 (17.4) 4 (20.0)
pT-stage
Stage I 2(4.9) 0(0) 1(5.0) 0.154
Stage II 6 (14.6) 2(8.7) 0(0)
Stage I1I 13 (31.7) 3 (13.0) 3 (15)
Stage [Va 16 (39) 14 (60.9) 10 (50)
Stage IVb 4(9.8) 4 (17.4) 6 (30)
pN-stage
Stage 0 8 (19.5) 1(4.3) 2 (10) 0.132
Stage I 8 (19.5) 4 (17.4) 2 (10)
Stage II 6 (14.6) 2(8.7) 4 (20)
Stage Illa 12 (29.3) 6 (26.1) 2 (10)
Stage IIIb 7 (17.1) 10 (43.5) 10 (50)
Margin
Negative 36 (87.8) 20 (87) 15 (75) 0.401
Positive 5(12.2) 3 (13) 5 (25)
Angiolymphatic invasion
Negative 19 (46.3) 5(21.7) 4 (20) 0.047
Positive 22 (53.7) 18 (78.3) 16 (80)
Lymph node retrieval 34.20+15.17 36.74 +14.88 39.50 +15.74 0.436

Data are n (%). HIPEC: Hyperthermic intraperitoneal chemotherapy.

Gastric cancer patients with positive cytology typically have poor prognoses[15]. Individuals with positive cytology
generally exhibit superior survival rates to those with visible peritoneal metastases[16]. Mezhir et al[17] reported that
cytology-positive patients achieved a considerably longer median survival (1.5 years) than patients with macroscopic
peritoneal nodules (0.8 years). A study by Jamel ef al[18] corroborated these findings, demonstrating enhanced survival in
cytology-positive patients compared with patients with palpable nodules. In our analysis, HIPEC treatment elevated
survival rates for patients with macroscopic nodules to levels comparable to those observed in cytology-positive patients.
To the best of our knowledge, this is the first study to present survival data of such a nature. Further research is
imperative to discern whether the observed survival benefits stem from HIPEC treatment itself or from concomitant
peritonectomy performed during CRS.

The HIPEC group experienced a complication rate of 35%, which, while higher than that of the non-HIPEC group, did
not reach statistical significance. This finding aligns with prior research confirming the acceptable safety profile of the
HIPEC procedure. A meta-analysis by Patel ef al[19] encompassing 10 randomized controlled trials concluded that HIPEC
does not increase complication rates. Similarly, Marano et al[20] reported a complication rate of 29.7% among 91 HIPEC-
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Figure 2 Recurrence patterns post-gastrectomy with and without hyperthermic intraperitoneal chemotherapy adjunct.

treated patients, and Merboth noted a rate of 26.7%[21], further supporting the relative safety of the procedure. Notably,
our study recorded no mortality. Comprehensive peritonectomy was performed in all patients, with a high rate of
combined organ resection of 90%. These outcomes suggest that CRS with HIPEC can be safely conducted, provided that
patients are carefully selected for the procedure.

The application of CRS and HIPEC for treating gastric cancer involves various techniques and remains controversial
[22]. Given the prevalent advanced stage of gastric cancer in our region, we opted for total peritonectomy, which, when
combined with gastrectomy in patients with peritoneal metastasis, has been shown to be beneficial[23]. Nevertheless, the
precise role and scope of peritonectomy within the HIPEC protocol for gastric cancer remain to be explored. Our ins-
titution employs an open technique utilizing a cisplatin-based chemotherapy regimen for HIPEC, aligning with findings
that underscore the efficacy of cisplatin in such treatments[24]. Although we did not establish a PCI threshold for deter-
mining resectability, the median PCI observed in our cohort was 3.0. This value is consistent with recommendations for
HIPEC in cases where the PCI is low (< 6)[25], as higher PClIs often correlate with widespread mesenteric nodules that
preclude the possibility of achieving complete (R0) resection. Our findings from a multivariate analysis of pathological
factors identified the PCI as the only significant predictor of patient survival, thus highlighting its critical role in selecting
suitable candidates for HIPEC.

Previous studies have indicated the efficacy of HIPEC in reducing peritoneal recurrence rates[26]. However, our fin-
dings show a high overall recurrence rate of 80%, with the peritoneum being the predominant site of recurrence (47%).
These results align with the observations by Yu et al[27], which noted a decrease in recurrence from 40.3% to 20.9% with
HIPEC, yet peritoneal recurrence remained the most common. These outcomes suggest that HIPEC, while beneficial, may
not be sufficient as a standalone intervention for controlling peritoneal cancer cell dissemination.

Other modalities aimed at eradicating intraperitoneal cancer cells should be considered. Pressurized intraperitoneal
aerosol chemotherapy could produce high intraperitoneal concentrations of chemotherapeutic drugs with low systemic
absorption, leading to observed regression of peritoneal metastasis[28]. Meta-analyses have also demonstrated tumor
regression, albeit with some heterogeneity across studies[29]. Intraperitoneal chemotherapy, when used in combination
with systemic chemotherapy, has shown improved survival rates in patients who underwent surgery after responding to
treatment[30]. A combination of these modalities, along with standardization of the HIPEC procedure itself, can help
reduce the tumor burden in the peritoneal cavity, thereby lowering the risk of peritoneal recurrence.

CONCLUSION

This study demonstrated that HIPEC can enhance survival rates for patients with gastric cancer and peritoneal
metastasis. However, given the advanced stage of the disease at presentation, long-term survival remains elusive for most
patients. Although the survival outcomes observed in the HIPEC cohort were comparable to those in the cytology-
positive cohort, the difference in the peritoneal recurrence rate continued to be significant.
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Abstract

BACKGROUND

Poly (ADP-ribose) polymerase inhibitors (PARPis) are approved as first-line
therapies for breast cancer gene (BRCA)-positive, human epidermal growth factor
receptor 2-negative locally advanced or metastatic breast cancer. They are also
effective for new and recurrent ovarian cancers that are BRCA- or homologous
recombination deficiency (HRD)-positive. However, data on these mutations and
PARPi use in the Middle East are limited.

AIM
To assess BRCA/HRD prevalence and PARPi use in patients in the Middle East
with breast/ovarian cancer.

METHODS
This was a single-center retrospective study of 57 of 472 breast cancer patients
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tested for BRCA mutations, and 25 of 65 ovarian cancer patients tested for HRD. These adult patients participated
in at least four visits to the oncology service at our center between August 2021 and May 2023. Data were
summarized using descriptive statistics and compared using counts and percentages. Response to treatment was
assessed using Response Evaluation Criteria in Solid Tumors criteria.

RESULTS

Among the 472 breast cancer patients, 12.1% underwent BRCA testing, and 38.5% of 65 ovarian cancer patients
received HRD testing. Pathogenic mutations were found in 25.6% of the tested patients: 26.3% breast cancers had
germline BRCA (gBRCA) mutations and 24.0% ovarian cancers showed HRD. Notably, 40.0% of gBRCA-positive
breast cancers and 66.0% of HRD-positive ovarian cancers were Middle Eastern and Asian patients, respectively.
PARPi treatment was used in 5 (33.3%) gBRCA-positive breast cancer patients as first-line therapy (n = 1; 7-months
progression-free), for maintenance (n = 2; > 15-months progression-free), or at later stages due to compliance issues
(n = 2). Four patients (66.6%) with HRD-positive ovarian cancer received PARPi and all remained progression-free.

CONCLUSION
Lower testing rates but higher BRCA mutations in breast cancer were found. Ethnicity reflected United Arab
Emirates demographics, with breast cancer in Middle Eastern and ovarian cancer in Asian patients.

Key Words: Homologous recombination repair; BRCA1; BRCA2; Homologous recombination deficiency; Ovarian cancer;
Breast cancer; Poly (ADP-ribose) polymerase inhibitors; Olaparib; DNA double-strand breaks

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Following National Comprehensive Cancer Network guidelines, breast cancer patients were tested for BRCAI/2
mutations, while ovarian cancer patients underwent homologous recombination defect testing. These mutations can be
targeted with poly (ADP-ribose) polymerase inhibitor (PARPi) therapy, a form of precision medicine. In this single-center
study, we analyzed the proportion of breast and ovarian cancer patients tested for mutations, demographics and disease
characteristics of tested patients, and PARPi therapy outcomes. This first-of-its-kind study in the Middle East offers insights
into targeted therapy use, contributing to knowledge on PARPis for breast and ovarian cancers.
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INTRODUCTION

Poly (ADP-ribose) polymerase (PARP) is a protein responsible for fixing single-stranded breaks. Proteins translated from
other pathways, such as homologous recombination repair (HRR) genes, repair the double-strand breaks (DSBs) in DNA
and help to maintain genomic stability[1]. BRCA1/2 are the most identifiable and actionable genes of the HRR pathway.
There is an increased risk of breast (45%-72%) and ovarian (39%-44%) cancers in patients or carriers with BRCA1 and/or
BRCA?2 pathogenic variants compared to the general population[2]. PARP inhibition using drugs called PARP inhibitors
(PARPis) leads single-stranded breaks to become DSBs. While normal cells can repair the DSBs because of a normal HRR
pathway, cancer cells with these genes mutated cannot repair DSBs, leading to the accumulation of defects and selective
cancer cell death.

Breast cancer

The prevalence of BRCA mutations ranges widely from 1.8% to 36.9%, depending on whether the tested subjects were
selected and the country from which they were reported[3,4]. Nearly 20% of BRCA mutated breast cancers are triple-
negative breast cancer (TNBC) and have a bad prognosis[5,6]. TNBC with these mutations occur at a younger age, are
high grade and highly aggressive, have a worse prognosis, and respond well to platinum-based chemotherapy with or
without PARPI[7]. Patients with or carriers of these mutations have higher chances of a second cancer in the opposite
breast, ovary, pancreas, and prostate[8]. Olaparib is a PARPi approved for locally advanced or metastatic human
epidermal growth factor receptor 2 (HER2)-negative breast cancer[9,10].

Ovarian cancer
The homologous recombination deficiency (HRD) test, which not only tests mutations of HRR pathway genes but also
overall deficiency in this pathway, is preferred in ovarian cancer[11]. Ovarian cancers with HRD tend to occur at a young

WJCO | https://www.wjgnet.com 849 July 24,2024 | Volume15 | Issue7 |

Jaishideng®


https://www.wjgnet.com/2218-4333/full/v15/i7/848.htm
https://dx.doi.org/10.5306/wjco.v15.i7.848

Syed N et al. BRCA testing, prevalence and PARPi use

age, have a higher incidence of high-grade serous ovarian cancer (HGSOC), and respond well to standard platinum-based
chemotherapy and PARPIi[12-14]. Olaparib is approved as maintenance therapy after primary chemotherapy in germline
BRCA (gBRCA) or somatic BRCA mutated patients who achieved complete response (CR) or stable disease (SD). Along
with olaparib, niraparib and rucaparib are approved for recurrent ovarian cancer, but the specific indications depend on
the BRCA or HRD status (SOLO-1, NOVA and ARIEL3) trials[14-16]. Moreover, the field of PARPi use in ovarian cancer
is rapidly evolving, and new indications are emerging.

According to 2018 World Health Organization cancer statistics for the United Arab Emirates (UAE), breast cancer was
the most common malignancy, accounting for 22.4% of diagnoses[17]. Studies in Gulf countries like UAE, Oman, and
Kuwait have reported a 2%-8% prevalence of BRCA1/BRCAZ2 somatic variants in ovarian cancer[18]. Additionally, the
prevalence of gBRCA mutations was found to be 10.2% in breast cancer and 30.7% in ovarian cancer in the region[19].

The aim of this study was to uncover the prevalence of gBRCA mutations in breast cancer and HRD in ovarian cancer.
Beyond mere prevalence, the study compared the characteristics of patients with and without these pathogenic mutations
within the tested breast and ovarian cancer groups. Finally, to assess the potential treatment implications of these
findings, the study reported the proportion of patients who received PARPi therapy and their response to this targeted
treatment. This study not only seeks to illuminate the selected DSB repair gene mutations in the region but also pave the
way for understanding targeted treatment strategies.

MATERIALS AND METHODS
Study design

This single-center, retrospective study delves into the genetics of breast and ovarian cancer patients tested from August
2021 to May 2023 (22 months).

Genetic testing

Genetic susceptibility testing adhered to current clinical practice: BRCA1/2 analysis for breast cancer and full HRD
assessment (including gene mutations and functional testing of HRR pathway) for ovarian cancer. We tested for these
through ISO 15189-certified labs (Invitae, Genotypos, and Myriad) due to in-house limitations.

Patients
All patients were at least 18-years-old and participated in four or more clinic visits within the study period to ensure
sufficient clinical workup for the included cancers.

National Comprehensive Cancer Network criteria

Our analysis focused on the 82 patients who underwent BRCA or HRD testing. Resource limitations prevented us from
definitively determining testing rates across the entire patient population (including the 455 patients who were not
tested). Detailed National Comprehensive Cancer Network criteria were reported only in tested cancer patients (breast
cancer: young age, family history of cancer, TNBC, advanced HER2-negative breast cancer and history of first primary
cancer; ovarian cancer: all epithelial histological types and recurrent cancers).

Data collection

Prior ethics approval was secured. Data on demographics, diagnoses, mutations, treatment response (Response
Evaluation Criteria in Solid Tumors criteria), disease-free interval, progression-free interval, and other clinical details
were sourced from electronic medical records and oncologist/radiology reports.

Statistical analyses

We employed descriptive statistics (e.g., central tendency, dispersion, frequency distributions) and compared percentages
to identify patterns, trends, and group differences using Datatab software[20]. The sample size calculation was not
determined, as the objective of this study was descriptive. Similarly, statistical methods for hypothesis testing were not
employed due to the descriptive nature of the analysis.

RESULTS

Proportion of breast and ovarian cancer patients tested

Of the 472 breast cancer patients, 12.1% (n = 57) received BRCA testing, and 38.5% (n = 25) of the 65 ovarian cancer
patients underwent HRD testing. The distribution of ethnicity differed between the two cancer groups. UAE nationals
were the largest ethnic group among breast cancer patients (45.3% or 214), followed by Middle Eastern (25.0%, 118/472),
Asian (16.7%, 79/472), and African (10.4%, 49/472). Similarly, UAE nationals were the predominant group for ovarian
cancer patients (33.8%, 22/65), followed by Asian (29.2%, 19/65), Middle Eastern (24.6%, 16/65), and African (7.6%, 5/
65).
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Mutation status and testing criteria

Among the 82 patients who underwent testing, 21 (25.6%) had pathogenic mutations identified. Among the tested breast
cancer patients, testing criteria were as follows: 68.4% (39/57 patients) were young (age < 50 years), 15.8% (9/57 patients)
had a family history of cancer, 7.0% (4/57 patients) had a history of recurrence or another primary cancer, and 8.8% (5/57
patients) had TNBC. All 25 tested ovarian cancer patients had single or mixed epithelial histology. PARPis were utilized
in 42.8% of the patients with pathogenic mutations.

Breast cancer: BRCA mutation analysis and patient characteristics

Among the 57 breast cancer cases tested for gBRCA mutations, 15 (26.3%) harbored pathogenic mutations. Of these, 10
(17.7%) involved gBRCA1 mutations, while the remaining 5 (8.7%) were associated with gBRCA2 as shown in Figure 1.
Four cases had BRCA?2 variants of unknown significance (VUS). The median age at time of diagnosis was 42.1 years in the
BRCA mutated group vs 45.3 years in the non-mutated group. Patients from the Middle East, excluding UAE nationals,
were the highest in both groups. UAE national patients were the second highest (33.3%) in the mutated group and the
third (19%) in the non-mutated group, as shown in Figure 2. Family history of cancer (53.3% in the mutated group vs
38.1% in the non-mutated group) and a history of a first-degree relative having cancer (53.3% in the mutated group vs
21.3% in the non-mutated group) were more prevalent in the mutated group. Additionally, Eastern Cooperative
Oncology Group performance status (ECOG PS) was distributed differently between the groups, with 86.7% of mutated
patients and 95.2% of non-mutated patients having a score of 0, while 13.3% and 4.8% had a score of 1, respectively. The
mutated group also showed a higher median grade of breast cancer (3 vs 2). Both groups were similar in cancer staging,
wherein stage 2 was most common followed by stages 3 and 4. Both groups had invasive ductal carcinoma as the most
common histological type (80% in the mutated group vs 83.3% in the non-mutated group), followed by invasive lobular
carcinoma (6.6% vs 9.5%). The distribution of molecular subtypes also differed slightly, namely TNBC (20% vs 19%),
hormone-positive (HR+)/HER2-negative (40% vs 35.7%), and HR+/HER2-positive (20% vs 14.3%), as detailed in Table 1.

Notably, the response rates to chemotherapy were similar between the groups, with CR being 40% in the mutated
group vs 45.2% in the non-mutated group, SD being 40% in the mutated group vs 19% in the non-mutated group, partial
response (PR) being 0% in the mutated group vs 7.2% in the non-mutated group, and progressive disease being 20% in
the mutated group vs 28.6% in the non-mutated group, as shown in Figure 3.

Within the mutated group (n = 15), 5 patients (33.3%) received PARPi. Of these, 1 patient with advanced disease
received PARP] as first-line therapy and progressed after 7 months, the other patient with advanced disease presented to
us after progression on ribociclib plus letrazole and could receive PARPi for 5 months only. The other 3 patients received
PARPiI after adjuvant or neoadjuvant chemotherapy and 2 achieved CR to chemotherapy and were disease-free for more
than 15 months on olaparib. Unfortunately, 1 patient progressed on two lines of chemotherapy and could take PARPi for
40 days only. Detailed outcomes are presented in Table 2.

Ovarian cancer: HRD analysis and patient characteristics

Among the 25 ovarian cancer cases, 6 (24.0%) harbored HRD, comprising 2 (8.0%) somatic BRCA1 and 1 (4.0%) somatic
BRCA2. The remaining 19 (76.0%) cases were HRD-negative, as shown in Figure 1. The median age at time of diagnosis
was slightly higher in the mutated group (56.5 years) compared to the non-mutated group (52.5 years). In terms of
ethnicity, Asians formed the majority of the mutated group at 66.6%, followed by UAE nationals and patients from other
Middle Eastern countries, both at 16.7% each. The non-mutated group displayed a different distribution, with Asians
comprising 36.8%, followed by Middle Easterners at 31.6%, UAE nationals at 21%, and Africans at 10.6%, as detailed in
Figure 2. The mutated group reported no such history, whereas 26.3% of the non-mutated group had a positive family
history. Both groups were predominantly composed of patients with good PS (ECOG 0: 83.3% vs 89.4%). Serous
adenocarcinoma was the most prevalent histological type in both groups (83.3% in the mutated and 47.3% in the non-
mutated), followed by mixed type (0% and 26.3%, respectively). Notably, the majority in both groups presented with
advanced-stage (stages 3 and 4) and high-grade (grade 4) ovarian cancer. Additionally, most patients in the mutated
group underwent interval debulking surgery (66.7% and 26.4%, respectively), as detailed in Table 3.

Overall treatment response to chemotherapy was more favorable in the mutated group, with a 50% CR rate compared
to 15.7% in the non-mutated group. SD was also achieved by 16.7% of mutated patients vs 42.1% of non-mutated patients,
while progressive disease rates were lower in the mutated group (16.7%) compared to the non-mutated group (31.6%) as
shown in Figure 3. Among the patients with mutated ovarian cancer who received maintenance PARPj, 3 (75%) achieved
disease-free status, while the remaining patient (25%) showed no evidence of disease progression. Notably, all patients
remained on PARPi at study completion, as shown in Table 2. No deaths were reported in the mutated group, compared
to 10.5% (2 patients) in the non-mutated group, as shown in Figure 3.

Recurrence or first primary malignancies

Among the 82 patients who underwent testing, 12 (14.6%) had a history of cancer. Notably, 4 (33.3%) of these patients
harbored gBRCA- or HRD-positive mutations, while the remaining 8 (66.6%) had no identifiable mutations. Within the
gBRCA group, 2 (16.7%) had recurrence of breast cancer, and in the HRD-positive group, 1 (16.7%) had recurrence of
ovarian cancer. Additionally, 1 HRD-positive ovarian cancer patient had a history of another first primary, thyroid
cancer. Among the unmutated group, 4 (50%) had recurrence of breast cancer, 1 (12.5%) had recurrent ovarian cancer,
and 3 (37.5%) had different first primary cancer.
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Table 1 Demographics and clinical characteristics of germline BRCA-positive and BRCA-negative breast cancer

gBRCA' Positive Negative
Total, n (%) 15 (26.3) 42 (73.7)
Age in yr at diagnosis, mean + SD 421+11 453 +8.7
Positive family history, n (%) 8 (53.3) 16 (38.1)
First-degree relative, n (%) 8 (53.3) 9(21.3)
Non-first-degree relatives, n (%) 4 (26.6) 11 (26.1)
H/o IVF & Rx, n (%) 0 0
H/ o0 hormone Rx, 1 (%) 1 (6.6) 4(9.5)
ECOG PS at diagnosis, 1 (%)

0 13 (86.7) 40 (95.2)

1 2(123) 2(4.8)
Histology at diagnosis, 7 (%)

Invasive ductal carcinoma 12 (80) 35 (83.3)

Invasive lobular carcinoma 1(6.6) 4(9.5)
Grade at diagnosis, mean + SD 3+0.6 2+0.7
Stage at diagnosis, 1 (%)

1 1 (6.6) 0

2 7 (46.6) 21 (50)

3 4 (26.6) 13 (31)

4 3 (20) 8 (19)
Categories’, 1 (%)

HER2-positive 4 (26.6) 12 (28.7)

Triple-negative 3 (20) 8 (19.0)

HR-positive and HER2-negative 6 (40) 15 (35.7)

HR-positive and HER2-positive 3 (20) 6 (14.3)

'Includes BRCAT and BRCA2.

2Eastern Cooperative Oncology Group Performance Status.

3Categories of breast cancer having prognostic significance.

ECOG PS: Eastern Cooperative Oncology Group Performance Status; HER2: Human epidermal growth factor receptor 2; HR: Homologous recombination;

IVF: In vitro fertilization; Rx: Medical prescription.

DISCUSSION

Our study, the first of its kind in the Middle East, investigated the genetic testing rates in cancer patients, prevalence of
gBRCA mutations in tested breast cancer patients and HRD in tested ovarian cancer patients. We further compared the
demographics, disease characteristics, and response to chemotherapy of these cancers with and without these mutations.
Additionally, we analyzed the proportion of patients receiving PARPi therapy and their respective response outcomes.
Notably, our cohort comprised 82 tested patients of 537 and 21 (25.6%) harbored pathogenic mutations, exceeding the
previously reported rate[21]. Interestingly, 9 (11%) patients carried VUS, falling within the lower range of reported

frequencies (0%-44%)[22]. These findings reflect the well-established role of BRCA and other HRR genes in these cancers
(2]

BRCA/HRD testing rates were 12% (57 of 472 patients) for breast cancer and 38.4% (25 of 65 patients) for ovarian
cancer. These rates are modestly lower than the figures of 14.2% and 43% reported elsewhere respectively[23,24].
However, it is important to acknowledge limitations in our data. Due to limited resources, we lacked information on the
eligibility criteria for the untested patients (n = 455). This absence makes it challenging to determine the exact proportion
of eligible patients who may not have received testing.

Breast cancer
The prevalence of pathogenic gBRCA mutations in breast cancer patients tested in our study was 26.3%, more than two
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Table 2 Clinical outcomes of poly (ADP-ribose) polymerase inhibitor therapy in BRCA gene-positive breast cancer and homologous

recombination deficiency-positive ovarian cancer patients

. Response change to . . PARPi status at end of
Cancer type Patient Stage P . g Duration of PARPi
PARPi study

BRCA+ breast cancer, 5/15 1 T CR-DF 13 months+ On Rx
(33.3%)

2! il PR-PR 40 days Stopped

& I CR-DF 17 months+ On Rx

4 v PR-PR 5 months Stopped

57 v PR 7 months Stopped
HRD+ ovarian cancer, 4/6 1 111 PR-DF 15 months+ On Rx
(66.6%)

2 v CR-DF 13 months+ On Rx

8 v SD-PRF 20 months+ On Rx

4 v CR-DF 25 months+ On Rx

IReceived three cycles of neoadjuvant chemotherapy and then lost to follow-up and received poly (ADP-ribose) polymerase inhibitor in the advanced
stage.

Received olaparib as first line. + indicates the status of still receiving poly (ADP-ribose) polymerase inhibitor at the time of data collection/study end.

CR: Complete remission, DF: Disease-free; HRD: Homologous recombination deficiency; PR: Partial response; PRF: Progression-free; SD: Stable disease.
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Figure 1 Distribution of breast cancer gene mutations and homologous recombination deficiency in breast and ovarian cancers. Among
breast cancer patients, 17.7% (10/57) harbored pathogenic mutations in germline BRCA1 (9gBRCAT), while 8.7% (5/57) had mutations in gBRCA2. In the ovarian
cancer group, 8% (2/25) of patients had gBRCA1 mutations, 4% (1/25) had gBRCAZ2 mutations, and 12% (3/25) had homologous recombination deficiency.

times the 12% reported in a large, multicenter study involving 2733 women[25]. BRCA testing is commonly reco-
mmended for women diagnosed with breast cancer at a young age, and the lower median age in our cohort aligns with
this practice[25]. Moreover the median age of 45.3 years in the non-mutated group aligns with a review confirming the
median age of breast cancer in UAE is 48 years[26]. While Figure 2 shows that UAE nationals formed the largest group
among tested breast cancer patients, followed by Middle Eastern patients, this is not consistent with the overall
demographics of the UAE, as reported elsewhere[27]. This trend is also observed in the overall breast cancer patients
within our cohort. Consistent with previous reports of higher histological grade at presentation in gBRCA-mutated breast
cancers, our study found a significantly higher proportion of high-grade tumors in the mutated group compared to the
non-mutated group[28]. The good PS (low ECOG PS) observed in both groups, reflecting their young age, aligns with the
reported literature. The proportion of HR-positive cases was slightly lower in both the mutated group (40%) and the non-
mutated group (35.7%), which falls within the range observed in a large study (44% HR-positive with 1236 patients)][8,
29]. Overall, the BRCA mutated and non-mutated breast cancer groups appeared similar, although the significance of
these values could not be calculated due to limitations in statistical analysis.
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Table 3 Demographic and clinical characteristics of homologous recombination deficiency-positive and -negative ovarian cancer

Characteristic HRD-positive HRD-negative
Total, n (%) 6 (24) 19 (76)

Age years at diagnosis, mean + SD 56.5+11 52513
Positive family history, n (%) 0 5(26.3)

ECOG PS at diagnosis, 1 (%)

0 5 (83.3) 17 (89.4)
1 1(16.7) 1(5.3)
2 0 1(5.3)

Histology, 1 (%)

Serous 5(83.3) 9 (47.3)
Endometrioid/mucinous/ clear cell 1(16.7) 5(26.3)
Mixed 0 5(26.3)
Grade of cancer, mean + SD 4+0 4+09

Stage of cancer, 1 (%)

1 1(16.7) 2 (10.5)

2 0 0

3 2(33.3) 11 (58)

4 3 (50) 6 (31.5)
Surgical Rx, 11 (%) 6 (100) 17 (89.5)

Primary 2(33.3) 12 (63.1)

Interval 4 (66.7) 5(26.4)

Of the 6 homologous recombination deficiency-positive cases, 3 had somatic BRCA gene mutations. ECOG PS: Eastern Cooperative Oncology Group

Performance Status; HRD: Homologous recombination deficiency; Rx: Medical prescription.
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Figure 2 Breast and ovarian cancer distribution based on mutation status and ethnicity. A higher percentage of breast cancer (n = 57), both
germline BRCA (gBRCA)-positive and gBRCA-negative, was found in Middle Eastern patients excluding United Arab Emirates nationals. Conversely, a higher
percentage of ovarian cancer (n = 25), both homologous recombination deficiency HRD-positive and HRD-negative, was found in Asian patients.

Response to chemotherapy, 80% of gBRCA-mutated patients and 64.2% in the non-mutated group achieved either
complete or PR or SD to chemotherapy, as shown in Figure 3.

This negligible difference in outcomes in the mutated group compared to the non-mutated group aligns with findings
from the previous reports that suggested no significant difference in response rates[9]. Of the 33% (n = 5) of gBRCA-
positive patients who received PARPi therapy, 4 (80%) had TNBC, while the remaining 1 (20%) was HR+/HER?2-
negative, as shown in Table 2. Interestingly, the response to PARPi in 3 out of 5 patients was in line with that reported in

3%’@, WJCO | https://www.wjgnet.com 854 July 24,2024 | Volume15 | Issue7 |



Syed N et al. BRCA testing, prevalence and PARPi use

50 50.0% Complete remission
45.2% [l Stable disease
42.1% )
40 40.0% 40.0% ’ B Partial response
[l Progression
o
3 31.6% [ Deceased
2 30 28.6%
‘v
o
8
§ 20 20.0% 19.0%
9 16.7%16.7%16.7%

10

gBRCA+ Breast cancer gBRCA- Breast cancer HRD+ Ovarian cancer HRD- Ovarian cancer

Figure 3 Response status to chemotherapy of breast and ovarian cancers with and without mutations. Homologous recombination-deficient
(HRD) ovarian cancer (n = 6) had a higher percentage of complete remission (3/6) than cancer not HRD (3/19). While germline BRCA gene non-mutated breast
cancer (n = 42) patients showed a slightly higher complete response rate (19/42), the overall treatment response remained similar in both mutated and non-mutated
groups.

the OlympiAD and OlympiA trials. These 3 patients received PARPi/olaparib after neoadjuvant or adjuvant
chemotherapy; among them 2 patients remained progression free even after 15 months as in OlympiA trial[30]. Unfortu-
nately, the other patient, who took olaparib for 40 days, presented in advanced stage after she had refused chemotherapy
and had been lost to follow up. One patient received PARPi as first line for advanced disease progressed after 7 months
similar to the duration that reported in the OlympiAD trial, whereas other advanced stage patients did receive PARPi for
5 months but as second line[9]. Our findings suggest that PARPi therapy is used in approximately one-third of patients
with BRCA-positive cancer. Interestingly, patients who received PARPi treatment according to established guidelines
from major clinical trials seemed to experience better outcomes compared to those who did not receive treatment as per
the guidelines.

Ovarian cancer

Our study revealed a 24% prevalence of HRD-positive ovarian cancers, which is in the 20%-25% range observed in similar
studies from this region, and studies from North America and China[11,19,31]. The HRD-positive group had a higher
median age (56.5 years) compared to the negative group (52.5 years), both of which fall within the 52-60 years range[11].
As shown in Figure 2, Asians were the majority among the tested ovarian cancer patients. This is consistent with the
overall demographics of the UAE, where Asians comprise 71% of the population[27,32]. Additionally, Asians were the
second-highest ethnicity among all ovarian cancer patients in our cohort, following UAE nationals. Both groups
demonstrated similar proportions of patients with good ECOG performance scores, and neither group reported a positive
history of family cancer. However, as shown in Table 3, the HRD-positive group displayed a significantly higher
prevalence of HGSOC and advanced-stage cancer, reflecting a trend consistent with the reported literature. Most patients
had advanced ovarian cancer, and their response to primary treatment was consistent with the expected course of the
disease[13,14]. Overall, the HRD-positive and HRD-negative ovarian cancer groups were not similar and were in line
with the earlier reports. The significance (P values) of these comparative values could not be calculated due to limitations
in statistical analysis.

HRD-positive ovarian cancers have been shown to have better overall survival and platinum responsiveness, a trend
observed in our cohort where 83.3% of patients with mutations achieved CR or SD, compared to only 57.8% of those
without mutations. Notably, the proportion of patients experiencing progressive disease was 50% lower in the HRD-
positive group compared to the non-mutated group, as shown in Figure 3[11,33]. We acknowledge that, due to the short
duration of study, the majority of newly diagnosed patients may not have yet reached the point of relapse, which is
typically 3 years.

Among HRD-positive patients, 66.6% received PARPi therapy as maintenance; among those, 3 patients (75%) remained
disease-free and 1 patient (25%) remained progression-free. All of those who received olaparib remained progression-free
at the end of study, in line with the trials that led to the approval of PARPi/olaparib alone or with bevacizumab[14,34].
Overall, our findings regarding prevalence, disease characteristics, and treatment response in HRD-positive ovarian
cancer align with the existing literature.

Second primary malignancies

Among the 15 gBRCA-positive breast cancer patients, 2 (13.3%) had a recurrence of breast cancer, while 2 (33.2%) of the 6
HRD-positive ovarian cancer patients had a recurrence of ovarian cancer. These recurrence rates or history of having first
primary cancer in a mutation-positive group fall within the range reported in a large multicenter study[29].
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CONCLUSION

Our study identified a higher-than-reported prevalence of BRCA mutations (26.3%) in the tested breast cancer patients.
HRD positivity rates in ovarian cancer patients were at the upper end of the reported range. Testing rates for BRCA in
overall breast cancer patients and HRD in ovarian cancer patients, however, remained low. While UAE nationals formed
the majority of patients with both cancers in our cohort, the ethnic distribution of tested patients differed. Specifically,
Middle Eastern patients dominated the positive BRCA mutation and testing group for breast cancer, while Asian patients
formed the majority in the positive HRD and testing group for ovarian cancer. This pattern likely reflects the broader
demographics of the UAE population, where Asians are the predominant ethnicity.

While most of our findings on disease characteristics (including triple-negative status, histological types, grades, and
stages) and treatment responses to chemotherapy and PARPi aligned with published data, the limited sample size
restricts definitive conclusions about statistical significance. Larger studies are necessary to confirm our observations and
explore potentially unexpected trends, such as the observed ethnic distribution and the high prevalence of BRCA
positivity in breast cancer patients.
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Abstract

BACKGROUND

Pancreatic adenocarcinoma, a malignancy that arises in the cells of the pancreas, is
a devastating disease with unclear etiology and often poor prognosis. Locally
advanced pancreatic cancer, a stage where the tumor has grown significantly but
has not yet spread to distant organs, presents unique challenges in treatment. This
article aims to discuss the current strategies, challenges, and future directions in
the management of locally advanced pancreatic adenocarcinoma (LAPC).

AIM
To investigate the feasibility and efficacy of programmed cell death 1 (PD-1)
inhibitor sintilimab plus concurrent chemoradiotherapy for LAPC.

METHODS

Eligible patients had LAPC, an Eastern cooperative oncology group performance
status of 0 or 1, adequate organ and marrow functions, and no prior anticancer
therapy. In the observation group, participants received intravenous sintilimab
200 mg once every 3 wk, and received concurrent chemoradiotherapy (concurrent
conventional fractionated radiotherapy with doses planning target volume 50.4
Gy and gross tumor volume 60 Gy in 28 fractions and oral S-1 40 mg/m? twice
daily on days 1-14 of a 21-d cycle and intravenous gemcitabine 1000 mg/m? on
days 1 and 8 of a 21-d cycle for eight cycles until disease progression, death, or
unacceptable toxicity). In the control group, participants only received concurrent
chemoradiotherapy. From April 2020 to November 2021, 64 participants were
finally enrolled with 34 in the observation group and 30 in the control group.
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RESULTS

Thirty-four patients completed the scheduled course of chemoradiotherapy, while 32 (94.1%) received sintilimab
plus concurrent chemoradiotherapy with 2 patients discontinuing sintilimab in the observation group. Thirty
patients completed the scheduled course of chemoradiotherapy in the control group. Based on the Response
Evaluation Criteria in Solid Tumors guidelines, the analysis of the observation group revealed that a partial
response was observed in 11 patients (32.4%), stable disease was evident in 19 patients (55.9%), and 4 patients
(11.8%) experienced progressive disease; a partial response was observed in 6 (20.0%) patients, stable disease in 18
(60%), and progressive disease in 6 (20%) in the control group. The major toxic effects were leukopenia and nausea.
The incidence of severe adverse events (AEs) (grade 3 or 4) was 26.5% (9/34) in the observation group and 23.3%
(7/30) in the control group. There were no treatment-related deaths. The observation group demonstrated a
significantly longer median overall survival (22.1 mo compared to 15.8 mo) (P < 0.05) and progression-free survival
(12.2 mo vs 10.1 mo) (P < 0.05) in comparison to the control group. The occurrence of severe AEs did not exhibit a
statistically significant difference between the observation group and the control group (P > 0.05).

CONCLUSION
Sintilimab plus concurrent chemoradiotherapy was effective and safe for LAPC patients, and warrants further
investigation.

Key Words: Immunotherapy; Concurrent chemoradiotherapy; Locally advanced pancreatic adenocarcinoma; Programmed cell
death 1; Sintilimab

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The article presents an insightful exploration of a study of the combination of sintilimab with S-1 and gemcitabine
concurrent radiotherapy for locally advanced pancreatic cancer (LAPC). The observation group had significantly longer
median progression-free survival and overall survival than the control group. The occurrence of severe adverse events did
not exhibit a statistically significant difference between the observation group and the control group, with a P value greater
than 0.05. It is considered a promising, effective, and well-tolerated treatment for LAPC.
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INTRODUCTION

The prognosis of patients with locally advanced pancreatic cancer (LAPC) remains extremely poor and, in most historical
studies, the median survival duration typically falls within a range of 8 to 12 mo. However, the 5-year overall survival
(OS) rate remains relatively low, hovering at approximately 9%[1].

Currently, the treatment of LAPC is multidisciplinary, often combining surgical resection, chemotherapy, and
radiation therapy. Surgical resection, known as pancreatoduodenectomy or Whipple procedure, is the preferred approach
for patients with resectable tumors. However, most patients present with locally advanced disease that is not amenable to
surgical resection due to tumor invasion of surrounding structures or metastasis[2].

In such cases, chemotherapy plays a crucial role. The most commonly used chemotherapeutic agents include gemcita-
bine, fluorouracil, and platinum-based drugs. These agents are administered either as monotherapy or in combination to
achieve synergistic antitumor effects. Chemotherapy is typically administered before surgery to shrink the tumor and
increase the chances of successful resection (neoadjuvant therapy), or after surgery to eliminate residual cancer cells
(adjuvant therapy).

Radjiation therapy, either alone or combined with chemotherapy, is also used to treat LAPC. This procedure involves
the utilization of high-energy radiation to effectively eliminate cancerous cells and reduce the size of the tumor.
Advanced techniques such as stereotactic body radiation therapy and intensity-modulated radiation therapy (IMRT)
allow for more precise delivery of radiation to the tumor while minimizing damage to surrounding healthy tissue.

Despite these advancements, locally advanced pancreatic adenocarcinoma remains a challenging disease to treat. The
prognosis for patients with this condition is often poor, with limited survival rates. This is partly due to the aggressive
nature of the cancer and its resistance to traditional treatment modalities.

Moreover, the complex anatomy of the pancreas and its close proximity to vital structures make surgical resection
challenging. Even with resection, the risk of recurrence and metastasis remains high. Additionally, the side effects of
chemotherapy and radiation therapy can be significant, further compromising the quality of life for patients.
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To address these challenges, researchers are exploring novel treatment strategies. A promising avenue lies in the
advancement of targeted therapies, which are designed to specifically target and eliminate cancer cells while minimizing
collateral damage to healthy cells. These therapies, including immunotherapy and gene-based therapies, are in various
stages of clinical development and show promise in improving outcomes for patients with LAPC[3-5].

Treatment options specifically for patients with LAPC are scarce and chemotherapy or radiotherapy alone delivers
limited efficacy. Twenty percent of patients undergoing initial chemoradiation therapy unexpectedly exhibited
immediate metastases following treatment[6,7], and in some cases, they even suffer from higher toxicity levels compared
to those who solely receive chemotherapy. Recent Phase 2/3 studies have demonstrated a notable increase in median
survival rates through the utilization of programmed cell death 1 (PD-1) inhibitors, providing promising results in the
field of cancer treatment. PD-1 inhibitor sintilimab, a human IgG4 monoclonal antibody, has shown efficacy in liver
cancer, non-small cell lung cancer, classical Hodgkin’s lymphoma, rectal cancer, and cervical cancer[8-12].

Immunotherapy and radiotherapy are promising therapeutic options for LAPC, and they have the potential to enhance
the effects of chemotherapy when used in combination. Therefore, in this retrospective study, we aimed to compre-
hensively assess and compare the efficacy and safety profile of the PD-1 inhibitor, sintilimab, combined with S-1 plus
gemcitabine concurrent chemoradiotherapy vs S-1 plus gemcitabine concurrent chemoradiotherapy in the treatment of
LAPC.

MATERIALS AND METHODS
Patient eligibility

We enrolled patients aged 18-80 years whose estimated life expectancy was 12 wk. The patients had been confirmed
histologically or cytologically to have unresectable LAPC. The inclusion criteria were as follows: Eastern cooperative
oncology group performance status of 0 or 1; no earlier treatment for pancreatic cancer; no evidence of distant metastasis;
adequate hematological function; adequate hepatic and renal function; adequate oral intake; and written informed
consent. Exclusion criteria were as follows: active infection; watery diarrhea; active gastroduodenal ulcers; pleural
effusion or ascites; complications such as history of drug hypersensitivity, active concomitant malignancy, heart disease
or renal disease; mental disorders; pregnant and lactating women; and women of childbearing age unless using effective
contraception.

For pretreatment staging, thoracic and abdominal computed tomography (CT) was needed to exclude the presence of
distant metastasis and to assess local extension of the tumor. Tumor unresectability criteria included tumor encasement of
the superior mesenteric artery, bilateral portal vein, common hepatic artery, or celiac trunk. Before treatment, all patients
with obstructive jaundice underwent percutaneous transhepatic or an endoscopic retrograde biliary drainage.

Characteristics of patients

From April 2020 to November 2021, a total of 64 patients participated in the study conducted at the First Affiliated
Hospital of Yangtze University, located in Jingzhou, China. The comprehensive characteristics of these patients have been
comprehensively outlined in Table 1 for a clear and detailed understanding. Sixty-four participants were finally enrolled
with 34 in the observation group and 30 in the control group. There was no significant difference in any baseline charac-
teristics between these two groups (Table 1). All patients were thoroughly briefed on the pros and cons of both treatment
options, including potential outcomes, morbidity associated with treatment, as well as financial implications.
Consequently, the ultimate decision regarding their treatment was primarily made by each patient.

Treatment schedule

In the observation group, participants received intravenous sintilimab 200 mg once every 3 wk, and concurrent chemora-
diotherapy [concurrent conventional fractionated radiotherapy with doses planning target volume (PTV) 50.4 Gy and
gross tumor volume (GTV) 60 Gy in 28 fractions and oral S-1 40 mg/m? twice daily on days 1-14 of a 21-d cycle, and
intravenous gemcitabine 1000 mg/m? on days 1 and 8 of a 21-d cycle for eight cycles until disease progression, death, or
unacceptable toxicity]. In the control group, participants received only concurrent chemoradiotherapy (concurrent
conventional fractionated radiotherapy with doses PTV 50.4 Gy and GTV 60 Gy in 28 fractions and oral S-1 40 mg/m?
twice daily on days 1-14 of a 21-d cycle and intravenous gemcitabine 1000 mg/m? on days 1 and 8 of a 21-d cycle for eight
cycles until disease progression, death, or unacceptable toxicity).

IMRT was precisely administered through three-dimensional (3D) treatment planning, utilizing 15 MV photons for
optimal precision. The overall dosage consisted of 50.4 Gy targeted to the PTV and 60 Gy delivered to the GTV,
distributed across 28 fractions over approximately 5.5 wk. This approach ensured a controlled and effective adminis-
tration of radiation therapy. The GTV was delineated as the region of solid, macroscopic tumor tissue that exhibited
contrast enhancement on CT and magnetic resonance imaging (MRI), and/or positron emission tomography. The clinical
target volume (CTV) was defined as encompassing the GTV with an additional margin of at least 5 mm, considering any
potential areas of microscopic tumor spread as well as the involved regional lymph nodes. The CTV, inclusive of a 5-mm
lateral margin to compensate for potential inaccuracies, and a 10-mm craniocaudal margin to account for daily set-up
errors and respiratory organ motion, was collectively designated as the PTV. Not more than 30% of the total volume
received = 18 Gy in both kidneys. If only one kidney was functional, not more than 10% of the total volume received > 18
Gy, and the liver mean dose was limited to < 30 Gy. The stomach received a maximum dose of < 55 Gy, and not more
than 30% of the volume received 45-55 Gy. The dosage delivered to the spinal cord was consistently kept below 45 Gy,
ensuring safety and precision throughout the treatment process.
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Table 1 Patient characteristics

Feature Observation group Control group
Ageinyr

Median 57 55

Range 18-70 49-80
Sex

Male 20 16

Female 14 14

Performance status

0 29 28
1 5 2
Stage
Stage A 21 17
Stage B 13 13
Evaluation

All incoming patients were comprehensively included in both response and toxicity assessments. Throughout the
chemotherapy process, thorough physical examinations, biochemistry tests, and complete blood cell counts were meticu-
lously evaluated on both the first and eighth days of each treatment cycle. In accordance with the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.0, an objective assessment of tumor response was conducted every 4 to 6 wk
utilizing CT or MRI. Additionally, the levels of carcinoembryonic antigen and carbohydrate antigen 19-9 were monitored
at the same frequency to track any potential changes. To confirm the objective response, the patient status was evaluated
at an interval of no less than 4 wk, with complete response (CR), partial response (PR), and stable disease being the
criteria used for assessment. The duration of the response was determined by measuring the time interval between the
initial documentation of a clinical response (either CR or PR) and the subsequent documentation of tumor progression.
This period provides a quantitative assessment of the treatment’s effectiveness in maintaining a favorable outcome before
disease progression occurs. Adverse events (AEs) were evaluated according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 3.0. Objective responses and AEs were confirmed by an external review
committee. The progression-free survival (PFS) was determined by calculating the duration from the initiation of
treatment to the occurrence of either documented disease progression or death from any cause. The date of treatment
initiation to the censored date of follow-up or death was calculated as OS.

RESULTS

Efficacy

Thirty-four patients completed the scheduled course of chemoradiotherapy, while 32 (94.1%) received sintilimab plus
concurrent chemoradiotherapy, with 2 patients discontinuing sintilimab in the observation group. Thirty patients
completed the scheduled course of chemoradiotherapy in the control group. The objective response rate (ORR), as
determined by the RECIST 1.0 criteria, stood at 32.4% in the observation group, significantly higher than the 20.0%
observed in the control group. Similarly, when assessing the disease control rate (DCR) utilizing the RECIST 1.0 criteria,
the observation group demonstrated a significant achievement of 88.2%, representing a noteworthy enhancement in
comparison to the 80.0% observed in the control group. The observation group underwent a median follow-up duration
of 16.3 mo, varying between 12.2 and 26.5 mo. In contrast, the control group exhibited a median follow-up period of 17.4
mo, spanning from 15.1 to 25.6 mo. The median OS for the observation group was 22.1 mo, with a 95%CI extending from
16.3 to 27.6 mo. In contrast, the control group demonstrated a median OS of 15.8 mo, accompanied by a 95%CI varying
from 5.5 to 18.3 mo. This comparison clearly highlights the disparities in survival outcomes between the two groups. This
difference was statistically significant (P < 0.05; Table 2). The median PFS in the observation group was 12.2 mo (95%ClI:
5.5-18.3 mo), whereas in the control group, it was 10.1 mo (95%CI: 5.8-14.2 mo) (P < 0.05; Table 2). Detailed univariable
and multivariable analyses revealed that the sole independent prognostic factor significantly influencing both OS [hazard
ratio (HR) = 0.484; 95%CI: 0.245-0.948; P < 0.05] and PFS (HR = 0.579; 95%ClI: 0.334-0.991; P < 0.05; Table 2) was the
allocation of treatment. During the follow-up phase, it was observed that there was no notable variation in the occurrence
of treatment failure or the need for post-protocol intervention among the two groups.

Adverse events
Table 3 presents a comprehensive overview of Grade 1-4 AEs. Notably, no unexpected toxicities were observed

Buissidengs WICO | https:/ /www.wjgnet.com 862 July 24,2024 | Volume15 | Issue7 |



Zhou SQ et al. Sintilimab plus chemoradiotherapy for LAPC

Table 2 Summary of tumor response and survival outcomes according to Response Evaluation Criteria in Solid Tumors 1.0 criteria

Outcomes Observation group, n = 34 Control group, n= 30 P value

Best tumor response

Complete response 0 (0) 0 (0)
Partial response 11 (32.4) 6 (20.0)
Stable disease 19 (55.9) 18 (60.0)
Progressive disease 4 (11.8) 6 (20)
Objective response rate 11 (32.4) 6 (20)
Disease control rate 30 (88.2) 24 (80)
Median OS in month 22.1+2.6 (16.3-27.6) 17.8 +2.3 (12.9-22.8) <0.05
Median PFS in month 12.2+3.1 (5.5-18.3) 10.1+2.2 (5.8-14.2) <0.05

"Data are 1 (%) or mean + standard deviation (95% confidence interval).
OS: Overall survival; PFS: Progression-free survival.

Table 3 Toxicity

Control group, No. of patients Observation group, No. of patients
e Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4
Leukopenia 11 7 3 1 12 8 4 1
Fatigue 15 6 2 0 16 9 2 0
Anemia 14 5 1 0 15 6 1 0
Nausea 18 8 0 0 20 10 1 0
Anorexia 8 5 0 0 11 7 0 0

throughout the study period, indicating a favorable safety profile. Furthermore, there were no fatalities attributed to the
treatment administered, underscoring its tolerability. The occurrence of severe AEs is also detailed in the table, providing
crucial insights into the potential risks associated with the treatment. Grade 3 or 4 was 26.5% (9/34) in the observation
group and 23.3% (7/30) in the control group. In the observation group, the most frequent (= 10% incidence) Grade 3 AEs
were leukopenia (n = 5; 14.7%), fatigue (n = 2; 5.9%), and anemia (n =1; 2.9%). In the control group, the most frequent AEs
were leukopenia (n = 4; 13.3%), fatigue (n = 2; 6.7%), and anemia (n =1; 3.3%).

DISCUSSION

LAPC has a poor prognosis and is one of the most lethal cancers globally[1]. Optimizing patient selection is imperative to
strike a balance between disease control, toxicity management, and the maintenance of a high quality of life, because
many patients with LAPC are not curable through multidisciplinary treatment[13]. Research has demonstrated that the
use of 3D conformal radiotherapy, IMRT, or stereotactic body radiotherapy, combined with concurrent chemotherapy,
effectively controls local disease progression. This combined approach has been shown to not only prevent the
development of metastatic disease but also significantly enhance survival rates when compared to chemotherapy alone
[14-18]. However, the effect is limited, and many patients with LAPC who received upfront chemoradiotherapy expe-
rienced metastases soon after they completed therapy.

Immunotherapy, which harnesses the power of the immune system to attack cancer cells, is a particularly exciting area
of research. Clinical trials are underway to evaluate the efficacy of immunotherapy agents, such as immune checkpoint
inhibitors, in combination with chemotherapy and/or radiation therapy for the treatment of LAPC.

Gene-based therapies, such as CRISPR-Cas9 gene editing and oncogenic virus-based therapies, are also being explored
as potential treatment options. These therapies aim to correct genetic mutations that drive cancer growth or activate the
immune system to target cancer cells more effectively.

Moreover, the development of personalized medicine approaches based on tumor genomics and proteomics is
expected to improve treatment outcomes. By understanding the unique genetic and molecular characteristics of each
patient’s tumor, doctors can tailor treatment plans that are more likely to be effective and less likely to cause adverse side
effects.
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LAPC remains a significant challenge in oncology. However, with ongoing research and the development of novel
treatment strategies, we are hopeful that the prognosis for these patients will improve in the future. A multifaceted
approach, combining surgical resection, chemotherapy, radiation therapy, and novel therapeutic strategies, is likely to be
the key to overcoming this devastating disease[19-23].

In recent years, there has been intensive research on checkpoint inhibitor immunotherapy for LAPC[24-27]. Anti-PD-1
immunotherapy holds the potential to effectively collaborate with radiotherapy, leveraging immunogenic cell death to
enhance T-cell priming and reversing the immunosuppressive microenvironment, thereby fostering a synergistic
therapeutic effect[28,29]. Chen et al[30] demonstrated encouraging results in their study: the combination of nab-
paclitaxel and gemcitabine, along with the PD-1 inhibitor camrelizumab and radiotherapy, exhibited both efficacy and
safety in treating patients with LAPC. This integrated approach led to a notable extension of the median OS to 22.3 mo,
which was significantly higher than the 18.6 mo observed in the control group (P < 0.05). This demonstrates the effect-
iveness of our comprehensive strategy in prolonging survival rates, and similarly improved the median PFS to 12.0 mo, vs
10.5 mo in the comparator arm (P < 0.05). It has been reported that, in combination with chemotherapy, this exhibits a
synergistic effect, leading to a reduction in tumor burden by mitigating chemotherapy resistance and modifying the
microenvironment[31-34]. Therefore, there is a compelling rationale for combining these three therapies to effectively
improve both local and systemic tumor control. However, it is noteworthy that there is a significant lack of clinical data
specifically addressing this aspect.

Accordingly, we conducted a retrospective study aimed at comprehensively evaluating and contrasting the therapeutic
efficacy and safety profile of S-1 plus gemcitabine chemoradiotherapy administered alongside anti-PD-1 immunotherapy
(sintilimab) with the standard treatment of S-1 plus gemcitabine chemoradiotherapy alone in patients suffering from
LAPC. Based on the RECIST 1.0 criteria, the ORR was calculated to be 32.4% in the observation group, whereas it was
lower, at 20.0%, in the control group. While the DCR achieved in the observation group, utilizing the RECIST 1.0 criteria,
stood at an impressive 88.2%, it was slightly lower in the control group, registering a rate of 80.0%. The median OS for
patients in the observation group was 22.1 mo, significantly longer than the 15.8 mo observed in the control group (P <
0.05). Median PFS was 12.2 mo in the observation group and 10.1 mo in the control group (P < 0.05). Univariate and
multivariate analyses revealed that the sole independent prognostic factor for both OS and PFS was the allocation of
treatment. Notably, during the follow-up period, no statistically significant disparities were observed in terms of the
patterns of treatment failure or post-protocol interventions among the two groups. No unexpected toxicity was detected,
and there were no fatalities attributed to the treatment. The occurrence of severe AEs did not exhibit a statistically
significant difference between the two groups, with rates of 26.5% and 23.3%, respectively. In the observation group, the
most prevalent Grade = 3 AEs occurring at a frequency of = 10% were leukopenia (accounting for 14.7% of cases), fatigue
(5.9%), and anemia (2.9%). When compared to the control group, these rates were comparable, with leukopenia occurring
in 13.3% of cases, fatigue in 6.7%, and anemia in 3.3%.

CONCLUSION

In conclusion, our study demonstrates for the first time that the combination of S-1 and gemcitabine chemoradiotherapy,
coupled with anti-PD-1 immunotherapy (sintilimab), exhibits both efficacy and safety in patients with LAPC. This finding
holds promise for future exploration and investigation.
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Abstract

BACKGROUND
Phosphoglycerate kinase 1 (PGK1) has been identified as a possible biomarker for

breast cancer (BC) and may play a role in the development and advancement of
triple-negative BC (TNBC).

AIM
To explore the PGK1 and BC research status and PGK1 expression and mecha-
nism differences among TNBC, non-TNBC, and normal breast tissue.

METHODS

PGK1 and BC related literature was downloaded from Web of Science Core Co-
llection Core Collection. Publication counts, key-word frequency, cooperation
networks, and theme trends were analyzed. Normal breast, TNBC, and non-
TNBC mRNA data were gathered, and differentially expressed genes obtained.
Area under the summary receiver operating characteristic curves, sensitivity and
specificity of PGK1 expression were determined. Kaplan Meier revealed PGK1’s
prognostic implication. PGK1 co-expressed genes were explored, and Gene Onto-
logy, Kyoto Encyclopedia of Genes and Genomes, and Disease Ontology applied.
Protein-protein interaction networks were constructed. Hub genes identified.

RESULTS

PGK1 and BC related publications have surged since 2020, with China leading the
way. The most frequent keyword was “Expression”. Collaborative networks were
found among co-citations, countries, institutions, and authors. PGK1 expression
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and BC progression were research hotspots, and PGK1 expression and BC survival were research frontiers. In 16
TNBC vs non-cancerous breast and 15 TNBC vs non-TNBC datasets, PGK1 mRNA levels were higher in 1159 TNBC
than 1205 non-cancerous breast cases [standardized mean differences (SMD): 0.85, 95% confidence interval
(95%ClI): 0.54-1.16, I = 86%, P < 0.001]. PGK1 expression was higher in 1520 TNBC than 7072 non-TNBC cases
(SMD: 0.25, 95%ClI: 0.03-0.47, I2 = 91%, P = 0.02). Recurrence free survival was lower in PGK1-high-expression than
PGK1-low-expression group (hazard ratio: 1.282, P = 0.023). PGK1 co-expressed genes were concentrated in ATP
metabolic process, HIF-1 signaling, and glycolysis/ gluconeogenesis pathways.

CONCLUSION
PGK1 expression is a research hotspot and frontier direction in the BC field. PGK1 may play a strong role in
promoting cancer in TNBC by mediating metabolism and HIF-1 signaling pathways.

Key Words: Phosphoglycerate kinase 1; Breast cancer; Triple-negative breast cancer; Bibliometric analysis; Computational
pathology

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The expression of phosphoglycerate kinase 1 (PGK1) in breast cancer (BC) was shown to be both a research
hotspot and frontier of BC research. PGK1 mRNA levels were significantly higher in triple-negative BC (TNBC) than in
non-cancerous breast tissue. Within the population with BC, PGK1 mRNA expression levels were distinctly upregulated in
TNBC compared with non-TNBC. Recurrence-free survival was markedly lower in the PGK1-high-expression than the
PGK1-low-expression group. PGK1 has a significant role in promoting TNBC through metabolism and HIF-1 signaling
pathways.
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INTRODUCTION

Breast cancer (BC) has become the most frequent malignancy to affect females. Based on the 2024 statistics from the
American Cancer Society, BC accounted for 32.0% of the estimated new cases of female cancer, and the incidence of
female BC has been said to exhibit a 0.6% annual growth rate[1]. Obtaining the best prognosis for BC patients is mainly
dependent on early BC detection and intervention[2-8]. Thus, it is necessary that we explore more accurate BC biomarkers
to improve methods for early, accurate identification and treatment to reduce mortality from BC[9-18].

BC is classified according to the presence or absence of the estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER-2). BC that does not express these receptors is classified as triple-
negative BC (TNBC)[19-21], and this subtype accounts for approximately 12%-20% of all BC cases[22]. Compared with
non-TNBC, TNBC has its own clinical characteristics: It is more common in younger women (< 50 years old), and it has
higher degree of invasiveness, higher recurrence rate, shorter recurrence time, lower survival rate, and more BRCA1/2
gene mutations[23-27]. TNBC patients do not benefit from endocrine therapy, unlike ER/PR-positive cases, or from
targeted therapy, as used for HER-2-positive cases[23-29]. The mechanisms of TNBC occurrence and development have
been investigated by some researchers. Studies have found gene mutations, DNA repair defects, and non-coding RNA to
be involved in the carcinogenic, proliferative, and invasive processes of TNBC. The Notch, Wnt/p-catenin, and Hedgehog
signaling pathways have also been reported to be important contributors to incidences of TNBC[30-32]. Nevertheless,
there are different opinions on the key mechanisms of TNBC[33,34], and many molecular events believed to be related to
TNBC need more scientific attention.

Phosphoglycerate kinase 1 (PGK1) is a core enzymes of the glycolysis pathway[35], being involved in a reversible
reaction that produces ATP during glycolysis[36], and plays a pivotal part in balancing energy production, redox, and
biosynthesis[37]. The phenomenon of PGK1 overexpression has been observed in a variety of malignant tumors, e.g.,
hepatocellular carcinoma[38], non-small cell lung cancer[39], and pancreatic ductal adenocarcinoma[40]. The presence of
higher PGK1 levels in BC tissue had been linked to a worse prognosis, and this trend is mirrored in TNBC[35,41-46]. This
suggests that PGK1 could serve as a promising biomarker for BC and may play a role in the initiation and progression of
TNBC.

In this research, we concentrated on employing bibliometric analysis to gain insights into the current status and future
directions of PGK1 and BC studies, with a focus on comparing the expression levels and underlying mechanisms of PGK1
in BC vs normal breast tissue, as well as in TNBC vs non-TNBC, through computational pathology and various methods
of high-throughput data mining.
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MATERIALS AND METHODS
PGK1 and BC bibliometric analysis

Bibliometric analysis data sources: The Web of Science Core Collection (WOS) was used to search the scientific literature
related to PGK1 and BC with the following search formula: (“PGK1” OR “phosphoglycerate kinase 1”7 OR “HEL-S-68p”
OR “MIG10” OR “PGKA”) AND (“breast” OR “mammary” OR “nipple”) AND (“cancer” OR “tumor” OR “carcinoma”
OR “neoplasm” OR “neoplasia” OR “malignancy” OR “malignant”). WOS was searched until September 3, 2022. The
inclusion and exclusion criteria were as follows: (1) Including BC and PGK1 related studies, and excluding studies
unrelated to PGK1; (2) Including English literature in WOS, and excluding literature in other languages (such as German,
Spanish, etc.); (3) Including original research and review articles, and excluding comments, letters, and conference
abstracts; and (4) Excluding retracted articles. The total number of papers irrelevant to BC and PGK1 was 39, as shown in
Figure 1.

Identification of studies via Web of Science Core Collection
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Reports excluded:
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(n=35)
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&
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Figure 1 PRISMA flow diagram of the data screening procedure used in the current study. BC: Breast cancer; PGK1: Phosphoglycerate kinase 1.

Data processing methods: The Bibliometrix program in R language was employed to retrieve document data, draw the
annual scientific publication curve and geographic distribution map of the corresponding authors; and making a word
cloud, thematic plot, and trending topics. VOSviewer (version 1.6.18) was used to analyze the key word co-occurrence
plot of the included BC- and PGK1-related literature. Using the leading Eigen clustering algorithm, cooperative networks
of co-cited references, cooperative countries, university institutions, and authors were constructed.

Computational pathology associated with PGK1 in TNBC and non-TNBC

Transcriptome data for PGK1 mRNA levels in TNBC: The mRNA expression data for PGK1 in TNBC tissue were
downloaded from the GEO, TCGA/GTEx, Metabric, ArrayExpress, and SRA databases. The first search term used was
“breast cancer.” The pathological parameters of ER/PR/HER-2-negative patients were collected, including pathological
diagnosis, molecular subtypes, and relevant follow-up data such as overall survival (OS), distant-metastasis-free survival
(DMES), and relapse-free survival (RFS). The search term was then changed to “triple-negative breast cancer” to collect
relevant datasets relating to TNBC. The pathological parameters of each patient were also collected. The inclusion
principles for transcriptome data of TNBC were as follows: (1) Primary TNBC tissue; and (2) Sample size = 6. The
following data sets were removed: (1) Animal and cell line data; (2) Relapse and metastatic TNBC; and (3) Duplicated
samples. The molecular diagnosis of TNBC was provided by Pam50 molecular typing of the data sets. Data sets that
provided ER/PR/HER-2 status without molecular typing were included if all were negative, otherwise they were
excluded. A PRISMA flow diagram of data set filtering is presented in Figure 2.

Data integration: Expression data from data sets obtained using the same platform were combined after removing batch
effects using the limma-voom and sva packages. Global BC data sets were used to pinpoint upregulated genes in TNBC
tissue (i.e., TNBC tissue vs non-cancerous breast tissue, and TNBC vs non-TN BC tissue). The criteria were [standardized
mean differences (SMD)] > 0 and P < 0.05.
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Identification of datasets via databases

Records identified from:

Z GEO databases (7 = 5350)

'-§ TCGA (n =1) Records removed before screening:
= GTEx (7 = 1) > Animals and cell lines

= ArrayExpress (n = 1444) Relapse and metastatic BC

3 SRA (1 = 185)

Metabric (7 = 1)

A4

E:e(:)rf;;;creened { Duplicate records removed (7 = 11)
Y
Datasets sought for retrieval N Datasets not retrieved:
(n=92) Without PGK1 expression or TNBC

Y

Datasets eligible for integration: Platforms included in SMD calculation:
TNBC vs normal (7 = 65) > TNBC vs normal (GPL = 16)
TNBC vs non-TNBC (7 = 41) TNBC vs non-TNBC (GPL = 15)

Figure 2 PRISMA flow diagram of the screening procedure used for triple-negative breast cancer data sets including phosphoglycerate
kinase 1 expression. BC: Breast cancer; PGK1: Phosphoglycerate kinase 1; TNBC: Triple-negative breast cancer; SMD: Standardized mean differences.

Protein levels of PGK1 in The Human Protein Atlas: The Human Protein Atlas (THPA) (https://www.proteinatlas.
org/) is one of the largest human protein maps in the world and includes immunohistochemical results from tissue chips.
This research initially examined variations in the location and intensity of PGK1 protein expression between normal
breast cells and BC cells with the assistance of the THPA database.

Prognostic analysis of PGK1 in TNBC patients: TNBC patients were grouped using median PGK1 expression. TNBC
samples were assigned to a PGK1-overexpression group and PGK1-underexpression group, according to the ideal cutoff
point, using survminer v0.4.9 and ggplot2 v3.3.6 packages. Kaplan-Meier analysis was used to filter for candidate
prognostic factors in TNBC patients. The hazard ratios (HRs) for PGK1 expression in the different TNBC cohorts were
integrated using the meta v4.18.2 package.

Prospective mechanisms of PGK1's effect in TNBC: Genes co-expressed with PGK1 were identified in TNBC tissue
samples. The criteria for the co-expressed genes were as follows: (1) Pearson r 2 0.3; and (2) P < 0.05. The intersections of
overexpressed genes in TNBC vs non-TNBC and genes co-expressed with PGK1 were taken for further signaling pathway
exploration. Analyses of Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Disease
Ontology (DO) were accomplished with Clusterprofiler v4.4.2 to investigate the potential function of PGK1 in TNBC.
STRING v11.5 was used to construct protein-protein interaction (PPI) networks. Cytoscape v3.9.0 was used to identify
hub genes.

Statistical analysis

A Wilcoxon test was applied to evaluate the differential expression of PGK1 in the BC subgroups (i.e., BC vs non-
cancerous breast tissue, TNBC vs non-cancerous breast tissue, and TNBC vs non-TNBC). Violin plots and receiver
operating characteristic curves (ROCs) were drawn. Statistical analysis results with P < 0.05 were regarded as being
significant.

RESULTS

PGK1 and BC bibliometric analysis results

Analysis of the published literature: Although the number of studies on PGK1 in BC was small, the annual number of
PGK1 and BC publications has shown an upward trend since 2005 (Figure 3A). The numbers of articles published in 2020
and 2021 (8 and 9, respectively) were significantly increased from previous years, indicating that the interest of
researchers in the link between PGK1 and BC had gradually increased.
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Figure 3 Global scientific research on phosphoglycerate kinase 1 and breast cancer. A: Annual scientific production. Abscissa is the year, and
ordinate is number of articles; B: Geographic distribution of corresponding authors. The more articles, the redder the area on the map. Horizontal and vertical
coordinates represent longitude and latitude, respectively.

Furthermore, national and regional analysis of the literature suggested that the authors of PGK1-related BC studies
were from 15 countries, with 20 articles from China, 5 from the United States, and 2 from Japan, as shown in Figure 3B. A

total of 33 journals have published literature on this topic. The four journals with the highest number of articles appear in
Table 1.

Key word analysis: The key words with the highest frequency, as defined by the author and added to WOS, appear in
Table 2. Figure 4A shows a word cloud, and Figure 4B shows a key word co-occurrence plot. The term “expression”
emerged as the most prevalent key word and served as a pivotal hub in the key word co-occurrence relationship, un-
derscoring its significance in studies linking PGK1 and BC. Other key words with a high-frequency of co-occurrence

relationships included “progression”, “gene”, and “survival”, showing these have been the focus of BC research. Key
words closely related to PGK1 co-occurrence included “survival”, “progression”, “invasion”, and “glycolysis”.

a7
7

Analysis of cooperation network: To complete the cooperative network analysis, first, a co-citation network (Figure 5A)
was visualized. Three co-citation clusters were formed with Grandjean G, Ahmad SS, and Warburg O as the core authors,
among which Sun S had the highest number of co-citations and was at the center of the co-citation network. Second, data
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Table 1 Journals with the most published articles

Journal Number
Journal of Proteome Research 5]
Scientific Reports 3
Frontiers in Cell and Developmental Biology 2

Journal of Translational Medicine 2
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Figure 4 Key words. A: Word cloud of key words. Word frequency was counted according to the Web of Science key words for each document. The word cloud
plot is randomly colored. A larger font size indicates a higher frequency; B: Key word co-occurrence plot for breast cancer and phosphoglycerate kinase 1 research.
Web of Science key words were clustered using VOSviewer algorithm. Different colors represent different clusters. Font size positively correlates with total co-
occurrent numbers. Edges indicate co-occurrence relationships.
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Table 2 Key words with the highest frequency

Key word Frequency
Expression 13
Progression 8
Gene 7
Survival 7
Breast cancer 6
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Figure 5 Cooperation network analysis for research on breast cancer and phosphoglycerate kinase 1. A: Co-citation network; B: Collaborations
among countries; C: University collaborations; D: Author collaborations. The co-cited documents and cooperating countries, universities, and authors were clustered
using a “leading Eigen” algorithm. Different colors represent different clusters. Node size is positively correlated with the degree of connectivity of each node in the
network. Edges indicate a co-citation or collaborative relationship.

on collaborations between countries were calculated, as shown in Figure 5B. The country that published the most papers
was China, while working collaboratively with the United States. A network of cooperation was formed by Canada,
India, Japan, Malaysia, and Singapore. France, Tunisia, and Qatar were also involved in cooperations.

Regarding university collaborations (Figure 5C), a number of Chinese and American academic institutions, including
Shanghai Jiao Tong University, Capital Medical University, Washington State University, Nanjing Medical University,
and the University of Texas MD Anderson Cancer Center, had established tight-knit collaborative networks. Another
partnership cluster consisted of Laboratory Immunooncol Molecular, Institut Supérieur de Biotechnologie de Monastir,
Qatar Foundation, etc. However, as a whole, university research institutions did not form close cooperative relationships.
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Author collaborations also led to the formation of different cooperation clusters (Figure 5D). Jiang Y had the largest
node area, indicating that he had the highest degree of connectivity in the author cooperation network.

Citation analysis: The most relevant authors and the H-indexes of authors are shown in Tables 3 and 4, respectively. The
authors with the highest number of publications and H-indexes were Jiang Y and Zhang X. In the most cited documents
(Table 5), Zhang et al[44] showed that PGK1 was overexpressed in tissues and cell lines with receptor tyrosine kinase
ErbB2 (HER-2/NEU)-positivity, particularly HER-2/NEU1-positive BC in which PGK1 exhibited even higher levels of
expression. Its expression was related to the state of the HER-2/NEU signal pathway. Shashni et al[47] believed that the
generation of ATP in the cytoplasm and mitochondria decreased with the downregulation of PGK1, which initiated cell
apoptosis and inhibited tumor metabolism. Qian et al[48] reported that PGK1 was overexpressed in an invasive ductal
carcinoma of the breast. The most cited sources can provide research directions for scientific and technological efforts in
the BC- and PGK1-related fields (Table 6)[48].

Table 3 Most relevant authors in breast cancer and phosphoglycerate kinase 1 literature

Authors Number of articles Articles fractionalized
Zhang X 5 0.84
Jiang Y 5 0.47
Wang ] 4 0.73
LiY 4 0.59
Aryal UK 3 0.62
Mittal L 3 0.62
Sundararajan R 3 0.62
LuZz 3 0.28
Liang Y 2 0.50
YeT 2 0.50

Table 4 Top authors by H-index in breast cancer and phosphoglycerate kinase 1 literature

Authors H-index G-index M-index Total citations Number of publications Publication year
Jiang Y 3 4 0.375 256 4 2015
Zhang X 3 4 0.375 79 4 2015
Wang ] 3 4 0.250 35 4 2011
Aryal UK 3 3 0.750 2 3 2019
Mittal L 3 3 0.750 4 3 2019
Sundararajan R 3 3 0.750 42 3 2019
LiY 2 3 0.500 53 3 2019
Camarillo IG 2 2 0.667 27 2 2020
Liang Y 2 2 0.667 15 2 2020
YeT 2 2 0.667 15 2 2020

Thematic analysis: In the thematic plot, the horizontal axis shows a higher degree of importance from left to right, and
the vertical axis displays a better degree of development from bottom to top. PGK1 and BC research topics that have

attracted the most attention are “expression”, “gene”, “apoptosis”, “survival”, “invasion”, and “protein” as shown in
Figure 6A.
The trends among topics demonstrated once again that the key words with the highest attention since 2005 have been

”ou

“expression”, “progress”, “survival”, and “gene”, etc. According to this trend, new hot topics in PGK1 and BC in the last

v

two years have been “survival”, “protein”, “invasion”, and “biomarkers”, efc. (Figure 6B).

Computational pathology results relating to PGK1 expression in TNBC and non-TNBC
mRNA expression levels of PGK1 in TNBC tissue: In a preliminary investigation, 31 high-throughput data sets from
7543 BC tissue samples were compared with 1685 non-cancerous breast tissue samples, and our analysis revealed the
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Table 5 Most cited documents in breast cancer and phosphoglycerate kinase 1 literature

Ref. Journal DOI Local citations Global citations
Zhang et al[44], 2005 Mol Cell Proteomics 10.1074/ mcp.M400221-MCP200 9 244

Shashni et al[47], 2013 ] Drug Target 10.3109/1061186X.2012.736998 4 33

Qian et al[48], 2017 Mol Cell 10.1016/j.molcel.2017.01.027 3 133

Kabbage et al[53], 2008 ] Biomed Biotechnol 10.1155/2008/564127 2 25

Fu et al[35], 2018 Life Sci 10.1016/].1£5.2020.117863 2 11

Table 6 Most cited sources of breast cancer and phosphoglycerate kinase 1 research

Sources Number of articles
Cancer Research 96
Journal of Biological Chemistry 65
Proceedings of the National Academy of Sciences of the United States of America 38
Clinical Cancer Research 36
Cell 35

definitive overexpression of PGK1 in BC, with an SMD of 0.76 and area under the curve (AUC) of 0.8525 for the summary
ROC (sROC) (Figures 7 and 8). Tables 7 and 8 showed the included data sets for TNBC vs non-cancerous breast tissue,
and TNBC vs non-TNBC tissue, respectively. Upon analyzing 16 data sets comprising 1159 cases of TNBC and 1205 cases
of non-cancerous breast tissue, a clear upregulation of PGK1 mRNA expression in TNBC was observed compared to non-
cancerous tissue (Figure 9A), with an SMD of 0.85 and 95% confidence interval (95%CI) of 0.54-1.16, as shown in
Figure 10A. More importantly, we compared PGK1 expression across 1520 cases of TNBC and 7072 cases of non-TNBC
for the first time and found that TNBC exhibited higher PGK1 mRNA expression than non-TNBC tissue in 9 out of the 15
datasets analyzed (Figure 9B). As Figure 10B shows, the comparative difference in expression was obvious (SMD: 0.25,
95%Cl: 0.03-0.47).

Table 7 Included data sets for triple-negative breast cancer tissue vs non-cancerous breast tissue

ID Series

GPL1390 GSE10885-GPL1390, GSE10886, GSE10893-GPL1390 GSE1992-GPL1390, GSE2607-GPL1390, GSE6128

GPL13607 GSE59246 GSE70951-GPL13607

GPL17077 GSE57297 GSE80754

GPL17586 GSE115144 GSE73540 GSE76250 GSE134359

GPL570 GSE20711 GSE50567 GSE22544 GSE146558
GSE45827 GSE61304 GSE25407 GSE103865
GSE65194 GSE42568 GSE26910 GSE153796
GSE29431 GSE5764 GSE54002 GSE135565
GSE7904 GSE10780 GSE71053 GSE7307
GSE31448 GSE10810 GSE147472 GSE3744
GSE29044 GSE21422 GSE140494

GPL6244 GSE36295 GSE61724 GSE118432
GSE86374 GSE37751 GSE81838

GPL6848 GSE26304 GSE18672

GPL8269 GSE22384-GPL8269 GSE41119

GPL887 GSE10885-GPL887 GSE24124
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GSE2607-GPL887 GSE9309
GPL9%6 GSE15852 GSEb5364 GSE158309 GSE6883-GPL96
GSE29174
GSE41970-GPL16299
GSE50428
GSE64790
GSE92252

TCGA_TNBC

TNBC: Triple-negative breast cancer.

Table 8 Included data sets for triple-negative breast cancer tissue vs non- triple-negative breast cancer tissue

ID Series

GPL1390 GSE10885-GPL1390

GPL13607 GSE59246

GPL17077 GSE57297

GPL17586 GSE115144

GPL570 GSE20711 GSE29044 GSE10810 GSE54002 GSE103865
GSE45827 GSE50567 GSE21422 GSE71053 GSE153796
GSE65194 GSE61304 GSE22544 GSE147472 GSE135565
GSE29431 GSE42568 GSE25407 GSE140494 GSE7307
GSE7904 GSE5764 GSE26910 GSE146558 GSE3744
GSE31448 GSE10780

GPL6244 GSE36295

GPL6848 GSE26304

GPL8269 GSE22384-GPL8269

GPL887 GSE10885-GPL887

GPL96 GSE15852

GSE148425

GSE29174

GSE50428

METABRIC_mRNA_Zscores

TCGA TNBC-nonTNBC

TNBC: Triple-negative breast cancer.

The overexpression of PGK1 mRNA had an excellent ability to distinguish TNBC from non-cancerous breast tissue
(AUC of sROC = 0.8578, sensitivity = 0.7637, and specificity = 0.8240, Figure 11A and Figure 10C). In Figure 12, the 13
ROC charts of TNBC vs non-cancerous breast tissue indicated that six data sets yielded an AUC of more than 0.7.
Figure 11B showed that PGK1’s ability to discern TNBC from non-TNBC tissue was moderate (AUC of sROC = 0.688,
sensitivity = 0.7571, and specificity = 0.4754; Figure 10D, Figures 13-15).

Protein expression level of PGK1 in BC tissue: The THPA database showed that, in glandular epithelial cells of non-can-
cerous breast tissue and tumor cells, PGK1 was expressed in nuclear and cytoplasmic membranes. BC tumor cells showed
diffuse but strong expression of PGK1 (Figure 16). However, owing to the restricted number of cases available in the
public database, it was not feasible to conduct statistical analyses. In the future, we will increase the number of cases
included and continue to verify the clinical significance of PGK1 protein expression.
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Figure 6 Thematic plot of research on breast cancer and phosphoglycerate kinase 1 and trends in topics related to breast cancer and
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phosphoglycerate kinase 1 research. A: Using Web of Science key words, various research themes were detected via co-occurrence analysis and walktrap
clustering analysis. Different colors represent different themes. Density represents the connection strength of basic knowledge units within a single topic. A larger
topic density value indicates greater topic maturity. Centrality represents the strength of the connection between a topic and other topics. A higher centrality value of a
topic suggests a strong interconnection with other topics, placing the topic at the heart of the research landscape. According to the density and centripetal degree
values, the rectangular coordinate system was divided into four quadrants. The first quadrant contains core themes of high maturity; the second quadrant has isolated
themes of high maturity, and the third quadrant contains new themes or themes that are about to disappear. The fourth quadrant encompasses basic themes of low
maturity that may become research hotspots or future research trends; B: Topic trends were detected using co-word analysis. For each topic, the quartiles of
publication year were calculated. The horizontal axis represents the first and third quantile years. Each node refers to the median publication year of each term. The
larger the node, the more frequent the term.
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Figure 7 Expression levels of phosphoglycerate kinase 1 in breast cancer tissue vs normal breast tissue. A: mRNA expression level; B:
Standardized mean differences; C: Summary receiver operating characteristic curves. P < 0.05; °P < 0.01; °P < 0.001; 9P < 0.0001. BC: Breast cancer; sROC:
Summary receiver operating characteristic curve; AUC: Area under the curve; Sen: Sensitivity; Spe: Specificity; SMD: Standardized mean difference; 95%ClI: 95%
confidence interval.
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Figure 8 Receiver operating characteristic curves. A-C: Receiver operating characteristic curves of phosphoglycerate kinase 1 expression in breast cancer
tissue vs normal breast tissue. AUC: Area under the curve.
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Figure 9 mRNA expression level of phosphoglycerate kinase 1 in triple-negative breast cancer. A: Triple-negative breast cancer (TNBC) tissue vs
normal breast tissue; B: TNBC tissue vs non-TNBC tissue. TNBC: Triple-negative breast cancer. 2P < 0.05; °P < 0.01; °P < 0.001; °P < 0.0001.

Prognostic value of PGK1 in TNBC patients: Compared with the PGK1-low-expression group, the PGK1-high-expre-
ssion group had a substantially shorter RFS time (HR: 1.282, P = 0.023). Similar trends were observed for OS and DMFS,
indicating that higher expression of PGK1 is detrimental to the prognosis of TNBC, as shown in Figure 17.

Potential functional mechanisms of PGK1 in TNBC: GO enrichment analysis demonstrated that genes co-expressed
with PGK1 participate in biological processes that include “generation of precursor metabolites and energy”, “ATP
metabolic process”, and “ATP metabolic process” (Figure 18A). Simultaneously, the co-expressed genes were notably
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Figure 11 Receiver operating characteristic curves for phosphoglycerate kinase 1 expression in triple-negative breast cancer. A: Triple-
negative breast cancer (TNBC) tissue vs normal breast tissue; B: TNBC tissue vs non-TNBC tissue. AUC: Area under the curve.
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enriched in the following KEGG pathways: “Carbon metabolism”, “Proteasome”, “HIF-1 signaling pathway”, “Central
carbon metabolism in cancer”, “Cell cycle”, “Glycolysis/Gluconeogenesis”, and “Pentose phosphate pathway”, shown in
Figure 18B. DO enrichment analysis showed that BC was the disease most correlated with PGK1 (Figure 18C). The major
pathways relevant to the genes co-expressed with PGK1 suggest that PGK1 is closely related to metabolism and HIF-1
signaling.

The PPI network revealed 10 co-expressed genes closely related to PGK1, and TPI1 was a key gene among these 10
genes (Figure 19). The intersections of highly expressed genes between TNBC vs non-TNBC and genes co-expressed with
PGKT1 in TNBC (occurrence frequency = 4) were shown in Figure 20.

DISCUSSION

There are few research documents on PGK1 and TNBC. Therefore, in this study, we concentrated on exploring the
scientific knowledge gathered on BC and PGK1 in the literature in WOS with bibliometric methods to reveal the foci of
recent research and suggest future research directions.

This investigation found that the total volume of PGK1 and BC related literature had been relatively small since 2005,
but the number of annual publications had increased significantly from 2020, reflecting a growing interest among
researchers in this area. More relevant articles came out of China than any other country. The Chinese researchers Jiang Y
and Zhang X ranked first and second in terms of the number of publications and H-index. China had been an interna-
tional leader in PGK1 research in BC. Different aggregations were formed among co-citations, countries, universities, and
authors in the cooperation network. Although several close regional cooperative relationships had formed, some
countries and institutions had not joined a cooperation cluster, and cooperation among cluster groups was also less
interconnection. A lack of comprehensive collaboration might hinder communication and progress across the entire
research domain. Key word analysis demonstrated that researchers were most concerned about the expression of PGK1 in
BC and its link with BC progression. In the top three most cited papers, Zhang et al[44] and Qian et al[48] reported PGK1
overexpression separately in HER-2/NEU1-positive BC and invasive breast ductal carcinoma, and Shashni et al[47]
believed that ATP generation and cancer metabolism could be affected by PGK1 downregulation. The journals with the
most articles were the Journal of Proteome Research and Scientific Reports, and Cancer Research was the most cited
journal. Overall, hot topics in PGK1 and BC were “expression” and “progression”. BC survival, invasion, and PGK1
proteins were several new areas of attention in this field that have emerged in the past two years.
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Figure 12 Receiver operating characteristic curves. A-M: Receiver operating characteristic curves for phosphoglycerate kinase 1 expression in triple-
negative breast cancer vs normal breast tissue. AUC: Area under the curve.

This research gathered 31 high-throughput datasets on BC tissue (7543 cases) and non-cancerous breast tissue (1685
cases) and confirmed that PGK1 exhibited a markedly higher expression state in BC (SMD: 0.76; AUC of sROC = 0.8525),
which was consistent with the results reported in previous items of literature. Li et al[42] compared 112 non-cancerous
tissues and 1096 BC tissues and found that BC had stronger PGK1 expression than non-cancerous breast tissue. Similarly,
Shao et al[49] found a rise in PGK1 mRNA levels in 145 BC tissues, which that contrasted with those of 69 non-cancerous
tissues, and PGK1 mRNA was inversely correlated with the OS of BC. He et al[50] also compared 1066 BC and 112 non-
cancerous samples and reached a conclusion in line with the above reports. Moreover, the expression level of PGK1
protein was shown to be increased in BC tissues compared with non-cancerous tissues.

The expression of PGK1 also depends on the type of BC[51]. Our study, for the first time, revealed that PGK1 exp-
ression was increased in TNBC and surpassed the levels found in both normal breast tissue and non-TNBC. Furthermore,
genes co-expressed with PGK1 had been shown to be enriched in “generation of precursor metabolites and energy”,
“ATP metabolic process”, and “response to hypoxia”. In KEGG pathways analysis, they were enriched in the pathways of
“proteasome”, “HIF-1 signaling”, and “glycolysis/gluconeogenesis”.

It was discovered that the mRNA expression levels of 1159 TNBC tissue cases were noticeably higher than those of
1205 non-cancerous breast tissue cases in 16 high-throughput data sets, with an SMD of 0.85 and integrated AUC of
0.8578. This indicated that the increase in PGK1 mRNA might influence the occurrence of BC, including TNBC.

More crucially, this study also found that PGK1 might play different roles in promoting TNBC and non-TNBC. When
compared with non-TNBC, TNBC samples showed much higher expression of PGK1, with the SMD of 15 data sets
(including 1520 cases of TNBC and 7072 cases of non-TNBC) being 0.25, and the integrated AUC being 0.688. Previously,
PGK1 was reported to be associated with the status of HER-2/ER. PGK1 expression in HER-2-positive patients (37 out of
88 cases) and ER-positive patients (70 out of 167 cases) was upregulated compared with that in the HER-2-negative group
(74 out of 254 cases) and ER-negative group (66 out of 234 cases)[43]. One study also mentioned that, compared with the
HER-2-positive group (19 cases), the TNBC group’s (15 cases) mRNA and protein levels of PGK1 were down-regulated
[52]. These findings suggested that PGK1 expression was down-regulated in BC with ER/HER-2 negative status and
TNBC. Through an analysis of large data sets combining global gene chip and RNA-seq data from multi-center studies
(1520 cases of TNBC and 7072 cases of non-TNBC), it was finally concluded that, though PGK1 in TNBC had both high
and low expression, PGK1 showed an overall trend of increased expression in TNBC.

The prognostic analysis showed that increased PGK1 expression was closely associated with a shorter RFS in TNBC
cases, and a similar pattern was observed for OS, indicating that high PGK1 expression was detrimental to the survival
prognosis of TNBC patients. Therefore, we concluded that PGK1 was overexpressed in TNBC compared to normal breast
tissue and non-TNBC, and that its upregulation correlated with more adverse prognoses in patients with TNBC, implying
a potential role for PGK1 in tumor progression.

In this study, GO and KEGG enrichment analyses demonstrated that genes co-expressed with PGK1 were related to
glycolysis, hypoxia, and HIF-1 pathways, which was reflected in previous findings in the literature. PGK1 had been
shown to not only be a crucial glycolytic enzyme in ATP generation during glycolysis but also to act as a protein kinase to
suppress pyruvate metabolism in the mitochondria and enhance the glycolysis of tumor cells[53].

Obviously, the metabolism of BC cells, including TNBC cells, undergoes changes. Under aerobic conditions, normal
cells obtain energy by oxidative phosphorylation (OXPHOS) in the mitochondria. In hypoxia, cells acquire energy via the
metabolic pathway of glycolysis rather than mitochondrial processes that consume oxygen[54]. Despite the availability of
sufficient oxygen, malignant tumor cells continue to fulfill their metabolic demands through the glycolytic mode rather
than OXPHOS, and this phenomenon is referred to aerobic glycolysis or the Warburg effect[55,56]. The generation of
tumor stromal blood vessels lags behind growth rate of tumor cells, and oxygen delivery is unable to keep up with the
rapid growth and proliferation of tumor cells, putting tumor cells in a continuous hypoxic microenvironment, with
interrupted mitochondrial OXPHOS and a shift in energy metabolism to aerobic glycolysis[57]. Tumor cells that utilize
glycolysis would then have a survival advantage in a rapidly proliferating hypoxic environments[58]. In studies, TNBC
tissue displays higher glucose uptake and lactic acid (glycolytic product) secretion, and more dependence on glycolysis
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Figure 13 Receiver operating characteristic curves. A-L: Receiver operating characteristic curves for phosphoglycerate kinase 1 expression in triple-
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Omitting GSE64790 —FF— 0.76 (0.48-1.04)
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Omitting GSE7882 —FF—  0.74 (0.46-1.02)
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Omitting TCGA-GTEx-BRCA —F+— 0.78 (0.48-1.08)
Total | | |<>| 0.76 (0.49-1.04)
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Standardised mean difference (95%CI)

F

Source SMD (95%Cl)
Omitting GPL13607 ——F——  0.27(0.05-0.50)
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Omitting GPL6848 ——F——— 0.28(0.05-0.50)
Omitting GPL8269 —F+—— 0.25(0.02-0.48)
Omitting GPL887 ——H——  0.23(0.00-0.47)
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Total [ | —<|>|_ 0.25 (0.03-0.47)

-0.4 -0.2 0 0.2 0.4

Standardised mean difference (95%CI)

vs normal breast tissue, TNBC vs normal breast tissue, and TNBC vs non-TNBC tissue.
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Figure 15 Forest plots of positive likelihood ratio (LRpos) and negative likelihood ratio (LRneg) for phosphoglycerate kinase 1
expression based on different groups. A and B: Breast cancer (BC) vs normal breast tissue; C and D: Triple-negative BC (TNBC) vs normal breast tissue; E
and F: TNBC vs non-TNBC tissue.
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Figure 16 Immunohistochemistry staining from the Human Protein Atlas showing low or no expression of phosphoglycerate kinase 1 in
normal breast tissue cells, and high expression in breast cancer cells. A: HPA045385, female, age 45, breast (T-04000), normal tissue, NOS (M-
00100), Patient ID: 3544 (low or no expression). (1) Adipocytes. Staining: Not detected; Intensity: Weak; Quantity: < 25%; Location: cytoplasmic/membranous; (2)
Glandular cells. Staining: Low; Intensity: Weak; Quantity: > 75%; Location: cytoplasmic/membranous; and (3) Myoepithelial cells. Staining: Low; Intensity: Weak;
Quantity: > 75%; Location: Cytoplasmic/membranous; B: HPA073644, female, age 43, breast (T-04000), skin (T-01000), normal tissue, NOS (M-00100), Patient ID:
2104 (low or no expression). Adipocytes, glandular cells, and myoepithelial cells. Staining: Not detected; Intensity: Negative; Quantity: None; C: CAB010065, female,
age 59, breast (T-04000), lobular carcinoma (M-85203), Patient ID: 2805 (high expression). (1) Tumor cells. Staining: High; Intensity: Strong; Quantity: 75%-25%;
Location: Cytoplasmic/membranous nuclear; D: HPA045385, female, age 83, breast (T-04000), duct carcinoma (M-85003), Patient ID: 2160 (high expression). (1)
Tumor cells. Staining: High. Intensity: Strong. Quantity: 75%-25%. Location: Cytoplasmic/membranous nuclear. These immunohistochemical protein expression
figures were from the Human Protein Atlas (THPA) database [71].
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Figure 17 Kaplan-Meier curves for association between phosphoglycerate kinase 1 expression of triple-negative breast cancer patients. A: Overall survival; B: Recurrence-free survival; C: Distant metastasis free survival.
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OS: Overall survival; RFS: Recurrence-free survival; DMFS: Distant metastasis free survival; HR: Hazard ratio.
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than other BC subtypes[59]. PGK1, as the initial rate-limiting enzyme of the cellular glycolytic pathway to ATP synthesis,
directly supplies energy for cellular activities, while the other reaction product, 3-PG, is oxidized by one-carbon
metabolism. This is probably the reason why PGK1 is more significant than other glycolysis enzymes in contributing to
the Warburg effect in tumors[56,60,61]. Several glycolytic enzyme genes, including PGK1, were reported to be upre-
gulated by HIF-1 induction under a hypoxic microenvironment, providing a molecular basis for the Warburg effect in
tumor cells[57,62]. In this way, processes, including cell growth, metastasis, drug resistance, and immune evasion, are
regulated via the Warburg effect. The high levels of PGK1 in cancerous tissues could potentiate the Warburg effect,
thereby influencing the progression and prognosis of both BC and TNBC.
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Figure 18 Pathway and disease enrichment analysis annotation. A: Gene Ontology enrichment; B: Kyoto Encyclopedia of Genes and Genomes
enrichment. Columnar length represents the number of gene enrichments; the longer the column, the more gene enrichment. Color indicates the size of the P value;
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the darker the color, the smaller the P value; C: Disease Ontology enrichment. The area of each circle represents the number of genes; the larger the circle, the more
genes are involved. The color of each circle represents the P value; the darker the color, the smaller the P value. GO: Gene Ontology enrichment; KEGG: Kyoto
Encyclopedia of Genes and Genomes.
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Figure 19 Protein-protein interaction network analysis of phosphoglycerate kinase 1 related genes.

uP CEG (= 4)

Figure 20 Intersection of triple-negative breast cancer vs non-triple-negative breast cancer gene overexpression and positively
phosphoglycerate kinase 1 correlated gene co-expression in triple-negative breast cancer (occurrence 2 4). UP: Upregulated gene; CEG: Co-
expressed gene.

The HIF-1/PGK1 pathway is one of the most prominent pathways in cancer cells[63]. PGK1 has been identified as a
target gene of HIF-1[64] and is capable of establishing a positive-feedback loop with HIF-1[45]. HIF-1 can detect hypoxia
within the tumor microenvironment, increase the expression of glucose transporters, activate genes involved in cancer
glycolysis metabolism, and drive glucose toward glycolysis in cancerous cells, the latter of which is a pivotal regulatory
step in the metabolic shift of tumor cells from oxidative phosphorylation to glycolysis[65-67]. Under hypoxia stress,
protein receptor activation, or carcinogenic gene mutation expression, about 12% of cytoplasmic PGK1 is translocated by
the accumulated HIF-1 to mitochondria, where PGK1 contributes to protein kinase activity. Pyruvate is diverted from the
mitochondria into the cytoplasm to produce lactic acid, inhibiting the mitochondrial tricarboxylic acid cycle and en-
hancing glycolysis to support the energy and metabolite requirements of cancerous cells[64,68]. Additionally, HIF-1a
expression is correlated with an ER-negative status[69]. The expression of HIF-1 was shown to be upregulated in TNBC
and associated with a poorer prognosis, and it also affected the level of PGK1[66]. Regarding TNBC treatments, Sun et al
[70] found that PGK1 expression inhibition increased the sensitivity of TNBC to paclitaxel treatment. Therefore, as PGK1
is a latent biomarker for different therapy options for TNBC, inhibiting its expression might represent a new therapeutic
strategy.

CONCLUSION

Research into PGK1, a potential biomarker in BC, has made great advancements recently. PGK1 expression levels in
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TNBC are subject to regulation by upstream HIF-1 and are evidently upregulated compared to those in non-TNBC and
non-cancerous breast tissue. PGK1 has been shown to enhance glycolysis in TNBC. Therefore, we believe that PGK1
provides a valuable marker for predicting the disease progression of TNBC. How to inhibit the occurrence and progress
of TNBC through PGK1 needs further in-depth studies. There were some limitations to our study. Our bibliometric
analysis was accomplished with a single data base, and specific BC histological classifications were not assigned to the
cases in the non-TNBC group.
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Abstract

BACKGROUND

Parthenolide (PTL), a sesquiterpene lactone derived from the medicinal herb
Chrysanthemum parthenium, exhibits various biological effects by targeting NF-
kB, STAT3, and other pathways. It has emerged as a promising adjunct therapy
for multiple malignancies.

AIM
To evaluate the in vitro and in vivo effect of PTL on cyclophosphamide (CTX)
metronomic chemotherapy.

METHODS

The cytotoxicity of PTL and CTX on Lewis lung cancer cells (LLC cells) was
assessed by measuring cell activity and apoptosis. The anti-tumor efficiency was
evaluated using a tumor xenograft mice model, and the survival of mice and
tumor volume were monitored. Additionally, the collected tumor tissues were
analyzed for tumor microenvironment indicators and inflammatory factors.

RESULTS

In vitro, PTL demonstrated a synergistic effect with CTX in inhibiting the growth
of LLC cells and promoting apoptosis. In vivo, metronomic chemotherapy com-
bined with PTL and CTX improved the survival rate of tumor-bearing mice and
reduced tumor growth rate. Furthermore, metronomic chemotherapy combined
with PTL and CTX reduced NF-xB activation and improved the tumor immune
microenvironment by decreasing tumor angiogenesis, reducing Transforming
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growth factor B, and a-SMA positive cells.

CONCLUSION

PTL is an efficient compound that enhances the metronomic chemotherapy effects of CTX both in vitro and in vivo,
suggesting its potential as a supplementary therapeutic strategy in metronomic chemotherapy to improve the
chemotherapy effects.

Key Words: Lung cancer; Parthenolide; Cyclophosphamide; Rhythmic chemotherapy; NF-kB pathway
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Core Tip: Our present study found that as a specific inhibitor of NF-kB, Parthenolide can promote the efficiency of
cyclophosphamide in lung cancer via inhibiting NF-kB signaling in vitro and in vivo. Our present study will help scientists
and clinicians to draw up novel rhythmic chemotherapy strategies.
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INTRODUCTION

Toxic effects and chemotherapy resistance are the main obstacles to traditional chemotherapy clinically. To avoid these
problems caused by traditional chemotherapy regimens, a new type of administration method called "metronomic
chemotherapy" has emerged[1]. This approach involves frequent administration of conventional chemotherapeutics at
very low doses. The term “metronomic chemotherapy” was mentioned preclinically as early as 2000[2,3]. Apart from its
advantages including minimizing side effects and reducing opportunities for acquired drug resistance, it is proposed that
metronomic chemotherapy targets activated endothelial cells in tumors, modulates hosts” immune system, and affects
tumor progenitor cells and neighboring stromal cells[4]. The most studied drugs for metronomic chemotherapy include
cyclophosphamide (CTX), methotrexate, capecitabine, and vinorelbine[5]. CTX is a prodrug that undergoes conversion in
vivo by hepatic cytochrome P450 enzymes to active forms of metabolites, such as phosphoramide mustard. These active
forms undergo covalent cross-linking with DNA, leading to DNA strand breaks and cross-links, which impede the
process of DNA replication and transcription[6-8]. However, CTX involves a wide range of cytotoxicity and can cause
several serious side effects such as myelosuppression, immunosuppression, alopecia, and urinary toxicity. Because
metronomic chemotherapy has a good weakening effect on toxic effects and chemotherapy resistance, CTX is the most
widely used metronomic chemotherapy agent preclinically and clinically[9,10]. CTX has been used in combination with
other chemotherapy agent, such as vincristine, lomustine, and etoposide, possibly by regulating the host immune system
to enhance the efficacy of lung cancer therapy[11,12]. However, uncertainty about treatment efficacy, challenges with
compliance, and patient applicability limit the use of CTX-related metronomic chemotherapy. Therefore, there is an
urgent need to find more effective drugs for lung cancer treatment in combination with CTX.

Natural products have long been used as the primary arsenal for anti-cancer drug development[13]. Novel natural
products act on tumors solely or in combination with traditional chemotherapy drugs. Feverfew (Tanacetum parthenium L.
) is a traditional medicinal plant that has been used for centuries to treat fevers, migraine headaches, rheumatoid arthritis,
and various other inflammation-related diseases[14]. In addition, feverfew extracts have demonstrated the ability to
inhibit the proliferation of tumor cells in laboratory studies[15]. This plant contains a large number of natural products,
its active compounds include sesquiterpene lactones, like parthenolide (PTL)[14]. PTL was isolated from feverfew extract
half a century ago and has been reported to exhibit tumor cell growth inhibition effects in vitro[16,17]. In 2001, it was
discovered that PTL directly targets Ikappa B kinase, providing a clear explanation for its anti-inflammatory mechanism
of action[18]. NF-kB signaling is also involved in tumor progression[19], its activation suppresses the apoptotic potential
of chemotherapeutic agents and contributes to drug resistance. It also reported that NF-kB inhibitors could sensitize
metronomic chemotherapy[20].

Several chemicals have been reported to sensitize the efficacy of metronomic chemotherapy. However, whether PTL
can sensitize CTX metronomic chemotherapy has never been investigated. Considering the reported characteristics of
PTL, especially its strong effect on NF-kB inhibition, we hypothesized that PTL can enhance the efficacy of CTX. In the
present study, we tested the biological effect of PTL on CTX both in vitro and in vivo and observed that PTL strongly
enhanced the efficacy of CTX, partially by NF-kB inhibition.
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MATERIALS AND METHODS

Cell line and mice

Mouse Lewis lung carcinoma (LLC) cell line was purchased from Shanghai Cell Bank of Chinese Academy of Sciences
(Shanghai, China) and cultured in RPMI-1640 medium containing 10% FBS at 37 °C in a humidified 5% CO, incubator as
previously described[21]. For in vitro cell assays, LLC Cells were transfected with CYP2B6 constant express plasmid, and
the expression of CYP2B6 was quantified by Q-PCR and Western blot. The cell medium was changed every day and the
cells were used in their logarithmic growth phase for all experiments.

Male wild-type C57BL/6] mice were used for all experiments. Mice weighed 20-22 g were purchased from Kunming
Medical University [Grade SPF II, SCXK(Yunnan)K2020-0004] and fed a standard laboratory diet with water ad libitum
and were kept under constant environmental conditions in the Biological Center Lab of Kunming Medical University. All
the experimental procedures were approved by the ethics committee of Kunming Medical University and performed
following the institutional animal care guidelines and the ARRIVE guidelines.

Cell proliferation assay

LLC cells transfected with CYP2B6 were exposed to a culture medium with different concentrations of CTX and/or PTL.
Cell viability was assessed by an Enhanced CCKS8 Cell Proliferation Assay kit (Elabscience, Wuhan, China) according to
the manufacturer’s instructions. About 2 x 10° cells in 200 pL of cell culture medium were seeded into 96-well plates.
After 24 hours of attachment, different concentrations of CTX and/or PTL were added to the culture medium. The cell
viability was assayed every 24 hours.

Pl/annexin double staining

Apoptosis was assayed by PI/annexin V double staining using a cell apoptosis assay kit (Elabscience, Wuhan, China)
according to the manufacturer’s instructions. A total of 5 x 10* cells were collected and resuspended in 195 pL Annexin V-
FITC binding buffer and then stained with 5 pL Annexin V-FITC and 10 pL PI, then incubated at room temperature in the
dark for 20 minutes. The apoptotic cells were monitored by flow cytometry assay using a flow cytometer (BD Bioscience).

Western blot assay

Protein expression levels were quantified by Western blot. In brief, total proteins were extracted using RIPA Lysis
(Beyotime Biotechnology, Shanghai, China) according to the protocols provided by the manufacturer. Then, proteins
were isolated by 10% SDS-PAGE and electro-transferred on PVDF membranes (Millipore, United States). Subsequently,
the membranes containing proteins were seriatim incubated with the primary and secondary antibodies for the indicated
time. Antibodies used in the experiment including CYP2B6 antibody (A1463, ABclonal, Wuhan, China) anti-NF-kB P65
(ab16502, Abcam, Cambridge, MA, United States), Anti-NF-kB p65 (phospho S536) (ab76302, Abcam), anti-B-Actin (E-AB-
20034, Elabscience) and Goat Anti-Rabbit IgG (H + L) (peroxidase/HRP conjugated) (E-AB-1003, Elabscience). The
protein bolts were developed by the Immobilon Western HRP Substrate (Millipore) and pictured with a chemilumin-
escence imager (Tanon, China), then quantified with Image J software (NIH, Bethesda, MA, United States).

NF-kB p65 transcription factor activity assay

Transcription factor activity for NF-kB was carried out with a commercial NF-xB p65 transcription factor activity assay kit
(RayBiotech Inc., United States) which coded plate with NF-xB binding DNA sequence that specifically captured the
active NF-kB p65 contained in whole cell lysate or nuclear extracts. The active NF-xB p65 was further quantified by NF-
kB p65 primary antibody and HRP-conjugated secondary antibody. After a short incubation with CTX and PTL, the
nuclear protein was extracted from 1 x 10’ LLC cells using a Nuclear/Cytoplasmic Protein Extraction Kit (SINP0O01,
Viagene Biotech Inc., United States). The Nuclear protein lysis was loaded onto the NF-xB p65 transcription factor activity
detecting plate provided by the manufacturer, and the signal was detected according to the manufacturer’s instructions.

Subcutaneous tumor inoculation

LLC cells (1 x 10° cells/mouse) re-suspended in serum-free DMEM were injected under the skin of C57BL/6 mice in the
back or neck area. Fourteen days after tumor cell injection, the tumor-bearing mice were euthanatized by cervical
dislocation, the tumor was harvested, segmented, and digested with collagenase IV (Sigma), about 1 x 10° cells were
harvested after digestion, and 2 x 10° cells/mouse were subcutaneously injected in the back of 40 mice. Randomly
distributed these mice into four groups, i.e., control, CTX, PTL, and CTX + PTL group, each including 10 mice. After one
week of the tumor cell implantation, the daily CTX and/or PTL administrated was performed by intragastric infusion
and lasted for about 3 weeks. The survival of mice and the tumor size (measured with a vernier caliper) were recorded.
When the tumor's long diameter reached 2 cm, the mouse was killed, and the tumor was isolated from the skin and
weighed after exsanguination. The tumor mass was kept in a formalin solution and embedded in paraffin for Immunohis-
tochemistry (IHC). Both the natural death and euthanasia of mice were recorded as death events in the Kaplan-Meier
assay.

Immunohistochemistry assay

Immunohistochemistry assay was carried out as previously described[22]. Briefly, the paraffin section of tumor tissues
from mice was dewaxed and rehydrated. Antigen retrieval was first carried out. Then tissue sections were quenched in
0.3% hydrogen peroxide and blocked using 5% goat serum. The slides were incubated with the primary antibody at 4 °C
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overnight and then probed with HRP-conjugated secondary antibody at room temperature for 1 hour. Afterward, the
slides were stained using diaminobenzidine (DAB). The presentation of dark brown was considered positive. Antibodies
used in this section were as followed: Ant-CD31 (ab124432, Abcam), anti-F4/80 (A1256, ABclonal), Anti-alpha smooth
muscle Actin [1A4] (ab7817, Abcam), Anti-Mannose Receptor/CD206 (ab64693, Abcam), Anti-NF-kB p65 (phospho S536)
(ab76302; Abcam), Anti-transforming growth factor p (TGF B1) antibody (ab215715, Abcam), tumor necrosis factor o
(TNF-a) antibody (A11534, ABclonal), IL-6 antibody (A0286, ABclonal), Goat Anti-Rabbit IgG (H + L) (peroxidase/HRP
conjugated) (E-AB-1003, Elabscience) and Goat Anti-mouse IgG (H + L) (peroxidase/HRP conjugated) (E-AB-1001,
Elabscience).

Statistical analysis

Survival data were analyzed using the Kaplan-Meier method, and survival curves were compared using the log-rank test
in univariate analysis. A one-way ANOVA test was performed to evaluate the difference between groups. Two-group
comparisons were performed using the Student ¢-test.

RESULTS

Overexpression of CTX metabolic enzyme P450 in LLCs

CTX is a prodrug that requires metabolic activation by cytochrome P450 enzymes in the liver to convert it into its active
forms. There are currently 57 known human cytochrome P450 genes, which exhibit significant inter-individual genetic
variation. CTX hydroxylation can be catalyzed by various P450 (CYP) enzymes, including CYP2B6, CYP2C9, CYP2C19,
CYP3A4, CYP3A5, and CYP2]2[23-30]. Among them, CYP2B6 and CYP2C19 are the enzymes with the highest
bioactivation activity for CTX[31]. Several studies have shown that overexpression of P450, especially CYP2B6, in tumor
cells can enhance the sensitivity of tumor cells to CTX[32-35].

To evaluate the synergistic effect of PTL in combination with CTX in vitro, we developed a lung cancer cell line with
constitutive expression of cytochrome P450 enzymes to enable efficient metabolism of CTX. We confirmed the overex-
pression of CYP2B6 in the P450-overexpressing (P540-OE) LLC cells at both the mRNA and protein levels (Figure 1A and
B). While the wild-type LLC cells, human lung cancer cells (A549, H838, Hcc827, H1299, H1975, H1734, and XWCL-05),
and normal bronchial epithelial cells (Beas-2B), expressed a very low level of P450 protein (Figure 1B and Supplementary
Figure 1). It is worth noting that the expression of exogenous genes may impact cell growth. Therefore, to evaluate the
inhibitory effect of CTX on P540-OFE LLC cells, it is essential to account for any potential influence exerted by the
exogenous expression of CYP2B6 on cell growth. The results of the CCKS8 cell activity assay showed that P450 overex-
pression or vector transfection had no significant effect on cell growth during the 4-day growth process (Figure 1C).
Therefore, in subsequent experiments, P540-OE LLC cells were used to evaluate the antitumor activity of PTL and CTX
treatment regimens.

PTL enhanced cytotoxicity of CTX on P450 overexpressed LLC cells

To assess whether overexpression of cytochrome P450 sensitizes LLC cells to CTX, we used the CCKS assay to evaluate
cell proliferation activity. P450 overexpression significantly increased the sensitivity of LLC cells to CTX (Figure 2A and
B). As the treatment time and concentration increased, there was a remarkable decrease in the proliferation activity of
LLC P450-OE cells compared to the control group (Figure 2A and B). These findings indicate that P450 overexpression
enhances the cytotoxic effect of CTX. By comparing the percentage of inhibition, we observed that the highest inhibitory
effect was achieved at 48 hours of treatment (Figure 2C). Therefore, for subsequent experiments, we selected the 48-hour
treatment as the optimal time for collecting cell samples.

To assess the cytotoxic effects of CTX and PTL on LLC cells, this study established a range of concentration gradients
for individual treatments of CTX and PTL on P450-OFE LLC cells. PTL inhibited the proliferation of P450-OE LLC cells in a
dose-dependent manner within the concentration range of 2.5 uM to 20 uM (Figure 2D and E). Similarly, CTX also
exhibited a dose-dependent inhibition of P450-OE LLC cell proliferation within a concentration range of 2.5 ug/mL to 20
ug/mL (Figure 2D and E). To determine the synergistic potential of combining these two drugs, we calculated the
combination index (CI). Inhibition of cell proliferation was more pronounced when CTX and PTL were used in
combination (Figure 2F). Specifically, when the inhibitory effect ranged from 0.2 to 1.0, the CI remained less than 1, and it
gradually decreased as the inhibitory effect increased (Figure 2F). These findings collectively demonstrate that the
combination of CTX and PTL produces a synergistic effect on cell toxicity.

To further elucidate the cytotoxic effects of the combined treatment of CTX and PTL, we examined the changes in
apoptosis levels in P450-OE LLC cells when exposed to CTX and PTL individually as well as in combination. When
administered alone, CTX at a concentration of 5 ug/mL or PTL at 5 uM significantly promoted apoptosis in P450-OE LLC
cells. Specifically, the apoptosis ratio was 22.88% + 1.67% for CTX at 5 ug/mL and 16.1% + 1.62% for PTL at 5 uM
(Figure 2G). Strikingly, the proportion of induced apoptosis dramatically increased to 48.57% * 1.86% when the two
drugs were combined (Figure 2G). Importantly, the overall level of apoptosis observed in the combined treatment group
surpassed that observed with either drug alone. These findings underscore the enhanced efficacy of the combination
therapy, suggesting a promising approach for targeted tumor cytotoxicity.

Further, this study evaluated the effects of 5 pg/mL CTX and 5 pM PTL individually as well as in combination on the
viability of hepatic (LO2), alveolar (RLE-6TN), and renal (HK2) cells. As indicated in Figure 2H, 5 pg/mL CTX was
significantly cytotoxic to LO2 and HK2, and 5 pM PTL enhanced the cell activity of LO2 and HK2 after 48 hours of
treatment. Moreover, the combination of CTX and PTL alleviated the cytotoxicity of CTX on LO2 and HK2. Notably, CTX
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Figure 1 P450 expression detection in different cell lines and the effect of its overexpression on Lewis lung cancer cells cell activity. A: Q-
PCR detection of P450 mRNA expression in Lewis lung cancer cells (LLC) cells transfected with P450 overexpression plasmid (P450-OE); B: Western blot detection
of P450 protein in different cell lines. Full undamaged Gels and Blots images are shown in Supplementary Figure 1; C: CCK8 assay of LLC cells transfected with
P450-OE plasmid or the vector plasmid. n = 3, %P < 0.0001; NS: Not significant; LCC: Lewis lung cancer cells.

and PTL had no significant effect on the cell activity of RLE-6TN. This suggests that CTX is toxic to normal hepatic and
renal cells and that its toxicity can be mitigated by combination therapy with PTL.

PTL improved the survival of tumor-bearing mice in combination with low-dose CTX

In a study conducted by Dynes et al[36], it was demonstrated that metronomic chemotherapy using a dosage of 20 mg/
kg/day CTX in mice was effective. Therefore, for this study, metronomic chemotherapy was administered to mice with a
CTX dose of 20 mg/kg/day. The reported anti-tumor dose of PTL ranged from 4 to 40 mg/kg[37-39]. Generally, doses of
4-12 mg/kg were administered intravenously or peritoneally, while a dose of 40 mg/kg/day was given via intragastric
administration as per the former report[38]. For this study, the reference dosage of 40 mg/kg/day was employed for
intragastric administration of PTL.

The animal experiment procedure is displayed in Figure 3A. A significant difference in survival among the four groups
of mice is indicated in Figure 3B. Survival curve analysis revealed significant differences between the PTL and Control
group, as well as between the CTX and Control group (Figure 3C and D). Notably, the PTL + CTX combination group
exhibited the longest survival time, with 40% of tumor-bearing mice living extended to the end of the experiment
(Figure 3B and E). Additionally, a statistical difference in survival was observed between the CTX treatment group and
the CTX + PTL combined administration group (Figure 3E), indicating an enhanced tumor inhibition effect of the
combination of PTL and CTX.

The tumor growth in the control group exhibited rapid progression, with a mean tumor diameter of 2 cm reached as
early as day 19. While there were no significant differences in the tumor growth curves between the CTX-only, PTL-only,
and CTX + PTL combined chemotherapy groups (Figure 3F), a noteworthy observation was the significant difference in
tumor growth rates when normalized by growth time between the control group and the CTX + PTL combined groups
(Figure 3G). Although the tumor growth rate in the PTL and CTX treatment group was lower than that in the control
group, statistical analysis showed no significant difference, suggesting that the effect of PTL and CTX combined
chemotherapy had a more favorable impact compared to their individual use.

Effects of PTL combined with CTX on tissue morphology, angiogenesis, and immune microenvironment of

transplanted tumors
To further evaluate the impact of PTL combined with CTX on tumor tissue pathology, we conducted Hematoxylin and
eosin staining on the collected tumor tissues. Compared to the control group, the CTX group displayed a significant
amount of cell detachments and shrinkage within the tumor, accompanied by the presence of necrotic areas. In the PTL
group, there were loose connections between tumor cells, along with a considerable amount of cell detachments and
fragmented cell nuclei, indicating apoptotic tumor cell death. Notably, the PTL combined with the CTX group exhibited
extensive necrotic regions within the tumor, along with disrupted tumor morphology and visible congestion, suggesting
a more severe collapse of the tumor tissue structure (Figure 4A). A combination of PTL and CTX significantly enhanced
CTX anti-angiogenesis effects, reduced the vascular density to nearly 50% percent (Figure 4B), and demonstrated a
superior effect on tumor toxicity and angiogenesis inhibition compared to single CTX.

To assess the inhibitory effects of PTL combined with CTX on tumor graft growth and changes in the tumor immune
microenvironment, we conducted IHC staining for macrophage marker genes CD206 and F4/80 in the tumor tissues.
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Figure 2 Parthenolide enhanced cytotoxicity of cyclophosphamide on P450 overexpressed Lewis lung cancer cells. A and B: P450
overexpression plasmid (P450-OE) and Control groups were treated with 5 ug/mL (A) or 10 ug/mL (B) cyclophosphamide (CTX), and its inhibitory effect on cell
proliferation was evaluated using CCK8 assay; C: Comparison of proliferation inhibition percentage of P450-OE Lewis lung cancer cells (LLCs) treated with 5 and 10
ug/mL CTX; D: Cells were treated with different concentrations of CTX, Parthenolide (PTL), or a combination of the two drugs for 48 hours, and cell viability was
detected by CCK-8 assay; E: Inhibition curve of different groups; F: The Combination Index was calculated using CompuSyn software; G: The apoptosis percentage
of P450-OE LLC cells was evaluated after 48 hours of exposure to 5 pg/mL CTX and 5 uM PTL individually as well as in combination; H: CCK-8 evaluated the viability
of LO2, RLE-6TN and HK-2 cells after treatment with 5 pg/mL CTX and 5 M PTL individually as well as in combination for 48 hours. n = 3, 2P < 0.05; °P < 0.01; °P <
0.001; 9P < 0.0001. Compared with CTX + PTL group, ®P < 0.01; /P < 0.001; 9P < 0.0001; NS: Not significant. PTL: Parthenolide; CTX: Cyclophosphamide.
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Figure 3 Survival analysis of tumor-bearing mice. A: Animal experiment process; B: Survival curve and log-rank analysis of 4 groups of tumor-bearing mice;
C: Survival comparison between control and parthenolide (PTL) groups; D: Survival comparison between control and cyclophosphamide (CTX) chemotherapy groups;
E: Comparison between CTX and PTL + CTX combined groups; F: Tumor growth curve of different groups; G: Comparison of tumor growth rate. n = 10, P < 0.05, °P
<0.01,°P < 0.001. NS: Not significant; PTL: Parthenolide; CTX: Cyclophosphamide.

Additionally, we analyzed immune regulatory factors TGF-p, pro-inflammatory factors IL-6 and TNF-a, and invasive
marker gene a-SMA expression in tumor tissues. The proportion of F4/80-positive cells significantly increased after PTL
or CTX treatment. However, when the two drugs were combined and administrated, the proportion of the F4/80-positive
cell population did not further increase (Figure 4C). The proportion of CD206-positive cells showed no significant
differences among tumors of the four groups (Figure 4C). Hence, the increase of F4/80 positive macrophages might be
due to the import of proinflammatory M1 cells, whereas PTL combined CTX administration did not enhance or decrease
macrophage recruitment. Similar expression of the inflammatory factors (IL-6 and TNF-a) among the control group, the
CTX treatment group, and the PTL treatment group. However, in the PTL combined with the CTX group, there was a
slight decrease in the expression levels of IL-6 and TNF-o; however, this decrease was not statistically significant
(Figure 5A). There was no significant change in the expression level of TGF- in the tumor tissues of the CTX group when
compared to the control group. In contrast, PTL treatment led to a significant down-regulation in the expression level of
TGF-B (Figure 5A). Furthermore, the combination of PTL and CTX exerted a substantial inhibitory effect on the
expression level of TGF-p in the tumor microenvironment (Figure 5A). CTX alone had no significant effect on the
expression level of a-SMA (Figure 5B). PTL treatment alone significantly downregulated the expression level of a-SMA,
and PTL combined with CTX also significantly inhibited the expression level of a-SMA (Figure 5B). Thus, the expression
level of a-SMA is primarily influenced by PTL treatment.

In conclusion, these results indicated that PTL promotes CTX efficiency not only by acting on tumor cells but also by
influencing the tumor microenvironment. PTL could enhance the angiogenesis inhibition effect of CTX. It also inhibited
TGEF-B and a-SMA expression in tumor tissue. Since the involvement of TGF-p and a-SMA in tissue reparation and tumor
metastasis, the inhibition of them might contribute to the tumor sensitivity to CTX.
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Figure 4 Effects of parthenolide combined with cyclophosphamide on tissue morphology and macrophage infiltration of transplanted
tumors. A: Hematoxylin and eosin staining; B: CD31 staining and statistical results of tumor vascular density; C: F4/80 and CD206 staining in tumor tissues as well
as comparison of F4/80 and CD206 positive cell proportion. Magpnification: 200 x. n = 10; 2P < 0.05; °P < 0.01; °P < 0.001; °P < 0.0001; NS: Not significant. Con:
Control; PTL: Parthenolide; CTX: Cyclophosphamide; HE: Hematoxylin and eosin staining.

PTL alleviated CTX-induced NF-kB activation

Many literatures have reported that the inhibition of PTL on NF-«B is the basis of its anti-tumor activity, and the
activation of NF-kB leads to its transfer into the nucleus. CTX alone had no significant effect on the overall expression
level of NF-xB in transplanted tumors, but could slightly increase (without significance) the proportion of NF-xB staining
in the nucleus (Figure 6A). Compared to the CTX group, PTL combined with CTX significantly inhibited the expression
level of NF-kB in transplanted tumor tissues and the transfer of NF-xB to the nucleus (Figure 6A), suggesting that PTL
combined with CTX could inhibit the activation of NF-xB induced by CTX chemotherapy. To further verify the inhibitory
effect of PTL on NF-xB in CTX, P450 OE LLC cells treated with CTX or PTL + CTX were collected and the expression of
NF-xB was detected by Western blot. CTX did not induce the up-regulation of NF-«xB p65 expression but could induce the
phosphorylation of NF-«B p65 (Figure 6B). The up-regulation of p-NF-xB p65 induced by CTX could be down-regulated
when PTL is combined with CTX (Figure 6B and Supplementary Figure 2). The results of the transcription factor activity
assay further confirmed that PTL combined with CTX can inhibit CTX-induced NF-kB p65 transcription activity
(Figure 6C). Therefore, PTL combined with CTX may have a synergistic anticancer effect by inhibiting CTX-induced NF-
kB activation. Overall, these results demonstrated that parthenolide, as an NF-kB inhibitor, alleviated CTX-induced NF-
kB activation, and thus may improve the sensitivity of LLC cells to CTX.
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Figure 5 Influence of parthenolide combined with cyclophosphamide on the immune microenvironment in the transplanted tumor. A:
Immunohistochemistry (IHC) staining of transforming growth factor B (TGF-B), IL-6, and tumor necrosis factor a (TNF-a), and the percentage of TGF-B, IL-6, and
TNF-a positive cells in different treatment groups were compared; B: A-SMA IHC staining in tumor tissues. Magnification: 200 x. n = 10; 2P < 0.05; °P < 0.01; °P <
0.001; 9P < 0.0001; NS: Not significant. PTL: Parthenolide; CTX: Cyclophosphamide.

DISCUSSION

There are a variety of ways for cancer therapy, including surgery, radiation therapy, chemotherapy, immunotherapy, and
targeted drug therapy. And most of them relied on novel chemicals or combinations of chemicals. Conventional therapies
including surgery, radiation therapy, and chemotherapy for cancer treatment have posed many challenges, including
toxicity, and multidrug resistance. Newly developed therapies, such as immunotherapy and targeted drug therapy have
other challenges such as high economic expenses[40]. Complementary alternative medicine by employing phyto-
chemicals received increased attention because of their capability to modulate a myriad of molecular mechanisms with a
less toxic effect. Phytochemicals can favorably inhibit several signaling pathways involved in cancer development and
progression. Some combinations of phytochemicals promote cell death, inhibit cell proliferation and invasion, sensitize
tumor cells, or boost the immune system, thus making them striking alternatives in cancer therapy. Some chemicals have
also been proven to promote the efficiency of CTX, such as dexamethasone and celecoxib[41]. However, the role of
natural products including phytochemicals in metronomic chemotherapy has not been widely investigated. Our present
study proposed a novel combination of PTL and low-dose CTX to enhance the efficiency of metronomic chemotherapy.
The present study demonstrated that the combination of CTX (5 pg/mL) and PLT (5 pM) enhanced the toxicity of CTX on
LLC cells overexpressing P450 in vitro. In addition, CTX exhibited toxicity in normal hepatic and renal cells. This is
consistent with previous reports[42,43]. Surprisingly, PLT alleviated CTX-induced activity inhibition of normal hepatic
and renal cells. This suggests that PLT can effectively control the toxic and side effects of CTX on normal cells.

Though metronomic chemotherapy showed many advantages including minimizing side effects and reducing
opportunities for acquired drug resistance, many signal pathways have still been activated to promote tumor cell
survival, such as NF-kB. NF-kB has long been considered a double sword in cell death and cell survival[44]. Targeting
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Figure 6 Parthenolide alleviated cyclophosphamide-induced NF-kB activation. A: NF-kB immunohistochemistry staining as well as comparison of the
percentage of total and nuclei NF-kB positive cells in transplanted tumors of mice in different treatment groups. Magnification: 200 x; B: P-NF-kB and NF-kB protein
immunoblotting as well as gray analysis. Full undamaged Gels and Blots images are shown in Supplementary Figure 2; C: Analysis of NF-kB P65 transcriptional
activity. n =10, 2P < 0.05; °P < 0.001; NS: Not significant. PTL: Parthenolide; CTX: Cyclophosphamide.

nuclear factor-kappa B can be used to overcome resistance to chemotherapy[45]. However, whether NF-kB inhibition
boosts CTX efficiency has never been investigated. Our present study showed that parthenolide, which is a well-accepted
NF-kB inhibitor, significantly increased the efficiency of CTX to kill tumor cells either in vitro or in vivo. The results
showed in our present study will help scientists and clinicians draw up novel metronomic chemotherapy strategies.

The schedule of standard therapy with CTX was a 21-day cycle of either 100 or 150 mg/kg CTX, administered
intraperitoneally once every other day over 6 days. And 10-40 mg/kg daily are considered low dose CTX[46]. Our
present study showed that even at low doses, CTX can activate NF-kB (shown in Figure 6). While PTL significantly
attenuated NF-kB activity induced by CTX. These results reminded us that NF-kB inhibition in CTX may be useful
clinically to promote the therapy efficiency. This is also consistent with previous studies that CTX can activate NF-kB in
other cells and tissues[47], and inhibition of NF-kB activation by CTX was involved in the reduction of side effects.

Angiogenesis is critical for solid tumor formation[48], and vascular formation is even considered the hallmark of solid
tumors[49]. NF-kB activation has been reported to be critical in tumor angiogenesis[50]. Though the efficacy of CTX can
be significantly increased when administered in combination with anti-angiogenic drugs[51], whether NF-kB inhibition
can inhibit angiogenesis in CTX has never been investigated. Our present study showed that NF-kB inhibition in CTX
significantly reduced the CD31 positive staining in the tumors, indicating reduced angiogenesis.

In many solid tumor types, tumor-associated macrophages are important components of the tumor microenvironment.
And macrophage infiltration is strongly associated with poor survival in solid tumor patients[52]. Here we demonstrated
that CD206 positive M2-like tumor-associated macrophages were not reduced by either CTX or PTL administration, but
both CTX and PTL increased the total F4/80 positive cells, this indicated the infiltration of CD206 negative macrophages,
possibly M1 macrophages. Thus, CTX or PTL administration might boost the immune system. However, we did not
observe the synergistic effect of the two drugs in macrophage recruitment. Proinflammatory factors IL-6 and TNF-a also
have no significant difference among groups. Overall, these results indicate that PTL combined with CTX did not
synergistically enhance the inflammatory reaction.

TGEF-B expression in tumors enables cancer cells to undergo epithelial-to-mesenchymal transition and correlates with
chemoresistance[53]. TGF-B expression in tumors hinders the release of cancer cell antigens, subverts dendritic cell
function, reduces T cell trafficking and infiltration to tumors, antagonizes recognition of cancer cells by T cells, and
hinders the killing of cancer cells[54]. TGF-B expression was directly or indirectly related to the treatment activity. High
levels of TGF-p are associated with therapeutic resistance[55]. Elevated levels of TGF-B are associated with desmoplasia,
which results from abnormal signaling of the TGF-B pathway and the remodeling of the microenvironment[54].
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Desmoplasia refers to the dense extracellular matrix (ECM) composed of fibrous collagen, hyaluronic acid, fibrin,
proteoglycan, and tendinous protein C[56], which can compress the blood vessels within the tumor, resulting in hypoper-
fusion, thus obstructing the delivery of therapeutic drugs, and renders the tumor hypoxic and drug resistant[54]. Here,
our results indicated that NF-xB inhibition with PTL reduces TGF- expression, which might render cancer cells sensitive
to CTX.

a-SMA is another ECM and tissue-remolding-associated gene in cancer progression. Tumor cells that express a-SMA
are predicted to be the cells that have an invasive nature and tend to metastasize[17]. Here we demonstrated that NF-kB
inhibition with PTL reduced the proportion of a-SMA positive cells. It might be another mechanism of PTL's synergistic
effect on CTX.

CONCLUSION

Thus, our present study found that NF-kB inhibition in CTX is not only involved in the balance of cell survival and cell
death of tumor cells but also involved in the tumor microenvironment by reducing angiogenesis, macrophage infiltration,
and inhibiting metastasis. In conclusion, our present study for the first time finds that as a specific inhibitor of NF-kB,
PTL can promote the efficiency of CTX in lung cancer via inhibiting NF-kB signaling in vitro and in vivo. By directly
promoting the cytotoxicity of CTX or improving the tumor microenvironment. Our present study will help scientists and
clinicians to draw up novel metronomic chemotherapy strategies.
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Abstract

BACKGROUND

Psilocybin, a naturally occurring psychedelic compound found in certain species
of mushrooms, is known for its effects on anxiety and depression. It has recently
gained increasing interest for its potential therapeutic effects, particularly in
patients with advanced cancer. This systematic review and meta-analysis aim to
evaluate the effects of psilocybin on adult patients with advanced cancer.

AIM

To investigate the therapeutic effect of psilocybin in patients with advanced
cancer.

METHODS

A comprehensive search of electronic databases was conducted in PubMed,
Cochrane Central Register of Controlled Trials, and Google Scholar for articles
published up to February 2023. The reference lists of the included studies were
also searched to retrieve possible additional studies.

RESULTS

A total of 7 studies met the inclusion criteria for the systematic review, comprising
132 participants. The results revealed significant improvements in quality of life,
pain control, and anxiety relief following psilocybin-assisted therapy, specifically
results on anxiety relief. Pooled effect sizes indicated statistically significant
reductions in symptoms of anxiety at both 4 to 4.5 months [35.15 (95%CI: 32.28-
38.01)] and 6 to 6.5 months [33.06 (95%CI: 28.73-37.40)]. Post-administration
compared to baseline assessments (P < 0.05). Additionally, patients reported
sustained improvements in psychological well-being and existential distress fo-
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llowing psilocybin therapy.

CONCLUSION
The findings provided compelling evidence for the potential benefits of psilocybin-assisted therapy in improving
quality of life, pain control, and anxiety relief in patients with advanced cancer.

Key Words: Quality of life; Advanced cancer; Psilocybin; Systemic review; Meta analysis
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Core Tip: Psilocybin-assisted therapy shows promising results in improving quality of life, pain control, and anxiety relief for
patients with advanced cancer. This systematic review and meta-analysis of 7 studies involving 132 participants demon-
strated significant reductions in anxiety symptoms and sustained improvements in psychological well-being following
psilocybin therapy. These findings highlight the potential therapeutic benefits of psilocybin in palliative care settings.
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INTRODUCTION

In recent years, there has been an increasing interest in exploring alternative therapeutic approaches to address the
complex physical, psychological, and existential distress experienced by patients with advanced cancers (Mok et al[1],
2010; Henoch and Danielson[2], 2009). Among these approaches, the use of psychedelics, particularly psilocybin, has
gained considerable attention for its potential to alleviate symptoms such as depression, anxiety, and existential distress,
while also facilitating profound spiritual experiences and promoting existential well-being (Schimmers et al[3], 2022).
Advanced cancer presents a myriad of challenges for patients and healthcare providers alike. The progression of the
disease is often accompanied by a spectrum of physical symptoms, including pain, nausea, fatigue, and shortness of
breath, which can significantly impact patients' quality of life and functional status (Paice and Ferrell[4], 2011; Gupta et al
[5], 2007). Moreover, the psychological burden of living with advanced cancer is substantial, with many patients experi-
encing heightened levels of anxiety, depression, and existential distress as they confront the uncertainties of their
prognosis and the existential implications of their illness (Vehling and Kissane[6], 2018 and Greer et al[7], 2020).

Conventional treatment approaches for advanced cancer typically involve a combination of modalities such as ra-
diation therapy, chemotherapy, surgery, and palliative care interventions. While these treatments aim to control disease
progression, alleviate symptoms, and improve overall well-being, they often fall short in addressing the multidimen-
sional needs of patients. Despite advancements in medical technology and therapeutic strategies, many individuals with
advanced cancer continue to experience unmet physical, psychosocial, and spiritual needs throughout their illness
(Holland[8], 2002). Although conventional treatments can effectively target cancer burden and manage certain symptoms,
they are frequently limited in their ability to address the holistic needs of patients. For example, while chemotherapy may
shrink tumors and alleviate pain, it can also cause debilitating side effects such as nausea, vomiting, and neuropathy,
further compromising patients' quality of life (Anand et al[9], 2022; Carey and Burish[10], 1988). Similarly, while palliative
care focuses on improving symptom management and enhancing quality of life, it may not adequately address the
existential distress and spiritual suffering that often accompany advanced cancer (Boston et al[11], 2011).

In recent years, however, there has been a remarkable shift in attitudes toward psychedelics, fueled in part by a re-
evaluation of their therapeutic potential and a burgeoning body of scientific evidence supporting their safety and efficacy
(Sessa[12], 2014). Advances in neuroimaging technology and psychopharmacology have shed new light on the
mechanisms of action underlying psychedelic-induced alterations in consciousness, revealing their profound effects on
brain function, cognition, and emotion regulation (Moujaes et al[13], 2023). Central to this resurgence has been the concept
of psychedelic-assisted therapy, which combines the administration of a psychedelic substance with psychotherapeutic
support to facilitate profound psychological insights, emotional processing, and therapeutic breakthroughs. Emerging
research suggests that psychedelic-assisted therapy holds promise for a wide range of mental health conditions, including
treatment-resistant depression, post-traumatic stress disorder (PTSD), and illicit substance use disorders (Reiff et al[14],
2020; Schenberg[15], 2018).

In the field of oncology, the potential utility of psychedelics therapy is particularly compelling, given the profound
psychological and existential distress experienced by patients with advanced cancer. By facilitating transformative
experiences, enhancing existential coping mechanisms, and promoting spiritual well-being, psychedelic therapy has the
potential to complement existing cancer treatments and improve the overall quality of life for patients facing life-
threatening illnesses. Psilocybin, a psychedelic chemical that’s naturally found in certain species of mushrooms, has
emerged as a focal point of interest in the context of advanced cancer care due to its unique pharmacological properties
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and demonstrated therapeutic potential (Grob et al[16], 2011; Griffiths et al[17], 2016). Unlike traditional pharmaco-
therapies, which primarily target symptoms through direct modulation of neurotransmitter systems, psilocybin acts as a
serotonin receptor agonist, particularly at the 5-HT2A receptor, leading to profound alterations in consciousness,
perception, and self-awareness (Rahbarnia et al[18], 2023 and Carter et al[19], 2005).

Research into the effects of psilocybin has shown therapeutic potential for a different range of psychiatric and
existential conditions, including depression, anxiety, addiction, and existential distress. In the context of advanced cancer
care, where patients grapple with the existential realities of mortality, identity, and meaning, psilocybin therapy offers a
novel approach to addressing the multidimensional needs of this population. Existing systematic reviews and meta-
analyses have mainly focused on the broader application of psychedelics in psychiatric disorders, such as depression and
PTSD, rather than specifically examining the effects of psilocybin in patients with advanced cancer This emphasis gains
significance given the progressive strides in cancer therapy and the emergence of novel medications, which have not been
paralleled by commensurate investigations into interventions aimed at enhancing the quality of life for individuals
grappling with advanced cancer. As a result, there is a true need for a thorough synthesis of the available evidence to
clarify the effects of psilocybin on psychological outcomes, existential well-being, and quality of life in this vulnerable
patient population. The purpose of this systematic review and meta-analysis is to address this research gap by critically
evaluating the existing literature on the use of psilocybin.

MATERIALS AND METHODS

Research question
What is the impact of psilocybin therapy on psychological distress, existential concerns, and quality of life in adult
patients with advanced cancer?

Methods
This systematic review and meta-analysis are reported following guidelines outlined in Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines (Page et al[20], 2021).

Information sources and study selection

A comprehensive systematic search of the literature was carried out, encompassing articles released until February 1*,
2023. Primary databases including PubMed, Cochrane Central Register of Controlled Trials (CENTRAL), and Google
Scholar were systematically explored using specific topic-related keywords to construct search queries. Following this,
identified studies underwent a rigorous selection process.

Primary search

In formulating the search strategy for PubMed, a blend of free keyword searches and controlled MeSH terms was utilized
to ensure comprehensive coverage. Keyword searches were tailored to scrutinize the entirety of the text, augmenting the
sensitivity of the search strategy. For CENTRAL, slight modifications were made to adapt the PubMed strategy
accordingly. Table 1 illustrates the assortment of keywords employed for each search, delineating the approach for
comprehensive literature retrieval.

Secondary search

In addition to searching the specified databases, a direct inquiry was conducted using the Google Scholar database. To
ensure the retrieval of the most relevant outcomes within the initial pages, the exploration integrated precise terms
associated with the topic "psilocybin in patients with advanced cancer", encompassing a range of keywords including
Psilocybin, Psilocybine, Hallucinogens, Serotonin agonists, Mushroom poisoning, Neoplasms, Cancer, Oncology,
Neoplasm metastasis, Neoplasm staging, Neoplasm recurrence (local), Disease progression, Palliative care, Terminal care,
Hospice care, Terminal illness, Quality of life, Symptom assessment, Symptom management and Psychological adap-
tation to identify any relevant articles.

Eligibility criteria
The research question for this study was developed from the Population Intervention Comparison Outcomes Study
Design (PICOS) framework. The PICOS criteria for eligible studies were defined as follows:

Population (P): Adults diagnosed with advanced cancer.

Intervention (I): Administration of psilocybin or psilocybin-containing substances.

Comparison (C): Not applicable (as this review primarily focuses on single-arm studies)

Outcomes (O): Reporting outcomes related to quality of life, pain control, or anxiety relief.

Study design (S): Including randomized controlled trials, quasi-experimental studies, observational studies, and case
series published in English-language peer-reviewed journals.

Inclusion criteria

All studies had to meet the following pre-defined inclusion criteria: (1) Original studies; (2) Studies involving adult
patients diagnosed with advanced cancer; (3) Interventions that involve the administration of psilocybin or psilocybin-
containing substances; (4) Studies reporting outcomes related to quality of life, pain control, or anxiety relief; (5) Ran-
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Table 1 Search strings

Search .
Database field Search string

PubMed  Title, (psilocybin OR psilocybine OR hallucinogens OR serotonin agonists OR mushroom poisoning) AND (neoplasms OR cancer OR
abstract  oncology OR neoplasm metastasis OR neoplasm staging OR neoplasm recurrence, local OR disease progression OR palliative care
OR terminal care OR hospice care OR terminal illness OR quality of life)

CENTRAL All fields (psilocybin OR magic mushrooms) AND (cancer OR oncology) AND (advanced OR metastatic)

CENTRAL: Cochrane Central Register of Controlled Trials.

domized controlled trials, quasi-experimental studies, observational studies, and case series; (6) Studies published in
peer-reviewed journals; (7) Studies published in the English language; and (8) Studies conducted on human subjects.

Exclusion criteria

Studies that satisfied the following criteria were excluded: (1) Studies involving pediatric patients or patients without
advanced cancer; (2) Studies without clear methodology or outcome measures; (3) Studies not published in peer-reviewed
journals (e.g., conference abstracts, posters); (4) Animal studies or in vitro studies; or (5) Duplicate publications or multiple
reports from the same study (only the most comprehensive report will be included).

Data extraction

We utilized a systematic methodology to gather information from the studies included in our analysis. In this study, the
data extraction process was conducted by two independent reviewers (Husam B and Farraj H) utilizing a predefined
form specifically designed for this purpose. Any discrepancies or inconsistencies between the reviewers were addressed
through constructive dialogue, with careful reference to the predetermined criteria outlined for the study. In instances
where disagreements persisted, resolution was facilitated by third-party arbitration, overseen by reviewer Abu Omar Y.
This approach ensured strict adherence to established guidelines and served to mitigate potential subjective biases
inherent in the analysis process. The extracted data included the following categories: (1) Author name; (2) Publication
year; (3) Study design; (4) Sample size; (5) Mean age (SD); (6) Cancer diagnosis; (7) Intervention details; and (8) Findings.

Handling data from studies with multiple reports

In instances where studies were accompanied by multiple reports, we diligently examined all accessible publications and
chose the most pertinent one for integration into our analysis. If several reports were incorporated for a singular study,
we took measures to avoid data redundancy and worked to amalgamate information across these reports. This approach
was adopted to uphold the integrity and thoroughness of our analysis.

Quality appraisal

The Cochrane Handbook's Risk of Bias assessment tool will be employed to evaluate randomized controlled trials
(Higgins et al[21], 2011). Each study will undergo scrutiny and categorization into "high risk", "low risk", or "unclear"
across various domains, including random sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other potential biases.

Statistical analysis
In our meta-analysis, we employed a single proportion rate to assess the efficacy of anxiety relief measured by The State-
Trait Anxiety Inventory (STAI) TRAIT scale. For categorical factors, proportions along with their corresponding 95%Cls
were calculated, while mean or median values were determined for continuous data whenever possible. Pooled means
and proportions were then computed utilizing random-effects models, accounting for the homogeneity or heterogeneity
of the included studies. Statistical heterogeneity was evaluated using I* statistics and Cochran Q test values, with an I*
value exceeding 50% indicative of high statistical heterogeneity (I* > 50% and P < 0.05). A forest plot was generated to
assess the potential presence of publication bias. All statistical analyses were performed using R software (version 4.3.2).
Our meta-analysis primarily focused on assessing the impact of psilocybin on anxiety levels. It is important to note that
while several studies examined various effects of psilocybin on patients with advanced cancers beyond anxiety, the
heterogeneity in symptom reporting and study structures precluded achieving consistent homogeneity necessary for
conducting a meta-analysis across all these symptoms. For instance, while some studies reported on "existential well-
being", others focused on "quality of life". Although these concepts may exhibit proximity or overlap in definition,
deeming them interchangeable for mathematical meta-analysis could introduce ambiguity. Consequently, the invest-
igators opted for a more stringent approach in their quantitative analysis to maintain methodological rigor.
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RESULTS

Search results

The primary search yielded a total of 6291 articles across the databases: 14 from CENTRAL, 6077 from PubMed, and 200
from Google Scholar. Following the removal of 453 duplicate articles, 5810 articles were excluded during the title and
abstract screening phase based on the eligibility criteria. Subsequently, the remaining 23 articles underwent full-text
review, resulting in the exclusion of 16 articles due to incomplete fulfilment of the inclusion criteria. Ultimately, 7 studies
were included in the systematic review, while 3 studies were incorporated into the meta-analysis. The rationales for
exclusion are delineated in the PRISMA flowchart depicted in Figure 1.

Results of quality appraisal
Four of the randomized clinical trials (RCTs) were deemed to have low-risk overall quality, while one trial raised some
concerns in this regard. This assessment is depicted in Figure 2.

Results of data extraction

Characteristics of included studies: As shown in Table 2, this paper includes findings from a total of 7 studies,
comprising 5 RCTs, 1 observational study, and 1 qualitative interview study. Across these studies, the sample sizes
varied, with RCTs ranging from 11 to 51 participants, while the observational study involved a single participant. In
terms of gender distribution, the percentage of male participants ranged from 0% in the observational study to 54% in the
qualitative interview study. The mean ages of participants ranged from 50 to 60.3 years across the studies. The cancer
diagnoses encompassed a wide spectrum, including breast, reproductive, lymphoma, colon, ovarian, peritoneal, salivary
gland, multiple myeloma, and other types of cancer. Intervention details varied among the studies, with treatments
including psilocybin administration at different dosages, niacin as a placebo, and qualitative interviews exploring par-
ticipants' experiences with psilocybin therapy.

Results of included studies: In a study conducted by Agin-Liebes et al[22], a randomized controlled trial explored the
long-term effects within a subset of participants who had completed the initial trial. Out of the 16 participants still living,
all were approached for follow-up, with 15 agreeing to participate. The follow-up assessments were conducted on
average at 3.2- and 4.5 years post-psilocybin administration. The findings revealed sustained reductions in symptoms of
anxiety, depression, despair, and death anxiety at both follow-up points. Furthermore, a significant majority of par-
ticipants attributed positive life changes to their experience with psilocybin-assisted therapy, rating it as a profound,
personally meaningful, and spiritually insightful experience. The authors concluded that psilocybin-assisted psycho-
therapy shows promise in providing long-term relief from psychiatric distress related to cancer. A study conducted by
Griffiths et al[17] explored the potential of psilocybin in reducing depression and anxiety among cancer patients. The
authors found that administering high doses of psilocybin led to significant reductions in reported levels of depressed
mood and anxiety. Additionally, participants reported improvements in their quality of life, sense of life meaning, and
optimism, while experiencing a decrease in death anxiety. These positive effects were maintained at the 6-month follow-
up, with approximately 80% of participants still showing clinically significant decreases in depression and anxiety.
Participants attributed their improved attitudes towards self, mood, life, personal relationships, and spirituality to their
experiences with high-dose psilocybin, with over 80% reporting moderate to substantial increases in overall well-being
and life satisfaction.

Another investigation conducted by Grob et al[16] focused on examining the safety and effectiveness of psilocybin in
individuals with advanced-stage cancer and reactive anxiety. The researchers noted a positive trend toward enhanced
mood and reduced anxiety. No clinically significant adverse events were reported in association with psilocybin adminis-
tration. Analysis of the State-Trait Anxiety Inventory trait anxiety subscale indicated a significant decrease in anxiety
levels at 1- and 3 months post-treatment. The Beck Depression Inventory also highlighted a mood improvement that
became significant at the 6-month mark. Furthermore, the profile of mood states identified an enhancement in mood
following psilocybin treatment, although it did not reach statistical significance. According to a case report by Patchett-
Marble et al[23], similar to findings in clinical trials involving psilocybin, a single session of psilocybin induced a mystical
encounter for the patient. This encounter was later described by the patient as the most profoundly meaningful ex-
perience of her life. As a result, there were immediate, significant, and enduring enhancements observed in her distress
levels and overall quality of life. In an RCT conducted by Ross ef al[24] in 2021, the efficacy of a single dose of psilocybin,
combined with psychotherapy, in generating immediate and lasting ant-suicidal effects among advanced cancer patients
was examined. The authors found that exploratory analyses corroborated the hypothesis, indicating that psilocybin-
assisted psychotherapy could potentially serve as a valuable intervention against suicidality following a cancer diagnosis.
This conclusion was drawn based on the therapy's observed positive influence on feelings of hopelessness and demoral-
ization, with particular emphasis on its effects on meaning-making.

A study conducted by Ross et al[25] found that psilocybin elicited immediate, considerable, and lasting improvements
in anxiety and depression, while also decreasing cancer-related demoralization and hopelessness. Additionally, it en-
hanced spiritual well-being and elevated overall quality of life. Follow-up examinations at the 6.5-month mark revealed
persistent anxiolytic and antidepressant effects, with approximately 60%-80% of participants maintaining clinically
significant reductions in depression or anxiety. Moreover, sustained enhancements were observed in existential distress
and quality of life, accompanied by a positive shift in attitudes toward death. The therapeutic impact of psilocybin on
anxiety and depression was noted to be mediated by the psilocybin-induced mystical experience. The authors concluded
that when combined with psychotherapy, a single moderate dose of psilocybin yielded rapid, robust, and enduring
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Ref Publication Study design S.a mple  Mean Cancer diagnosis Intervention details Findings
year size age (SD)
Agin- 2020 Randomized  15,40% 53 (15.5)  Various cancer types (breast, Psilocybin (0.3 mg/kg) on the first medication session Reductions in anxiety, depression, hopelessness, demoral-
Liebes et controlled trial Male Reproductive, Lymphoma, and other followed by niacin (250 mg) on the second session (i.e. ization, and death anxiety were sustained at the first and
al[22] types), stage I to IV psilocybin-first group), or niacin (250 mg) on the first second follow-ups. Participants overwhelmingly attributed
medication session followed by psilocybin (0.3 mg/kg) on  positive life changes to the psilocybin-assisted therapy
the second session (i.e. niacin-first group) experience and rated it among the most personally
meaningful and spiritually significant experiences of their
lives
Griffiths 2016 Randomized  51,51% 56.3 All 51 participants had a potentially life-  The low-dose-1% group received the low dose (1 or 3 High-dose psilocybin produced large decreases in clinician-
etal[17] controlled trial Male threatening cancer diagnosis, with 65% mg/70 kg) of psilocybin on the first session and the high and self-rated measures of depressed mood and anxiety,
having recurrent or metastatic disease. dose on the second session, whereas the high-dose-1% along with increases in quality of life, life meaning, and
Types of cancer included breast (13 group (22 or 30 mg/70 kg) received the high dose on the optimism, and decreases in death anxiety. At 6-month follow-
participants), upper aerodigestive (7), first session and the low dose on the second session up, these changes were sustained, with about 80% of
gastrointestinal (4), genitourinary (18), participants continuing to show clinically significant
hematologic malignancies (8), and other decreases in depressed mood and anxiety. Participants
1) attributed improvements in attitudes about life/self, mood,
relationships, and spirituality to the high-dose experience,
with > 80% endorsing moderately or greater increased well-
being/life satisfaction
Grobetal 2011 Randomized  12,8% Subjects  Primary cancers included breast cancer in  Each subject acted as his or her control and was provided 2 During treatment sessions, safe physiological and psycho-
[16] controlled trial Male ages 4 subjects, colon cancer in 3, ovarian experimental treatment sessions spaced several weeks logical reactions were observed. No significant adverse events
ranged cancer in 2, peritoneal cancer in 1, salivary apart. They were informed that they would receive active  related to psilocybin were reported. The State-Trait Anxiety
from36  gland cancer in 1, and multiple myeloma  psilocybin (0.2 mg/kg) on one occasion and the placebo, Inventory showed a notable decrease in anxiety levels at 1
to 58 in 1. All subjects were in the advanced niacin (250 mg), on the other occasion. Psilocybin and and 3 months post-treatment. Improvement in mood, as
years stages of their illness. placebo were administered in clear 00 capsules with corn ~ measured by the Beck Depression Inventory, became
starch and swallowed with 100 mL of water. A niacin significant by the 6-month mark. Additionally, the Profile of
placebo was chosen because it often induces a mild Mood States indicated an enhancement in mood following
physiological reaction (e.g., flushing) without altering the ~ psilocybin treatment, although this improvement did not
psychological state. The order in which subjects received quite reach statistical significance
the 2 different treatments was randomized and known
only by the research pharmacist. Treatment team personnel
remained at the bedside with the subject for the entire 6-
hour session
Patchett- 2022 Observational 1, 0% 54 Advanced lung cancer and substantial The patient consumed 5 g of dried psilocybin mushrooms  In line with psilocybin administration in clinical studies, the
Marble et study Male existential and psychological distress as a tea and was directed to go inward as she laid down single psilocybin session prompted a mystical encounter for
al[23] with eye shades on and headphones playing gentle, the patient, which she later regarded as the most profoundly
guiding music. A quantity of 5 g was selected to meaningful experience of her life. This encounter resulted in
approximate the dose of psilocybin used in clinical trials, ~ immediate, significant, and lasting enhancements in her well-
based on reports of psilocybin concentrations in the being and overall quality of life
Psilocybe cubensis mushrooms that she was to consume
Rossetal 2021 Randomized 11, 60.3 (7.1)  Patients were diagnosed with cancer at A controlled trial was designed to assess the efficacy of a In individuals exhibiting elevated SI at baseline, PAP
[24] controlled trial 36.4% various sites, including breast, single, moderate-to-high dose of oral psilocybin per demonstrated significant reductions in suicidal ideation as
Male reproductive, lymphoma/leukemia, session (0.3 mg/kg) vs a single-dose session of an orally early as 8 hours post-administration, persisting for 6.5 months
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colon, and others, across stages I through
v

administered active control (niacin 250 mg)
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thereafter. Additionally, PAP led to substantial decreases in
Loss of Meaning from baseline, evident 2 weeks post-
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Rossetal 2016 Randomized 29,38% 56.28
[25] controlled trial Male (12.93)
Swift etal 2017 Qualitative 13,54% 50 (15.77)
[26] interview male

study

Nearly two-thirds of participants (62%)
had advanced cancers (stages III or IV).
The types of cancer included: Breast or
reproductive (59%); gastrointestinal
(17%); hematologic (14%); and other (10%)

The distribution of cancer stages among
participants is as follows: 31% were
diagnosed with Stage I cancer, 15% with
Stage II, 31% with Stage III, 15% with
Stage IV, and 8% with other stages.
Regarding the site of cancer, the
breakdown is as follows: 23% of cases
were in the breast, 15% in lymphoma,
31% in other locations, and 31% in the
ovarian region

Psilocybin (0.3 mg/kg) first then niacin (250 mg) second, or
niacin (250 mg) first then psilocybin (0.3 mg/kg) second

Participants were randomized to receive either: (1)
Psilocybin (0.3 mg/kg) first and niacin (250 mg) second; or
(2) niacin (250 mg) first and psilocybin (0.3 mg/kg) second

treatment and maintaining significance at 6.5 months, as well
as at the 3.2 and 4.5-year follow-ups. Exploratory analyses
support the hypothesis that PAP could serve as an effective
intervention against suicidality following a cancer diagnosis,
attributed to its positive effects on hopelessness, demoral-
ization, and particularly its impact on meaning-making

Psilocybin elicited immediate, significant, and enduring
enhancements in anxiety and depression levels, alongside

reductions in cancer-related demoralization and hopelessness.

It also resulted in improved spiritual well-being and
heightened quality of life. Follow-up assessments at 6.5
months revealed persistent anxiolytic and antidepressant
effects, with approximately 60-80% of participants
maintaining clinically significant reductions in depression or
anxiety. Furthermore, sustained improvements were noted in
existential distress and overall quality of life, along with a
positive shift in attitudes towards death. It was observed that
the therapeutic impact of psilocybin on anxiety and
depression was mediated by the psilocybin-induced mystical
experience

Participants recounted the intense and emotionally
challenging impact of the psilocybin session, resulting in a
profound acceptance of mortality, recognition of cancer's role
in life, and a detachment from the emotional burden of the
disease. Many participants interpreted their experiences
through a spiritual or religious lens, finding that psilocybin
therapy aided in reestablishing a deep connection with life,
reclaiming a sense of presence, and fostering increased
resilience against potential cancer relapse

SI: Suicidal ideation; PAP: Psilocybin-assisted psychotherapy.
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anxiolytic and antidepressant effects in patients experiencing psychological distress related to cancer. A study by Swift et
al[26] examined the effectiveness of psilocybin-assisted psychotherapy for cancer patients, revealing significant
reductions in anxiety and depression, alongside improvements in attitudes toward disease progression and death, quality
of life, and spirituality. The authors reported that their findings provided evidence supporting the efficacy of psilocybin-
assisted psychotherapy, a treatment approach distinguished by its ability to swiftly and significantly alleviate anxiety and
depression, while also fostering profound and enduring experiences that offer new perspectives for individuals grappling
with the existential challenges posed by cancer. Consequently, the authors deduced that the psilocybin-assisted psycho-
therapy paradigm holds promise as a complementary approach to delivering medical and psychological care for
individuals facing cancer diagnoses, particularly those grappling with profound psychological and existential distress.

Meta-analysis

The Figure 3 illustrates the changes in anxiety levels, as measured by the STAI scale, at two-time points following the
administration of psilocybin to patients with advanced cancer. At the initial assessment conducted 4 to 5 months after
psilocybin administration, the pooled mean anxiety level was 35.15 (95%CI: 32.28-38.01). Subsequent evaluation at 6 to 6.5
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Identification of studies via databases and registers

Records identified from:
Databases (7 = 6291)

PubMed (7 = 6077)
CENTRAL (7 = 14)
Google Scholar (7 = 200)

Records removed before the screening:
Duplicate records removed (77 = 453)
Records marked as ineligible by
automation tools (7 = 0)

Records removed for other reasons (77 = 5)

c
]
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&
e
c
]
S
i

A4

Records screened (Title and
Abstract Screening) —
(n = 5833)

Records excluded (manually)
(n = 5810)

A

Reports sought for retrieval Reports not retrieved
(n=23) (n=0)

Y

Reports assessed for eligibility Reports excluded:

(n=23) Studies investigating populations other
than patients with advanced cancer (7 = 7)
Combined psilocybin with other adjunct
treatments (7 = 3)

Incomplete results (7 = 2)

Wrong focus (7 = 4)

A J

Studies included in the review
(n=7)

Figure 1 The preferred reporting items for systematic review and meta-analysis flowchart showing the study selection process. CENTRAL:
Cochrane Central Register of Controlled Trials.

months post-administration revealed a decrease in the pooled mean anxiety level to 33.06 (95%CI: 28.73-37.40). The
observed decrease in anxiety levels suggested a potential therapeutic effect of psilocybin in mitigating anxiety among
patients with advanced cancer over time. The non-overlapping confidence intervals between the two-time points
indicated a statistically significant difference in anxiety levels.

DISCUSSION

Psilocybin, a naturally occurring psychedelic compound found in certain species of mushrooms, has gained increasing
attention in recent years for its potential therapeutic effects, particularly in the context of palliative care for patients with
advanced cancer. Considering this growing interest, the present systematic review and meta-analysis sought to
investigate the effects of psilocybin on the quality of life, pain control, and anxiety relief in adults with advanced cancer,
addressing the pressing need for novel interventions to alleviate the psychological distress associated with this terminal
illness.

The findings from the included studies provided compelling evidence for the therapeutic potential of psilocybin-
assisted therapy in this patient population. For instance, the study by Agin-Liebes et al[22] revealed sustained reductions
in symptoms of anxiety, depression, hopelessness, demoralization, and death anxiety among participants, with many att-
ributing profound positive life changes to their experiences with psilocybin. Similarly, Griffiths et al[17] demonstrated
significant improvements in depression, anxiety, and quality of life following high-dose psilocybin administration, with
these effects persisting at the 6-month follow-up. Additionally, Grob et al[16] and Swift et al[26] reported notable re-
ductions in anxiety and depression, alongside improvements in existential well-being and spirituality, further supporting
the therapeutic potential of psilocybin-assisted therapy in enhancing the psychological and existential well-being of
patients with advanced cancer.

The findings of this review are largely consistent with existing literature on the therapeutic effects of psilocybin in
patients with advanced cancer. Several previous studies have reported similar outcomes, demonstrating significant
reductions in symptoms of anxiety, depression, and existential distress following psilocybin-assisted therapy. For
example, the results of Agin-Liebes et al[22] in 2020 align with those of previous research by Lewis et al[27] and Malone et
al[28] in 2018, which also documented sustained improvements in psychological well-being and quality of life among
cancer patients treated with psilocybin. Similarly, the study by Agrawal et al[29] reported positive trends toward en-
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A Risk of bias domains

Study
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D1: Bias arising from the randomization process. @ Some concerns
D2: Bias due to deviations from intended intervention.

D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.
D5. Bias in selection of the reported result.

Bias arising from the randomization process

Bias due to deviationsfrom intended interventions
Bias due to missing outcome data

Biasin measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%
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Figure 2 Traffic light plot and Summary plot. A: Traffic light plot; B: Summary plot.

Study Total Mean SD Mean MRAW 959%CI Weight

Months = 4 to 5 months

Ross et al , 2016 14 3601 90000 ; 36.01 [31.30;4072]) 183%
Griffiths et al, 2016 26 3464 93800 — . 3464 [31.03;3825) 289%
Random effects model 40 —_— 35.15 [32.28; 38.01] 47.2

t [ t - ( - (
Months = 6 to 6.5 months
Agin-Liebes et al_, 2020 15 2823 106500 —+— 28.23 [22.84,3362) 144%
Griffiths et al, 2016 24 3532 106800 —_ 3532 [31.05;3959] 21.7%
Ross et al,, 2016 12 3500 87500 ——=— 3500 [30.05;3995] 168%
Random effects model 51 Epe—— 33.06 [28.73; 37.40] 52.8
Random effects model 91 — 34.18 [32.03; 36.32] 100.0%
Heterogeneity: I = 30%. ©* = 0.7593. 7 = 0.22 2'5 3'0 3'5 4'0

Test for subgroup differences: 7 = 0.62, df = 1 (P =0.43)

Figure 3 Changes in anxiety levels over time following psilocybin administration in patients with advanced cancer.

hanced mood and reduced anxiety following psilocybin administration, further corroborating the therapeutic potential of
this intervention. However, while the overall findings of this review are consistent with previous research, there are some
discrepancies worth noting. For instance, while Agin-Liebes et al[22] found sustained reductions in symptoms of anxiety
and depression at long-term follow-up, other studies, such as that by Ross et al[25], reported slightly lower rates of
sustained response over time. These differences may be attributed to variations in study design, participant character-
istics, or intervention protocols across studies.
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One potential explanation for variations in treatment response could be differences in the dosage or administration of
psilocybin. For example, Griffiths et al[17] administered high doses of psilocybin, whereas Grob et al[16] used a moderate
dose, and Ross et al[25] employed a single moderate dose combined with psychotherapy. These variations in dosing and
administration may have influenced the magnitude and duration of therapeutic effects observed in each study.
Additionally, differences in patient populations, such as variations in cancer stage, treatment history, or psychological
comorbidities, may also contribute to variability in treatment outcomes. For instance, patients with more advanced
disease or greater psychological distress may exhibit different response patterns compared to those with earlier-stage
disease or milder symptoms.

Overall, while there may be some discrepancies in the literature, the consensus among studies suggests that psilocybin-
assisted therapy holds promise as a valuable intervention for improving the psychological well-being and quality of life
of patients with advanced cancer. Future research efforts should address these discrepancies through well-designed,
controlled trials that systematically investigate the optimal dosing, administration, and patient selection criteria for
psilocybin-assisted therapy in this population.

Reflecting on the strengths and limitations of the studies included in this review is essential for interpreting the
findings and understanding their implications. One of the strengths of the studies included in this review is their use of
RCT designs, which provide a rigorous methodological framework for evaluating the efficacy and safety of psilocybin
therapy. Additionally, many of the studies employed standardized outcome measures, allowing for comparability across
studies and enhancing the validity of the findings. However, sample size limitations were a common issue across the
studies, with small sample sizes in some cases limiting the generalizability of the findings. This is particularly relevant
given the variability in patient populations and treatment protocols across studies, which may influence the magnitude
and durability of treatment effects.

CONCLUSION

This systematic review and meta-analysis provided a comprehensive synthesis of the evidence regarding the effects of
psilocybin-assisted therapy on quality of life, pain control, and anxiety relief in patients with advanced cancer. The
findings of this review highlight the potential of psilocybin as a novel therapeutic intervention for addressing the com-
plex psychological and existential needs of patients facing terminal illness. The meta-analysis results revealed significant
reductions in symptoms of anxiety among patients receiving psilocybin-assisted therapy. Specifically, analysis of anxiety
levels measured by the STAI scale demonstrated a statistically significant decrease in anxiety levels at 6 to 6.5 months
post-administration compared to baseline assessments. This finding suggests a potential therapeutic effect of psilocybin
in mitigating anxiety among patients with advanced cancer over time, further supporting the utility of psilocybin-assisted
therapy as a holistic approach to palliative care. Moreover, the findings from individual studies included in this review
consistently demonstrated improvements in quality of life, pain control, and psychological well-being following
psilocybin administration. Patients reported sustained reductions in symptoms of anxiety, depression, and existential
distress, along with enhancements in spiritual well-being and overall quality of life. These outcomes underscore the
potential of psilocybin-assisted therapy to provide holistic support for patients grappling with the profound challenges of
terminal illness. Furthermore, the potential implications of psilocybin therapy extend beyond clinical practice to research
and policy. Continued research efforts are needed to further elucidate the mechanisms of action underlying the
therapeutic effects of psilocybin, optimize treatment protocols, and address remaining questions regarding long-term
efficacy and safety. Policymakers and regulatory agencies play a crucial role in facilitating research and ensuring ethical
and legal frameworks for the clinical use of psilocybin in patients with advanced cancer.
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Abstract

BACKGROUND

The association between tumor-infiltrating lymphocyte (TIL) levels and the res-
ponse to neoadjuvant therapy (NAT) in patients with triple-negative breast cancer
(TNBC) remains unclear.

AIM

To investigate the predictive potential of TIL levels for the response to NAT in
TNBC patients.

METHODS

A systematic search of the National Center for Biotechnology Information
PubMed database was performed to collect relevant published literature prior to
August 31, 2023. The correlation between TIL levels and the NAT pathologic com-
plete response (pCR) in TNBC patients was assessed using a systematic review
and meta-analysis. Subgroup analysis, sensitivity analysis, and publication bias
analysis were also conducted.

RESULTS

A total of 32 studies were included in this meta-analysis. The overall meta-ana-
lysis results indicated that the pCR rate after NAT treatment in TNBC patients in
the high TIL subgroup was significantly greater than that in patients in the low
TIL subgroup (48.0% vs 27.7%) (risk ratio 2.01; 95% confidence interval 1.77-2.29; P
< 0.001, I* = 56%). Subgroup analysis revealed that the between-study hetero-
geneity originated from differences in study design, TIL level cutoffs, and study
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populations. Publication bias could have existed in the included studies. The meta-analysis based on different NAT
protocols revealed that all TNBC patients with high levels of TILs had a greater rate of pCR after NAT treatment in
all protocols (all P < 0.01), and there was no significant between-protocol difference in the statistics among the
different NAT protocols (P = 0.29). Additionally, sensitivity analysis demonstrated that the overall results of the
meta-analysis remained consistent when the included studies were individually excluded.

CONCLUSION

TILs can serve as a predictor of the response to NAT treatment in TNBC patients. TNBC patients with high levels
of TILs exhibit a greater NAT pCR rate than those with low levels of TILs, and this predictive capability is con-
sistent across different NAT regimens.

Key Words: Breast cancer; Tumor-infiltrating lymphocyte; Neoadjuvant therapy; Treatment response; Systematic review;
Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The immune response status may have a significant impact on the effectiveness of chemotherapy. Tumor-infilt-
rating lymphocytes (TILs) can directly or indirectly participate in specific immune responses against tumor cells. However,
the association between TIL levels and the response to neoadjuvant therapy (NAT) in patients with triple-negative breast
cancer (TNBC) remains unclear. This systematic review and meta-analysis first investigated the relationship between TIL
status and the response to NAT in TNBC patients. This systematic review and meta-analysis will provide clinical physicians
with systematic evidence on the role of TILs to predict the response of TNBC patients to NAT.

Citation: Sun HK, Jiang WL, Zhang SL, Xu PC, Wei LM, Liu JB. Predictive value of tumor-infiltrating lymphocytes for neoadjuvant
therapy response in triple-negative breast cancer: A systematic review and meta-analysis. World J Clin Oncol 2024; 15(7): 920-935
URL: https://www.wjgnet.com/2218-4333/full/v15/i7/920.htm

DOI: https://dx.doi.org/10.5306/wjco.v15.i7.920

INTRODUCTION

Global Cancer Statistics 2020 reported that in 2020, breast cancer (BC) was becoming the most common malignant tumor
globally[1]. Triple-negative BC (TNBC) is characterized by extremely aggressive biological behavior and has a high
recurrence rate and poor survival[2,3]. Extensive investigations on early diagnosis, precision treatment, and prognostic
prediction have been conducted to improve TNBC patient survival[4-6]. Neoadjuvant therapy (NAT) can effectively
decrease the clinical stage of TNBC, and patients who attain pathologic complete response (pCR) following NAT have
significantly prolonged event-free survival (EFS) and overall survival compared with those having residual infiltrative
carcinoma. Consequently, NAT has been widely recommended as the preferred preoperative standard treatment moda-
lity for TNBC patients with lymph node involvement and/ or stage > T1c disease[7,8].

The immune response status may have a significant impact on the effectiveness of chemotherapy[9,10]. Research fin-
dings indicate that in early-stage TNBC patients, the NAT protocol combining the immune checkpoint inhibitor pembrol-
izumab, which enhances the functionality of activated T cells, with conventional chemotherapy drugs has been correlated
with increased rates of pCR and prolonged EFS[11,12]. Tumor-infiltrating lymphocytes (TILs) can directly or indirectly
participate in specific immune responses against tumor cells, and their aggregation, interaction, and costimulation are
essential for successful antitumor immune responses[13,14]. High levels of TILs within the tumor or the stroma are
associated with a more favorable response to NAT in early-stage and locally advanced TNBC patients[15-19]. However,
this result was not substantiated in a study that conducted a meta-analysis of individual patient data from a phase II
study of TNBC NATSs involving five different platinum-based regimens[20]. Therefore, further investigations are
warranted to explore the correlation between TIL levels and therapeutic response in TNBC NATs.

Previously, a systematic review and meta-analysis on the correlation between TIL levels in different molecular sub-
types of BC and NAT response showed that high levels of TILs are associated with pCR in a TNBC subgroup analysis
including four studies[21]. Over the past decade, many clinical trials have further investigated the effectiveness of diff-
erent NAT regimens for TNBC and employed TIL levels to predict treatment response and long-term prognosis.
Consequently, this study was designed to analyze the ability of TILs in TNBC patients to predict the response to NAT
through a more comprehensive systematic review and meta-analysis, with the objective of obtaining more current and
robust research evidence. Additionally, this study examined the predictive importance of TIL levels for the therapeutic
efficacy of different NAT regimens in TNBC patients.
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MATERIALS AND METHODS

The present meta-analysis adhered to the reporting suggestions provided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses[22].

Literature search and inclusion criteria

The literature search was conducted on the National Center for Biotechnology Information PubMed (MEDLINE) database
to identify pertinent articles published prior to August 31, 2023. The search strategy involved utilizing a combination of
the following MeSH terms, title/abstract keywords, or full-text search terms: “breast cancer, or breast carcinoma” ,
“triple-negative, or TNBC” , “neoadjuvant therapy, or neoadjuvant” , and “tumor-infiltrating lymphocytes, T lympho-
cytes, or TILs” . Additionally, a manual search of the literature and reference tracing were performed to identify any
additional relevant studies.

The studies eligible for this meta-analysis met the following criteria: (1) Pathological and immunohistochemical-based
molecular subtyping confirming the diagnosis of TNBC; (2) Reported TIL levels by hematoxylin and eosin staining
evaluation according to the standardized method presented by the International TILs Working Group in 2014 or other
explicit assays; (3) Reported the number or rate of pCR events in TNBC patients based on different TIL levels; and (4)
Were published in either English or Chinese.

Three researchers (Sun HK, Jiang WL, and Zhang SL) independently evaluated the titles and abstracts of the candidate
studies, excluding those not pertinent to the topic. Subsequently, both researchers thoroughly examined the full texts to
determine their eligibility for inclusion. In cases where uncertainty arose or disagreements occurred regarding inclusion,
the researchers resorted to the study designer (Liu ]JB) for a review and discussion to achieve consensus. Furthermore, if
multiple publications involved the same study population, priority was given to the publication with a larger sample size
or the most recent study for eligibility in the meta-analysis.

Data extraction and quality assessment

Three researchers (Sun HK, Jiang WL, and Zhang SL) independently collected the relevant information and data for each
study that met the inclusion criteria using a predesigned table. These included details such as the first author, geo-
graphical location of the study population, publication year, study design, recruitment year, TNM staging, NAT regimen,
number of high/low TILs, cutoff values and methodology used, treatment response endpoints and pCR criteria as well as
the number and ratio of pCR events. Next, the quality of the cohort studies included was independently assessed by two
researchers (Sun HK and Jiang WL) using the Newcastle-Ottawa Scale (NOS)[23].

Statistical analysis

The meta-analysis was conducted in RevMan 5.4 software. The total cases of patients and the cases of patients who
achieved pCR were recorded separately for the high TIL level group and low TIL level group in each study and input into
RevMan software. The relative risk ratio (RR) and the associated 95% confidence interval (CI) were calculated per the
following formula: The pCR rate in the high TIL level group divided by the pCR rate in the low TIL level group. RR > 1
and P < 0.05 indicated a greater pCR rate in the high TIL level subgroup than in the low TIL level subgroup.

In the meta-analysis, between-study heterogeneity was assessed using the I* statistic (ranging from 0% to 100%). If an I*
value less than 50% or a P value greater than 0.05 indicated the absence or low between-study heterogeneity, a fixed-
effects model was used for meta-analysis; otherwise, a random-effects model (REM) was used. Additionally, subgroup
analysis was conducted to explore the source of between-study heterogeneity when significant heterogeneity was ob-
served, and sensitivity analysis was performed to evaluate the influence of individual studies on the overall meta-
analysis results. Publication bias was investigated using a funnel plot and Egger’s test. If funnel plot is asymmetric or a P
value is less than 0.05 according to Egger’s test, publication bias was considered present[24]. Duval and Tweedie trim-
and-fill method was used for testing and adjusting for publication bias in meta-analysis[25]. All the statistical tests were
two-tailed, and P < 0.05 was considered indicative of statistical significance.

RESULTS

Study selection

A preliminary literature search identified 269 articles, and after reviewing the titles and abstracts, we selected 158 articles
for full-text reading. Subsequently, 125 articles were excluded because of the eligibility criteria. Finally, 32 eligible studies
comprising 5406 TNBC patients were included in this systematic review and meta-analysis. The NOS quality scores of the
eligible studies ranged from 6 to 9, with a median score of 8 (Figure 1).

Characteristics of the included studies

Table 1 displays the characteristics of all the studies included in the analysis. Among the 32 included studies, 16 studies
provided descriptions of TNBC before NAT based on T staging, including 4051 cases in T1/T2, 48 cases in T2/T3, 341
cases in T2-T4, and 1007 cases in T3/T4; fifteen (15) studies described N staging of pre-NAT TNBC, including 2937 cases
in NO and 2,704 cases in N1-N3; additionally, 11 studies described the clinical TNM staging of pre-NAT TNBC, including
91 cases in stage I, 923 cases in stage II, and 762 cases in stage III; and five studies did not report T or N stage or clinical
TNM staging. Among the 27 included studies, TIL levels were assessed per the standardized method proposed by the
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Table 1 Characteristics of the impact of tumor-infiltrating lymphocytes on the response to neoadjuvant therapy in triple-negative breast cancer patients included in the meta-analysis

. Number of . CR rates
. Age in yr, . . End point Number of P .
. Recruitment  Sample ) . . high/middle TILs as as high
Ref. Data collection . . median/mean TNMstage  Neoadjuvant regimen and pCR overall pCR ORorRR
period size I %, cut-off, and standard as % TILs vs low
0
9 method TiLs
Cerbelli et al[36], Retrospective 2011.6-2017.6 61 50 (28-74) T1:8;T2:46;  ACx4 (Q3W) —»Tx12 49 (17/32) (80.3), (50%) pCR, ypTO 23 (37.7) 18 (36.7) vs5 OR: [U] 0.41 (0.17-0.95),
Germany consecutive T3:3; T4: 4; QW) 10%, HE (41.7) 0.037; [M] 2.39 (0.96-5.96),
cohort NO: 32; N1- 0.062
N3: 29
Galvezetal[17],  Retrospective 2003.1-2014.12 435 49 (24-84) II: 72, TI: 363;  ACx4 (Q3W) —>Tx12 181 (41.6), 50%, HE PCR, ypTO 46 (11.0) 26 (144)os  NR
Peru cohort QW) 20 (7.9)
Abdelrahman et Prospective 2017.1-20195 50 45 (22-72) T1:20; T2:30; AC—T 14 (28.0), 50%, HE PCR, ypTO 20 (40.0) 10 (714)vs  NR
al[39], Egypt cohort NO: 18; N1- 10 (27.8)
N3: 32
Jung et al[53], Retrospective 20091201412 143 NR T1-T2:91; T3: AC—T 74 (51.7), 30%, HE PCR, ypTO 66 (46.2) 43 (581)vs  OR:[U] 2.774 (1.404-
Korea cohort 52; NO: 64; 23 (33.3) 5.481), 0.003; [M] 3.484
N1-N3: 79 (1.407-8.627), 0.007
Russoetal[47],  Retrospective 2008-2013 41 NR I: 80, III: 107; AC—T 14 (34.1), 30%, HE PCR, ypTO 15 (36.6) 11 (78.6) vs4 OR: [U] 8.85 (3.62-21.66),
Venezuela cohort (14.8) 0.001
Vicent et al[48],  Retrospective 1998-2015 164 49 (29-81) II: 63, I1I: 37 ACx4 (Q3W) —Tx12 58 (35.4), 40%, HE pPCR, ypT0/is, 61 (37.2) 51(88.0)vs  NR
Spain cohort QW) ypNO 10 (9.0)
Ochi et al[32], Retrospective 2001-2009 80 52 (27-75) NR AC-T 55 (19/36) (68.8), (50%) pCR, ypT0 25 (31.3) 24 (43.6)vs1 NR
Japan consecutive 10%, HE 4.0
cohort
Bockstal et al Retrospective 2015.1-2020.3 35 55.8+13.3 NR AC-T 10 (28.6), 40%, HE PCR, ypTO 13 (37.1) 8(80.0)vs5 NR
[49], Belgium consecutive (20.0)
cohort
Rangan et al[43], NR NR 75 NR T1-T3:49; T4: NR 57 (76.0), 50%, HE PCR, ypTO 27 (36.0) 25 (43.9)vs2 OR:[U] 6.25 (1.312-
India 26; NO: 36; (11.1) 29.763), 0.025
N1-N3: 39
Pangetal[18],  Retrospective 2010.1-201812 310 NR T1-2:298; T3- AC—T 177 (85/92) (57.1), PCR, ypTO 88 (28.4) 53(31.1)vs  NR
ChiNR cohort 4:97 (20%) 10%, HE 33 (34.5)
Zhang et al[52],  Retrospective 2005-2016 58 46 (24-64) T1:7; T2-T4: ACx4 (Q3W) —»Tx12 17 (29.3), 60%, HE pCR, ypTO 26 (44.8) 12 (70.6) vs NR
America cohort 51; NO: 30; QW) 14 (34.1)
N1-N3: 28
Zhao et al[50], Retrospective 2017-2018 126 50.1+11.2 T1:78, T2-T3: AC-T 42 (33.3), 40%, HE pCR, ypTO 76 (60.3) 38 (90.5) vs NR
ChiNR cohort 48; NO: 74; 38 (45.2)
N1-N3: 52
Cerbelli et al[40], Retrospective 2011.1-2016.12 54 50 (28-75) T1:7; T2-T4: ACx4 (Q3W) —»Tx12 22 (40.7), 50%, HE PCR, ypTO0/is, 19 (35.2) 11 (50.0) vs 8 OR: [U] 1.61 (0.40-6.52),

Beisnidenge /VJCO | https://www.wjgnet.com

923

July 24,2024 | Volume15 |

Issue 7



Sun HK et al. TILs predict NAT response in TNBC

Italy

Rao et al[30],
ChiNR

Lusho et al[28],
Japan

Hida et al[37],
Japan

Hida et al[27],
Japan

Kolberg et al[51],
Germany

Foldi et al[38],
America

Abuhadra et al
[16], America

Denkert et al
[33], Germany

Yuan et al[34],
America

Sharma et al[46],
America

Pons et al[45],
Spain

Abuhadra et al
[15], America
Asano et al[31],
Japan

Ono et al[54],

consecutive
cohort

Retrospective
consecutive
cohort
Retrospective
consecutive
cohort
Retrospective

cohort

Retrospective
consecutive
cohort

Retrospective
cohort

IIRCT

Prospective
cohort

RCT IPD pooled
analysis

IIRCT

IIRCT

NR

NR

Retrospective
cohort

NR

2009.7-2014.6

2008-2019

2007-2014

2007-2014

NR

2015.12-2018.11

2015.10-2019.11

2010.1-2016.12

2012.1-2018.8

2015.7-2018.5

2016-2022

2015.10-2020.10

2007-2013

1999-2007
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52

120

48

80

311

54

318

906

100

67

408

61

92

46.9 (23-67)

56 (28-86)

56 (22-79)

NR

NR

NR

52.5 (24-77)

NR

52 (28-79)

51 (29-70)

NR

51 (23-77)

NR

52 (23-76)

47; NO: 24;
N1-N3: 30

11: 34, I1I: 16;

NR

T1:93; T2: 59;
T3: 2; NO: 98;
N1-N3: 56

NO: 56; N1-
N3: 24

NR

I: 12, 1I: 33, III:

14;

I: 38, II: 210,
111: 70;

NR

II: 55, I1I: 12;

T1:19; T2: 70;

T3-T4: 11; NO:

70; N1-N3: 30

T1-T2:59; T3:
10; NO: 43;
N1-N3: 26

I: 41, 11: 284,
I1I: 83

T1: 24; T2-T4:
153; NO: 41;
N1-N3: 136

II: 23, I1I: 36;

QW)

TAC

TAC

ACx4 (Q3W) —Tx12
QW)

TAC

AC—T

T—ddAC- Durvalumab
(3 and 10 mg/kg)

ddAC—T+ (Atezol-
izumab/ Panitumumab/
Bevacizumab)

T+ Bevacizumab

TCb

Arm-A: CbP + AC; Arm-

B: CbD

TCb + ddAC

AC—TCb

FEC-T

AC-T

924

21 (40.4), CD8: 2 0.15,
HE

18 (15.0), 30%, HE

31 (11/20) (64.6), (50%)
10%, HE
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110 (35.4)

23 (42.6)

130 (40.9)

333 (36.8)

30 (47.6)
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CEF HE (16.0)
2007-2014 72 NR T1:5,T2:48; NR 53 (1/52) (73.6), (50%)  pCR, ypT0O 38 (52.8) 35 (66.0) vs 3
T3:15; T4: 5; 10%, HE (15.8)
NO: 38; N1-
N3: 34
2010.1-2014.12 170 NR T1-2:110; T3- TAC 122 (74/48) (71.8), PCR, ypTO 48 (28.2) 38 (31.1) vs
4: 60 (20%) 10%, HE DFS OS 10 (24.8)
2015.5-2017.4 146 NR T1:59; T2-T4: NR 24 (16.4), 50%, HE pCR ypTO 56 (38.4) 16 (66.7) vs
90 ypNO 40 (32.8)
2015.1-2017.3 717 NR T1-T2: 529; T3: NR 81 (11.3), 50%, HE pPCR, ypTO 202 (28.2) 48 (59.2) vs
189; NO: 282; 154 (24.2)
N1-N3: 435
NR 59 49 (28-74) 1I: 36, I1I: 24 NR 17 (28.8), 50%, HE pPCR, ypTO 22 (37.3) 13 (76.5) vs 9
(21.4)

NR

NR

OR: [U] 5.02 (4.27-5.77),
0.001

"High: Tumor-infiltrating lymphocyte proportion > 10% (2 points) combined with mild (1 point) or marked (2 points) intensity.

DFS: Disease-free survival; HE: Hematoxylin eosin staining; IPD: Individual patient data; M: Multivariate analysis; NR: Not reported; OR: Odds ratio; OS: Overall survival; pCR: Pathological complete response; RCT: Randomized

controlled trial; RR: Risk ratio; TIL: Tumor-infiltrating lymphocyte; U: Univariate analysis.
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International TILs Working Group in 2014[26], while five studies[27-30] did not report the specific method used for TIL
assessment. The cutoff value for TIL level most commonly reported was 10% (1 = 10)[18,29,31-38], followed by 50% (n =
8)[17,27,39-44], 20% (n = 4)[15,16,45,46], 30% (n = 3)[17,28,47], 40% (n = 3)[48-50], and 60% (n = 2)[51,52].

Association between preoperative TIL levels and therapeutic efficacy of NAT in TNBC patients

Overall meta-analysis: A meta-analysis of 32 studies revealed that the patients with high TIL levels had a high pro-
portion of pCR events (46.7%, 1004/2092) than patients with low TIL levels (26.4%, 900/3254) with a significant difference
(P <0.001, REM, I* = 56%) (Figure 2). Sensitivity analysis using leave-one-out approach indicated that the meta-analytical
statistics were not changed by any single study: Excluding the study with the largest effect size[32], the calculated RR was
1.99 (95%Cl: 1.75-2.26, REM, I> = 55%).

Publication bias analysis: An asymmetric funnel plot and Egger’s test P value (P = 0.001) less than 0.05 suggested poten-
tial publication bias in the included studies of overall meta-analysis. Additionally, the trim-and-fill method was further
employed for assessing and adjusting for publication bias, the analytical result showed that nine missing studies were
interpolated during the analysis to account for potential bias. It was observed that there was no significant asymmetry in
the trimmed funnel plot and still significant overall meta-analytical effect size after adjusting for publication bias,
suggesting that there was limited or insignificant publication bias (Figure 3).

Subgroup analysis: Due to significant heterogeneity among the included studies in the overall meta-analysis, subgroup
analysis was conducted based on important variables, including study design, TIL cutoff value, sample size, and geo-
graphical region, to explore the sources of between-study heterogeneity. The analytical results indicated that the
statistical effect sizes of all subgroup analyses were consistent with the overall meta-analysis results, and there were no
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Figure 1 PRISMA flow diagram for study selection of systematic review and meta-analysis. pCR: Pathological complete response; TIL: Tumor-
infiltrating lymphocyte; TNBC: Triple-negative breast cancer.

significant differences in the statistics among the subgroups. However, there were noticeable differences in the hetero-
geneity among the subgroups. Subgroup analysis revealed that the sources of between-study heterogeneity could stem
from the subgroup of retrospective cohort studies (I* = 58%) (Figure 4), the subgroups with cutoff values of 40% (I* = 78%)
and 20% (I* = 67%), the subgroup with sample sizes > 80 (I* = 69%), and the subgroup with European populations (I* =
77%) (Table 2).

Meta-analysis of different NAT regimens

Among the 32 studies, except for five studies[35,41-44] without a description of the NAT regimen, the reported NAT
regimens in 27 included 14 studies with anthracycline combined with cyclophosphamide (AC) followed by sequential
paclitaxel (T) (AC-T) [15,17,18,32,36,37,39,40,47-50,52,53], three studies with AC followed by sequential T in combination
with anti-HER?2 targeted therapy (AC-T + targeted therapy)[16,33,38], four studies with AC followed by sequential T in
combination with platinum (Cb) agents (AC-TCb)[34,45,46,51], two studies with AC followed by sequential T in com-
bination with fluorouracil (Fu) (AC-T + Fu)[31,54], and four studies with AC combined with T (TAC)[27-30].

The included studies were analyzed according to the NAT regimens, and the results revealed that patients with high
TIL levels in different NAT regimens, such as AC-T, AC-TCb, AC-T + targeted therapy, AC-T + FU, and TAC, had 1.57 to
2.75 times greater rates of pCR events than those with low TIL levels. Moreover, there was no significant difference in the
statistics among the various NAT regimens (P = 0.29). The detailed meta-analysis data of TILs associated with treatment
response to different NAT regimens in TNBC patients are presented in Figure 5 and Table 2.

DISCUSSION

Tumor immunity plays a crucial role in the body’s defense against tumors and in mediating the response to anti-cancer
treatments. The presence of TILs in breast tumors has been associated with improved clinical outcomes[55]. The role of
TILs in the NAT response in TNBC patients has been extensively studied. Based on the existing studies evaluating the
correlation between TIL assessment and NAT treatment outcomes in TNBC patients, we conducted a systematic review
and meta-analysis of the relationship between TIL status and the response to NAT in TNBC patients. The results showed
that TNBC patients with high levels of TILs had greater NAT pCR rates than did those with low TIL levels. Furthermore,
analysis based on different NAT regimens revealed that TIL levels were significantly associated with treatment response
in all NAT regimens incorporating anthracycline combined with taxane drugs. This suggests that TILs have predictive
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Table 2 Subgroup analysis examining heterogeneity among the included studies

. ; . P value for
Analysis No. of studies R'sok ratio P statistic (%) Pvalue for . Analytical subgroup
(95%Cl) heterogeneity model differences

Study design

RCT 5 1.42 (1.23-1.64) 41 0.15 FEM

Prospective cohort 2 2.24 (1.77-2.83) 0 0.64 FEM

Retrospective cohort 18 2.27 (1.84-2.80) 58 0.01 REM

Not reported 7 2.05 (1.77-2.36) 45 0.09 FEM 0.02
Cut-off

60% 2 2.01 (1.57-2.58) 0 0.90 FEM

50% 8 2.31 (1.95-2.74) 0 0.71 FEM

40% 3 3.06 (1.60-5.84) 78 0.01 REM

30% 3 2.33 (1.61-3.37) 46 0.16 FEM

20% 4 1.68 (1.29-2.20) 67 0.03 REM

10% 10 1.63 (1.24-2.15) 49 0.04 REM
Locations

Asia 12 1.90 (1.62-2.24) 46 0.04 FEM

Europe 11 2.07 (1.58-2.71) 77 0.01 REM

Americas 9 2.01 (1.76-2.30) 34 0.14 FEM 0.35
Sample size

n <80 16 2.62 (2.14-3.20) 35 0.08 FEM

n>80 16 1.82 (1.56-2.12) 69 0.01 REM 0.04
NAT regimens

AC-T 14 2.13 (1.72-2.63) 56 0.01 REM

TAC 4 1.99 (1.43-2.75) 0 0.44 FEM

AC-T + targeted 8 1.73 (1.12-2.67) 82 0.01 REM
therapy

AC-TCb 4 1.57 (1.31-1.90) 43 0.15 FEM

AC-T + Fu 2 2.75 (1.28-5.92) 0 0.61 FEM 0.02

AC: Anthracycline combined with cyclophosphamide; AC-T: Anthracycline combined with cyclophosphamide followed by paclitaxel or docetaxel; AC-T +
Fu: Anthracycline combined with cyclophosphamide followed by paclitaxel or docetaxel, and fluorouracil; AC-TCb: Anthracycline combined with
cyclophosphamide followed by paclitaxel or docetaxel, and platinum; FEM: Fixed-effects model; NAT: Neoadjuvant therapy; TAC: Paclitaxel or docetaxel
combined with anthracycline, and cyclophosphamide; REM: Random-effects model.

value for treatment response in these NAT regimens. To our knowledge, this is the first comprehensive and specific
evaluation of the ability of TILs to predict the response of TNBC patients to NAT, which offers important insights into
predicting treatment response based on pretreatment tumor immune status in TNBC patients.

TILs play a vital role in the surveillance and defense against tumors within the tumor immune microenvironment. The
positioning, clustering, interaction, and costimulation of TIL subgroups are crucial for effective antitumor immune res-
ponses[13]. TILs can directly eliminate cancer cells through various mechanisms, including the specific recognition of
endogenous antigen peptide-MHC class I molecule complexes by CD8+ T cells, the secretion of substances such as per-
forin and granzymes to induce tumor cell death through proteolytic activity, and the expression of FasL or the secretion
of tumor necrosis factor (TNF)-alpha to induce apoptosis in cancer cells by binding to the death receptor Fas and TNF
receptor on the surface of target cells[56]. Studies have shown that chemotherapy drugs can not only directly kill cancer
cells through cytotoxic effects but also regulate TILs to eliminate cancer cells. For example, T cells pretreated with
doxorubicin, cyclophosphamide, and paclitaxel in a coculture system with tumor organoids showed a greater proportion
of cancer cell apoptosis than did T cells that were only pretreated with doxorubicin and cyclophosphamide and
cocultured with tumor organoids. In another study, no significant difference was observed in T-cell pretreatment between
doxorubicin, cyclophosphamide, and carboplatin combination therapy and doxorubicin and cyclophosphamide alone.
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High TILs Low TILs Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI
Abdelrahman 2021 10 14 10 36  27% 2.57[1.38,4.79]
Abuhadra 2022 68 106 62 212 56% 2.19[1.70, 2.83] -
Abuhadra 2023 85 143 81 265 58% 1.94 [1.55, 2.44] -
Asano 2018 26 48 2 13 0.9% 3.52[0.96, 12.93] |
Cerbelli 2017 11 22 8 32 22% 2.00[0.96, 4.16] —
Cerbelli 2020 18 49 5 12 2.0% 0.88 [0.41, 1.89] I
Cerbelli 2020a 13 17 9 42  26% 3.57 [1.89, 6.74] -
Denkert 2018 253 646 80 260 6.0% 1.27 [1.04, 1.56] ™
Dong 2021 38 122 10 48  2.7% 1.50 [0.81, 2.76] T
Foldi 2021 15 26 8 28 24% 2.02[1.03, 3.95] —
Galvez 2018 26 181 20 254 31% 1.82[1.05, 3.16] —
Hamy 2019 48 81 154 636 5.8% 2.45[1.95, 3.07] -
Herrero-Vicent 2017 51 58 10 48  3.0% 4.221[2.41,7.39] -
Hida 2016 18 31 3 17 1.2% 3.29[1.13, 9.59] -
Hida 2019 12 23 16 57 3.0% 1.86 [1.05, 3.29] —
Jung 2016 43 74 23 69  44% 1.74 [1.19, 2.56] -
Kolberg-Liedtke 2022 35 59 75 252 53% 1.99 [1.50, 2.65] -
Lusho 2021 10 18 24 102 32% 2.36 [1.37, 4.06] -
Ochi 2019 24 55 1 25 04% 10.91 [1.56, 76.20]
Ono 2012 25 67 4 25 1.5% 2.33[0.90, 6.03] T
Pang 2021 55 177 33 133 45% 1.25[0.87, 1.81] I
Pons 2023 14 24 22 43  3.8% 1.14[0.73, 1.78] T
Rangan 2023 25 57 2 18  0.8% 3.95[1.03, 15.06) -
Rao 2017 10 21 4 31 1.3% 3.69[1.33, 10.22] -
Russo 2019 11 14 4 27 1.5% 5.30 [2.06, 13.64] -
Sharma 2021 26 39 25 51 4.6% 1.36 [0.95, 1.94] I
Van Bockstal 2020 8 10 5 25 1.8% 4.00[1.72,9.29]
Wang 2018a 35 53 3 19 1.2% 4.18 [1.45, 12.03] -
Wiirfel 2018 16 24 40 122 4.4% 2.03[1.39, 2.97] -
Yuan 2021 17 28 13 33 33% 1.54[0.92, 2.59] I
Zhang 2018 12 17 14 41 3.3% 2.07[1.22, 3.49] _'_
Zhao 2023 38 42 38 84 56% 2.00 [1.55, 2.58] -
Total (95% Cl) 2346 3060 100.0% 2.01[1.77, 2.29] ¢
Total events 1096 808 ‘ ) ‘ .

Heterogeneity: Tau? = 0.06; Chi* = 70.47, df = 31 (P~ < 0.0001); I = 56% 0 '01

0.1 1 10

Test for overall effect: Z = 10.59 (£ < 0.00001)
Favours [Low TILs] Favours [High TILsS]

Figure 2 Forest plot demonstrating the correlation between tumor-infiltrating lymphocyte levels and the pathological complete response

rate in triple-negative breast cancer patients receiving neoadjuvant therapy. TIL: Tumor-infiltrating lymphocyte.
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Figure 3 Funnel plot illustrating the correlation between tumor-infiltrating lymphocyte levels and the pathological complete response rate
in studies investigating neoadjuvant therapy in triple-negative breast cancer patients. A: An asymmetric funnel plot and Egger’s test P value (P =
0.001) less than 0.05 suggested potential publication bias in the included studies of overall meta-analysis; B: Trim-and-fill method showed that there was no
significant asymmetry in the trimmed funnel plot and still significant overall meta-analytical effect size after adjusting for publication bias, suggesting that there was
limited or insignificant publication bias.
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High TILs Low TILs Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI
1.6.1 RCT
Denkert 2018 253 646 80 260 5.7% 1.27 [1.04, 1.56] ~
Foldi 2021 9 16 14 38  27% 1.53[0.84, 2.78] T
Kolberg-Liedtke 2022 35 59 75 252 5.0% 1.99 [1.50, 2.65] i
Sharma 2021 26 39 25 51 4.4% 1.36 [0.95, 1.94] —
Yuan 2021 17 28 13 33 3.2% 1.54 [0.92, 2.59] 1D
Subtotal (95% Cl) 788 634 21.1% 1.50 [1.23, 1.84] L 2
Total events 340 207

Heterogeneity: Tau? = 0.02; Chi?2 = 6.74, df =4 (P=0.15); 2 =41%
Test for overall effect: Z = 3.96 (P < 0.0001)

1.6.2 Prospective cohort

Abdelrahman 2021 10 14 10 36 26% 2.57 [1.38, 4.79] -
Abuhadra 2022 68 106 62 212 5.3% 2.19[1.70, 2.83] -
Subtotal (95% Cl) 120 248 7.9% 2.24[1.77, 2.84] 2
Total events 78 72

Heterogeneity: Tau? = 0.00; Chi?2 = 0.22, df =1 (P = 0.64); = 0%
Test for overall effect: Z = 6.75 (P < 0.00001)

1.6.3 Retrospective cohort

Asano 2018 26 48 2 13 0.8% 3.52[0.96, 12.93] -
Cerbelli 2017 11 22 8 32 2.1% 2.00[0.96, 4.16] -
Cerbelli 2020 13 17 10 44 2.7% 3.36 [1.84, 6.16] -
Cerbelli 2020a 13 17 9 42 2.5% 3.57 [1.89, 6.74] -
Dong 2021 26 74 22 96 3.5% 1.53 [0.95, 2.48] _'_

Galvez 2018 26 181 20 254 3.0% 1.82[1.05, 3.16] T
Herrero-Vicent 2017 51 58 10 48  2.9% 4.22[2.41,7.39] -
Hida 2016 7 11 14 37 27% 1.68[0.92, 3.09] T

Hida 2019 12 23 16 57 2.9% 1.86 [1.05, 3.29] -

Jung 2016 43 74 23 69 42% 1.74 [1.19, 2.56] -

Lusho 2021 10 18 24 102 3.0% 2.36 [1.37, 4.06] -

Ochi 2019 24 55 1 25 04% 10.91 [1.56, 76.20]

Pang 2021 31 85 57 165 4.5% 1.06 [0.74, 1.50] T

Rao 2017 10 21 4 31 1.3%: 3.69[1.33, 10.22]

Russo 2019 11 14 4 27 1.4% 5.30[2.06, 13.64] -
Van Bockstal 2020 8 10 5 25 1.7% 4.00 [1.72,9.29] -
Zhang 2018 12 17 14 41 3.2% 2.07 [1.22, 3.49] -

Zhao 2023 38 42 38 84 5.3% 2.00 [1.55, 2.58] %
Subtotal (95% CI) 787 1192 48.1% 2.27 [1.84, 2.80] ¢

Total events 372 281

Heterogeneity: Tau? = 0.10; Chi? = 40.19, df = 17 (P = 0.001); 1> = 58%
Test for overall effect: Z = 7.65 (P < 0.00001)

1.6.4 Not reported

Abuhadra 2023 85 143 81 265 55% 1.94 [1.55, 2.44] =+
Hamy 2019 48 81 154 636 55% 2.45[1.95, 3.07]

Ono 2012 25 67 4 25  14% 2.33[0.90, 6.03] T

Pons 2023 14 24 22 43 37% 1.14[0.73, 1.78] =

Rangan 2023 25 57 2 18 08% 3.95[1.03, 15.06] —

Wang 2018a 1 1 37 71 1.8% 1.44 [0.63, 3.30] o

Wilrfel 2018 16 24 40 122 42% 2.03 [1.39, 2.97] —

Subtotal (95% Cl) 397 1180  23.0% 1.94 [1.56, 2.42] L 2

Total events 214 340

Heterogeneity: Tau? = 0.03; Chi?2 = 10.85, df = 6 (P = 0.09); I> = 45%

Test for overall effect: Z = 5.94 (P < 0.00001)

Total (95% Cl) 2092 3254 100.0% 1.99 [1.75, 2.26] ¢

Total events 1004 900

Heterogeneity: Tau? = 0.06; Chi? = 73.88, df = 31 (P < 0.0001); I2 = 58% f t t J
Test for overall effect: Z = 10.51 (2 < 0.00001) 0.01 0.1 1 10 100
Test for subaroun differences: Chi? = 9.69. df = 3 (P = 0.02). I2 = 69.0% Favours [Low TILs] = Favours [High TILs]

Figure 4 Forest plot illustrating subgroup analysis based on study design of included meta-analysis. TIL: Tumor-infiltrating lymphocyte; RCT:
Randomized controlled trial.

This suggests that paclitaxel can modulate the cytotoxicity of T cells and exert an antitumor effect[57]. Furthermore,
research has shown that BC patients with higher levels of TILs have better clinical responses to chemotherapy containing
paclitaxel than to adjuvant chemotherapy regimens without taxanes, confirming this concept at the clinical level[58].

The systematic assessment and meta-analysis conducted herein provide substantial evidence that TNBC patients
exhibiting high TIL levels exhibit superior treatment responses regardless of the specific NAT scheme employed, partic-
ularly in terms of higher pCR rates. Moreover, an increase in the TIL level following NAT treatment is associated with
improved therapeutic outcomes in BC patients. The study findings indicate that the administration of anthracycline-
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Study or subgroup

High TILs

Events Total Events Total Weight M-H, Random, 95%CI

Low TILs

Risk ratio

Risk ratio

M-H, Random, 95%CI

1.3.1 AC-T
Abdelrahman 2021
Abuhadra 2023
Cerbelli 2017
Cerbelli 2020
Galvez 2018
Herrero-Vicent 2017
Hida 2016

Jung 2016

Ochi 2019

Pang 2021

Russo 2019

Van Bockstal 2020
Zhang 2018

Zhao 2023
Subtotal (95% CI)
Total events

10 14
85 143
11 22
18 49
26 181
51 58
18 31
43 74
24 55
55 177
11 14
8 10
12 17
38 42
887
410

10
81
8
5
20
10
3
23
1
33
4
5
14
38

255

133
27
25
41
84

1068

3.1% 2.57 [1.38, 4.79]
7.0% 1.94 [1.55, 2.44]
2.5% 2.00 [0.96, 4.16]
2.4% 0.88 [0.41, 1.89]
3.6% 1.82[1.05, 3.16]
3.6% 4.22[2.41,7.39]
1.4% 3.29[1.13, 9.59]
5.1% 1.74 [1.19, 2.56]
0.5% 10.91 [1.56, 76.20]
5.3% 1.25[0.87, 1.81]
1.7% 5.30 [2.06, 13.64]
2.0% 4.00 [1.72, 9.29]
3.8% 2.07 [1.22, 3.49]
6.6% 2.00 [1.55, 2.58]

48.7% 2.13[1.72, 2.63]

Heterogeneity: Tau? = 0.07; Chi? = 29.48, df = 13 (» = 0.006); I> = 56%
Test for overall effect: Z = 6.98 (P < 0.00001)

1.3.2TAC

Dong 2021

Hida 2019

Lusho 2021

Rao 2017
Subtotal (95% CI)
Total events

38 122
12 23
10 18
10 21

184
70

10
16
24

4

54

48
57
102
31
238

3.2% 1.50[0.81, 2.76]
3.5% 1.86 [1.05, 3.29]
3.7% 2.36 [1.37, 4.06]
1.5% 3.69 [1.33, 10.22]
11.9% 2.03 [1.48, 2.78]

Heterogeneity: Tau? = 0.00; Chi? = 2.69, df = 3 (P = 0.44); I?= 0%
Test for overall effect: Z = 4.42 (P < 0.0001)

1.3.3 AC-T+ Targeted drugs

Abuhadra 2022 68 106 62 212 6.6% 2.19[1.70, 2.83]
Denkert 2018 253 646 80 260 7.2% 1.27 [1.04, 1.56]
Foldi 2021 15 26 8 28  2.8% 2.02[1.03, 3.95]
Subtotal (95% CI) 778 500 16.7% 1.73 [1.12, 2.67]
Total events 336 150

Heterogeneity: Tau? = 0.11; Chi? = 11.40, df = 2 (P = 0.003); I* = 82%
Test for overall effect: Z = 2.48 (P =0.01)

1.3.4 AC-TCb

Kolberg-Liedtke 2022 35 59 75 252 6.3% 1.99 [1.50, 2.65]
Pons 2023 14 24 22 43  4.5% 1.14[0.73, 1.78]
Sharma 2021 26 39 25 51 5.4% 1.36 [0.95, 1.94]
Yuan 2021 17 28 13 33 3.9% 1.54 [0.92, 2.59]
Subtotal (95% CI) 150 379 20.1% 1.53 [1.18, 1.97]
Total events 92 135

Heterogeneity: Tau? = 0.03; Chiz = 5.31, df = 3 (P = 0.15); I?=43%
Test for overall effect: Z = 3.21 (P = 0.001)

1.3.5 AC-T+FU
Asano 2018 26 48 2 13 1.0% 3.52 [0.96, 12.93]
Ono 2012 25 67 4 25 17% 2.33[0.90, 6.03]
Subtotal (95% CI) 115 38 2.7% 2.69 [1.25, 5.80]

Total events 51 6
Heterogeneity: Tau? = 0.00; Chi* = 0.25, df =1 (P = 0.61); I?= 0%
Test for overall effect: Z = 2.53 (P=0.01)

Total (95% CI) 2114 2223 100.0%

Total events

1.91 [1.66, 2.19]
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Heterogeneity: Tau? = 0.06; Chi? = 56.85, df = 26 (2 = 0.0004); I* = 54% 0 ‘01

Test for overall effect: Z = 9.19 (P < 0.00001)
Test for subaroup differences: Chiz = 5.01. df =4 (P =0.29). I? = 20.2%

Figure 5 Forest plot illustrating the correlation between tumor-infiltrating lymphocyte levels and pathological complete response rates
across various neoadjuvant therapy regimens. TIL: Tumor-infiltrating lymphocyte; AC: Anthracycline combined with cyclophosphamide; AC-T: Anthracycline
combined with cyclophosphamide followed by paclitaxel or docetaxel; TAC: Paclitaxel or docetaxel combined with anthracycline, and cyclophosphamide; AC-TCb:
Anthracycline combined with cyclophosphamide followed by paclitaxel or docetaxel, and platinum; AC-T + Fu: Anthracycline combined with cyclophosphamide

followed by paclitaxel or docetaxel, and fluorouracil.
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based chemotherapy drugs along with cyclophosphamide augments TIL levels in BC patients receiving NAT, and this
increase in TIL levels is positively correlated with an improved pCR rate[33,59]. A study that stratified TNBC cohorts into
lymphocyte-predominant BC (LPBC) and non-LPBC based on stromal TIL levels revealed that higher levels of stromal
TILs in TNBC patients not only correlated with a greater pCR rate but also supported a greater pCR rate in LPBC patients
than in non-LPBC patients. Additionally, even within the LPBC subgroup, the inclusion of platinum-based drugs in
anthracycline-based chemotherapy followed by sequential paclitaxel yielded more significant benefits than in non-LPBC
patients[60]. These clinical findings have been validated in various established experimental models of carcinogen-
induced BC. In these animal models, the administration of doxorubicin amplifies the tumor antigen-specific proliferation
of CD8+ T cells in tumor-draining lymph nodes in a homologous antigen-specific manner. Furthermore, it augments the
ratio of CD8+ T cells infiltrating the tumor tissue and elicits tumor antigen-specific interferon-gamma production by these
CD8+ TILs. Ultimately, the therapeutic effects of doxorubicin are mediated through these two mechanisms[61].

Due to the substantial heterogeneity observed in the meta-analysis of the 32 eligible studies, we performed subgroup
analysis to investigate the sources of heterogeneity. The subgroup analysis showed that TNBC patients with high preo-
perative TIL counts exhibited increased pCR rates, irrespective of the study design. However, there were significant
variations in heterogeneity among the different subgroups. In particular, the subgroup of randomized controlled trials
and prospective cohort studies showed no interstudy heterogeneity, whereas the subgroup of retrospective cohort studies
demonstrated considerable interstudy heterogeneity. Therefore, the primary contributor to the interstudy heterogeneity
among the overall meta-analysis was attributed to the included retrospective cohort studies. These findings highlight the
essential requirement for rigorous and well-designed research, including prospective designs and/or randomized con-
trolled designs in future research protocols, to ensure the consistency and accuracy of clinical trial outcomes. Con-
sequently, when assessing the predictive value of TILs for TNBC NAT treatment response, the meta-analysis results from
the subgroup of randomized controlled trials and prospective cohort studies, which exhibit good consistency, can be
considered robust evidence for clinical decision-making. Additionally, subgroup analysis was performed to explore the
influence of high TIL cutoff values, the source of the study population, and the median sample size on the heterogeneity
observed in the current meta-analysis. The analytical results presented that the differences in the cutoff values and the
source of the study population were also potential sources of interstudy heterogeneity. Sensitivity analysis, carried out by
sequentially excluding individual studies from the overall meta-analysis results, showed that the overall findings were
not affected by any single study, but the heterogeneity varied. Notably, exclusion of the study conducted by Denkert et al
[33] resulted in the lowest level of heterogeneity (I> = 45%).

Despite our comprehensive evaluation of the association between TIL levels in preoperative BC tissue treated with
NATs and pCR in TNBC patients, our systematic review and meta-analysis has several limitations. First, the assessment
of TILs is subjective, and there may be substantial variations in determining TIL levels among different studies due to the
subjective judgments of various pathology experts. This subjectivity may impact the true relationship between TIL levels
and treatment response and introduce heterogeneity across studies. Additionally, the analysis was limited by the paucity
of studies that examined the correlation between TIL levels and NAT treatment response according to different molecular
marker types of TILs. Consequently, it was not possible to more comprehensively conduct a subgroup analysis based on
TIL molecular subtypes to explore the relationship between TIL levels and NAT treatment response. Finally, the res-
triction to studies published in English or Chinese may introduce language bias in this analysis. Therefore, given these
considerations, it is advisable to interpret the results of this meta-analysis with caution.

CONCLUSION

In summary, this systematic review and meta-analysis indicated that TNBC patients with elevated TILs exhibited sig-
nificantly greater pCR after NAT than those with low TILs, even among different NAT regimens and in TNBC patients
from diverse populations. Therefore, it can be concluded that high TIL levels in preoperative TNBC tissue have the
potential to predict treatment response to various NAT regimens in all TNBC patients. Additionally, the subgroup
analysis results of homogeneous randomized controlled trials support the use of high TIL levels as Class Ia clinical evi-
dence to predict NAT treatment response in TNBC patients, and the results of homogeneous prospective cohort studies
are classified as class 2a evidence. Therefore, in clinical practice, adopting appropriate threshold to define high levels of
TILs can effectively predict the response to NAT and aid in making NAT decisions for TNBC patients.
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Abstract

BACKGROUND

Cholangiocarcinoma is the most common malignancy of the biliary tree and has a
poor prognosis. Adenocarcinoma is the most common pathological type of cho-
langiocarcinomas, but rare squamous, adenosquamous, and mucinous variants
have been reported without adequate clinical data.

CASE SUMMARY

This report describes a rare case of primary squamous cell carcinoma (SCC) of the
intrahepatic bile duct. The patient was admitted with a tumor in the hepatic
caudate lobe with no obvious clinical symptoms. Examination revealed hepatitis B
surface antigen positivity, a slight increase in alfa-fetoprotein to 16.34 ng/mL, and
an irregular slightly heterogeneous enhancing lesion in the hepatic caudate lobe,
which was initially thought to be hepatocellular carcinoma. Laparoscopic re-
section was performed, and the final pathology suggested a rare primary SCC of
the intrahepatic bile duct. Immunohistochemistry indicated positivity for villin,
partial positivity for p63, and negativity for hepatocyte, CK7, CK8, CK19, and
CK20. The Ki-67 index was approximately 60%. The patient received six cycles of
Tegio chemotherapy. A new lesion was detected in the liver after 15 months. The
surgery was performed, and the patient was followed-up at a local hospital. To
date, no new lesions have been observed.

CONCLUSION
Surgery is the first choice for resectable lesions, and combined chemotherapy
based on pathology is essential for increasing overall survival.
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Core Tip: We report a case of primary intrahepatic biliary squamous cell carcinoma (SCC) that was initially considered
hepatocellular carcinoma. Intrahepatic biliary SCC is a rare pathological type without typical imaging features or serum
markers. Its diagnosis depends on biopsy or postoperative pathology. Surgical resection is still considered the first choice for
resectable lesions, but the intraoperative pathology of atypical liver lesions is essential for radical resection. Combined
chemotherapy or chemoradiotherapy is beneficial for prolonging overall survival and decreasing the risk of recurrence. This
case report and related literature review provide a valuable reference for the diagnosis and treatment of this disease.
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INTRODUCTION

Liver cancer is a malignancy that has a severe negative impact on human health worldwide. According to global cancer
statistics for 2020, in men, the incidence rate of liver cancer was the sixth highest rate among cancers, and its mortality
rate was the third highest. These rates were tenth and seventh highest, respectively, in women[1]. The pathological classi-
fication of primary liver cancer includes mainly hepatocellular carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC),
and combined hepatocellular cholangiocarcinoma. The prognosis of ICC is particularly dismal owing to its highly
malignant behavior, propensity for lymph node metastasis, and postoperative recurrence[2].

ICC is a cholangiocarcinoma that is located in a secondary or more proximal bile duct and is derived from epithelial
cells in the duct. ICC accounts for approximately 10%-15% of primary liver cancers and < 10% of cholangiocarcinomas[3].
The main morphological growth patterns of ICCs are the formation of a mass, periductal and intraductal infiltration, and
superficial spread[4]. Adenocarcinoma is the main pathological type, but there are some rare variants, including
squamous, adenosquamous, mucinous, signet ring, clear, and undifferentiated cells[5]. Surgery is still the preferred
treatment for ICC. However, unlike surgery for HCC, hepatic hilar lymph node dissection following resection of the
primary lesion is recommended to improve the prognosis of ICC and prolong overall survival (OS). Chemotherapy,
radiotherapy, and targeted or local treatment after pathological diagnosis could achieve a better prognosis for inoperable
ICC[6]. However, the diagnosis and treatment strategies for some rare pathological types of ICC might be different from
those used for biliary adenocarcinoma and need further exploration and discussion by clinicians.

This report describes a rare case of primary squamous cell carcinoma (SCC) of the intrahepatic bile duct that was
initially misdiagnosed as atypical HCC based on imaging and laboratory examinations. The final pathology was
determined after resection and guided subsequent chemotherapy. This report summarizes this case and discusses the key
points of clinical diagnosis and related therapeutic strategies for biliary SCC, including surgery and chemotherapy
regimens.

CASE PRESENTATION

Chief complaints
A 52-year-old man with a tumor of the hepatic caudate lobe that had been detected 14 days earlier in Changguo Hospital
of Zibo (Shandong, China) was admitted on June 8, 2021.

History of present illness

Enhanced magnetic resonance imaging of the upper abdomen performed at a local hospital revealed a lesion in the
hepatic caudate lobe that was thought to be a malignant tumor. Moreover, gastroscopy and colonoscopy revealed gastric
and colonic polyps but did not detect a tumor. No treatment was started at that time.

History of past illness
The patient had a history of hepatitis B virus infection and was hepatitis B surface antigen-positive. However, he was not
receiving treatment or undergoing regular examinations.

Personal and family history
The patient denied any family history of malignant tumors.
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Physical examination
Physical examination did not reveal any obvious positive signs.

Laboratory examinations

Laboratory investigations confirmed hepatitis B surface antigen, hepatitis B e-antibody, and hepatitis B core antibody
positivity without abnormal hepatitis B virus DNA or liver dysfunction. The alfa-fetoprotein level was slightly increased
at 16.34 ng/mL (normal range: 0-8.78 ng/mL), and the carcinoembryonic antigen (normal range: 0-5 ng/mL) and
carbohydrate antigen (CA) 19-9 (normal range: 0-27 U/mL) levels were 2.31 ng/mL and 6.1 U/mL, respectively. The
patients’” preoperative alanine aminotransferase and aspartate aminotransferase levels were 18.30 U/L (normal reference
range: < 50 U/L) and 23.30 U/L (normal reference range: < 40 U/L), respectively. The levels of gamma-glutamyl
transferase and alkaline phosphatase were 16.30 U/L (normal reference range: < 60 U/L) and 71.00 U/L (normal
reference range: 45-125 U/L), respectively. The total bilirubin level was 7.70 pmol/L (normal reference range: 5.0-24.0
pmol/L). The albumin level was 38.30 g/L (normal reference range: 40-55 g/L). The white blood cell and red blood cell
counts were 6.05 x 10°/L [normal reference range: (3.5-9.5) x 10°/L] and 4.13 x 10"?/L [normal reference range: (4.3-5.8) x
10%2/L], respectively.

Imaging examinations
An enhanced computed tomography (CT) scan indicated liver cirrhosis and showed an irregular lesion with a maximum
diameter of 2.5 cm in the hepatic caudate lobe. The tumor showed slightly heterogeneous enhancement (Figure 1).

Further diagnostic work-up

Three days after admission, the patient underwent laparoscopic liver tumor resection at the First Affiliated Hospital of
Shandong First Medical University. He recovered well following treatment with hepatoprotective medication, nutritional
support, and human albumin and was discharged on postoperative day 10. Pathologic examination revealed a pale
nodular mass measuring 4.0 cm x 3.0 cm x 2.2 cm that had a soft texture, was partially necrotic, had a clear boundary,
and had invaded the liver capsule. According to the China Liver Cancer Staging, the tumor stage was I a, and the
vascular invasion showed venous invasion. The background liver tissue exhibited hepatitis and cirrhosis, with no
presence of cholelithiasis. Hematoxylin-eosin (HE) staining revealed atypical cells arranged in cords, and no keratin
pearls were observed (Figure 2). Inmunohistochemical examination revealed that the patient was positive for villin,
partially positive for p63, and negative for glypican, hepatocyte, CK7, CK8, CK19, and CK20 (Figure 3). The Ki-67 index
was approximately 60%.

FINAL DIAGNOSIS

The final pathological examination was considered as a rare primary SCC of the intrahepatic bile duct.

TREATMENT

Six cycles of Tegio (50 mg orally twice daily) were recommended after consultation with an oncology expert, and the
patient opted for postoperative follow-up at a local hospital.

OUTCOME AND FOLLOW-UP

A new lesion was detected in the liver after 15 months, and surgery was performed at a local hospital without post-
operative chemotherapy. To date, no new lesions have been detected.

DISCUSSION

Cholangiocarcinoma is a relatively rare malignant tumor of the digestive tract that may arise anywhere in the biliary duct
and can be divided into intrahepatic, perihilar, or distal depending on the primary site[7]. Based on clinical data from
single-center and multicenter analyses, the incidence of perihilar and distal disease is > 90%, and that of ICC is < 10%(3,
8]. Based on the above classification, the corresponding operations and complete lymph node dissection, such as
hepatectomy and duodenopancreatectomy, are the first choices for prolonging OS. For advanced cholangiocarcinoma,
chemotherapy consisting of gemcitabine and cisplatin is recommended as the standard first-line treatment for improving
progression-free survival and OS[9]. Folinic acid, fluorouracil, and oxaliplatin (FOLFOX) plus active symptom control is
considered the second-line choice because a study showed that the median OS and the 6-month and 12-month OS rates
were better in patients who received FOLFOX plus active symptom control than in those who received active symptom
control alone[10]. In addition to chemotherapy and radiotherapy, immunotherapy in combination with targeted therapy (
e.g., pembrolizumab + lenvatinib) and immunotherapy alone are being explored for treating cholangiocarcinoma([11].

WJCO | https://www.wjgnet.com 938 July 24,2024 | Volume15 | Issue7 |

Jaishideng®



Wang FH et al. Primary intrahepatic biliary SCC

Figure 1 Computed tomography imaging of liver lesion. A: The arterial phase of computed tomography (CT) showed no obvious enhancement (orange
arrow); B: The venous phase of CT showed slightly heterogeneous enhancement (orange arrow).

Figure 2 The pathology of liver lesion. A: The lesion owned soft texture, partially necrosis, clear boundary, and invasion of liver capsule; B: Hematoxylin and
eosin staining indicated atypical cell arranged in nests (orange arrow), and no obvious keratin pearl was observed.

The main risk factors for cholangiocarcinoma are biliary diseases, biliary malformations/choledochal cysts, chole-
lithiasis, cholecystitis/cholecystectomy, liver flukes, hepatitis C virus infection, and type 2 diabetes[12]. The prognosis of
biliary SCC is worse than that of intrahepatic bile duct adenocarcinoma or HCC because of lymph node metastasis,
irregular margins, and vascular invasion. The most common pathologic type is adenocarcinoma, and exploration of
therapeutic strategies is focused mainly on this type[13]. However, we sometimes encounter rare types of cholangiocar-
cinoma, such as biliary SCC, which has a poor prognosis owing to a lack of effective clinical therapies and limited
relevant research data[14]. Therefore, we explored the published literature on the epidemiology, clinical features, and
diagnosis and treatment of SCC of the bile duct.

The pathogenesis of SCC of the bile duct remains unclear, and we explored it mainly via case reports because of the
lack of clinical studies. Several theories have been suggested. First, anaplastic carcinoma of the bile duct could differ-
entiate into adenocarcinoma or SCC[15]. Second, SCC could derive from adenocarcinoma, and Iemura ef al[16] described
the possible transformation from adenocarcinoma to SCC in a mouse model of cholangiocarcinoma. Third, the
metaplastic squamous epithelium of the bile duct has the potential to transform into SCC, and the inflammation
associated with choledochal cysts, cholelithiasis, sclerosing cholangitis, and Caroli disease could be an important cause of
metaplasia[17]. Some experts have suggested that the “inflammation-cancer” transformation is an inescapable risk factor
for the occurrence of cholangiocarcinoma, although SCC is rarer than adenocarcinoma[18]. Fourth, ectopic squamous
epithelium may be another etiology. In our patient, the final pathology was considered to be poorly differentiated biliary
SCC possibly derived from anaplastic carcinoma. The positive expression of p63 and the arrangement of atypical cells in
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Figure 3 Inmunohistochemistry of liver lesion. The immunohistochemical examination was positive for villin, p63, and negative for glypican, hepatocyte,
CK7, CK8, CK19, and CK20, the Ki-67 index was about 60% (x 200). A: Glypican; B: CK7; C: CK8; D: CK19; E: CK20; F: Hepatocyte; G: P63; H: Villin; I: Ki-67.

nests were the basis for the diagnosis of SCC (Figures 2 and 3).

According to our literature review, biliary SCC is most common in the extrahepatic bile duct, and clinical reports of the
intrahepatic type are rare. Unlike for that of cholangioadenocarcinoma, an accurate diagnosis of biliary SCC is difficult
owing to its rarity and lack of typical manifestations. We found that the common clinical symptoms of biliary SCC were
abdominal pain, jaundice, and gastrointestinal abnormalities, which could be caused by biliary obstruction, inflam-
mation, neuronal invasion, or biliary spasm[14]. However, some patients have no significant symptoms, especially if they
have the intrahepatic type, as in our case. Laboratory examinations indicated impaired liver function with elevated CA19-
9 levels. However, only five of the 14 patients listed in Table 1 had elevated CA19-9 levels, suggesting that the specificity
of CA 19-9 is lower for SCC than for cholangioadenocarcinoma[19]. However, the relevant data are limited. Analysis of
large-scale multicenter clinical data remains important, as is examination of the levels of the hepatobiliary tumor markers
carcinoembryonic antigen, CA 19-9, and alfa-fetoprotein. On imaging, HCC is always presented as markedly enhanced in
the arterial phase and has low-density contrast in the venous phase. Moreover, ICC adenocarcinoma has delayed
enhancement in the venous phase, sometimes accompanied by dilation of the distal bile duct on CT or magnetic
resonance imaging. However, biliary SCC may present as an avascular and delayed or heterogeneous enhancement mass
similar to that of the ICC adenocarcinomal[18,20] (Table 1). Our patient’s CT manifestations revealed an avascular and
heterogeneous enhancement mass. The above data indicate that biliary SCC has no classical serologic or radiologic
findings. Biopsy is essential for advanced hepatobiliary tumors; needle biopsy is suitable for intrahepatic lesions.
However, surgery remains the first option for resectable lesions because of the risk of needle transfer during biopsy.
Rapid intraoperative pathology is required for accurate diagnosis and complete resection. Endoscopic retrograde cholan-
giopancreatography, intraductal ultrasonography, or spy glass are valuable for the biopsy of extrahepatic lesions[14].
Even if SCC of the bile duct has been confirmed, gastroenteroscopy and positron emission tomography-CT are still
necessary in view of reports of biliary metastasis of esophageal SCC[21,22]. The immunohistochemistry results vary
widely among differentiated cases. Keratin pearls and CK5/6 positivity are consistently observed, but the final pathology
should include both clinical features and cytologic morphology[23] (Table 1). In our case, the patient tested positive for
villin, which was not previously observed in SCC patients. However, we cannot deny that villin is not a specific marker
for SCC. The detection of villin was used to identify the source of the tumor, and the final diagnosis should be de-
termined by its combination with other markers, such as p63[24].
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Ref. Case Symptoms Serum study CT/MR Pathology Treatments
Gatof et al[14], 2004 A 86-year-old female Abdominal pain and - Cholelithiasis of CBD and SCC with pancytokeratin stains (+) Chemotherapy and high-dose radiation
jaundice dilated bile duct
Sewkani, et al[17], 2005 A 60-year-old male Jaundice - A thickening of the distal BD keratin pearl (+) Surgery
Abbas et al[27], 2008 A 28-year-old female Abdominal pain and - An avascular liver mass SCC with dysplasia of the bile-duct Extended left lobectomy and image guided
jaundice epithelium external beam radiation
Price et al[31], 2008 A 41-year-old female Painless jaundice, ALP?, CA199t Choledochal cysts with SCC with keratin pearl Chemotherapy and radiation
diarrhea cholelithiasis and a mass
Avezbadalov et al[29], A 78-year-old Hispanic Somnolent ALP?, GGTP? Liver carcinoma with 17.5 cm poorly diferentiated SCC: CK5/6(+), Home hospice
2014 woman invading colon-hepatic flexure ~ p63(+), CK19(+), CK20(-), CK7(-), HMB-
45(-), TTF-I(-)
Goto et al[23], 2016 A 77-year-old female Jaundice with fatigue DBIL?, TBILtT, ALP1, normal A solid mass in the junction of Keratinization, CK5/6(+), p53(+), MIB-  Surgery and adjuvant chemotherapy with
CA199 the cystic and common bile 1(+), periodic acid staining(-) gemcitabine
ducts
Nishiguchi et al[26], A 78-year-old male Brown urine Normal CA199 and CEA, The thickening and keratin pearl(+) Surgery and chemotherapy with cisplatin
2016 elevated hepatobiliary enhancement of distal BD and tegafur/ gimeracil / oteracil
enzyme
Tamaoka et al[20], 2018 A 82-year-old male No significant CA1991 Liver mass with homogeneous CK 5/6(+), Keratin pearls(+), p40(-) Extended right lobectomy
symptoms density and delayed
enhancement
Knudsen et al[28], 2019 A 66-year-old female Dark-colored urine ALT?, ALPT, GGT CBD dilation with a tumor in Keratin pearl(+), CK5/6(+), p40(+) Surgery
distal BD
Wang et al[18], 2020 A 32-year-old female with Nausea, abdominal pain ALPf, DBIL?, TBIL} Choledochal cyst complicated a ~ SCC with scattered distribution of Surgery and postoperative chemotherapy
choledochal cyst tumor heteromorphic epithelial cells with gemcitabine and cisplatin
Bacha et al[30], 2021 A 35-year-old male Epigastric pain, jaundice DBIL?, TBILT, GGTPt, ALP1, Irregular wall thickening in the  Keratinization, CK 19(+) Biliary drainage
and fatigue normal CA199 and CEA distal CBD
Zhong et al[19], 2021 A 76-year-old male Jaundice TBILT, GGTP1, ALPT, CA1991 A low signal intensity area in the CK5/6(+), p63(+), CK20(-), no keratin ~ Surgery and postoperative chemotherapy
middle CBD pearls with gemcitabine and cisplatin
Shrestha et al[32], 2021 A 21-year-old male Abdominal pain and DBIL?, ALPt, CA1991 Choledochal cysts with SCC with atypical cells arranged in Surgery and paclitaxel-based chemotherapy
jaundice cholelithiasis cords and nests

SCC: Squamous cell carcinoma; ALP: Alkaline phosphatase; GGTP: Gamma-glutamyl transpeptidase; DBIL: Direct bilirubin; TBIL: Total bilirubin; PGE 1: Prostaglandin E 1; DVT: Deep venous thrombosis; TIPS: Transjugular
intrahepatic portosystemic shunt; TACE: Transarterial chemoembolization; DIC: Disseminated intravascular coagulation; AST: Aspartate aminotransferase; ALT: Alanine transaminase; CA199: Carbohydrate antigen 199; CEA:

Carcinoembryonic antigen; CBD: Common bile duct; GGT: Gamma-glutamy] transferase; CT: Computed tomography; MR: Magnetic resonance.
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Due to its highly fibroproliferative nature, complex tumor microenvironment, and genetic heterogeneity, cholangiocar-
cinoma is prone to developing drug resistance[25]. Owing to its rarity, the clinical behavior of biliary SCC is still poorly
understood, and targeted treatment options are inadequate. Moreover, SCC is likely to progress to an advanced stage,
with a short survival time, large tumor size, aggressive intrahepatic spread, and frequent metastasis[15]. Surgical re-
section remains the preferred treatment for biliary SCC depending on the primary site. For patients with advanced
disease and those who have undergone surgery, the recommended chemotherapy strategy is gemcitabine plus oxaliplatin
or gemcitabine plus cisplatin. Chemotherapy with S1 plus cisplatin or docetaxel plus cisplatin plus 5-fluorouracil has also
been reported to be helpful[26]. SCC has mainly been reported via case reports and treated by surgery, radiation, and
chemotherapy. However, advanced SCC patients only receive relieving treatment, such as biliary drainage and analgesic
treatment (Table 1), and these chemotherapy regimens mainly refer to the Guidelines of Chinese Society of Clinical
Oncology (CSCO) Biliary Tract Cancer 2020 and Guidelines of Chinese Society of Clinical Oncology (CSCO) Biliary Tract
Cancer 2023[6,7,12]. Intraoperative radiation to the surgical margins combined with postoperative external beam ra-
diation is an option for decreasing the risk of local recurrence[27]. The limited data available suggest that targeted chemo-
therapy or chemoradiotherapy has prognostic benefits, including prolonged OS and decreased risk of recurrence, but
confirmation is required in multicenter clinical studies. The importance of intraoperative pathology for all liver lesions
should be recognized, and a standardized diagnostic process could decrease the rate of misdiagnosis, allow more precise
treatment strategies, improve prognosis, and prolong OS.

Furthermore, some genetic polymorphisms have been shown to increase the risk of cholangiocarcinoma, to be involved
in DNA repair (MTHFR, TYMS, GSTO1, and XRCC1), to protect cells from toxins (ABCC2, CYP1A2, and NAT2), and to
play a role in immune surveillance (KLRK1, MICA, and PTGS2)[7]. After encountering the case reported here, we
reviewed the clinical features and treatment options for biliary SCC. Knudsen et al[28] reported that alterations in FBXW?7,
CREBBP, CTCF, FAT1, MAGI2, MLL2, and NOTCHI can predict the risk of extrahepatic biliary SCC.

CONCLUSION

In conclusion, the preoperative diagnosis of biliary SCC is difficult, and surgery is still the first choice for treating
resectable lesions. Postoperative chemotherapy treatment requires multidisciplinary consultation, and Tegio therapy
alone could be considered to improve postoperative outcomes. Furthermore, whole-genome sequencing of tumor
specimens may be necessary to achieve precise and personalized molecular targeted therapy and improve OS. Since SCC
is rare, its clinical, pathological and therapeutic outcomes still need to be further explored via multicenter cooperation.
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Abstract

BACKGROUND

Epidermal growth factor receptor (EGFR) mutation and c-ros oncogene 1 (ROSI)
rearrangement are key genetic alterations and predictive tumor markers for non-
small cell lung cancer (NSCLC) and are typically considered to be mutually exc-
lusive. EGFR/ROS1 co-mutation is a rare event, and the standard treatment appr-
oach for such cases is still equivocal.

CASE SUMMARY

Herein, we report the case of a 64-year-old woman diagnosed with lung adenocar-
cinoma, with concomitant EGFR L858R mutation and ROS1 rearrangement. The
patient received two cycles of chemotherapy after surgery, but the disease prog-
ressed. Following 1-month treatment with gefitinib, the disease progressed again.
However, after switching to crizotinib, the lesion became stable. Currently,
crizotinib has been administered for over 53 months with a remarkable treatment
effect.

CONCLUSION

The efficacy of EGFR tyrosine kinase inhibitors and crizotinib was vastly different
in this NSCLC patient with EGFR/ROS1 co-mutation. This report will aid future
treatment of such patients.

Key Words: Non-small cell lung cancer; Epidermal growth factor receptor; C-ros oncogene
1; Co-mutation; Treatment strategies; Case report
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Core Tip: Over the past two decades, molecular targeted therapies have improved clinical outcomes significantly for non-
small cell lung cancer (NSCLC) patients with either epidermal growth factor receptor (EGFR) mutation or c-ros oncogene 1
(ROSI) fusion. Nevertheless, EGFR/ROSI co-mutation is a rare event in NSCLC, and the standard treatment for such cases
is still equivocal. We report an EGFR/ROS1 co-mutation in an NSCLC patient who remained clinically stable after 53
months of treatment with crizotinib. This is the longest progression-free survival reported in the literature. This case
suggested that crizotinib may be a potential choice for NSCLC patients with such EGFR/ROSI co-mutations.

Citation: Peng GQ, Song HC, Chen WY. Concomitant epidermal growth factor receptor mutation/c-ros oncogene 1 rearrangement in
non-small cell lung cancer: A case report. World J Clin Oncol 2024; 15(7): 945-952

URL: https://www.wjgnet.com/2218-4333/full/v15/i7/945.htm
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INTRODUCTION

Lung cancer has the second-highest incidence of all cancers and the highest cancer-related death rate in the world[1].
Non-small cell lung cancer (NSCLC) accounts for about 85% of all lung cancers. Lung adenocarcinoma is the most
common histopathological subtype of NSCLC, accounting for about 55% of cases. The mutation rate of epidermal growth
factor receptor (EGFR) in Asian patients with lung adenocarcinoma is approximately 51%, and the mutation rate of c-ros
oncogene 1 (ROS1) in NSCLC is 2%-3%[2-4]. EGFR/ROS1 co-mutation is relatively rare, and the incidence of concomitant
EGFR mutations in patients with ROS1 fusion genes is less than 24%[5-7].

Early studies have shown that tyrosine kinase inhibitors (TKIs) targeting EGFR and ROS1 are the first-line treatment
for patients with EGFR mutations or ROS1 rearrangement[8-11]. However, there is currently no consensus on the optimal
management of patients with these co-mutations. This article reports the treatment of an NSCLC patient with EGFR and
ROS1 co-mutation to provide a reference for the treatment and management of other NSCLC patients with these co-
mutations.

CASE PRESENTATION

Chief complaints

A 64-year-old Chinese woman presented on November 1, 2018 with a complaint of cough and sputum production for 1
wk.

History of present illness
Symptoms started 1 wk before presentation, with cough and sputum production.

History of past illness
An appendectomy due to appendicitis had been performed approximately 30 years prior to the presentation. Cho-
lecystectomy due to cholelithiasis had been performed 10 years after the appendectomy.

Personal and family history
The patient denied any family history of malignant tumors. The patient also had no history of smoking.

Physical examination
On physical examination, the vital signs were as follows: Body temperature, 36.6 °C; blood pressure, 136/75 mmHg; heart
rate, 74 beats per min; and respiratory rate, 20 breaths per min.

Laboratory examinations

Levels of serum tumor markers were normal. Carcinoembryonic antigen was < 0.5 ng/mL (normal range: 0-5 ng/mL),
squamous cell carcinoma antigen was 0.6 ng/mL (normal range: 0-1.5 ng/mL), and cytokeratin 19 fragment was 1.57 ng/
mL (normal range: 0-2.08 ng/mL). No abnormality was found in the routine blood and urine analyses.

Imaging examinations

On November 2, 2018, chest computed tomography (CT) showed a 2.8 cm x 1.8 cm patchy shadow in the inferior lobe of
the right lung. The scan also showed multiple ground-glass nodules in bilateral lungs. The patient was prescribed oral
anti-tuberculosis drugs. She discontinued the medication after 1 month due to intolerance. On March 25, 2019, the patient
visited our hospital again. Chest CT showed a 4.0 cm x 2.7 cm shadow in the lower lobe of the right lung. Due to the
significant growth, the possibility of a neoplastic lesion was considered.
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FINAL DIAGNOSIS

Combined with the patient’s medical history, the final diagnosis was determined to be NSCLC.

TREATMENT

On April 3, 2019, thoracoscopic radical resection of the lower right lung cancer and pleural adhesion cauterization was
performed under general anesthesia. Postoperative pathological diagnosis was acinar adenocarcinoma grade 1II,
micropapillary adenocarcinoma (accounting for about 5% of tumor tissue) in the local area, and tumor thrombus in the
alveolar cavity (Figure 1). ROS1 rearrangement and EGFR L858R mutation were detected by next-generation sequencing
of 13 lung cancer driver genes. The frequency of the EGFR mutation found in this patient was only 1.3% (Figure 2).

Figure 1 Histological and immunohistochemical features. A: Histology of lung biopsy; B: Expression pattern of thyroid transcription factor 1.

After thoracoscopic radical resection, the patient received two cycles of chemotherapy (pemetrexed 690 mg D1 +
cisplatin 50 mg D1-2; on May 14, 2019 and June 5, 2019). Comparison of the CT film obtained on June 25, 2019 with the
previous film (May 7, 2019) showed progression of the lesion. Multiple lymph nodes in the mediastinum and right hilum
were also enlarged, suggesting metastasis (Figure 3).

Gefitinib was administered for 1 month starting on June 26, 2019. During this period, the patient developed drug-
induced diarrhea, which improved after treatment with loperamide. Chest CT on July 30, 2019 revealed that multiple
lymph nodes in the mediastinum, right cardiophrenic angle, and right hilum were enlarged, indicating progression of the
disease (Figure 3).

On August 7, 2019, crizotinib was administered. The efficacy of crizotinib was evaluated after 1 month, which revealed
stable disease. Since then, the patient has been treated with crizotinib for over 53 months and continues to have stable
disease (Figure 3).

OUTCOME AND FOLLOW-UP

After 53 months of treatment with crizotinib, the patient is still alive.

DISCUSSION

Genetic mutations are typically considered to be mutually exclusive[12-15]. A recent study[16] demonstrated that patients
with co-mutations have a poor progression-free survival. Patients with both ROS1 fusion and EGFR mutations are
exceedingly rare in comparison to the co-occurrence of EGFR/PIK3CA, ALK/KRAS, and EGFR/MET mutations[16-18].
However, using highly sensitive methods such as the amplification-refractory mutation system analysis leads to an
increase in the detection rate of co-mutations of KRAS or BRAF mutations and ALK or ROS1 rearrangements[13]. Studies
[13-15] have shown that the incidence of concomitant gene mutations in lung adenocarcinoma was 3.8%, and EGFR/
ROS1 and EML4-ALK were among the mutations detected. There is no consensus on the clinical characteristics, treatment
options, and prognosis of NSCLC patients with co-mutations.
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Figure 2 Detection of epidermal growth factor receptor mutation and c-ros oncogene 1 rearrangement using high sensitivity next-
generation sequencing. A: Epidermal growth factor receptor L858R mutation; B: EZR-ROS1 E10R34 fusion.

The mechanism of EGFR/ROS1 co-mutation remains unclear. Wu ef al[19] hypothesized that two gene alterations can
be detected within the same tumor cells in NSCLC, which might result in cancer development through co-action. Won et
al[20] proposed that genetic instability in cancer cells leads to genetic and phenotypic heterogeneity in tumors, indicating
that different genetic mutations might occur in tumor cells rather than in a single clone. Accumulating evidence shows
co-existence of classical oncogenes, including EGFR, ALK, ROS1, and MET, in lung adenocarcinoma patients, especially in
young females with no history of smoking[21]. In this case report, the patient was an elderly woman and the pathology
suggested adenocarcinoma, which was consistent with the literature reports.

Cases of EGFR/ROSI1 co-mutation have been infrequently reported in NSCLC, creating a lack of clear treatment
standards. Zhang et al[22] reported a patient with an EGFR exon 21 L858R mutation. The disease progressed after
gefitinib treatment for 11 months. The gene test showed EGFR exon 21 L858R mutation (abundance 36.62%), EGFR exon
20 T790M (7.95%), and ROS1 fusion (15.81%), as well as EGFR, HER2, and BRAF amplification. The second-line treatment
included osimertinib, and the disease progressed after 7 months. The third-line chemotherapy included two cycles of
pemetrexed and carboplatin, which did not prevent disease progression.
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Figure 3 Serial computed tomography images. A: Computed tomography (CT) after postoperative recurrence; B: CT after 1 month of gefitinib therapy.
Progressive disease of the lung was detected; C: CT after 53 months of crizotinib therapy. Stable disease was detected.

Another study reported the cases of three stage IA NSCLC patients with EGFR/ROS1 co-mutation who received ch-
emotherapy (regimen not reported) for 3 months after surgery[23]. During the 12-month follow-up, one patient
developed relapse and the other two were in stable condition. In another case report, a 53-year-old man was diagnosed
with lung adenocarcinoma with concomitant EGFR and KRAS mutations and ROS1 rearrangement[24]. He was treated
with crizotinib as the first-line treatment, but the disease progressed after 1 month. After icotinib was administered for 1
month, a partial curative effect was observed. The condition of that patient was stable after 8 months of maintenance
treatment.

According to Zhuang et al[21], the progression-free survival of patients with an EGFR co-mutation treated with first-
line TKIs was better than that of patients treated with first-line chemotherapy. A recent study described the case of a 48-
year-old woman diagnosed with NSCLC with an EGFR 19 deletion/ROS1 rearrangement who achieved a favorable
outcome[19]. Following 1 month of treatment with a combination of almonertinib and crizotinib, there was a significant
reduction in the primary mass and all lymph nodes. Almonertinib was subsequently replaced by furmonertinib due to
elevated levels of creatine kinase. The patient received furmonertinib and crizotinib treatment for 7 months, and stable
disease was achieved throughout the follow-up period.

It appears that the clinical efficacy of EGFR TKIs and crizotinib treatment is quite different based on these clinical
reports and our experience. The best choice for first-line treatment remains unclear. It has been reported, though, that the
efficacy of TKIs can be predicted by the phosphorylation levels of EGFR and ALK in patients with EGFR/ALK co-
mutation[25].

Nevertheless, there are still several challenges in predicting the efficacy of treatment in patients with EGFR/ROSI co-
mutations. First, current genetic testing is unable to determine the dominant oncogene aberration in a single tumor cell.
Second, there is limited research on the relationship between the abundance of a ROS1 mutation and lung cancer
prognosis. Finally, there have been no reports on whether EGFR phosphorylation levels and ROS1 mutation abundance
can predict the effectiveness of TKIs. In our report, we found that the patient had a very low EGFR mutation frequency
(1.3%), which may explain the poor response to the gefitinib treatment. Therefore, it is possible that low EGFR pho-
sphorylation levels could be associated with a poorer prognosis when treated with TKI therapy.

Liu et al[26] observed that TKI combination therapy was more effective than single TKI treatment in patients with
EGFR/ALK co-mutations. Wu et al[19] demonstrated similar outcome in one patient with an EFGR 19 deletion/ROS1
rearrangement upon treatment with a combination of third-generation EGFR TKIs and crizotinib. Combination therapy
appears to exhibit a favorable efficacy. However, not all patients are able to tolerate the toxicity associated with TKI co-
mbination therapy. Therefore, further investigation is required to determine the necessity of combination therapy.

There is no overall survival difference between patients with single EGFR mutations and those with concomitant ALK/
ROS1 mutations (21.0 months vs 23.0 months, respectively, P = 0.196)[27]. However, concomitant EGFR mutation and
ALK/ROS1 mutation reduced the therapeutic effect of EGFR TKIs in patients. Patients with co-mutations had a
significantly shorter progression-free survival than those with a single EGFR mutation (6.6 months vs 10.7 months,
respectively, P = 0.004)[27]. In our report, the patient remained stable after 53 months of crizotinib treatment, which is the
longest reported progression-free survival of a patient with an EGFR/ROS1 co-mutation.

CONCLUSION

EGFR/ROS1 co-mutation is rare in patients with NSCLC. Due to its rarity, the best treatment approach is unclear. TKI
therapy can be used as the first-line option, but the clinical efficacy of EGFR-TKIs and crizotinib therapy appears to vary
significantly between patients. The level of EGFR phosphorylation may play a crucial role in the selection of therapeutic
drugs. Further investigation is required to examine the correlation between ROS1 mutation frequency and the prognosis
of lung cancer.
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Abstract

BACKGROUND

Primary malignant melanoma of the cervix (PMMC) is an extremely rare disease
that originates from primary cervical malignant melanoma and frequently re-
presents a challenge in disease diagnosis due to unclarified clinical and histo-
logical presentations, particularly those without melanin.

CASE SUMMARY

Here, we report a case of amelanotic PMMC, with a history of breast cancer and
thyroid carcinoma. The patient was finally diagnosed by immunohistochemical
staining and staged as IB2 based on the International Federation of Gynecology
and Obstetrics with reference to National Comprehensive Cancer Network guide-
lines and was treated with radical hysterectomy, bilateral salpingo-oophorectomy
and pelvic lymphadenectomy. She then received combination therapy consisting
of immunotherapy with tislelizumab and radiofrequency hyperthermia. She has
remained free of disease for more than 1 year.

CONCLUSION

The differential diagnosis process reenforced the notion that immunohisto-
chemical staining is the most reliable approach for amelanotic PMMC diagnosis.
Due to the lack of established therapeutic guidelines, empirical information from
limited available studies does not provide the rationale for treatment-decision
making. By integrating 'omics' technologies and patient-derived xenografts or
mini-patient-derived xenograft models this will help to identify selective thera-
peutic window(s) and screen the appropriate therapeutics for targeted therapies,
immune checkpoint blockade or combination therapy strategies effectively and
precisely that will ultimately improve patient survival.
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Core Tip: We report a case of unsuspected amelanotic primary malignant melanoma of the cervix (PMMC) with a history of
breast cancer. The patient underwent radical hysterectomy, bilateral salpingo-oophorectomy and pelvic lymphadenectomy,
and then received radiotherapy combined with immunotherapy. She has remained free of disease for more than 1 year. The
successful management of this patient underscores the critical role of routine immunohistochemical staining during cervical
cancer diagnosis to exclude unsuspected PMMC, and adjuvant immunotherapy may be an option for PMMC.
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INTRODUCTION

Primary malignant melanoma of the cervix (PMMC) is extremely rare. Due to a lack of melanocytes in the cervix, PMMC
represents a challenge in clinical diagnosis. Currently, there is no consensus or guidelines for the treatment and
management of PMMC. In most cases, treatment follows the surgical criteria for cervical squamous cell carcinoma.
PMMC can be managed postoperatively or preoperatively.

CASE PRESENTATION

Chief complaints
A 56-year-old woman presented to our hospital in December 2022 with one-day postmenopausal bleeding.

History of present illness

The surgery was planned by a multidisciplinary team and she underwent radical hysterectomy, bilateral salpingo-
oophorectomy and pelvic lymphadenectomy, and one lesion (2.8 cm x 1.5 cm x 1.3 cm) was observed in the lower end of
the cervix and its section appeared white in color. Biopsies were further evaluated by pathological examination. The
tumor had invaded into 1/2 layer of the cervical muscle wall, and the depth of tumor invasion in the cervix was approx-
imately 6 mm. The endometrium, bilateral adnexa, lymph nodes, and vaginal stump were free of tumors.

History of past illness

Eighteen years ago, she was diagnosed with breast duct carcinoma, and she underwent radical left unilateral mastectomy
and then right unilateral mastectomy in 2014. She additionally underwent thyroidectomy two years later due to thyroid
carcinoma.

Personal and family history

Eighteen years ago, she was diagnosed with breast duct carcinoma, and underwent radical left unilateral mastectomy and
then right unilateral mastectomy in 2014. She additionally underwent thyroidectomy two years later due to thyroid
carcinoma.

Physical examination
Slight bulging of the anterior vaginal wall and posterior vaginal fornix was observed.

Laboratory examinations

Human papillomavirus screening was negative. Quantitative DNA ploidy analysis identified at least 3 heterotypic cells
and the DNA index value was over 2.5. Unexpectedly, a routine serum chemistry panel and plasma tumor biomarker
examination, including squamous cell carcinoma antigen, were all within normal limits.

Imaging examinations

Ultrasound findings revealed a hypoechoic area measuring approximately 14 mm x 15 mm X 12 mm with clear boun-
daries and irregular internal echoes were seen in the cervix. Magnetic resonance imaging suggested abnormal cervical
morphology, with a high signal intensity of mixed TIWI (T1 weighted image) and T2WI (Figure 1A and B). Uneven
reinforcement was observed after enhanced scanning (Figure 1C and D). Furthermore, colposcopy and cervical biopsy
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Figure 1 Pelvic magnetic resonance imaging. A: T1 weighted image (arrow); B: Fat-suppression T1-weighted image (arrow); C: T1WI lipocompression
enhanced scan (arrow); D: T2WI lipocompression enhanced scan (arrow).

examination suggested small round cell malignancy, of which the tumor cells were arranged in a nest-like and cord-like
pattern, with an epithelial-like morphology, significant atypia, minimal cytoplasm, deep staining and frequent mitotic
activity (Figure 2).

MULTIDISCIPLINARY EXPERT CONSULTATION

The surgery was planned by a multidisciplinary team and the patient underwent radical hysterectomy, bilateral salpingo-
oophorectomy and pelvic lymphadenectomy.

FINAL DIAGNOSIS

Considering the negative expression of pan-Keratin (AE1/AE3) and GATAS3, as well the histological findings, this
generally rules out the possibility that the tumor originated from primary breast cancer. Negative p40 and p16 reactivity
in resected tumors on immunohistochemical (IHC) staining excluded the possibility of primary cervical cancer. Stepwise
serial diagnostic IHC staining of biomarkers related to common cancers was performed. Surprisingly, the cells were
strongly positive for MelanA, S-100, SOX-10 and HMB45, the biomarker for cervical melanoma (Figure 3). Due to the lack
of melanin observed in the lesion, primary cervical malignant melanoma was not considered initially. The patient was
finally diagnosed with primary cervical malignant melanoma.

TREATMENT

Multiplex gene-panel testing indicated a genetic mutation of BRCA2 (exon11). She then received combination therapy
consisting of the anti-PD1 antibody tislelizumab (200 mg, d1, g3w) and radiofrequency hyperthermia for 1.5 years.

OUTCOME AND FOLLOW-UP

The patient has undergone monthly follow-up visits. To date, she remains free of disease, without evidence of disease
recurrence or metastasis for 1 year.
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Figure 2 Histological examination showed small round cell malignancy with a high mitotic activity. A: Colposcopy and cervical biopsy; B:
Resected biopsy specimen.

DISCUSSION

Primary cervical malignant melanoma represents an exceedingly uncommon tumor that can occur in the uterine cervix[1-
4]. Since it was initially described as macroscopically "black cancer" of the cervix in 1889, only 149 cases have been
reported to date[5]. The presence of melanin is one of the four criteria for the diagnosis of cervical melanoma[6]. Less than
20% of cases are, however, amelanotic and 3.5% cells in the cervical melanoma are melanin-containing cells compared
with normal cervical epithelia[7,8]. Therefore, routine inclusion of IHC staining of combined S100 sensitivity, HBM45
specificity and MelanA staining is of great significance in facilitating the differential diagnosis of cervical malignancies
without delays in situations where there is a lack of pigment. This is probably why IHC staining is more specific than
Masson-Fontana staining[1,3]. Given that primary malignant melanoma frequently undergoes distant metastasis,
excluding its origin from a primary cutaneous melanoma is a top priority for cervical melanoma diagnosis[9-12]. Both
scanning and later positron emission tomography/computed tomography ruled out the presence of melanoma in other
anatomic structures due to a distinct signal pattern from the paramagnetic properties of melanin[11,13]. This case was
staged as IB2, without lymph node and distant metastasis, and she underwent regional lymph node dissection, although
dissection of clinically negative regional lymph nodes is still controversial[14-18], indicating that a future study involving
a larger sample size is necessary to determine the value of lymph node dissection in patients with PMMC.

Although melanoma is considered radio-resistant, the combination of ionizing radiation with hyperthermia provokes a
systemic immune response and potentiates the efficacy of immunotherapy[19,20]. This case therefore received
radiotherapy combined with immunotherapy, and the long-term effect is yet to be evaluated although she has been free
of disease for 1 year. Notably, the combination of chemotherapy with either immunotherapy or radiotherapy has de-
monstrated a limited effect in patients with PMMC as previously reported[11,13,21,22]. Similar to melanoma, PMMC
bears common driver mutations, such as BRAF and BRCA2, which can be therapeutically targeted. Our patient was
found to have a BRAC2 mutation (exon11), ideally providing a therapeutic opportunity for treating this patient with the
PARP inhibitor olaparib, which has been approved for BRCA1/2-mutated metastatic ovarian cancer and showed consid-
erable survival benefit[23-26]. This agent may be an option if tumor relapse occurs in this patient in the future. Given the
lack of consensus with respect to the management of MM due to disease rarity, it is impossible to conduct clinical trials
with sufficient cases, and anecdotal evidence and empirical information from previous studies do not provide enough
evidence on the impact of available treatment options[1,5]. With this in mind, it is therefore important to take advantage
of new 'omics' technologies that lead to the understanding of the genetic and epigenetic landscape of individual PMMC to
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Figure 3 Inmunohistochemical staining of resected biopsy specimen. A: HMB45; B: MelanA; C: S-100; D: SOX10. The tumors were positive for
HMB45, MelanA, S-100 and SOX10. Scale bar, left, 100 um; right, 400 um.
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optimize the potential of personalized medicine. On the other hand, patient-derived xenografts (PDXs) are powerful
models in screening and selecting the correct therapeutics in the clinic[27-32]. A mini patient-derived xenograft
(MiniPDX), which is based on capsule implantation in nude mice, can rapidly test drug efficacy within 7 days[33-37]. The
application of these new models to PMMC will be extremely helpful in strengthening personalized treatment of PMMC.

CONCLUSION

The differential diagnosis process reenforced the notion that immunohistochemical staining is the most reliable approach
for amelanotic PMMC diagnosis. Due to the lack of established therapeutic guidelines, empirical information from
limited previous studies does not provide the rationale for treatment-decision making. By integrating 'omics' technologies
and PDXs or mini-PDX models this will help to identify selective therapeutic window(s) and screen the correct
therapeutics for targeted therapies, immune checkpoint blockade or combination therapy strategies effectively and
precisely that will ultimately improve patient survival.
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