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Abstract
Inflammatory bowel diseases (IBDs) are characterized by a multifactorial
partially unknown etiology that involves genetic, immunological and
environmental factors. Up to 50% of IBD patients experience at least one
extraintestinal manifestation; among them is the involvement of bone density
which is referred to as metabolic bone disease (MBD), including osteopenia and
osteoporosis. Bone alterations in IBDs population appear to have a multifactorial
etiology: Decreased physical activity, inflammation-related bone resorption,
multiple intestinal resections, dietary malabsorption of minerals and vitamin D
deficiency, genetic factors, gut-bone immune signaling interaction, steroid
treatment, microbiota and pathogenic micro-organisms interaction, and dietary
malabsorption of minerals, that, all together or individually, may contribute to
the alteration of bone mineral density. This review aims to summarize the
prevalence and pathophysiology of metabolic bone alterations in IBD subjects
outlining the main risk factors of bone fragility. We also want to underline the
role of the screening and prophylaxis of bone alterations in Crohn’s disease and
ulcerative colitis patients and the importance of treating appropriately MBD.
Key words: Inflammatory bowel diseases; Bone alterations; Bone mineral density;
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Core tip: Up to 50% of inflammatory bowel disease (IBD) patients experience at least
one extraintestinal manifestation; among them is the involvement of bone density which
is referred to as metabolic bone disease (MBD), including osteopenia and osteoporosis.
Bone alterations in IBD population appear to have a multifactorial etiology. This review
summarizes the prevalence and pathophysiology of metabolic bone alterations in IBD
subjects outlining the main risk factors of bone fragility. We also want to underline the
role of the screening and prophylaxis of bone alterations in Crohn’s disease and
ulcerative colitis patients and the importance of treating appropriately MBD.
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INTRODUCTION
Inflammatory bowel diseases (IBDs) are mainly represented by Crohn’s disease (CD)
and ulcerative colitis (UC), both characterized by a multifactorial, partially unknown
etiology that involves genetic, immunological and environmental factors including
intestinal microbiota[1]. A dysregulated immune response to an unknown trigger
leading to a sustained pro-inflammatory response within the gastrointestinal (GI)
tract seems to play a major pathogenic role. Also, 10%-40% of IBD patients may suffer
from at least one extraintestinal manifestation (EIM)[2], even before the occurrence of
the intestinal disease[3].
Among the most frequent EIMs, there are those affecting the musculoskeletal
system and in particular the bone tissue, such as osteoporosis (OP)[4].
OP is a systemic disease characterized by an increased risk of fractures even after a
low energy trauma (fragility fracture). The reduction of bone strength is a consequence of a decrease in bone mineral density (BMD) and a deterioration in bone quality[5].
According to the World Health Organization the operational diagnosis of OP is based
on BMD values equal or lower than 2.5 standard deviations (SD) from the average
values for young healthy women (T-score < -2.5 SD) in post-menopausal women and
men aged ≥ 50 years, while, osteopenia is defined by BMD values between -1 to -2.5
SD (T-score -1< and > -2.5).
BMD is measured trough dual-energy X-ray absorptiometry (DXA)[6,7]; T-score is a
parameter comparing the BMD of a given patient with the average bone density of
young healthy adults of the same sex, while, Z-score compares each BMD with the
average BMD of a person with the same age and sex[8].
OP is classified into two main groups: Primary (or idiopathic) and secondary. The
first one is the most common and includes juvenile, postmenopausal and senile OP.
Secondary OP might be caused by several conditions (i.e., endocrine, hematological,
GI, rheumatic or renal diseases) that negatively affect bone metabolism leading to
poor bone strength. Other causes might be the chronic use of some medications,
particularly glucocorticoids (GCs), anticoagulants, and anticonvulsants[9,10]. Therefore,
the term “secondary OP” refers to all those clinical conditions in which the bone
involvement is a consequence of the primary disease or results from the related
treatments (i.e., GCs). Secondary OP affects about 60% of males and more than 50% of
premenopausal women[11,12].
In IBD population, there are several pathological mechanisms that might result in
low BMD and poor bone strength, thus leading to OP.
This review aims to summarize the prevalence and pathophysiology of metabolic
bone alterations in IBD subjects outlining their main risk factors. We also underline
the role of the screening and prophylaxis of BMD in CD and UC patients and the
importance of early treatment.

WJCC

https://www.wjgnet.com

1909

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD

EPIDEMIOLOGY
OP is one of the most common noncommunicable diseases[13] and its incidence is
increasing worldwide[14]. According to Svedbom et al[15], 22 million women and 5.5
million men were estimated to have OP in Europe, with a reported incidence of 3.5
million new osteoporotic fractures in 2010, (620000 hip fractures, 520000 vertebral
fractures, 560000 forearm fractures and 1800000 fractures in other skeletal sites). OP
and its consequences (i.e., fractures) carry a considerable economic burden on the
health care systems[15] and, in particular, the socioeconomic costs of an osteoporotic
hip fracture are equivalent to those of myocardial infarction and stroke[16].
In IBD subjects, the prevalence of low BMD ranges from 22% to 77% and that of
fragility fractures from 17% to 41%[17]. These wide ranges across different studies
might be explained by the small number of samples and by the heterogeneity of the
studies and of the populations.
Several studies have been performed to describe the relationship between IBD and
bone alterations. Sheth et al[2] showed that both osteopenia and OP are frequently
associated with IBD, ranging from 32% to 36% for osteopenia and from 7% to 15% for
OP. The same study reported an increased relative risk of fragility fractures in CD
patients and a prevalence of < 0.5% for osteonecrosis, a clinical condition characterized by the death of the bone tissue, commonly described as a complication of steroid
therapy in IBD patients. A study of Boubaker et al[18] reported that in a Tunisian group
of 67 patients, OP represented the most frequent EIM in CD patients with a
prevalence of low BMD at hip and spine in 31.8% and 40.9% of cases, respectively. OP
is strongly associated with CD in females, thus suggesting that female gender might
be one of the risk factors for bone loss in IBD. A prospective study in Romania found
osteopenia in 48.07% of UC patients and in 56.41% of CD patients, while OP was
shown in 18.26% of UC patients and in 15.38% of CD patients[19]. A Swiss IBD cohort
study performed on 877 patients showed a prevalence of bone density alteration in
20% of IBD patients and identified, by multivariate logistic regression analysis,
corticosteroid usage, long disease duration and perianal disease as independent risk
factors[4]. A Japanese study reported that two-thirds of IBD patients showed a loss of
BMD, with a prevalence of OP of about 13% in their cohort of patients with mean age
of 43 years. The prevalence of OP is more frequent in Western IBD population than in
the Asiatic one [20] and, therefore, the prevalence of bone metabolism alterations
generally varies depending on study population, location and design of the study
performed.
Notably, the risk of fragility fractures seems to be increased in IBD population[21]
although the literature shows controversial results. Recently, Komaki et al[22] showed
that there was no increase in the risk of overall fractures in IBD patients, but they
reported more fractures at the spine, associated with steroids therapy.
Pediatric IBDs seem to show a similar association with osteopenia and OP as in
adults. In fact, it is known that children with IBD have a higher risk of low BMD[23].
The overall prevalence of osteopenia and OP in pediatric and young IBDs patients
seems to vary from 20% to 50%[24]. A recent study suggested a positive association
between BMD and physical activity and between low BMD and fractures in the
childhood[25]. Incidence of fragility fractures is higher in the young IBD population
and is likely to be associated to the use of GC[26,27]. Pediatric CD patients appear to be
more severely compromised than those with UC, probably because CD inhibits linear
growth more frequently than UC[28].
CD and UC, while being both classified as IBDs, show considerable differences in
the anatomic location and distribution of the intestinal lesions as well as in the
underlying pathogenic mechanisms. This might have an influence on the incidence of
bone alterations in each condition. Bjarnason et al [29] described no significant
differences in T scores for spine or hip between patients with CD and those with UC.
On the other side, in a study by Jahnsen et al[30], BMD resulted significantly reduced in
CD subjects at all measured sites compared with UC patients, and healthy subjects.
Interestingly, the authors did not describe significant differences in BMD between UC
and healthy subjects. Ardizzone et al[46], in Italy, evaluated differences between CD
and UC with respect to the pathogenic mechanisms underlying bone loss. Crohn’s
Disease Activity Index (CDAI)[31] and Truelove and Witts’ Score[32] were used to grade
disease activity of CD and UC, respectively. The distribution of normal, osteopenic
and osteoporotic BMD values among CD and UC showed no significant differences
also between patients with different disease activity. Also, in a study conducted in SriLanka, there were no significant statistical differences in the frequency of OP between
CD and UC, whereas the occurrence of OP among IBDs patients (13.5%) was higher
than in healthy controls[33]. Recently, Vázquez et al[34] did not find any difference
between patients with CD and those with UC regarding the prevalence of alterations
of bone density.

WJCC

https://www.wjgnet.com

1910

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD

The discrepancy between different studies may be due to variability in patient
selection, differences in the methods used to evaluate bone density, and the body sites
studied at DEXA (i.e., radius vs lumbar spine or hip).

PATHOPHYSIOLOGY
Both bone quality and quantity (BMD) depend on physiological mechanisms, such as
bone modeling and remodeling that in turn are regulated by biochemical and
mechanical factors, including osteoprotegerin (OPG), receptor activator of nuclear
factor kappa-B ligand (RANKL), receptor activator of nuclear factor kappa-B (RANK),
and weight bearing activities. In particular, the RANKL secreted by osteoblasts binds
to the RANK receptor, located on pre-osteoclasts and mature osteoclasts, inducing
osteoclast proliferation, activity and survival. OPG, a molecule secreted by osteoblasts, modulates bone turnover by inhibiting the binding of RANKL to RANK. The
balance between OPG and RANKL release regulates osteoclast activity that in turn
can be influenced by several hormones and cytokines, including vitamin D, estrogens,
testosterone, GCs, parathormone (PTH), as well as pro-inflammatory mediators, such
as interleukin-1 (IL-1) and tumor necrosis factor-alfa (TNFα). In OP, an imbalance
between the serum levels of OPG and RANKL occurs, with excessive bone resorption
and impaired bone formation, with consequent overall reduction of bone mass[35].
Other key modulators of bone turnover are the Wnt/β-catenin signaling and
sclerostin, which acts mainly on osteoblasts and osteocytes. Sclerostin is a glycoprotein produced almost exclusively by osteocytes and its expression is influenced by
many factors, including serum PTH and mechanical loading[36]. Animal studies have
shown that the mechanical load reduces serum sclerostin, whereas unloading
increases the transcription of SOST, the gene encoding for sclerostin. Once secreted,
sclerostin through osteocyte canalicular system reaches the bone lining cells (capable
of activation into mature osteoblasts), where it binds to specific co-receptors (LRP-5
and -6) to inhibit the Wnt pathway, with consequent reduction of osteoblastogenesis
and bone formation. On the contrary, a reduction in sclerostin levels is associated with
an activation of the Wnt/β-catenin pathway with subsequent enhancement of
osteoblast activity and survival[37]. Moreover, there is a correlation between hypersclerostinemia and bone loss in subjects forced to prolonged immobilization, thus
supporting the key role of sclerostin in the development of OP following reduced
mechanical load[38].
Among the most frequent secondary forms of OP, GCs use has been shown to
decrease the number of osteoblast precursors and to increase the apoptosis of mature
osteoblasts. The reduction in osteoblast differentiation is in partly mediated by the
inhibition of the Wnt/β-catenin pathway along with increased expression of
sclerostin, that antagonizes the Wnt signaling[39]. On the other hand, GCs decrease also
osteoclast proliferation, although their activity tends to increase, through both the
increase in RANKL and the reduction of OPG levels[40]. During GCs therapy, bone loss
occurs rapidly with BMD reduction of 6%-12% within the first year, followed by a
constant and gradual loss throughout the treatment period[41]. These two pathways are
the basis of the most modern pharmacological approaches to OP: A human monoclonal antibody against the RANKL (denosumab) and a humanized monoclonal
antibody that targets sclerostin (romosozumab).
Among the most frequent causes of secondary OP there are GI disorders, including
IBDs. Chronic gut inflammation in IBD may contribute to OP through the activation
of T lymphocytes resulting in enhanced release of inflammatory cytokines, such as
TNFα, that modulates the OPG/RANKL/RANK pathway thus inducing bone loss[42]
(Figure 1). Moreover, TNFα enhances sclerostin production that results in decreased
bone formation. Interestingly, in patients affected by CD, bone loss occurs before GCs
administration, supporting the detrimental role of systemic inflammation on bone
health[43].
There is a close relationship between bone and GI system that allows calcium
absorption and bone mineralization; the GI tract may communicate with bone tissue
through different mechanisms such as blood, nerves and immune cells, defining a
characteristic gut-to-bone signaling axis that involves also incretins, serotonin and GI
microbiota[44] (Figure 2).
Although in the general population female sex, early menopause, hormonal
imbalance, smoke and old age are the main risk factors correlated with the onset of
metabolic bone disease (MBD), in IBD patients the main risk factor seems to be the
prolonged use of GCs [45,46] . Activity and severity of gut inflammation, intestinal
malabsorption and calcium and vitamin D deficiency are also directly involved in the
loss of BMD[47,48]. In particular, in CD the involvement of the terminal ileum may affect
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Figure 1

Figure 1 Modulation of osteoclast differentiation by serum TNF-α and anti-TNF-α treatment. A: TNF-α
influences osteoclast precursor differentiation and bone resorption activity inducing RANKL expression on osteoblast
cells and preventing the binding of OPG; B: Anti-TNF-α treatment reduces RANKL expression resulting in decrease of
osteoclast differentiation and bone resorption.

the bile salt enterohepatic circulation thus leading to a reduced absorption of vitamin
D. Chronic inflammation seems to have a key role in the reduction of BMD as suggested in some studies that show that rat models with colitis have a drastic loss of
trabecular bone and a suppression of bone formation. At resolution of colitis with
mucosal healing, the bone formation regresses to normal levels. During gut
inflammation some mediators that alter the deposition of new bone matrix mediated
by osteoblasts are produced, such as IL-6 and RANKL[49].
Untreated inflammation may be the main determinant for the loss of BMD in IBDs.
In fact, a study by Ghosh et al[43] showed that CD patients have very low T-scores at
the diagnosis before any drug therapy. Several studies in last years have also
demonstrated that the usage of anti-TNF agents seems to have a positive effect on
BMD[50] (see below). Recent studies suggest a role for the inflammatory process in the
alteration of bone metabolism through the involvement of immune system cells,
however it is not clear whether the inflammation is directly involved in the loss of
BMD or if other factors contribute to the decline of BMD in IBD patients.
Bone alterations in IBD population appear to have a multifactorial etiology: Genetic
factors, gut-bone immune signaling interaction, inflammation-related bone resorption,
multiple intestinal resections, microbiota and pathogenic micro-organisms interaction,
and dietary malabsorption of minerals[51,52] (Figure 2).
However, the main factor that seems to directly affect bone metabolism, with
consequent reduction in BMD values, is corticosteroid treatment. In the following
paragraphs we will summarize the evidence linking these factors to BMD deterioration in IBD patients.

Main risk factors
Genetic factors: The literature concerning the genetic predisposition to OP in IBD
patients appears rather contradictory. A number of polymorphic sites apparently
associated with the increased risk of bone loss in IBD patients such as IL-6 and IL-1ra
have already been described[53]. Todhunter et al[54] showed that the polymorphisms
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Figure 2

Figure 2 Gut-bone immune signaling: interplay between different factors which may affect bone metabolism
in patients with inflammatory bowel diseases.

identified in some genes such as COL1A1 and IL-6 seems to influence BMD in IBD
patients, particularly those with CD. Nemetz et al[55] showed also an increased risk of
bone loss in patients with IL1B polymorphism (IL1B-511*2) associated with hypersecretion of IL1B.
One of the latest genetic factors associated with OP development is OPG encoded
by the gene TNFRS11B, where the polymorphism c.-223C>T in 5’ UTR region was
identified as strongly related to OP in postmenopausal women. However, the
genotyping analysis did not show unequivocal association between c.-223C>T of
TNFRS11B and a predisposition to OP in IBD patients, although this polymorphism is
more frequent in IBD patients than in healthy controls[56]. Krela-Kaźmierczak et al[56]
studied the relationship between different polymorphic variants of TGFB1 and bone
loss in IBD, finding no significant differences in BMD values or in the risk of fragility
fractures between UC and CD patients and healthy controls with different polymorphic variants of the TGFB1 gene. Moreover, no association between the 29T>C
polymorphic variant of TGFB1 and BMD of spongy bone and cortical bones was
found[57].
The gene encoding for bone morphogenetic protein 2 (BMP2) was analyzed using
restriction fragments length polymorphisms (RFLPs) to determine the association
among the incidence of 570 A>T polymorphism, BMD alterations, and the incidence
of fractures in IBD patients. The analysis revealed no significant association between
this polymorphism and changes in bone metabolism in both UC and CD patients[58].
An interesting and recent theory correlates the presence of genetic alterations that
might affect the ability to respond to endoplasmic reticulum (ER) stress and normal
bone tissue physiology in IBD patients. A recent meta-analysis focused on the
association between the genes involved in the response to unfolded proteins (UPR)
and ER stress, which could directly correlate with the pathogenesis of IBDs[59]. It was
suggested that the same defects in the Paneth cells inherent in UPR may also be
present in bone cells, both osteoblasts and osteoclasts (although this has not yet been
confirmed in IBD) [60] . Although its polymorphic variant seems to have no direct
association with BMD, BMP2 activates the UPR during osteogenesis[61] allowing the
production of RANKL[62]. In conclusion, during osteoblast differentiation ER stress is
induced and activates also the PERK-eIF2α-ATF4 pathway that appears as a potential
target against bone diseases[61]. To date, the association between genetic factors and
bone alterations in IBD patients is not clear and other risk factors must be taken into
account, such as those related to nutrition and lifestyle, as well as the ethnodemographic characteristics.
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Gut-bone immune signaling: Bone structure depends on the balance between
osteoblasts activity, specialized in the deposition of new bone matrix and osteoclasts,
responsible for the resorption of bone tissue. Mounting evidence suggests an
immunological involvement in the alteration of bone metabolism[63]. Activated CD4+
cells appear to be important actors in the bone loss related to IBD. In fact, in mice
models, bone marrow CD4+ cells producing IL-17 and TNF-α migrate into the bone
marrow during the inflammation, promoting the recruitment of monocytes as
osteoclast progenitors, thus contributing to the bone loss[64]. Ashcroft et al[65] reported
that activated T cells, producing RANKL, are accumulated in the bone marrow during
intestinal inflammation.
As already discussed, osteoclastogenesis is guided by the RANK-RANKL pathway
and by the RANKL/OPG ratio. OPG produced by osteoblasts works as a decoy
receptor for RANKL, thus interfering with osteoclast activation. Li et al[66] suggested
that lymphocytes might work as key regulators of bone metabolism by interfering
with this pathway. In particular, they found that over 60% of OPG is produced by B
lymphocytes and that T lymphocytes stimulate OPG production by osteoblasts via
CD40L/CD40 co-stimulation. Finally, they showed that B-cells as well as CD40 or
CD40L knockout mice developed OP and OPG deficiency[66].
Current knowledge strongly suggests a dynamic interplay between skeletal and
immune system which is referred to as osteoimmunology. IL-17-producing helper T
cells [T(H)17] induce RANKL, stimulating osteoclastogenesis through nuclear factor
of activated T cells cytoplasmic 1 (NFATc1)[67]. There is evidence of activation of
NFAT2 in lamina propria mononuclear cells of subjects with UC[68].
All these studies seem to show, in IBD, a direct involvement of immune system in
the bone loss, mainly due to CD4+ cells that appear osteoclastogenic during inflammation.
Microbiota and pathogenic micro-organisms: The human microbiota consists of a set
of about 100 trillion of commensal micro-organisms belonging to different species,
which express a genome of about a hundred times greater than that expressed by the
host’s cells. There is evidence that alterations of the microbiota composition influence
the healthy state of the host[69].
In particular, an immune response to an altered intestinal microbiota or an
alteration of the immune response leading to its activation in the face of a normal
intestinal microbiota both leading to a sustained inflammatory process, have been
suggested as the main pathogenic mechanisms for the development of IBD[70].
Several studies suggest a key role for microbiota in the alteration of BMD. Irwin et
al[71] reported a close correlation between H. hepaticus infection and bone loss. McCabe
et al[72] showed that treating healthy male mice with Lactobacillus reuteri enhanced bone
density and suppressed basal TNFα mRNA levels in male mice, but not in females.
They also showed that probiotics increased male trabecular bone parameters, as
mineral density in the distal femur metaphyseal region as well as in the lumbar
vertebrae and increased osteoblast serum markers in male mice, although no effect on
bone parameters in females was found[72]. Furthermore, Schepper et al[73] investigated
the effect of antibiotic treatment on gut and bone health in mice models. They found
an increase in the Firmicutes/Bacteroidetes ratio, in the intestinal permeability, and a
reduction of femoral trabecular bone volume. Treating the mice with L. reuteri
reduced the post-antibiotic elevation of the Firmicutes/Bacteroidetes ratio and
prevented bone loss. Antibiotic-induced dysbiosis was associated with decreased
osteoblast and increased osteoclast activities[73].
Recently, Naser et al[74] showed that the inflammation associated to Mycobacterium
avium subspecies paratuberculosis (MAP) infection results in elevation of undercarboxylated osteocalcin (ucOC) and downregulation of active osteocalcin (OC) in CD
patients. This suggest that MAP infection may serve as a trigger factor in the development of OP in CD patients.
Nutrition and vitamin deficiency: Nutritional alterations and vitamins or minerals
deficiency due to inadequate diet intake and/or malabsorption correlate with a low
BMD and may contribute to the development of osteopenia and OP both in UC and
CD patients. Lim et al[75] assessed the nutritional status of 41 IBD patients with or
without malnutrition and showed significantly higher serum C-reactive protein (CRP)
and lower serum calcium in the malnourished group. No significant differences
between malnourished and normal group were found as to BMD although lower
bone density was more frequent in malnourished group. Also, Azzopardi et al[47]
found a significant correlation between body mass index (BMI) and BMD of IBD patients[76].
Many studies measured calcium daily intake in IBD patients. Silvennoinen et al[77]
assessed calcium intake and measured BMD in IBD patients and controls. They found
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that, although the daily intake of calcium was lower in IBD subjects than in controls,
especially in male patients, there was no significant correlations between calcium
deficiency and BMD [77] . Vernia et al [78] analyzed by means of a questionnaire the
dietary calcium intake in 187 IBD patients. They confirmed that calcium intake is
frequently lower in IBD patients; moreover, most of the patients adopted some
arbitrary dietary restrictions (i.e., avoidance of milk or dairy products) which
increased the risk of OP[78]. Calcium supplements as well as vitamin D administration
showed an improvement of BMD at lumbar spine in osteoporotic patients with IBD.
On the contrary, fluoride supplementation does not seem to provide any benefit to
IBD patients[79].
Vitamin D has systemic functions; it acts on regulation of the innate and adaptive
immune responses and modulates calcium homeostasis involved in bone metabolism.
In IBD patients a vitamin D deficiency negatively affects the immune system inducing
dysregulation and inflammation-associated loss of BMD[80]. Vitamin D deficiency is
more frequent in IBD patients than in the general population[81]. Del Pinto et al[82], in a
meta-analysis involving 14 studies, with 938 IBD patients and 953 controls, showed
that 64% of IBD patients had lower vitamin D serum levels than controls. Interestingly, UC appeared to be associated with more than double the odds of vitamin D
deficiency compared to healthy controls. A recent study, aimed at evaluating the
absorption of orally administered vitamin D in CD patients compared with healthy
controls, showed a great variability in the bioavailability of vitamin D(2) in CD
patients although no significant differences between patients with different location of
disease or among those with or without previous surgery were found. Moreover, 24 h
after an oral load of vitamin D(2), the authors reported that the ability of absorption in
CD patients was on average 30% lower than in normal subjects (P < 0.001)[83]. Based on
most of the studies, it seems reasonable that measurement of serum vitamin D levels
should be included in the follow up of IBD patients both adults and children. In fact,
in pediatric IBD patients a vitamin D deficiency may enhance the odds of developing
osteopenia or OP[84].
IBD patients might also have a reduced absorption of vitamin K, especially CD
patients with an involvement of distal ileum. Besides playing a major role in
coagulation processes vitamin K prevents bone resorption, inhibiting the production
of prostaglandin E2 by osteoclasts, so its deficiency may affect BMD, as reported in
both adults and pediatric patients [80] . However, the role of vitamin K in bone
metabolism is controversial and the routine supplementation is not widely accepted
yet[85].
Glucocorticoid therapy: A major risk factor associated to bone metabolism alterations
in IBD patients is GC therapy, which in several occasions is administered without
additional vitamin D or calcium supplementation[4]. GCs are still largely used in IBD
patients with moderate or severe disease[85]. GC therapy causes a biphasic bone loss,
firstly with a rapid decrease of BMD of about 6% to 12% in the first year, and after,
with an annual loss of about 3% for as long as the therapy is administered [87]
associated with an increase of the fracture risk in the first 3 mo, which can reach a
percentage as high as 75%. The fracture risk then decreases in the first 3 mo after GC
withdrawal, before any significant improvement in BMD values [88] . GCs cause a
reduction in the cortical thickness and an increased cortical porosity in mice models,
associated with increased osteoclast number at the endocortical surface. Osteoclast
formation in trabecular bone depends on the production of RANKL by osteocytes as
well as by the increase in cortical bone resorption induced by mechanical unloading
or by dietary calcium deficiency. In vitro models showed that GC therapy directly
increases the production of RANKL and reduces OPG expression levels in stromal
cells and osteoblasts [89] . Also, Hofbauer et al [90] reported that RANKL inhibition
prevented GC-induced bone loss.
Piemontese et al[91] examined the effects of prednisolone on cortical bone in mice
lacking RANKL production in osteocytes. Prednisolone increased osteoclast number
at the endocortical surface, increased cortical porosity, and reduced cortical thickness
in control mice, but none of these effects were found in mice lacking RANKL in
osteocytes. Moreover, in cortical bone organ cultures and primary osteoblasts,
dexamethasone suppressed OPG without any variation of RANKL levels. Therefore,
based on these observations, OPG, rather than RANKL, seems to play a major role in
the endocortical resorption.
OPG-mediated bone loss prevention acts through the inhibition of RANK-RANKL
pathway and reduction of osteocytes apoptosis, induced by GCs. Weinstein et al[41],
both in vivo and in vitro, studied the effect of OPG administration, with or without the
fragment crystallizable region of Ig heavy chains (OPG-Fc), on the bone loss and on
the apoptosis of osteocytes, with or without GCs administration. They showed that in
mice treated with prednisolone combined with OPG-Fc or only with OPG-Fc there

WJCC

https://www.wjgnet.com

1915

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD

was a decreased expression of both receptors of cathepsin K and OC, which are
markers of osteoclast number. Moreover, OPG-Fc administration preserved the BMD
at spine compared with animals who received only prednisolone. The authors also
reported an increase of vertebral strength of about 29% in mice receiving OPG-Fc
compared to those receiving OPG-Fc combined with prednisone. Finally, OPG-Fc
administration, alone or combined with prednisolone, decreased the number of
osteoclasts of about 7% and 5% respectively, compared with placebo group. Prednisolone also induced an increase of the osteocytes apoptosis of about 335%, which was
prevented by OPG-Fc administration. This supports the concept that OPG
administration may prevent the reduction of BMD, of vertebral cortical thickness, and
of osteocytes viability induced by GCs[41].
In conclusion, GC therapy is a major determinant of bone mass alteration in IBD
patients. New generation GCs, such as budesonide or beclometasone, which show a
very efficient hepatic first pass metabolism may represent a valid alternative to
conventional GCs in order to try to minimize GC detrimental effect in general and on
bone structure in particular[92,93].

DISEASE SEVERITY/ACTIVITY AND BONE MINERAL
DENSITY
Calcium is an essential ion for bone formation and its only source is diet. The
absorption of dietary calcium is a vitamin D-dependent process[94]. In the distal part of
the intestine, 70%-80% of the ingested calcium is absorbed (mostly in the ileum)[95]
through the action of Vitamin D receptor which is expressed in all segments of the
small and large intestine with the highest levels reported in the cecum and colon. In
patients with extensive intestinal resection, calcium absorption has been reported to
be significantly higher when the colon is preserved[96]. In IBD, different segments of
the intestine may be involved by the inflammatory process and the subsequent
alterations of the absorptive processes have been suggested to be an important
determinant of bone loss [97,98] . Several studies evaluated the correlation between
disease extension or activity according to the Montreal classification for IBD[99] and
BMD. In 1997, Bjarnason et al[29] reported that there were no significant differences in T
scores for spine or hip within the patient subgroups according to disease location.
Also, Jahnsen et al[30] assessed BMD in 60 patients with CD in 60 patients with UC and
in 60 healthy subjects. Patients with CD had similar BMD, independently on whether
the colon or the small intestine was involved. Furthermore, no differences were
described between patients with CD with or without small bowel resection. In
addition, no correlations between the length of small bowel resected and BMD were
found. Finally, in the UC patients there was no influence of disease location and
extension on MBD. More recently, the same results have been described by Vázquez et
al[34] on 107 patients with IBDs (53 with CD and 54 with UC) with different location of
the disease. The extension and the location of the disease did not seem to influence
BMD loss or vertebral fractures prevalence. In a study conducted in 99 consecutive
CD outpatients, Cravo et al[100] assessed disease activity by Harvey–Bradshaw Index
(HBI). With a multivariate analysis, they described a direct and significant association
between age (above 40 years), chronic active disease (HBI 4), previous colonic
surgeries and the presence of OP. Both small bowel and colonic resection were
similarly associated to OP. This might be explained by the major impact of inflammation due to disease severity in respect to the reduction of mineral absorption induced
by short bowel syndrome, as initially hypothesized. Moreover, to support the role of
chronic inflammation in the pathogenesis of bone loss, patients with active disease
(HBI > 4) and those with a penetrating or structuring disease, which are usually more
aggressive phenotypes, were also those with the highest rate of OP.
More recently, Lima et al[101] evaluated the correlation between disease severity and
BMD in 68 patients with UC and 60 with CD of 17-40 years of age. About half CD
patients had an ileocolonic disease (53.3%) while 29 subjects (48.3%) had nonstricturing non-penetrating disease and 33.3% had perianal disease, according to
Montreal classification. In the UC group, 29 patients (44.6%) had extensive UC
according to the Montreal classification[99]. The authors described a higher incidence of
osteopenia in UC and CD patients than controls (OR = 14.93/OR = 24.38, respectively). At multivariate analysis in CD group, low BMD was associated with sex (M >
F), perianal disease, penetrating behavior and age at diagnosis > 40 years, while, no
association was described between BMD and disease activity. In the UC group, low
BMD was significantly associated to sex (M > F) and left colitis. Therefore, disease
activity does not seem to be a major determinant of bone density alteration in CD and
UC patients, while disease severity seems to be associated with osteopenia in IBD
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patients. It must be emphasized that only 0.02% of UC patients and 0.26% of CD
patients had active disease at the time DEXA was performed, and, therefore, the
remission of the disease might have been be associated with an increase in BMD.

TNF-/ANTI-TNF- THERAPY AND BONE DENSITY
ALTERATIONS
IBD is an immune-mediated inflammatory condition characterized by activation of
different inflammatory pathways and abnormal secretion of different cytokines such
as TNF-α[102].
Anti-TNF-α is the first available biologic therapy for IBD and, currently, its effects
on BMD are not known. Moreover, it is not clear whether the effects of anti-TNFα
agents on bone health are the consequence of a direct interference with the process of
bone modeling or if these effects are simply due to a decreased disease activity and
subsequent improvement of mineral absorption.
As previously mentioned, two members of TNF superfamily, RANKL OPG, are the
key regulators of bone remodeling. RANKL, derived by osteoblasts, stimulates
formation of mature osteoclasts while OPG, produced by osteoblasts, is a competitor
that inhibits the interaction between RANKL and its receptor[103]. TNF-α is a main
actor of osteoclastogenesis by inducing activation of NF-κ B transcription and, also,
reducing bone formation through the inhibition of osteoblast differentiation [104] .
Moreover, it increases the survival of osteoclasts by protecting them against apoptosis [105] while it induces apoptosis of osteoblasts to reduce bone formation [106] .
Therefore, TNF-α not only plays a central role in the pathogenesis of IBD but is also
involved in bone metabolism, promoting bone resorption through regulation of
osteoclast activity (Figure 1). As described by Azuma et al[107], TNF-α directly induces
the differentiation of osteoclast progenitors into mature osteoclast playing an
important role in local osteolysis in chronic inflammatory diseases. Based on this,
many studies have evaluated the effect of infliximab, a chimeric (i.e., half human and
half murine) anti-TNF agent, on bone metabolism investigating serum bone marker,
BMD or incidence of bone fractures. Only one study assessed the impact of adalimumab, another all human anti-TNF agent, on bone metabolism. In a Belgian study[108],
authors evaluated markers of bone formation and resorption at eight weeks from the
beginning of infliximab therapy in comparison with healthy controls. In their cohort,
regardless of patients’ clinical response, anti-TNF-α increased bone formation and, in
the majority of patients, strongly decreased bone resorption. In a one year follow up
study[109], after starting therapy, the mean BMD resulted to be increased significantly
in CD patients without any correlation with concurrent corticosteroid therapy. So, the
authors suggested that amongst the factors inducing bone loss in CD, the
inflammatory disease process might be predominant over the effects of treatment
with prednisone. This might be especially relevant in CD patients who need to
continue steroid therapy despite concurrent immunomodulatory therapy.
In 24 patients with active CD treated with infliximab, Ryan et al[110] described a
significant increase of bone alkaline phosphatase, a marker of bone formation, and
OC, a bone specific calcium-binding protein produced by osteoblasts, which persisted
up to 4 wk after the end of treatment. As underlined by other authors, the benefits
occurred independently of the clinical response of CD to biological treatment. On the
other side, Miheller et al[111] dosed serum OC and CrossLaps (bCL), a degradation
product of collagen, in 27 patients with fistulizing CD treated with anti-TNF-α. In the
group of patients who responded to therapy, but not in those who did not, serum bCL
concentrations were significantly decreased from week 0 to week 6, while a statistically significant increase was described for OC, thus suggesting that the beneficial
effect of anti-TNF therapy was related to the amelioration of the underlying inflammatory process.
More recently, a 7-year follow-up longitudinal prospective cohort study by
Maldonado-Pérez et al[112] evaluated the role of anti-TNF-α in decreasing fracture risk
or modifying BMD in IBD patients. The authors described no difference in the
incidence of vertebral fracture and value of bone mass between the group of patients
treated with anti-TNF-α and the control group which did not receive biological
treatment. Despite the biological-treated patients had received GC therapy for a
longer period of time compared to the control group, new fractures were more
common and more severe in the control, nonbiological-treated group. After 7 years of
follow-up, bone mass increased significantly in the spine and in the femoral neck in
patients treated with anti-TNF-α, compared to subjects who did not receive biological
therapy.
Only one study [113] evaluated the impact of adalimumab therapy on bone
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metabolism. Parathyroid hormone, vitamin D, bone formation and resorption marker,
pro- and anti-inflammatory OPG, and sRANKL were measured in healthy controls
and in CD patients pre- and post-treatment with adalimumab. Moreover, viability
and differentiation of human osteoblasts (hFOB 1.19) cells after exposure to sera from
CD patients pre- and post-adalimumab treatment was also analyzed. Following
adalimumab therapy, a rapid increase in bone formation markers (OC and procollagen type 1 N-terminal pro-peptide) and a not significant decrease of a bone
resorption marker (C-telopeptide of type-1 collagen) were observed. In the in vitro
study, osteoblasts exposed to sera of CD patients before adalimumab therapy showed
consistently higher levels of viability and lower levels of ALP compared to control
group suggesting a greater viability of osteoblasts associated to a lower osteoblast
function likely due to an inflammatory-driven response. After treatment, serum of CD
patients induced higher levels of ALP in hFOB cells probably due to an improvement
of their functionality.
In conclusion, anti-TNF seems to improve BMD in IBD patients both through a
direct beneficial effect on bone metabolism and through the improvement in the
underlying intestinal inflammatory process. Whether other biologic agents now
available for the treatment of IBD, such as vedolizumab or ustekinumab, have any
effect on bone metabolism needs to be determined.

DIAGNOSIS OF OSTEOPOROSIS
Diagnosis of OP should be based on patient clinical history, physical examination,
BMD measurements, and laboratory investigations[17]. In particular, because changes
in bone metabolism are frequently associated with the evolution of IBD and may have
a negative impact on the patient’s quality of life, assessment of BMD in all IBD
patients is essential to prevent and treat appropriately MBDs. The gold standard for
its assessment is DXA. Changes in BMD values are key determinants to evaluate
treatment efficacy at follow-up. Moreover, FRAX algorithm by combining all the
fracture risks with the hip BMD value can quantify the 10-year risk of experiencing a
fragility fracture[114]. Laboratory tests are necessary not only to exclude secondary
forms of OP but also for the bone metabolism assessment. They should include
biochemical markers of bone turnover and vitamin D status that might provide
additional information regarding the patient fracture risk.
Moreover, increase in the incidence of BMD loss supports the recommendation to
screen patients with IBD at an early stage of the disease. Screening recommendation
of European Crohn and Colitis Organization (ECCO)[115] does not differ from those for
the general population. It considers risk factors such as postmenopausal state,
ongoing corticosteroid treatment, cumulative corticosteroid use > 3 mo, history of
low-trauma fracture and age. Moreover, annual DXA scans is recommended in
patients receiving long-term steroid therapy (in particular when there are others risk
factors) if the T-score approaches the threshold for treatment with bisphosphonates
(BPs) (T-score < −1.5 SD)[116].

THE PHARMACOLOGICAL MANAGEMENT OF OP
The aim of the management of OP is to reduce the risk of fragility fractures in
individuals at high-risk. Therefore, pharmacological intervention thresholds should
be based on the assessment of this risk deriving from the integration of densitometric
data with other important clinical factors as determined by the FRAX[116]. Approved
pharmacological treatments for the management of OP can be classified into two
categories: anti-resorption (or anti-catabolic) and anabolic drugs. Among anticatabolic drugs, biphosphonates (BPs) blocking the osteoclastic activity, manage to
reduce the bone remodeling process with a consequent increase in bone density.
Alendronate and risedronate are the most commonly used for the prevention of
vertebral and non-vertebral fractures (including hip) based on strong scientific
evidence of efficacy[117]. However, they have reduced compliance and persistence to
prolonged therapy, due to daily or weekly administration regimens and possible
gastro-intestinal adverse events. Zoledronic acid is a BP intravenously administered
with documented efficacy in reducing the risk of vertebral, non-vertebral and hip
fractures[117]. A meta-analysis of studies on BPs use in IBD patients showed that these
drugs are effective in case of low BMD reducing the risk of vertebral but not of nonvertebral fracture [118] ; so, the use of BPs should be recommended for fracture
prevention in IBD patients taking always into account the possible adverse effects of
treatment.
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A powerful inhibitor of bone resorption is denosumab, a human monoclonal
antibody capable of neutralizing RANKL, a cytokine that interacts with the RANK
receptor on the membrane of preosteoclasts and mature osteoclasts, affecting their
recruitment, maturation and survival. A dose of 60 mg subcutaneously every 6
months is sufficient to strongly inhibit osteoclastic activity and to reduce the risk of
vertebral and non-vertebral fractures (including hip). Unlike BPs, discontinuation of
denosumab is followed by a sharp increase in bone turnover and a rapid loss of BMD.
Therefore, discontinuation of denosumab generally requires the patient to initiate BPs
treatment at an appropriate dosage as soon as possible[119].
Among anabolic drugs, teriparatide, the active fragment of PTH (1-34 PTH) is the
most widely used. It can stimulate both bone formation and resorption, with a
predominant effect on the neoformation (anabolic window) which is evident above all
during the first 12 mo of treatment. It is generally used as a second line antiosteoporotic drug in case of intolerance or resistance to other anti-resorption agents
and as first choice in case of severe OP in patients with multiple fragility fractures[17].
All clinical guidelines agree that the pharmacological therapy of OP, independently
of the prescribed treatment, should always be supplemented by the administration of
vitamin D and, in case of nutritional deficient intake, of calcium[120].
ECCO guidelines[115] suggest, some recommendations concerning the management
of bone alterations in IBD population (Table 1).

CONCLUSION
The prevalence of OP and/or fragility fractures in IBD patients is controversial
because of different factors, such as different study population and study design, and
location of the disease. Moreover, some aspects still need to be clarified, particularly
the correlation between the increased risk of fragility fractures in subjects affected by
IBD.
Changes in bone metabolism are frequently associated with the evolution of IBD
and may have a negative impact on the patient’s quality of life.
In this context, even understanding the pathophysiological milieu seems to be quite
challenging. For example, the genetic background predisposing to the development of
osteopenia and OP, specific for IBD patients, since the strongly multifactorial nature
of these diseases, does not allow to evaluate its pathogenic role without considering
other factors, such as nutrition, lifestyle, or more simply, pharmacological therapy for
IBD. On the other side, increasing evidence suggests a gut-bone signaling pathway,
which is responsible for a close cross-talk between the musculoskeletal and the GI
system, and whose alteration may potentially correlate with the evolution of this type
of EIMs. Furthermore, because of the emerging role of intestinal microbiota in the
pathogenesis of IBDs, a direct impact of dysbiotic commensal microflora on bone
metabolism, as shown in the healthy population, seems to be possible. A schematic
diagram summarizing the pathophysiologic mechanism, including molecular
mechanisms, underlying BMD alteration in IBD patients is shown in Figure 3.
The nutritional aspects, always considered among the main factors capable of
triggering bone alterations, appear once again crucial, especially regarding the intake
of calcium and vitamin D, the lack of which, both in adults and children, shows a
direct correlation with the increased probability of developing bone fragility,
specifically linked to osteoporomalacic findings. For this reason, it is important to
include the evaluation of serum vitamin D levels and of nutritional status in IBD
patients, both in active phase and remission of disease, in order to avoid the
establishment of malnutrition that may increase the onset of comorbidity.
Pharmacotherapy of IBD might play a major role in bone metabolism. GCs are the
main determinants of bone alterations and their prolonged use is associated with OP,
osteopenia and increased risk of fractures. Therefore, their use should be limited and,
whenever possible, new generation corticosteroids with a safer profile should be used.
Finally, anti-TNF agents seem to improve bone health in IBD patients both by directly
interfering with the metabolic pathways involved in bone modeling and by
decreasing the disease activity and severity. Whether new biologic agents exert any
beneficial effect on bone tissue in IBD patients remains to be determined.
Finally, and more important, a thorough evaluation of bone metabolism including
serological markers should be part of the follow-up of IBD patients in order to prevent
and/or promptly treat any bone alteration which may alter their quality of life and
increase the risk of fractures.
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Table 1 European Crohn and Colitis Organization guidelines for the management of bone alterations in inflammatory bowel diseases
population
ECCO guidelines for the management of bone alterations in IBD population
Life style recommendations

Physical exercise; Stopping smoking; and adequate dietary calcium (1
g/daily)

Vitamin and mineral supplements

Calcium (500-1000 mg/daily); Vitamin D (dose of ~1000 IU daily, or higher
dose if known vitamin D deficiency) supplement for prophylaxis in patients
receiving systemic steroid therapy; Calcium and vitamin D supplement if the
T score is lower than -1.5

Treatment recommendations

More intensive treatment in patients with a history of pre-existing fracture;
Regular use of BPs and other therapies in subjects with underlying disease
activity particularly in young and postmenopausal women or those with
previous spontaneous fractures

ECCO: European Crohn and Colitis Organization; IBD: Inflammatory bowel diseases.

Figure 3

Figure 3 Diagramatic representation of the pathogenic mechanisms involved in alteration of bone mineral density in inflammatory bowel diseases.

REFERENCES
1

2

3

4

5
6
7

8

9

WJCC

https://www.wjgnet.com

Ferreira PVALS, Cavalcanti AS, Silva GAPD. Linear growth and bone metabolism in pediatric patients
with inflammatory bowel disease. J Pediatr (Rio J) 2019; 95 Suppl 1: 59-65 [PMID: 30562479 DOI:
10.1016/j.jped.2018.11.002]
Sheth T, Pitchumoni CS, Das KM. Musculoskeletal manifestations in inflammatory bowel disease: a
revisit in search of immunopathophysiological mechanisms. J Clin Gastroenterol 2014; 48: 308-317
[PMID: 24492406 DOI: 10.1097/MCG.0000000000000067]
Vavricka SR, Rogler G, Gantenbein C, Spoerri M, Prinz Vavricka M, Navarini AA, French LE,
Safroneeva E, Fournier N, Straumann A, Froehlich F, Fried M, Michetti P, Seibold F, Lakatos PL, PeyrinBiroulet L, Schoepfer AM. Chronological Order of Appearance of Extraintestinal Manifestations Relative
to the Time of IBD Diagnosis in the Swiss Inflammatory Bowel Disease Cohort. Inflamm Bowel Dis 2015;
21: 1794-1800 [PMID: 26020601 DOI: 10.1097/MIB.0000000000000429]
Schüle S, Rossel JB, Frey D, Biedermann L, Scharl M, Zeitz J, Freitas-Queiroz N, Kuntzen T, Greuter T,
Vavricka SR, Rogler G, Misselwitz B; Swiss IBD cohort study. Widely differing screening and treatment
practice for osteoporosis in patients with inflammatory bowel diseases in the Swiss IBD cohort study.
Medicine (Baltimore) 2017; 96: e6788 [PMID: 28562531 DOI: 10.1097/MD.0000000000006788]
Consensus development conference: diagnosis, prophylaxis, and treatment of osteoporosis. Am J Med
1993; 94: 646-650 [PMID: 8506892 DOI: 10.1016/0002-9343(93)90218-E]
Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ, Khaltaev N. A reference standard for the
description of osteoporosis. Bone 2008; 42: 467-475 [PMID: 18180210 DOI: 10.1016/j.bone.2007.11.001]
World Health Organization – WHO Criteria for Diagnosis of Osteoporosis [Internet]. 4BoneHealth 2018.
Available from: http://www.4bonehealth.org/education/world-health-organization-criteria-diagnosis-osteoporosis/
Baim S, Binkley N, Bilezikian JP, Kendler DL, Hans DB, Lewiecki EM, Silverman S. Official Positions
of the International Society for Clinical Densitometry and executive summary of the 2007 ISCD Position
Development Conference. J Clin Densitom 2008; 11: 75-91 [PMID: 18442754 DOI:
10.1016/j.jocd.2007.12.007]
Maggi S, Noale M, Giannini S, Adami S, Defeo D, Isaia G, Sinigaglia L, Filipponi P, Crepaldi G; ESOPO
Study Group. Quantitative heel ultrasound in a population-based study in Italy and its relationship with

1920

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD

10
11

12
13
14

15

16

17
18

19

20

21
22

23

24

25

26

27

28

29

30

31

32
33

34

WJCC

https://www.wjgnet.com

fracture history: the ESOPO study. Osteoporos Int 2006; 17: 237-244 [PMID: 16142503 DOI:
10.1007/s00198-005-1985-2]
World Health Organization (WHO). Guidelines for preclinical evaluation and clin-ical trials in
osteoporosis [Internet]. 1998; Available from: http://www.who.int/iris/handle/10665/42088
Tarantino U, Iolascon G, Cianferotti L, Masi L, Marcucci G, Giusti F, Marini F, Parri S, Feola M, Rao C,
Piccirilli E, Zanetti EB, Cittadini N, Alvaro R, Moretti A, Calafiore D, Toro G, Gimigliano F, Resmini G,
Brandi ML. Clinical guidelines for the prevention and treatment of osteoporosis: summary statements and
recommendations from the Italian Society for Orthopaedics and Traumatology. J Orthop Traumatol 2017;
18: 3-36 [PMID: 29058226 DOI: 10.1007/s10195-017-0474-7]
Khosla S. Update in male osteoporosis. J Clin Endocrinol Metab 2010; 95: 3-10 [PMID: 20056806 DOI:
10.1210/jc.2009-1740]
Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated with osteoporotic
fractures. Osteoporos Int 2006; 17: 1726-1733 [PMID: 16983459 DOI: 10.1007/s00198-006-0172-4]
Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison EM, Melton LJ, Cummings SR, Kanis
JA; IOF CSA Working Group on Fracture Epidemiology. Secular trends in the incidence of hip and other
osteoporotic fractures. Osteoporos Int 2011; 22: 1277-1288 [PMID: 21461721 DOI:
10.1007/s00198-011-1601-6]
Svedbom A, Hernlund E, Ivergård M, Compston J, Cooper C, Stenmark J, McCloskey EV, Jönsson B,
Kanis JA, EU Review Panel of IOF. Osteoporosis in the European Union: a compendium of countryspecific reports. Arch Osteoporos 2013; 8: 137 [PMID: 24113838 DOI: 10.1007/s11657-013-0137-0]
Piscitelli P, Iolascon G, Argentiero A, Chitano G, Neglia C, Marcucci G, Pulimeno M, Benvenuto M,
Mundi S, Marzo V, Donati D, Baggiani A, Migliore A, Granata M, Gimigliano F, Di Blasio R, Gimigliano
A, Renzulli L, Brandi ML, Distante A, Gimigliano R. Incidence and costs of hip fractures vs strokes and
acute myocardial infarction in Italy: comparative analysis based on national hospitalization records. Clin
Interv Aging 2012; 7: 575-583 [PMID: 23269863 DOI: 10.2147/CIA.S36828]
Ali T, Lam D, Bronze MS, Humphrey MB. Osteoporosis in inflammatory bowel disease. Am J Med 2009;
122: 599-604 [PMID: 19559158 DOI: 10.1016/j.amjmed.2009.01.022]
Boubaker J, Feki M, Hsairi M, Fekih M, Kaabachi N, Filali A, Mebazaa A. [Osteoporosis and
inflammatory bowel disease: prevalence and risk factors in Tunisian patients]. Gastroenterol Clin Biol
2003; 27: 901-907 [PMID: 14631305]
Dumitrescu G, Mihai C, Dranga M, Prelipcean CC. Bone mineral density in patients with inflammatory
bowel disease from north-eastern Romania. Rev Med Chir Soc Med Nat Iasi 2013; 117: 23-28 [PMID:
24505888]
Naito T, Yokoyama N, Kakuta Y, Ueno K, Kawai Y, Onodera M, Moroi R, Kuroha M, Kanazawa Y,
Kimura T, Shiga H, Endo K, Nagasaki M, Masamune A, Kinouchi Y, Shimosegawa T. Clinical and
genetic risk factors for decreased bone mineral density in Japanese patients with inflammatory bowel
disease. J Gastroenterol Hepatol 2018; 33: 1873-1881 [PMID: 29603369 DOI: 10.1111/jgh.14149]
Targownik LE, Bernstein CN, Leslie WD. Inflammatory bowel disease and the risk of osteoporosis and
fracture. Maturitas 2013; 76: 315-319 [PMID: 24139749 DOI: 10.1016/j.maturitas.2013.09.009]
Komaki Y, Komaki F, Micic D, Ido A, Sakuraba A. Risk of Fractures in Inflammatory Bowel Diseases: A
Systematic Review and Meta-Analysis. J Clin Gastroenterol 2019; 53: 441-448 [PMID: 29672437 DOI:
10.1097/MCG.0000000000001031]
Lopes LH, Sdepanian VL, Szejnfeld VL, de Morais MB, Fagundes-Neto U. Risk factors for low bone
mineral density in children and adolescents with inflammatory bowel disease. Dig Dis Sci 2008; 53: 27462753 [PMID: 18351466 DOI: 10.1007/s10620-008-0223-0]
Bryant RV, Schultz CG, Ooi S, Goess C, Costello SP, Vincent AD, Schoeman SN, Lim A, Bartholomeusz
FD, Travis SPL, Andrews JM. Obesity in Inflammatory Bowel Disease: Gains in Adiposity despite High
Prevalence of Myopenia and Osteopenia. Nutrients 2018; 10 [PMID: 30200405 DOI:
10.3390/nu10091192]
Nobile S, Grand RJ, Pappa HM. Risk factors for low bone mineral density in pediatric inflammatory bowel
disease: the positive role of physical activity. Eur J Gastroenterol Hepatol 2018; 30: 471-476 [PMID:
29438136 DOI: 10.1097/MEG.0000000000001076]
Ward LM, Ma J, Rauch F, Benchimol EI, Hay J, Leonard MB, Matzinger MA, Shenouda N, Lentle B,
Cosgrove H, Scharke M, Konji VN, Mack DR. Musculoskeletal health in newly diagnosed children with
Crohn's disease. Osteoporos Int 2017; 28: 3169-3177 [PMID: 28791436 DOI:
10.1007/s00198-017-4159-0]
Huber AM, Gaboury I, Cabral DA, Lang B, Ni A, Stephure D, Taback S, Dent P, Ellsworth J, LeBlanc C,
Saint-Cyr C, Scuccimarri R, Hay J, Lentle B, Matzinger M, Shenouda N, Moher D, Rauch F, Siminoski K,
Ward LM; Canadian Steroid-Associated Osteoporosis in the Pediatric Population (STOPP) Consortium.
Prevalent vertebral fractures among children initiating glucocorticoid therapy for the treatment of
rheumatic disorders. Arthritis Care Res (Hoboken) 2010; 62: 516-526 [PMID: 20391507 DOI:
10.1002/acr.20171]
Sylvester FA, Gordon CM, Thayu M, Burnham JM, Denson LA, Essers J, Ferrari S, Gupta N, Hewison
M, Koletzko S, McCabe L, Pappa H, Sanderson I, Ward L, Zanotti S. Report of the CCFA pediatric bone,
growth and muscle health workshop, New York City, November 11-12, 2011, with updates. Inflamm
Bowel Dis 2013; 19: 2919-2926 [PMID: 23974992 DOI: 10.1097/MIB.0b013e3182a5a004]
Bjarnason I, Macpherson A, Mackintosh C, Buxton-Thomas M, Forgacs I, Moniz C. Reduced bone
density in patients with inflammatory bowel disease. Gut 1997; 40: 228-233 [PMID: 9071937 DOI:
10.1136/gut.40.2.228]
Jahnsen J, Falch JA, Aadland E, Mowinckel P. Bone mineral density is reduced in patients with Crohn's
disease but not in patients with ulcerative colitis: a population based study. Gut 1997; 40: 313-319 [PMID:
9135518 DOI: 10.1136/gut.40.3.313]
Best WR, Becktel JM, Singleton JW, Kern F. Development of a Crohn's disease activity index. National
Cooperative Crohn's Disease Study. Gastroenterology 1976; 70: 439-444 [PMID: 1248701 DOI:
10.1016/S0016-5085(76)80163-1]
TRUELOVE SC, WITTS LJ. Cortisone in ulcerative colitis; final report on a therapeutic trial. Br Med J
1955; 2: 1041-1048 [PMID: 13260656 DOI: 10.1136/bmj.2.4947.1041]
de Silva AP, Karunanayake AL, Dissanayaka TG, Dassanayake AS, Duminda HK, Pathmeswaran A,
Wickramasinghe AR, de Silva HJ. Osteoporosis in adult Sri Lankan inflammatory bowel disease patients.
World J Gastroenterol 2009; 15: 3528-3531 [PMID: 19630109 DOI: 10.3748/wjg.15.3528]
Vázquez MA, Lopez E, Montoya MJ, Giner M, Pérez-Temprano R, Pérez-Cano R. Vertebral fractures in

1921

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD

35

36
37

38

39

40

41
42
43

44
45

46

47

48

49
50

51

52

53

54

55

56

57

58

WJCC

https://www.wjgnet.com

patients with inflammatory bowel disease compared with a healthy population: a prospective case-control
study. BMC Gastroenterol 2012; 12: 47 [PMID: 22584049 DOI: 10.1186/1471-230X-12-47]
Lacey DL, Boyle WJ, Simonet WS, Kostenuik PJ, Dougall WC, Sullivan JK, San Martin J, Dansey R.
Bench to bedside: elucidation of the OPG-RANK-RANKL pathway and the development of denosumab.
Nat Rev Drug Discov 2012; 11: 401-419 [PMID: 22543469 DOI: 10.1038/nrd3705]
Moester MJ, Papapoulos SE, Löwik CW, van Bezooijen RL. Sclerostin: current knowledge and future
perspectives. Calcif Tissue Int 2010; 87: 99-107 [PMID: 20473488 DOI: 10.1007/s00223-010-9372-1]
Robling AG, Niziolek PJ, Baldridge LA, Condon KW, Allen MR, Alam I, Mantila SM, Gluhak-Heinrich
J, Bellido TM, Harris SE, Turner CH. Mechanical stimulation of bone in vivo reduces osteocyte expression
of Sost/sclerostin. J Biol Chem 2008; 283: 5866-5875 [PMID: 18089564 DOI: 10.1074/jbc.M705092200]
Gaudio A, Pennisi P, Bratengeier C, Torrisi V, Lindner B, Mangiafico RA, Pulvirenti I, Hawa G, Tringali
G, Fiore CE. Increased sclerostin serum levels associated with bone formation and resorption markers in
patients with immobilization-induced bone loss. J Clin Endocrinol Metab 2010; 95: 2248-2253 [PMID:
20305005 DOI: 10.1210/jc.2010-0067]
Gifre L, Ruiz-Gaspà S, Monegal A, Nomdedeu B, Filella X, Guañabens N, Peris P. Effect of
glucocorticoid treatment on Wnt signalling antagonists (sclerostin and Dkk-1) and their relationship with
bone turnover. Bone 2013; 57: 272-276 [PMID: 23981659 DOI: 10.1016/j.bone.2013.08.016]
Humphrey EL, Williams JH, Davie MW, Marshall MJ. Effects of dissociated glucocorticoids on OPG
and RANKL in osteoblastic cells. Bone 2006; 38: 652-661 [PMID: 16298558 DOI:
10.1016/j.bone.2005.10.004]
Weinstein RS. Clinical practice. Glucocorticoid-induced bone disease. N Engl J Med 2011; 365: 62-70
[PMID: 21732837 DOI: 10.1056/NEJMcp1012926]
Briot K, Geusens P, Em Bultink I, Lems WF, Roux C. Inflammatory diseases and bone fragility.
Osteoporos Int 2017; 28: 3301-3314 [PMID: 28916915 DOI: 10.1007/s00198-017-4189-7]
Ghosh S, Cowen S, Hannan WJ, Ferguson A. Low bone mineral density in Crohn's disease, but not in
ulcerative colitis, at diagnosis. Gastroenterology 1994; 107: 1031-1039 [PMID: 7926456 DOI:
10.1016/0016-5085(94)90227-5]
McCabe LR, Parameswaran N. Understanding the gut-bone Signaling Axis: Mechanism and therapeutics
implications.. 2017 [DOI: 10.1007/978-3-319-66653-2]
Rossini M, Adami S, Bertoldo F, Diacinti D, Gatti D, Giannini S, Giusti A, Malavolta N, Minisola S,
Osella G, Pedrazzoni M, Sinigaglia L, Viapiana O, Isaia GC. Guidelines for the diagnosis, prevention and
management of osteoporosis. Reumatismo 2016; 68: 1-39 [PMID: 27339372 DOI:
10.4081/reumatismo.2016.870]
Van Assche G, Dignass A, Reinisch W, van der Woude CJ, Sturm A, De Vos M, Guslandi M, Oldenburg
B, Dotan I, Marteau P, Ardizzone A, Baumgart DC, D'Haens G, Gionchetti P, Portela F, Vucelic B,
Söderholm J, Escher J, Koletzko S, Kolho KL, Lukas M, Mottet C, Tilg H, Vermeire S, Carbonnel F, Cole
A, Novacek G, Reinshagen M, Tsianos E, Herrlinger K, Oldenburg B, Bouhnik Y, Kiesslich R, Stange E,
Travis S, Lindsay J; European Crohn's and Colitis Organisation (ECCO). The second European evidencebased Consensus on the diagnosis and management of Crohn's disease: Special situations. J Crohns Colitis
2010; 4: 63-101 [PMID: 21122490 DOI: 10.1016/j.crohns.2009.09.009]
Azzopardi N, Ellul P. Risk factors for osteoporosis in Crohn's disease: infliximab, corticosteroids, body
mass index, and age of onset. Inflamm Bowel Dis 2013; 19: 1173-1178 [PMID: 23511037 DOI:
10.1097/MIB.0b013e31828075a7]
Jahnsen J, Falch JA, Mowinckel P, Aadland E. Bone mineral density in patients with inflammatory bowel
disease: a population-based prospective two-year follow-up study. Scand J Gastroenterol 2004; 39: 145153 [PMID: 15000276 DOI: 10.1080/00365520310007873]
Bernstein CN, Leslie WD, Leboff MS. AGA technical review on osteoporosis in gastrointestinal diseases.
Gastroenterology 2003; 124: 795-841 [PMID: 12612917 DOI: 10.1053/gast.2003.50106]
Veerappan SG, O'Morain CA, Daly JS, Ryan BM. Review article: the effects of antitumour necrosis
factor-α on bone metabolism in inflammatory bowel disease. Aliment Pharmacol Ther 2011; 33: 12611272 [PMID: 21521250 DOI: 10.1111/j.1365-2036.2011.04667.x]
Yang BR, Choi NK, Kim MS, Chun J, Joo SH, Kim H, Lee J. Prevalence of extraintestinal manifestations
in Korean inflammatory bowel disease patients. PLoS One 2018; 13: e0200363 [PMID: 29990326 DOI:
10.1371/journal.pone.0200363]
Von Tirpitz C, Pischulti G, Klaus J, Rieber A, Brückel J, Böhm BO, Adler G, Reinshagen M.
[Pathological bone density in chronic inflammatory bowel diseases--prevalence and risk factors]. Z
Gastroenterol 1999; 37: 5-12 [PMID: 10091278]
Schulte CM, Dignass AU, Goebell H, Röher HD, Schulte KM. Genetic factors determine extent of bone
loss in inflammatory bowel disease. Gastroenterology 2000; 119: 909-920 [PMID: 11040178 DOI:
10.1053/gast.2000.18158]
Todhunter CE, Sutherland-Craggs A, Bartram SA, Donaldson PT, Daly AK, Francis RM, Mansfield JC,
Thompson NP. Influence of IL-6, COL1A1, and VDR gene polymorphisms on bone mineral density in
Crohn's disease. Gut 2005; 54: 1579-1584 [PMID: 16009674 DOI: 10.1136/gut.2005.064212]
Nemetz A, Tóth M, García-González MA, Zágoni T, Fehér J, Peña AS, Tulassay Z. Allelic variation at the
interleukin 1beta gene is associated with decreased bone mass in patients with inflammatory bowel
diseases. Gut 2001; 49: 644-649 [PMID: 11600466 DOI: 10.1136/gut.49.5.644]
Krela-Kaźmierczak I, Kaczmarek-Ryś M, Szymczak A, Michalak M, Skrzypczak-Zielińska M, DrwęskaMatelska N, Marcinkowska M, Eder P, Łykowska-Szuber L, Wysocka E, Linke K, Słomski R. Bone
Metabolism and the c.-223C &gt; T Polymorphism in the 5'UTR Region of the Osteoprotegerin Gene in
Patients with Inflammatory Bowel Disease. Calcif Tissue Int 2016; 99: 616-624 [PMID: 27639566 DOI:
10.1007/s00223-016-0192-9]
Krela-Kaźmierczak I, Michalak M, Wawrzyniak A, Szymczak A, Eder P, Łykowska-Szuber L,
Kaczmarek-Ryś M, Drwęska-Matelska N, Skrzypczak-Zielińska M, Linke K, Słomski R. The c.29T&gt;C
polymorphism of the transforming growth factor beta-1 (TGFB1) gene, bone mineral density and the
occurrence of low-energy fractures in patients with inflammatory bowel disease. Mol Biol Rep 2017; 44:
455-461 [PMID: 28993955 DOI: 10.1007/s11033-017-4131-2]
Krela-Kazmierczak I, Wawrzyniak A, Szymczak A, Eder P, Lykowska-Szuber L, Michalak M, DrweskaMatelska N, Kaczmarek-Rys M, Skrzypczak-Zielinska M, Szalata M, Slomski R. Bone mineral density
and the 570A&gt;T polymorphism of the bone morphogenetic protein 2 (BMP2) gene in patients with
inflammatory bowel disease: a cross-sectional study. J Physiol Pharmacol 2017; 68: 757-764 [PMID:
29375051]

1922

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD
59

60

61

62

63
64

65

66

67
68

69
70

71

72

73

74

75

76

77

78

79

80
81
82

83

WJCC

https://www.wjgnet.com

Cleynen I, Boucher G, Jostins L, Schumm LP, Zeissig S, Ahmad T, Andersen V, Andrews JM, Annese V,
Brand S, Brant SR, Cho JH, Daly MJ, Dubinsky M, Duerr RH, Ferguson LR, Franke A, Gearry RB,
Goyette P, Hakonarson H, Halfvarson J, Hov JR, Huang H, Kennedy NA, Kupcinskas L, Lawrance IC,
Lee JC, Satsangi J, Schreiber S, Théâtre E, van der Meulen-de Jong AE, Weersma RK, Wilson DC;
International Inflammatory Bowel Disease Genetics Consortium, Parkes M, Vermeire S, Rioux JD,
Mansfield J, Silverberg MS, Radford-Smith G, McGovern DP, Barrett JC, Lees CW. Inherited
determinants of Crohn's disease and ulcerative colitis phenotypes: a genetic association study. Lancet
2016; 387: 156-167 [PMID: 26490195 DOI: 10.1016/S0140-6736(15)00465-1]
Wu Y, Yang M, Fan J, Peng Y, Deng L, Ding Y, Yang R, Zhou J, Miao D, Fu Q. Deficiency of
osteoblastic Arl6ip5 impaired osteoblast differentiation and enhanced osteoclastogenesis via disturbance of
ER calcium homeostasis and induction of ER stress-mediated apoptosis. Cell Death Dis 2014; 5: e1464
[PMID: 25321471 DOI: 10.1038/cddis.2014.427]
Saito A, Ochiai K, Kondo S, Tsumagari K, Murakami T, Cavener DR, Imaizumi K. Endoplasmic
reticulum stress response mediated by the PERK-eIF2(alpha)-ATF4 pathway is involved in osteoblast
differentiation induced by BMP2. J Biol Chem 2011; 286: 4809-4818 [PMID: 21135100 DOI:
10.1074/jbc.M110.152900]
Tohmonda T, Yoda M, Mizuochi H, Morioka H, Matsumoto M, Urano F, Toyama Y, Horiuchi K. The
IRE1α-XBP1 pathway positively regulates parathyroid hormone (PTH)/PTH-related peptide receptor
expression and is involved in pth-induced osteoclastogenesis. J Biol Chem 2013; 288: 1691-1695 [PMID:
23235147 DOI: 10.1074/jbc.C112.424606]
Arron JR, Choi Y. Bone versus immune system. Nature 2000; 408: 535-536 [PMID: 11117729 DOI:
10.1038/35046196]
Ciucci T, Ibáñez L, Boucoiran A, Birgy-Barelli E, Pène J, Abou-Ezzi G, Arab N, Rouleau M, Hébuterne
X, Yssel H, Blin-Wakkach C, Wakkach A. Bone marrow Th17 TNFα cells induce osteoclast
differentiation, and link bone destruction to IBD. Gut 2015; 64: 1072-1081 [PMID: 25298539 DOI:
10.1136/gutjnl-2014-306947]
Ashcroft AJ, Cruickshank SM, Croucher PI, Perry MJ, Rollinson S, Lippitt JM, Child JA, Dunstan C,
Felsburg PJ, Morgan GJ, Carding SR. Colonic dendritic cells, intestinal inflammation, and T cell-mediated
bone destruction are modulated by recombinant osteoprotegerin. Immunity 2003; 19: 849-861 [PMID:
14670302 DOI: 10.1016/S1074-7613(03)00326-1]
Li Y, Toraldo G, Li A, Yang X, Zhang H, Qian WP, Weitzmann MN. B cells and T cells are critical for
the preservation of bone homeostasis and attainment of peak bone mass in vivo. Blood 2007; 109: 38393848 [PMID: 17202317 DOI: 10.1182/blood-2006-07-037994]
Nakashima T, Takayanagi H. Osteoimmunology: crosstalk between the immune and bone systems. J Clin
Immunol 2009; 29: 555-567 [PMID: 19585227 DOI: 10.1007/s10875-009-9316-6]
Shih TC, Hsieh SY, Hsieh YY, Chen TC, Yeh CY, Lin CJ, Lin DY, Chiu CT. Aberrant activation of
nuclear factor of activated T cell 2 in lamina propria mononuclear cells in ulcerative colitis. World J
Gastroenterol 2008; 14: 1759-1767 [PMID: 18350607 DOI: 10.3748/wjg.14.1759]
Fukuda S, Ohno H. Gut microbiome and metabolic diseases. Semin Immunopathol 2014; 36: 103-114
[PMID: 24196453 DOI: 10.1007/s00281-013-0399-z]
Tomasello G, Tralongo P, Damiani P, Sinagra E, Di Trapani B, Zeenny MN, Hussein IH, Jurjus A, Leone
A. Dismicrobism in inflammatory bowel disease and colorectal cancer: changes in response of colocytes.
World J Gastroenterol 2014; 20: 18121-18130 [PMID: 25561781 DOI: 10.3748/wjg.v20.i48.18121]
Irwin R, Lee T, Young VB, Parameswaran N, McCabe LR. Colitis-induced bone loss is gender dependent
and associated with increased inflammation. Inflamm Bowel Dis 2013; 19: 1586-1597 [PMID: 23702805
DOI: 10.1097/MIB.0b013e318289e17b]
McCabe LR, Irwin R, Schaefer L, Britton RA. Probiotic use decreases intestinal inflammation and
increases bone density in healthy male but not female mice. J Cell Physiol 2013; 228: 1793-1798 [PMID:
23389860 DOI: 10.1002/jcp.24340]
Schepper JD, Collins FL, Rios-Arce ND, Raehtz S, Schaefer L, Gardinier JD, Britton RA, Parameswaran
N, McCabe LR. Probiotic Lactobacillus reuteri Prevents Postantibiotic Bone Loss by Reducing Intestinal
Dysbiosis and Preventing Barrier Disruption. J Bone Miner Res 2019; 34: 681-698 [PMID: 30690795
DOI: 10.1002/jbmr.3635]
Naser A, Qasem A, Naser SA. Mycobacterial infection influences bone biomarker levels in patients with
Crohn's disease. Can J Physiol Pharmacol 2018; 96: 662-667 [PMID: 29638140 DOI:
10.1139/cjpp-2017-0700]
Lim H, Kim HJ, Hong SJ, Kim S. Nutrient intake and bone mineral density by nutritional status in patients
with inflammatory bowel disease. J Bone Metab 2014; 21: 195-203 [PMID: 25247157 DOI:
10.11005/jbm.2014.21.3.195]
Leslie WD, Miller N, Rogala L, Bernstein CN. Body mass and composition affect bone density in recently
diagnosed inflammatory bowel disease: the Manitoba IBD Cohort Study. Inflamm Bowel Dis 2009; 15: 3946 [PMID: 18623166 DOI: 10.1002/ibd.20541]
Silvennoinen J, Lamberg-Allardt C, Kärkkäinen M, Niemelä S, Lehtola J. Dietary calcium intake and its
relation to bone mineral density in patients with inflammatory bowel disease. J Intern Med 1996; 240: 285292 [PMID: 8946811 DOI: 10.1046/j.1365-2796.1996.25862000.x]
Vernia P, Loizos P, Di Giuseppantonio I, Amore B, Chiappini A, Cannizzaro S. Dietary calcium intake in
patients with inflammatory bowel disease. J Crohns Colitis 2014; 8: 312-317 [PMID: 24090907 DOI:
10.1016/j.crohns.2013.09.008]
Abitbol V, Mary JY, Roux C, Soulé JC, Belaiche J, Dupas JL, Gendre JP, Lerebours E, Chaussade S;
Groupe D'etudes Thérapeutiques des Affections Inflammatoires Digestives (GETAID). Osteoporosis in
inflammatory bowel disease: effect of calcium and vitamin D with or without fluoride. Aliment Pharmacol
Ther 2002; 16: 919-927 [PMID: 11966500 DOI: 10.1046/j.1365-2036.2002.01247.x]
Ghishan FK, Kiela PR. Vitamins and Minerals in Inflammatory Bowel Disease. Gastroenterol Clin North
Am 2017; 46: 797-808 [PMID: 29173522 DOI: 10.1016/j.gtc.2017.08.011]
Zhang YZ, Li YY. Inflammatory bowel disease: pathogenesis. World J Gastroenterol 2014; 20: 91-99
[PMID: 24415861 DOI: 10.3748/wjg.v20.i1.91]
Del Pinto R, Pietropaoli D, Chandar AK, Ferri C, Cominelli F. Association Between Inflammatory Bowel
Disease and Vitamin D Deficiency: A Systematic Review and Meta-analysis. Inflamm Bowel Dis 2015; 21:
2708-2717 [PMID: 26348447 DOI: 10.1097/MIB.0000000000000546]
Farraye FA, Nimitphong H, Stucchi A, Dendrinos K, Boulanger AB, Vijjeswarapu A, Tanennbaum A,
Biancuzzo R, Chen TC, Holick MF. Use of a novel vitamin D bioavailability test demonstrates that

1923

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD

84

85

86

87

88

89

90

91

92

93

94
95

96

97

98

99

100

101

102

103

104

105

106

107

108

WJCC

https://www.wjgnet.com

vitamin D absorption is decreased in patients with quiescent Crohn's disease. Inflamm Bowel Dis 2011; 17:
2116-2121 [PMID: 21910173 DOI: 10.1002/ibd.21595]
Levin AD, Wadhera V, Leach ST, Woodhead HJ, Lemberg DA, Mendoza-Cruz AC, Day AS. Vitamin D
deficiency in children with inflammatory bowel disease. Dig Dis Sci 2011; 56: 830-836 [PMID: 21222159
DOI: 10.1007/s10620-010-1544-3]
Palermo A, Tuccinardi D, D'Onofrio L, Watanabe M, Maggi D, Maurizi AR, Greto V, Buzzetti R, Napoli
N, Pozzilli P, Manfrini S. Vitamin K and osteoporosis: Myth or reality? Metabolism 2017; 70: 57-71
[PMID: 28403946 DOI: 10.1016/j.metabol.2017.01.032]
Dubois-Camacho K, Ottum PA, Franco-Muñoz D, De la Fuente M, Torres-Riquelme A, Díaz-Jiménez D,
Olivares-Morales M, Astudillo G, Quera R, Hermoso MA. Glucocorticosteroid therapy in inflammatory
bowel diseases: From clinical practice to molecular biology. World J Gastroenterol 2017; 23: 6628-6638
[PMID: 29085208 DOI: 10.3748/wjg.v23.i36.6628]
LoCascio V, Bonucci E, Imbimbo B, Ballanti P, Adami S, Milani S, Tartarotti D, DellaRocca C. Bone loss
in response to long-term glucocorticoid therapy. Bone Miner 1990; 8: 39-51 [PMID: 2306553 DOI:
10.1016/0169-6009(91)90139-Q]
Van Staa TP, Laan RF, Barton IP, Cohen S, Reid DM, Cooper C. Bone density threshold and other
predictors of vertebral fracture in patients receiving oral glucocorticoid therapy. Arthritis Rheum 2003; 48:
3224-3229 [PMID: 14613287 DOI: 10.1002/art.11283]
Hofbauer LC, Gori F, Riggs BL, Lacey DL, Dunstan CR, Spelsberg TC, Khosla S. Stimulation of
osteoprotegerin ligand and inhibition of osteoprotegerin production by glucocorticoids in human
osteoblastic lineage cells: potential paracrine mechanisms of glucocorticoid-induced osteoporosis.
Endocrinology 1999; 140: 4382-4389 [PMID: 10499489 DOI: 10.1210/endo.140.10.7034]
Hofbauer LC, Zeitz U, Schoppet M, Skalicky M, Schüler C, Stolina M, Kostenuik PJ, Erben RG.
Prevention of glucocorticoid-induced bone loss in mice by inhibition of RANKL. Arthritis Rheum 2009;
60: 1427-1437 [PMID: 19404943 DOI: 10.1002/art.24445]
Piemontese M, Xiong J, Fujiwara Y, Thostenson JD, O'Brien CA. Cortical bone loss caused by
glucocorticoid excess requires RANKL production by osteocytes and is associated with reduced OPG
expression in mice. Am J Physiol Endocrinol Metab 2016; 311: E587-E593 [PMID: 27460899 DOI:
10.1152/ajpendo.00219.2016]
Rutgeerts P, Löfberg R, Malchow H, Lamers C, Olaison G, Jewell D, Danielsson A, Goebell H, Thomsen
OO, Lorenz-Meyer H. A comparison of budesonide with prednisolone for active Crohn's disease. N Engl J
Med 1994; 331: 842-845 [PMID: 8078530 DOI: 10.1056/NEJM199409293311304]
D'Haens G, Verstraete A, Cheyns K, Aerden I, Bouillon R, Rutgeerts P. Bone turnover during short-term
therapy with methylprednisolone or budesonide in Crohn's disease. Aliment Pharmacol Ther 1998; 12:
419-424 [PMID: 9663720 DOI: 10.1046/j.1365-2036.1998.00321.x]
Christakos S, Dhawan P, Porta A, Mady LJ, Seth T. Vitamin D and intestinal calcium absorption. Mol
Cell Endocrinol 2011; 347: 25-29 [PMID: 21664413 DOI: 10.1016/j.mce.2011.05.038]
Wasserman RH. Vitamin D and intestinal absorption of calcium: a view and over-view. In: P JW,
Feldman D, Glorieux F, editors. Vitamin D. San Diego 2005; 411–428 [DOI:
10.1016/B978-012252687-9/50027-9]
Xue Y, Fleet JC. Intestinal vitamin D receptor is required for normal calcium and bone metabolism in
mice. Gastroenterology 2009; 136: 1317-1327, e1-e2 [PMID: 19254681 DOI:
10.1053/j.gastro.2008.12.051]
Vogelsang H, Ferenci P, Woloszczuk W, Resch H, Herold C, Frotz S, Gangl A. Bone disease in vitamin
D-deficient patients with Crohn's disease. Dig Dis Sci 1989; 34: 1094-1099 [PMID: 2743850 DOI:
10.1007/BF01536381]
Tromm A, Rickels K, Hüppe D, Wiebe V, May B. [Osteopenia in chronic inflammatory bowel diseases.
Results of a cross-sectional study using quantitative computerized tomography]. Leber Magen Darm 1994;
24: 23-26, 29-30 [PMID: 8145623]
Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification of inflammatory bowel
disease: controversies, consensus, and implications. Gut 2006; 55: 749-753 [PMID: 16698746 DOI:
10.1136/gut.2005.082909]
Cravo M, Guerreiro CS, dos Santos PM, Brito M, Ferreira P, Fidalgo C, Tavares L, Pereira AD. Risk
factors for metabolic bone disease in Crohn's disease patients. Inflamm Bowel Dis 2010; 16: 2117-2124
[PMID: 20848459 DOI: 10.1002/ibd.21297]
Lima CA, Lyra AC, Mendes CMC, Lopes MB, Coqueiro FG, Rocha R, Santana GO. Bone mineral
density and inflammatory bowel disease severity. Braz J Med Biol Res 2017; 50: e6374 [PMID: 29069227
DOI: 10.1590/1414-431X20176374]
Holleran G, Lopetuso L, Petito V, Graziani C, Ianiro G, McNamara D, Gasbarrini A, Scaldaferri F. The
Innate and Adaptive Immune System as Targets for Biologic Therapies in Inflammatory Bowel Disease.
Int J Mol Sci 2017; 18 [PMID: 28934123 DOI: 10.3390/ijms18102020]
Takahashi N, Udagawa N, Suda T. A new member of tumor necrosis factor ligand family,
ODF/OPGL/TRANCE/RANKL, regulates osteoclast differentiation and function. Biochem Biophys Res
Commun 1999; 256: 449-455 [PMID: 10080918 DOI: 10.1006/bbrc.1999.0252]
Theill LE, Boyle WJ, Penninger JM. RANK-L and RANK: T cells, bone loss, and mammalian evolution.
Annu Rev Immunol 2002; 20: 795-823 [PMID: 11861618 DOI:
10.1146/annurev.immunol.20.100301.064753]
Kaji K, Katogi R, Azuma Y, Naito A, Inoue JI, Kudo A. Tumor necrosis factor alpha-induced
osteoclastogenesis requires tumor necrosis factor receptor-associated factor 6. J Bone Miner Res 2001; 16:
1593-1599 [PMID: 11547829 DOI: 10.1359/jbmr.2001.16.9.1593]
Tsuboi M, Kawakami A, Nakashima T, Matsuoka N, Urayama S, Kawabe Y, Fujiyama K, Kiriyama T,
Aoyagi T, Maeda K, Eguchi K. Tumor necrosis factor-alpha and interleukin-1beta increase the Fasmediated apoptosis of human osteoblasts. J Lab Clin Med 1999; 134: 222-231 [PMID: 10482306 DOI:
10.1016/S0022-2143(99)90201-9]
Azuma Y, Kaji K, Katogi R, Takeshita S, Kudo A. Tumor necrosis factor-alpha induces differentiation of
and bone resorption by osteoclasts. J Biol Chem 2000; 275: 4858-4864 [PMID: 10671521 DOI:
10.1074/jbc.275.7.4858]
Franchimont N, Putzeys V, Collette J, Vermeire S, Rutgeerts P, De Vos M, Van Gossum A, Franchimont
D, Fiasse R, Pelckmans P, Malaise M, Belaiche J, Louis E. Rapid improvement of bone metabolism after
infliximab treatment in Crohn's disease. Aliment Pharmacol Ther 2004; 20: 607-614 [PMID: 15352908
DOI: 10.1111/j.1365-2036.2004.02152.x]

1924

August 6, 2019

Volume 7

Issue 15

Sgambato D et al. Bone and IBD
109

110

111

112

113

114

115

116

117
118

119

120

WJCC

https://www.wjgnet.com

Bernstein M, Irwin S, Greenberg GR. Maintenance infliximab treatment is associated with improved bone
mineral density in Crohn's disease. Am J Gastroenterol 2005; 100: 2031-2035 [PMID: 16128948 DOI:
10.1111/j.1572-0241.2005.50219.x]
Ryan BM, Russel MG, Schurgers L, Wichers M, Sijbrandij J, Stockbrugger RW, Schoon E. Effect of
antitumour necrosis factor-alpha therapy on bone turnover in patients with active Crohn's disease: a
prospective study. Aliment Pharmacol Ther 2004; 20: 851-857 [PMID: 15479356 DOI:
10.1111/j.1365-2036.2004.02097.x]
Miheller P, Muzes G, Zagoni T, Toth M, Racz K, Tulassay Z. Infliximab therapy improves the bone
metabolism in fistulizing Crohn's disease. Dig Dis 2006; 24: 201-206 [PMID: 16699279 DOI:
10.1159/000091299]
Maldonado-Pérez MB, Castro-Laria L, Caunedo-Álvarez A, Montoya-García MJ, Giner-García M,
Argüelles-Arias F, Romero-Gómez M, Vázquez-Gámez MÁ. Does the Antitumor Necrosis Factor-α
Therapy Decrease the Vertebral Fractures Occurrence in Inflammatory Bowel Disease? J Clin Densitom
2019; 22: 195-202 [PMID: 30205986 DOI: 10.1016/j.jocd.2018.07.010]
Veerappan SG, Healy M, Walsh BJ, O'Morain CA, Daly JS, Ryan BM. Adalimumab Therapy Has a
Beneficial Effect on Bone Metabolism in Patients with Crohn's Disease. Dig Dis Sci 2015; 60: 2119-2129
[PMID: 25732718 DOI: 10.1007/s10620-015-3606-z]
Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E. FRAX and the assessment of fracture
probability in men and women from the UK. Osteoporos Int 2008; 19: 385-397 [PMID: 18292978 DOI:
10.1007/s00198-007-0543-5]
Harbord M, Annese V, Vavricka SR, Allez M, Barreiro-de Acosta M, Boberg KM, Burisch J, De Vos M,
De Vries AM, Dick AD, Juillerat P, Karlsen TH, Koutroubakis I, Lakatos PL, Orchard T, Papay P, Raine
T, Reinshagen M, Thaci D, Tilg H, Carbonnel F; European Crohn’s and Colitis Organisation. The First
European Evidence-based Consensus on Extra-intestinal Manifestations in Inflammatory Bowel Disease. J
Crohns Colitis 2016; 10: 239-254 [PMID: 26614685 DOI: 10.1093/ecco-jcc/jjv213]
Scott EM, Gaywood I, Scott BB. Guidelines for osteoporosis in coeliac disease and inflammatory bowel
disease. British Society of Gastroenterology. Gut 2000; 46 Suppl 1: i1-i8 [PMID: 10647595 DOI:
10.1136/gut.46.suppl_1.I1]
Black DM, Rosen CJ. Postmenopausal Osteoporosis. N Engl J Med 2016; 374: 2096-2097 [PMID:
27223157 DOI: 10.1056/NEJMc1602599]
Melek J, Sakuraba A. Efficacy and safety of medical therapy for low bone mineral density in patients with
inflammatory bowel disease: a meta-analysis and systematic review. Clin Gastroenterol Hepatol 2014; 12:
32-44.e5 [PMID: 23981521 DOI: 10.1016/j.cgh.2013.08.024]
Papapoulos S, Chapurlat R, Libanati C, Brandi ML, Brown JP, Czerwiński E, Krieg MA, Man Z,
Mellström D, Radominski SC, Reginster JY, Resch H, Román Ivorra JA, Roux C, Vittinghoff E, Austin
M, Daizadeh N, Bradley MN, Grauer A, Cummings SR, Bone HG. Five years of denosumab exposure in
women with postmenopausal osteoporosis: results from the first two years of the FREEDOM extension. J
Bone Miner Res 2012; 27: 694-701 [PMID: 22113951 DOI: 10.1002/jbmr.1479]
Nuti R, Brandi ML, Checchia G, Di Munno O, Dominguez L, Falaschi P, Fiore CE, Iolascon G, Maggi S,
Michieli R, Migliaccio S, Minisola S, Rossini M, Sessa G, Tarantino U, Toselli A, Isaia GC. Guidelines
for the management of osteoporosis and fragility fractures. Intern Emerg Med 2019; 14: 85-102 [PMID:
29948835 DOI: 10.1007/s11739-018-1874-2]

1925

August 6, 2019

Volume 7

Issue 15

WJ C C

World Journal of
Clinical Cases

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

World J Clin Cases 2019 August 6; 7(15): 1926-1936

DOI: 10.12998/wjcc.v7.i15.1926

ISSN 2307-8960 (online)

MINIREVIEWS

Extrahepatic hepcidin production: The intriguing outcomes of recent
years
Raêd Daher, Thibaud Lefebvre, Hervé Puy, Zoubida Karim
ORCID number: Raed Daher
(0000-0002-2333-9715); Thibaud
Lefebvre (0000-0003-1398-6473);
Hervé Puy (0000-0003-3362-2634);
Zoubida Karim
(0000-0002-3724-5592).

Author contributions: Lefebvre T
performed the experiment and
generated the figure; Daher R
wrote the manuscript; Puy H
contributed to the writing of the
manuscript; Karim Z designed the
aim of the editorial and wrote the
manuscript.

Conflict-of-interest statement: The
authors declare no conflict of
interest.

Open-Access:This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (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:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: March 17, 2019
Peer-review started: March 18, 2019
First decision: May 21, 2019
Revised: June 18, 2019
Accepted: June 26, 2019
Article in press:June 27,2019

WJCC

Raêd Daher, Thibaud Lefebvre, Hervé Puy, Zoubida Karim, Université Paris Diderot, Bichat site,
Paris 75018, France
Raêd Daher, Thibaud Lefebvre, Hervé Puy, Zoubida Karim, Inflammation Research Center (CRI),
INSERM U1149/ERL CNRS 8252, Paris 75018, France
Raêd Daher, Thibaud Lefebvre, Hervé Puy, Zoubida Karim, Laboratory of Excellence, GR-Ex,
Paris 75018, France
Corresponding author: Zoubida Karim, PhD, Professor, Université Paris Diderot, Faculté de
Médecine Site Bichat, 16 rue Henri-Huchard, Paris 75018, France. zoubida.karim@inserm.fr
Telephone: +33-1-57277559

Abstract
Hepcidin is the hyposideremic hormone regulating iron metabolism. It is a
defensin-like disulfide-bonded peptide with antimicrobial activity. The main site
of hepcidin production is the liver where its synthesis is modulated by iron,
inflammation and erythropoietic signaling. However, hepcidin locally produced
in several peripheral organs seems to be an important actor for the maintenance
of iron homeostasis in these organs. This review highlights the presence of
peripheral hepcidin and its potential functions. Understanding the role of
extrahepatic hepcidin could be of great physiological and therapeutic importance
for several specific pathologies.
Key words: Hepcidin; Extrahepatic hepcidin; Iron metabolism; Bacterial infection;
Inflammation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepcidin is the key regulator of iron homeostasis and is involved in iron-related
disorders, namely anemia of inflammation and primary and secondary hemochromatosis.
Since the discovery of its hyposideremic role, considerable efforts were made to explore
iron handling by hepcidin. Almost all these studies focused on the liver because this
organ was shown to be the major source of systemic hepcidin. However, interesting
pending data showed an extrahepatic production of hepcidin in several organs, but the
involvement of this peripheral hepcidin in local and overall iron homeostasis remains
unknown. Thus, we think that those in the field should: (1) Consider the presence of
endogenous hepcidin in the peripheral organs; and (2) Be interested in the involvement
of hepcidin in other physiological and pathological mechanisms, in particular
antimicrobial activity, acid secretion regulation, immune inflammatory response, etc.
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INTRODUCTION
Iron is one of the most abundant metals in the planet with the potential of high
toxicity to living cells. Highly active cells need iron for their metabolic activity
because iron exhibits an optimal chemical property for electron transfer, facilitating
biochemical reactions between different atoms and molecules. The toxicity of iron is
due to induction of reactive oxygen species, which at high levels leads to cellular
damage[1].
In the body, 60% of iron is incorporated into hemoglobin, while 10% to 15% are
found in muscle myoglobin and cytochromes. Circulating iron, related to transferrin,
represents only 1%. Under physiological conditions, the liver and macrophages of the
reticuloendothelial system are the main iron storage and recycling sites. One to two
milligrams of iron are lost daily by sweating and desquamation of skin and intestinal
cells, and in women by menstrual bleeding. This small amount is totally recovered by
intestinal absorption of heme and non-heme iron, which takes place in the duodenal
enterocytes[2].
There is no effective mechanism for iron excretion. As a result, the exogenous iron
supplied to the body is not eliminated and may accumulate in a toxic way in the
tissues.

BODY IRON METABOLISM
Dietary iron (Fe) III is reduced to FeII by duodenal cytochrome B reductase located in
the brush borders of the enterocytes[3]. FeII is then transported through divalent metal
transporter 1 (named DMT1 or SLC11A2)[4] and is exported to blood via ferroportin
(FPN or SLC40A1), which shares no homology with DMT1 and is localized at the
basolateral pole of the enterocytes[5]. The export of iron by FPN requires a ferroxidase
activity provided by the enzymes hephastin and/or ceruloplasmin allowing
transferrin (Tf) to bind the circulating iron in the form of FeIII. Most cells in the body
can assimilate Tf-bound iron through the ubiquitous transferrin receptor 1 (TfR1) that
has a high affinity for the Tf-FeIII complex. After TfR1-mediated endocytosis, iron is
released from Tf in the intracellular endosomes at acidic pH. The released FeIII is then
reduced to FeII by a reductase, for example the six epithelial transmembrane antigen
of the prostate 3 in erythroid cells. FeII is then transported to the cytosol through
DMT1 localized in these endosomes. Erythroid cells of the bone marrow are the
largest consumers of iron. About one billion iron atoms (20 to 30 mg) are used daily to
form hemoglobin in newly produced erythrocytes. Macrophages of the spleen and
liver recover heme iron from senescent erythrocytes after phagocytosis and
catabolism of heme by the enzyme heme oxygenase[6]. The mobilizable iron is thus
recycled to the plasma for redistribution to tissues. FPN is essential for the export of
iron by macrophages[7].
In all cells, unused iron is stored in a non-reactive form due to ferritin (Ft). FeII
could be delivered to Ft by cytoplasmic chaperones, such as poly (rC)-binding protein
1[8]. Ft is a protein complex consisting of 24 subunits of two types called heavy and
light ferritins. Each complex is capable of storing up to 4500 iron atoms, which are
easily mobilized when needed. A secreted form of Ft, low in iron, is found in the
plasma. This serum Ft, used clinically to evaluate iron stores, is composed mainly of
light subunits, some of which are glycosylated. In the majority of cases, serum Ft
concentrations correlate with tissue stores of iron except under certain conditions
where the synthesis of Ft is mainly due to inflammation. Indeed, Ft stimulated by
inflammatory cytokines[9] is widely recognized as a marker of acute and chronic
inflammation.

REGULATION OF IRON METABOLISM
Intracellular regulation
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Intracellular iron homeostasis is ensured by the iron response element (IRE)-iron
regulatory protein (IRP) system that controls the post-transcriptional expression of
several iron proteins (TfR1, DMT1, FPN, Ft, and ALAS2; the first enzyme involved in
heme biosynthesis in erythroid cells)[10-13]. IREs are hairpin-like RNA motifs that serve
as specific binding sites for IRPs. IRPs are soluble cytosolic proteins whose activity
varies according to the intracellular iron concentration. There are two IRPs: IRP1 and
IRP2 with a sequence identity of 56%[14]. The IRE-IRP interaction stabilizes the mRNA
when the IRE motifs are located in the 3'-UTR region, such as for TfR1, and imposes a
steric constraint on the translation of the protein when IRE motifs are located in the 5'UTR region. This results in an increase in transferrin-related iron acquisition when
intracellular iron levels are low. A decrease in FPN and ferritin expression also occurs
because iron export and intracellular iron storage are not appropriate in this
condition.

Systemic regulation
Hepcidin was initially identified as an antimicrobial peptide[15] (see section below). Yet
since 2001, it is considered to be the master regulator of iron balance in humans by
decreasing iron absorption and increasing iron retention in macrophages and Kupffer
cells[16,17]. The mechanism by which hepcidin inhibits these iron effluxes has been well
studied in macrophages, where hepcidin binds to FPN and leads to its internalization
and degradation in lysosomes[18,19]. In duodenal cells, studies have reported a different
mechanism. Indeed, hepcidin was shown to decrease duodenal transepithelial iron
transport without internalization of FPN from the plasma membrane[20-22]. In these
cells,,hepcidin leads to a decrease in the protein expression of DMT1 rather than that
of FPN[21]. Recently, the non-internalization of FPN following hepcidin treatment was
also shown in other cellular contexts[23,24]. Zhang et al[23] first observed that FPN was
highly expressed in mature red blood cells lacking the proteasomal degradation
pathway. In these mature red blood cells, hepcidin was shown to inhibit iron export
but did not change FPN abundance similarly to what we have previously observed in
duodenal enterocytes[21]. Studies on hepcidin-FPN interactions in the transfected
HEK293T cell line and Xenopus oocytes also confirmed that hepcidin binding is able to
block iron export without causing FPN internalization [24] . Thus, it seems that
depending on the cellular and membrane environment hepcidin binding may block
iron efflux acting either on FPN activity and/or on its abundance at the cell
membrane. Moreover, in the duodenum, a permanent increase in hepcidin, as in a
transgenic mouse model for example, has been shown to ultimately reduce FPN
abundance by mechanisms that remain to be explored[25].

HEPCIDIN PRODUCTION
Hepcidin is synthesized in the liver as a pre-propeptide of 84 amino acids (aa); it then
undergoes successive proteolytic cleavage to produce the 25-aa bioactive form, which
is secreted in plasma. Being a low-molecular-weight peptide, hepcidin is assumed to
be rapidly excreted by the kidney [26,27] , where it is supposed to be taken up and
degraded by the renal proximal tubule. Indeed, hepcidin was first isolated from
human urine and named according to its synthetic site (hep-) and its antibacterial
properties shown in vitro (-cidin). The mass spectroscopy studies have shown the
presence of urinary 25-aa hepcidin as well as shorter forms (22 aa and 20 aa) that are
supposed to be degradation products with still unknown functions [28] . Hepcidin
exhibits a cysteine-rich structure reminiscent of four disulfide bridges defensins with
in vitro antimicrobial activity[15,26,29], suggesting ancestral innate defense properties
against invasive bacteria. Hepcidin structure is characteristic of peptides able to
disrupt bacterial membranes and is similar to other antimicrobial peptides such as
defensins. Hepcidin may also limit bacterial proliferation by decreasing iron in
plasma and extracellular fluids. With regards to this immune activity, hepcidin
synthesis was shown to be highly induced by inflammatory signals such as IL-6,
allowing it to play a major role in the anemia associated with chronic diseases and
inflammation [30-33] . Hepcidin is also induced in the liver in response to lipopolysaccharide (LPS) through activin B and SMAD-signaling, but this pathway is still
debatable[34-37].
Hepcidin is mainly, but not exclusively, produced and secreted by the liver. Indeed,
several studies have shown that hepcidin is locally synthesized by multiple other
tissues including kidney[38], macrophages[39,40], stomach[41], adipose tissue[42], brain[43],
heart[44] and pancreas[45]. Iron is essential for the normal function of these organs. In
addition, hepcidin was found in atypical biological fluids as bile, ascitic and pleural,
and cerebrospinal liquid[46,47]. The functions carried out by this extrahepatic hepcidin
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are not completely known but this concern has gained increased attention in recent
years. Some related findings will be discussed below.

Hepatic hepcidin
Serum levels of hepcidin are mostly correlated with the levels of liver hepcidin
expression[48] demonstrating that hepatic hepcidin is the key regulator of systemic iron
balance. This was obviously demonstrated in mouse models with either total or liverspecific ablation of the hepcidin gene[49,50]. Liver-specific knockout (KO) mice were
shown to fully recapitulate the severe iron overload phenotype observed in the total
KO mice with increased plasma iron and massive parenchymal iron accumulation.
The regulation of hepatic synthesis of hepcidin is extremely complex and responds
to multiple signals, some of which are still unclear. Indeed, the synthesis of hepcidin
is stimulated by the high intake of iron and by inflammation, while it is repressed by
iron deficiency and by all the pathological situations that stimulate the erythropoietic
activity (anemia, bleeding, hemolysis, dyserythropoiesis and erythropoietin
injections).
Hepatic hepcidin is regulated by iron-mediated pathways through a complex of
integral hemochromatosis proteins. Hemojuvelin (HJV) was first identified as the
mutated protein in the majority of juvenile hemochromatosis[51]. The absence of HJV
leads to a severe deficit in hepcidin production. HJV acts as a co-receptor with bone
morphogenetic proteins (BMPs), enhancing activation of the SMAD pathway in
response to binding of BMPs to their receptor (BMPR). BMP6 plays a major role in this
pathway and in the stimulation of hepatic hepcidin by iron. In mice, the ablation of
the Bmp6 gene causes severe iron overload[52]. In humans, we and others[53-57] recently
identified heterozygous mutations localized in the propeptide of the BMP6 protein
leading to mild to moderate hemochromatosis. The BMP6 pathway is negatively
controlled by matriptase 2 that interrupts the binding of BMP6 on its BMPR in
hepatocytes[58-61]. The BMP6 pathway also seems to be a target of erythroferrone, the
erythroid factor that represses hepcidin when erythropoiesis is pathologically
stimulated[62].
The study of the different forms of genetic hemochromatosis has demonstrated the
role of the human hemochromatosis protein (HFE) and transferrin receptor 2 (TfR2) in
the regulation of hepcidin by iron. The forms of adult hemochromatosis are due to
mutations of the HFE gene for the most common forms, or TfR2 for rarer forms and
are characterized by a lack of activation of hepcidin in response to iron overload[63].
Mice deficient in Hfe or patients with HFE mutations have a low hepcidin mRNA level
in the liver despite their iron overload. A model has been proposed in which HFE,
TfR2 and HJV interact with each other at the hepatocyte membrane to form an “ironsensing complex”[64]. When transferrin saturation in serum increases, holo-transferrin
shifts HFE from its binding to TfR1, which allows its interaction with TfR2 and
activates transcription of hepcidin-encoding gene. Thus, TfR2 acts as a sensor of the
transferrin saturation (serum iron) and BMP6 as a tissue iron sensor activating
hepcidin synthesis by interaction with HJV during excessive accumulation of iron in
hepatocytes[65,66].

Extrahepatic hepcidin
Hepcidin expression in the kidney: In 2005, using immunocytochemistry assays,
Kulaksiz et al[38] observed for the first time that hepcidin was expressed in the kidney,
namely in the cortical thick ascending limb (cTAL) and connecting tubules and to a
lesser extent in the collecting ducts. Hepcidin was absent in the proximal tubule and
descending and ascending thin limbs[38]. It was localized at the apical surface of the
renal epithelial cells, which suggests that renal hepcidin is eliminated in the urine
after an autocrine/paracrine action on renal tubules. Using microdissected and
isolated renal tubules, we also confirmed that hepcidin is preferentially expressed
throughout the distal nephron, particularly in the TAL[67]. Interestingly, the distal
nephron expresses DMT1 and FPN transporters at the apical and the basolateral
membrane, respectively and was described to be the site of the reabsorption of nonheme iron in kidney[68-71]. Using mouse models with defects in hepcidin production
(hepcidin KO and HJV KO mice), our group had clearly shown that non-heme iron
accumulated in this distal nephron particularly the TAL[71]. In the TAL cell line, we
found that vectorial transport of iron was decreased following exogenous hepcidin
treatment. In addition, similarly to what we observed in intestine[21], hepcidin was able
to decrease DMT1 both in vivo using kidney sections from hepc-/- mice and in vitro
using TAL cells. All together, these reports highlight a new role of hepcidin in the
control of renal iron transport and accumulation and suggest that local synthesis of
hepcidin within renal tubules may play a crucial role in this effect. Hepcidin seems to
specifically target the distal nephron rather than the proximal tubule. We investigated
the importance of hepcidin in the protection of kidneys against urinary tract
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infection[67]. We developed an experimental urinary tract infection model and showed
that hepcidin KO mice inoculated with the gram-negative CFT073 strain exhibited
higher renal bacterial load than infected wildtype mice as well as a significant
attenuation of renal inflammatory profile. Hepcidin KO mice showed a marked
alkalization of urine associated with repression of both Atp4a and Atp12a proton
pumps. Pre-treatment of wildtype mice with hepcidin considerably reduced renal
colonization by the CFT073 strain and restored the acidic pH of urine. In vitro
experiments proved the bacteriostatic activity of hepcidin against UroPathogenic
Escherichia coli because the bacterial growth was inhibited in the presence of this
peptide. Interestingly, we found that CFT073 repressed renal hepcidin expression in
infected mice through reduction of SMAD signaling. These results indicate that
hepcidin plays a role in the fight against UroPathogenic Escherichia coli infection and
that UroPathogenic Escherichia coli might target renal hepcidin to attenuate its global
antibacterial activity in the early phase of a UTI[67].
Hepcidin expression in macrophages: Macrophages play a central role in iron
recycling and consequently in establishing iron balance. Initial studies from Liu et al[39]
demonstrated that the reticuloendothelial system (RES, namely liver Kupffer and
spleen macrophages) was able to produce hepcidin following LPS-induced
inflammation in mice and upon treatment of mouse splenic adherent cells by LPS.
This RES-produced hepcidin was independent of the iron pool of the cells because in
vivo iron loading has been shown to induce hepcidin production in liver without
increase in hepcidin mRNA in the spleen. In addition, when splenic cells were treated
in vitro with ferric ammonium citrate, there was again no increase in splenic hepcidin
mRNA expression. Peyssonnaux et al[40] also investigated the ability of macrophages to
endogenously synthesize hepcidin in vitro and in vivo following bacterial infections.
They found that intraperitoneal bacterial challenge was able to increase hepcidin
expression in splenic macrophages via the LPS-mediated Toll-like receptor 4 pathway.
In addition to RES, hepcidin was shown to be produced by alveolar macrophages at a
low level when not stimulated but at a high level when exposed to LPS in vitro and in
vivo[72,73]. In agreement with these previous data, Sow et al[74] also showed a strong
induction of hepcidin mRNA expression in several macrophage cell lines infected
with mycobacteria and/or treated with the inflammatory cytokine IFN-γ.
The physiological significance of local hepcidin expression in macrophages is not
yet fully determined but the hypothesis is that RES-produced hepcidin may
contribute by greatly increasing the regulatory pool of hepcidin around liver Kupffer
cells and spleen macrophages as well as other macrophages residing in tissues
frequently confronted by infection. Increased local hepcidin might potentiate the
retention of iron during conditions of inflammation and infection particularly since
FPN is strongly expressed at the cell surface of these cells. These findings strongly
suggested that macrophage hepcidin could play a role in host defense by acting on
FPN expression and consequently limiting the availability of iron to invading bacteria.
Recently, we described the involvement of RES-produced hepcidin in iron
metabolism dysregulation in Gaucher disease (GD), an inherited deficiency of the
lysosomal enzyme glucocerebrosidase leading to accumulation of glucosylceramide in
tissues including the spleen and the liver[75]. In order to understand the unexplained
hyperferritinemia frequently reported in Gaucher disease patients, Perl’s staining of
spleen and bone marrow smears was performed. Analysis revealed iron accumulation
in the lipid-laden macrophages also called Gaucher cells. Using an in vitro model of
Gaucher cells, we have shown that hepcidin production was induced in these
macrophages, and FPN protein was consequently internalized from the plasma
membrane. Thus, hyperferritinemia in Gaucher disease could be related to the
sequestration of iron in Gaucher cells due to local production and an autocrine action
of hepcidin in these cells.
Hepcidin expression in the stomach: The gut is an additional organ that produces
hepcidin[41]. In the stomach, hepcidin was found in the gastric fundus and corpus,
more precisely, in parietal cells. In vitro, gastric hepcidin was upregulated upon
treatment with IL6 and in response to bacterial infection. In humans, gastric hepcidin
level was elevated during bacterial infection and then normalized after successful
eradication. In addition, acid secretion in hepcidin KO mice was markedly reduced
due to repression of Atp4a proton pump, and this was associated with gastric
bacterial overgrowth. Thus, this original study was the first to show that hepcidin is a
gastric factor essential for acid secretion and fight against Helicobacter bacterial
invasion.
Hepcidin expression in adipose tissue: Hepcidin synthesis in adipose tissue was
reported by Bekri et al [42] in severely obese patients with low-grade systemic
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inflammatory disorder[42]. mRNA level of adipose tissue hepcidin was correlated with
multiple indexes of inflammation (IL6, C-reactive protein). This observation was also
confirmed by in vitro studies using cultured adipose tissue explants, where IL6 was
shown to promote hepcidin expression. Thus, adipose tissue hepcidin is suggested to
exacerbate the iron deficiency and iron deficiency anemia observed in the majority of
obese patients. In this context, it is not clear whether adipose tissue hepcidin
contributes to increased pool of systemic hepcidin, but one can suppose that adipose
tissue may provide a high concentration of local hepcidin around intestinal cells and
inhibit iron absorption via an autocrine/paracrine mechanism. Yet, numerous studies
have been conducted to explore the role of hepcidin secreted by adipose tissue in
obesity hypoferremia. Several high-fat diet mouse models were developed for that
purpose, but the results remained highly controversial[76-80].
Hepcidin expression in the brain: Iron has a role in oxidative metabolism and is a
cofactor in the synthesis of myelin and neurotransmitters. It is thus essential for
normal neurological function. The presence of hepcidin in the brain was shown by
Zechel et al[43]. Using different RNA and protein detection techniques, the cellular
distribution of hepcidin in murine brain was investigated. Results showed a widespread distribution of this peptide in different brain areas. Many other reports
described the presence of brain hepcidin production although to a lesser extent with
protein levels higher than mRNA levels, suggesting that the liver is partially
responsible in addition to locally produced hepcidin[81,82].
Hepcidin expression in the brain is induced by inflammation. LPS and IL6 are
known as major actors in inflammation-induced mechanisms. LPS was described as
an indirect inductor of hepcidin expression in astrocytes via upregulated IL6
expression in microglia [ 8 3 , 8 4 ] . However, other experiments showed a direct
upregulation of hepcidin by LPS in glial cells[85].
Recently, we investigated iron metabolism in the brain of a mouse model of
Sanfilippo syndrome (mucopolysaccharidosis type III) where the progressive
accumulation of heparan sulfate oligosaccharides induced microglia and astrocytes to
produce pro-inflammatory cytokines leading to severe neuroinflammation[86]. We
found that iron accumulation in mucopolysaccharidosis type III mice mainly affected
the cerebral cortex where hepcidin expression was higher than in wildtype mice. This
increase was correlated with low expression of FPN and consequently brain iron
retention. We showed in vitro that heparan sulfate oligosaccharides are directly
responsible for the induction of hepcidin and a decrease in FPN level when added to
microglia and to a lesser extent to astrocytes. Our results showed that microglia play a
key role in brain hepcidin overexpression, and the regulation of brain hepcidin may
be dependent on or independent of inflammation.
Because hepcidin may act as an antimicrobial peptide in the brain, we investigated
hepcidin production in cerebrospinal fluid during infectious meningitis. Using a
liquid chromatography tandem mass spectrometry method[48], we compared hepcidin
signal in cerebrospinal fluid of 5 patients diagnosed for viral meningitis versus 5
patients with bacterial meningitis. In viral infection, hepcidin signal was very low
nearing the background level in the same range as healthy patients (Figure 1). By
contrast, cerebrospinal fluid hepcidin was significantly increased in bacterial
meningitis. These observations were different from what was observed in the liver
where hepcidin was induced by both bacterial and viral infections, suggesting again
that hepcidin plays tissue-specific roles [87] . The most frequent pathogens in
community-acquired bacterial meningitis are pneumococcus and meningococcus,
which are gram-negative germs and LPS producers[88]. Thus, like what was described
in the kidney[67] and elsewhere[89], brain hepcidin must be more sensitive to gramnegative bacteria and induced through the LPS/Toll-like receptor signal transduction
pathway.
Hepcidin expression in the heart: Iron is essential for normal heart function;
however, the dysregulation of cardiac iron homeostasis may be deleterious. Merle et
al[44] performed the first analysis of hepcidin expression and its regulation in rat heart.
They reported that hepcidin is expressed in cardiomyocytes, and it is regulated in
response to hypoxia and inflammation, which strongly suggests that this peptide may
play an important role in cardiac diseases. Quantification of hepcidin postulated the
heart as the organ with the highest hepcidin level next to the liver[15,90]. Ge et al[91]
studied the effect of hepcidin on FPN expression in cardiomyocytes. Using a
cardiomyocyte cell line, they demonstrated that local hepcidin was able to reduce
FPN level and iron export from these cells. Studies conducted by Lakhal-Littleton et
al[92] strongly supported these data. Indeed, they first confirmed that FPN is expressed
in cardiomyocytes and demonstrated that its cardiac-specific deletion leads to fatal
cardiac iron overload. To go further, they generated mice with cardiomyocyte-specific
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Figure 1

Figure 1 Hepcidin signals measured by liquid chromatography tandem mass spectrometry in cerebrospinal
fluid of patients with bacterial meningitis and viral meningitis (n = 5 per group). Hepcidin signal is expressed in
arbitrary unit, corresponding to the ratio of the area under the curve of hepcidin signal on the area under the curve of
internal standard (heavy hepcidin). According to the Mann-Whitney test the difference was significant (P = 0.0076).

hepcidin deletion or knock-in of hepcidin-resistant FPN. They found that both models
maintained normal systemic iron homeostasis but developed fatal cardiac dysfunction
as a consequence of cardiomyocyte iron deficiency[93]. Thus, they provided evidence
for a cell-autonomous role of hepcidin in cardiac iron homeostasis.
Hepcidin expression in the pancreas: Data published by Kulaksiz et al [45] demonstrated that hepcidin is expressed in the pancreas of rat and human. Further
analysis showed that it was localized in β-cells of the islets of Langerhans. In addition,
the in vitro experiments performed in this study demonstrated that the expression of
hepcidin in β-cells is directly regulated by iron.
Iron is important for normal insulin secretion. However, excess of iron have been
shown to affect β-cell function in hemochromatosis models [94-96] , causing iron
accumulation in the islets, decreased insulin secretion and increased apoptosis. In
contrast, iron pool decrease was shown to protect from diabetes and loss of β-cell
function in the obese (ob/ob) mouse model[97]. Both DMT1 and FPN are expressed in
β-cells. In β-cell-specific DMT1 KO islets, glucose-stimulated insulin secretion was
reduced[98]. These observations suggested that hepcidin produced by β-cells may be
involved in an intrinsic regulation of pancreas iron and in their function in glucose
homeostasis.

CONCLUSION
Although only some organs have been addressed in this review, there is a number of
studies describing the production of hepcidin in many others such as lungs[99,100],
prostate[101], placenta[102,103] and retina[104]. Our hypothesis is that peripheral hepcidin is
intended for an innate immune response including a defense against bacterial
invasion. However, under local or systemic inflammatory conditions, the induction of
this peripheral hepcidin may contribute to target tissue damage due to local
accumulation of toxic iron and apoptosis. Nevertheless, despite considerable
advances recently, further explorations deserve to be rapidly achieved to deeply
investigate the cellular mechanisms and functions of peripheral hepcidin as well as its
regulation in the different organs.
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Abstract
A potential strategy for patients with estrogen receptor (ER)-positive breast
cancer is necessary to replace neoadjuvant chemotherapy which has limited
benefit. Neoadjuvant endocrine therapy (NAE) has been indicated to be a
favorable alternate approach to downstage large or locally advanced breast
cancer in ER-positive, human epidermal growth factor receptor 2 (HER2)negative (ER+/HER2-) patients, especially postmenopausal women. Previous
studies have demonstrated the efficacy of various endocrine agents in NAE.
Aromatase inhibitors (AIs) have proven superiority over tamoxifen as a suitable
choice to optimize treatment efficacy. Fulvestrant was recently reported as an
effective agent, similar to AIs. Furthermore, the addition of targeted agents exerts
synergistic antiproliferative effects with endocrine agents and rapidly improves
response rates in both endocrine sensitive and resistant tumors. The neoadjuvant
platform provides a unique opportunity to define the appropriate strategy and
address the mechanisms of endocrine resistance. In addition, the predictive value
of biomarkers and genomic assays in NAE is under investigation to evaluate
individual effects and validate biomarker-based strategies. In this review, we
discuss the most relevant evidence on the potential of NAE for ER+ breast cancer.
The current understanding also offers new insights into the identification of the
optimal settings and valuable predictive tools of NAE to guide clinical treatment
decisions and achieve beneficial therapeutic effects.
Key words: Breast cancer; Neoadjuvant endocrine therapy; Neoadjuvant chemotherapy;
Aromatase inhibitor; Palbociclib; Ki67; Genomic assay
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tips: Neoadjuvant endocrine therapy (NAE), either alone or combined with other
therapies, is a valuable alternate approach to ER-positive breast cancer. Our objective is

https://www.wjgnet.com

1937

August 6, 2019

Volume 7

Issue 15

Yao LT et al. NAE for ER+ breast cancer patients
manuscript

Received: April 8, 2019
Peer-review started: April 8, 2019
First decision: May 31, 2019
Revised: June 21, 2019
Accepted: July 3, 2019
Article in press: July 3, 2019
Published online: August 6, 2019
P-Reviewer: Demonacos C, Garg R
S-Editor: Wang JL
L-Editor: Wang TQ
E-Editor: Wu YXJ

to define the optimal settings for suitable individuals, including optimal treatment
duration, endocrine agents, and targeted agents in NAE. The identification of correct
patients for NAE remains unknown and requires further validation corresponding to
biomarker-based strategies. This review consolidates the current relevant evidence to
verify the potential value and discuss the development prospects of NAE.
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INTRODUCTION
Neoadjuvant chemotherapy (NAC) has been defined as a standard treatment option
for localized or locally advanced breast cancer. NAC is used to downgrade and
downsize the tumor, which can decrease the extent of surgery and increase the
likelihood of breast-conserving surgery (BCS). Moreover, it can improve the long-term
prognosis for patients whose operative specimen showed a pathological complete
response (pCR)[1,2]. Clinical evidence has demonstrated that the status of hormone
receptor (HR) and human epidermal growth factor receptor 2 (HER2) leads to a
corresponding response and efficacy of NAC[3]. However, patients with estrogen
receptor (ER)-positive, HER2-negative (ER+/HER2-) breast cancer show limited
results from NAC, with a lower pCR and poor objective response rate (ORR)[4]. Thus,
an alternate neoadjuvant approach is required for breast cancer of this subtype. There
is now increasing data that neoadjuvant endocrine therapy (NAE) may be a more
appropriate treatment strategy than NAC[5].
Traditionally, NAE has been reserved for locally advanced breast cancer in
chemotherapy intolerant or feeble senior patients due to its indolent clinical response
and difficulties in efficacy evaluation[6]. However, since the development of thirdgeneration aromatase inhibitors (AIs), several studies were conducted to evaluate the
effects of NAE on ER+ breast cancer[7,8]. Neoadjuvant AI has comparable efficacy to
NAC in terms of pCR, ORR, and BCS, suggesting the feasibility of this well-tolerated
strategy, mainly for postmenopausal patients [9] . The choice of chemotherapy or
endocrine therapy (ET) as neoadjuvant treatment depends on disease characteristics
and patient subtypes. We will discuss the most relevant clinical trials to illustrate
whether NAE, either monotherapy or combination therapy, can serve as a potential
option in patients with ER+/HER2- breast cancer.
Furthermore, optimal NAE settings can optimize treatment response and achieve
the maximum therapeutic effect for ER+ breast cancer[10]. Emerging evidence has
revealed the efficacy of different endocrine agents in presurgical application,
including AIs, tamoxifen, and fulvestrant. The identification of optimal agents can
result in tailored treatment for both postmenopausal and premenopausal patients.
Combining targeted agents with AI or fulvestrant yields promising effects for
postmenopausal patients with advanced or metastatic breast cancer[11,12]. The results
are being translated to neoadjuvant settings and provide possibilities to fulfill the
requirements of drug resistance mechanism exploration and new drug
development[13]. Available neoadjuvant endocrine settings are generally favorable for
ER+ breast cancer patients, but not all patients benefit equally. The neoadjuvant
period can provide a usable platform for tumors to receive biopsy on treatment,
leading to the exploration of predictive tools that can screen suitable individuals and
select treatment options in breast cancer [14,15] . Current evidence suggested that
compared with traditional tumor staging, biomarkers, especially Ki67, and genomic
assays offered more accurate prediction information. This evidence provides novel
insight into the development of biomarker-based strategies in NAE.
In this review, we will detail the most relevant evidence to verify the potential role
of NAE. We identify optimal settings, including optimal duration, optimal endocrine
agents, and optimal targeted agents, and then evaluate the prognostic role of
biomarkers and genomic assays in NAE. NAE can act as a prospective strategy and
scientific platform for optimizing treatment efficacy, screening suitable individuals,
and investigating mechanisms of drug resistance in ER+/HER2- breast cancer.
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NAE AS A POTENTIAL APPROACH IN THE NEOADJUVANT
SETTING
NAE monotherapy
Several studies have already proved that NAE had a similar beneficial therapeutic
effect to NAC for ER+ breast cancer (Table 1). A phase II clinical trial published by
Semiglazov et al[16] suggested that there was no significant difference between the
NAC arm (doxorubicin plus paclitaxel) and NAE arm (anastrozole or exemestane) in
terms of clinical response (63.6% vs 64.5%), ultrasound response (46% vs 40%), or
mammographic response (63% vs 60%). In comparison with the NAC arm, the NAE
arm showed an improved BCS rate (24% vs 33%, P = 0.058). Similar results were
provided in the GEICAM/2006-03 trial between the NAC arm (epirubicin,
cyclophosphamide, and docetaxel) and NAE arm (exemestane) in both clinical
response rate (CRR 66% vs 48%, P = 0.075) and BCS rate (47% vs 56%, P = 0.2369)[5].
Meanwhile, a subgroup analysis suggested that NAC had a clear advantage over
NAE in premenopausal women (CRR, 75% and 44%, P = 0.027), whereas in
postmenopausal women, this advantage disappeared.
Regarding the safety of neoadjuvant settings, grade 3/4 toxicity was more common
in NAC therapy than in NAE therapy (47% vs 9%, P < 0.001)[5]. The recent, multicenter
NEOCENT trial also proposed that the NAC group had more serious adverse effects
(AEs), such as alopecia, vomiting, stomatitis, and anemia, than the NAE group,
affirming the safety and tolerability of NAE [17] . Furthermore, a meta-analysis
including five randomized controlled trials with 538 patients, of whom 267 (49.6%)
received NAE and 271 (50.4%) underwent NAC, can be considered the best evidence.
This meta-analysis indicated that NAE was as efficacious as NAC in clinical response
and increased the rates of BCS and wide local excision, with better tolerability[9].
Given the efficacy and low toxicity correlated with NAE, this treatment option as a
potential alternative treatment strategy to NAC, especially in postmenopausal
patients, was encouraged.

NAE combination therapy
Based on this promising knowledge of NAE, neoadjuvant chemo-endocrine therapy
(NCET), which combined NAE and NAC, was a potential treatment option for
hormone-sensitive patients (Table 1). NCET has been explored in comparison with
either NAE or NAC therapy. Nakayama et al[18] compared the efficacy between the
single-agent anastrozole group and the anastrozole plus UFT (tegafur/uracil) group
in the Neo-ACET BC trial. There was a greater tendency of tumor degeneration in the
NCET group than in the NAE group, although the study was halted due to altered
liver function. A recent trial enrolled 63 primary invasive breast cancer patients with
initial exemestane treatment followed by response-dependent addition of
cyclophosphamide. The results suggested that the clinical response of nonresponders
was improved to be comparable to that of responders by the addition of cytotoxic
agents to the endocrine agents (CRR for nonresponders and responders at weeks 24
and 36; 54% vs 85% and 71% vs 71%)[19]. NECT has a broad-range antitumor activity
and favorable efficacy over NAE monotherapy.
In comparison with NAC and NECT, Mohammadianpanah et al[20] indicated that
the addition of letrozole simultaneously with neoadjuvant FAC (5-fluorouracil,
doxorubicin, and cyclophosphamide) therapy significantly increased clinical and
pathologic response rates compared with chemotherapy alone. The CSCSG-036 trial
confirmed that concurrent NAC and estrogen deprivation provided higher
effectiveness in ER+ breast cancer (CRR, 84.8% vs 72.6%, P = 0.02), especially for those
with high Ki67 expression (91.2% vs 68.7%, P = 0.001) [21] . Similar toxicities were
observed in the NCET and NAC arms, further supporting the role of NCET as a
potential neoadjuvant treatment option. Owing to its promising clinical response and
acceptable toxicity, NCET has shown great development prospects for ER+/HER2breast cancer patients.

OPTIMAL SETTING OF NAE
To understand the optimal settings for NAE, we will discuss clinical trials to identify
the optimal duration, endocrine agents, and targeted agents (Tables 2 and 3).

Optimal duration of NAE
The duration of NAE treatment in most clinical trials was approximately 4-6 mo,
based on experience; however, some investigators noted that this common duration
might not be sufficient to achieve the best results in tumor shrinkage[22-24]. Several
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Table 1 Neoadjuvant endocrine therapy and neoadjuvant chemo-endocrine therapy as potential approaches in the neoadjuvant settings
Clinical trial

Treatment arms (n)

Duration

Semiglazov et al[16],
2007

(A) NAE: EXE 25 mg/d 3 mo
or ANA 1 mg/d (121);
(B) NAC: doxorubicin 60
mg/m2 pluspaclitaxel
200 mg/m2 (118)

OR by clinical palpation 64% vs 64% (P > 0.5)

33% vs 24 (P = 0.58)

Alba et al[5], 2012

(A) NAE: EXE 25 mg/d
(41-47); (B) NAC:
Epirubicin 90 mg/m2
plus cyclophosphamide
600 mg/m2 then
docetaxel 100 mg/ m2
(EC-T) (41-48)

OR by MRI

48% vs 66% (P = 0.075)

56% vs 47 (P = 0.2369)

Palmieri et al[17],2014
(NEOCENT)

(A) NAE: LET 2.5 mg/d 18-23 wk
(22); (B) NAC: 5fluorouracil 500 mg/m2,
epirubicin 100 mg/m2
plus cyclophosphamide
500 mg/m2 (FE100C)
(22)

OR by ultrasound and
mammography

59.1% vs 54.5% (P = 0.32)

Nakayama et al[18],
2018 (Neo-ACET BC)

(A) NAE: ANA 1mg/d 24 wk
(29); (B) NCET: ANA
1mg/d plus
tegafur/uracil (UFT) 270
mg/m2 (28)

OR by MRI and CT

39.3% vs 14.3% (P =
0.0683)

Sato et al[19], 2018

(A) NAE: EXE 25mg/d
(14); (B) NCET: EXE 25
mg/d plus
cyclophosphamide 50
mg/d (42)

OR by clinical palpation 85% vs 54% (at weeks
24); 71% vs 71% (at
weeks 36)

Mohammadianpanah
et al[20], 2012

(A) NCT: 5-fluorouracil 9–13 wk
600 mg/m2, doxorubicin
60 mg/m2, and
cyclophosphamide 600
mg/m2 (FAC) (51); (B)
NCET: letrozole 2.5
mg/d plus FAC (50)

OR by clinical palpation 10.2% vs 25.5% (P =
0.049)

Yu et al[21], 2019
(CSCSG-036)

(A) NCT: EC-T or FEC-T 8-9 wk
(124); (B) NCET:
letrozole 2.5 mg/d plus
EC-T or FEC-T
(Tleuprorelin) (125)

OR by MRI

24 wk

24 wk

Primary endpoint

ORR

BCS rate

No increased rate
shown

72.6% vs 84.8% (P = 0.02)

NAE: Neoadjuvant endocrine therapy; NAC: Neoadjuvant chemotherapy; NCET: Neoadjuvant chemo-endocrine therapy; EXE: Exemestane; ANA:
Anastrozole; LET: Letrozole; OR: Objective response; BCS: Breast-conserving surgery.

clinical trials were established to assess the optimal duration of neoadjuvant AIs that
would permit tumor regression and BCS eligibility for initially unsuitable patients[23].
A study comparing the tumor size of patients receiving exemestane treatment at 3 and
6 months revealed that extended exemestane therapy had a potential to significantly
reduce tumor volume[25]. A phase IV clinical trial verified this conclusion with a
slightly larger number of participants and suggested that 7.5-mo neoadjuvant
letrozole therapy was optimal to achieve beneficial shrinkage in tumor volume and
facilitate BCS, in comparison with 4-month conventional treatment[22]. Overall, longterm neoadjuvant treatment achieves further tumor reduction and increases the
feasibility of the BCS rate, but the optimal treatment duration for NAE is still
unknown and needs to be further investigated.

Optimal endocrine agents for NAE
In the following paragraph, we will review clinical trials that were conducted to
evaluate the efficacy of different endocrine agents and identify the optimal choice in
both premenopausal and postmenopausal patients.
Neoadjuvant AIs vs tamoxifen: Clinical evidence favoring the three third-generation
AIs, letrozole, anastrozole, and exemestane, rather than tamoxifen, in neoadjuvant
treatment was established in several randomized clinical trials for ER+ breast cancer.
For both the CRR and BCS, letrozole was superior to tamoxifen and had less toxicity,
as shown in the P024 trial[7]. There was no statistically significant difference between
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Table 2 The optimal duration and optimal endocrine agents of neoadjuvant endocrine therapy
Clinical trial

Patient
characteristics

Treatment arms
(n)

Duration

Primary endpoint ORR

BCS rate

Krainick-Strobel et
al[23], 2008

ER+ and/or PR+;
Postmenopausal

LET 2.5 mg/d (33)

4-8 mo

OR by clinical
55% vs 24% at 4 and
palpation,
> 4 mo
mammography,
ultrasound, and BCS

71% vs 80% at 4 and
> 4 mo

Fontein et al[25],
2014

ER+;
Postmenopausal

EXE (102)

3 mo vs 6 mo

OR by clinical
palpation at 3 and 6
months

61.8% vs 70.6% (P =
0.012)

Carpenter et al[22],
2014

ER+ and/or PR+;
Postmenopausal

LET 2.5 mg/d (146)

3–12 mo

Optimal duration to permit BCS

7.5 mo

Eiermann et al[7],
2001 (PO24)

ER+ and/or PR+;
Postmenopausal

(A) LET 2.5 mg/d
(162); (B) TAM 20
mg/d (223)

4 mo

OR by clinical
palpation

55% vs 36% (P <
0.001)

45% vs 35% (P =
0.022)

Smith et al[26], 2005
(IMPACT)

ER+;
Postmenopausal

(A) ANA 1 mg/d
(113); (B) TAM 20
mg/d (108)

12 wk

OR by ultrasound

37% vs 36% (P <
0.087)

41% vs 31% (P =
0.23)

Catalioth et al[27],
2006 (PROACT)

ER+ and/or PR+;
Postmenopausal

(A) ANA 1 mg/d
(228); (B) TAM 20
mg/d (223)

3 mo

OR by ultrasound

50.0% vs 46.2% (P =
0.037)

38.1% vs 29.9% (P =
0.11)

Semiglazov et al[16], ER+ and/or PR+;
2015
Postmenopausal

(A) EXE (76); (B)
TAM (75)

3 mo

OR by clinical
palpation

76.3% vs 40% (P =
0.05)

36.8% vs 20% (P =
0.05)

Kuter et al[29], 2012
(NEWEST)

ER+;
Postmenopausal

(A) FUL 500 mg/mo 16 wk
(109); (B) FUL 250
mg/mo (102)

Expression of Ki67

17.4 vs 11.8% at
week 4; 22.9 vs 20.6%
at week 16

Quenel-Tueux et
al[30], 2015

ER+;
Postmenopausal

(A) ANA 1 mg/d
(61); (B) FUL 500
mg/mo (59)

6 mo

OR by clinical
palpation

58.9% vs 53.8%

58.9% vs 50%

Guarneri et al[31],
2014 (CARMINA
02)

ER+ and/or PR+
Her2-;
Postmenopausal

(A) ANA 1 mg/d
(59); (B) FUL 500
mg/mo (57)

6 mo

OR by clinical
palpation

52.6% vs 36.8%

57.6% vs 50% (P =
0.5 not significant)

Ellis et al[32], 2011
(ACOSOG Z1031)

ER+ (Allred score 6- (A) EXE 25
8) postmenopausal
mg/d(124); (B) LET
T2-T4cN0-3M0
2.5 mg/d (128); (C)
ANA 1 mg/d(125);

16-18 wk

OR by clinical
palpation

69.1% vs 62.9% vs
74.8%

45.2% vs 40% vs
48.7%

58.7% vs 68.3%

Torrisi et al[33], 2007 ER+ T2-T4N0N2;
premenopausal

LET 2.5 mg/d plus
GnRHa 11.25 mg/3
mo (32)

4 mo

OR by clinical
palpation

50%

47%

Masuda et al[34],
2012 (STAGE)

ER+ and/or PR+
Her2-;
Premenopausal

(A) ANA 1 mg/d
(goseretin 3.6
mg/mo) (98); (B)
TAM 20 mg/d
(goseretin 3.6
mg/mo) (99)

24 wk

OR by ultrasound

70.4% vs 50.5% (P =
0.004)

85.7% vs 67.6%

Dellapasqua et
al[35], 2019
(TREND)

ER+ and/or PR+
Her2-;
Premenopausal

(A) Triptorelin +
6 mo
letrozole (26); (B)
degarelix + letrozole
(25)

Time to optimal OFS 46.2% vs 44.0%

52.2% vs 42.3%

ER: Estrogen receptor; PR: Progesterone receptor; EXE: Exemestane; ANA: Anastrozole; LET: Letrozole; FUL: Fulvestrant; TAM: Tamoxifen; OR: Objective
response; OFS: Ovarian function suppression; BCS: Breast-conserving surgery.

anastrozole and tamoxifen in ORR; however, anastrozole was more effective than
tamoxifen in certain clinical subgroups of patients in the IMPACT and PROACT
trials[26,27]. Semiglazov et al[16] proved that the exemestane group exhibited higher CRR
and BCS rates than the tamoxifen group, but there was no difference in the
effectiveness, as shown by ultrasound and mammography. A meta-analysis of seven
randomized trials further demonstrated the efficacy of neoadjuvant AIs. There was
significantly higher clinical and radiological response rates (OR = 1.69 and 1.49,
respectively, P < 0.001) and BCS rate (OR = 1.62, P < 0.001) in the AI arm than in the
tamoxifen arm[10]. As illustrated, neoadjuvant AIs treatment possessed better efficacy
than tamoxifen.
Neoadjuvant AIs vs fulvestrant: Fulvestrant is a selective ER degrader that is
recommended by NCCN guidelines as first-line ET for HR+ metastatic breast cancer
after progression on TAM or AI[28]. Limited reports have appraised the appropriate
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Table 3 The optimal targeted agents
Treatment arms (n)

Johnston et al[37], 2019
(PALLET)

(A) LET 14 w (103); (B) LET 2 14 wk
w followed by LET + PAL 12
w (68); (C) PAL 2 w followed
by LET + PAL (69); (D) LET +
PAL 14 w (67); LET:2.5 mg/d
PAL: 125 mg/d

Clinical response by
ultrasound and median logfold change in Ki-67
expression

A vs B + C + D: 54.3% vs
49.5% (P = 0.2), -2.2 vs -4.1(P
< 0.001)

Ma et al[38], 2017
(NeoPalAna)

ANA 1 mg/d (plus goserelin
if premenopausal) followed
by PAL 125 mg/d on C1D1
(50)

5 mo

CCCA (Ki67 < 2.7%) on
palbociclib plus anastrozole

C1D1 vs C1D15: 26% vs 87%
(P < 0.001)

14 d

Antiproliferative response,
defined as lnKi67 < 1 at day
five

58% vs 12% (P < 0.001)

Curigliano et al[42], 2016
(MONALEESA-1)

(A) LET 2.5 mg/d (2); (B) LET 14 d
2.5 mg/d + RIB 400 mg/d (6);
(C) LET 2.5 mg/d + RIB 600
mg/d (3)

mean decreases in the Ki67positive cell fraction from
baseline

(A) 69% (range 38%-100%);
(B) 96% (range 78%-100%);
(C) 92% (range 75%-100%)

Neo-MONARCH

(A) ANA 2 w; (B) abemaciclib 14 wk
2 w; (C) ANA + abemaciclib 2
w followed by ANA+
abemaciclib 12 w

Changes in Ki67 expression

Reduced Ki67 in patients 15%
vs 59% vs 66%

Ma et al[46], 2017

ANA 1 mg/d (plus goserelin
if premenopausal) followed
by MK-2206 125 mg/w (16)

4 mo

pCR rate

0%

Baselga et al[48], 2009

(A) LET 2.5 mg/d+ placebo;
(B) LET 2.5 mg/d+
everolimus 10 mg/d

4 mo

OR by clinical palpation

68.1% vs 59.1% (P = 0.062)

Arnedos et al[40], 2018 (POP) (A) PAL 125 mg/d (74); (B)
placebo (26)

Duration

Primary endpoint

Response ( Primary
endpoint)

Clinical trial

ER: Estrogen receptor; PR: Progesterone receptor; LET: Letrozole; ANA: Anastrozole; PAL: Palbociclib; RIB: Ribociclib; OR: Objective response; CCCA:
Complete cell-cycle arrest; pCR: Pathological complete response; BCS: Breast-conserving surgery.

treatment dosing and clinical value of fulvestrant in NAE. The phase II NEWEST trial
reported that 500 mg fulvestrant was significantly related to greater early reduction in
the levels of ER (-25.0% vs -13.5%, P = 0.0002) and Ki67 (-78.8% vs -47.4%, P < 0.0001)
than 250 mg. Meanwhile, individuals also had better responses at the recommended
500 mg dose (CRR at week 16, 22.9% vs 20.6%)[29]. A high-dose regimen of fulvestrant
would improve clinical response and biological activity for ER+ breast cancer in NAE.
Together with the same dose-dependent advantages in adjuvant settings, we support
the application of 500 mg fulvestrant in future clinical practice.
To determine the efficacy of fulvestrant, a short-term neoadjuvant study first
compared the biological activity of fulvestrant plus anastrozole treatment vs either
agent alone. Quenel-Tueux et al[30] evaluated the utility of these two agents in 120
postmenopausal breast cancer patients who were not eligible for primary BCS, with
different results. They demonstrated that the fulvestrant arm yielded equal
effectiveness as the anastrozole arm in both objective response rate (53.8% vs 58.9%)
and BCS rate (50.0% vs 58.9%)[30]. The CARMINA 02 trial also showed that the efficacy
and tolerability of fulvestrant were similar to those of anastrozole[31]. These outcomes
suggested the excellent therapeutic effects of fulvestrant and encouraged further
exploration to verify whether it can serve as an ideal agent to replace well-recognized
and valuable AIs in neoadjuvant therapy.
Choice of different aromatase inhibitors: To explore the choice of the beneficial AIs,
the ACOSOG Z1031A trial involved 377 postmenopausal women with stage II/III
ER+ (Allred score, 6 to 8) breast cancer. These patients were randomized to treatment
with presurgical exemestane, letrozole, or anastrozole for 16 wk. The three AIs had
clinically and biologically equivalent effects, as the CRR was 60%, 72%, and 68% and
the geometric mean percentage change in Ki67 was 87.2%, 82.1%, and 78%,
respectively[32]. Thus, the clinical and biological efficacy did not significantly differ
among the three AIs in neoadjuvant settings.
Optimal endocrine agents for premenopausal patients: Current limited data
encouraged the efficacy of AI plus ovarian function suppression (OFS) in neoadjuvant
endocrine settings for premenopausal patients. Torrisi et al[33] confirmed the efficacy of
NAE with letrozole plus gonadotropin-releasing hormone (GnRH) analogue in
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premenopausal breast cancer patients. Over half of the patients achieved clinical
response, and none of patients progressed during treatment[33]. The STAGE trial
randomized 204 premenopausal patients into either the neoadjuvant anastrozole arm
or tamoxifen arm, accompanied by goserelin, for 24 wk. They indicated the
superiority of anastrozole over tamoxifen by assessing CRR (70.4 vs 50.5%, P = 0.004)
and BCS (86% vs 68%) [34] . Furthermore, the suitable selection of OFS has been
discussed in premenopausal individuals. The TREND trial was conducted to evaluate
the efficacy of degarelix (a GnRH antagonist) vs triptorelin (a GnRH agonist) in
patients receiving neoadjuvant letrozole. Individuals treated with degarelix
responded more quickly in inducing optimal OFS than those receiving triptorelin[35].
This finding supported the use of additional studies to assess whether degarelix
optimizes treatment efficacy in neoadjuvant treatment and to screen for the optimal
agents for OFS. In conclusion, AI plus OFS is a suitable selection in NAE for
premenopausal patients, and it demands prospective validation in more clinical trials.

Optimal targeted agents of NAE
The application of targeted agents was supported to promote endocrine response and
reveal drug resistance mechanisms. We will review the promising antiproliferative
effects of targeted agents, including cyclin-dependent kinase (CDK) 4/6 inhibitors
and phosphatidylinositol 3-kinase (PI3K)/AKT/mammalian target of rapamycin
(mTOR) pathway inhibitors.
CDK 4/6 inhibitors: CDK 4/6 inhibitors are suppressors of the cell cycle from G1 to S
phase. By inducing retinoblastoma protein (Rb) hypophosphorylation, they effectively
inhibit mitosis and thus subsequently prevent cell proliferation and tumor
progression (Figure 1)[36]. CDK4/6 inhibitors in combination with endocrine therapies
have yielded a good prognosis and clinical benefits for ER+ patients, and provoked
thoughts about applying CDK4/6 inhibitors in NAE. The following several
paragraphs will review clinical trials discussing the efficacy of CDK4/6 inhibitors,
especially palbociclib, and addressing the mechanisms of drug resistance.
Newly published in 2018, PALLET, the largest phase II clinical study, has obtained
worldwide focus for its concern with efficacy evaluation of a CDK4/6 inhibitor in
NAE. In this trial, patients were randomized to letrozole monotherapy or letrozole
plus palbociclib therapy for 14 weeks. The combination group showed remarkable
superiority over letrozole monotherapy, with larger change in Ki67 (-4.1 vs -2.2),
higher rate of complete cell-cycle arrest (CCCA, 90% vs 59%), and greater cleaved
poly(ADP-ribose) polymerase (c-PARP, -0.80 vs -0.42), indicating that the combination
of palbociclib and letrozole could induce the suppression of cell proliferation[37]. In
NeoPalAna single arm trial, patients received neoadjuvant anastrozole, adding
palbociclib on cycle 1 day 1 (C1D1) and leaving study if Ki67 was > 10% on C1D15.
CCCA rate, as the primary endpoint, was significantly higher in C1D15 than C1D1
(87% vs 26%), and rebound of Ki67 expression occurred following withdrawal of
palbociclib[38]. The significant improvement of CCCA rate and Ki67 suppression was
observed in either luminal A or B subtype and with both PIK3CA mutant or wild type
(WT) status, which is parallel to data from the PALOMA-3 trial [39] . Considering
molecular remission, researchers pointed out that the antiproliferation effect
corresponding to biomarkers was important to identify patients who might benefit
and provide an effective endpoint for clinical research.
The POP trial investigated the antiproliferative action of palbociclib in the Rb
phosphorylation process. Antiproliferative response, defined as lnKi67 < 1 at day 5,
was the primary endpoint, and it was improved in the palbociclib arm vs the placebo
arm (58% vs 12%). Greater Ki67 and phospho-Rb decrease were observed in the
palbociclib group[40,41]. Phospho-Rb was related to palbociclib activity, and changes in
Rb phosphorylation might be an indicator for CDK4/6 inhibitors. In the
MONALEESA-1 trial, patients randomly received either letrozole alone (A) or in
combination with ribociclib at different dosages (B: 400 mg/d, C: 600 mg/d). The
mean decreases in the Ki67-positive cell fraction from baseline were A, 69%; B, 96%;
and C, 92%; this finding indicated the possible antiproliferative effect of combined
letrozole and ribociclib[42]. Regarding abemaciclib, 224 postmenopausal patients were
randomly assigned to undergo neoadjuvant abemaciclib monotherapy, anastrozole
monotherapy, or combination therapy for 2 weeks in the neoMONARCH trial.
Abemaciclib, alone or in combination with anastrozole, reduced Ki67 in more patients
than anastrozole alone (59%, 66%, and 15%, respectively)[43]. Investigators concluded
that CDK 4/6 inhibitors might serve as antiproliferative agents with manageable
toxicities and may be predictive of improved disease-free survival. However, this
conclusion is still uncertain due to small sample sizes and limited data, and
continuous application should be guaranteed to maintain this effect.
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Figure 1

Figure 1 The crosstalk between estrogen receptor and growth factor receptor intracellular signaling
pathways. Growth factor receptors (GFRs) activate the downstream PI3K/AKT/mTOR signaling pathway and the
Cyclin D1/CDK4/6 complex, while the ER-E2 complex has the same effect[79]. The Cyclin D1/CDK4/6 complex drives
cell proliferation by inducing Rb phosphorylation and promotes cell cycle from G1 phase to S phase in the nucleus[80].
Targeted agents against the CDK4/6 pathway and the PI3K/AKT/mTOR pathway can trigger cell cycle arrest and
control tumor progression. ER: Estrogen receptor; GFR: Growth factor receptor; CDK4/6: Cyclin-dependent kinase;
PI3K: Phosphatidylinositol 3-kinase; PIP2: Phosphatidylinositol 4,5-biphosphate; PIP3: Phosphatidylinositol
triphosphate; mTOR: Mammalian target of rapamycin; Rb: Retinoblastoma protein.

PI3K/AKT/mTOR pathway inhibitors: The PI3K/AKT/mTOR pathway was found
to be a key survival mechanism responsible for endocrine resistance (Figure 1).
Regarding PIK3CA inhibitors, the LORELEI trial randomized postmenopausal
patients with ER+ HER2- operable breast cancer into two arms to investigate the effect
of letrozole plus taselisib vs letrozole plus placebo for 16 wk[44]. The primary results
showed that the improvement of ORR was significantly related to the addition of
taselisib in the general patient population as well as PIK3CA mutant participants
compared with letrozole monotherapy. The results encouraged the antitumor value of
taselisib to be investigated in further research.
In preclinical studies, MK-2206 has been proved to be an allosteric pan-AKT
inhibitor[45]. A clinical trial explored whether the addition of MK-2206 to anastrozole
can lead to the pCR improvement of PIK3CA mutant ER+ breast cancer. This trial
selected 22 PIK3CA mutant patients, of whom 16 received the experimental drug. The
combination of anastrozole and MK-2206 had no further inhibitory effect on cell
proliferation and did not promote apoptosis on C1D17 compared to anastrozole
monotherapy[46]. The possibility of improving the efficacy of anastrozole by adding
MK-2206 is low, and we disagree with the necessity to continue studying MK-2206 in
the target population.
Everolimus, an analog of rapamycin, might competitively bind to the target protein
of rapamycin and block downstream signal transduction to suppress tumor cell
proliferation[47]. Everolimus utility in NAE was first discussed in a 2009 phase II
randomized study carried out by Baselga et al[48]. Postmenopausal patients with ER+
breast cancer were treated with neoadjuvant letrozole plus everolimus or letrozole
monotherapy. Investigators assessed CRR (68.1% vs 59.1%) and calculated the
percentage of patients with Ki67 < 1% (57% vs 30%)[48]. The everolimus group was
superior to the placebo group in both endpoints, indicating the better efficacy of
everolimus in NAE. Clinical trials in this area were not adequate until Wu et al[49]
compared neoadjuvant letrozole plus everolimus with neoadjuvant chemotherapy in
ER+/HER2- nonmetastatic breast cancer, and a network meta-analysis by Wang et
al[50] in 2016 concluded that letrozole in combination with everolimus was the most
effective treatment in the neoadjuvant setting. Furthermore, we can expect outcomes
in several ongoing neoadjuvant studies combining AI with everolimus, in an attempt
to enhance the clinical response of NAE.

BIOMARKERS AND GENOMIC ASSAYS FOR PREDICTION
OF NAE BENEFIT
The molecular and genetic expression profiles measured in tumor specimens upon
neoadjuvant treatment can provide a remarkable opportunity to explore predictive
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tools. In the following paragraph, we will discuss the relevant research that elaborates
the value of biomarkers and genomic assays and establish a potential biomarkerbased strategy in neoadjuvant settings.

Ki67 and PEPI biomarkers
Ki67, as a biomarker, can be commonly expressed in all stages of the cell cycle, except
for G0, and it is of great significance in measuring tumor proliferation in breast
specimens[51]. Current evidence showed that the decrease of Ki67 during NAE with
endocrine or targeted agents can reveal anti-proliferation effects, and Ki67 level was
inversely correlated with prognosis[52,53]. We encourage a broad development prospect
for biomarker-based estimates of prognosis in the neoadjuvant therapy field.
Several clinical trials discussed the relationship between prognosis and Ki67
expression at baseline or after short-term treatment. DeCensi et al[54] assessed the levels
of Ki67 at baseline and after 4 wk of presurgical tamoxifen treatment, and the
multivariable hazard ratio for baseline and posttreatment Ki67 labeling index was
1.007 (95%CI: 0.975–1.041) vs 1.034 (95%CI: 1.001–1.068)[54]. A PerELISA study first
indicated that patients with postmenopausal ER+ breast cancer who gained a
reduction in Ki67 after 2-wk neoadjuvant letrozole treatment achieved a meaningful
pCR rate without chemotherapy[55]. However, a recent study showed different results
at baseline. The POETIC trial compared peri-surgical AI treatment (pre- and
postsurgery) with no treatment in 4000 ER+ breast cancers[56]. The results announced
at the SABCS 2017 conference suggested that Ki67 levels both at baseline and after
short-term therapy were both predictive of efficacy. In conclusion, sufficient evidence
has demonstrated that Ki67 levels measured after short-term neoadjuvant therapy
were meaningfully related to survival. Whether Ki67 level at baseline can act as a
predictive tool is controversial and needs further confirmation.
The preoperative endocrine prognostic index (PEPI) combines Ki67 level with ER
status, pathological tumor size, and node status in the surgical specimen following
NAE[57]. The predictive role of PEPI for relapse-free survival (RFS) was discovered by
Ellis et al[32] in the P024 trial and validated in the independent IMPACT trial. Patients
with a PEPI score equal to 0 (pT1 or pT2, pN0, Ki67 ≤ 2.7%, Allred score < 2) had an
extremely low risk of relapse and can be exempt from adjuvant chemotherapy, while
PEPI > 0 recognizes a higher relapse risk. Recently, the predictive value of PEPI was
verified in the ACOSOG Z1031B trial[32]. After a median follow-up period of 5.5 years,
the incidence of recurrence in patients who completed the neoadjuvant AI period was
significantly different. Kaplan-Meier analysis identified the relationship between RFS
and PEPI, and the recurrence HR in patients with a PEPI score equal to 0 vs PEPI > 0
patients was 0.27 (P = 0.014). Moreover, the relapse risk was only 3.6% without
chemotherapy in patients with a PEPI score equal to 0[58]. These results supported the
use of the PEPI score to identify drug-sensitive or drug-resistant patients and guide
tailored treatment decisions on avoiding chemotherapy.

Genomic assays
Recent evidence indicated the predictive role of genomic assays including Oncotype
DX, EndoPredict, MammaPrint, BluePrint assays, and a four-gene predictive tool
(Table 4).
Oncotype DX Recurrence Score assay: The Oncotype DX® Breast Recurrence Score
(RS) assay is a 21-gene validated genomic tool developed by Genomic Health to assess
recurrence risk for patients who received adjuvant ET with ER+/HER2- early stage
breast cancer, regardless of lymph node status[59,60]. The RS assay can predict the
likelihood of benefit from adding chemotherapy to ET in the adjuvant settings. A lowrisk RS tended to have a greater clinical response to ET[61]. Additionally, several
studies have already incorporated the RS assay in the neoadjuvant setting and
illustrated that the approach can be used to guide the decision of neoadjuvant
systemic therapy.
We discuss the relevant trials considering the predictive role of RS assay in NAE.
Ueno et al[62] indicated that the low-risk group (RS < 18) was more likely to benefit
from presurgical exemestane treatment than the high-risk group (RS ≥ 31) in CRR
(54% vs 22%, P < 0.001) and BCS (91% vs 47%, P = 0.003). A 2017 multicenter study
reported that the successful BCS rates of the low-intermediate risk group (RS 11-25)
after NAE were 75% and 72%, respectively, which were higher than that of high-risk
NAC[63]. NAE was found to be a scientific strategy for low-risk patients. Moreover,
NAE was not inferior to NAE in midrange RS score, and this finding mirrored the
results in similar adjuvant settings in the TAILORx trial[64]. Most recently, the larger,
multicenter TransNEOS trial validated the feasibility of RS assay in predicting clinical
response and successful BCS with neoadjuvant letrozole in 295 ER+/HER2postmenopausal patients. The low RS-score group was considered to have an
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Table 4 Genomic assays to predict outcome in neoadjuvant endocrine therapy
Genomic assay

Gene number

Genomic information Method

Oncotype DX®

21 (16+5)

Proliferative-related
genes: Ki67 AURKA,
BIRC5, CCNB1, MYBL2

Current results in
NAE

QRT-PCR

Recurrence score; low
RS results imply a
greater likelihood of
response to NAE

QRT-PCR

Lower genomic risk
related to favorable
response.

Invasive-related genes:
MMP11, CTSL2

Ref.
[62-63]

Estrogen-related genes:
ESR1, PGR, BCL2,
SCUBE2
HER2-related genes:
ERBB2, GRB7
Other genes: GSTM1,
CD68, BAG1
Reference genes: ACTB,
GAPDH, RPLPO, GUS,
TFRC
EndoPredict (EP)

12 (8+4)

Proliferative-related
genes: BIRC5, UBE2C,
DHCR7

[69]

Estrogen-related genes:
RBBP8, IL6ST, AZGP1,
MGP, STC2
Reference genes:
CALM1, OAZ1, RPL37A,
HBB
MammaPrint (and
BluepPrint)

70

AA555029_RC,
Microarray analysis
ALDH4A1, AP2B1,
AYTL2, BBC3, C16orf61,
C20orf46, C9orf30,
CCNE2, CDC42BPA,
CDCA7, CENPA,
COL4A2, DCK, DIAPH3,
DTL, EBF4, ECT2,
EGLN1, ESM1, EXT1,
etc.

Distinguish breast
cancer subtypes;
luminal-subtype
patients have a
promising prognosis

Four-gene predictive
model

4

Proliferative-related
genes: ASPM and
MCM4

Associated to RFS and
BCS

QRT-PCR or IHC

[73]

[75]

Immune-related gene:
IL6ST
Apoptosis inductionrelated gene: NGFRAP1

NAE: Neoadjuvant endocrine therapy; QRT-PCR: Quantitative real time polymerase chain reaction; IHC: Immunohistochemistry.

improved BCS rate, implying a greater likelihood of response to NAE rather than
NAC (CRR: 54% vs 22%, P < 0.001)[65]. In conclusion, the Oncotype DX assay would be
a significant predictive tool for providing useful information to screen patients who
would benefit from neoadjuvant systematic therapy, with NAE used for low-risk
group and NAC for high-risk group.
EndoPredict assay: The EndoPredict® (EP) assay is a 12-gene signature test based on
eight proliferation-related and differentiation-related cancer genes and four reference
genes. EP score low-risk and high-risk categories were specified in previous studies,
providing a score between 0 and 15 to assess recurrence risk[66]. EPclin is a diagnostic
arithmetic genomic assay derived from the EP score by integrating clinical factors
including nodal status and residual tumor size, which are also involved in PEPI[67]. EP
and EPclin assays were shown to be prognostic for early and late distant recurrence[68].
Chow et al[69] enrolled 20 eligible patients with neoadjuvant letrozole plus palbociclib
treatment in four repeated cycles. The EP score was significantly reduced after NAE,
and patients in the high PEPI category had high EPclin scores, indicating that EPclin
might be a better predictive marker than PEPI[69]. A retrospective analysis of ABCSG
34 reported at SABCS 2017 also examined the predictive role of EP score. The results
after 6 months of neoadjuvant letrozole treatment showed that 27.3% of low-risk and
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7.7% of high-risk patients achieved residual cancer burden[70]. The EP assay may help
guide neoadjuvant therapy. Lower genomic risk is related to a favorable response to
NAE and worse response to NAC. Further studies should be conducted to verify
whether EP and EPclin scores can act as alternative parameters for prognosis in NAE
settings in a wide range of population.
MammaPrint and BluePrint assays: The MammaPrint® assay, a 70-gene genomic
assay, was of great significance in the accurate guidance of treatment decisions for
breast cancer patients in adjuvant settings[71]. BluePrint®, a molecular profile that
integrates the expression levels of 80 genes, can act as a complement with
MammaPrint [72] . According to MammaPrint and BluePrint assays, patients were
classified into four molecular subgroups: Luminal A, Luminal B, HER2, and Basal
type. The identification of chemosensitivities or endocrine sensitivities in patients
with different subtypes can provide insight into the response and prognosis of
neoadjuvant therapy. The NBRST trial was designed to include patients with
histologically proven breast cancer for selecting optimal therapy[73]. Approximately
68% of patients with BluePrint Luminal breast cancer who received AI therapy and
29% who received tamoxifen had a clinical response in NAE. Patients with
MammaPrint Luminal A-subtype tumors had similar clinical efficacy to relatively
high-risk Luminal B-subtype patients (CRR: 68.6% vs 66.7%)[74]. We discovered that
luminal-subtype patients determined by these genomic assays could be valuable
candidates for NAE and had a promising prognosis. Limited research focused on
MammaPrint and BluePrint prognostic assays for the effective stratification of breast
cancer patients in neoadjuvant therapy; therefore, further prospective development is
needed to guide clinicians’ decisions.
Four-gene predictive model: A clinical trial reported by Turnbull et al[75] provided a
four-gene predictive model combining two pretreatment genes (immune-related
IL6ST and apoptosis-related NGFRAP1) and two on-treatment genes (proliferationrelated ASPM and MCM4) after 2 weeks of letrozole therapy to forecast clinical
response with an accuracy of 96%[75]. Another blinded independent setting of patients
receiving anastrozole yielded similar results, with an accuracy of 91%. The gene
signature can be significantly associated with RFS and BCS, and accurately measured
and performed by PCR and immunohistochemistry, which can give confidence to
guide treatment decisions and facilitate further applications[76]. Although it is a viable
result as a predictive biomarker based on one small, retrospective analysis, it needs to
be confirmed in large, prospective clinical trials.

DISCUSSION AND FUTURE OUTLOOK
NAE is a favorable alternate approach treatment to NAC for patients with ER+ breast
cancer. Given efficacy and good tolerance associated with NAE, especially as NECT,
consideration and identification of the optimal settings are of great significance for
precision treatment. We consider that extended NAE therapy has a greater potential
to result in tumor regression and BCS eligibility, but the optimal treatment duration
remains to be further validated. The optimal endocrine agents have been widely
discussed in neoadjuvant settings. For postmenopausal patients, AIs demonstrated
superiority over TAM, and clinical efficacy is biologically and clinically equivalent
among letrozole, anastrozole, and exemestane. For premenopausal patients, AI plus
OFS is a beneficial strategy in both adjuvant and neoadjuvant settings despite limited
data, as mentioned. The effective role of fulvestrant in NAE has also been indicated
above. Additional relevant studies are demanded for the helpful knowledge of
endocrine agents to define the most appropriate medication and investigate
combination approaches in both postmenopausal and premenopausal patients in
NAE.
Multiple trials have demonstrated that combination approaches with targeted
agents are effective in inducing cell cycle arrest and preventing tumor progression.
The potential antiproliferative effect of CDK4/6 inhibitors, especially palbociclib, has
been confirmed to be broadly applicable to ER+ breast cancer patients in NAE.
However, insufficient data have been published for PI3K/AKT/mTOR pathway
inhibitors. Attempts to promote endocrine response and address mechanisms of both
“de novo” and acquired endocrine resistance by application of targeted agents through
specific intracellular signaling pathways are encouraged.
Apart from that, NAE will also provide a well-recognized scenario for biomarker
research related to cell proliferation. The establishment of the Ki67 biomarker, which
can replace the conventional clinical endpoint of tumor shrinkage, offered a feasible
approach to reveal the antiproliferative effect of different drugs[77]. Moreover, Ki67
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levels in postsurgical biopsies have been validated as an effective predictive tool for
prognosis and facilitated the development of biomarker-based prognosis estimation.
PEPI integrating four risk parameters associated with survival was further confirmed
to predict RFS. The ongoing and highly anticipated ALTERNATE trial aimed to assess
the validity of Ki67 level measurement following 4 wk treatment and a modification
of the PEPI score prospectively responding to anastrozole, fulvestrant, or combination
therapy[78]. If a biomarker-based strategy is ultimately determined, it will help guide
the choice of treatment options and achieve the goal of individualized and precise
treatment.
Compared with the molecular profiles, gene analysis provided more accurate
information in predicting response, as the results remained the same during the
treatment or washout period. The predictive role of genomic assays in NAE is in its
infancy. The risk stratification through genetic analysis provided a unique
opportunity to guide neoadjuvant systemic therapies. Different genomic assays could
evaluate recurrence risks of individuals based on specific related genes and statistical
algorithms and provided various risk stratification. Oncotype Dx has been widely
recognized as the most useful potential assay in NAE to screen endocrine or chemosensitive individuals and divide individuals according to RS scores into low-risk,
moderate-risk, and high-risk groups. Inconsistent with Oncotype Dx, Endopredict
and MammaPrint assays have utility to classify candidates into high-risk and low-risk
groups. Similarly, the low-risk group has a potential to benefit from NAE and exempt
from adjuvant chemotherapy. Thus for, there are still insufficient retrospective and
prospective studies to confirm the predictive role of genomic assays. We believe that
with the publication of more clinical research results, genomic assays will become a
useful predictive tool for clinicians to judge prognosis and guide clinical treatment.

CONCLUSION
In conclusion, NAE can serve as a potential strategy for ER+ breast cancer. It allows
the identification of suitable individuals with a good response and guides the
decisions for clinical systemic treatment. We can meet our requirements of precise
treatment through this platform. Although potential strategies have been proposed,
the clinical practicability is lacking validity. Further explorations with large-range
populations and long-term follow-up periods are demanded to verify the value of
NAE.
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Abstract
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METHODS
Integrative analysis was performed on the GC transcriptome profiles and
survival information deposited in the ONCOMINE, GEPIA, and ONCOLNC
databases. The expression levels of VGLL3 mRNA and protein were analyzed in
the freshly resected tumor and normal gastric tissues from GC patients by
quantitative RT-PCR and Western blot, respectively. In addition, the in situ
expression of VGLL3 in the GC tissues was determined by
immunohistochemistry (IHC), and the patients were accordingly classified into
the high and low expression groups. The correlation of VGLL3 expression status
with patient prognosis was then determined by univariate and multivariate Cox
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BACKGROUND
Vestigial like family member 3 (VGLL3) is associated with the prognosis of
epithelial ovarian cancer and soft tissue sarcoma, but its role in gastric cancer
(GC) is unclear.
AIM
To explore the expression pattern and clinical significance of VGLL3 in GC.
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regression analyses.
RESULTS
Analysis of the ONCOMINE and GEPIA databases showed that VGLL3 was
significantly up-regulated in GC tissues (P = 0.003), and associated with the
tumor TNM stage (P = 0.0163). The high VGLL3 expression group had a
significantly worse prognosis compared to the low expression group, as per both
GEPIA (P = 0.0057) and ONCOLNC (P = 0.01). The bioinformatics results were
validated by the significantly higher VGLL3 mRNA and protein levels in the GC
tissues compared to the adjacent normal tissues (P < 0.001) in a cohort of 30 GC
patients. Furthermore, high in situ expression of VGLL3 protein was associated
with more advanced N and TNM stages and HER2 mutation (P < 0.05) in a
cohort of 172 patients. Kaplan-Meier analysis showed that the high VGLL3
expression group had a worse prognosis compared to the low expression group
(P = 0.019). Multivariate analysis showed that VGLL3 expression status was an
independent risk factor for prognosis. In addition, the prognostic risk model
nomogram showed that VGLL3 was the most important indicator, with an area
under the receiver operating characteristic (ROC) curve (AUC) of 0.613 for 3-year
survival and 0.706 for 5-year survival. Finally, the protein interaction network
analysis revealed that VGLL3 is likely involved in the Hippo signaling pathway.
CONCLUSION
VGLL3 is overexpressed in GC tissues and associated with a poor prognosis,
indicating its potential as a novel prognosis biomarker and therapeutic target for
GC.
Key words: Vestigial like family member 3; Stomach adenocarcinoma; HER2 mutation;
Gastric cancer; Bioinformatics analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The present study for the first time revealed the expression of vestigial like
family member 3 (VGLL3) in gastric cancer (GC) and its correlation with HER2
mutation. Overall, the findings of the present study suggest that VGLL3 is a novel
prognostic biomarker for GC and highlight the significance of VGLL3 as a promising
therapeutic target for GC.
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INTRODUCTION
Gastric cancer (GC) is a frequently occurring malignancy of the digestive tract[1], and it
was the fifth most commonly diagnosed and the third most common cause of cancerrelated mortality worldwide in 2018 [2] . Lack of early diagnosis and ineffective
treatment options for the advanced stages are the primary reasons for the dismal 5year survival rate of GC[3]. Therefore, it is imperative to identify novel biomarkers for
early diagnosis and accurate prediction of prognosis. Vestigial like family member 3
(VGLL3) is a member of the vestigial like family of proteins[4], and is associated with
epithelial ovarian cancer[5] and soft tissue sarcoma[6]. The aim of this study was to
determine the expression status and prognostic utility of VGL33 in GC. To this end,
we mined the transcriptomic data of GC from the ONCOMINE and GEPIA databases,
and determined its correlation with the survival data from GEPIA and ONCOLINC.
VGLL3 levels were upregulated in GC samples and associated with a poor prognosis.
The bioinformatics data were successfully validated on the tumor and normal gastric
tissues resected from GC patients. Based on the VGLL3 levels, the patients were
stratified into the high and low expression groups, and a prognosis prediction model
was established on the basis of VGLL3 status and clinical data. Our findings show a
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strong prognostic role of VGLL3 in GC, which can potentially translate to clinical
applications.

MATERIALS AND METHODS
Patients and tissue samples
A total of 172 tissue samples were obtained from gastric adenocarcinoma patients
who underwent major surgery at the Affiliated Hospital of Jiangnan University
between 2009 and 2012. The tissues were immediately fixed in formalin and
embedded in paraffin for further analysis. In addition, fresh samples were dissected
from 30 patients at the Affiliated Hospital of Jiangnan University in November 2018,
and immediately stored in liquid nitrogen for molecular analysis. The mean follow-up
duration was 43.1 mo and ranged from 0.2 to 86 mo. None of the patients received
chemotherapy or radiotherapy before surgery[7]. The tumor stage classification was
determined by three pathologists who were blinded to the patient data according to
the guidelines of the American Joint Committee on Cancer (AJCC). Freshly resected
tissues were obtained from 202 patients, and were fixed in formalin and embedded in
paraffin. In addition, tissue specimens from 30 patients were flash frozen in liquid
nitrogen. All participating clinicians and patients provided written informed consent.

Bioinformatics analysis
The VGLL3 mRNA levels in the GC and normal gastric tissues were determined by
integrated analysis of the Oncomine database (www.oncomine.org) [ 8 ] using
Coexpedia (www.coexpedia.org)[9]. ONCOLINC (http://www.oncolnc.org/cancer/)
and Coexpedia were used to analyze the prognostic value of WISP1 in STAD. The
STRING database (http://www.string-db.org) was utilized to construct the proteinprotein interaction (PPI) network[10].

RNA isolation and RT-qPCR
Total RNA was extracted from frozen tissue samples using Trizol reagent (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions, and reverse transcribed
using the PrimeScript RT-PCR kit (Takara, Japan)[11]. RT-qPCR was performed on the
ABI 7500 RealTime PCR System (Applied Biosystems, Inc. USA) using SYBR Green
Master Mix (Takara, Japan), and the VGLL3 levels were normalized to β-actin. The
following primers were used: Forward primer, 5’-CCAACTACAGTCACCTCTGCTAC-3’ and reverse primer, 5’-ACCACGGTGATTCCTTACTCTTG-3’ for
VGLL3; forward primer, 5’-CCTGTGGCATCCACGAAACT-3’ and reverse primer, 5’GAAGCATTTGCG GTGGACGAT-3’ for β-actin. All reactions were performed in
triplicates, and the 2-∆∆Ct method[12] was used to quantify the relative expression levels
of VGLL3.

Western blot analysis
Total protein was extracted from GC and para-cancerous tissues using the RIPA lysis
buffer (Pierce, Thermo Scientifc, Cramlington, United Kingdom)[13], and quantified
with the enhanced BCA protein assay kit (KeyGEN BioTECH, Jiangsu, China). Equal
amount (40 mg) of proteins per sample were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SD-PAGE), and then transferred to
polyvinylidene difluoride membranes (Bio-Rad, Hercules, CA, United States). After
blocking with 5% non-fat milk for 1 h at room temperature (RT), the membranes were
incubated overnight with anti-VGLL3 (ab83555, Abcam) and β-actin (ab8226, Abcam)
primary antibodies at 4 °C. After washing thrice with TBST, the membranes were
incubated with HRP-conjugated secondary antibody (1:1000) for 1 h at RT. The
protein bands were visualized with an ECL chemiluminescence system after short
exposure to X-ray films (Kodak, Japan). Densitometric analysis was performed with
Image Pro-Plus software, and the relative expression levels of VGLL3 were
normalized to tubulin.

Immunohistochemistry (IHC)
The formalin-fixed tissues were dehydrated, embedded in paraffin, and cut into 5 μm
thick sections. IHC was performed according to the manufacturer’s protocol [14] .
Briefly, the sections were heated in citrate buffer in a microwave, cooled, and
incubated overnight with anti-VGLL3 antibody (1:50, clone PA5-68441, Invitrogen) at
4 °C. After labeling with the secondary antibody for 1 hour at RT, color was
developed using liquid DAB substrate. Three pathologists blinded to the patient
identity observed and graded VGLL3 positivity as 0, 1 (1%–29% positively-stained
cells), 2 (30%–69%), or 3 (70%-100%), and the staining intensity as 0 (negative), 1
(weak staining), 2 (moderate staining), or 3 (strong staining). The immunoreactive
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score (IRS) was then calculated for each sample by multiplying the staining intensity
and positivity scores, and graded as: 0-1, “-”; 2-3, “+”; 4-6, “++”; and 6-9, “+++”[15].
Based on the IRS, the samples were stratified into the high (4-9) and low (0-3) VGLL3
expression groups.

Fluorescence in situ hybridization (FISH)
The tissue sections were treated with denaturing solution to denature the DNA into
single strands, and hybridized with the PathVysion probes (No.36-161060, PathVysion
HER-2DNA Probe Kit). After washing the unbound probe with DNA, the sections
were counterstained with the nuclear dye DAPI (4’, 6 diamidino-2-phenylindole).
Positive LSI HER-2/neu and CEP 17 signals were counted under a fluorescence
microscope, and the ratio of the copy number of HER-2/neu gene to that of
chromosome 17 was calculated.

Statistical analysis
Statistical analyses were performed with R*64 version 3.5.2 software and Graphpad
6.01. HER2 status (positive or negative) was designated on the basis of the combined
FISH and IHC results as per the American Society of Clinical Oncology/College of
American Pathologists Clinical Practice Guidelines. VGLL3 expression levels in the
tumor and normal samples were compared by the Student's t-test, and the association
between VGLL3 and clinico-pathological features was assessed by the chi-square test.
The overall survival (OS) curve was plotted by the Kaplan-Meier method and
analyzed by the log-rank test. Univariate and multivariate analyses of the prognostic
factors were performed using the Cox proportional hazard regression model. A
nomogram was formulated based on the results of the multivariate analysis with the
package of rms in R version 3.5.2 (http://www.r-project.org/) [16] . The receiver
operating characteristic (ROC) curve was plotted to determine the sensitivity and
specificity of the VGLL3-based prognostic score[17], and the area under the curve
(AUC) was calculated. All P-values were two-tailed and considered statistically
significant when less than 0.05.

RESULTS
VGLL3 mRNA and protein levels are upregulated in GC samples
GEPIA database profiling showed that although VGLL3 was significantly
overexpressed in GC samples of advanced TNM stages relative to those at the lower
stages (P = 0.0163), there was no significant difference between the GC and normal
tissues (P > 0.05). Integrated analysis of multiple VGLL3 transcriptome datasets from
the ONCOMINE database, however, showed that VGLL3 was significantly
overexpressed in GC (P = 0.003), and notably associated with a poor prognosis
according to the ONCOLINC database analysis (P = 0.01, n = 378) (Figure 1). In
addition, GEPIA online survival analysis further confirmed that VGLL3 was a marker
of poor prognosis in GC (P = 0.0062, n = 384). To validate the in silico data, we
analyzed the expression levels of VGLL3 in the tumor and normal gastric tissues
resected from 30 GC patients, and observed significantly higher levels of VGLL3
mRNA (P < 0.001) and protein (P < 0.001) in the GC tissues compared to normal
tissues (Figure 2). Taken together, VGLL3 is upregulated in GC and possibly
associated with a worse prognosis.

VGLL3 is a potential prognostic factor for GC
The relationships between VGLL3 levels and the clinico-pathological characteristics of
the patients are summarized in Table 1. High levels of VGLL3 were positively
correlated with tumor lymph node metastasis (P = 0.028) and TNM stage (P = 0.041).
In addition, the median survival time of the GC patients was significantly lower in the
high VGLL3 expression group than in the low expression group (35 mo vs 49 mo, P =
0.019; Figure 3C). Univariate analysis showed that the VGLL3 expression level (P =
0.019) was the only significant prognostic factor of GC, whereas age, gender,
differentiation, T stage, lymph node status, TNM stage, and HER2 status did not show
any significant results (P > 0.05). After including the significant factors in the Cox
proportional hazards regression model for multivariate prognostic analysis, we found
that VGLL3 expression (P = 0.019) was an independent risk factor for GC. ROC curves
were plotted to determine the power of the VGLL3 prognostic score in predicting the
3- and 5-year survival, and the AUCs were 0.613 and 0.706, respectively (Figure 3I).
We constructed a PPI network of VGLL3 using the STRING database, and identified
YAP1, TEAD1, WWTR1, and VGLL4 as upstream of VGLL3, and POU1F1, TEAD3,
AKAP11, SYT17, CHMP28, TEAD4, and ERBBE2 (HER2) as downstream proteins
(Table 2).
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Figure 1

Figure 1 Vestigial like family member 3 mRNA expression levels in gastric cancer tissues determined by integrated analysis of different databases. A and
B: Vestigial like family member 3 (VGLL3) expression in gastric cancer and normal gastric tissues (A) and in different TNM stages (B) in the GEPIA database; C:
VGLL3 expression reported in the five published studies in the ONCOMINE database; D and E: Kaplan-Meier survival analysis of patients in the GEPIA (D) and
ONCOLNC (E) databases stratified by VGLL3 expression status.

WJCC

https://www.wjgnet.com

1958

August 6, 2019

Volume 7

Issue 15

Zhang LH et al. VGLL3 is a novel prognostic biomarker for gastric cancer
Figure 2

Figure 2 Vestigial like family member 3 mRNA and protein expression levels in gastric cancer. The expression of vestigial like family member 3 mRNA (A) and
protein (B and C) in 30 pairs of gastric cancer and normal gastric tissues is shown.

DISCUSSION
GC is the third most common cause of cancer-related deaths worldwide, mainly due
to ineffective diagnostic and therapeutic options. It is often detected at the advanced
stage, and is highly heterogeneous. Therefore, novel molecular biomarkers for the
early diagnosis and treatment of GC are urgently needed. VGLL3 is a member of the
vestigial-like family proteins that are related to sex and maturation [18-20] , and is
reportedly associated with epithelial ovarian cancer and soft tissue sarcoma. Through
bioinformatics data mining and integrated analysis, we found that VGLL3 mRNA was
not only upregulated in the GC tissues relative to normal gastric tissues, but also
significantly associated with advanced TNM stage GC and poor survival outcomes.
To validate the in silico data, we analyzed the gastric tissues of GC patients, and found
abnormally high levels of VGLL3 in the tumor relative to normal tissues. In addition,
high in situ expression of VGLL3 was correlated with tumor lymph node metastasis,
TNM stage, and HER2 mutation, but not with age, gender, differentiation, T stage, or
M stage. The patients were stratified into the high and low VGLL3 expression groups,
and the former showed a significantly poor survival. Univariate and multivariate
analyses further indicated that VGLL3 expression and TNM stage were independent
risk factors for the prognosis of GC. Finally, the respective AUCs of the 3- and 5-year
survival of the VGLL3-based prognostic model were 0.613 and 0.706, indicating a
somewhat imperfect predictive ability. This could be due to the insufficient number of
samples and other confounding factors such as the patient's state of mind, economic
status, and family environment. Taken together, we identified VGLL3 as a novel
prognostic biomarker for GC.
To further elucidate the underlying molecular mechanisms, we analyzed the PPI
network of VGLL3 through the STRING database, and found that the Hippo pathway
was significantly enriched. In addition, the identified upstream molecules of VGLL3
are YAP1[6], TEAD1, WWTR1, VGLL4, and the downstream molecules are POU1F1,
TEAD3, AKAP11, SYT17, CHMP28, and TEAD4. Interestingly, the expression level of
VGLL3 was related to ERBBE2 (HER2) mutation, although the relevant mechanistic
connection is unclear.
To conclude, VGLL3 is highly expressed in GC and an independent risk factor, and
further studies are needed to determine its underlying mechanism. Nevertheless,
VGLL3 is a novel biomarker for GC prognosis and a potential therapeutic target for
this malignancy.
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Table 1 Characteristics of gastric cancer patients according to vestigial like family member 3 expression status
Characteristic

Cases

High expression

Low expression

P-value

≤60

97

47

50

0.548

>60

75

32

43

Female

101

43

58

Male

71

36

35

Well

84

40

44

Poor and moderate

88

39

49

T1/2

91

36

55

T3/4

81

43

38

N0/1

95

36

59

N2/3

77

43

34

I-II

119

48

71

III-IV

53

31

22

Negative

89

32

57

Positive

83

47

36

Age (yr)

Gender
0.369

Differentiation
0.779

T stage
0.105

N stage
0.028

TNM stage
0.041

HER2
0.010

Table 2 Univariate and multivariate analyses of factors associated with overall survival
Univariate analysis

Multivariate analysis

Characteristic
Hazard ratio

95%CI

P-value

Age (yr)

0.83

0.55-1.26

0.389

Gender (Male vs Female)

1.31

0.87-1.96

0.194

Differentiation (Well vs Poor and moderate)

0.81

0.54-1.22

0.304

T stage (T3/4 vs T1/2)

1.16

0.77-1.73

0.484

N stage (N2/3 vs N0/1)

0.94

0.63-1.42

0.778

TNM stage (III/IV vs I/II)

1.27

0.82-1.97

0.283

HER2 (Positive vs Negative)

1.19

0.79-1.8

0.392

VGLL3 (High vs Low)

1.66

1.09-2.55

0.019

Hazard ratio

95%CI

P-value

1.66

1.09-2.55

0.019

VGLL3: Vestigial like family member 3.
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Figure 3

Figure 3 Prognostic value and putative molecular mechanism of vestigial like family member 3 in gastric cancer. A-D: HER2 mutation status detected by
FISH (A and C) and IHC (B and D) in gastric cancer (GC) tissues; E and F: In situ vestigial like family member 3 (VGLL3) status in GC tissues; G: Kaplan-Meier
survival analysis on patients stratified by VGLL3 expression status; H: Prognostic nomogram for gastric cancer based on VGLL3 expression status and clinical
features; I: Time-dependent receiver operating characteristic curves for the combination of VGLL3-based prognostic score and clinico-pathological variables; J:
Protein-protein interaction network of VGLL3 based on STRING database.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is the most prevalent gastrointestinal tract malignancy. The prognosis of GC
patients remains relatively poor. It is urgent to explore prognostic markers for GC.

Research motivation
There are insufficient reports about the correlation between VGLL3 and GC.

Research objectives
The aim of the present study was to explore the expression pattern and clinical significance of
VGLL3 in GC.

Research methods
It was found that VGLL3 would be a potential prognostic marker by bioinformatics analysis. To
validate the in silico data, the authors identified the expression of VGLL3 in GC patient samples
by immunohistochemistry and evaluated clinical outcomes.
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Research results
Analysis of the ONCOMINE and GEPIA databases showed that VGLL3 was significantly upregulated in GC tissues, and associated with the tumor TNM stage. In addition, the high VGLL3
expression group had a significantly worse prognosis compared to the low expression group, as
per both GEPIA and ONCOLNC. The bioinformatics results were validated by the significantly
higher VGLL3 mRNA and protein levels in the GC tissues compared to the adjacent normal
tissues in a cohort of 30 GC patients. Furthermore, high in situ expression of VGLL3 protein was
associated with more advanced N and TNM stages and HER2 mutation in a cohort of 172
patients. Kaplan-Meier analysis showed that the high VGLL3 expression group had a worse
prognosis compared to the low VGLL3 expression group. Multivariate analysis showed that
VGLL3 expression status was an independent risk factor for prognosis. In addition, the
prognostic risk model nomogram showed that VGLL3 was the most important indicator, with an
AUC of 0.613 for 3-year survival and 0.706 for 5-year survival. Finally, the protein interaction
network analysis revealed that VGLL3 is likely involved in the Hippo signaling pathway.

Research conclusions
VGLL3 is overexpressed in GC tissues and associated with a poor prognosis, indicating its
potential as a novel prognosis biomarker and therapeutic target for GC.

Research perspectives
The present study suggested that VGLL3 is a novel prognostic biomarker for GC, and the
significance of VGLL3 as a promising therapeutic target for GC is highlighted.
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Abstract
BACKGROUND
The clinical significance of intratumoral human epidermal growth factor receptor
2 (HER2) heterogeneity is unclear for HER2-positive gastric cancer, although it
has been reported to be a significant prognosticator for HER2-positive breast
cancer, which has received trastuzumab-based chemotherapy.
AIM
To clarify the clinical significance of intratumoral HER2 heterogeneity for HER2positive gastric cancer, which has received trastuzumab-based chemotherapy.
METHODS
Patients with HER2-positive unresectable or metastatic gastric cancer who
received trastuzumab-based chemotherapy as a first line treatment were
included. The patients were classified into two groups according to their
intratumoral HER2 heterogeneity status examined by immunohistochemistry
(IHC) on endoscopic biopsy specimens before treatment, and their clinical
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response to chemotherapy and survival were compared.
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Core tip: Although intratumoral human epidermal growth factor receptor 2 (HER2)
heterogeneity has been reported as an important predictor of trastuzumab-based
chemotherapy for HER2-positive breast cancer, the clinical significance of HER2
heterogeneity for gastric cancer had been unclear. We defined intratumoral HER2
heterogeneity as biopsy specimens were taken from two or more different portions of the
tumor that showed different HER2 positivity by immunohistochemistry, and HER2
heterogeneity based on this definition was a pivotal poor predictor of tumor shrinkage
and poor prognosticator. Thus, intratumoral HER2 heterogeneity should be included in
the assessment of HER2 positivity.
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INTRODUCTION
Human epidermal growth factor receptor 2 (HER2) was introduced as a predictive
biomarker for the treatment of gastric cancer along with trastuzumab [1] , and
trastuzumab was subsequently recommended to be administered for HER2-positive
gastric cancer as a molecular target drug[2,3]. Assessment of HER2 expression was
performed by immunohistochemistry (IHC) and in-situ hybridization (ISH), where
positive HER2 expression was defined as 3+ on IHC or 2+ on IHC with ISH positive[4].
The strong HER2 intensity of IHC 3+ was reported as a better prognostic factor for
HER2-positive gastric cancer treated with trastuzumab-based chemotherapy[1].
The frequency of intratumoral HER2 heterogeneity was reported as 45%-79% by
IHC and 23%-54% by ISH for HER2-positive gastric cancers[5-8], which were more
frequent than that with HER2-positive breast cancers[9]. Although intratumoral HER2
heterogeneity was reported to be one of the poor predictors for treatment response
and poor prognosticator for patients with HER2-positive breast cancer who received
trastuzumab-based chemotherapy[10,11], the clinical significance of intratumoral HER2
heterogeneity for HER2 positive gastric cancer treated with trastuzumab has not been
well investigated. Recently, Wakatsuki et al [12] reported that intratumoral HER2
heterogeneity had a negative survival benefit for patients with surgically resected
HER2-positive gastric cancer. However, HER2 assessment before treatment is usually
based on the endoscopic biopsy specimen for metastatic gastric cancer, and the
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clinical significance of intratumoral HER2 heterogeneity for biopsy specimen is still
unknown.
The aim of this study was to clarify the clinical significance of intratumoral HER2
heterogeneity for HER2 positive gastric cancer treated with trastuzumab-based
chemotherapy by evaluation of biopsy specimens.

MATERIALS AND METHODS
Patients and data collection
Patients with histologically confirmed HER2-positive metastatic or unresectable
adenocarcinoma of the stomach or gastroesophageal junction cancer who received
trastuzumab-based chemotherapy as first-line treatment at our hospital between July
2011 and December 2017 were included in this study. The patients were classified into
two groups according to intratumoral HER2 heterogeneity, and their clinicopathological findings, clinical responses, progression-free survival (PFS) and overall
survival (OS) were compared. Furthermore, the predictive factor for clinical response
and prognostic factor were analyzed using multivariable analyses. We extracted
clinicopathological findings such as age, sex, tumor diameter, tumor location,
macroscopic tumor type, tumor markers, Eastern Cooperative Oncology Group
performance score, TNM stage, metastatic site, chemotherapy regimen, histological
type of endoscopic biopsy specimen, HER2 positivity, survival outcomes from our
prospectively collected database and medical records. Biopsied specimens stained by
IHC were reviewed and assessed for their intratumoral HER2 heterogeneity by two
pathologists (A.K. and T.K.).
Patients who received gastrectomy prior to chemotherapy and patients who
received chemotherapy without trastuzumab were excluded. Clinical response was
evaluated according to new response evaluation criteria in solid tumors (RECIST
guideline ver. 1.1) for patients with measurable metastatic lesions[13]. The onset of PFS
was defined as the start of chemotherapy, and tumor progression was evaluated by
imaging techniques and physical examination. Tumor progression dates for patients
who received radical gastrectomy after good clinical response to chemotherapy were
defined as the date of first recurrence after surgery. Tumor staging of gastric and EGJ
type III tumor followed the Union for International Cancer Control TNM classification
of 7th edition for gastric cancer, and tumor staging of EGJ type II tumor followed that
for esophageal cancer[14]. Tumor histology was assessed according to the Japanese
Classification of Gastric Carcinoma [15] , with well and moderately differentiated
adenocarcinoma and papillary adenocarcinoma classified as differentiated type, and
poorly differentiated adenocarcinoma, signet ring cell carcinoma, and mucinous
carcinoma classified as undifferentiated type.

Treatment schedules
Chemotherapy regimens were capecitabine or 5-fluorouracil plus cisplatin with
trastuzumab (XPT/FPT) before September 2015 and S-1 plus oxaliplatin with
trastuzumab (SOXT) after October 2015. XPT or FPT regimens were followed a ToGA
study regimen[1]. SOXT regimen was followed according to the G-SOX study regimen
in combination with trastuzumab; oxaliplatin was administered intravenously 100
mg/m2 on day 1, while S-1 was administered orally 80 mg/m2 for 14 d followed by a
7-d rest. This schedule was repeated every 3 wk. Trastuzumab was given by
intravenous infusion at a dose of 8 mg/kg on day 1 of the first cycle, followed by 6
mg/kg every 3 wk until disease progression[16].

HER2 immunohistochemistry and fluorescence in situ hybridization
All endoscopic biopsy samples were fixed in neutral buffered 10% formalin.
Formalin-fixed paraffin-embedded tumor samples were examined for HER2 using
IHC and fluorescence in situ hybridization (FISH) when the HER2 score was 2+.
HER2 IHC analyses were performed using the PATHWAY anti-HER-2/neu (4B5)
rabbit monoclonal primary antibody (Ventana Medical Systems, Tucson, AZ, United
States). IHC HER2 scoring by biopsy specimen was performed as described in the
ToGA study[1]. In brief, tumor cell clusters of at least five positive cells with complete
basolateral or lateral membranous reactivity was considered HER2-positive for
endoscopic biopsy samples irrespective of percentage of tumor cells stained. Tumor
cells with strong membranous reactivity were scored 3+, and those with moderate
reactivity were scored 2+. HER2 FISH analyses were performed at SRL (Tokyo, Japan)
using the Path Vysion HER2 DNA Probe kit (Vysis, Downers Grove, IL, United
States). When the ratio of HER2 signals to chromosome 17 centromere signals was 2.0
or greater, the gene was considered amplified (i.e., FISH-positive). HER2 positivity
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was defined as IHC score 3+ or IHC score 2+ and FISH positivity, because these
criteria were considered to be indications for using trastuzumab by a subset analysis
of the ToGA trial[1,3].

Assessment of intratumoral HER2 heterogeneity
Assessment of intratumoral HER2 heterogeneity was conducted on patients who
underwent assessment of HER2 positivity from two or more different portions of the
same tumor, and three or more biopsy specimens were obtained from each portion.
Those patients whose HER2 assessment was performed from only one portion were
excluded for further examination. Intratumoral HER2 homogeneity was defined as
every portion being HER2-positive by IHC, and if any portion of the tumor was
HER2-negative, the tumor was defined as intratumoral HER2 heterogeneity (Figure
1).

Statistical analysis
The baseline characteristics of each group were compared using the χ2 test or the
Fisher’s exact test for categorical data, and P < 0.05 was considered statistically
significant. The median OS rate and PFS rate were estimated by the Kaplan-Meier
method. Independent prognostic factors for OS and PFS were evaluated by univariate
and multivariable analysis of Cox proportional hazard model and presented as
hazard ratio and 95% confidence interval (CI). Evaluated factors in multivariable
analysis were those that were significant by univariate analysis. Data were censored
on May 31, 2019. All statistical analyses were performed using SPSS Statistics 20 (SPSS
Inc., Chicago, IL, United States).
This study was approved by the Institutional Review Board of the National Cancer
Center, Japan (IRB file No. 2017-164, approval date: Oct. 11, 2017).

RESULTS
A total of 776 patients with metastatic or unresectable adenocarcinoma of the stomach
or gastroesophageal junction were treated in this study period, and HER2 positivity
was observed in 127 cases (16.3%). Of these, patients who received upfront
gastrectomy before chemotherapy (n = 5) or chemotherapy without trastuzumab (n =
21), and patients who underwent HER2 assessment from only one portion of the
tumor (n = 13) were excluded (Figure 2). Finally, a group of 88 patients were
evaluated for intratumoral HER2 heterogeneity, in which HER2 homogeneity was
observed in 65 (Homo group) and HER2 heterogeneity was observed in 23 (Hetero
group) patients.
Patients’ backgrounds are shown in Table 1. Intratumoral HER2 heterogeneity was
significantly more frequently observed in macroscopically type 3 and type 4 patients
than other types, and in patients with IHC 2+ compared to IHC 3+. Other background
characteristics such as age, sex, performance status, TNM stage, metastatic site and
chemotherapeutic regimens were not significantly different between the groups.
Besides, the number of biopsy sites for HER2 assessment was not significantly
different, i.e., those numbers more than three was 46% for Homo group and 57% for
Hetero group (P = 0.393). Waterfall plot for tumor shrinkage and clinical responses for
the patients with measurable metastatic lesions (n = 58) of both groups are shown in
Figure 3. Overall response rate (complete response and partial response) was 79.5% in
the Homo group, which was considerably better than that in the Hetero group (35.7%,
P = 0.002). Kaplan-Meier curves of OS and PFS in both groups are shown in Figure 4.
At the time of the analysis, the median follow-up was 18.5 mo (range, 4.7-88.0 mo).
The median survival time (MST) in the Hetero group was 12.5 mo, which was
considerably worse than that in the Homo group (25.7 mo, HR; 2.430, 95%CI: 1.3894.273). Median PFS time in the Hetero group was 2.9 mo, which was also significantly
worse than that in the Homo group (7.9 mo, HR: 2.000, 95%CI: 1.203-3.333).
Multivariate analysis revealed IHC HER2 heterogeneity as one of the independent
poor prognostic factors for OS (HR: 3.115, 95%CI: 1.610-6.024) and PFS (HR: 2.123,
95%CI: 1.225-3.676) (Table 2). Undifferentiated histological type (HR: 2.612, 95%CI:
1.388-4.916), number of non-curative factors (HR: 2.252, 95%CI: 1.113-4.553), clinical
nodal status (HR: 2.119, 95%CI: 1.165-3.855), hepatic metastasis (HR: 2.084, 95%CI:
1.076-4.036) and HER2 score (2+) (HR: 2.008, 95%CI: 1.094-3.690) were also extracted
as independent poor prognostic factors for OS. We compared survival results by the
combination of each HER2 score (2+ or 3+) and HER2 heterogeneity (homogeneity or
heterogeneity). MST for the Homo group with HER2 3+ was longest (28.2 mo),
followed by Hetero group with 3+ (14.6 mo) and Homo group with 2+ (12.9 mo).
Hetero group with 2+ had the worst prognosis (MST: 7.2 mo) (Figure 5).
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Figure 1

Figure 1 Assessment of intratumoral HER2 heterogeneity. Assessment of intratumoral HER2 heterogeneity was
conducted from at least two different portions of the same tumor, and more than three biopsy specimens were
obtained from each portion. Homogeneity was defined by all assessed portions showing HER2 positivity, and
heterogeneity was defined as a tumor with any portions that did not show HER2 positivity. HER2: Human epidermal
growth factor receptor 2.

DISCUSSION
In this study, we examined the effect of intratumoral HER2 heterogeneity by IHC for
HER2-positive advanced gastric cancer treated with trastuzumab-based
chemotherapy on their therapeutic responses and survival. Intratumoral HER2
heterogeneity by IHC evaluated by biopsy specimen before treatment was one of the
independent poor predictive factors for tumor shrinkage and a poor prognosticator.
The definition of intratumoral HER2 heterogeneity for HER2-positive gastric cancer
has not been well established. The cut-off value between HER2 homogeneity and
heterogeneity of HER2 positive tumor cells varies from 50% to 100% for surgically
resected specimens[5,6,12,17] and 30% to 100% for endoscopic biopsy specimens[7,8,18]. The
clinical significance of intratumoral HER2 heterogeneity for HER2-positive gastric
cancer treated with trastuzumab has not been well investigated, and there have been
only a few studies conducted to date. Wakatsuki et al[12] defined the cut-off value of
HER2 heterogeneity as 100% and reported that HER2 homogeneity group had
significantly longer PFS (HR: 0.11, 95%CI: 0.03-0.41) and OS (HR: 0.18, 95%CI: 0.060.72). However, their study included only 28 patients who received trastuzumabbased chemotherapy after upfront gastrectomy for resectable gastric cancer, not
metastatic cancer.
In post hoc exploratory analyses of the ToGA trial, the proportion of HER2-positive
tumor cells in more than 30% of biopsy specimens could not be extracted as a
predictive factor for good response to trastuzumab-based chemotherapy[18]. Yagi et al[8]
recently reported that intratumoral HER2 heterogeneity was a poor predictor for
trastuzumab-based chemotherapy and a poor prognosticator with the cut-off value of
100% from the median number of four biopsy specimens. Our current study selected
patients in whom HER2 positivity could be assessed from more than two different
portions of the tumor, and we defined HER2 heterogeneity as any of those tumor
portions being negative for HER2. The number of biopsy specimens examined for
each patient in our current study was more than six (i.e., each of the three fragments
were obtained from two or more different portions). Although Yagi et al[8] adopted the
overall proportion of HER2-positive tumor cells to evaluate intratumoral HER2
heterogeneity, we employed the standard criteria of HER2 positivity generally
performed in clinical diagnosis, i.e., tumor cell cluster of at least five positive cells
with complete basolateral or lateral membranous reactivity. According to our simple
definition of intratumoral HER2 heterogeneity, the treatment outcomes were
definitively different between the HER2 homogeneity group and heterogeneity group.
The stain intensity for IHC was reported as a significant prognostic factor for
HER2-positive gastric cancer in the ToGA trial. The OS was significantly longer in
IHC 3+ patients than IHC 2+ patients (MST: 17.9 and 12.3 mo)[1]. Assessment of HER2
positivity for endoscopic biopsy specimen in the ToGA trial was established without
consideration of intratumor HER2 heterogeneity, which is now commonly adopted
worldwide[4]. Prognostic significance of stain intensity for IHC was also explored in
combination with heterogeneity for IHC in our current study. MST of Homo-IHC 3+
patients was 28.2 mo, which was much better than MST of IHC 3+ patients (17.9 mo)
in the ToGA trial. Hetero-IHC 3+ and Homo-IHC 2+ patients had comparable
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Figure 2

Figure 2 Patient flow chart. HER2 positivity was observed in 127 (16.3%) of 776 patients with metastatic or
unresectable adenocarcinoma. After exclusion of 39 patients for the listed reasons, HER2 homogeneity was observed
in 65 (Homo group) and HER2 heterogeneity was observed in 23 (Hetero group). HER2: Human epidermal growth
factor receptor 2.

survival (14.6 and 12.9 mo), while Hetero-IHC 2+ patients had poorer survival (7.2
mo) compared to IHC 2+ patients (12.3 mo) in the ToGA trial. These results suggest
that intratumoral HER2 heterogeneity should be included in the assessment of HER2
positivity in addition to the stain intensity for IHC, and patients with Homo-IHC 3+
might be the most responsive to further anti-HER2 agents. The survival benefits for
anti-HER2 drugs such as lapatinib or pertuzumab in combination with trastuzumab
and adjuvant therapy of trastuzumab or trastuzumab beyond progression have been
demonstrated for breast cancers[19-22]. However, the efficacy of those anti-HER2 agents
has not been shown for gastric cancers, and intratumoral HER2 heterogeneity may be
one of the reasons for the difference of these results between breast and gastric
cancers[23,24].
Although the intrinsic mechanism underlying the correlation between HER2
heterogeneity and poor efficacy of trastuzumab-based chemotherapy is still unclear,
chemo-resistance can be one of the main reasons for the treatment failure. Fabi et al[25]
reported that the discordances of HER2 positivity between primary and metastatic
lesions may be a possible cause of chemo-resistance of trastuzumab for metastatic
breast cancers. Park et al [26] reported these discordances between primary and
metastatic lesions could also be observed in HER2-positive gastric cancers, and HER2
heterogeneity of primary lesions existed in such cases with discordances of HER2
positivity. Another explanation for the poor efficacy of trastuzumab might be
genomic alterations. Pietrantonio et al [27] reported that chemo-resistance against
trastuzumab was more frequently observed in patients with genomic alternations
including EGFR/MET/KRAS/PI3K/PTEN mutations than those without. They stated
such genomic mutations were correlated with IHC 2+, i.e., the existence of HER2
heterogeneity.
Our study has several limitations. First, concordance of intratumoral HER2
heteroge-neity between endoscopic biopsy specimen and whole tumor tissues was not
investigated in the current study. The concordance of HER2 positivity between biopsy
specimens and surgically resected specimens was reported to be 80%-91% for IHC 3+
and 25%-57% for IHC 2+ patients[28-30], thus the interpretation of HER2 heterogeneity
for IHC 2+ patients must be made with care. In breast cancer, similar results have
been reported comparing core needle biopsy specimens and surgically resected
specimens[31], and repeat testing or reflex testing using an alternative assay (IHC or
ISH) are recommended for IHC equivocal cases[32]. Secondly, there was no common
standard of adequate numbers and portions for the assessment of intratumoral HER2
heterogeneity. In this study, the assessment of intratumoral HER2 heterogeneity was
performed from at least two portions of the tumor. Ohno et al[33] reported that HER2
positivity was different in different tumor regions, i.e., the frequency of HER2
positivity in the biopsy specimen from the superficial spreading portion, ulcer
mound, and mass portion was as high as 90% to 100%, while these from ulcer bed was
only 45% due to the presence of concomitant necrotic tissues and associated
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Table 1 Patients’ demographic information
Homo, n = 65

Hetero, n = 23

P-value

Age in yr

69 (42-81)

67.0 (45-82)

< 70

34 (52%)

15 (65%)

≥ 70

31 (48%)

8 (35%)

Male

43 (66%)

18 (78%)

Female

22 (34%)

5 (22%)

0

61 (94%)

20 (87%)

0.152

1

2 (3%)

3 (13%)

(0 vs ≥ 1)

2

2 (3%)

0

1

7 (11%)

1 (5%)

0.008

2

28 (43%)

4 (17%)

(type 1/2 vs 3/4)

3

23 (35%)

16 (69%)

4

7 (11%)

2 (9%)

Upper

27 (42%)

11 (48%)

Middle / lower

38 (58%)

12 (52%)

Well differentiated

48 (74%)

14 (61%)

Poorly differentiated

15 (23%)

9 (39%)

Other/unknown

2 (3%)

0

cT2

2 (3%)

0

0.267

cT3

17 (26%)

4 (17%)

(cT2/3 vs cT4)

cT4

46 (71%)

19 (83%)

cN0

5 (8%)

2 (9%)

0.748

cN1

5 (8%)

1 (4%)

(≤cN2 vs cN3)

cN2

32 (49%)

11 (48%)

cN3

23 (35%)

9 (39%)

0

1 (1%)

1 (4%)

0.404

1

32 (49%)

13 (57%)

(≤1 vs >1)

2

29 (45%)

9 (39%)

>2

3 (5%)

0

Lymph node

34 (52%)

10 (43%)

Peritoneal

22 (34%)

6 (26%)

Hepatic

27 (42%)

12 (52%)

Other

9 (14%)

1 (5%)

2

35 (54%)

10 (43%)

3

27 (42%)

13 (57%)

>3

3 (4%)

0

3+

53 (82%)

10 (43%)

2+

12 (18%)

13 (57%)

SOXT

33 (50%)

12 (52%)

XPT

25 (37%)

7 (30%)

SPT

3 (5%)

2 (9%)

0.284

Sex
0.279

ECOG performance status

Macroscopic type

Tumor location
0.601

Histology
0.31

T status

N status

Number of non-curative factor

Non-curative factor

Number of HER2 assessment
0.393

HER2 score
0.001

Upfront chemotherapy
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FPT

1 (2%)

FLT

1 (2%)

PTXT

1 (2%)

DCST

1 (2%)

2 (9%)

ECOG: Eastern Cooperative Oncology Group; SOXT: S-1 oxaliplatin capecitabine trastuzumab; XPT:
capecitabine cisplatin trastuzumab; SPT: S-1 cisplatin trastuzumab; FPT: 5-Fluorouracil cisplatin trastuzumab;
FLT: 5-Fluorouracil leucovorin trastuzumab; PTXT: Paclitaxel trastuzumab; DCST: Docetaxel cisplatin S-1
trastuzumab.

inflammation[34]. These results suggest that the assessment of HER2 heterogeneity
should be based on biopsy specimens taken from the appropriate portion of the
tumor. Thirdly, this study did not include the intratumoral heterogeneity of HER2
gene amplification. Intratumoral heterogeneity of HER2 gene amplification has been
reported to be a significant prognostic factors for metastatic or resectable advanced
breast cancers [9,11] . The significance of intratumoral heterogeneity of HER2 gene
amplification should also be clarified in further investigations.
In conclusion, intratumoral HER2 heterogeneity by IHC was a significant predictor
of clinical response and a poor prognosticator for trastuzumab-based chemotherapy.
Thus, intratumoral HER2 heterogeneity would be useful to further stratify patients
with HER2-positive gastric cancer, and thus should be taken into account in future
clinical trials.
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Table 2 Prognostic factors for overall survival and progression-free survival
Overall survival

Progression-free survival

Univariate analysis

Multivariable analysis

Univariate analysis

Multivariable
analysis

HR (95%CI)

HR (95%CI)

HR (95%CI)

P-value

HR (95%CI)

Covariates
P-value

P-value

Pvalu
e

Age, ≥ 80 vs < 80

1.31 (0.473-3.625) 0.604

1.138 (0.4922.633)

0.762

Sex, female vs male

1.057 (0.6211.798)

0.838

1.005 (0.6151.642)

0.985

Macroscopic type, type 3,4 vs
1,2

1.72 (1.027-2.881) 0.039

1.641 (1.0372.598)

0.034

Clinical tumor depth, cT4 vs ≤
cT3

1.838(0.9923.405)

0.053

1.408 (0.8262.401)

0.209

Clinical nodal status, cN3 vs ≤
cN2

2.026 (1.1843.466)

0.01

2.119 (1.1653.855)

0.014

1.691 (1.0562.708)

0.029

1.622 (0.9512.764)

0.076

Histology, undiff. vs diff.

1.884 (1.0903.255)

0.023

2.612 (1.3884.916)

0.003

1.643 (1.0312.618)

0.037

1.902 (1.1173.237)

0.018

HER2 score, 2+ vs 3+

2.331 (1.3534.016)

0.002

2.008 (1.0943.690)

0.024

1.828 (1.1103.012)

0.018

1.612 (0.9402.770)

0.083

HER2 heterogeneity, hetero vs
homo

2.439 (1.3894.274)

0.002

3.115 (1.6106.024)

0.001

2 (1.203-3.333)

0.008

2.123 (1.2253.676)

0.007

No. of non-curative factors, ≥ 2
vs 1

1.904 (1.1383.186)

0.014

2.252 (1.1134.553)

0.024

1.875 (1.1852.965)

0.007

1.871 (1.0233.424)

0.042

M1, lymph node

0.687 (0.4101.150)

0.154

0.568 (0.3580.902)

0.017

M1, peritoneal

1.207 (0.6992.086)

0.5

1.327 (0.8282.127)

0.24

M1, hepatic

1.902 (1.1413.173)

0.014

1.974 (1.2443.132)

0.004

2.053 (1.1513.664)

0.015

2.084 (1.0764.036)

0.029

HER2: Human epidermal growth factor receptor 2; HR: Hazard ratio.

Figure 3

Figure 3 Clinical response for patients with or without intratumoral human epidermal growth factor receptor 2 heterogeneity. Tumor shrinkage (left) and
clinical response (right) was evaluated by RECIST ver. 1.1 for 58 patients who have measurable metastatic lesions. ORR was 79.5% in the Homo group, which was
significantly higher than that in the Hetero group (35.7%, P = 0.002). CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease;
ORR: Overall response rate (CR plus PR).
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Figure 4

Figure 4 OS and PFS with or without intratumoral human epidermal growth factor receptor 2 heterogeneity. Kaplan-Meier curves of OS (left) and PFS (right)
in both groups was shown with the median follow-up of 18.5 mo (range, 4.7-88.0 mo). MST and median PST in the Hetero group were significantly worse than those in
the Homo group. MST: Median survival time; HR: Hazard ratio; CI: Confidence interval; OS: Overall survival; PFS: Progression-free survival.
Figure 5

Figure 5 Overall survival by HER2 score and intratumoral HER2 heterogeneity. MST for the Homo group with HER2 3+ was longest (28.2 mo), followed by
Hetero group with 3+ (14.6 mo), Homo group with 2+ (12.9 mo) and Hetero group with 2+ (7.2 mo). MST: Median survival time; HR: Hazard ratio; CI: Confidence
interval; HER2: Human epidermal growth factor receptor 2.
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ARTICLE HIGHLIGHTS
Research background
Human epidermal growth factor receptor 2 (HER2) was introduced as a predictive biomarker for
the treatment of gastric cancer along with trastuzumab, and the strong HER2 intensity of
immunohistochemistry (IHC) 3+ was reported as a better prognostic factor for HER2-positive
gastric cancer treated with trastuzumab-based chemotherapy. Intratumoral HER2 heterogeneity
for HER2-positive gastric cancers was reported to be more frequent than in HER2-positive breast
cancers. Although intratumoral HER2 heterogeneity was reported to be one of the poor
predictors for the treatment response and poor prognosticator for patients with HER2-positive
breast cancer who received trastuzumab-based chemotherapy, the clinical significance of
intratumoral HER2 heterogeneity for HER2-positive gastric cancer treated with trastuzumab has
not been well investigated. Furthermore, even the definitions of HER2 heterogeneity for HER2positive gastric cancer have not been established. In this study, we established the definition of
intratumoral HER2 heterogeneity and clarified the clinical significance of HER2 heterogeneity
for HER2-positive gastric cancer.

Research motivation
HER2 heterogeneity may be a pivotal predictor for the efficacy of trastuzumab-based
chemotherapy. Authors have previously reported that intratumoral HER2 heterogeneity had a
negative survival benefit for patients with surgically resected HER2-positive gastric cancer.
However, HER2 assessment before treatment is usually based on endoscopic biopsy specimen
for metastatic gastric cancer, and the clinical significance of intratumoral HER2 heterogeneity for
biopsy specimen is still unknown. If these clinical significances are clarified, HER2 heterogeneity
might be introduced to the assessment of HER2 positivity for gastric cancer in the future.

Research objectives
The aim of this study was to clarify the clinical significance of intratumoral HER2 heterogeneity
for HER2-positive gastric cancer treated with trastuzumab-based chemotherapy by evaluation of
biopsy specimens.

Research methods
Patients with HER2-positive metastatic or unresectable adenocarcinoma of the stomach or
gastroesophageal junction who received trastuzumab-based chemotherapy as first-line treatment
at our hospital were included. The patients were classified into two groups (Homo- and Heterogroup) according to intratumoral HER2 heterogeneity, and their clinicopathological findings,
clinical responses, progression-free survival (PFS) and overall survival (OS) were compared.
Furthermore, the predictive factor for clinical response and prognostic factor were analyzed
using multivariable analyses. Assessment of intratumoral HER2 heterogeneity was conducted on
patients who underwent assessment of HER2 positivity from two or more different portions of
the same tumor, and three or more biopsy specimens were obtained from each portion. Those
patients whose HER2 assessment was performed from only one portion were excluded. We
defined intratumoral HER2 homogeneity as every portion of the tumor being HER2-positive by
IHC, and any portion of the tumor staining negative for HER2 was defined as intratumoral
HER2 heterogeneity.

Research results
A total of 776 patients with metastatic or unresectable adenocarcinoma of the stomach or
gastroesophageal junction were treated in the study period, and HER2 positivity was observed
in 127 patients (16.3%). Intratumoral HER2 heterogeneity was significantly more frequently
observed in macroscopically type 3 and type 4 patients than other types, and patients with IHC
2+ than IHC 3+. Tumor shrinkage and clinical responses for the patients with measurable
metastatic lesions were evaluated, and overall response rate (complete response and partial
response) was considerably better in the Homo group than in the Hetero group. Median survival
time in the Hetero group was 12.5 mo, which was considerably worse than that in the Homo
group (25.7 mo, HR; 2.430, 95%CI: 1.389-4.273). Median PFS time in the Hetero group was 2.9
mo, which was also significantly worse than that in the Homo group (7.9 mo, HR: 2.000, 95%CI:
1.203-3.333). Multivariate analysis revealed IHC HER2 heterogeneity as one of the independent
poor prognostic factors for OS (HR: 3.115, 95%CI: 1.610-6.024) and PFS (HR: 2.123, 95%CI: 1.2253.676).

Research conclusions
In this study, we examined the effect of intratumoral HER2 heterogeneity by IHC for HER2positive advanced gastric cancer treated with trastuzumab-based chemotherapy on their
therapeutic responses and survival. Intratumoral HER2 heterogeneity by IHC evaluated by
biopsy specimen before treatment was one of the independent poor predictive factors for tumor
shrinkage and a poor prognosticator. Our current study selected patients in whom HER2
positivity could be assessed from more than two different portions of the tumor, and we newly
defined HER2 heterogeneity as any of those portions of the tumor that did not show HER2
positivity. We employed the standard criteria of HER2 positivity generally performed in clinical
diagnosis, i.e., tumor cell cluster of at least five positive cells with complete basolateral or lateral
membranous reactivity. According to our simple definition of intratumoral HER2 heterogeneity,
the treatment outcomes were definitively different between the HER2 homogeneity group and
heterogeneity group. Assessment of HER2 positivity for endoscopic biopsy specimen in the
ToGA trial was established without consideration of intratumor HER2 heterogeneity. Our
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current study suggests that the combination of heterogeneity and IHC might be beneficial to
predict the efficacy of trastuzumab-based chemotherapy.

Research perspectives
HER2 heterogeneity is a pivotal predictor for the efficacy of HER2-positive gastric cancers.
However, there are still some problems that need to be solved in the future. First, concordance of
intratumoral HER2 heterogeneity between endoscopic biopsy specimen and whole tumor tissues
has not been investigated in the current study. Secondly, there was no common standard of
adequate numbers and portions for the assessment of intratumoral HER2 heterogeneity. Thirdly,
this study did not include the intratumoral heterogeneity of HER2 gene amplification.
Intratumoral heterogeneity of HER2 gene amplification has been reported to be one of the
significant prognostic factors for metastatic or resectable advanced breast cancers. The
significance of intratumoral heterogeneity of HER2 gene amplification should also be clarified by
further investigations. The survival benefits for anti-HER2 drugs such as lapatinib or
pertuzumab in combination with trastuzumab and adjuvant therapy of trastuzumab or
trastuzumab beyond progression were demonstrated for breast cancers. However, the efficacy of
those anti-HER2 agents had not been proven for gastric cancers, and intratumoral HER2
heterogeneity may be considered as one of the reasons for the difference of these results between
breast and gastric cancers. If more detailed clinical significance of intratumoral HER2
heterogeneity is solved in the future, anti-HER2 drugs other than trastuzumab can be adopted,
and treatment outcomes of HER2-positive gastric cancers would be improved.
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Abstract
BACKGROUND
Glaucoma is a group of diseases characterized by a specific pattern of optic nerve
neuropathy and retinopathy. Increasing evidence demonstrates glaucoma
associated corneal endothelium loss. Direct-compression mechanism due to
elevated intraocular pressure (IOP), cell toxicity after long term exposure to
preservatives and glaucoma surgery have been reported to be the possible
mechanism. Herein, we compare the specular endothelial microscopy in primary
open-angle glaucoma (POAG) patients and healthy controls of the same age
group to observe the corneal endothelium changes and the correlations to the
mean IOP in a Chinese case control study.
AIM
To investigate corneal endothelial cell density in Chinese patients with POAG.
METHODS
A case control study was performed on 60 eyes of 60 patients with POAG.
Exclusion criteria included history of corneal diseases, intraocular diseases,
contact lens use, ocular trauma or surgery (including intraocular surgery and
laser treatment), congenital abnormalities or systemic diseases such as diabetes.
Intraocular pressure was measured using Goldmann tonometry. Indirect specular
microscopy (TOPCON SP-2000P) was performed on central corneas and
endothelial images were acquired. Endothelial cell density, area and cell counts
were analyzed.
RESULTS
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Endothelial cell density was 2959 ± 236 cells/mm2 in healthy controls and 2757 ±
262 cells/mm2 in patients with POAG. The POAG eyes had significantly lower
endothelial cell density compared to healthy control eyes (P < 0.001). In the
POAG group, endothelial cell density was 2686 ± 233 cells/mm2 in the patients
receiving medication and 2856 ± 272 cells/mm2 in the untreated subgroup. The
eyes receiving medication had significantly lower endothelial cell density
compared to untreated eyes. There was a negative correlation between cell
density and mean IOP (r = −0.286, P = 0.004), positive correlation between the
average cell area and mean IOP (r = 0.228, P = 0.022), maximum cell area and
mean IOP (r = 0.218, P = 0.029) and minimum cell area and mean IOP (r = 0.290, P
= 0.003). The percentage of hexagonal cells was not correlated with mean IOP.
CONCLUSION
Patients with POAG have lower corneal endothelial cell density than healthy
controls of the same age. This may be attributed to mechanical damage from
elevated IOP and toxicity of glaucoma medications.
Key words: Corneal endothelium; Primary open angle glaucoma; Intraocular pressure
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Loss of corneal endothelial cells have been reported in primary open-angle
glaucoma (POAG) patients. Elevated intraocular pressure, cell toxicity after long-term
exposure to preservatives and glaucoma surgery have been reported to be possible
mechanisms for endothelial damage. In this study, we aimed to document the corneal
endothelial changes and their correlations with mean intraocular pressure between
POAG patients and normal controls. We found that the corneal endothelial cell density in
POAG patients is decreased and the average endothelial cell area is increased compared
with those in healthy controls. High intraocular pressure and anti-glaucoma medication
in POAG may be the main causes of corneal endothelial cell damage.

Citation: Yu ZY, Wu L, Qu B. Changes in corneal endothelial cell density in patients with
primary open-angle glaucoma. World J Clin Cases 2019; 7(15): 1978-1985
URL: https://www.wjgnet.com/2307-8960/full/v7/i15/1978.htm
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INTRODUCTION
The corneal endothelial monolayer maintains corneal clarity by actively regulating
stromal hydration through its barrier and pump functions. Corneal endothelial cells
(CECs) have limited proliferative capacity in vivo[1,2], thus damage to the corneal
endothelium is irreversible. Loss of CECs occurs as a consequence of intraocular
surgery, trauma or diseases such as diabetes and glaucoma[3-8]. At the early stage of
endothelial damage, neighboring cells spread and/or migrate to compensate for the
cell loss, which results in an increase in cell size and/or alteration of cell shape.
Progression of cell loss further compromises corneal transparency and causes corneal
edema, bullous keratopathy and impaired visual acuity.
Glaucoma is a group of diseases characterized by a specific pattern of optic nerve
neuropathy and retinopathy[6,7,9]. There is increasing evidence of glaucoma-associated
corneal endothelial changes. Loss of CECs has been reported in various types of
glaucoma such as primary angle-closure glaucoma, primary open-angle glaucoma
(POAG) and some types of secondary glaucoma[7,9-15]. Endothelial cell loss is attributed
to both glaucoma itself and treatment that lowers intraocular pressure (IOP). A directcompression mechanism due to elevated IOP has been proposed in CEC loss in acute
angle-closure glaucoma[11,16]. In addition, cell toxicity after long-term exposure to
preservatives in ocular hypotensive drugs is considered another possible mechanism
for endothelial damage[13,17]. Moreover, endothelial cell loss caused by glaucoma
surgery has been reported in patients after application of antiproliferative
medications in filtration surgery and aqueous shunt implantation[18-21].
In this study, we aimed to document the corneal endothelial changes and their
correlations with mean IOP by comparing specular endothelial microscopy in patients

WJCC

https://www.wjgnet.com

1979

August 6, 2019

Volume 7

Issue 15

Yu ZY et al. Corneal endothelial cell density changes in POAG patients

of similar age with and without glaucoma.

MATERIALS AND METHODS
Study subjects
Case control study. We recruited 60 POAG patients (32 male, 28 female; mean age 63
± 13 years, age range 50-80 years) who visited the Glaucoma Division at the Fourth
Affiliated Hospital, China Medical University between February and March 2019 and
60 age-matched healthy controls (28 male, 32 female; mean age 61 ± 12 years, age
range 50–80 years). We retrospectively analyzed with regard to their pre-treatment
characteristics. There was no significant difference of age between the two groups.
Only one eye from each patient or healthy control was analyzed. All study procedures
adhered to the Declaration of Helsinki for research involving human participants. The
exclusion criteria included: previous ocular (including laser peripheral iridotomy),
orbital or palpebral surgery; previous ocular trauma; previous or present contact lens
use; other ocular diseases (such as corneal endothelial dystrophy, intraocular
inflammation and infection) that could affect the corneal endothelium; and systemic
diseases (such as diabetes and congenital abnormalities) that could affect the corneal
endothelium.

Specular microscopy
Indirect specular microscopy (SP-2000P; TOPCON, Tokyo, Japan) was performed on
each subject. Images were captured from the central cornea and analyzed using
IMAGEnet 2000 software (TOPCON). Endothelial cell density (ECD), percentage of
hexagonal cells, average cell area, maximum cell area, minimum cell area, standard
deviation of cell area (SD) and coefficient of variation in cell area were determined.
All examinations were performed by the same examiner.

IOP evaluation
The IOP of all subjects was measured using Goldmann tonometry every 2 h from
08:00 to 18:00 h. The average of all measurements was determined and used for
analysis.

Statistical analysis
Statistical analysis was performed using SPSS version 19.0 (SPSS, Chicago, IL, United
States). The unpaired Student’s t test was used to compare the means between normal
subjects and patients with POAG. The Chi-square test was applied to the comparison
between untreated patients and patients receiving ophthalmic medication. Correlation
between IOP and each characteristic of CECs was assessed by Pearson’s correlation
coefficient. Data are presented as mean ± SD and the significance level was set at 0.05.

RESULTS
Endothelial cell characteristics of healthy eyes and POAG eyes
ECD was significantly lower in patients with POAG (2757 ± 262 cells/mm2) compared
to the control group (2959 ± 236 cells/mm2). The average cell area was significantly
increased in glaucoma patients (364.37 ± 34.05 μm2) compared with the control group
(322.23 ± 54.69 μm2). Consistently, glaucoma patients exhibited increased maximum,
minimum and SD of cell area. There were no significant differences in the coefficient
of variation of cell area and percentage of hexagonal cells between the two groups
(Table 1, Figure 1).
The 60 POAG patients were further divided into two subgroups, untreated patients
(n = 25) and patients receiving ophthalmic medications (n = 35) at the time of the
study. No significant difference in age and gender was found between the subgroups.
The patients receiving medication had significantly lower ECD (2686 ± 233 cells/mm2)
compared to the untreated subgroup (2856 ± 272 cells/mm2). Both subgroups had
lower cell densities compared to the controls; however, only the difference between
patients receiving medication and healthy controls was significant. The maximum,
minimum and SD of cell area and percentage of hexagonal cells did not differ
between the subgroups (Table 2).

Correlations between endothelial cell characteristics and IOP
The mean IOP in POAG patients (24 ± 5 mmHg) was significantly higher than that in
healthy controls (15 ± 2 mmHg). There was a negative correlation between ECD and
mean IOP (r = −0.286, P = 0.004). Positive correlations were found between the
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Table 1 Endothelial cell characteristics of study groups
POAG, n = 60

Control, n = 60

P value

CD, cells/mm²

2757 ± 262

2959 ± 236

< 0.001

SD, μm²

153.87 ± 29.13

140.65 ± 19.53

0.008

CV, %

43.48 ± 7.71

43.06 ± 5.65

0.749

6A, %

49.45 ± 8.23

49.08 ± 9.11

0.831

AVE, μm²

364.37 ± 34.05

322.23 ± 54.69

< 0.001

MAX, μm²

963.52 ± 214.04

827.57 ± 198.18

0.002

MIN, μm²

78.10 ± 16.59

69.37 ± 17.33

0.013

POAG: primary open-angle glaucoma; CD: Cell density; SD: Standard deviation; CV: Coefficient of variation;
6A: Percentage of hexagonal cells; AVE: Average cell area; MAX: Maximum cell area; MIN: Minimum cell
area.

average cell area and mean IOP (r = 0.228, P = 0.022), maximum cell area and mean
IOP (r = 0.218, P = 0.029) and minimum cell area and mean IOP (r = 0.290, P = 0.003).
The percentage of hexagonal cells was not correlated with mean IOP (Figure 2).

DISCUSSION
In Asian populations, primary angle-closure glaucoma is the major type of glaucoma [22,23] . However, a higher prevalence of POAG than primary angle-closure
glaucoma has been reported in recent studies in Chinese populations[24,25]. Our data
demonstrate that, in a Chinese case control study, patients with POAG had a
reduction in corneal ECD and an increase in average endothelial cell area compared to
age-matched healthy controls. To our knowledge, this is the first report on CEC loss in
Chinese patients with POAG. Our data show a 5.47% reduction in ECD in POAG
patients compared to healthy controls. Possible explanations include direct
mechanical damage, elevated IOP, cytotoxic effects of ocular hypotensive eye drops,
impaired endothelial metabolism due to disruptive aqueous humor circulation and
congenital endothelial abnormalities.
Correlation between ECD loss and elevated IOP has been investigated[10]. High IOP
directly damages the physical barrier function of CECs and affects the function of the
endothelial pump leading to changes in aqueous humor dynamics, which cause
corneal stromal edema[13]. Gagnon et al[13] hypothesized that the mechanism of IOP
damage to CECs is as pressure dependent as damage to the optic nerve. Gagnon et
al [13] showed that corneal ECD is inversely proportional to mean IOP. Some
researchers hypothesized that CEC changes are not associated with high IOP[26-27]. Our
data showed that the glaucoma and normal control groups had significant differences
in corneal ECD, consistent with Gagnon et al’s[13] research.
Our results indicated the negative correlation between mean IOP and corneal ECD
and the positive correlation between mean IOP and CEC area (Figure 2. High IOP
may be an important factor in corneal endothelial injury. In a high IOP animal model,
CEC density decreased by an average 5.8% compared with the normal control eyes[13].
CEC ultrastructure was observed by transmission electron microscopy, and
mitochondrial swelling and vacuolar degeneration were observed after 3 d of high
IOP, indicating that IOP damaged the physical barrier of endothelial cells. CEC
dysfunction allows large amounts of water to enter the cells without any damage and
cause endothelial cell edema. However, there was no significant change in
intracellular nuclei compared to normal cells. However, if high IOP lasted for 2 wk,
the mitochondrial vacuolization and dilated endoplasmic reticulum of CECs indicated
aggravation of cell edema. Mild or moderate cell damage can return to normal after
the cause of the damage is eliminated, or irreversible damage by cell necrosis may
occur. Electron microscopic observation of CECs in a model with high IOP for 4 wk
showed irreversible loss of heterochromatin edge, multiple nuclear membrane
rupture, and nuclear efflux, showing signs of cell necrosis.
The above observations show that the longer the duration of high IOP, the more
severe the ultrastructural destruction of CECs, which have some tolerance to high
IOP. Within a certain range, if high IOP is controlled and the damage factor is
removed, CECs can recover their structure and function and transparency. The longer
high IOP persists, the less the healing capacity of CECs. When the damage exceeds its
limit, irreversible damage occurs leading to moderate corneal edema and visual
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Figure 1

Figure 1 Indirect specular microscopy images of corneal endothelium in normal eyes and eyes with primary
open-angle glaucoma. A: Corneal endothelial cells showed regular hexagonal monolayer with clear cell borders in
normal eyes; B: Endothelial cells showed irregular and indistinct cell borders with guttae like dark cells in patients with
glaucoma.

dysfunction.
It has been shown that damage to CECs can be caused by toxicity of anti-glaucoma
medicine [28,29] . The preservative commonly used in anti-glaucoma medication,
benzalkonium chloride, plays an important role in ocular surface damage. Its toxic
and adverse effects are dose and time dependent and increase in combination and
may damage corneal epithelial cells, CECs and central thickness of the cornea[30]. In
this study, the corneal ECD of the glaucoma sub groups was compared, and
covariance analysis was used to exclude the interference factor of average IOP on
CECs. The ECD in the glaucoma treated group was significantly reduced compared
with that of the untreated groups, which may have been caused by the benzalkonium
chloride preservative in the anti-glaucoma medication. However, the difference in
CEC area between the treated and untreated groups was not significant, and further
large-scale studies are needed.
Aqueous circulation block may affect metabolism of the corneal endothelium and
cause hypoxia in the aqueous humor[31]. That study reported that 30 patients with
acute angle-closure glaucoma had significant changes in CEC density compared to
normal subjects. The longer the duration of high IOP, the more severe the damage to
the corneal endothelium was. The decrease in ECD and the increase in CEC area were
related to the length of acute attack and high IOP. Meanwhile, patients with a history
of acute attacks showed significantly increased cell area and various changes in shape.
Even if the morphologically abnormal CECs show normal density, complications such
as loss of corneal endothelial function are more likely to occur after surgery. CEC
function requires a certain cell density, but more importantly, it depends on cell
morphology, which is a more sensitive indicator of functional changes in the CEC
membrane.
The normal corneal endothelium is composed of uniform regular hexagonal cells.
Once this structure is destroyed, the corneal endothelium is in an unstable state, and
the cells are easily damaged, which causes further deformation and loss[32]. High IOP
and aqueous humor blockade can affect the metabolism of the corneal endothelium
and cause pathological changes. Glaucoma patients may have congenital abnormal
development of corneal endothelial cell layer and trabecular meshwork. In the
diagnosis and treatment of glaucoma, the function of CECs directly affects visual
acuity and tolerance of intraocular surgery as well as the treatment options. In
patients with a history of elevated IOP, the risk of decompensation is greater, corneal
edema is more likely and irreversible corneal opacity can be a perioperative or
postoperative complication during or after intraocular surgery[33].
The corneal ECD in POAG patients is decreased and the average endothelial cell
area is increased compared with those in healthy controls. High IOP and antiglaucoma medication in POAG may be the main causes of CEC damage. Therefore,
for glaucoma patients, quantitative analysis of CEC morphology is necessary, and
high IOP should be controlled as soon as possible to prevent corneal endothelial
damage.
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Table 2 Endothelial cell characteristics of glaucoma subgroups
With medication, n = 35

Untreated, n = 25

P value

CD, cells/mm²

2686 ± 233

2856 ± 272

0.043

6A, %

49.80 ± 8.32

48.96 ± 8.25

0.929

AVE, μm²

364.31 ± 34.41

364.44 ± 34.24

0.998

MAX, μm²

963.70 ± 187.97

963.26 ± 250.14

0.922

MIN, μm²

80.47 ± 16.28

74.78 ± 16.77

0.089

CD: Cell density; 6A: Percentage of hexagonal cells; AVE: Average cell area; MAX: Maximum cell area; MIN: Minimum cell area.

Figure 2

Figure 2 Correlations between endothelial cell characteristics and intraocular pressure. Scatterplots showing the relationship between corneal endothelial cell
characteristics and intraocular pressure (IOP). A: There was a negative correlation between cell density and mean IOP (r = -0.286, P = 0.004); B: Positive correlations
were found between the average of cell area and mean IOP (r = 0.228, P = 0.022); C: Maximum cell area and mean IOP (r = 0.218, P = 0.029); D: Minimum cell area
and mean IOP (r = 0.290, P = 0.003); E: The percentage of hexagonal cells was not correlated with mean IOP. CD: Endothelial cell density; AVG: Average of cell
area; MAX: Maximum cell area; MIN: Minimum cell area; GA: Percentage of hexagonal cells.

ARTICLE HIGHLIGHTS
Research background
The corneal endothelial monolayer maintains corneal clarity, and its damage is irreversible.
Cornea endothelial cell loss is attributed to open-angle glaucoma, medicine and surgery
treatments.

Research motivation
The main topic is the changes in corneal endothelial cell density in primary open-angle glaucoma
(POAG) patients.

Research objectives
To investigate the corneal endothelium changes and the correlations to the mean intraocular
pressure (IOP) in POAG patients.

Research methods
Sixty POAG patients were selected as the patient group (32 male, 28 females; mean age 63 ± 13
years, age range 50-80 years). Meanwhile, 60 age-matched healthy controls who underwent
physical examination were selected. IOP was measured by Goldmann tonometry. Corneal
endothelial cell density, percentage of hexagonal cells, average cell area, maximum cell area,
minimum cell area, standard deviation of cell area and coefficient of variation in cell area were
measured by specular microscopy.

Research results
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Endothelial cell density was 2959 ± 236 cells/mm2 in healthy controls and 2757 ± 262 cells/mm2
in patients with POAG. The POAG eyes had significantly lower endothelial cell density
compared to healthy control eyes (P < 0.001). In the POAG group, endothelial cell density was
2686 ± 233 cells/mm2 in the patients receiving medication and 2856 ± 272 cells/mm2 in the
untreated subgroup. The eyes receiving medication had significantly lower endothelial cell
density compared to untreated eyes. There was a negative correlation between cell density and
mean IOP (r = −0.286, P = 0.004) and positive correlation between the average cell area and mean
IOP (r = 0.228, P = 0.022), maximum cell area and mean IOP (r = 0.218, P = 0.029) and minimum
cell area and mean IOP (r = 0.290, P = 0.003). The percentage of hexagonal cells was not
correlated with mean IOP.

Research conclusions
For glaucoma patients, quantitative analysis of CEC morphology is necessary, and high IOP
should be controlled as soon as possible to prevent corneal endothelial damage.

Research perspectives
Patients with POAG have lower corneal endothelial cell density than healthy controls of the
same age. This may be attributed to mechanical damage from elevated IOP and toxicity of
glaucoma medications.
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Abstract
BACKGROUND
Myocardial bridge (MB) will compress the mural coronary artery (MCA) during
the systole and cause myocardial ischemia. In the diagnosis of coronary heart
disease (CHD), because the structure of MB is difficult to be observed by
coronary angiography (CAG), the clinical study of the influence of MB on CHD is
lacking. With the advancement of computed tomography coronary angiography
technology, detailed observations of the MB anatomy have realized.
AIM
To explore the main influencing factors of MB-related CHD and to find potential
indicators for predicting MB-related CHD.
METHODS
A total of 1718 patients with suspected CHD due to the symptoms of myocardial
ischemia were enrolled as subjects. Patients diagnosed with CHD were included
in a CHD group, and patients with no significant abnormalities were included in
a control group. In the CHD group, patients were divided into an MB-CHD
subgroup if MB-related CHD was found. In the control group, patients were
divided into a simple MB subgroup if MB was found. The patient's clinical data
and MB-related indicators, including the branch of MB, MB type
(superficial/deep type), MB length, MB thickness, systolic and diastolic
compression of the MCA, and MCA systolic stenosis rate were recorded and
compared. Logistic regression analysis was used to explore the independent
influencing factors of MD-related CHD. ROC curve was used to analyze the
diagnostic efficacy of potential indicators for MB-related CHD.
RESULTS
There were 1060 cases in the CHD group and 658 cases in the control group, and
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there were 236 cases in the MB-CHD subgroup and 52 cases in the simple MB
subgroup. Multivariate logistic regression analysis showed that the combined MB
had a significant effect on the occurrence of CHD (P < 0.05). MB thickness,
systolic compression, diastolic compression, and MCA systolic stenosis rate had
significant effects on the occurrence of MB-related CHD (P < 0.05). The area
under the curve (AUC) of the combination of these influencing factors for the
diagnosis of MB-related CHD was 0.959, which was significantly higher than the
AUCs of the four indicators separately (P < 0.05). The sensitivity was 97.06% and
the specificity was 87.63%.
CONCLUSION
MB thickness, systolic compression, diastolic compression, and MCA systolic
stenosis are independent influencing factors for MB-related CHD. The
combination of these factors has potential diagnostic value for MB-related CHD.
Key words: Myocardial bridge; Coronary heart disease; Mural coronary artery; Computed
tomography coronary angiography; Independent influencing factor
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: With the deep understanding of myocardial bridge (MB), it is considered to be
the reason of such complications as acute myocardial infarction, ventricular tachycardia,
syncope, and sudden cardiac death. Currently, how MB affects coronary heart disease
remains unclear. Computed tomography coronary angiography can directly measure
MB-related coronary heart disease (CHD), which was used to explore the relationship
between MB and CHD. In this study, MB thickness, systolic compression, diastolic
compression, and mural coronary artery systolic stenosis were proved to be the
independent influencing factors for MB-related CHD. The combination of these factors
has potential diagnostic value for MB-related CHD.
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INTRODUCTION
Myocardial fiber bundle covering the mural coronary artery (MCA) is called
myocardial bridge (MB)[1-3]. With the development of computed tomography coronary
angiography (CTA), studies have reported that MB can compress the MCA during
systole, causing myocardial ischemia such as angina pectoris and myocardial
infarction[4-7]. It is called MB-related coronary heart disease (CHD)[8]. Because the low
detection rate of MB and the inconspicuous myocardial ischemia symptoms in most
patients with MB, and common risk factors for CHD including age, dyslipidemia,
hypertension, smoking, diabetes, obesity, and family history are numerous [9-12] ,
clinicians pay insufficient attention to MB and the studies on MB-related CHD are
few. Currently, although coronary angiography (CAG) cannot specifically observe the
detailed anatomical structure of MB, CTA has been developed to directly measure
MB-related indicators in detail[13-16]. Therefore, the present study utilized CTA to
assess the association between MB and CHD, in order to explore the main influencing
factors of MB-related CHD and to find potential indicators for predicting MB-related
CHD.

MATERIALS AND METHODS
Study participants
This study was approved by the Ethics Committee of the Capital Medical University
Affiliated to Beijing Anzhen Hospital, and written informed consent was obtained
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from all patients. Study participants were recruited from the department of
cardiology, Beijing Anzhen Hospital, Capital Medical University due to the symptoms
of myocardial ischemia from December 2016 to June 2018. All patients were
diagnosed utilizing CAG or CTA. The inclusion criteria were: (1) Patients with
myocardial ischemia symptoms such as angina pectoris and ST-T segment changes;
and (2) Glomerular filtration rate (GFR) between 30 and 60 mL/min. The exclusion
criteria were: (1) Patients with other heart diseases besides CHD; (2) Patients with
poor physical condition and multiple organ failure; (3) Patients allergic to contrast
agent; and (4) Patients with coagulopathy. Of all the subjects, if the MCA was found
in the CAG, CTA would be performed to observe MB. Patients diagnosed with CHD
were divided into a CHD group, and patients with no significant abnormalities were
divided into a control group. In the CHD group, patients were divided into an MBCHD subgroup if MB-related CHD was found. In the control group, patients were
divided into a simple MB subgroup if MB was found.

Clinical data recording
The family history of CHD, hypertension, diabetes, hyperlipidemia, smoking, ECG
ST-segment changes, lipoprotein(a) [Lp(a)], homocysteine (HCY), plasminogen
activator inhibitor-1 (PAI-1), and fibrinogen conditions of subjects were recorded in
this study. The diagnosis of hypertension was based on the 2017 American Diabetes
Diagnostic Criteria[17]: Grade 1 hypertension: systolic blood pressure 130-139 mmHg,
diastolic blood pressure 80-89 mmHg; Grade 2 hypertension: ≥ 140/90 mmHg. The
diagnosis of diabetes was based on the 2017 American Diabetes Association
diagnostic criteria[18]: Fasting blood glucose ≥ 7.0 mmol/L; random blood glucose ≥
11.1 mmol/L and patients with diabetic symptoms; 2 h postprandial blood glucose ≥
11.1 mmol/L in the glucose tolerance test. Patients with atypical symptoms needed to
repeat the test to determine the presence of diabetes according to the above criteria.
The diagnosis of hyperlipidemia was based on: serum total cholesterol (TC) > 5.2
mmol/L; triglyceride (TG) > 1.7 mmol/L; serum low-density lipoprotein cholesterol
(LDL-C) > 3.64 mmol/L[19].

CAG examination
Selective CAG (Siemens Artis Zee floor) was performed in this study. The left
coronary angiography was routinely performed in a spider position (left front oblique
45° + foot position 30°), left shoulder position (left front oblique 45° + head position
30°), head position (positive head position 30°), right shoulder position (right front
oblique 30° + head position 30°), and liver position (right front oblique 30° + foot
position 30°). The right CAG was performed with left front oblique 45° and right front
oblique 30°[20].

CTA examination
The scanning was performed using TOSHIBA AQUILION ONE TSX-301A. The ECG
was placed on the patient's chest before scanning. ECG-gated scanning was used to
scan from the bottom of the heart (marked by tracheal carina) to the whole heart. For
enhanced scanning, a double-tube high-pressure syringe was used and the bolus
tracking technique was adopted. The contrast agent iohexol 350 was injected through
the middle of the elbow vein. The injection speed was 5 mL/s, and the total amount
was 60-80 mL. Subsequently, 50 mL of physiological saline was injected at the same
rate. After the images were acquired, the resulting data were delivered to the
workstation for further analysis. In the section along the longitudinal axis of the
coronary artery, if a certain coronary artery was distributed in a certain myocardium,
it can be diagnosed as an MB. The branch of the MB was observed and recorded. MB
type (superficial/deep type), MB length, MB thickness, MCA end-systolic diameter,
and end-diastolic diameter were measured. The MCA systolic stenosis rate was
calculated as (MCA end-diastolic diameter - MCA end-systolic diameter)/MCA enddiastolic diameter. The diameter method was used to estimate the systolic and
diastolic compression of the MCA.

Statistical analysis
Statistical analyses were performed using SPSS software (version 19.0; Chicago, IL,
USA). The numerical data are expressed as the mean ± SD and the comparison
between the two groups was compared using the t-test. The categorical variables are
expressed as number and percentage and the comparison between the two groups
was performed by the chi-square test. Logistic regression was used for multivariate
analysis to screen out the potential independent influencing factors of MB-related
CHD. ROC curve was used to analyze the diagnostic efficacy of potential indicators
for MB-related CHD. Statistical significance was defined as 2-tailed P < 0.05 for all
tests.
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RESULTS
Totally 1718 patients who underwent CTA or CAG were enrolled. Of all the
participants, 1060 patients diagnosed with CHD were included in the CHD group,
and the remaining 658 patients were included in the control group. There were 288
MB patients found in the present study. Totally 236 patients diagnosed with MBrelated CHD were divided in the MB-CHD subgroup. It included 121 males and 115
females, and the average age was 60.25 ± 15.34 years. The remaining 52 patients
diagnosed with simple MB were divided into the simple MB subgroup. It included 32
males and 20 females, and the average age was 52.65 ± 12.86 years. The lesions of 288
MB were all located in the left anterior descending wall coronary artery, as shown in
Figure 1.

Analysis of risk factors for CHD
Clinical characteristics of the CHD group and the control group are shown in Table 1.
The ratio of gender, family history of CHD, abnormal TC, HDL-C, TG, Lp(a), HCY,
PAI-1, and fibrinogen were comparable in the two groups (P > 0.05). The average age,
percentage of patients with abnormal hypertension, diabetes, smoking, ECG STsegment changes, LDL-C, and combined MB in the CHD group were significantly
higher than those in the control group (P < 0.05). Multivariate logistic regression
analysis indicated that the occurrence of CHD was influenced remarkably by
hypertension, ECG ST-segment changes, diabetes, LDL-C, and combined MB (P <
0.05) except for age and smoking (P > 0.05). The further analysis revealed that factors
affecting CHD ranked based on OR values as follows: hypertension, diabetes, MB,
LDL-C, and ECG ST-segment changes (Table 2).

Comparison of MB-related parameters between the MB-CHD subgroup and simple
MB subgroup
The results of the comparisons between the MB-CHD subgroup and the simple MB
subgroup showed that the difference of the MB length between the two groups was
similar (P > 0.05). The proportion of deep MB type, MB thickness, systolic
compression, diastolic compression, and MCA systolic stenosis rate in the MB-CHD
subgroup were significantly higher than those in the simple MB subgroup (P < 0.05,
Table 3).

Multivariate analysis of independent influencing factors of MB-related CHD
MB type, thickness, systolic compression, diastolic compression, and MCA systolic
stenosis rate were included in the logistic regression analysis. The results showed that
MB type had no effect on the occurrence of MB-related CHD (P > 0.05). MB thickness,
systolic compression, diastolic compression, and MCA systolic stenosis rate had
obvious effects on the occurrence of MB-related CHD (P < 0.05). The further study
revealed that the factors influencing the occurrence of MB-related CHD were as
follows in descending order: diastolic compression, MB thickness, MCA systolic
stenosis rate, and systolic compression (Table 4).

Effectiveness analysis of MB-related parameters in diagnosing MB-related CHD
The results of ROC curve analysis for the diagnosis of MB-related CHD by MB
thickness, systolic compression, diastolic compression, and MCA systolic stenosis rate
are shown in Table 5 and Figure 2.The area under the curve (AUC) of diastolic
compression was the highest, and its sensitivity reached 95.10%, followed by MB
thickness, MCA systolic stenosis rate, and systolic compression. However, the AUC of
each indicator did not exceed 0.9. Based on the logistic regression model, we
established a combined diagnosis of four indicators, and found that the AUC of the
combined diagnosis was 0.959, which was significantly higher than the AUCs of the
four indicators separately (P < 0.05). The sensitivity was 97.06% and the specificity
was 87.63%.

Logistic regression analysis of the effect of the combination of four factors on MBrelated CHD
Since the combination of four indicators was the best indicator for the diagnosis of
MB-related CHD in this study. We used logistic regression to analyze its effect on MBrelated CHD using its optimal diagnostic point. The results showed that when the
combination was > 0.275, the risk of the occurrence of MB-related CHD was 15.963
times higher than that when the combination was ≤ 0.275 (Table 6).

DISCUSSION
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Figure 1

Figure 1 Computed tomography coronary angiography images of myocardial bridge lesions. Myocardial
bridge (MB) was marked by the arrow in figures. A and B: MB in the left anterior descending coronary artery; C: MB in
the anterior descending coronary artery; D: MB in the right anterior descending coronary artery.

Studies have reported that some patients with sudden cardiac death did not die from
myocardial infarction caused by coronary atherosclerosis, but related to MB[8,21-24]. MB
may compress coronary arteries during the systolic period, which can cause angina
pectoris, myocardial infarction, left ventricular dysfunction, paroxysmal
atrioventricular block, myocardial ischemia during exertion, sudden cardiac death,
etc[25]. With the rapid development of imaging diagnostic technology, the detection
rate of myocardial ischemia caused by MB has increased recently[26,27]. CTA has been
widely used in MB detection, and it has been proved to non-invasively measure the
length and thickness of MB, the systolic and diastolic pressure on MCA, and other MB
anatomical features[28,29]. Therefore, in the present study, 288 patients with MB were
screened from 1718 patients with suspected CHD. The detailed analyses of MB were
performed by CTA in order to explore the effect of MB on CHD.
This study first compared the general data of CHD patients and patients without
CHD. In addition to age, hypertension, diabetes, smoking, ECG ST segment changes,
and LDL-C, which known as CHD influencing factors, the number of patients with
combined MB in the CHD group was significantly higher than that in the control
group. Further multivariate analysis showed that combined MB was an independent
factor affecting CHD. Furthermore, its influencing effect was second only to the effect
of diabetes on CHD. This finding indicates that patients with MB are more likely to
suffer with CHD. It is indeed necessary to observe MB in detail and take action to
prevent CHD.
In order to fully analyze the MB using CTA, we analyzed various anatomical
features of MB including MB type (superficial/depth), MB length, thickness, systolic
compression, and diastolic compression. The results showed that the proportion of
deep MB, MB thickness, systolic compression, diastolic compression, and MCA
systolic stenosis rate in the MB-CHD subgroup were significantly greater than those
in the simple MB subgroup. To further explore the effects of MB anatomical features
on CHD, we performed a multivariate regression analysis using a logistic regression
model. The results showed that MB thickness, systolic compression, diastolic
compression, and MCA systolic stenosis were four independent influencing factors on
the occurrence of MB-related CHD. The diastolic compression and MB thickness had
the greatest influence on MB-related CHD, suggesting that thicker MB will compress
MCA during the diastolic phase, affecting MCA perfusion and leading to coronary
ischemia.
To better analyze the clinical value of the above four MB anatomical features in the
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Table 1 Comparison of clinical characteristics between the coronary heart disease group and
the control group, n (%)
Characteristic

CHD group (n =1060)

Control group (n = 658)

t/X2 value

P-value

Age

60.25 ± 13.25

52.65 ± 10.86

12.360

0.000

Gender (Male/Female)

592/468

388/270

1.610

0.204

Family history of CHD

215 (20.3)

113 (17.2)

2.542

0.111

Hypertension

707 (66.7)

352 (53.5)

29.929

0.000

Diabetes

424 (40.0)

102 (15.5)

114.702

0.000

Smoking

286 (27.0)

122 (18.5)

15.970

0.000

ST-segment changes

456 (43.0)

72 (10.9)

196.224

0.000

Abnormal TC

445 (42.0)

264 (40.1)

0.579

0.447

Abnormal LDL-C

583 (55.0)

260 (39.5)

38.960

0.000

Abnormal HDL-C

456 (43.0)

270 (41.0)

0.656

0.418

Abnormal TG

472 (44.5)

289 (43.9)

0.061

0.805

Abnormal Lp(a)

311 (29.3)

182 (27.7)

0.560

0.454

Abnormal HCY

225 (21.2)

115 (17.5)

3.595

0.058

Abnormal PAY-1

178 (16.8)

99 (15.0)

0.916

0.339

Abnormal fibrinogen

157 (14.8)

87 (13.2)

0.842

0.359

Combined MB

235 (22.2)

53 (8.1)

57.969

0.000

CHD: Coronary heart disease; MB: Myocardial bridge; TC: Total cholesterol; TG: Triglyceride; LDL-C: Lowdensity lipoprotein cholesterol; Lp(a): Lipoprotein(a); HCY: Homocysteine; PAI-1: Plasminogen activator
inhibitor-1.

diagnosis of MB-related CHD. The MB thickness, systolic compression, diastolic
compression, MCA systolic stenosis rate, and their combination were included in the
ROC curve analysis. The results showed that the AUC of the diastolic compression
was the largest when the four indicators were used for diagnosis separately, which
was 0.870. The AUC of the other three anatomical features were not high. Although
the specificity of the systolic compression was close to 100%, the sensitivity was only
37.25%. It cannot be used as a reliable indicator for the diagnosis of CHD. Similarly,
although the sensitivity of diastolic compression was very high, reaching 95.1%, the
specificity was only 68.28%. The AUC of combined diagnosis increased to 0.959,
suggesting that the accuracy of the combination of the four features for diagnosing
MB-related CHD was the best. Logistic regression showed that when the probability
distribution of the combination of the four MB anatomical features was > 0.275, the
risk of occurrence of MB-related CHD was 15.963 times higher than that when the
value was ≤ 0.275. It is suggested that the combination of the four MB anatomical
features has potential diagnostic value for MB-related CHD.
The results of this study are unable to be used as clinical criteria currently due to its
limited sample size and single-center research. We suggest that a multi-center and
large-scale study should be performed to obtain effective indicators for MB-related
CHD, in order to improve patients’ life quality.
In conclusion, this study found that MB thickness, systolic compression, diastolic
compression, and MCA systolic stenosis were independent risk factors for MB-related
CHD. The combination of the four MB anatomical features has potential diagnostic
value for MB-related CHD. Clinical attention should be paid to MB, and the
diagnostic value of MB anatomical features for MB-related CHD should be further
explored.
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Table 2 Multivariate logistic regression analysis factors affecting the development of coronary heart disease
95%CI
Risk factor

B

SE

Wald

P

OR
Lower limit

Upper limit

Age

0.622

0.127

3.902

0.048

1.863

1.452

2.390

Hypertension (Yes = 1, No = 0)

1.831

0.227

9.824

0.001

6.238

3.998

9.734

Diabetes (Yes = 1, No = 0)

1.450

0.127

6.205

0.012

4.263

3.324

5.468

Smoking (Yes = 1, No = 0)

0.257

0.228

0.245

0.089

1.293

0.827

2.022

ST-segment changes (Yes = 1, No = 0)

0.638

0.311

5.079

0.023

1.892

1.028

3.481

LDL-C (Abnormal = 1, Normal = 0)

0.790

0.384

4.357

0.036

2.204

1.038

4.678

MB (with = 1, without = 0)

1.260

0.012

10.262

0.000

3.524

3.442

3.608

LDL-C: Low-density lipoprotein cholesterol; MB: Myocardial bridge.

Table 3 Comparison of myocardial bridge parameters between the myocardial bridge-coronary heart disease subgroup and the simple
myocardial bridge subgroup
Group
Simple MB
t/X2 value
subgroup (n =
52)

P-value

MB-CHD subgroup (n = 236)

MB type (Superficial /Deep)

125/111

38/14

7.016

0.008

Systolic compression (%)

50.28 ± 11.24

39.86 ± 12.08

7.326

0

Diastolic compression (%)

34.25 ± 10.20

24.74 ± 10.75

7.424

0

MCA systolic stenosis rate (%)

44.35 ± 9.43

32.92 ± 6.60

10.865

0

Parameter

MB: Myocardial bridge; MCA: Mural coronary artery; CHD: Coronary heart disease.

Table 4 Multivariate analysis of independent influencing factors of myocardial bridge-related coronary heart disease
95.0%CI
B

SE

Wald

P

OR
Lower limit

Upper limit

MB type (Deep = 1, Superficial = 0)

0.459

0.316

2.858

0.072

1.582

0.852

2.939

MB thickness

1.001

0.274

10.420

0.000

2.722

1.591

4.657

Systolic compression

0.514

0.162

12.341

0.000

1.672

1.217

2.297

Diastolic compression

1.266

0.347

18.226

0.000

3.548

1.797

7.004

MCA systolic stenosis rate

0.602

0.242

9.854

0.001

1.825

1.136

2.933

MB: Myocardial bridge; MCA: Mural coronary artery.

Table 5 Receiver operating characteristic curve analysis of myocardial bridge indexes for diagnosis of coronary heart disease
AUC

95%CI

Cut-off point

Sensitivity

Specificity

0.814a

0.764 - 0.857

21.54 mm

78.43%

70.97%

Systolic compression

0.755

a

0.701 - 0.803

45.04%

37.25%

99.46%

Diastolic compression

0.870a

0.826 - 0.907

48.65%

95.10%

68.28%

MCA systolic stenosis rate

0.795a

0.744 - 0.840

43.45%

77.45%

67.74%

Combination

0.959

0.925 - 0.972

0.275

97.06%

87.63%

MB thickness

a

P< 0.05 vs Combination. MB: Myocardial bridge; MCA: Mural coronary artery.
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Table 6 Logistic regression analysis of the effect of the combination of the four indicators on myocardial bridge-related coronary heart
disease
95.0%CI
B
Combination ( > 0.275 = 1, < 0.275 = 0)

SE

2.770

0.226

Wald
9.752

P
0.001

OR
15.953

Lower limit

Upper limit

10.244

24.844

Figure 2

Figure 2 Efficacy of myocardial bridge related indicators and their combination in the diagnosis of myocardial bridge-related coronary heart disease. MB:
Myocardial bridge; MCA: Mural coronary artery.

ARTICLE HIGHLIGHTS
Research background
More and more reports indicate that myocardial bridge (MB) can compress the mural coronary
artery during cardiac contraction, causing myocardial ischemia such as angina pectoris and
myocardial infarction. It is clinically called MB-related coronary heart disease (CHD). Therefore,
the relationship between MB and CHD has an important influence on the diagnosis of MBrelated CHD. Currently, only when the MB reaches a certain thickness, it can be found in
coronary angiography (CAG), which results in a high missing diagnosis rate.

Research motivation
Currently, CAG cannot specifically observe MB-related details. Computed tomography coronary
artery (CTA) has become an important means of non-invasive diagnosis of CHD. Studies have
shown that CTA can directly show the anatomical relationship between the coronary artery and
myocardium. Therefore, this study used CTA to assess the association between MB and coronary
atherosclerosis, in order to explore the effect of MB on patients with CHD and improve the
detection rate of MB-related CHD.

Research objectives
In this study, CTA was used to observe the anatomy of MB and analyzed the effects of MB
thickness, systolic compression, diastolic compression, and MCA systolic stenosis rate on CHD.
The purpose of this study was to evaluate the relationship between MB and coronary
atherosclerosis by CTA.

Research methods
CHD patients who underwent CTA or CAG were defined as the CHD group and the control
group, respectively. CHD patients with combined MB were defined as the MB-CHD subgroup.
Patients with simple MB were defined as the simple MB subgroup. The anatomical features of
patients with MB were analyzed by multi-factor logistic regression. The ROC curve was used to
analyze the diagnostic efficacy of the potential indicators for MB-related CHD.

Research results
MB thickness, systolic compression, diastolic compression, and MCA systolic stenosis had
significant effects on the incidence of MB-related CHD (P < 0.05). The areas under the ROC
curves for the four indicators in diagnosing CHD were 0.814, 0.755, 0.870, and 0.795, respectively.
The efficacy of diastolic compression in the diagnosis of CHD was the highest. When the degree
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of MB diastolic compression was > 48.68%, the risk of CHD was 15.953 times than that when the
value was ≤ 48.68% (P < 0.05).

Research conclusions
MB length, MB thickness, systolic and diastolic compression of MCA have significant effects on
the occurrence of MB-related CHD.

Research perspectives
CTA is a non-invasive economic examination that can directly display the anatomical
relationship between the coronary arteries and myocardium. The combination of the four MB
anatomical features has potential diagnostic value for MB-related CHD. However, the results of
this study cannot be regarded as the clinical criteria because of the limited sample size. We
suggest that further multi-center study should be performed to obtain the effective indicators for
MB-related CHD, in order to provide a reference for early diagnosis of MB.
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Abstract
BACKGROUND
Serpin peptidase inhibitor, clade A member 3 (SERPINA3) belongs to the serpin
family with an inhibitory activity against proteases. Its aberrant expression has
been observed in a wide range of tumor cells. However, its clinical significance
and biological function in endometrial cancer have been rarely studied. We
designed a study to determine the levels of SERPINA3 and its significance in
patients with endometrial cancer.
AIM
To investigate the clinical significance and role of SERPINA3 expression in
endometrial cancer cells.
METHODS
Eighty endometrial tissue samples collected from patients with endometrial
cancer were included in an observation group and 80 paraffin-embedded tissues
samples collected from patients with normal endometrial tissues undergoing
myomectomy were employed as a control group between January 2014 and
December 2018. The expression of SERPINA3 mRNA was detected by
quantitative polymerase chain reaction (PCR) for all endometrial tissues included
in the study.
RESULTS
The positive expression rate of SERPINA3 protein in endometrial cancer cells was
71.25% in the observation group, which was significantly higher than that in the
control group (31.25%; P < 0.05). There was no correlation between SERPINA3
protein in endometrial cancer cells and the age range at which women
experienced menopause (P > 0.05). However, it was associated with pathological

https://www.wjgnet.com

1996

August 6, 2019

Volume 7

Issue 15

Zhou ML et al. Role of SERPINA3 expression in endometrial cancer
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

grade, clinical stage, vascular invasion, and lymph node metastasis (P < 0.05).
Pathological grade, clinical stage, vascular invasion, and lymph node metastasis
were independent prognostic factors for endometrial cancer.

Manuscript source: Unsolicited

CONCLUSION
The follow-up study of SERPINA3 can be used as a prognostic biomarker for
endometrial cancer and as one of the targets for bio-targeted therapy for
endometrial cancer.
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Core tip: Serpin peptidase inhibitor, clade A member 3 (SERPINA3) is considered to be
associated with several cancers. In this study, the clinical significance and role of
SERPINA3 expression in endometrial cancer were investigated. It was found that the
expression of SERPINA3 was up-regulated in endometrial cancer and expression of
SERPINA3 in endometrial cancer was correlated with pathological grade, clinical stage,
vascular invasion, and lymph node metastasis. SERPINA3 has the potential to be used as
a biomarker for prognosis and a specific target for targeted therapy in patients with
endometrial carcinoma.
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INTRODUCTION
Endometrial cancer is a common malignancy which affects women in China. The
incidence of endometrial cancer is just behind that of cervical cancer. It is also the
representative malignant cancer of the female reproductive system with an elevated
incidence rate in the United States[1]. Many patients are unaware of its onset and
development due to the hidden cause and non-specific signs and symptoms in the
early stages of the disease. As a result, a great proportion of women are diagnosed
with endometrial cancer at an advanced stage, which causes them to miss the
important opportunities for appropriate and effective interventions. In most cases,
endometrial cancer presents as vaginal bleeding in postmenopausal women; and in
non-menopausal women, it is characterized by increased menstrual loss and longer or
irregular periods.
Therefore, cancer detection should be carefully used to effectively control the
development of cancer, promote the early management intervention, and improve the
prognosis accordingly. Currently, the most basic methods for detection of endometrial
cancer include diagnostic curettage, adjuvant detection by B-mode ultrasonography,
hysteroscopy, and nuclear resonance imaging [2,3] . Surgical therapy is the main
intervention for most women with endometrial cancer. The follow-up intervention
should focus on the non-invasive, accurate strategies for detecting the above
mentioned therapies. Recently, more studies increased their interest in targeted
therapy targeting cancer specific genes. Serpin peptidase inhibitor clade A member 3
(SERPINA3) is one of them. The related studies[4,5] revealed that SERPINA3 and its
ectopic expression were identified in several cancers, e.g., liver, prostate, lung, and
breast cancers. However, few studies investigated SERPINA3 in patients with
endometrial cancer. The present study examined the gene expression of SERPINA3
and its clinical significance in endometrial cancer.

MATERIALS AND METHODS
Sample collection
Eighty endometrial tissue samples collected from patients (aged 54-68 years, mean

WJCC

https://www.wjgnet.com

1997

August 6, 2019

Volume 7

Issue 15

Zhou ML et al. Role of SERPINA3 expression in endometrial cancer

age 61.5 ± 3.1 years) with endometrial cancer were included in an observation group
and 80 paraffin-embedded tissues samples collected from patients (aged 52-69 years,
mean age 60.2 ± 2.9 years) with normal endometrial tissues undergoing myomectomy
were employed as a control group between January 2014 and December 2018. The
tissue samples (6 cm × 4 cm × 2 cm for both groups) were collected with the informed
consent of the donors and relatives and with complete follow-up information and
clinical data. All the patients were chemoradiotherapy, hormone therapy, and
antitumor therapy naïve.

Tissue microarray construction
Tissue microarrays were constructed and exposed to the dye. The most representative
tumor regions were marked on haematoxylin and eosin stained section slides. This
step was also applicable for normal endometrial tissues. Two focus points were
selected per tissue block. Targeted tissue samples were extracted from the donor
blocks by a fine hollow needle of 1.0 mm in diameter and then injected into the
recipient paraffin blocks. The placement of each tissue sample on the coordinate grid
of the recipient block was done according to the research aim and the requirements
for the study. Once the recipient block was filled, it was cut to generate 4 um thick
slices for analysis.

Immunohistochemical staining
The slices were baked at 70 °C for a total of 1 h. Xylene was used to remove paraffin
wax. Then, hydration was performed in graded ethanol. For antigen retrieval, 0.01
mmpl/L of sodium citrate buffer (pH = 6) was added and incubated at 100 °C for 10
min. The sections were then incubated with rabbit anti-human polyclonal antibody
(dilution, 1:50) at 4 °C overnight, followed by incubation with goat anti-rabbit (IgG)
secondary antibody (1: 200) at room temperature for 1 h. Diaminobenzidine was used
for staining. Hematoxylin stain was applied in the secondary staining step. At last,
proper neutral balsam was added to seal the tissue. The scoring criteria were: a score
of 0 was considered to reflect the positive expression rate of 0 to 10%, score of 1 reflect
10% to 30%, score of 2 reflect 30% to 60%, and score of 3 reflect >60%. If the staining
results were not consistent between the two tissue cores, the higher score was
considered only. The expression was scored by two pathologists double-blindly. The
consistent sores between the two pathologists were involved in the final analysis.
Scores of 0 to 1 were defined as low expression and scores of 2 to 3 were defined as
high expression.

Real-time quantitative polymerase chain reaction
Total RNA was extracted using TRIZOL reagent. This step was done by strictly
following standard instructions (PrimeScript RT, USA). A Rim eScriptRT kit was used
for reverse transcription to obtain cDNA. The reaction condition was 37 °C for 30 min
and 85 °C for 5 s. The ABI 7300 real-time PCR system was used for amplification. The
primers used are as follows: SERPINA3 upstream primer, 5’-TGC CAG CGC ACT
CTT CAT C-3’ and SERPINA3 downstream primer, 5’-TGT CGT TCA GGT TAT AGT
CCC; GAPDH upstream primer, 5’-TGC GAG TAC TCA ACA CCA ACA-3’ and
GAPDH downstream primer, 5’-GCA TAT CTT CGG CCC ACA-3’. The overall
reaction system consisted of 0.8 μL of GAPDH or AERPINA3 upstream and
downstream primers, 7.6 μL of cDNA, 10 μL of SYBR Prem ixEx TaqTM, 0.4 μL of Rox
Reference Dye (50×), and 0.4 μL of Rox Reference Dye II (50×). PCR reaction
conditions were predenaturation at 95 °C for 30 s and 40 cycles of denaturation at 95
°C for 5 s and annealing at 60 °C for 31 s. The obtained data were input into Excel for
calculation and analysis.

Statistical analysis
Statistical analyses were performed with SPSS19.0 software using “χ 2 ” and “t”
reflecting results of the test. The count data are presented using percentages and the
measured data are presented as the mean ± standard deviation. Significance level was
considered at P < 0.05.

RESULTS
Expression of SERPINA3 protein
A comparison of SERPINA3 protein expression between the observation group and
the control group showed that the positive expression rate of SERPINA3 protein in
endometrial cancer cells was 71.25% (57/80) in the observation group, which was
significantly higher than that in the control group (31.25%, 25/80; P < 0.05).
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Relationship between SERPINA3 expression and pathologic features of endometrial
cancer
SERPINA3 protein expression in endometrial cancer cells was associated with
pathological grade, clinical stage, vascular invasion, and lymph node metastasis (P <
0.05), rather than with the age range at which women experienced menopause (P >
0.05, Table 1).

Factors influencing the prognosis of patients with endometrial cancer
Pathological grade, clinical stage, vascular invasion, and lymph node metastasis were
independent prognostic factors for endometrial cancer (Table 2).

DISCUSSION
Rising prevalence of endometrial cancer has been reported in China over the last
decades, and accordingly the research work on endometrial cancer went further and
more detailed. However, the exact cause of endometrial cancer is still unknown[6-8].
Currently, the research of endometrial cancer shows increasing interest in how
prognosis can be improved by early diagnosis and effective treatment. The assessment
of biomarkers may predict the prognosis of endometrial cancer, and should be further
studied and interpreted, and studies of biomarkers and bio-targeted therapy for
endometrial cancer should be warranted. SERPINA3, an important member of the
serine peptidase inhibitors family, has been identified and validated in several cancer
cells. However, very few studies have examined SERPINA3 in endometrial cancer
cells[9]. As a typical acute-phase protein, SERPINA3 is regulated by inflammatory
cytokines so that its expression is increased in the inflammatory response. The
promoter of SERPINA3 is transcriptionally activated by three transcription factors
and the transcriptional level of SERPINA3 is influenced by single nucleotide
polymorphisms within the promoter [10-12] . Single nucleotide polymorphisms are
expressed by regulating the components of genetic sequence when the inflammatory
response occurs. Once the inflammatory response occurs, it is benefit for the synthesis
of SERPINA3. Nowadays, studies have produced inconsistent and even contradictory
results on the expression of SERPINA3. The relevant studies [13-15] showed that
overexpression of SERPINA3 predicts that damage tends to occur in the body
contributing to decreased cell adhesion ability and inhibition of apoptosis. It is
revealed that the up-regulation of SERPINA3 is positively associated with malignant
tumors.
Few studies have reported the relationship between SERPINA3 protein expression
and the incidence of endometrial cancer in China. The current study revealed that
pathological grade, clinical stage, vascular invasion, and lymph node metastasis of
endometrial cancer were strongly associated with the expression of SERPINA3 (P <
0.05). Recently, many studies demonstrated that SERPINA3 could be used as one of
the biomarkers in predicting prognosis of several cancers. For instance, SERPINA3 is
one of the proteins in signal transduction pathways of the inflammatory response. A
study of clinical relapsed ovarian tumors showed that the up-regulation of SERPINA3
was associated with disease progression and chemical resistance[16]. Moreover, another
study showed that methylation of the 5' region may account for up-regulation of
SERPINA3 in placental disease. Researchers also found that overexpression of
SERPINA3 in JEG-3 human choriocarcinoma cells could prevent apoptosis [17] .
Furthermore, one study established that SERPINA3 levels were increased in patients
with liver, pancreatic, and prostate cancers. Research studies on endometrial cancer
have increased in recent years[18]. What is certain is that p53 mutations and subsequent
overexpression of human epidermal growth factor receptor 2 (HER2) were common
molecular events in endometrial cancer. According to Villalba et al[19], an analysis of
SERPINA3 expression in normal tissues and endometrial cancer tissues and in
different surgical/pathological stages through immunohistochemistry and
fluorescence quantitative real-time polymerase chain reaction (FQ-PCR) suggested
that the up-regulation of SERPINA3 was strongly associated with factors such as poor
differentiation and high surgical/pathological stage. In addition, it predicted a poor
prognosis of endometrial cancer.
Endometrial cancer is a malignant tumor that lacks clear diagnosis and optimal
treatment. There is currently no conclusive evidence available for the postoperative
healing, and the overall survival rate has not been improved fundamentally, although
hysterectomy is performed as the main treatment for most women with this cancer.
Alternatively, effective postoperative bio-targeted therapy should be given to
improve survival and delay recurrence subsequent to surgery in patients who
experienced hysterectomy for endometrial cancer[1,20]. Based on the present study,
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Table 1 Relationship between SERPINA3 expression and pathologic features of endometrial
cancer

Variable

SERPINA3
protein

N

Pathological grade

Clinical stage

Menopause

Vascular invasion

Lymph node metastasis

-

+

I

45

19

26

II

27

4

23

III/IV

8

0

8

G1

21

10

11

G3

32

5

27

G2/G3

27

8

19

Yes

41

20

21

No

39

15

24

≤ 50%

52

7

45

> 50%

28

16

12

Positive

24

1

23

Negative

56

22

34

X2

P-value

9.774

< 0.05

6.351

< 0.05

0.864

> 0.05

16.953

< 0.05

10.115

< 0.05

“-” indicates the negative expression of SERPINA3; “+” indicates the positive expression of SERPINA3.

lymph node metastasis and vascular invasion were independent prognostic factors
influencing prognosis of endometrial cancer, and SERPINA3 played an important role
in the prognosis of endometrial cancer. This further strengthens that SERPINA3 is one
of biomarkers for predicting poor prognosis of endometrial cancer. Estrogenindependent type II carcinoma is the more common type of endometrial cancer.
Activity of HER2 is increased and cell growth and apoptosis are regulated through
the PI3K/AKT pathway in this population. Whether a synergistic interplay exists
between SERPINA3 and HER2 in the development of type II endometrial carcinomas
should be further investigated[21,22].
In conclusion, SERPINA3 has the potential to be used as a biomarker for prognosis
and a specific target for targeted therapy in patients with endometrial carcinomas
based on a deepening understanding of endometrial carcinoma through research.
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Table 2 Factors influencing the prognosis of patients with endometrial cancer
Factor

B

SE

df

P

95%CI for Exp (B)

Pathological grade

0.6567

0.0149

1

0.000

0.5385-0.8865

Clinical stage

0.7337

0.0140

1

0.000

0.5689-0.8561

Vascular invasion

0.7685

0.0208

1

0.000

0.4414-0.9836

Lymph node metastasis

0.6605

0.0145

1

0.000

0.5176-0.9074

B: Regression coefficient; CI: Confidence index; Exp (B): Odds ratio.

ARTICLE HIGHLIGHTS
Research background
The expression profile of serpin peptidase inhibitor clade A member 3 (SERPINA3) in patients
with endometrial cancer has rarely been studied. In the present study, we detected the protein
levels of SERPINA3 in patients with endometrial cancer and the correlation between the
expression of SERPINA3 and the prognosis for endometrial cancer. The result revealed that
SERPINA3 expression was significantly up-regulated in endometrial cancer and was closely
correlated with pathological grade, clinical stage, vascular invasion, and lymph node metastasis.
These findings indicated that SERPINA3 can be used as a prognostic biomarker for endometrial
cancer and as one of the targets for bio-targeted therapy for endometrial cancer.

Research motivation
The results of the present study may provide insight into the application of SERPINA3 as a
predictor of clinical outcomes and a potential therapeutic target for endometrial cancer.

Research objectives
The present study aimed to assess the significance of SERPINA3 levels in patients with
endometrial cancer.

Research methods
The present study examined tissue samples which were available from patients with
endometrial cancer and patients with normal endometrial tissues. Tissue microarrays were
constructed and immunohistochemical staining was performed. The expression of SERPINA3
mRNA was detected by quantitative PCR. The data were analyzed with SPSS19.0 software.

Research results
We found that SERPINA3 expression was higher in endometrial cancer compared to normal
tissues and up-regulated SERPINA3 was closely correlated with pathological grade, clinical
stage, vascular invasion, and lymph node metastasis in endometrial cancer.

Research conclusions
Assessment of tumor vs normal tissues showed that the expression of SERPINA3 was upregulated in endometrial cancer. The SERPINA3 protein level in endometrial cancer cells was
associated with pathological grade, clinical stage, vascular invasion, and lymph node metastasis,
rather than with the age range at which women experienced menopause. SERPINA3 has the
potential to be used as a biomarker for prognosis and a specific target for targeted therapy in
patients with endometrial carcinomas.

Research perspectives
Further studies are warranted to improve our understanding of the role of SERPINA3 in
endometrial cancer.
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Abstract
BACKGROUND
Heart defects are the most common congenital malformations in fetuses. Fetal
cardiac structure and function abnormalities lead to changes in ventricular
volume. As ventricular volume is an important index for evaluating fetal
cardiovascular development, an effective and reliable method for measuring fetal
ventricular volume and cardiac function is necessary for accurate ultrasonic
diagnosis and effective clinical treatment. The new intelligent spatiotemporal
image correlation (iSTIC) technology acquires high-resolution volumetric images.
In this study, the iSTIC technique was used to measure right ventricular volume
and to evaluate right ventricular systolic function to provide a more accurate and
convenient evaluation of fetal heart function.
AIM
To investigate the value of iSTIC in evaluating right ventricular volume and
systolic function in normal fetuses.
METHODS
Between October 2014 and September 2015, a total of 123 pregnant women
received prenatal ultrasound examinations in our hospital. iSTIC technology was
used to acquire the entire fetal cardiac volume with off-line analysis using QLAB
software. Cardiac systolic and diastolic phases were defined by opening of the
atrioventricular valve and the subsequent closure of the atrioventricular valve.
The volumetric data of the two phases were measured by manual tracking and
summation of multiple slices and recording of the right ventricular end-systolic
volume and the right ventricular end-diastolic volume. The data were used to
calculate the right stroke volume, the right cardiac output, and the right ejection
fraction. The correlations of changes between the above-mentioned indices and
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gestational age were analyzed. The right ventricular volumes of 30 randomly
selected cases were measured twice by the same sonographer, and the intraobserver agreement measurements were calculated.
RESULTS
Among the 123 normal fetuses, the mean right ventricular end-diastolic volume
increased from 0.99 ± 0.34 mL at 22 wk gestation to 3.69 ± 0.36 mL at 35+6 wk
gestation. The mean right ventricular end-systolic volume increased from 0.43 ±
0.18 mL at 22 wk gestation to 1.36 ± 0.22 mL at 35+6 wk gestation. The mean right
stroke volume increased from 0.62 ± 0.29 mL at 22 wk gestation to 2.33 ± 0.18 mL
at 35+6 wk gestation. The mean right cardiac output increased from 92.23 ± 40.67
mL/min at 22 wk gestation to 335.83 ± 32.75 mL/min at 35+6 wk gestation. Right
ventricular end-diastolic volume, right ventricular end-systolic volume, right
stroke volume, and right cardiac output all increased with gestational age and the
correlations were linear (P < 0.01). Right ejection fraction had no apparent
correlation with gestational age (P > 0.05).
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CONCLUSION
Fetal right ventricular volume can be quantitatively measured using iSTIC
technology with relative ease and high repeatability. iSTIC technology is
expected to provide a new method for clinical evaluation of fetal cardiac function.
Key words: Ultrasonography; Fetus; Intelligent spatiotemporal image correlation; Right
ventricular volume; Cardiac function
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Heart defects are the most common congenital malformations in fetuses. Fetal
cardiac structure and function abnormalities often lead to changes in ventricular volume.
Numerous studies have focused on fetal heart functions, which have not been widely
accepted. Between October 2014 and September 2015, the intelligent spatiotemporal
image correlation technique was used to measure right ventricular volume in 123 normal
fetuses and to evaluate right ventricular systolic function to provide a new method for
more accurate and convenient evaluation of fetal heart function.

Citation: Sun JX, Cai AL, Xie LM. Evaluation of right ventricular volume and systolic
function in normal fetuses using intelligent spatiotemporal image correlation. World J Clin
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URL: https://www.wjgnet.com/2307-8960/full/v7/i15/2003.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i15.2003

INTRODUCTION
Heart defects are the most common congenital malformations in fetuses with an
incidence six times greater than chromosome abnormalities and four times greater
than neural tube defects[1,2]. The diagnosis of congenital heart disease is a challenge
using prenatal ultrasound and is the focus of perinatal medical research. Congenital
heart disease can be divided into structural and functional abnormalities. Indeed, fetal
cardiac structure and function abnormalities often lead to changes in ventricular
volume. As ventricular volume is an important index for evaluating fetal
cardiovascular development, an effective and reliable method for measuring fetal
ventricular volume and cardiac function is necessary for accurate ultrasonic diagnosis
and effective clinical treatment of congenital heart disease.
Numerous studies have focused on fetal heart function in an effort to evaluate
cardiac function in the healthy fetus and in those in states of cardiac decompensation [3] . The accuracy of traditional two-dimensional (2D) ultrasound in the
quantitative evaluation of fetal heart function has not been widely accepted [4-15] .
Spatiotemporal image correlation (STIC) technology overcomes many of the
shortcomings of conventional 2D ultrasound in the measurement of fetal ventricular
volume and evaluation of fetal cardiac function. Recently, a number of studies have
used STIC technology in combination with organ computer-aided analysis software to
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measure fetal ventricular volume and evaluate heart function with proven accuracy
and feasibility [4-7,16-27] . However, STIC still has some limitations and the imaging
principle determines that STIC is not a real-time three-dimensional (3D) imaging
technology. One-way scanning using the sensors during the scanning process
execution is slow, which leads to relatively long image acquisition time. Therefore,
STIC is vulnerable to the effects of fetal and maternal respiration, resulting in
degradation of image quality[21,23].
The new intelligent STIC (iSTIC) technology adopts an electronic matrix type of
probe, which is composed of thousands of vibrating bits, thus generating real-time 3D
images with acquired data. The new iSTIC technology acquires high-resolution
volumetric images of one cardiac cycle in only 2 s, thus reducing the effects of fetal
movement on the image. iSTIC realizes real-time 3D visualization of the fetal heart,
which has been shown to have many advantages[24,25,27-29]. In the present study, the
iSTIC technique was used to measure right ventricular volume in normal fetuses and
to evaluate right ventricular systolic function to provide a new method for more
accurate and convenient evaluation of fetal heart function.

MATERIALS AND METHODS
General information
One hundred twenty-three healthy gravidas with singleton gestations who visited our
hospital for prenatal ultrasonography between October 2014 and September 2015
were included in the study. The maternal age range was 22–36 years (average, 26.60 ±
3.54 years). The gestational age range was 22–35+6 wk (mean, 28 ± 3.79 wk), including
20 cases at 22–23+6 wk, 24 cases at 24–25+6 wk, 20 cases at 26–27+6 wk, 16 cases at
28–29+6 wk, 18 cases at 30–31+6 wk, 15 cases at 32–33+6 wk, and 10 cases at 34–35+6 wk.
The inclusion criteria were as follows: (1) singleton pregnancy; (2) fetal biological
measurement indicators consistent with the corresponding gestational age; (3) no
obvious fetal anatomic abnormalities shown on 2D ultrasound examination; (4)
pregnant women were informed of the purpose of the evaluation, and informed
consent was obtained before image acquisition; and (5) fetal heart image acquired
using real-time 3D iSTIC technology was free of artifacts.

Instruments
An IU22 3D color Doppler ultrasound diagnostic instrument from Philips Company
(Bothell, WA, USA) was used with a 2-4 MHz electronic matrix probe. QLAB software
was used for image analysis and post-processing.

Data acquisition
The information of the last menstrual period and the gestational age in the pregnant
women was obtained and recorded. The women were asked to lie flat, and a fetal echo
program was begun with transabdominal scanning using an X6-1 probe. They were
advised to hold their breath during the acquisition process to avoid interference of
motion artifacts. Using a 3D/4D iSTIC technology model for a 4-chamber view of the
fetal heart, the 3D/4D sampling frame location was adjusted and the sampling range
assured 3D/4D volume data acquisition. The sampling frame included the entire fetal
heart. The fetal heart rate was measured and recorded after completion of data
acquisition. All images were stored in a built-in hard disk in the machine for later
offline analysis.

Data analysis
(1) Post-processing of 3D image. The image stored in the built-in hard disk in the
machine was extracted for analysis using QLAB software. The atrioventricular valve
opening and closing framing at end systole and diastole in the entire cardiac cycle
were observed to measure the fetal right ventricular volume. End systole was defined
as the moment before atrioventricular valve opening, and end diastole was defined as
the moment immediately after the atrioventricular valve closed. The center point of
the central position of the right ventricle was adjusted using stacked contours to draw
a line along the endocardium of the right ventricular apex to the edge of the tricuspid
valve, the software was then automatically stratified followed by manual outlining of
the contour of each layer of the lining of the heart at the short axis view of the heart
including the trabecular muscle and regulating bundle. Computer software
automatically calculated the volume of the right ventricle (Figure 1). The right
ventricular end-diastolic volume (REDV) and the right ventricular end-systolic
volume (RESV) were measured by the same observer three times to obtain the average
value.
(2) The heart function index was calculated as follows: The right stroke volume
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Figure 1

Figure 1 Fetal right ventricular end diastolic volume obtained by intelligent spatiotemporal image correlation technique.

(RSV) = REDV- RESV; the right cardiac output (RCO) = RSV × fetal heart rate; the
right ejection fraction = RSV/REDV.
(3) The paired Student's t test was performed by randomly retrieved images from
30 cases with the fetal right ventricular volume independently measured by two
observers (twice for each observer or twice by the same observer) to evaluate the
consistency of the measurement. The average value by each observer was compared.

Statistical analysis
Data input and processing were carried out using SPSS 23.0 statistical software. The
quantitative data conforming to normal distribution were presented as x ± s.
Spearman rank correlation analysis was used to determine the relationship between
fetal right ventricular volume and cardiac function parameter changes with
gestational age. In addition, the paired Student's t test was used to evaluate the
consistency of the measurement by the same observer and between different
observers. Differences with P < 0.05 were considered statistically significant.

RESULTS
Spearman rank correlation analysis
The changes in normal fetal REDV, RESV, RSV, and RCO with gestational age showed
significant linear correlations, and the correlation coefficients were 0.903, 0.874, 0.866
and 0.865, respectively (P < 0.01, Figure 2, Table 1). Right ejection fraction did not
change as gestational age increased, was relatively constant throughout the entire
pregnancy, and was not significantly correlated with gestational age (P > 0.05, Table
1). Measurement of fetal right ventricular volume and cardiac function was carried
out using the iSTIC technique (Table 2).

Paired Student's t test
The intraclass correlation coefﬁcients (ICC) of REDV measured by the same observer
was 0.989 with a 95% confidence interval (CI) of 0.978–0.995. The ICC of RESV was
0.978 with a 95%CI of 0.955–0.989. The ICC of REDV measured by different observers
was 0.988 with a 95%CI of 0.975–0.944. The ICC of RESV was 0.988 with a 95%CI of
0.900–0.977. There was no statistical difference between the same observer and
different observers when applying the iSTIC technique to measure RESV and REDV
using the consistency test, and the correlation coefficients were 0.989, 0.951, 0.990, and
0.980, respectively. The results showed that there was particularly good consistency
between the same observer and different observers (P < 0.001, Table 3).

DISCUSSION
Fetal cardiac function can be affected by a variety of conditions and prenatal
interventions. Accurate assessment of fetal cardiac function could help to understand
the process of fetal heart disease, improve the accuracy of diagnosis, and determine
prenatal interventions [2,5,6,16,19,20,22,23,26,30-39] . Two-dimensional ultrasound is still the
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Table 1 The relationship between normal fetal right ventricular end-diastolic volume, right
ventricular end-systolic volume, right stroke volume, right cardiac output, and right ejection
fraction with gestational ages from 22 to 35+6 wk
Gestational age

REDV

RESV

RSV

RCO

REF

r

0.903

0.874

0.866

0.865

0.120

P

< 0.001

< 0.001

< 0.001

< 0.001

0.187

REDV: Right ventricular end-diastolic volume; RESV: Right ventricular end-systolic volume; RSV: Right
stroke volume; RCO: Right cardiac output; REF: Right ejection fraction.

traditional gold standard for diagnosis of fetal congenital heart diseases[17,20,21] but has
a number of limitations in the quantitative evaluation of fetal ventricular volume and
cardiac function. When abnormal fetal heart structure causes significant cardiac
geometric morphology changes, accurate quantitative assessment of fetal ventricular
volume and cardiac function by 2D ultrasound is difficult[3,34].
Application of the STIC imaging technique in fetal heart disorders has been studied
extensively, which adds the time factor into the process of 3D data acquisition with
continuous unidirectional scanning of the target area by the sensor to obtain the 3D
volume data composed of each 2D slice. After completion of volume data acquisition,
the software can automatically group 2D sections at the same time to reorganize the
image of the entire fetal cardiac cycle, with end-systolic and end-diastolic phases of
the cardiac cycle image defined according to opening and closing of the atrioventricular valve in post-processing[3,16,17,20-23,29,36,38-42]. Such technology overcomes the
imaginary heart geometry by 2D ultrasound along with a relatively simple image
acquisition process and fewer requirements for operator experience. The imaging
principle determines that STIC is not a real-time imaging technology but a delayed
signal. Therefore, when an abnormality of the fetal heart leads to ventricular
desynchrony, the maximum and minimum volume of the fetal ventricle cannot be
accurately estimated using this method.
In contrast, iSTIC can generate real-time 3D images with an electronic matrix probe
used vertically, and a horizontally-arranged 2D probe to conduct matrix volume
imaging. The acoustic beam can automatically rotate for large-range scanning, which
can significantly reduce the acquisition time of 3D image data and improve work
efficiency. The acquisition time of one image by STIC is usually 8–12 s, but iSTIC only
requires 2 s. With the imaging time significantly shortened, iSTIC has solved the
contradiction between slow STIC imaging and a rapid fetal heart rate and reduced the
effects of fetal and maternal respiration and other factors on the quality of the image.
The image resolution is thus increased [29,43,44] . In theory, accuracy of the iSTIC
technique in the measurement of fetal ventricular volume is higher than STIC, which
also reduces the exposure time of the fetus to ultrasound.
In this study, iSTIC technology was used to evaluate the heart function of 123
normal fetuses. The results showed that the fetal right ventricular volume, right
ventricular stroke output, and RCO increased as gestational age increased, thus
showing a good correlation with gestational age. Right ejection fraction did not
change as the gestational age increased, which was relatively constant throughout the
pregnancy and consistent with a previous report[23]. During the entire process of fetal
growth and development, the circulatory system plays a critical role. Unlike adults,
the fetal right ventricle has the main circulating function. As the right ventricular
volume continues to increase, the increased RCO with gestational age can meet the
oxygen and nutrient demands for fetal development. In contrast, due to the anatomic
and structural characteristics of the right ventricle, which has an irregular shape with
the regulation bundle at the apex as well as a rougher endocardial surface compared
with the left ventricle, it is particularly important to find an accurate and reliable
method to measure fetal right ventricular volume and cardiac function indices.
This study had some shortcomings, such as small sample size and the manual
delineation of the lining of the heart in post-processing, which requires clear
endocardial imaging and multiple measurements to obtain an average value and
reduce measurement errors as far as possible. Due to the rough endocardium surface
of the right ventricle, measurement error is inevitable. In addition, there is currently
no gold standard for the assessment of fetal heart function to compare the data
obtained by iSTIC technology.
In summary, iSTIC technology can be used for the quantitative measurement of
fetal right ventricular volume and the evaluation of right ventricular systolic function,
which has shown a number of advantages, and the application of iSTIC technology in
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Table 2 Measured normal fetal right ventricular end-diastolic volume, right ventricular endsystolic volume, right stroke volume, right cardiac output, and right ejection fraction values with
gestational ages between 22 and 35+6 wk
Gestational age, wk Case

REDV, mL

RESV, mL

RSV, mL

RCO, mL/min

REF

22–23+6

20

0.99 ± 0.34

0.43 ± 0.18

0.62 ± 0.29

92.23 ± 40.67

0.58 ± 0.12

24–25

+6

24

1.43 ± 0.28

0.55 ± 0.15

0.90 ± 0.18

132.10 ± 26.61

0.62 ± 0.58

26–27+6

20

1.66 ± 0.39

0.69 ± 0.20

0.98 ± 0.22

149.25 ± 34.68

0.59 ± 0.06

28–29+6

16

2.06 ± 0.53

0.77 ± 0.15

1.29 ± 0.44

181.12 ± 57.03

0.61 ± 0.06

30–31+6

18

2.61 ± 0.33

1.00 ± 0.14

1.60 ± 0.26

232.58 ± 45.60

0.61 ± 0.05

32–33

+6

15

2.98 ± 0.49

1.10 ± 0.17

1.88 ± 0.39

275.86 ± 55.43

0.63 ± 0.04

34–35+6

10

3.69 ± 0.36

1.36 ± 0.22

2.33 ± 0.18

335.83 ± 32.75

0.63 ± 0.03

REDV: Right ventricular end-diastolic volume; RESV: Right ventricular end-systolic volume; RSV: Right
stroke volume; RCO: Right cardiac output; REF: Right ejection fraction. RSV = REDV - RESV; RCO = RSV ×
fetal heart rate; REF = RSV/REDV.

prenatal diagnosis is worthy of further study and discussion.
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Table 3 Consistency between the same observer and different observers
n

Observer A

Observer B

t

P

r

P

ICC

95%CI

REDV

30

1.54 ± 0.82

1.51 ± 0.79

1.417

0.167

0.989

< 0.001

0.988

0.975-0.994

RESV

30

0.62 ± 0.36

0.61 ± 0.37

0.384

0.704

0.951

< 0.001

0.951

0.900-0.977

First measurement

Second measurement

REDV

30

1.54 ± 0.81

1.54 ± 0.84

0.196

0.846

0.990

< 0.001

0.989

0.978-0.995

RESV

30

0.63 ± 0.36

0.61 ± 0.37

1.731

0.094

0.980

< 0.001

0.978

0.955-0.989

REDV: Right ventricular end-diastolic volume; RESV: Right ventricular end-systolic volume; ICC: Intraclass correlation coefﬁcients.

Figure 2

Figure 2 Correlations. A: Correlation between right ventricular end diastolic volume and gestational age (wk); B: Correlation between right ventricular end systolic
volume and gestational age (wk); C: Correlation between right ventricular stroke volume and gestational age (wk); D: Correlation between right ventricular cardiac
output and gestational age (wk). REDV: Right ventricular end-diastolic volume; RESV: Right ventricular end-systolic volume; RSV: Right stroke volume; RCO: Right
cardiac output.

ARTICLE HIGHLIGHTS
Research background
Heart defects are the most common congenital malformations in fetuses. Fetal cardiac structure
and function abnormalities lead to changes in ventricular volume. As ventricular volume is an
important index for evaluating fetal cardiovascular development, an effective and reliable
method for measuring fetal ventricular volume and cardiac function is necessary for accurate
ultrasonic diagnosis and effective clinical treatment. The new intelligent spatiotemporal image
correlation (iSTIC) technology acquires high-resolution volumetric images. Numerous studies
have focused on fetal heart function which have not been widely accepted. The iSTIC technique
was used to measure right ventricular volume in 123 normal fetuses, and to evaluate right
ventricular systolic function to provide a new method for more accurate and convenient
evaluation of fetal heart function.
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Research motivation
The iSTIC technique was used to provide a new method for more accurate and convenient
evaluation of fetal heart function.

Research objectives
One hundred twenty-three healthy gravidas with singleton gestations who visited our hospital
for prenatal ultrasonography between October 2014 and September 2015 were included in the
study.

Research methods
The women were asked to lie flat, and a fetal echo program was begun with transabdominal
scanning using an X6-1 probe. Using a 3D/4D iSTIC technology model for a 4-chamber view of
the fetal heart, the 3D/4D sampling frame location was adjusted and the sampling range assured
3D/4D volume data acquisition and the sampling frame included the entire fetal heart. The fetal
heart rate was measured and recorded after completion of data acquisition.

Research results
The changes in normal fetal right ventricular end-diastolic volume, right ventricular end-systolic
volume, right stroke volume, and right cardiac output with gestational age showed significant
linear correlations. Right ejection fraction did not change as gestational age increased, was
relatively constant throughout the entire pregnancy, and was not significantly correlated with
gestational age.

Research conclusions
iSTIC technology can be used for the quantitative measurement of fetal right ventricular volume
and the evaluation of right ventricular systolic function.

Research perspectives
iSTIC can generate real-time 3D images, only requires 2 s, and is the best method now. The
direction of the future research is to improve the scanning time.
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Abstract
BACKGROUND
Acute myocardial infarction (AMI) is a leading cause of mortality. Early
reperfusion to restore blood flow is crucial to successful treatment. In the current
reperfusion regimen, an increasing number of patients have benefited from direct
percutaneous coronary intervention (PCI). In order to understand whether there
is a correlation between the components of coronary thrombosis and the absence
of reflow or slow blood flow after coronary stent implantation in direct PCI, we
collected data on direct PCI cases in our hospital between January 2016 and
November 2018.
AIM
To investigate the correlation between intracoronary thrombus components and
coronary blood flow after stent implantation in direct PCI in AMI.
METHODS
We enrolled 154 patients (85 male and 69 female, aged 36–81 years) with direct
PCI who underwent thrombus catheter aspiration within < 3, 3–6 or 6–12 h of
onset of AMI between January 2016 and November 2018. The thrombus was
removed for pathological examination under a microscope. The patients of the
three groups according to the onset time of AMI were further divided into those
with a white or red thrombus. The thrombolysis in myocardial infarction (TIMI)
blood flow after stent implantation was recorded based on digital subtraction
angiography during PCI. The number of patients with no-reflow and slow blood
flow in each group was counted. Statistical analysis was performed based on data
such as onset time, TIMI blood flow.
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RESULTS
There were significant differences in thrombus components between the patients
with acute ST-segment elevation myocardial infarction and non-ST-segment
elevation myocardial infarction (P < 0.01). In the group with PCI < 3 h after onset
of AMI, there was no significant difference in the incidence of no-reflow and
slow-flow between the white and red thrombus groups. In the groups with PCI 36 and 6-12 h after onset of AMI, there was a significant difference in the incidence
of no-reflow and slow-flow between the white and red thrombus groups (P <
0.01). There was a significant correlation between the onset time of AMI and the
occurrences of no-reflow and slow blood flow during PCI (P < 0.01).
CONCLUSION
In direct PCI, the onset time of AMI and color of coronary thrombus are often
used to predict whether there will be no reflow or slow blood flow after stent
implantation.
Key words: Acute myocardial infarction; Pathological thrombotic component; Direct
percutaneous coronary intervention; Blood flow
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Core tip: We investigated the correlation between intracoronary thrombus components
and coronary blood flow after stent implantation in direct percutaneous coronary
intervention (PCI) in acute myocardial infarction (AMI). A total of 154 patients with
direct PCI who underwent thrombus catheter aspiration within < 3, 3-6 or 6-12 h of onset
of AMI were included. There was a significant correlation between the onset time of
AMI and the occurrence of no reflow and slow blood flow during PCI. In direct PCI, the
onset time of AMI and color of coronary thrombus may predict whether there will be no
reflow or slow blood flow after stent implantation.
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INTRODUCTION
Acute myocardial infarction (AMI) is a critical illness with high mortality. Early
reperfusion to restore blood flow is the key to successful treatment[1]. In the current
reperfusion regimen, an increasing number of patients have benefited from direct
percutaneous coronary intervention (PCI). However, as well as some coronary
revascularization, there have been some cases of coronary artery no-reflow or slow
blood flow after stent implantation in direct PCI[2-6]. In order to understand whether
there is a correlation between the components of coronary thrombosis and the absence
of reflow or slow blood flow after coronary stent implantation in direct PCI, we
collected data on direct PCI cases in our hospital between January 2016 and
November 2018.

MATERIALS AND METHODS
Patients
We enrolled 154 patients with AMI who were admitted to our hospital between
January 2016 and November 2018. Patients underwent direct PCI within 12 hours of
onset of AMI with aspiration catheterization and stent implantation. There were 85
men and 69 women, aged 36–81 years (mean age 59.8 years). There were 116 patients
with acute ST-segment elevation myocardial infarction (STEMI), 38 with acute nonST-segment elevation myocardial infarction (NSTEMI), 85 with right coronary artery
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infarction, 47 with left anterior descending artery infarction and 22 with left
circumflex artery infarction.

Methods
Grouping: All patients were divided into 3 groups according to the time of AMI
onset: < 3, 3-6 and 6-12 h. According to electrocardiography and coronary
angiography, the patients were further divided into acute STEMI and acute NSTEMI
groups.
Coronary angiography: The coronary condition and thrombolysis in myocardial
infarction (TIMI) blood flow were recorded using the JUDKINS method. TIMI blood
flow was graded as follows: Level 0, complete occlusion of the diseased blood vessels,
no contrast agent was passed, and the distal myocardium was completely nonperfused; Level 1, the diseased blood vessels had a small amount of contrast agent
and blood flow, but the distal arterial vascular bed was not fully developed; Level 2,
the contrast agent slowly passed through the stenosis or was delayed at the distal end
of the stenosis, the distal segment was developed, and the distal myocardium was
perfused, that is, the distal vascular bed was fully developed after 3 cardiac cycles;
Level 3, the contrast agent rapidly filled the blood vessel and was rapidly emptied,
and all distal myocardial perfusion was complete, that is, the distal vascular bed was
fully developed within 3 cardiac cycles. Patients with TIMI blood flow Level 0–2 had
no reflow and slow blood flow [7] . The severity of coronary thrombosis load was
assessed according to the following 6 points: (1) A long thrombus > 3 times the inner
diameter of the reference vessel; (2) A strip-shaped thrombus with a length of > 5 mm
at the proximal end of the occlusion; (3) A floating thrombus at the proximal end of
the occlusion; (4) Inner luminal diameter > 4.0 mm; (5) Occlusion of the proximal
vessel without abrupt blunt occlusion; and (6) Contrast agent retention in the distal
end of the occluded vessel[8].
PCI: Signed informed consent was obtained from each patient before surgery, and the
double-resistance load was given (aspirin 300 mg and ticagrelor 180 mg orally). For
patients older than 75 years, aspirin 300 mg and clopidogrel 300 mg were given orally.
The appropriate guiding catheter was inserted into the coronary artery associated
with the lesion of the offender and guide the wire to the distal end of the coronary
artery through the lesion, and the Export AP thrombus aspiration catheter was passed
to the lesion through the guiding wire, and pumping was repeated 3 to 5 times from
the proximal end to the distal end of the lesion. According to angiography after
aspiration of the thrombus, stent implantation was performed in patients with
residual stenosis > 75%. The intraoperative TIMI myocardial perfusion grade was
recorded and the number of cases without reflow or slow blood flow was recorded. In
patients with no reflow or slow blood flow, tirofiban and sodium nitroprusside were
given intracoronally through the aspiration catheter to improve blood flow. Typical
cases are shown in Figure 1 and Figure 2.
Observation of thrombus components: The thrombus was extracted from the
coronary artery and initially observed with the naked eye. The thrombi were
classified as white or red, which was confirmed by fixed section microscopy (Figure 3
and Figure 4).

Statistical analysis
Statistical analysis was performed using SPSS version 19.0 software. Normal
distribution measurement data are expressed as mean ± SD. The Chi-square test was
used to compare the data between the groups. P < 0.01 was considered statistically
significant.

RESULTS
In the NSTEMI group, 28 cases of white thrombus and 10 of red thrombus were
extracted. In the STEMI group, 4 cases of white thrombus and 112 of red thrombus
were extracted. There was a significant difference in the thrombus components
between the two groups (P < 0.01), as shown in Table 1. In the group with PCI at < 3 h
after onset of AMI, there were 4 cases of white thrombus (1 had no reflow and slow
blood flow), and 27 cases of red thrombus (none had no reflow and slow blood flow).
There was no significant difference in the incidence of no reflow and slow blood flow
after stent implantation between the two subgroups (P > 0.05). In the PCI at 3-6 and 612 h after onset of AMI, there were 28 cases of white thrombus (20 patients had no
reflow and slow blood flow), and 95 cases of red thrombus (15 patients had no reflow
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Figure 1

Figure 1 Thrombus aspiration and stent implantation with complete occlusion of the right coronary artery.

and slow blood flow). There was a significant difference in the incidence of no reflow
and slow blood flow after stent implantation between these two subgroups (P < 0.01),
as shown in Table 2. There was a significant correlation between the time of PCI after
onset of AMI and the occurrence of no reflow and slow blood flow (P < 0.01), as
shown in Table 3.

DISCUSSION
The main cause of AMI is acute or secondary occlusion of the coronary artery. Early,
effective and continuous opening of infarct-related blood vessels and restoration of
effective blood perfusion can reduce the area of necrotic myocardium and reduce
mortality[9]. Reperfusion of the myocardium by primary PCI is currently the preferred
treatment for AMI. However, with the increasing use of primary PCI, some patients
have no reflow or slow blood flow in infarct-related blood vessels after emergency
stent implantation[10,11]. No reflow or slow blood flow refers to the phenomenon of no
blood flow or slow blood flow after infarction-related coronary artery treatment by
stent or balloon, resulting in no perfusion or hypoperfusion of myocardial tissue. The
exact mechanism of no reflow or slow blood flow is not fully understood at present. It
is not the result of simple mechanical microcirculation embolism, but the
comprehensive consequences caused by the interaction of various pathophysiological
mechanisms. The main mechanisms are currently considered to include: Myocardial
ischemic injury, myocardial reperfusion injury, distal coronary artery embolization
and microcirculatory injury. Myocardial ischemia can cause damage to vascular
endothelial cells and trigger a cascade of cytokines. Ischemia causes damage to the
vascular endothelium, adhesion of neutrophils and platelets, and causes stenosis or
occlusion of the lumen, further aggravating microcirculatory disorders. During
myocardial reperfusion, a series of changes have occurred, such as calcium overload,
increased oxygen free radical production, inflammatory cell infiltration, and
activation of apoptotic signaling pathways; these changes aggravate ischemia and
form a vicious circle. In patients with AMI undergoing direct PCI, due to balloon preexpansion or stent implantation, unstable intracoronary plaque rupture or
microparticles (such as microthrombus of platelets) decrease, leading to vascular
obstruction in the distal coronary artery. When the number of particles is < 25 or the
diameter of the particles is < 200 μm, it generally does not cause microvascular
obstruction. When the number of particles is 25-200 or the particle diameter is > 200
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Figure 2

Figure 2 Thrombus aspiration and stent implantation for complete occlusion of the left anterior descending coronary artery.

μm, it can cause severe microvascular obstruction. At the same time, thromboxane or
angiotensin released by the plaque substance may further lead to microcirculatory
disorders[12-15]. Different patients have different mechanisms at different pathological
stages. Patients with myocardial no reflow after emergency PCI have individual
differences, which may be related to genetic susceptibility, and smoking,
hypertension, hyperlipidemia and diabetes may also be unfavorable factors for the
no-reflow phenomenon [ 1 6 , 1 7 ] . The same patient may have multiple different
mechanisms at the same time. TIMI blood flow grading is commonly used in clinical
evaluation. Coronary artery angiography TIMI blood flow Level 0 is no reflow, while
Levels 1 and 2 are slow blood flow. A large number of clinical studies have found that
the incidence of no reflow or slow blood flow in primary PCI is estimated to be 20%30% with TIMI blood flow grading [18] . The rate of no reflow or slow blood flow
estimated by microperfusion such as myocardial contrast echo is as high as 34%39%[19,20], which can cause an increase in myocardial infarct size, continuous reduction
of ventricular function, and further increase mortality[21-23]. The incidence is higher in
patients with high thromboembolic lesions[24,25].
In conclusion, we found that there was a significant correlation between the onset
time of AMI and no reflow and slow blood flow during surgery. The longer onset
time of AMI, the higher the incidence of no reflow or slow blood flow. There was a
significant difference in the thrombus components between acute STEMI and acute
NSTEMI. Patients with acute STEMI had mainly red thrombus, while those with acute
NSTEMI had mainly white thrombus, which was closely related to the mechanism of
different types of AMI. In patients with PCI at > 3 h after onset of AMI, those with
white thrombus were more likely to have no reflow and slower blood flow after stent
implantation than patients with red thrombosis. This can predict whether there is no
reflow or slow blood flow after stent implantation. At present, the prevention and
treatment of microcirculatory disorders and coronary no reflow are limited [26-32] .
Therefore, in patients with hyperthrombotic lesions that achieve complete
recanalization of infarcted coronary arteries, pre-coronary administration of drugs,
such as glycoprotein IIb/IIIa receptor antagonists or sodium nitroprusside, should be
fully evaluated based on the nature of the thrombus extracted from the coronary
arteries. Calcium antagonists[33,34] are important to reduce the occurrence of slow blood
flow or no reflow.
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Table 1 Thrombus extraction in patients with percutaneous coronary intervention at different acute myocardial infarction onset time in
non-ST-segment elevation myocardial infarction and ST-segment elevation myocardial infarction groups, n (%)
Groups

White thrombus

<3h

3–6 h

6–12 h

NSTEMI (38 cases)

Yes

3 (50.0)

12 (75.0)

13 (81.25)

No

3 (50.0)

4 (25.0)

3 (18.75)

Yes

1 (4.00)

1 (1.92)

2 (5.13)

No

24 (96.0)

51 (98.08)

37 (94.87)

37.662

29.418

< 0.001

< 0.001

STEMI (116 cases)

Fisher
P value

0.016

NSTEMI: Non-ST-segment elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction.

Table 2 Relationship between different thrombus properties and incidence of no-reflow and slow blood flow after percutaneous coronary
intervention at different acute myocardial infarction onset time, n (%)
Subgroups

No reflow or slow blood flow

<3h

3-6 h

6-12 h

White thrombus (32 cases)

No

3 (75.0)

5 (38.46)

3 (20.0)

Yes

1 (25.0)

8 (61.54)

12 (80.0)

No

27 (100)

50 (90.91)

30 (75.0)

Yes

0 (0)

5 (9.09)

10 (25.0)

15.467

13.75

< 0.001

< 0.001

Red thrombus (122 cases)

Fisher
P value

0.143

Table 3 Relationship between acute myocardial infarction onset time and no reflow and slow blood flow during operation, n (%)
No reflow or slow blood flow

<3h

3-6 h

6-12 h

Chi-square

P value

Yes (36 cases)

1 (3.23)

13 (19.12)

22 (40.0)

16.201

< 0.001

No (121 cases)

30 (96.7)7

55 (80.88)

33 (60.0)

Figure 3

Figure 3 Pathological picture of white thrombus extracted during percutaneous coronary intervention. Hematoxylin and eosin staining, 40×.
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Figure 4

Figure 4 Pathological picture of red thrombus extracted during percutaneous coronary intervention. Hematoxylin and eosin staining, 40×.

ARTICLE HIGHLIGHTS
Research background
Acute myocardial infarction (AMI) is a leading cause of mortality. Early reperfusion to restore
blood flow is crucial to successful treatment. An increasing number of patients have benefited
from direct percutaneous coronary intervention (PCI). However, coronary artery no-reflow or
slow blood flow after stent implantation and coronary revascularization occurred in direct PCI in
some cases. The exact mechanism of no reflow or slow blood flow remains unclear

Research motivation
Although in the current reperfusion regimen, an increasing number of patients have benefited
from direct PCI, there have been some cases of coronary artery no-reflow or slow blood flow
after stent implantation in direct PCI as well as coronary revascularization. The exact mechanism
of no reflow or slow blood flow is still unclear. In order to understand whether there is a
correlation between the components of coronary thrombosis and the absence of reflow or slow
blood flow after coronary stent implantation in direct PCI, we collected data on direct PCI cases
in our hospital between January 2016 and November 2018.

Research objectives
This study aims to investigate the correlation between intracoronary thrombus components and
coronary blood flow after stent implantation in direct PCI in AMI.

Research methods
A total of 154 patients with direct PCI who underwent thrombus catheter aspiration within < 3,
3–6 or 6–12 h of onset of AMI between January 2016 and November 2018 were included. The
thrombus was removed for pathological examination. The patients of three groups according to
the onset time of AMI were further divided into those with a white or red thrombus. The
thrombolysis in myocardial infarction (TIMI) blood flow after stent implantation was recorded
based on digital subtraction angiography during PCI. The number of patients with no-reflow
and slow blood flow in each group was counted. Statistical analysis was performed on the onset
time, thrombus component, and TIMI blood flow.

Research results
There were significant differences in thrombus components between the patients with acute STsegment elevation myocardial infarction and non-ST-segment elevation myocardial infarction (P
< 0.01). In the group with PCI < 3 h after onset of AMI, there was no significant difference in the
incidence of no-reflow and slow-flow between the white and red thrombus groups. In the
groups with PCI 3–6 and 6–12 h after onset of AMI, there was a significant difference in the
incidence of no-reflow and slow-flow between the white and red thrombus groups (P < 0.01).
There was a significant correlation between the onset time of AMI and the occurrence of noreflow and slow blood flow during PCI (P < 0.01).

Research conclusions
There was a significant correlation between the onset time of AMI and no reflow and slow blood
flow during surgery. There was a significant difference in the thrombus components between
acute ST-segment elevation myocardial infarction (STEMI) and acute non-ST-segment elevation
myocardial infarction (NSTEMI). Patients with acute STEMI had mainly red thrombus, while
those with acute NSTEMI had mainly white thrombus, which was closely related to the
mechanism of different types of AMI. In patients with PCI at > 3 h after onset of AMI, those with
white thrombus were more likely to have no reflow and slower blood flow after stent
implantation than patients with red thrombosis. This can predict whether there is no reflow or
slow blood flow after stent implantation. In patients with hyperthrombotic lesions that achieve
complete recanalization of infarcted coronary arteries, pre-coronary administration of drugs,
such as glycoprotein IIb/IIIa receptor antagonists or sodium nitroprusside, should be fully
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evaluated based on the nature of the thrombus extracted from the coronary arteries. Calcium
antagonists can help reduce the occurrence of slow blood flow or no reflow.

Research perspectives
In direct PCI, the onset time of AMI and color of coronary thrombus are often used to predict
whether there will be no reflow or slow blood flow after stent implantation. However, the exact
mechanism of no reflow or slow blood flow is not fully understood. Multiple pathophysiological
mechanisms might be involved, including myocardial ischemia, myocardial reperfusion injury,
distal coronary artery embolization and microcirculatory injury. More prospective studies are
needed to be carried out in the future in AMI patients with direct PCI after stent implantation.
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Abstract
BACKGROUND
Noninvasive biomarkers have been developed to predict hepatitis B virus (HBV)
related fibrosis owing to the significant limitations of liver biopsy. Both serum
biomarkers and imaging techniques have shown promising results and may
improve the evaluation of liver fibrosis. However, most of the previous studies
focused on the diagnostic effects of various imaging techniques on fibrosis in all
chronic liver diseases.
AIM
To compare the performance of common imaging methods and serum
biomarkers for prediction of significant fibrosis caused only by HBV infection.
METHODS
A systematic review was conducted on the records available in PubMed,
EMBASE, and the Cochrane Library electronic databases until December 2018.
We systematically assessed the effectiveness of two serum biomarkers and three
imagine techniques in predicting significant fibrosis solely caused by HBV
infection. The serum biomarkers included aspartate aminotransferase-to-platelet
ratio index (APRI) and fibrosis index based on the 4 factors (FIB-4). The three
imaging techniques included acoustic radiation force impulse (ARFI), FibroScan,
and magnetic resonance elastography (MRE). Three parameters, the area under
the summary receiver operating characteristic curve (AUSROC), the summary
diagnostic odds ratio, and the summary sensitivity and specificity, were used to
examine the accuracy of all tests for liver fibrosis.
RESULTS
Out of 2831 articles evaluated for eligibility, 204 satisfied the predetermined
inclusion criteria for this current meta-analysis. Eventually, our final data
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contained 81 studies. The AUSROCs of serum biomarkers of APRI and FIB-4
were both 0.75. For imaging techniques (ARFI, FibroScan, and MRE), the areas
were 0.89, 0.83, and 0.97, respectively. The heterogeneities of ARFI and FibroScan
were statistically significant (I2 > 50%). The publication bias was not observed in
any of the serum biomarkers or imaging methods.
CONCLUSION
These five methods have attained an acceptable level of diagnostic accuracy.
Imaging techniques, MRE in particular, demonstrate significant advantages in
accurately predicting HBV-related significant fibrosis, while serum biomarkers
are admissible methods.
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Core tip: Many researchers compared the diagnostic effects for liver fibrosis by new
techniques within the domain of imaging techniques separately or focused on fibrosis in
all chronic liver diseases. We perform a meta-analysis to compare the effectiveness of
both some common imaging methods and serum biomarkers for prediction of significant
fibrosis among hepatitis B virus (HBV)-monoinfected patients. The results reveal that
imaging techniques have significant advantages in prediction of HBV-related significant
fibrosis.
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common imaging techniques vs serum biomarkers in assessing fibrosis in patients with
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INTRODUCTION
Liver fibrosis is a consequence of the accumulation of extracellular matrix components, caused by persistent liver damage and consequent wound healing reaction[1,2]. It
can develop to cirrhosis, even hepatic failure and hepatocellular carcinoma [3] .
Approximately one-third of cirrhosis cases worldwide are caused by hepatitis B virus
(HBV) infection[2]. It is estimated that about 450 million people are chronically infected
with HBV around the world [1] , resulting in 600000 to 1000000 deaths annually [4] .
Therefore, the accurate diagnosis of the degree of liver fibrosis is essential for the
management of chronic hepatitis B (CHB) patients and making clinical decision for
doctors.
Liver biopsy is the current reference standard for the evaluation and staging of
fibrosis, which is an invasive technique. However, it has several disadvantages, such
as patients’ reluctance, pain, hemoperitoneum[5], intra- and interobserver variations,
and sampling errors[6]. Therefore, several noninvasive methods, including serum
biomarkers combining indices/scores and imaging techniques like magnetic
resonance imaging (MRI), have been investigated for their potential in assessment of
liver fibrosis.
There has been a dramatic increase in developing various noninvasive tests since
1991[7]. There are direct serum noninvasive tests such as hepascore and hyaluronic
acid, indirect serum markers which consist of the combination of routine biochemical
or haematological tests such as fibrosis index based on the 4 factors (FIB-4), aspartate
aminotransferase-to-platelet ratio index (APRI), or Forns index and Fibrotest
combined direct and indirect tests[8]. Among all of these tests, APRI and FIB-4, being
extensively investigated in numerous studies, demonstrated the greatest potential.
On the other side, with the development of imaging technology, several imaging
devices have been developed for the diagnosis and staging of liver fibrosis, which are
truly noninvasive methods when compared with serum biomarkers. Historically,
radiologists and clinicians have relied on the assessment of morphological changes
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associated with liver fibrosis. Other imaging methods depend on changes in physical
properties that can be assessed by quantification techniques. These include
mechanical properties, texture, T 1 ρ lengthening, perfusion, diffusion, and
hepatocellular function [9] . Ultrasound (US)-based elastography techniques are
portable, relatively inexpensive, fast to acquire, and do not require postprocessing[10].
In particular, 1D transient elastography, commercialized as FibroScan (Echosens,
Paris, France), has been widely validated in clinical trials, adopted clinically, and used
by clinicians at point of service[9]. Moreover, focal point shear-wave elastography,
commercialized as acoustic radiation force impulse (ARFI) (Siemens Medical
Solutions, Mountain View, CA), is mapped in 2D using US tracking pulses, and the
resulting tissue displacement is measured[11]. It is integrated in a conventional US
machine that can be performed with conventional US probes during an abdominal US
scan[12,13]. In addition, many MRI techniques for imaging of liver fibrosis are being
developed. They typically cover a larger liver volume than US elastography techniques, which may reduce sampling variability and technical failure rate.
These methods have exhibited promising results and may improve the management of liver fibrosis. However, most previous studies compared the diagnostic
effects of these new imaging techniques alone and focused on fibrosis in all chronic
liver diseases, which might underestimate or overestimate the role of the biomarkers.
Therefore, we performed a meta-analysis to compare the pooled performance of some
common imaging methods and serum biomarkers for prediction of significant fibrosis
among HBV-monoinfected patients.

MATERIALS AND METHODS
Search strategy and selection criteria
Online database search was performed on EMBASE, PubMed, and the Cochrane
Library (01/2008-12/2018) for the following terms: Diagnosis test, liver stiffness
measurement, LSM, transient elastography, FibroScan, MR elastography, MRE, ARFI,
acoustic radiation force impulse, point shear-wave elastography, imaging techniques,
hepatitis B virus, HBV, chronic hepatitis B, CHB, and fibrosis. Other studies were
identified by a manual search for referenced studies or review articles. EndNote X9
software was used to manage the references.
Studies should be included if they conformed all of the following five criteria: (a)
The study evaluated the performance of the APRI and/or ARFI and/or FIB-4 and/or
FibroScan and/or MRE for the prediction of fibrosis in HBV infected patients. Studies
on patients with other etiologies of liver diseases were also included if data for HBVinfected patients could be independently extracted. Special populations of HBVinfected patients [e.g., HBV/HIV, HBV/ hepatitis C virus (HCV), or HBV/ hepatitis D
virus (HDV) coinfection] were excluded; (b) Liver biopsy was used to diagnose liver
fibrosis as a golden standard; (c) Data could be extracted to construct at least one 2 × 2
table of test performance, based on some cutoff points of the five biomarkers for the
significant fibrosis stage; (d) The study assessed the diagnostic accuracy for fibrosis
stage F ≥ 2 according to METAVIR or a comparable staging system; and (e) The study
included at least 50 patients. Studies of smaller sample sizes were excluded due to
concerns on their applicability.

Data extraction and quality assessment
Two reviewers (WWS and XYX) evaluated study eligibility, extracted data from the
study, and graded the study quality independently. Any disagreements between the
reviewers were resolved by detailed discussions together with a third reviewer (LHB).
The parameters in our literature search included author, year of publication, region,
age, patient gender , body mass index (BMI), histological scoring system, number of
patients, average length of liver specimen, time interval between biopsy and other
diagnostic tests, diagnostic method, prevalence of the fibrosis stage, as well as cutoff
values to identify the fibrosis stage[14].
XYX and ZQM independently appraised the quality of included studies using the
quality assessment of diagnostic accuracy studies questionnaire (QUADAS-2)[15]. It
could estimate the internal and external validity of diagnostic accuracy of studies
used in systematic reviews.

Statistical analysis and data synthesis
We extracted and tabulated the data in a series of 2 × 2 tables that included sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) at
each threshold value. The primary target was to identify significant fibrosis, defined
by METAVIR[16], Batts and Ludwig[17], Scheuer[18], and Chinese Hospital system[19], for
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stages F2 to F4, and Ishak[20] for stages F3 to F6. This gauge was chosen because
significant fibrosis is often considered a threshold for the initiation of antiviral
therapy[21]. The method of diagnostic test accuracy was examined in order to provide
clinically meaningful results. We examined the area under the summary receiver
operating characteristic curve (AUSROC) curve, the summary diagnostic odds ratio
(DOR), and the summary sensitivity and specificity to further examine the accuracy of
all tests for liver fibrosis.
The heterogeneity of the results between studies was assessed statistically using the
Cochran-Q and the quantity I2. I2 value can describe the percentage of total variation
across studies that is attributable to heterogeneity rather than chance[22]. If there was
significant heterogeneity, a meta-regression was conducted to explore the covariates
that may induce heterogeneity, according to the following predefined characteristics:
(1) Study design (prospective or retrospective); (2) Length of liver specimen (≥ 10 mm,
≥ 15 mm, ≥ 20 mm, or not); (3) Liver biopsy scoring system; (4) Number of centers
(single or multicenter); (5) Sample size; (6) Publication year (2014-2018 or 2008-2013);
(7) Time interval between biopsy and tests (same day or not); (8) Prevalence of significant fibrosis; (9) BMI; and (10) Location of study.
The potential publication bias was assessed using the Deeks funnel plots[23]. All
analyses were performed with Meta-Disc software (v. 1.4) and Stata15.0.

RESULT
Search results
The study selection process is shown in Figure 1. A total of 2831 studies were
searched by the described search strategies, of which 2627 were excluded following
title and abstract screening. Of those, 81 papers were included in the review following
full-text screening (Text S5); 47 studies were related to the APRI [24-70] , 11 to the
ARFI [29,42,69-77] , 32 to the FIB-4 [24,25,27,30,35,36,39,40,43-46,48-55,57,58,60,62,63,65-69,78-79] , 29 to the
FibroScan[28,38,42,52,53,58,60,61,71,73,80-98], and 6 to the MRE[99-104].

Characteristics of the included studies
In the 47 studies of APRI, there were 13725 patients (median age, 37 years; 68.9% of
males). The total prevalence of significant fibrosis was 55.9% (range: 16.7%-83.7%).
Most studies were conducted in Asia (42 studies). Three studies were from Europe,
one from North America, and another from Africa. We did not restrict study
participants to any age, but only one study was conducted on children and
adolescents exclusively[59]. Twenty-nine studies used the METAVIR score, ten used the
Scheuer score, six utilized the Ishak score, and two used the Chinese Hospital System.
There were 11179 patients (median age, 37 years; 68.7% of males) in 32 studies
evaluating the performance of FIB-4. The total prevalence of significant fibrosis was
57.5% (range: 16.7%-83.7%). Twenty-nine studies were conducted in Asia, two in
Europe, and one in North America. All studies included adults only. Seventeen
studies used the METAVIR score, nine used the Scheuer score, four utilized the Ishak
score, and two used the Chinese Hospital System.
A total of 1527 patients (median age, 36 years; 67.5% of males) were contained in 11
studies on ARFI. The total prevalence of F2 was 54.2% (range: 23.9%-74.3%). Ten
studies were conducted in Asia and one in Germany. All the subjects were adults. Six
studies used the METAVIR score, two used the Chinese Hospital System, and one
used each of the Scheuer score, the Ishak score, and the Batts and Ludwig score.
In the 29 FibroScan studies, a total of 5035 patients (median age, 39 years; 71.4% of
males) were included. The overall prevalence of significant fibrosis was 49.4% (range:
14.8%-85%). Twenty-one studies were from Asia, six from Europe, one from Africa,
and another from North America. Twenty studies used the METAVIR score, five
utilized the Batts and Ludwig score, three utilized the Scheuer score, and one used the
Chinese Hospital System.
There were 1228 patients (median age, 49 years; 71.0% of males) used to evaluate
the performance of MRE in six studies. The total prevalence of significant fibrosis was
61.4% (range: 45.2%-77.4%). One MRE study was from America and the other five
were conducted in Asia. The results of methodological quality assessment according
to the QUADAS-2 scale are described for all studies (Figure 2, Text S5).

Performance of serum biomarkers for prediction of significant liver fibrosis
In the 47 studies evaluating the APRI, the area under the ROC curve (AUROC) ranged
from 0.54 to 0.87. The AUSROC and the pooled sensitivity, specificity, and DOR are
presented in Table 1 and Figure 3. The Cochran-Q was 1199.4 and I2 > 50%, which
indicated significant heterogeneity across the included studies (P < 0.001). Meta-
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Figure 1

Figure 1 Flow diagram of article selection.

regression analysis was used to explore the heterogeneity of the APRI accuracy for
predicting significant fibrosis, which was affected by BMI and prevalence of significant fibrosis with regard to sensitivity and only prevalence of significant fibrosis with
regard to specificity (Figure S1). In the 32 studies evaluating the FIB-4 for the
prediction of fibrosis stage of F2, the AUROC ranged from 0.56 to 0.85. The AUSROC
was 0.75 (0.71-0.78) (Figure 3). The summary sensitivity, specificity, and DOR are
shown in Table 1. The score of Cochran-Q was 488.9 (P < 0.05) and heterogeneity was
statistically significant. The heterogeneity of FIB-4 accuracy was mainly affected by
prevalence of significant fibrosis with regard to sensitivity, and prevalence of
significant fibrosis and study design with regard to specificity according to the metaregression analysis (Figure S2). The summary sensitivity and specificity of serum
indicators by BMI and prevalence of significant fibrosis are listed in Tables 2 and 3.

Performance of imaging techniques for prediction of liver significant fibrosis
The AUROC ranged from 0.72 to 0.96 in 11 studies evaluating the ARFI. When
combined, the AUSROC was 0.89 (0.86-0.91). The summary DOR was 23 (95%CI: 1538), and the score of Cochran-Q was 27.8 and I 2 > 50%, indicating significant
heterogeneity across the included studies (P < 0.05). In meta-regression analysis, we
found that the causes of the heterogeneity were publishing year and sample size for
sensitivity, and prevalence of significant fibrosis and BMI for specificity (Figure S3). In
the 29 studies evaluating the FibroScan, the AUROC ranged from 0.61 to 0.94. The
AUSROC and the pooled sensitivity, specificity, and DOR are also shown in Table 1
and Figure 3. There was significant heterogeneity across the included studies (I2 >
50%, P < 0.001). The heterogeneity of the FibroScan was mainly affected by prevalence
of significant fibrosis and BMI with regard to sensitivity or specificity (Figure S4). In
the six studies evaluating the MRE for the prediction of significant fibrosis, the
AUROC ranged from 0.98 to 0.99. The AUSROC was 0.97 (0.96-0.98) (Figure 3). The
summary sensitivity, specificity, and DOR are listed in Table 1, and the Cochran-Q
and I2 of this measure were 0.44 (P > 0.05) and 0, respectively. The result of the
heterogeneity was statistically insignificant. The subgroup analysis of imaging
methods by BMI and prevalence of significant fibrosis are listed in Tables 2 and 3,
respectively.

Publication bias
Funnel plots of these markers are illustrated in Figure S5. Symmetry was noted in the
funnel plots and publication bias was not observed in any of the serum biomarkers or
the imaging methods.

DISCUSSION
Liver fibrosis progression is common in people infected with HBV. Patients with
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Figure 2

Figure 2 Summary of methodological quality of studies according to QUADAS-2.

significant fibrosis should be considered for clinical therapy, which can potentially
reduce and even reverse complications[105]. Considering the risks and limitations of
biopsy, researchers should make persistent efforts in researching some noninvasive
methods to more conveniently and securely identify patients with significant fibrosis.
FIB-4 and APRI are such noninvasive serum biomarkers that they have been gaining
increasing acceptance in clinical practice. FibroScan, ARFI, and MRE gradually reveal
an advantage with the development of US-based or MRI elastography techniques.
These methods may reduce the demand for liver biopsy and also help to monitor the
efficacy of treatments[62].
Many scholars have researched the diagnostic effect of APRI and FIB-4 and usually
compared them with other new methods. In addition, the World Health Organization
(WHO) recommends APRI as the preferred noninvasive test to assess significant
fibrosis or cirrhosis and FIB-4 to detect fibrosis stages ≥ F3, considering lower cost,
routinely available methods, and untrained staff[106]. Therefore, among all serum
biomarkers, only APRI and FIB-4 were singled out in our analysis. Based on the
results from an increasing number of studies, the difference between APRI and FIB-4
is not significant in relative diagnostic outcomes, although some articles described
that FIB-4 had a higher diagnostic accuracy for cirrhosis when compared with APRI
[107]
. If only APRI and FIB-4 are available, APRI based on AST, ULN, and platelet count
is suggested to diagnose liver significant fibrosis considering resource-limited
settings.
With the development of imaging technology, US imaging and MRI devices have
been explored to diagnose and stage liver fibrosis, which are truly noninvasive
methods. In our meta-analysis, the AUSROCs of imaging techniques are generally
bigger than those of APRI and FIB-4. Of these tests, transient elastography performed
with FibroScan (Echosens, Paris) has been evaluated widely and has a good
performance in predicting cirrhosis, which is corroborated by the Guidelines
Development Group. They considered it the most useful test for the assessment of
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Table 1 Meta-analysis of hepatitis B-related significant fibrosis
SEN (95%CI)

SPE (95%CI)

DOR (95%CI)

APRI

0.69 (0.63-0.73)

0.71 (0.66-0.75)

5 (4-6)

FIB-4

0.62 (0.57-0.67)

0.75 (0.71-0.78)

5 (4-5)

ARFI

0.77 (0.70-0.83)

0.87 (0.81-0.92)

23 (15-38)

FibroScan

0.72 (0.68-0.76)

0.82 (0.77-0.86)

12 (9-16)

MRE

0.94 (0.91-0.96)

0.96 (0.93-0.97)

348 (185-656)

SEN: Sensitivity; SPE: Specificity; DOR: Diagnostic odds ratio; CI: Confidence interval; APRI:
Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 factors; ARFI: Acoustic
radiation force impulse.

cirrhosis in middle-income countries[106]. In addition, FibroScan acquires information
from a much larger portion of the liver tissue compared to biopsy, and therefore, the
risk of sampling error is significantly lowered. However, its performance is mediocre
for diagnosing moderate liver fibrosis, and the AUSROC ranked in the middle of the
five methods. Morbid obesity (BMI > 30), narrow intercostal spaces, and food intake
may diminish the accuracy of FibroScan [107] . Because of the limitation of US
technology, some researchers advocated that the accuracy of ARFI is similar if not
superior to FibroScan for the diagnosis of liver fibrosis [108,109] . Our meta-analysis
reveals that ARFI has a higher diagnostic accuracy than FibroScan in identifying
HBV-related significant fibrosis. In contrast to FibroScan that has a fixed region of
interest box at a fixed insertion depth, ARFI could be performed at variable depths.
Furthermore, it can also be performed in obese patients and patients with ascites and
integrated in a conventional US system[13]. MRE, the only MRI index, had the best
result in prediction of significant fibrosis. The AUSROC of MRE reaches the standard
of “best” and even closes to “1”[110]. And the summary sensitivity and specificity have
reached 94% and 96%, respectively. It typically covers larger liver tissue than US
elastography techniques, which may reduce sampling variability. While MRE has
been incorporated into MRI devices, it might be more expensive and require more
operator training and expertise. Therefore, it is not widely applied at present, and the
number of research articles is limited.
Meta-regression method is a convenient and reliable way for heterogeneity
screening. In our study, BMI, prevalence of significant fibrosis, sample size,
publishing year, and study design provide heterogeneity in summarizing test results.
This is consistent with a range of previous studies[38,111,112]. Some researchers suggested
that BMI may reduce the accuracy of ultrasonic technique for detecting significant
fibrosis[9,38]. Our results reveal that BMI may affect predicting outcomes of either
serum biomarkers or imaging techniques. Imaging technology shows a better
predictive effect in the normal weight group, while serum indicators reflect their
superiorities in overweight HBV patients (Table 2). The high proportion of fibrosis
stage ≥ 2 will reduce the accuracy of evaluating fibrosis by all methods (Table 3).
Furthermore, publishing year and sample size are the main contributors to the
heterogeneity of ARFI. The AUSROC of ARFI was 0.89 when we excluded the only
one article before 2014, the AUSROC of which was 0.75. Therefore, the technology of
ARFI, a new diagnostic method, is progressing gradually, and the evaluation effect is
increasingly improved. Besides, the AUSROCs in subgroups of sample size between
100 and 300 were much more than others in most cases (Text S6). Although other
methods showed no significant differences in the AUSROC among subgroups of
sample size, there was a general pattern that the areas were larger in the middle while
smaller on both sides (Text S6). This phenomenon is more prominent if the group was
changed into three subgroups (n < 100, 100 ≤ n ≤ 300, and n > 300) (Table 4). A few
years ago, our team observed that when the sample size was larger than 150, the
diagnostic accuracy of predicting fibrosis was noticeably enhanced[111]. Therefore, the
sample size of 150-300 will be beneficial to the accuracy of diagnostic tests.
However, there are several limitations in our systematic review. First of all, the cutoff value was not considered due to the absence of threshold effect in all tests (Text
S7). Second, the ALT levels were not considered because only a limited number of
studies calculated the results by the subgroup of ALT. Third, only the studies
published in English and Chinese languages were included. Lastly, other methods,
though we have retrieved them, were not considered in this meta-analysis, because
the number of articles was not adequate.
In conclusion, these five methods have attained an acceptable level of diagnostic
accuracy in our meta-analysis. Imaging techniques are generally better than serum
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Table 2 Subgroup analysis of body mass index in prediction of significant fibrosis
Diagnostic test

BMI

Number of studies (n)

AUSROC (95%CI)

SEN (95%CI)

SPE (95%CI)

APRI

Overweight

7 (985)

0.78 (0.74-0.81)

0.78 (0.59-0.90)

0.71 (0.61-0.79)

Normal

13 (2598)

0.75 (0.71-0.79)

0.63 (0.55-0.71)

0.77 (0.68-0.84)

NA

27 (10142)

0.74 (0.70-0.77)

0.69 (0.62-0.74)

0.68 (0.61-0.74)

Overweight

5 (717)

0.76 (0.72-0.79)

0.58 (0.47-0.70)

0.80 (0.67-0.89)

Normal

6 (1367)

0.70 (0.66-0.74)

0.58 (0.46-0.69)

0.75 (0.60-0.85)

NA

21 (9095)

0.75 (0.71-0.79)

0.64 (0.57-0.70)

0.74 (0.69-0.78)

Overweight

5 (679)

0.85 (0.82-0.88)

0.76 (0.64-0.85)

0.86 (0.80-0.91)

Normala

3 (481)

0.91 (0.88-0.95)

0.84 (0.80-0.88)

0.76 (0.64-0.85)

NAa

3 (367)

0.93 (0.85 – 0.99)

0.72 (0.63-0.80)

0.95 (0.91-0.97)

Overweight

12 (1927)

0.81 (0.77-0.84)

0.68 (0.62-0.74)

0.85 (0.76-0.91)

Normal

11 (2103)

0.83 (0.79-0.86)

0.73 (0.66-0.79)

0.82 (0.73-0.88)

NA

6 (1005)

0.85 (0.81-0.88)

0.79 (0.69-0.87)

0.78 (0.72-0.83)

FIB-4

ARFI

Fibroscan

a

The results were calculated with Meta-Disc software (v. 1.4). BMI: Body mass index; NA: Not assessable; SEN: Sensitivity; SPE: Specificity; CI: Confidence
interval; AUSROC: The area under the summary receiver operating characteristic curve; APRI: Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis
index based on the 4 factors; ARFI: Acoustic radiation force impulse.

biomarkers in prediction of HBV-related liver significant fibrosis. MRE is a promising
indicator and will surprise us with the development of global economy and popularization of technology. If condition allows, ARFI could be a better choice, than
FibroScan, for assessment of liver fibrosis in HBV-monoinfected patients with obesity
or ascites. The prediction effects of serum markers are generally admissible. Their low
cost and easiness in operation make them attractive especially in areas with limited
resources and access to imaging technology.
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Table 3 Subgroup analysis of prevalence of F2 in prediction of significant fibrosis
Diagnostic test

F2%

Number of studies (n)

AUSROC (95%CI)

SEN (95%CI)

SPE (95%CI)

APRI

F2% < 50

16 (4566)

0.72 (0.68-0.76)

0.68 (0.59-0.76)

0.66 (0.57-0.75)

F2% ≥ 50

31 (9159)

0.77 (0.73-0.81)

0.69 (0.62-0.75)

0.73 (0.68-0.78)

F2% < 50

9 (3234)

0.75 (0.71-0.79)

0.60 (0.47-0.72)

0.76 (0.68-0.83)

F2% ≥ 50

23 (7945)

0.75 (0.71-0.78)

0.63 (0.57-0.68)

0.74 (0.69-0.78)

F2% < 50

4 (554)

0.89 (0.85-0.91)

0.73 (0.62-0.82)

0.93 (0.68-0.97)

F2% ≥ 50

7 (973)

0.88 (0.85-0.91)

0.80 (0.72-0.87)

0.82 (0.74-0.88)

F2% < 50

12 (2272)

0.85 (0.81-0.88)

0.77 (0.70-0.83)

0.80 (0.71-0.86)

F2% ≥ 50

17 (2763)

0.82 (0.78-0.85)

0.69 (0.64-0.74)

0.84 (0.78-0.88)

FIB-4

ARFI

Fibroscan

SEN: Sensitivity; SPE: Specificity; CI: Confidence interval; AUSROC: The area under the summary receiver operating characteristic curve; APRI:
Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 factors; ARFI: Acoustic radiation force impulse.

Table 4 Subgroup analysis of sample size in prediction of significant fibrosis
Diagnostic test

Sample size

Number of studies (N)

AUSROC (95%CI)

SEN (95%CI)

SPE (95%CI)

APRI

n < 100

8 (588)

0.73 (0.69-0.77)

0.67 (0.60-0.74)

0.68 (0.61-0.75)

100 ≤ n < 300

27 (5286)

0.77 (0.73-0.80)

0.69 (0.62-0.76)

0.72 (0.65-0.78)

n ≥ 300

12 (7851)

0.73 (0.69-0.77)

0.67 (0.57-0.76)

0.69 (0.58-0.78)

n < 100

6 (411)

0.77 (0.73-0.80)

0.64 (0.54-0.73)

0.77 (0.67-0.85)

100 ≤ n < 300

14 (2917)

0.76 (0.72-0.80)

0.62 (0.53-0.71)

0.77 (0.69-0.83)

n ≥ 300

12 (7851)

0.74 (0.70-0.77)

0.62 (0.53-0.69)

0.74 (0.67-0.79)

n < 100

2 (173)

0.72/0.75

0.83/0.50

0.65/0.90

100 ≤ n < 300

9 (1354)

0.90 (0.87-0.92)

0.78 (0.71-0.84)

0.88 (0.82-0.93)

n ≥ 300

0

-

-

-

n < 100

6 (445)

0.80 (0.76-0.83)

0.70 (0.57-0.80)

0.76 (0.68-0.83)

100 ≤ n < 300

20 (3659)

0.84 (0.81-0.87)

0.74 (0.69-0.79)

0.83 (0.77-0.87)

3 (931)

0.82 (0.69-0.95)

0.62 (0.57-0.66)

0.88 (0.84-0.90)

FIB-4

ARFI

Fibroscan

a

n ≥ 300

a

The results were calculated with Meta-Disc software (v. 1.4). SEN: Sensitivity; SPE: Specificity; CI: Confidence interval; AUSROC: The area under the
summary receiver operating characteristic curve; APRI: Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4 factors; ARFI:
Acoustic radiation force impulse.
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Figure 3

Figure 3 Meta-analysis of hepatitis B-related significant fibrosis. A: Summary receiver operating characteristic (SROC) curve of the aminotransferase-to-platelet
ratio index; B: SROC curve of the fibrosis index based on the 4 factors; C: SROC curve of the acoustic radiation force impulse; D: SROC curve of the FibroScan; E:
SROC curve of the MRE. SROC: Summary receiver operating characteristic; APRI: Aminotransferase-to-platelet ratio index; FIB-4: Fibrosis index based on the 4
factors; ARFI: Acoustic radiation force impulse.
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ARTICLE HIGHLIGHTS
Research background
Liver fibrosis can develop to cirrhosis and even hepatic failure and hepatocellular carcinoma.
Approximately one-third of cirrhosis cases worldwide are caused by HBV infection. Therefore,
the accurate diagnosis of the extent of liver fibrosis for chronic hepatitis B patients is essential.
Many serum biomarkers combining indices/scores and imaging or magnetic resonance imaging
techniques have been undergoing dramatic development because of several drawbacks of liver
biopsy. These methods have promising results and may improve the management of liver
fibrosis. However, most of the previous studies compared the diagnostic effects of these new
techniques within the domain of imaging techniques or focused on fibrosis in all chronic liver
diseases, which might misestimate the role of these biomarkers. Therefore, we performed a metaanalysis to compare the pooled performance of some common imaging methods with serum
biomarkers for prediction of significant fibrosis among HBV-monoinfected patients.

Research motivation
We aimed to assess the accuracy of diagnostic tests for predicting significant fibrosis among
patients monoinfected with HBV. Most studies are centered on the domain of imaging
techniques and serum biomarkers separately or focused on fibrosis in all chronic liver diseases.
Therefore, the key points are that data for HBV infected patients could be extracted
independently and we want to integrate and compare the performance of methods of different
fields. With the development of medicine and technology, more innovative methods could be
invented in the near future. It will provide a boost to precision medicine that chooses a more
appropriate and effective method to evaluate liver fibrosis for different populations of patients.

Research objectives
We aimed to compare the pooled performance of some common imaging methods with serum
biomarkers for prediction of significant fibrosis among HBV-monoinfected patients. Some serum
biomarkers have been calculated and imaging techniques have been developed for the diagnosis
of liver fibrosis, respectively. Integrating and comparing the performance of methods of different
fields could provide a basis for future research and clinical application and a boost to precision
medicine.

Research methods
We examined the areas under the summary receiver operating characteristic curves, the
summary diagnostic odds ratios, as well as the summary sensitivities and specificities to further
examine the accuracy of all tests for liver fibrosis. Then, we assessed the heterogeneity between
studies using the Cochran-Q and I2. And the Deeks funnel plots were used to assess publication
bias. Meta-regression was conducted to further accurately explore the covariates that may induce
heterogeneity.

Research results
Our meta-analysis revealed that ARFI showed a higher diagnostic accuracy than FibroScan in
identifying HBV-related significant fibrosis. Furthermore, it can also be performed in obese
patients and in patients with ascites and be integrated in a conventional ultrasound system.
MRE, the only MRI index, had the best result in prediction of significant fibrosis. The area under
the SROC curve of MRE reaches the standard of “best” and even closes to “1”. The performances
of APRI and FIB-4 are poorer than imaging techniques. However, the cut-off value should be
considered in future studies.

Research perspectives
Imaging techniques are better than serum biomarkers in prediction of HBV-related liver
significant fibrosis in general. MRE is a promising indicator and other serum biomarkers are
general.

ACKNOWLEDGEMENTS
We thank Prof. Li-Jin Xu for comments that greatly improved the manuscript. And we
also thank all participants for their contribution of time to this study.

REFERENCES
1
2
3
4

5

WJCC

https://www.wjgnet.com

Friedman SL. Evolving challenges in hepatic fibrosis. Nat Rev Gastroenterol Hepatol 2010; 7: 425-436
[PMID: 20585339 DOI: 10.1038/nrgastro.2010.97]
Kawada N. Evolution of hepatic fibrosis research. Hepatol Res 2011; 41: 199-208 [PMID: 21338451
DOI: 10.1111/j.1872-034X.2011.00776.x]
Bosch FX, Ribes J, Cléries R, Díaz M. Epidemiology of hepatocellular carcinoma. Clin Liver Dis 2005; 9:
191-211, v [PMID: 15831268 DOI: 10.1016/j.cld.2004.12.009]
Custer B, Sullivan SD, Hazlet TK, Iloeje U, Veenstra DL, Kowdley KV. Global epidemiology of hepatitis
B virus. J Clin Gastroenterol 2004; 38: S158-S168 [PMID: 15602165 DOI:
10.1097/00004836-200411003-00008]
Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med 2001; 344: 495-500 [PMID: 11172192 DOI:

2032

August 6, 2019

Volume 7

Issue 15

Xu XY et al. Imaging-techniques vs biomarkers of liver fibrosis

6

7

8

9

10

11

12

13

14

15

16

17
18
19
20

21

22
23

24

25

26

27

28

29

30

WJCC

https://www.wjgnet.com

10.1056/NEJM200102153440706]
Colloredo G, Guido M, Sonzogni A, Leandro G. Impact of liver biopsy size on histological evaluation of
chronic viral hepatitis: the smaller the sample, the milder the disease. J Hepatol 2003; 39: 239-244 [PMID:
12873821 DOI: 10.1016/S0168-8278(03)00191-0]
Poynard T, Aubert A, Bedossa P, Abella A, Naveau S, Paraf F, Chaput JC. A simple biological index for
detection of alcoholic liver disease in drinkers. Gastroenterology 1991; 100: 1397-1402 [PMID: 1672859
DOI: 10.1016/0016-5085(91)90795-M]
Crossan C, Tsochatzis EA, Longworth L, Gurusamy K, Davidson B, Rodríguez-Perálvarez M,
Mantzoukis K, O'Brien J, Thalassinos E, Papastergiou V, Burroughs A. Cost-effectiveness of non-invasive
methods for assessment and monitoring of liver fibrosis and cirrhosis in patients with chronic liver disease:
systematic review and economic evaluation. Health Technol Assess 2015; 19: 1-409, v-vi [PMID:
25633908 DOI: 10.3310/hta19090]
Petitclerc L, Sebastiani G, Gilbert G, Cloutier G, Tang A. Liver fibrosis: Review of current imaging and
MRI quantification techniques. J Magn Reson Imaging 2017; 45: 1276-1295 [PMID: 27981751 DOI:
10.1002/jmri.25550]
Zhang E, Wartelle-Bladou C, Lepanto L, Lachaine J, Cloutier G, Tang A. Cost-utility analysis of
nonalcoholic steatohepatitis screening. Eur Radiol 2015; 25: 3282-3294 [PMID: 25994191 DOI:
10.1007/s00330-015-3731-2]
Nightingale K, Soo MS, Nightingale R, Trahey G. Acoustic radiation force impulse imaging: in vivo
demonstration of clinical feasibility. Ultrasound Med Biol 2002; 28: 227-235 [PMID: 11937286 DOI:
10.1016/S0301-5629(01)00499-9]
Wang L, Wang M, Zhao W, Shi Y, Sun Y, Wu X, You H, Jia J. [Key points of 2015 EASL-ALEH clinical
practice guidelines: non invasive tests for evaluation of liver severity and prognosis]. Zhonghua Gan Zang
Bing Za Zhi 2015; 23: 488-492 [PMID: 26629574]
Frulio N, Trillaud H, Perez P, Asselineau J, Vandenhende M, Hessamfar M, Bonnet F, Maire F, Delaune
J, De Ledinghen V, Morlat P. Acoustic Radiation Force Impulse (ARFI) and Transient Elastography (TE)
for evaluation of liver fibrosis in HIV-HCV co-infected patients. BMC Infect Dis 2014; 14: 405 [PMID:
25041708 DOI: 10.1186/1471-2334-14-405]
Adebajo CO, Talwalkar JA, Poterucha JJ, Kim WR, Charlton MR. Ultrasound-based transient
elastography for the detection of hepatic fibrosis in patients with recurrent hepatitis C virus after liver
transplantation: a systematic review and meta-analysis. Liver Transpl 2012; 18: 323-331 [PMID:
22140010 DOI: 10.1002/lt.22460]
Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, Leeflang MM, Sterne JA,
Bossuyt PM; QUADAS-2 Group. QUADAS-2: a revised tool for the quality assessment of diagnostic
accuracy studies. Ann Intern Med 2011; 155: 529-536 [PMID: 22007046 DOI:
10.7326/0003-4819-155-8-201110180-00009]
Intraobserver and interobserver variations in liver biopsy interpretation in patients with chronic
hepatitis C. The French METAVIR Cooperative Study Group. Hepatology 1994; 20: 15-20 [PMID:
8020885 DOI: 10.1002/hep.1840200104]
Batts KP, Ludwig J. Chronic hepatitis. An update on terminology and reporting. Am J Surg Pathol 1995;
19: 1409-1417 [PMID: 7503362 DOI: 10.1097/00000478-199512000-00007]
Scheuer PJ. Classification of chronic viral hepatitis: a need for reassessment. J Hepatol 1991; 13: 372-374
[PMID: 1808228 DOI: 10.1016/0168-8278(91)90084-O]
Diseases CSoHaCSoI. Chinese medical association: Chinese program of prevention and cure for viral
hepatitis. Chin J Intern Med 2001; 40: 62-68
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, Denk H, Desmet V, Korb G, MacSween
RN. Histological grading and staging of chronic hepatitis. J Hepatol 1995; 22: 696-699 [PMID: 7560864
DOI: 10.1016/0168-8278(95)80226-6]
Strader DB, Wright T, Thomas DL, Seeff LB; American Association for the Study of Liver Diseases.
Diagnosis, management, and treatment of hepatitis C. Hepatology 2004; 39: 1147-1171 [PMID: 15057920
DOI: 10.1002/hep.20119]
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 2003;
327: 557-560 [PMID: 12958120 DOI: 10.1136/bmj.327.7414.557]
Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and other sample size effects
in systematic reviews of diagnostic test accuracy was assessed. J Clin Epidemiol 2005; 58: 882-893
[PMID: 16085191 DOI: 10.1016/j.jclinepi.2005.01.016]
Wang K, Lu X, Zhou H, Gao Y, Zheng J, Tong M, Wu C, Liu C, Huang L, Jiang T, Meng F, Lu Y, Ai H,
Xie XY, Yin LP, Liang P, Tian J, Zheng R. Deep learning Radiomics of shear wave elastography
significantly improved diagnostic performance for assessing liver fibrosis in chronic hepatitis B: a
prospective multicentre study. Gut 2019; 68: 729-741 [PMID: 29730602 DOI:
10.1136/gutjnl-2018-316204]
Chen YP, Hu XM, Liang XE, Huang LW, Zhu YF, Hou JL. Stepwise application of fibrosis index based
on four factors, red cell distribution width-platelet ratio, and aspartate aminotransferase-platelet ratio for
compensated hepatitis B fibrosis detection. J Gastroenterol Hepatol 2018; 33: 256-263 [PMID: 28452125
DOI: 10.1111/jgh.13811]
Celikbilek M, Dogan S, Gursoy S, Zararsız G, Yurci A, Ozbakır O, Guven K, Yucesoy M. Noninvasive
assessment of liver damage in chronic hepatitis B. World J Hepatol 2013; 5: 439-445 [PMID: 24023983
DOI: 10.4254/wjh.v5.i8.439]
Gümüşay O, Ozenirler S, Atak A, Sönmez C, Ozkan S, Tuncel AF, Yılmaz G, Akyol G. Diagnostic
potential of serum direct markers and non-invasive fibrosis models in patients with chronic hepatitis B.
Hepatol Res 2013; 43: 228-237 [PMID: 22734888 DOI: 10.1111/j.1872-034X.2012.01057.x]
Li Q, Chen L, Zhou Y. Diagnostic accuracy of liver stiffness measurement in chronic hepatitis B patients
with normal or mildly elevated alanine transaminase levels. Sci Rep 2018; 8: 5224 [PMID: 29588489 DOI:
10.1038/s41598-018-23646-2]
Chen X, Wen H, Zhang X, Dong C, Lin H, Guo Y, Shan L, Yao S, Yang M, Le X, Liu Y. Development of
a Simple Noninvasive Model to Predict Significant Fibrosis in Patients with Chronic Hepatitis B:
Combination of Ultrasound Elastography, Serum Biomarkers, and Individual Characteristics. Clin Transl
Gastroenterol 2017; 8: e84 [PMID: 28383564 DOI: 10.1038/ctg.2017.11]
Zhang Z, Wang G, Kang K, Wu G, Wang P. The Diagnostic Accuracy and Clinical Utility of Three
Noninvasive Models for Predicting Liver Fibrosis in Patients with HBV Infection. PLoS One 2016; 11:
e0152757 [PMID: 27050531 DOI: 10.1371/journal.pone.0152757]

2033

August 6, 2019

Volume 7

Issue 15

Xu XY et al. Imaging-techniques vs biomarkers of liver fibrosis
31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

WJCC

https://www.wjgnet.com

Liang B, Li Y, Zhao A, Xie F, Guo Z. Clinical utility of serum matrix metalloproteinase-2 and tissue
inhibitor of metalloproteinase-2 concentrations in the assessment of liver fibrosis due to chronic hepatitis
B. J Int Med Res 2012; 40: 631-639 [PMID: 22613424 DOI: 10.1177/147323001204000225]
Zhou K, Gao CF, Zhao YP, Liu HL, Zheng RD, Xian JC, Xu HT, Mao YM, Zeng MD, Lu LG. Simpler
score of routine laboratory tests predicts liver fibrosis in patients with chronic hepatitis B. J Gastroenterol
Hepatol 2010; 25: 1569-1577 [PMID: 20796157 DOI: 10.1111/j.1440-1746.2010.06383.x]
Güzelbulut F, Sezıklı M, Akkan-Çetınkaya Z, Yaşar B, Özkara S, Kurdaş-Övünç AO. AST-platelet ratio
index in the prediction of significant fibrosis and cirrhosis in patients with chronic hepatitis B. Turk J
Gastroenterol 2012; 23: 353-358 [PMID: 22965506 DOI: 10.4318/tjg.2012.0348]
Eminler AT, Ayyildiz T, Irak K, Kiyici M, Gurel S, Dolar E, Gulten M, Nak SG. AST/ALT ratio is not
useful in predicting the degree of fibrosis in chronic viral hepatitis patients. Eur J Gastroenterol Hepatol
2015; 27: 1361-1366 [PMID: 26352130 DOI: 10.1097/MEG.0000000000000468]
Liu J, Zhao J, Zhang Y, Ji Y, Lin S, Dun G, Guo S. Noninvasive Assessment of Liver Fibrosis Stage
Using Ultrasound-Based Shear Wave Velocity Measurements and Serum Algorithms in Patients With
Viral Hepatitis B: A Retrospective Cohort Study. J Ultrasound Med 2017; 36: 285-293 [PMID: 28039877
DOI: 10.7863/ultra.16.01069]
Yang L, Ding Y, Rao S, Chen C, Wu L, Sheng R, Fu C, Zeng M. Staging liver fibrosis in chronic hepatitis
B with T1 relaxation time index on gadoxetic acid-enhanced MRI: Comparison with aspartate
aminotransferase-to-platelet ratio index and FIB-4. J Magn Reson Imaging 2017; 45: 1186-1194 [PMID:
27563840 DOI: 10.1002/jmri.25440]
Li Q, Li W, Huang Y, Chen L. The gamma-glutamyl transpeptidase-to-platelet ratio predicts liver fibrosis
and cirrhosis in HBeAg-positive chronic HBV infection patients with high HBV DNA and normal or
mildly elevated alanine transaminase levels in China. J Viral Hepat 2016; 23: 912-919 [PMID: 27375134
DOI: 10.1111/jvh.12563]
Lemoine M, Shimakawa Y, Nayagam S, Khalil M, Suso P, Lloyd J, Goldin R, Njai HF, Ndow G, Taal M,
Cooke G, D'Alessandro U, Vray M, Mbaye PS, Njie R, Mallet V, Thursz M. The gamma-glutamyl
transpeptidase to platelet ratio (GPR) predicts significant liver fibrosis and cirrhosis in patients with
chronic HBV infection in West Africa. Gut 2016; 65: 1369-1376 [PMID: 26109530 DOI:
10.1136/gutjnl-2015-309260]
Zhou QQ, Hu YB, Zhou K, Zhang WW, Li MH, Dong P, Ding JG, Hong L, Du QW, Xie Y, Sun QF.
Value of non-invasive models of liver fibrosis in judgment of treatment timing in chronic hepatitis b
patients with ALT < 2x upperlimit ofnormal. Zhonghua Gan Zang Bing Za Zhi 2016; 24: 665-670
Li Q, Song J, Huang Y, Li X, Zhuo Q, Li W, Chen C, Lu C, Qi X, Chen L. The Gamma-GlutamylTranspeptidase to Platelet Ratio Does not Show Advantages than APRI and Fib-4 in Diagnosing
Significant Fibrosis and Cirrhosis in Patients With Chronic Hepatitis B: A Retrospective Cohort Study in
China. Medicine (Baltimore) 2016; 95: e3372 [PMID: 27100421 DOI: 10.1097/MD.0000000000003372]
Shin WG, Park SH, Jang MK, Hahn TH, Kim JB, Lee MS, Kim DJ, Jun SY, Park CK. Aspartate
aminotransferase to platelet ratio index (APRI) can predict liver fibrosis in chronic hepatitis B. Dig Liver
Dis 2008; 40: 267-274 [PMID: 18055281 DOI: 10.1016/j.dld.2007.10.011]
Liu Y, Dong CF, Yang G, Liu J, Yao S, Li HY, Yuan J, Li S, Le X, Lin Y, Zeng W, Lin H, Zhang X,
Chen X. Optimal linear combination of ARFI, transient elastography and APRI for the assessment of
fibrosis in chronic hepatitis B. Liver Int 2015; 35: 816-825 [PMID: 24751289 DOI: 10.1111/liv.12564]
Salkic NN, Cickusic E, Jovanovic P, Denjagic MB, Iljazovic-Topcic S, Bevanda M, Ahmetagic S. Online
combination algorithm for non-invasive assessment of chronic hepatitis B related liver fibrosis and
cirrhosis in resource-limited settings. Eur J Intern Med 2015; 26: 628-634 [PMID: 26194460 DOI:
10.1016/j.ejim.2015.07.005]
Erdogan S, Dogan HO, Sezer S, Uysal S, Ozhamam E, Kayacetin S, Koca Y. The diagnostic value of
non-invasive tests for the evaluation of liver fibrosis in chronic hepatitis B patients. Scand J Clin Lab
Invest 2013; 73: 300-308 [PMID: 23514016 DOI: 10.3109/00365513.2013.773592]
Kim WR, Berg T, Asselah T, Flisiak R, Fung S, Gordon SC, Janssen HL, Lampertico P, Lau D, Bornstein
JD, Schall RE, Dinh P, Yee LJ, Martins EB, Lim SG, Loomba R, Petersen J, Buti M, Marcellin P.
Evaluation of APRI and FIB-4 scoring systems for non-invasive assessment of hepatic fibrosis in chronic
hepatitis B patients. J Hepatol 2016; 64: 773-780 [PMID: 26626497 DOI: 10.1016/j.jhep.2015.11.012]
Başar O, Yimaz B, Ekiz F, Giniş Z, Altinbaş A, Aktaş B, Tuna Y, Çoban S, Delibaş N, Yüksel O. Noninvasive tests in prediction of liver fibrosis in chronic hepatitis B and comparison with post-antiviral
treatment results. Clin Res Hepatol Gastroenterol 2013; 37: 152-158 [PMID: 23391746 DOI:
10.1016/j.clinre.2012.07.003]
Dong C, Feng LY, Li HY, Lu PX, Yao SM, Shan LB, Zhang XY, Chen X. Virtual touch tissue
quantification and aspartate aminotransferase to platelet ratio for staging hepatic fibrosis in patients with
chronic hepatitis B. Zhongguo Yixue Yingxiang Jishu 2016; 32: 398-402
Li Q, Lu C, Li W, Huang Y, Chen L. Impact of age on the diagnostic performances and cut-offs of APRI
and FIB-4 for significant fibrosis and cirrhosis in chronic hepatitis B. Oncotarget 2017; 8: 45768-45776
[PMID: 28514753 DOI: 10.18632/oncotarget.17470]
Wang J, Yan X, Yang Y, Chang H, Jia B, Zhao XA, Chen G, Xia J, Liu Y, Chen Y, Wang G, Wang L,
Zhang Z, Ding W, Huang R, Wu C. A novel predictive model using routinely clinical parameters to predict
liver fibrosis in patients with chronic hepatitis B. Oncotarget 2017; 8: 59257-59267 [PMID: 28938634
DOI: 10.18632/oncotarget.19501]
Lin CL, Liu CH, Wang CC, Liang CC, Su TH, Liu CJ, Kao JH. Serum Biomarkers Predictive of
Significant Fibrosis and Cirrhosis in Chronic Hepatitis B. J Clin Gastroenterol 2015; 49: 705-713 [PMID:
25319739 DOI: 10.1097/MCG.0000000000000250]
Ma XH, Zang X, You Y, Jiang LL, Zhao J, Ayiguli A, Nie ZG. Diagnostic value of apri combined with
fib-4 for significant liver fibrosis in patients with chronic hepatitis b. Chin J Gastroenterol 2017; 22: 544547 [DOI: 10.3969/j.issn.1008-7125.2017.09.007]
Cao Z, Li Z, Wang H, Liu Y, Xu Y, Mo R, Ren P, Chen L, Lu J, Li H, Zhuang Y, Liu Y, Wang X, Zhao
G, Tang W, Xiang X, Cai W, Liu L, Bao S, Xie Q. Algorithm of Golgi protein 73 and liver stiffness
accurately diagnoses significant fibrosis in chronic HBV infection. Liver Int 2017; 37: 1612-1621 [PMID:
28772348 DOI: 10.1111/liv.13536]
Li Y, Cai Q, Zhang Y, Xie Q, Xu N, Jiang X, Li J, Li X, Zhang Z. Development of algorithms based on
serum markers and transient elastography for detecting significant fibrosis and cirrhosis in chronic
hepatitis B patients: Significant reduction in liver biopsy. Hepatol Res 2016; 46: 1367-1379 [PMID:
26970087 DOI: 10.1111/hepr.12696]

2034

August 6, 2019

Volume 7

Issue 15

Xu XY et al. Imaging-techniques vs biomarkers of liver fibrosis
54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

WJCC

https://www.wjgnet.com

Liu DP, Lu W, Zhang ZQ, Wang YB, Ding RR, Zhou XL, Huang D, Li XF. Comparative evaluation of
GPR versus APRI and FIB-4 in predicting different levels of liver fibrosis of chronic hepatitis B. J Viral
Hepat 2018; 25: 581-589 [PMID: 29230907 DOI: 10.1111/jvh.12842]
Noguchi R, Kaji K, Namisaki T, Moriya K, Kitade M, Takeda K, Kawaratani H, Okura Y, Aihara Y,
Furukawa M, Mitoro A, Yoshiji H. Serum angiotensin-converting enzyme level for evaluating significant
fibrosis in chronic hepatitis B. World J Gastroenterol 2017; 23: 6705-6714 [PMID: 29085215 DOI:
10.3748/wjg.v23.i36.6705]
Ren T, Wang H, Wu R, Niu J. Gamma-Glutamyl Transpeptidase-to-Platelet Ratio Predicts Significant
Liver Fibrosis of Chronic Hepatitis B Patients in China. Gastroenterol Res Pract 2017; 2017: 7089702
[PMID: 28831282 DOI: 10.1155/2017/7089702]
Wu X, Cai B, Su Z, Li Y, Xu J, Deng R, Wang L. Aspartate transaminase to platelet ratio index and
gamma-glutamyl transpeptidase-to-platelet ratio outweigh fibrosis index based on four factors and red cell
distribution width-platelet ratio in diagnosing liver fibrosis and inflammation in chronic hepatitis B. J Clin
Lab Anal 2018; 32: e22341 [PMID: 29251384 DOI: 10.1002/jcla.22341]
Yan LB, Zhang QB, Zhu X, He M, Tang H. Serum S100 calcium binding protein A4 improves the
diagnostic accuracy of transient elastography for assessing liver fibrosis in hepatitis B. Clin Res Hepatol
Gastroenterol 2018; 42: 64-71 [PMID: 28688902 DOI: 10.1016/j.clinre.2017.05.013]
Zhijian Y, Hui L, Weiming Y, Zhanzhou L, Zhong C, Jinxin Z, Hongyan W, Xiangbin D, Weizhi Y,
Duoyun L, Xiaojun L, Qiwen D. Role of the Aspartate Transaminase and Platelet Ratio Index in Assessing
Hepatic Fibrosis and Liver Inflammation in Adolescent Patients with HBeAg-Positive Chronic Hepatitis B.
Gastroenterol Res Pract 2015; 2015: 906026 [PMID: 26236336 DOI: 10.1155/2015/906026]
Bonnard P, Sombié R, Lescure FX, Bougouma A, Guiard-Schmid JB, Poynard T, Calès P, Housset C,
Callard P, Le Pendeven C, Drabo J, Carrat F, Pialoux G. Comparison of elastography, serum marker
scores, and histology for the assessment of liver fibrosis in hepatitis B virus (HBV)-infected patients in
Burkina Faso. Am J Trop Med Hyg 2010; 82: 454-458 [PMID: 20207872 DOI:
10.4269/ajtmh.2010.09-0088]
Lesmana CR, Salim S, Hasan I, Sulaiman AS, Gani RA, Pakasi LS, Lesmana LA, Krisnuhoni E,
Budihusodo U. Diagnostic accuracy of transient elastography (FibroScan) versus the aspartate
transaminase to platelet ratio index in assessing liver fibrosis in chronic hepatitis B: the role in primary
care setting. J Clin Pathol 2011; 64: 916-920 [PMID: 21670074 DOI: 10.1136/jclinpath-2011-200044]
Liu HB, Zhou JP, Zhang Y, Lv XH, Wang W. Prediction on liver fibrosis using different APRI thresholds
when patient age is a categorical marker in patients with chronic hepatitis B. Clin Chim Acta 2011; 412:
33-37 [PMID: 20828546 DOI: 10.1016/j.cca.2010.08.032]
Liu XD, Wu JL, Liang J, Zhang T, Sheng QS. Globulin-platelet model predicts minimal fibrosis and
cirrhosis in chronic hepatitis B virus infected patients. World J Gastroenterol 2012; 18: 2784-2792 [PMID:
22719186 DOI: 10.3748/wjg.v18.i22.2784]
Sebastiani G, Castera L, Halfon P, Pol S, Mangia A, Di Marco V, Pirisi M, Voiculescu M, Bourliere M,
Alberti A. The impact of liver disease aetiology and the stages of hepatic fibrosis on the performance of
non-invasive fibrosis biomarkers: an international study of 2411 cases. Aliment Pharmacol Ther 2011; 34:
1202-1216 [PMID: 21981787 DOI: 10.1111/j.1365-2036.2011.04861.x]
Ucar F, Sezer S, Ginis Z, Ozturk G, Albayrak A, Basar O, Ekiz F, Coban S, Yuksel O, Armutcu F, Akbal
E. APRI, the FIB-4 score, and Forn's index have noninvasive diagnostic value for liver fibrosis in patients
with chronic hepatitis B. Eur J Gastroenterol Hepatol 2013; 25: 1076-1081 [PMID: 23510962 DOI:
10.1097/MEG.0b013e32835fd699]
Wang H, Xue L, Yan R, Zhou Y, Wang MS, Cheng MJ, Huang HJ. Comparison of FIB-4 and APRI in
Chinese HBV-infected patients with persistently normal ALT and mildly elevated ALT. J Viral Hepat
2013; 20: e3-10 [PMID: 23490387 DOI: 10.1111/jvh.12010]
Wang Y, Xu MY, Zheng RD, Xian JC, Xu HT, Shi JP, Li SB, Qu Y, Dong YW, Lu LG. Prediction of
significant fibrosis and cirrhosis in hepatitis B e-antigen negative patients with chronic hepatitis B using
routine parameters. Hepatol Res 2013; 43: 441-451 [PMID: 23006433 DOI:
10.1111/j.1872-034X.2012.01094.x]
Wu SD, Wang JY, Li L. Staging of liver fibrosis in chronic hepatitis B patients with a composite
predictive model: a comparative study. World J Gastroenterol 2010; 16: 501-507 [PMID: 20101779 DOI:
10.3748/wjg.v16.i4.501]
Li J, Yu J, Peng XY, Du TT, Wang JJ, Tong J, Lu GL, Wu XW. Acoustic Radiation Force Impulse
(ARFI) Elastography and Serological Markers in Assessment of Liver Fibrosis and Free Portal Pressure in
Patients with Hepatitis B. Med Sci Monit 2017; 23: 3585-3592 [PMID: 28735336 DOI:
10.12659/msm.905896]
Dong CF, Xiao J, Shan LB, Li HY, Xiong YJ, Yang GL, Liu J, Yao SM, Li SX, Le XH, Yuan J, Zhou BP,
Tipoe GL, Liu YX. Combined acoustic radiation force impulse, aminotransferase to platelet ratio index
and Forns index assessment for hepatic fibrosis grading in hepatitis B. World J Hepatol 2016; 8: 616-624
[PMID: 27190578 DOI: 10.4254/wjh.v8.i14.616]
Dong DR, Hao MN, Li C, Peng Z, Liu X, Wang GP, Ma AL. Acoustic radiation force impulse
elastography, FibroScan®, Forns' index and their combination in the assessment of liver fibrosis in patients
with chronic hepatitis B, and the impact of inflammatory activity and steatosis on these diagnostic
methods. Mol Med Rep 2015; 11: 4174-4182 [PMID: 25651500 DOI: 10.3892/mmr.2015.3299]
Friedrich-Rust M, Buggisch P, de Knegt RJ, Dries V, Shi Y, Matschenz K, Schneider MD, Herrmann E,
Petersen J, Schulze F, Zeuzem S, Sarrazin C. Acoustic radiation force impulse imaging for non-invasive
assessment of liver fibrosis in chronic hepatitis B. J Viral Hepat 2013; 20: 240-247 [PMID: 23490368
DOI: 10.1111/j.1365-2893.2012.01646.x]
Zhang D, Chen M, Wang R, Liu Y, Zhang D, Liu L, Zhou G. Comparison of acoustic radiation force
impulse imaging and transient elastography for non-invasive assessment of liver fibrosis in patients with
chronic hepatitis B. Ultrasound Med Biol 2015; 41: 7-14 [PMID: 25308941 DOI:
10.1016/j.ultrasmedbio.2014.07.018]
Ozturker C, Karagoz E, Sivrioglu AK, Kara K. Clinical usefulness and performance of acoustic radiation
force impulse in patients with chronic hepatitis B. Eur J Gastroenterol Hepatol 2017; 29: 663-668 [PMID:
28151749 DOI: 10.1097/MEG.0000000000000842]
Park MS, Kim SW, Yoon KT, Kim SU, Park SY, Tak WY, Kweon YO, Cho M, Kim BK, Park JY, Kim
DY, Ahn SH, Han KH. Factors Influencing the Diagnostic Accuracy of Acoustic Radiation Force Impulse
Elastography in Patients with Chronic Hepatitis B. Gut Liver 2016; 10: 275-282 [PMID: 26087790 DOI:
10.5009/gnl14391]

2035

August 6, 2019

Volume 7

Issue 15

Xu XY et al. Imaging-techniques vs biomarkers of liver fibrosis
76

77

78

79
80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

WJCC

https://www.wjgnet.com

Liu J, Ji Y, Ai H, Ning B, Zhao J, Zhang Y, Dun G. Liver Shear-Wave Velocity and Serum Fibrosis
Markers to Diagnose Hepatic Fibrosis in Patients with Chronic Viral Hepatitis B. Korean J Radiol 2016;
17: 396-404 [PMID: 27134527 DOI: 10.3348/kjr.2016.17.3.396]
Liu F, Wei L, Wang S, Huang B. Comparison of FibroTouch and acoustic radiation force impulse in
diagnosis of liver fibrosis in patients with chronic hepatitis B. Zhejiang Da Xue Xue Bao Yi Xue Ban 2016;
45: 416-421 [PMID: 27868416]
Coskun BD, Altinkaya E, Sevinc E, Ozen M, Karaman H, Karaman A, Poyrazoglu O. The diagnostic
value of a globulin/platelet model for evaluating liver fibrosis in chronic hepatitis B patients. Rev Esp
Enferm Dig 2015; 107: 740-744 [PMID: 26671586 DOI: 10.17235/reed.2015.3851/2015]
Zhang YF, Shi H, Chen LB, Xu QH. [Value of FIB-4 for the diagnosis of liver fibrosis in chronic hepatitis
B]. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 2010; 24: 215-217 [PMID: 21186531]
Zhao J, Zhai F, Cheng J, He Q, Luo J, Yang X, Shao J, Xing H. Evaluating the Significance of
Viscoelasticity in Diagnosing Early-Stage Liver Fibrosis with Transient Elastography. PLoS One 2017; 12:
e0170073 [PMID: 28107385 DOI: 10.1371/journal.pone.0170073]
Zeng X, Xu C, He D, Li M, Zhang H, Wu Q, Xiang D, Wang Y. Performance of several simple,
noninvasive models for assessing significant liver fibrosis in patients with chronic hepatitis B. Croat Med J
2015; 56: 272-279 [PMID: 26088852 DOI: 10.3325/cmj.2015.56.272]
Leung VY, Shen J, Wong VW, Abrigo J, Wong GL, Chim AM, Chu SH, Chan AW, Choi PC, Ahuja AT,
Chan HL, Chu WC. Quantitative elastography of liver fibrosis and spleen stiffness in chronic hepatitis B
carriers: comparison of shear-wave elastography and transient elastography with liver biopsy correlation.
Radiology 2013; 269: 910-918 [PMID: 23912619 DOI: 10.1148/radiol.13130128]
Degos F, Perez P, Roche B, Mahmoudi A, Asselineau J, Voitot H, Bedossa P; FIBROSTIC study group.
Diagnostic accuracy of FibroScan and comparison to liver fibrosis biomarkers in chronic viral hepatitis: a
multicenter prospective study (the FIBROSTIC study). J Hepatol 2010; 53: 1013-1021 [PMID: 20850886
DOI: 10.1016/j.jhep.2010.05.035]
Cho HJ, Seo YS, Lee KG, Hyun JJ, An H, Keum B, Kim JH, Yim HJ, Jeen YT, Lee HS, Chun HJ, Um
SH, Kim CD, Ryu HS. Serum aminotransferase levels instead of etiology affects the accuracy of transient
elastography in chronic viral hepatitis patients. J Gastroenterol Hepatol 2011; 26: 492-500 [PMID:
21332545 DOI: 10.1111/j.1440-1746.2010.06419.x]
Kim BK, Kim HS, Park JY, Kim DY, Ahn SH, Chon CY, Park YN, Han KH, Kim SU. Prospective
validation of ELF test in comparison with Fibroscan and FibroTest to predict liver fibrosis in Asian
subjects with chronic hepatitis B. PLoS One 2012; 7: e41964 [PMID: 22848675 DOI:
10.1371/journal.pone.0041964]
Huang R, Jiang N, Yang R, Geng X, Lin J, Xu G, Liu D, Chen J, Zhou G, Wang S, Luo T, Wu J, Liu X,
Xu K, Yang X. Fibroscan improves the diagnosis sensitivity of liver fibrosis in patients with chronic
hepatitis B. Exp Ther Med 2016; 11: 1673-1677 [PMID: 27168788 DOI: 10.3892/etm.2016.3135]
Kumar M, Rastogi A, Singh T, Bihari C, Gupta E, Sharma P, Garg H, Kumar R, Bhatia V, Tyagi P, Sarin
SK. Analysis of discordance between transient elastography and liver biopsy for assessing liver fibrosis in
chronic hepatitis B virus infection. Hepatol Int 2013; 7: 134-143 [PMID: 26201627 DOI:
10.1007/s12072-012-9380-5]
Kongtawelert P, Chanmee T, Pothaeharoen P, Wisedopa N, Kranokpiruk P, Poovorawan K, Poovorawan
Y, Tangkijvanich P. Diagnostic accuracy of liver stiffness measurement and serum hyaluronic acid for
detecting liver fibrosis in chronic hepatitis B with respect to alt levels. Asian Biomed 2013; 7: 609-617
Kim BK, Kim SU, Kim HS, Park JY, Ahn SH, Chon CY, Cho IR, Joh DH, Park YN, Han KH, Kim DY.
Prospective validation of FibroTest in comparison with liver stiffness for predicting liver fibrosis in Asian
subjects with chronic hepatitis B. PLoS One 2012; 7: e35825 [PMID: 22536445 DOI:
10.1371/journal.pone.0035825]
Goyal R, Mallick SR, Mahanta M, Kedia S, Shalimar, Dhingra R, Sharma H, Das P, Datta Gupta S, Panda
S, Acharya SK. Fibroscan can avoid liver biopsy in Indian patients with chronic hepatitis B. J
Gastroenterol Hepatol 2013; 28: 1738-1745 [PMID: 23808910 DOI: 10.1111/jgh.12318]
Cardoso AC, Carvalho-Filho RJ, Stern C, Dipumpo A, Giuily N, Ripault MP, Asselah T, Boyer N, Lada
O, Castelnau C, Martinot-Peignoux M, Valla DC, Bedossa P, Marcellin P. Direct comparison of diagnostic
performance of transient elastography in patients with chronic hepatitis B and chronic hepatitis C. Liver Int
2012; 32: 612-621 [PMID: 22103765 DOI: 10.1111/j.1478-3231.2011.02660.x]
Gaia S, Carenzi S, Barilli AL, Bugianesi E, Smedile A, Brunello F, Marzano A, Rizzetto M. Reliability of
transient elastography for the detection of fibrosis in non-alcoholic fatty liver disease and chronic viral
hepatitis. J Hepatol 2011; 54: 64-71 [PMID: 20932598 DOI: 10.1016/j.jhep.2010.06.022]
Fung J, Lai CL, Chan SC, But D, Seto WK, Cheng C, Wong DK, Lo CM, Fan ST, Yuen MF. Correlation
of liver stiffness and histological features in healthy persons and in patients with occult hepatitis B, chronic
active hepatitis B, or hepatitis B cirrhosis. Am J Gastroenterol 2010; 105: 1116-1122 [PMID: 19920809
DOI: 10.1038/ajg.2009.665]
Lee HJ, Seo YS, Kim DJ, Kang HS, An H, Kim JH, Cheong JY, Yim HJ, Yeon JE, Lee HS, Byun KS,
Cho SW, Kim DJ, Um SH, Kim CD, Ryu HS. Application of the HALF index obviates the need for liver
biopsy in half of all patients with chronic hepatitis B. J Gastroenterol Hepatol 2011; 26: 987-995 [PMID:
21198828 DOI: 10.1111/j.1440-1746.2010.06609.x]
Myers RP, Elkashab M, Ma M, Crotty P, Pomier-Layrargues G. Transient elastography for the
noninvasive assessment of liver fibrosis: a multicentre Canadian study. Can J Gastroenterol 2010; 24:
661-670 [PMID: 21157581 DOI: 10.1155/2010/153986]
Sporea I, Sirli R, Deleanu A, Tudora A, Popescu A, Curescu M, Bota S. Liver stiffness measurements in
patients with HBV vs HCV chronic hepatitis: a comparative study. World J Gastroenterol 2010; 16: 48324837 [PMID: 20939112 DOI: 10.3748/wjg.v16.i38.4832]
Marcellin P, Ziol M, Bedossa P, Douvin C, Poupon R, de Lédinghen V, Beaugrand M. Non-invasive
assessment of liver fibrosis by stiffness measurement in patients with chronic hepatitis B. Liver Int 2009;
29: 242-247 [PMID: 18637064 DOI: 10.1111/j.1478-3231.2008.01802.x]
Dong H, Xu C, Zhou W, Liao Y, Cao J, Li Z, Hu B. The combination of 5 serum markers compared to
FibroScan to predict significant liver fibrosis in patients with chronic hepatitis B virus. Clin Chim Acta
2018; 483: 145-150 [PMID: 29709450 DOI: 10.1016/j.cca.2018.04.036]
Hennedige TP, Wang G, Leung FP, Alsaif HS, Teo LL, Lim SG, Wee A, Venkatesh SK. Magnetic
Resonance Elastography and Diffusion Weighted Imaging in the Evaluation of Hepatic Fibrosis in Chronic
Hepatitis B. Gut Liver 2017; 11: 401-408 [PMID: 27965475 DOI: 10.5009/gnl16079]
Lee JE, Lee JM, Lee KB, Yoon JH, Shin CI, Han JK, Choi BI. Noninvasive assessment of hepatic fibrosis

2036

August 6, 2019

Volume 7

Issue 15

Xu XY et al. Imaging-techniques vs biomarkers of liver fibrosis

101

102

103

104

105

106
107

108

109
110

111

112

WJCC

https://www.wjgnet.com

in patients with chronic hepatitis B viral infection using magnetic resonance elastography. Korean J Radiol
2014; 15: 210-217 [PMID: 24643284 DOI: 10.3348/kjr.2014.15.2.210]
Wu WP, Chou CT, Chen RC, Lee CW, Lee KW, Wu HK. Non-Invasive Evaluation of Hepatic Fibrosis:
The Diagnostic Performance of Magnetic Resonance Elastography in Patients with Viral Hepatitis B or C.
PLoS One 2015; 10: e0140068 [PMID: 26469342 DOI: 10.1371/journal.pone.0140068]
Venkatesh SK, Wang G, Lim SG, Wee A. Magnetic resonance elastography for the detection and staging
of liver fibrosis in chronic hepatitis B. Eur Radiol 2014; 24: 70-78 [PMID: 23928932 DOI:
10.1007/s00330-013-2978-8]
Shi Y, Guo Q, Xia F, Dzyubak B, Glaser KJ, Li Q, Li J, Ehman RL. MR elastography for the assessment
of hepatic fibrosis in patients with chronic hepatitis B infection: does histologic necroinflammation
influence the measurement of hepatic stiffness? Radiology 2014; 273: 88-98 [PMID: 24893048 DOI:
10.1148/radiol.14132592]
Chang W, Lee JM, Yoon JH, Han JK, Choi BI, Yoon JH, Lee KB, Lee KW, Yi NJ, Suh KS. Liver
Fibrosis Staging with MR Elastography: Comparison of Diagnostic Performance between Patients with
Chronic Hepatitis B and Those with Other Etiologic Causes. Radiology 2016; 280: 88-97 [PMID:
26844364 DOI: 10.1148/radiol.2016150397]
Lavanchy D. Hepatitis B virus epidemiology, disease burden, treatment, and current and emerging
prevention and control measures. J Viral Hepat 2004; 11: 97-107 [PMID: 14996343 DOI:
10.1046/j.1365-2893.2003.00487.x]
World Health Organization. Guidelines for the prevention, care and treatment of persons with chronic
hepatitis B infection 2015; Available from: https://www.who.int/hiv/pub/hepatitis/hepatitisb-guidelines/en/
Kim BK, Kim DY, Park JY, Ahn SH, Chon CY, Kim JK, Paik YH, Lee KS, Park YN, Han KH.
Validation of FIB-4 and comparison with other simple noninvasive indices for predicting liver fibrosis and
cirrhosis in hepatitis B virus-infected patients. Liver Int 2010; 30: 546-553 [PMID: 20074094 DOI:
10.1111/j.1478-3231.2009.02192.x]
Friedrich-Rust M, Nierhoff J, Lupsor M, Sporea I, Fierbinteanu-Braticevici C, Strobel D, Takahashi H,
Yoneda M, Suda T, Zeuzem S, Herrmann E. Performance of Acoustic Radiation Force Impulse imaging
for the staging of liver fibrosis: a pooled meta-analysis. J Viral Hepat 2012; 19: e212-e219 [PMID:
22239521 DOI: 10.1111/j.1365-2893.2011.01537.x]
Sporea I, Sirli R, Popescu A, Danilă M. Acoustic Radiation Force Impulse (ARFI)--a new modality for
the evaluation of liver fibrosis. Med Ultrason 2010; 12: 26-31 [PMID: 21165451]
Lockhart M, Moore JW. Classical differential and operant conditioning in rabbits (Oryctolagus cuniculus)
with septal lesions. J Comp Physiol Psychol 1975; 88: 147-154 [PMID: 1120791 DOI:
10.1136/bmj.323.7305.157]
Xu X, Su Y, Song R, Sheng Y, Ai W, Wu X, Liu H. Performance of transient elastography assessing
fibrosis of single hepatitis B virus infection: a systematic review and meta-analysis of a diagnostic test.
Hepatol Int 2015; 9: 558-566 [PMID: 26187292 DOI: 10.1007/s12072-015-9643-z]
Xu XY, Kong H, Song RX, Zhai YH, Wu XF, Ai WS, Liu HB. The effectiveness of noninvasive
biomarkers to predict hepatitis B-related significant fibrosis and cirrhosis: a systematic review and metaanalysis of diagnostic test accuracy. PLoS One 2014; 9: e100182 [PMID: 24964038 DOI:
10.1371/journal.pone.0100182]

2037

August 6, 2019

Volume 7

Issue 15

WJ C C

World Journal of
Clinical Cases

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

World J Clin Cases 2019 August 6; 7(15): 2038-2043

DOI: 10.12998/wjcc.v7.i15.2038

ISSN 2307-8960 (online)

CASE REPORT

Acute bleeding after argon plasma coagulation for weight regain
after gastric bypass: A case report
Diogo Turiani Hourneaux de Moura, Amit H Sachdev, Po-Wen Lu, Igor Braga Ribeiro,
Christopher C Thompson
ORCID number: Diogo Turiani
Hourneaux de Moura
(0000-0002-7446-0355); Amit H
Sachdev (0000-0002-4576-8334);
Powen Lu (0000-0001-9903-4283);
Igor Braga Ribeiro
(0000-0003-1844-8973); Christopher
C Thompson (0000-0002-6105-5270).

Author contributions: de Moura
DTH wrote the paper; Sachdev AH
performed the procedures; Lu P
and Ribeiro IB collected patient’s
data; Thompson CC designed the
case report; final version was
approved by all authors.

Diogo Turiani Hourneaux de Moura, Amit H Sachdev, Christopher C Thompson, Division of
Gastroenterology, Hepatology and Endoscopy, Brigham and Women’s Hospital, Harvard
Medical School, Boston, MA 02115, United States
Diogo Turiani Hourneaux de Moura, Igor Braga Ribeiro, Department of Gastroenterology, Clinics
Hospital of São Paulo University, São Paulo 05403-00, Brazil
Po-Wen Lu, Department of Gastroenterology and Hepatology, Linkou Chang Gung Memorial
Hospital, Taoyuan City, 33305, Taiwan
Corresponding author: Diogo Turiani Hourneaux de Moura, MD, MSc, PhD, Academic
Fellow, Postdoctoral Fellow, Research Fellow, Surgeon, Division of Gastroenterology,
Hepatology and Endoscopy, Brigham and Women’s Hospital, Harvard Medical School, 75
Francis St, Boston, MA 02115, United States. dthmoura@hotmail.com
Telephone: +1-857-2509586

Conflict-of-interest statement: No
potential conflicts of interest
relevant to this article were
reported.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the
manuscript was prepared and
revised according to the CARE
Checklist (2016).

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (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:
http://creativecommons.org/licen
ses/by-nc/4.0/

WJCC

Abstract
BACKGROUND
Roux-en-Y gastric bypass (RYGB) is the most commonly performed surgical
procedure used to treat obesity worldwide. Despite satisfactory results in terms
of weight loss, over time many patients experience weight regain. There are
many factors that contribute to weight regain after RYGB, including the diameter
of the gastric-jejunal anastomosis (GJA). One of the most commonly performed
endoscopic procedures for weight regain after RYGB is argon plasma coagulation
(APC). We report a case of hematemesis after outlet revision with APC. We
highlight several treatment modalities that can be used to treat this complication.
CASE SUMMARY
A 45-year-old female with a history of weight regain after RYGB was referred for
possible endoscopic treatment for weight regain. On endoscopic evaluation, the
diameter of the GJA was 22 mm. Due to the dilated GJA, treatment with APC was
performed. Several months later she reported a return of poor satiety and an
increased appetite. A repeat endoscopy was then performed. The GJA was
approximately 15 mm and was incompetent. APC was performed. One day post
procedure she had four episodes of hematemesis. An endoscopy was performed
and a large ulcer with a visible arterial vessel was visualized at the GJA.
Coagulation was attempted using a Coagrasper and after initial contact with the
vessel, the vessel started oozing. Due to fibrosis and the depth of ulceration in the
area, clips and repeat APC could not be used. Therefore, an attempt to inject
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epinephrine injection was made. However, persistent oozing was noted. As a
result, hemostatic powder was applied to the region of the bleeding vessel.
Subsequently, no more bleeding was observed. On follow-up, the patient
remained hemodynamically stable and a second look endoscopy was not
performed. The patient was discharged three days later.
CONCLUSION
APC revision of the GJA is known to be a relatively safe and effective strategy to
manage weight regain post RYGB. Anastomotic site bleeding is an infrequent and
potentially life-threatening complication associated with this therapy. Endoscopic
management is the first line therapy used to achieve hemostasis in these cases.
Key words: Anastomosis; Roux-en-Y; Argon plasma coagulation; Bariatric; Gastric
bypass; Gastrointestinal hemorrhage; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We report a case of a patient with weight regain after Roux-en-Y gastric bypass
presenting with gastrointestinal bleeding after recent outlet revision with argon plasma
coagulation. We highlight several treatment modalities, including mechanical, thermal,
and topical endoscopic therapies that can be used to treat this complication.

Citation: Moura DTH, Sachdev AH, Lu PW, Ribeiro IB, Thompson CC. Acute bleeding after
argon plasma coagulation for weight regain after gastric bypass: A case report. World J Clin
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INTRODUCTION
Roux-en-Y gastric bypass (RYGB) is one of the most commonly performed surgical
procedure used to treat obesity worldwide[1]. Despite satisfactory results in terms of
weight loss, over time many patients experience weight regain[2]. There are many
factors that contribute to weight regain after RYGB, including lack of exercise, medical
conditions, psychiatric problems, overeating, medicines known to cause weight gain,
poor family support, and dilation of the gastric-jejunal anastomosis (GJA)[2,3].
Among these factors, the diameter of the GJA plays an important role in controlling
weight regain post RYGB. Though effective, traditional surgical revision is used in
less than 15% of patients because it is associated with relatively high complication
rates (between 15% to 50%), longer operative time, increased intraoperative blood
loss, and a non-negligible mortality rate (of more than twice that of the original
procedure)[4-8].
As a result, endoscopic revision of a dilated GJA was first reported in 2004 and has
gained wide acceptance since that time[9]. One of the most commonly performed
endoscopic procedures post RYGB is argon plasma coagulation (APC). It is safe,
efficient, and easy to learn, and is associated with a low complication rate[10,11]. One
associated complication is post APC bleeding.
We report a case of a patient with RYGB presenting with gastrointestinal bleeding
after recent outlet revision with APC for weight loss. We highlight several treatment
modalities that can be used to treat this complication.

CASE PRESENTATION
Chief complaints
We present a case of a 45-year-old female with obesity and a history of type 2 diabetes
mellitus, gastroesophageal reflux disease, hypercholesterolemia, hypertension, and
nonalcoholic fatty liver disease who underwent RYGB in 2005.
Her pre-procedure weight was 108 kg [Body Mass Index (BMI): 37.4 kg/m2] and
her weight decreased to nadir of 80 kg (BMI: 27.7 kg/m2). However, she regained 27
kg and was referred for possible endoscopic treatment for weight regain in 2017.

WJCC

https://www.wjgnet.com

2039

August 6, 2019

Volume 7

Issue 15

Moura DTH et al. Acute bleeding after argon plasma coagulation for weight regain after gastric bypass

FINAL DIAGNOSIS
Weight regain after bariatric surgery.

TREATMENT
On endoscopic evaluation, the gastric pouch extended from 38 to 42 cm and no fistula
or ulcers were seen. The diameter of the GJA was 22 mm (Figure 1). Due to the dilated
GJA, treatment with APC was performed. Under CO2 insufflation, tissue at the rim of
the GJA was treated with forced APC at 0.8 L/min and 70 W in a 1.0 cm concentric
ring (Figure 2). There was no direct contact with the mucosa. The patient was treated
with monitored anesthesia care. The procedure was performed without any adverse
events.

OUTCOME AND FOLLOW-UP
Following her first APC, our patient stopped gaining weight, however, she had
inadequate weight loss (106 kg, BMI: 36.7 kg/m2). Several months later, she reported a
return of poor satiety and an increased appetite. A repeat endoscopy was then
performed. At that time, the pouch extended from 38 to 41 cm and the GJA was
approximately 15 mm in diameter and was incompetent, without ulceration. APC was
performed. The procedure occurred without any adverse events, including bleeding.
One day post procedure she had four episodes of hematemesis with visible clots.
She also had one large bowel movement with maroon and bright red blood per
rectum. Her hemoglobulin decreased from 12.8 g/dL to 10.5 g/dL but she was
hemodynamically stable. A type and cross was obtained and two large bore IV
needles were inserted. A repeat upper endoscopy was performed. The esophagus and
the pouch mucosa appeared normal, with no signs of active bleeding. There was a
large ulcer with a visible arterial vessel that was visualized and located at the GJA
(Figure 3). Coagulation was attempted using a CoagrasperTM (Olympus, Tokio,
Japan) and after initial contact with the vessel, the vessel started oozing (Figure 4).
Subsequently, ipolar coaptive coagulation was attempted, without success. Repeat
APC was not performed due to the depth of the ulceration and concern that this could
potentially increase the risk of a delayed perforation. Therefore, injection therapy
using a solution comprised of 2 mL of a 1:10000 solution of epinephrine was
attempted surrounding the protruding vessel. However, persistent oozing was noted,
and significant blood clots were observed around the anastomotic site limiting
endoscopic visualization of the vessel.
Additionally, due to fibrosis in the area and to the poor visualization caused by the
blood clots within the pouch, clips could not be applied. As a result, after cleaning
some the blood clots, hemostatic powder [Hemospray® (Cook Medical, WinstonSalem, NC, United States)] was applied to the region of the bleeding vessel.
Subsequently, there was no more bleeding from the visible vessel (Figure 5). Vital
signs remained stable throughout the procedure and no blood transfusions were
necessary. The patient remained on an IV proton pump inhibitor (PPI) and she was
made nil per os (NPO). One day post procedure an oral PPI was initiated, and she
remained on a liquid diet for 2 d and then was advanced to a regular diet. The patient
remained hemodynamically stable and a second look endoscopy was not performed.
She was discharged three days later.

DISCUSSION
Over the last decade, dilation of the GJA has been recognized as an important cause of
weight regain after RYGB. However, re-operative surgery to reduce the GJA diameter
or the pouch size is technically challenging and is associated with a relatively high
complication rate. Therefore, many endoscopic methods have been developed to
reduce the diameter of the gastric pouch and GJA, which include injection therapy
into the anastomotic site, endoscopic suturing and plicating, and thermal ablation
therapy using APC[2,12-15].
APC was initially developed as a treatment modality for gastrointestinal
hemorrhage. It is a catheter-based system that utilizes a jet of ionized argon gas for
non-contact electrocoagulation of tissue that can be applied through a standard
endoscope. Because the probe does not have direct contact with the mucosa, the
procedure is safe and the depth of coagulation is limited to only a few millimeters.
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Figure 1

Figure 1 Dilated gastric-jejunal anastomosis prior to endoscopic treatment for weight regain.

The depth of penetration is associated with power input in watts and the greater the
wattage applied the deeper the penetration, which may result in injury to the
muscular layer. After APC ablation is performed around the anastomotic ring, tissue
contracts and results in scar formation, which reduces the caliber of the GJA. As a
result, the goal of delayed emptying and early satiety can be achieved, and this
contributes to weight loss. In general, APC is safe with few complications reported in
the literature, such as anastomotic stricture, ulcer formation, bleeding, and leakage at
the GJA[2,11,15].
In this case, we present a patient with hemorrhage after APC. During endoscopy a
visible vessel was observed at the GJA. Due to the fibrotic tissue after APC, a
hemoclip was thought to not be a good option. Injection with epinephrine solution
and thermal therapy with Coagrasper and bipolar coagulation were used with limited
success. APC was also thought to be a poor option due to the depth of ulceration.
Ultimately, we were able to control the bleed with Hemospray and to the best of our
knowledge, this is the first case reported in the literature in which hemostatic powder
was used to control bleeding after a revisional endoscopic procedure in a patient with
RYGB.
Hemospray was approved as a hemostatic therapy in 2011 and has been shown to
rapidly stop active bleeding with a high success rate. It is a novel inorganic powder
with minerals which contains no human or animal proteins or botanicals. The powder
can be sprayed via a catheter that can be inserted through the working channel of a
standard adult endoscope and forms a cohesive barrier after coming into contact with
moisture which leads to a tamponade by concentrating and activating platelets and
coagulation factors and promoting thrombus formation. As a spray, it is very useful in
the management of bleeding when the active bleeding site cannot be definitively
localized. Hemospray is indicated for active bleeding (Forrest 1A and 1B) and can be
used as a primary therapy or as a rescue therapy after conventional endoscopic
treatments fail. After the powder absorbs fluid, it forms a mechanical barrier over the
bleeding site. Hemospray is not absorbed by the body or through blood vessels, and
the mechanical barrier formed by Hemospray does not need to be removed. The
adherent barrier is designed to pass through the GI tract within 72 hours[16,17]. This
device can be used as a definitive therapy as in our case or as a bridge to further
interventions after hemodynamic stabilization.

CONCLUSION
APC revision of the GJA is known to be a relatively safe and effective strategy to
manage weight regain post RYGB. Anastomotic site bleeding is an infrequent and
potentially life-threatening complication associated with this therapy. Endoscopic
management is first line therapy to achieve hemostasis in these cases. However,
fibrotic ulcerative tissue after recent APC may limit the ability to achieve successful
hemostasis with standard endoscopic interventions such as injection therapy, thermal
therapy, and hemostatic clip placement. Therefore, as presented in this case,
hemostatic powder is a useful therapeutic option to achieve hemostasis. This device
may be useful as a primary or as a rescue therapy in this setting. More studies are
required to better clarify the role of hemostatic powder for bariatric patients with
active bleeding.
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Figure 2

Figure 2 Gastric-jejunal anastomosis following argon plasma coagulation treatment for weight regain.
Figure 3

Figure 3 Circumferential ulceration with one protruding vessel at the anastomotic site one day after argon plasma coagulation.
Figure 4

Figure 4 Spurting vessel was noted after thermal therapy with a Coagrasper.
Figure 5

Figure 5 No residual bleeding following Hemospray® with whitish material coverage the ulcer bed.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) accounts for 5-6% of all human cancers.
Considering the extrahepatic metastasis, the main organs involved are
lymphnodes, lung, bone and adrenal gland. Usually colon metastasis is very rare,
especially on the left sided colon.
CASE SUMMARY
We report a case of a 70 years-old man hepatitis B carrier with HCC treated four
times with trans-arterial chemoembolization, presented to our surgical
department complaining of gastrointestinal bleeding. A colonoscopy revealed a
mass of 4 cm of the sigmoid colon with signs of bleeding. The computed
tomography showed a mass originated from the sigmoid colon of 3.5 cm, and the
presence of HCC in segment VI and VII, without portal vein thrombosis. Due to
the large size of the mass and the active bleeding, the patient underwent a left
colectomy. The postoperative period was uneventful, and the patient was
discharged in fifth post-operative day. Histological examination revealed that the
neoplasm was characterized by a diffuse proliferation of epithelial cells with an
hepatoid differentiation. So, the presence of a history of HCC of the liver and the
histopathological features supported the diagnosis of metastasis from the liver.
CONCLUSION
Although rare, colon metastasis from an HCC can be left-sided and can present
with acute bleeding.
Key words: Hepatocellular carcinoma; Colon metastasis; Case report
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Core tip: Colon metastasis from hepatocellular carcinoma are extremely rare and, when
present, they usually located in the right colon. We present a case of a left sided colon
metastasis, which presented with acute bleeding and anemia for which the patient
underwent left hemicolectomy.
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INTRODUCTION
Hepatocellular carcinoma (HCC) causes more than 1 million deaths annually and the
incidence is increasing in the last few years.
Unfortunately, only 30% of patients benefit from resection, percutaneous ablation
or liver transplantation.
In a series[1,2], the most involved organs , as extrahepatic metastasis, were lymphnodes, lung, bone and adrenal gland. The involvement of the gastrointestinal tract
seldom occurs, being found in only 0.5%-2% of cases [3,4] and 4%-6% in another
series[1,2]. Usually colon metastasis is very rare, especially the left sided colon, and
mostly occurs through direct invasion.

CASE PRESENTATION
Chief complaints
A 70 years-old man presented to our surgical department complaining of gastrointestinal bleeding.

History of present illness
The patient was hepatitis B carrier with HCC treated four times with trans-arterial
chemoembolization (TACE). He presented to the Emergency room after several hours
of active gastrointestinal bleeding.

Physical examination
At admission vital signs were stable. Patient’s temperature was 36.6 °C and Glasgow
Coma Scale (GCS) 15/15. The abdomen was soft, non-tender, and non-distended. No
mass could be appreciated. Blumberg sign was negative. The rectal examination
showed the presence of blood.

Laboratory examinations
The laboratory findings showed normal haemoglobin level, a slight elevation of
transaminase [alanine aminotransferase 56 IU/L, aspartate aminotransferase 62
IU/L], and all other values including coagulation, white blood cell, protein, albumin
and bilirubin were within normal limits. The alpha-fetoprotein level was 3 ng/mL
(range 5-10 ng/mL).

Imaging examination
The computed tomography (CT) showed a mass originated from the sigmoid colon of
3.5 cm (Figure 1), and the presence of HCC in segment VI and VII, without portal vein
thrombosis; at ultrasound the neoplasm seemed characterized by a dense vascular
pattern.

Further diagnostic work-up
A colonoscopy revealed a mass of 4 centimeters of the sigmoid colon with signs of
bleeding (Figure 2).
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Figure 1

Figure 1 Computed tomography scan shows a mass of 3.5 cm.

TREATMENT
Because of the large size of the mass and the fact that it was bleeding, it was decided
to subject the patient to a left colectomy. At laparotomy the lesion was situated in the
distal sigmoid. No direct contact between the neoplasm and the liver was noticeable.
Moreover, the sigmoid was normally placed and no dolichocolon sigmoid was reported.

OUTCOME AND FOLLOW-UP
The postoperative period was uneventful, and the patient was discharged in fifth day
post operative day. Histological examination revealed that the neoplasm was
characterized by a diffuse proliferation of epithelial cells with an hepatoid
differentiation (Figure 3A). In fact, the immunohistochemical reaction for HepPar-1
confirmed this type of differentiation (Figure 3B). The differential diagnosis was
between a metastasis of HCC from the liver and an hepatoid adenocarcinoma of the
colon, but the complete negativity for CK20 and CDX2 (Figure 3C and D) excluded a
primary tumor of the colon[5]. So, the presence of an history of HCC of the liver and
the histopathological features supported the diagnosis of metastasis from the liver.

DISCUSSION
HCC is one of the most common malignancies worldwide, and its incidence has been
increasing in recent years. The prognosis has improved due to the advances in
diagnostic imaging and new treatment modalities, but the management of recurrence
is a critical problem[6].
Intrahepatic recurrences can be controlled by different treatment modalities, based
on the different clinical conditions of the patients, such as hepatectomy, TACE and
percutaneous ethanol injection therapy [7] . Because the incidence of extrahepatic
metastases is less than that of intrahepatic metastasis, there are fewer documented
treatment strategies for extrahepatic metastasis. At present, the prognosis of patients
with extrahepatic metastases from HCC is poor [8] . The most frequent sites of
extrahepatic metastases are bone, lung, adrenal gland and lymph nodes. Gastrointestinal involvement of HCC is uncommon. The most common modality of metastasis
to the gastrointestinal tract is usually the direct invasion via adhesion to the serosal
side by bulky tumor mass. The most frequently involved site is the duodenum,
stomach, hepatic flexure of the colon and jejunum [3] . HCC may disseminate
hematogenously to distant gastrointestinal tracts. Portal vein thrombosis may be the
key point of hematogenous spread to other sites [4-9] . In our case, the HCC was
localized to segment VI and VII, without portal vein thrombosis and metastasized to
the left- sided colon five years after TACE.
Some authors [4] postulated that TACE may predispose to HCC metastasis by
altering local vasculature and increasing inflammation.
Hematogenous spread was suggested because the metastatic site was distant and
the lymph-nodes negative, Natsuizaka et al[8] reported, based on the initial diagnosis
of intrahepatic HCC , that patients with advanced HCC develop extrahepatic
metastases significantly more frequently than those with less advanced HCC.
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Figure 2

Figure 2 Colonoscopy image: Colonoscopy shows a bleeding mass of the left colon.

There is no standard treatment for extrahepatic metastases of primary HCC, several
authors have reported the use of various treatment modalities. However only few
HCC patients can undergo surgical resection of extrahepatic metastases because of
hepatic reserve or intrahepatic stage. There are reports that suggest that aggressive
treatment prolonged survival. Lam et al[10] reported that they performed surgical
resection in nine patients with pulmonary metastases and that the median survival
period of the patients was 42 mo.
In literature there are little datas[11] regarding the efficacy of surgical treatment in
patients with colon metastasis from HCC, our case was treated with surgical management because of the size of the colonic mass and the risk of occlusion.
According to the literature, the interval between the diagnosis of HCC and
detection of gastrointestinal tract involvement ranged from 3 mo to 8 years[3,4]. Mostly,
gastrointestinal metastasis is found in patients with advanced staged HCC. The
prognosis is unfortunately poor with a median survival period of 7 mo[8].
However, it was suggested that treatment of extrahepatic metastases may improve
survival in some selected patients who have good reserved function, intrahepatic
tumor stage (T0-T2), and negative portal vein invasion or occlusion.

CONCLUSION
Even if rare, HCC metastasis must be taken in consideration in those patients with
colon carcinoma with medical history positive for hepatocellular cancer or HCV/HBV
infection. Even if the prognosis of these patients is usually poor, a hemicolectomy can
be a life-saving maneuver and could improve overall survival in some selected cases.
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Figure 3

Figure 3 Histology images: Carcinoma with heapthoid differentiation. A: (Hematoxylin-eosin 100 ×); B: Confirmed by the positivity for HepPar-1 (200 ×); C:
Negativity for CK20 (200 ×); D: CDX2 (200 ×) excluded the colic origin and it supported the diagnosis of metastasis from the liver.
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Abstract
BACKGROUND
Anaplastic large cell lymphoma (ALCL) is a type of T-cell lymphoma that can be
divided into two categories: anaplastic lymphoma kinase-positive (ALK+) and
ALK-negative. Gastrointestinal ALK+ ALCL is rare. Multiple lymphomatous
polyposis (MLP) is thought to be a representative form of gastrointestinal lesion
in mantle cell lymphoma, and T-cell lymphomas seldom show this feature. Here,
we report the first known case of ALK+ ALCL with gastroduodenal involvement
to present with MLP.
CASE SUMMARY
The patient was a 43-year-old man who was complained of a mass in the left
inguinal area and was performed open biopsy. ALK+ ALCL was diagnosed
pathologically. Computed tomography scan demonstrated multiple lymph node
lesions in the abdomen - pelvis/inguinal region, and scattered nodular lesions in
both lung fields. He did not complain of gastrointestinal symptoms. While,
esophagogastroduodenoscopy identified MLP lesions from the antrum of the
stomach to the descending portion of the duodenum and mild thickened folds on
the corpus of the stomach, and biopsy showed invasion of ALK+ ALCL. We
treated this patient with six cycles of CHOEP (Cyclophosphamide, Doxorubicin,
Vincristine, Etoposide, and Prednisone) chemotherapy. At the conclusion of
treatment, there was complete remission. Numerous white scars were found on
the stomach, endoscopically consistent with a remission image of lymphoma. The
endoscopic features of this case were thought to be similar to those of MCL.
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CONCLUSION
The macroscopic/endoscopic features of gastrointestinal ALK+ ALCL may be
more similar to those of B-cell lymphomas rather than T-cell lymphomas.
Key words: Anaplastic large-cell lymphoma; Anaplastic lymphoma kinase; Multiple
lymphomatous polyposis; T-cell lymphoma; Gastrointestinal involvement
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Core tip: Anaplastic large cell lymphoma (ALCL) encompasses two distinct categories:
anaplastic lymphoma kinase-positive (ALK+) and ALK-negative. ALK+ ALCL cases
rarely involve the gut. However, in a very small number of case reports, gastrointestinal
ALK+ ALCL exhibits a fungating growth pattern, similar to that of B-cell lymphomas
rather than T-cell lymphomas. Multiple lymphomatous polyposis (MLP) is thought to be
a typical form of gastrointestinal lesion in mantle cell lymphoma, but it develops in other
B-cell lymphomas. T-cell lymphomas seldom present with MLP. Here, we report the
first known case in the world of ALK+ ALCL with gastroduodenal involvement
presenting with MLP.
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INTRODUCTION
Anaplastic large cell lymphoma (ALCL) was first described in 1985 by Stein et al[1].
According to the 4th edition (2008) of the WHO classification[2], primary systemic
ALCL can be divided into two distinct categories: anaplastic lymphoma kinasepositive (ALK+) and ALK-negative. Majority of ALK+ ALCL contain a t(2;5)
chromosomal translocation. The t(2;5) translocation fuses a distal part of the ALK gene
on chromosome 2p23 with the promoter and a proximal domain of the
nucleophosmin (NPM1) gene on chromosome 5q35[3]. The most common extranodal
sites of ALK+ ALCL are the skin, bone and soft tissue. ALK+ ALCL cases involving
the gut are rare[2].
Multiple lymphomatous polyposis (MLP) is thought to be a representative form of
gastrointestinal lesion in mantle cell lymphoma (MCL) [2,4,5] . Here, we report an
extremely rare case of ALK+ ALCL with gastroduodenal involvement presenting as
MLP.

CASE PRESENTATION
Chief complaints
A 43-year-old Japanese man suffering from fever, night sweats, general fatigue and
weight loss complained of a mass in the left inguinal area. The patient did not
complain of gastrointestinal symptoms.

History of present illness
The patient was admitted to a local hospital. Computed tomography (CT) scan
demonstrated multiple lymph node lesions continuing to the mesentery and paraaortic/left common iliac artery/left inguinal region (Figure 1). Scattered nodular
lesions were found in both lung fields (Figure 1). Following needle biopsy of the left
inguinal lesion, malignant lymphoma was suspected, and the patient was transferred
to our department.

History of past illness
He had no chronic illness.
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Figure 1

Figure 1 Computed tomography images. (Upper row) Pelvic computed tomography scan demonstrated multiple lymph node lesions (arrows) continuing to the left
common iliac artery (left)/left inguinal region (right). (Lower row) Scattered nodular lesions were found in both lung fields (arrows).

Physical examination upon admission
Left inguinal lymph nodes were significantly swollen.

Laboratory examinations
WBC and CRP showed markedly high values, and elevated platelet count, liver
dysfunction, and hypoalbuminemia were also observed. In addition, the level of
soluble interleukin-2 receptor (normal range: 121-613 U/mL), which was severely
elevated according to the measurement of the previous hospital, had further increased
over approximately one week (7120 → 12500 U/mL) (Table 1).

Imaging examinations
As measured by positron emission tomography (PET)/CT scan, the mean
standardized uptake value was 18.1 in the abdomen – pelvis/inguinal nodes and 3.5
in the lung fields and the mediastinal nodes (Figure 2).
Esophagogastroduodenoscopy findings: In the descending portion of the duodenum,
multiple polypoid lesions of 2-3 mm in diameter were observed (Figure 3A). Various
large and small polypoid lesions were observed in the antrum of the stomach (Figure
3B and Figure 3C). These lesions are consistent with MLP continuously extending
from the antrum of the stomach to the descending portion of the duodenum. Mucosal
folds in the corpus of the stomach were slightly thickened, and its surface had
changed to a white tone (Figure 3D).
The biopsies of both gastric and duodenal lesions proved the invasion of
lymphoma cells, as below mentioned. These lesions could not be detected by PET/CT
scan. Colonoscopy and bone marrow aspiration showed no involvement of
lymphoma lesions.

Pathological examinations
Left inguinal lymph nodes were examined by open biopsy. Medium to large-sized
abnormal lymphoid cells were observed to be invasively proliferating. CD25, CD30,
T-cell intracellular antigen-1, and ALK tested positive by immunostaining.
Meanwhile, CD3, CD20 and the Epstein-Barr encoding region in situ hybridization
tested negative. Based on the histopathology, ALK+ ALCL was diagnosed. In the
gastric and duodenal biopsy samples, abnormal lymphoid cells with irregular nuclei
grew diffusely (Figure 4A), and mitotic figures were observed in high numbers
(Figure 4B). Immunohistochemically, CD30 tested strongly positive (Figure 4C), ALK
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Table 1 Results of laboratory examinations on admission
WBC

21.5 × 109/L

TP

5.8 g/dL

St

3%

Alb

2.3 g/dL

Seg

73%

GOT

117 IU/L

Lym

16%

GPT

252 IU/L

Mon

4%

LDH

275 IU/L

Eos

4%

ALP

753 IU/L

12

RBC

3.99 × 10 /L

γ-GTP

170 IU/L

Hb

12.1 g/dL

T-Bil

0.2 mg/dL

Hct

36.3%

CRP

13.00 mg/dL

Plt

695 × 109/L

s-IL-2R

12500 U/mL

St: Stab; Seg: Segmented; Lym: Lymphocytes; Mon: Monocytes; Eos: Eosinophil; Hb: Hemoglobin; Hct:
Hematocrit; TP: Total protein; sIL-2R: Soluble interleukin-2 receptor.

(monoclonal antibody, ALK1) tested positive in nuclear and cytoplasmic pattern
(Figure 4D), and the Ki-67 proliferative (MIB1) index was > 80% (not shown).

FINAL DIAGNOSIS
ALK+ ALCL that involved multiple lymph node lesions in the abdomen pelvis/inguinal region and mediastinum, also both lung fields and the
gastroduodenal lesions (Stage IV).

TREATMENT
We treated this patient with six cycles of CHOEP chemotherapy (Cyclophosphamide
750 mg/m2, Doxorubicin 50 mg/m2, Vincristine 1.4 mg/m2, Etoposide 100 mg/m2 x 3
d, and Prednisone 50 mg/m2 x 5 d) every three weeks. After administration of two
cycles, the lymphoma lesions including lung field nodules shrank remarkably and
disappeared at CT examination.

OUTCOME AND FOLLOW-UP
At the conclusion of treatment, there was complete remission. Numerous white scars
were found in the stomach, endoscopically consistent with a remission image of
lymphoma (Figure 3E). He is followed-up as outpatient with no treatment. There was
no evidence of recurrence for more than 1 year and 10 mo since the end of the final
treatment.

DISCUSSION
ALCL is a clinically, morphologically, and immunophenotypically heterogeneous Tcell lymphoma. Depending on the presence or absence of ALK expression, ALK+
ALCL was classified as a biologically homogeneous disease unit independent of ALKnegative ALCL in the 4th edition (2008) of the WHO classification[2]. ALK+ ALCL is
more prevalent in children and young adults, and the ALK fusion protein is
associated with a good prognosis[6]. In contrast, ALK-negative ALCL has a poor
prognosis similar to peripheral T-cell lymphoma, not otherwise specified, and
angioimmunoblastic T-cell lymphoma [7] . ALK staining pattern is nuclear and
cytoplasmic in cases of t(2;5)/NPM-ALK translocation, and membranous or
diffuse/granular cytoplasmic in the remaining cases with a variant translocation
involving at 2p23[2,8]. ALK staining in our patient showed a nuclear and cytoplasmic
pattern. G-banded karyotype of the lymph node lesions showed complex
chromosomal abnormalities with +2, der(2;21)(q10;q10),+7, however, translocation at
2p23 could not be confirmed. ALK+ ALCL frequently involves both lymph nodes and
extranodal sites. The most commonly involved extranodal sites include the skin, bone,
soft tissue, liver and lungs as we reported here[2].
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Figure 2

Figure 2 Positron emission tomography/computed tomography (longitudinal) image. Arrows indicate
lymphoma lesions. The mean of the standardized uptake value was 18.1 in the multiple lymph node lesions
continuing to the mesentery and para-aortic/left common iliac artery/left inguinal, 3.5 in the lesions of the lung fields
and the mediastinal nodes. No uptake in the stomach and duodenum.

Because gastrointestinal T-cell lymphomas are rare, little is known about the
clinicopathological characteristics of primary gastrointestinal T-cell lymphomas. Kim
et al[9] investigated the endoscopic differences between B- and T-cell lymphomas and
observed that B-cell lymphomas presented more often as fungating (54% of cases),
while T-cell lymphomas were frequently ulcerative (47%), and only 13% showing a
fungating pattern. Regardless of ALK expression, primary gastrointestinal ALCL is
rarer[10]. According to a recent review on gastrointestinal ALCL, the rate of ALK
expression among gastrointestinal ALCL was low at 24% [11] . As far as we can
determine, ALK+ ALCL of the gut has been reported in only eleven cases[11-20]. The
clinical features are summarized in Table 2 for a total of 12 gastrointestinal ALK+
ALCL cases, including our patient. Of these, four cases were reported to involve the
esophagus[12-15], all showing fungating tumors. Of the remaining cases, two involved
the stomach[11,16], one involved the duodenum[17], one involved both the stomach and
duodenum[18], and three involved the small intestine (jejunum/ileum)[11,19,20]. Only
three of these last seven cases showed macroscopic findings by resection or
endoscopy; the morphology showed a mass formation pattern, such as a submucosal
or bulky tumor. Although the number of cases is very small, gastrointestinal ALK+
ALCL often seems to involve the esophagus, in which lymphomas rarely develop,
and frequently exhibits a fungating growth pattern similar to that of B-cell
lymphomas.
The term ‘‘MLP’’ was introduced in 1961 by Cornes to describe malignant
lymphoma that presented as multiple polypoid tumors, from 2 mm to several
centimeters, affecting long segments of the gastrointestinal tract[21].
Histopathologically, these polyps originate from the mantle zone of the lymphoid
follicle of the mucosa-associated lymphoid tissue (MALT)[22]. Therefore, the most
frequent lymphoma presenting with MLP is MCL[4,5], and it also develops in other Bcell lymphomas, such as MALT lymphoma and follicular lymphoma[23]. Furthermore,
T-cell lymphomas seldom show this feature (11%)[24]. Several cases of adult T-cell
leukemia/lymphoma presenting with MLP have been reported in Japan, which is an
endemic area of human T-cell lymphotropic virus type 1 infection[25,26]. To the best of
our knowledge, including ALK-negative, our case is the first observation of ALCL
presenting with MLP. However, in contrast to what has been seen in MCL, the MLP
presented in this case with, irregular sized-polyps arranged irregularly. In addition,
no MLP lesion was found in the large intestine, which is frequently involved in
MCL[27]. In our case, MLP lesions could not be detected with PET/CT scans. As we
previously reported in a case of MCL[28], it appears that MLP lesions do not infiltrate
the deep layer and instead maintain involvement with the surface layer of the
gastrointestinal mucosa, even in the case of ALCL. The characteristic endoscopic
findings of MCL are not only MLP, but also thickening of gastric mucosal folds has
been reported[5]. In our case, thickened folds of the stomach were also seen, and the
endoscopic features were thought to be similar to those of MCL.
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Figure 3 Esophagogastroduodenoscopy findings. Multiple polypoid lesions of 2-3 mm in diameter were seen in the descending portion of the duodenum (A).
Various large and small polypoid lesions were seen in the antrum of the stomach (B; lesser curvature side, C; extensive curvature side), accompanied by a change in
white tone at the center. Mucosal folds in the corpus of the stomach at the extensive curvature side were slightly thickened, and its surface had changed to a white
tone (D). After treatment, numerous white scars were found, and the thickened mucosal folds were improved in the stomach (E).

CONCLUSION
We reported a case of gastroduodenal ALK+ ALCL presenting with MLP. Although
there is a limit in considering the macroscopic/endoscopic features of gastrointestinal
ALK+ ALCL patients through this very rare case, the morphological features of
gastrointestinal ALK+ ALCL may be similar to those of B-cell lymphomas rather than
T-cell lymphomas. It is necessary to further accumulate and study the gastrointestinal
ALK+ ALCL patients.
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Table 2 Clinical features of gastrointestinal anaplastic lymphoma kinase-positive anaplastic large cell lymphoma

Case

Age / sex

1

56/M

2

34/F

3

37/M

4

3/M

5

53/M

6

72/F

7

36/M

8

21/M

9

10/M

10

17/M

11

32/M

12

43/M

Ref.
[12]

[13]

[14]

[15]

[11]

[16]
[17]

[18]

[11]

[19]

[20]

Our case

Occurrence
site

Gross/
Endoscopic
findings

ALK staining 2p23(FISH
pattern
/RT-PCR)

Esophagus

Large mass

Esophagus

Treatment

Outcome

Cytoplasmic

chemo. + autoSCT

Alive (3 mo)

Fungating
tumor

Nuclear and
cytoplasmic

chemo. + autoSCT

Alive (24 mo)

Esophagus

Submucosal
mass

Nuclear and
cytoplasmic

resection +
chemo.

Alive (14 mo)

Esophagus

Wall thickening Nuclear and
cytoplasmic

chemo.

(undescribed)

Stomach

(Undescribed)

Cytoplasmic

resection +
chemo.

Alive (84 mo)

Stomach

(Undescribed)

(Undescribed)

+ (FISH)

resection

Alive (84 mo)

Duodenum

(Undescribed)

Nuclear and
cytoplasmic

+ (RT-PCR)

resection +
chemo.

Alive (24 mo)

Stomach and
Duodenum

Submucosal
tumor

Nuclear and
cytoplasmic

chemo.

(undescribed)

Small intestine

(Undescribed)

Nuclear and
cytoplasmic

resection +
chemo.

Alive (75 mo)

Jejunum

Polypoidal
mass

Cytoplasmic

resection +
chemo.

Alive (18 mo)

Nuclear and
cytoplasmic

resection +
chemo.

Alive (5 mo)

chemo.

Alive (22 mo)

Jejunum/Ileum Massive tumor
(junction)
Stomach and
Duodenum

MLP and
Nuclear and
gastric mocosal cytoplasmic
thickening

ALK: Anaplastic lymphoma kinase; FISH: Fluorescence in situ hybridization; RT-PCR: Reverse transcription polymerase chain reaction; chemo.:
Chemotherapy; auto-SCT: Autologous stem cell transplantation.

Figure 4

Figure 4 Histopathological findings in biopsy samples (x 200), Medium to large-sized abnormal lymphoid cells with irregular nuclei grew diffusely (A), and
mitotic figures were observed in high numbers (B). In immunostaining of lymphoma cells, CD30 was strongly positive (C), and ALK showed positive in nuclear and
cytoplasmic patterns (D).
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BACKGROUND
Solitary rectal ulcer syndrome (SRUS) is a rare rectal disorder characterized by
bloody mucus in the stool, difficulty in defecation, pain, and anal swelling. To
date, the etiology of this syndrome remains not well understood and the
diagnosis is frequently confused with other disorders, making treatment a clinical
challenge.
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CASE SUMMARY
A 50-year-old woman presented to our hospital with a 40-d history of bloody
mucus in the stool and anal swelling. SRUS was suspected. Rectoscopy revealed a
large, severe ulcerous lesion. Histologically, the lesion was characterized as
chronic ulcer without clear tumor cells, and the final diagnosis of SRUS was
made. The patient was treated with Chinese medicine therapy, with
administration of Tong Xie Yao Fang. After 3 wk of treatment, the symptoms
improved significantly. At 2-mo follow-up, rectoscopy in a local hospital showed
healed ulcer scars without obvious protrusion 3 cm from the anal verge.
CONCLUSION
Chinese medicine therapy represents a potential treatment of SRUS with
predominant rectal bleeding, mucinous discharge, and anal swelling pain.
Key words: Solitary rectal ulcer syndrome; Chinese formulas; Tong Xie Yao Fang; Er
Shen Wan; Ding Zhi Xiao Wan; Chinese medicine therapy; Case report
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Core tip: Solitary rectal ulcer syndrome (SRUS) is a benign but uncommon rectal
disorder. We present the case of a 50-year-old woman who suffered from SRUS for 40 d,
with the symptoms of bloody mucous in the stools and anal swelling. Following our
success of treatment with modified Tong Xie Yao Fang, we discuss how this traditional
Chinese medicine prescription might be an effective treatment strategy for SRUS with
this symptom profile.

Citation: Zhang LL, Hao WS, Xu M, Li C, Shi YY. Modified Tong Xie Yao Fang relieves
solitary rectal ulcer syndrome: A case report. World J Clin Cases 2019; 7(15): 2058-2064
URL: https://www.wjgnet.com/2307-8960/full/v7/i15/2058.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i15.2058

INTRODUCTION
Solitary rectal ulcer syndrome (SRUS) is a chronic, benign, uncommon and underdiagnosed disease. It is estimated that the annual incidence of SRUS is one of 100000
people, mainly affecting men in the third decade of life and women in the fourth
decade[1]. Its symptomological profile consists of intestinal symptoms, primarily
constipation, feeling of incomplete defecation, bloody or purulent stools, discomfort
with falling anus, and rectal ulcers.
The diagnosis of SRUS is largely based on findings in rectoscopy and analysis of
tissue biopsy. The treatment of SRUS includes local medication, improvement of
bowel defecation habits, biofeedback, and surgical operation[2]. We report herein the
case of a 50-year-old woman with SRUS and describe its appearance on rectoscopy
and in analysis of the gross specimen following Chinese medicine therapy. The
purpose of publishing this case is to report and discuss the effects of herbal therapy
on SRUS.

CASE PRESENTATION
Chief complaints
A 50-year-old woman presented to our hospital with a 2-year history of intermittent
dull pain in her left lower abdomen, a 40-d history of rectal swelling and discomfort,
and a 20-d history of mucinous and bloody, loose stools.

History of present illness
The patient was sent to our Chinese medicine hospital on September 5, 2018. She
reported having had developed intermittent left lower abdominal dull pain 2 years
prior, after suffering from cold and eating irritating food. She reported no obvious
cause of the rectal swelling discomfort that had developed 2 mo previously nor of the
mucinous bloody, loose stools (occurring three or four times a day) 40 d prior. She
also reported insomnia, and we observed her tongue to be red in color with white and
thick fur, and a thin pulse.

History of past illness and family history
The patient had undergone hemorrhoid surgery in 2009 and polypectomy of the
cervical canal in 2011. Her father had died of a femoral fracture in the neck; otherwise,
there was no medical family history.

Physical examination upon admission
Physical examination showed no obvious abnormality, except for a tough ulcerative
mass, about 2 cm × 2 cm on the wall of the rectum at 3 cm from the anal verge. The
remaining rectal mucosa showed smooth surface. Blood stains were detected on the
doctor’s disposable glove after examination of the patient.

Laboratory examinations
Laboratory examinations provided the following findings: Gram-positive bacilli of
40.0% (normal range: 50%-71%); Gram-negative bacilli of 45.0% (normal range: 24%44%); antigen-stimulated interferon A of 15.0 SFCs/2.5 × 106 (normal: < 6 SFCs/2.5 ×
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106); specific gravity of urine of 1.008 (normal range: 1.015-1.025); total cholesterol of
5.2 mmol/L (normal: < 5.18 mmol/L); and complement C1q of 149.0 mg/L (normal
range: 159-233 mg/L). The white blood cell count (5.99 × 109/L) and platelet count
(4.03 × 1012/L) were normal. Findings for stool samples’ cultures, fecal occult blood,
parasite eggs, and amoeba trophozoites were negative.

Imaging examinations
Colonoscopy revealed an irregular nodule, occupying 1/2 of the lumen, at 5 cm from
the anal verge. The central ulcer was sunken, with blood stasis spotting and sloughing
on the surface, as well as being brittle and bleeding easily (Figure 1A). Rectoscope
showed a large ulcerative lesion at 2-4 cm from the anal margin of the rectum,
occupying 3/5 of the lumen, covered by a white and bloody sloughing of tissue with
central ulcer depression, as well as being brittle and prone to bleeding (Figure 1B).
The pathological report noted chronic colonic mucositis, rectal mucosal erosion, and
inflammatory granulation (Figure 1C).

FINAL DIAGNOSIS
The patient was diagnosed with SRUS, based on the findings from endoscopy of the
rectum and colon (Figure 1A, B) and histology of the biopsy (Figure 1C). Her
condition was deemed to be serious. Diagnosis of Traditional Chinese Medicine
(TCM) was diarrhea (liver stagnation and spleen deficiency), according to the
patient’s main clinical symptoms.

TREATMENT
Treatment of modified Tong Xie Yao Fang (TXYF) was administered to soothe the qi,
fortify the spleen, quiet the heart, astringe the intestines, regulate the diarrhea, and
relieve the pain. The prescription was composed of Chenpi (tangerine peel; 15 g),
Baishao (Radix Paeoniae Alba; 20 g), Fangfeng (Radix Saposhnikoviae; 20 g), Gaoben
(Ligusticum; 10 g), Baizhu [Rhizoma Atractylodis Macrocephalae (AM); 15 g],
Roudoukou (Myristica fragrans; 10 g), Buguzhi (Psoralea corylifolia; 10 g), Paojiang
(prepared ginger; 10 g), Pugongying (Mongolian dandelion; 20 g), Dangshen (Radix
Codonopsis; 15 g), Yuanzhi (Polygala Tenuifolia; 12 g), Shichangpu (Acorus
Tatarinowii; 10 g), and Gancao (licorice; 10 g). The daily dose was decocted with
water and taken at 30 min after food intake in the morning and evening. After 7 d, on
September 12, 2018, the patient’s symptoms were alleviated but the patient woke
early in the morning, with the continued red tongue with white and thick fur, and
thin, wiry pulse. Suanzaoren (spine date seed; 20 g), Hehuanpi (Silktree Albizia bark;
10 g), and Fuling (Poria Cocos; 15 g) were added into the original prescription. The
decoction and delivery method was the same as the initial ones. TCM treatment had
been insisted on by the patient, who only wanted Chinese herbal medicine and no
Western medicine treatment for 21 d.

OUTCOME AND FOLLOW-UP
On September 30, 2018, the patient was examined in the Third Affiliated Hospital of
Beijing University. Rectoscopy showed an irregular shaped ulcer, 3 cm from the anal
verge, about 1.0 cm × 1.2 cm in size, less white fur on the surface, flat bottom,
concentrated folds around the rectum, and fusion, thickening and interruption near
the ulcer; the biopsy specimen was tough, with no stenosis (Figure 2A). The
pathological report noted chronic rectal ulcer mucosal inflammation, with focal
lymphocyte aggregation (Figure 2B). The results suggested that the ulcer surface
tended to be scarred, having improved and healed without prescribed Western
medicine. The improvement of rectal symptoms in this patient should be attributed to
the role of the 21 herbs administered.
During hospitalization, the patient underwent a series of examinations. Although
the cause of SRUS was not found, the ulcer improved gradually with treatment. After
discharge, the woman adhered to TCM treatment and also used Titanoreine, a kind of
anal suppository the covers the surface of the anal and rectal mucosa with a protective
membrane. On December 8, 2018, re-examination by rectoscopy in a local hospital
showed that the ulcer scars had healed, without obvious protrusion, at 3 cm from the
anal verge. A polyp, about 0.3 cm × 0.3 cm, was found at 3 cm from the anal verge.
The surface of the mucosa was found to be smooth (Figure 2C).
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Figure 1

Figure 1 Endoscopic images and corresponding histological findings from before the Traditional Chinese
Medicine treatment. A: Colonoscopy image showing actively bleeding, deep ulcerations; B: Rectoscope image
showing a large ulcerative lesion covered by a white and bloody sloughing tissue; C: Hematoxylin-eosin-stained rectal
ulcers.

DISCUSSION
The pathogenesis of SRUS is not clear, and it is often believed that SRUS might be
associated with rectal prolapse and trauma from straining[3,4]. Clinically, SRUS is easy
to be suspected as colorectal cancer, based on the similar symptomatic profiles and
endoscopic features, which include bleeding or mucus at defecation, anal or rectal
pain and discomfort, increased frequency of defecation, and colorectal masses or
ulcers[1,5]. Histological features are helpful to distinguish SRUS from malignancy. The
key histological features that distinguish SRUS from colorectal cancer are the
architectural distortion, fibromuscular obliteration of lamina propria, and absence of
tumor cell infiltration[6].
The therapeutic regimens for SRUS include conservative treatment, medical
therapy, biofeedback therapy, and surgery[2]. The choice of treatment depends upon
the severity of symptoms and the presence of rectal prolapse. In our case, TCM may
have played a role in the successful treatment of SRUS and highlights the potential of
such as a supplementary and alternative therapy. Some studies have suggested that
fruits, vegetables and grains have protective effects against adenoma and colorectal
cancer. Probiotics may also have preventive effects on colorectal cancer but the actual
beneficial effects remain to be definitively evidenced[7,8]. Conservative treatment (highfiber diet, laxatives, change in defecatory habits, and biofeedback treatment) were
shown to induce a symptomatic improvement in 71/91 patients (63.6%) and healing
of mucosal lesion in 17/51 patients (33.3%)[9]. According to those reports, SRUS may
be prevented and improved by adjusting dietary structures and probiotic levels.
The basic TCM prescription combination consists of three classic Chinese formulas,
(TXYF, consisting of tangerine peel, Radix Paeoniae Alba, Radix Saposhnikoviae, and
Rhizoma AM), Er Shen Wan (ESW, consisting of Myristica fragrans and Psoralea
corylifolia) and Ding Zhi Xiao Wan (DZXW, consisting of Codonopsis, Polygala
tenuifolia Willd, Acorus Tatarinowii, and Poria Cocos). In addition, Gancao (licorice)
is used to mediate other herbs. Suanzaoren (spine date seed) and Hehuanpi (Silktree
Albizia bark) can be added when the patient suffers from insomnia.
TXYF is recorded in the Dan Xi Xin Fa. Form the viewpoint of TCM, it is used to
relieve the pain and diarrhea caused by the incompatibility of the liver and spleen.
ESW is recorded in the Pu Ji Ben Shi Fang. Differently, it is used for diarrhea due to
deficiency of the spleen. At the patient’s first hospital visit, she mainly complained of
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Figure 2

Figure 2 Endoscopic imaging and corresponding histological findings after Traditional Chinese Medicine
treatment. A: The improvement of ulcers; B: Hematoxylin-eosin-stained rectal ulcers (× 40); C: The healed ulcers.

pain in her left abdomen, diarrhea, mucinous defecation, and abnormal defecation.
Based on TCM theory, her clinical symptoms were categorized as diarrhea. The
patient had mild anxiety, depression and insomnia during her illness. DZXW can
maintain the ability of learning and memory in depression, and the mechanism
involves the promotion of neural stem cell proliferation in hippocampal formation[10].
TXYF is a commonly used Chinese herbal prescription for diarrhea, suggested to be
effective in treating diarrhea-predominant irritable bowel syndrome (IBS-D)[11]. 5hydroxytryptamine (5-HT) is a neurotransmitter that is widely distributed throughout
the central nervous system and gastrointestinal tract, which may contribute to the
symptoms of IBS. Li et al[12] demonstrated that TXYF treatment diminishes colonic 5HT levels and alleviates the symptoms of IBS-D by favorably affecting microbiota
levels in gut flora communities. Data from a study by Yin et al[13] suggested that the
activity of the enteric nervous system and the regulation of 5-HT and substance P
activities can be modulated by TXYF. Corticotropin-releasing hormone-receptor 2
(known as CRH-R2) is known to activate the intestinal mucosal anti-inflammatory
response by regulating migration, proliferation and apoptosis of intestinal epithelial
cells, as has been shown in colitis-induced mice[14], and to play an important antiinflammatory role. Gong et al[14] demonstrated that TXYF can facilitate mucosal repair
in colitis mice by regulating the CRH-R2. TXYF was also shown to improve the
symptoms of postinfectious IBS by alleviating behavioral hyperalgesia and exerting
antidiarrheal effects, the underlying mechanism of which involves TXYF inhibition of
mucosal mast cells’ activation, down-regulation of tryptase and c-Fos expression, and
reduction of serum TNF-α and histamine levels[15]. Therefore, it is suspected that TXYF
may relieve the symptoms of SRUS by decreasing the defecation frequency and
promoting mucosal repair.
AM is the most important herb in TXYF. Studies by Song et al [16] reveal that
treatment with AM significantly stimulates the migration of intestinal epithelial cells
(commonly known as IECs) through the polyamine-Kv1 channel signaling pathway,
which can promote healing of intestinal injury. Findings from another study
suggested that AM significantly stimulates the migration of IEC-6 cells through a
polyamine-dependent mechanism, which could accelerate the healing of intestinal
injury[17]. These results provide evidence for the effect of AM in treating intestinal
diseases that are characterized by injury and ineffective repair of the intestinal mucosa
in clinical practice.
ESW, composed of Myristica fragrans and Psoralea corylifolia, is a classical Chinese
formula for astringing intestines and resolving diarrhea. The Myristica fragrans seed
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extract has shown protective effects against dextran sulfate sodium-induced colitis in
an animal model by inhibiting proinflammatory cytokines in the colon mucosa. This
indicates the potential usefulness of Myristica fragrans to address intestinal
inflammation in a preventive application[18]. Psoralea corylifolia is a well-known
traditional herb used because of its antibacterial activity. Corylifolinin and
neobavaisoflavone are two isolated compounds of Psoralea corylifolia. Both of them
have significant antibacterial activity against Staphylococcus aureus, methicillinresistant
Staphylococcus aureus, and βlactamase-positive Staphylococcus aureus. Corylifolinin has
been shown to produce the largest inhibitory zone (18 mm) with Staphylococcus aureus,
being higher than even that of the positive control[19].
Dandelion polysaccharide has a good effect on clearing heat, resolving toxin
presence, dissipating binding, and dispersing swelling. It plays an important role in
the treatment of ulcerative colitis by decreasing the level of interleukin (IL)-6, which
increases chronic intestinal inflammation[20,21]. Dandelion polysaccharide has also been
shown to effectively regulate the expression of the IL-6 receptors (particularly the α
form) and the glycoprotein 130 (commonly known as gp130) protein in the IL6/transcriptional activator 3 (commonly known as STAT3) pathway, and then downregulating the expressions of STAT3 and IL-6 mRNAs in intestinal tissue (of rats),
thereby alleviating the colon inflammation state and protecting and repairing the
mucosal tissue[21].
Many neurotransmitters, including dopamine, glutamate, norepinephrine, nitric
oxide, and 5-HT and its 5-HT3 and 5-HT4 receptors are expressed in the brain and
intestine. Disorder of the bidirectional communication between the intestinal tract and
intestinal nervous system and brain (brain-intestinal axis) is regulated by various
psychosocial and environmental factors (i.e., infection and inflammation) [22] .
Therefore, the addition of spirit-regulating herbs may be useful for the recovery of
gastrointestinal function.
Clinical application of TCM, DZXW, spine date seed and Silktree Albizia bark has
remarkable effect on quieting the spirit and resolving depression. DZXW has been
shown to effectively ameliorate learning-memory impairment in aging rats,
improving their learning-memory capacity, and its mechanism may be related to a
promotion of the function of the cerebral monoamine nervous system in brain tissue
and a reduction in the level of lipid peroxidation in brain tissue [23] . Finally, the
aqueous extract of Albizia adianthifolia leaves shows anxiolytic and antidepressant
effects, and may confer neuroprotection due to alleviation of oxidative stress in the
(rat) amygdala induced by 6-hydroxydopamine injection[24].

CONCLUSION
The case described herein demonstrates that Chinese formulas, specifically modified
TXYF, can be effective in relieving the symptoms of SRUS. This finding provides new
insight into the treatment of SRUS and a basis for further studies to determine the
underlying mechanism.
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Abstract
BACKGROUND
We present the case of a 72-year-old female patient with gallbladder cancer
(GBC) who developed in situ recurrence and liver metastases 9 mo after
irreversible electroporation ablation and oral tegafur (a fluoropyrimidine
derivative) chemotherapy, which failed to control the progression of the disease.
The patient further developed metastases in the lymph nodes around the head of
the pancreas. The patient had severe anemia, requiring weekly blood
transfusions. The gallbladder tumor invaded the descending part of the
duodenum, causing intestinal leakage and hepatic colonic adhesion.
CASE SUMMARY
The patient refused other treatments and began daily hydrogen inhalation
therapy. After 1 mo of treatment, the gallbladder and liver tumors continued to
progress, and intestinal obstruction occurred. After continuous hydrogen therapy
and symptomatic treatments including gastrointestinal decompression and
intravenous nutrition support, the intestinal obstruction was gradually relieved.
Three months after hydrogen therapy, the metastases in the abdominal cavity
gradually reduced in size, her anemia and hypoalbuminemia were corrected,
lymphocyte and tumor marker levels returned to normal, and the patient was
able to resume normal life.
CONCLUSION
This is the first report of an efficacy and safety study about hydrogen therapy in
patient with metastatic GBC and a critical general condition, who has remained
stable for more than 4 months.
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Core tip: This is the first report of an efficacy and safety study about hydrogen therapy in
patient with metastatic gallbladder cancer and a critical general condition, who has
remained stable for more than 4 mo.

INTRODUCTION
Gallbladder cancer (GBC) is the sixth most common gastrointestinal cancer and the
sixth highest cause of cancer-related deaths in China[1]. Despite improvements in the
diagnosis and treatment of GBC, the majority of the patients are usually confirmed as
having metastatic GBC (mGBC) [2,3] . Due to the high incidence of lymph node or
distant metastasis, the 5-year overall survival (OS) rate for GBC is only 5%[3,4]. In
mGBC patients who are not candidates for surgery, the National Comprehensive
Cancer Network (NCCN) guidelines reco-mmend the use of biliary drainage,
chemotherapy, clinical trials, and the best supportive care available. At present, there
are few alternative options, and new and more effective methods are urgently
required.
In patients with cancer, the treatment strategy, outcome, and prognosis are strongly
dependent on immune status. CD8+ T cells become exhausted by persistent stimulation by tumor antigens, resulting in cessation of proliferation, cytokine production,
and immune function [5,6] . The preventive and therapeutic effects of hydrogen in
various diseases, including cancer, have been investigated in several studies [7-9] .
Hydrogen was recently reported to stimulate peroxisome proliferatoractivated
receptor γ coactivator 1α[10], which enhances mitochondrial function[11] and thus, may
rescue exhausted CD8 + T cells. In an advanced study of the effects of inhaled
hydrogen gas in 55 patients with stage IV colorectal cancer[12], Akagi et al[12] identified
accumulation of terminal programmed cell death 1 (PD1)+ CD8+ T cells as a significant
index for poor prognosis, with reduction in terminal PD1 + CD8 + T cells and
accumulation of terminal PD1- CD8+ T cells following hydrogen gas treatment found
to be significantly associated with improved progression-free survival and OS.
Here, we present the case of a 72-year old Chinese woman with stage IIIA GBC
who was treated with irreversible electroporation (IRE) and oral tegafur (a
fluoropyrimidine derivative) chemotherapy. Primary recurrence and liver metastases
were identified 9 mo later. Obvious shrinkage of the patient’s recurrent and metastatic
lesions was observed with continuous application of a hydrogen oxygen nebulizer,
and a clinically objective response lasting for more than 4 mo was achieved. The
patient remained disease-free at the time of writing this report.

CASE PRESENTATION
Chief complaints
We present the case of a 72-year-old female GBC patient, who was admitted to our
hospital due to chest tightness in September 2018.

History of present illness
After examination, GBC was found to recur in situ, invading the duodenal descending
part and causing intestinal fistula and hepatic colon adhesion. In addition, multiple
metastases of the liver, lymph node metastasis around the head of the pancreas,
severe anemia requiring weekly blood transfusion, and symptoms of heart failure
were noted.
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History of past illness
In December 2017, the 72-year old Chinese patient underwent IRE following diagnosis
as GBC (T3N1M0 stage IIIA) based on computed tomography (CT) imaging and
pathological findings of GBC (8.0 cm × 3.9 cm) with multiple hilar lymph node
invasion (max 4.7 cm × 3.6 cm). She had elevated levels of a variety of serum tumor
markers, including CA19-9 (2556 U/mL) and CEA (607.6 ng/mL).

Personal and family history
After IRE ablation of the gallbladder and hilar lymph nodes, oral tegafur (20 mg bid)
chemotherapy was administered for 9 mo. CT re-examination in April 2018 showed
liquefactive necrosis at the ablation site. During the treatment period, the patient
received intermittent red blood cell (RBC) infusions as supportive care for repeated
episodes of anemia.

Physical examination upon admission
Accompanied by a progressive increase in pain in the upper right abdomen, a large
area of adhesion between the gallbladder and the descending and horizontal
segments of the duodenum was found in addition to compression of the inferior vena
cava (October 6, 2018).

Laboratory examinations
She had elevated levels of a variety of serum tumor markers, including CA19-9 (88.18
U/mL), AFP (14.11 IU/mL), and CEA (39.68 ng/mL) in September, 2018.

Imaging examinations
After 2 wk of blood transfusions and anti-infective treatment, CT examination again
revealed a bladder tumor (6.3 cm × 4.9 cm), with an adjacent descending duodenal
fistula, multiple spotted high-density lesions in the liver parenchyma, and dilatation
and gas accumulation in the intrahepatic and extrahepatic bile ducts. Enlarged lymph
nodes (2.7 cm × 2.1 cm) were visible around the pancreatic head.

FINAL DIAGNOSIS
Metastatic GBC, severe anemia, infection, and gallbladder-duodenal fistula.

TREATMENT
Hydrogen gas treatment
The hydrogen oxygen nebulizer (AMS-H-01, Asclepius Meditec, Shanghai, China)
generates 3 L/min hydrogen gas by water electrolysis. As measured by gas
chromatography, the gas generated consisted of 67% hydrogen and 33% oxygen.
Using a special mask, the patient continued to inhale hydrogen for 3-6 h a day at rest,
with no interruption even after the obvious relief of symptoms.

Best supportive care
Due to the long-term difficulty in reversing the anemia in the early stage of hydrogen
inhalation therapy, the patient received weekly (1-2) blood infusions, and her RBC
and hemoglobin levels were tested regularly. Daily anti-infection treatment was
administered for the gallbladder-duodenal fistula, and white blood cell counts were
measured regularly. After 1 mo of hydrogen aspiration therapy, the patient presented
with intestinal obstruction, which was treated by gastrointestinal decompression and
intravenous nutrition. Analgesics and sedatives were prescribed for pain and
insomnia, respectively.

Therapeutic procedure
Due to the lack of currently available conventional treatments combined with the
patient’s poor condition requiring continuous supportive care, hydrogen gas
monotherapy was started on October 24, 2018 (Table 1). At the time of writing this
report, the patient still continues to receive daily hydrogen therapy.

Adverse events
According to the Common Terminology Criteria for Adverse Events version 3.0
(National Cancer Institute, Bethesda, MD, United States), adverse events were
classified and graded every week for at least 2 mo after the treatment was started[13].
Liver function was evaluated based on the levels of alanine transaminase, aspartate
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Table 1 Clinical details and therapeutic procedure
Date

Therapy

2017

December

(A) Symptoms of upper right quadrant distension
pain and discomfort were aggravated; (B) Color
doppler ultrasound: gallbladder tumor, local liver
invasion, and multiple enlarged lymph nodes; (C)
Gallbladder tumor aspiration biopsy: gallbladder
cancer

2018

January 5

(A) Irreversible electroporation ablation of the
gallbladder and hilar lymph nodes; (B) Started
oral 5-FU (20 mg bid); (C) Infusion of red blood
cells for anemia

April

CT examination: gallbladder tumors and hilar
lymph nodes showed liquefactive necrosis after
treatment

September 20–October 8

(A) Routine blood tests and tumor markers; (B) CT
examination: gallbladder tumor invaded the
descending duodenum; inferior vena cava was
compressed; (C) Infusion of red blood cells for
anemia

October 24

(A) CT examination: gallbladder tumor enlarged,
multiple spotted metastases found in the liver, and
multiple lymph nodes around the pancreatic head;
(B) Started hydrogen gas therapy

November 26

(A) CT examination: gallbladder and intrahepatic
tumors enlarged, duodenal bowel obstruction; (B)
Gastrointestinal decompression and intravenous
nutrition support

December 10–24

(A) Routine blood tests and tumor markers; (B)
Gastric tube removed, the patient gradually began
taking semi-liquid food, and her spirit, appetite,
and sleep were good

January 8–11

(A) Routine blood tests and tumor markers; (B) CT
examination: gallbladder and intrahepatic tumors,
lymph nodes around the pancreatic head all
shrank significantly, and obstruction was
markedly relieved

2019

CT: Computed tomography.

transaminase, total bilirubin, and gamma-glutamyl transpeptidase on multiple
occasions during hydrogen treatment. Bone marrow hematopoietic function was
evaluated based on peripheral blood erythrocyte counts and hemoglobin levels.
Inflammation caused by infection was assessed based on white blood cell counts.

Curative evaluation
The curative effects of the treatment were evaluated according to several aspects of
the patient’s general condition. Since patients cannot eat normally, serum total protein
and albumin levels were monitored after intravenous nutrition. Due to visceral
adhesion, intestinal fistula and obstruction, degrees of pain and relief in the upper
abdomen were recorded continuously. Absolute lymphocyte counts and serum tumor
markers were measured to reflect changes in immune function and tumor activity.

CT imaging changes
Changes in CT tumor imaging were monitored to evaluate the curative effect of
hydrogen gas therapy. According to the RECIST 1.1 guidelines[14], therapeutic effects
are categorized as a complete response (CR), characterized as disappearance of tumor
detection in all target lesions; partial response (PR), total reduction in the diameter of
the target lesions ≥ 30%; stable disease (SD), tumor regression failing to reach PR or
progressive disease (PD); or PD, defined as total progression of the tumor diameter ≥
20%.

OUTCOME AND FOLLOW-UP
Hydrogen gas inhalation was started on October 24, 2018. Within 1 mo of treatment,
the patient’s condition was relatively stable, and her blood indexes, infection status,
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and degree of pain gradually improved. Subsequently, intestinal obstruction occurred
at the adhesion site between the gallbladder and duodenum; this was relieved after 1
mo of gastrointestinal decompression and intravenous nutrition. The patient insisted
on regular hydrogen therapy throughout the course of this treatment.

Adverse events
The most common adverse reactions recorded included drowsiness or agitation, and
no other adverse events were observed. The patient’s transaminase levels remained
normal throughout the treatment. Occasionally her bilirubin levels exceeded the
reference range, but returned to normal after short-term use of hepatoprotective
drugs. Despite regular blood transfusions, there was little change in the patient’s red
blood cell counts and hemoglobin levels during the two weeks before hydrogen
treatment was initiated. Both indexes continued to increase after hydrogen therapy
and blood transfusions, and both reached the lower limit of the reference range after
2.5 mo of treatment (Figure 1A). The frequency of transfusions was decreased
gradually after hydrogen therapy and stopped completely after 2 mo of treatment.
Within 1 mo prior to treatment, the patient had a high inflammatory response to
infection and a high white blood cell count (22.1 × 10 9 /L). After anti-infection
treatment, the white blood cell count was restored to the upper limit of the reference
range (9.8 × 109/L), with no further reduction. After 1.5 mo of hydrogen treatment
(with no further anti-infection treatment), the leukocyte count decreased to 4.7 ×
109/L (Figure 1C left).

Curative evaluation
Serum total protein levels returned to normal shortly after the start of hydrogen
therapy and continued to rise. Because of the intestinal obstruction, the patient
received intravenous nutrition for 1-2 mo after treatment. Within 2 wk of the removal
of the gastric tube, the patient returned to a normal diet and the total protein
remained at the upper limit of the reference range. Serum albumin levels returned to
normal after 2 mo of hydrogen therapy and continued to rise (Figure 1B).
Prior to hydrogen therapy, extensive adhesion and compression of gallbladder
tumors caused severe pain in the upper abdomen that required daily pain medication;
this was stopped when the pain gradually diminished after 2 wk of hydrogen
treatment. Subsequent pain-induced administration of analgesics was not necessary,
even during ileus.
T and NK cells are the major populations of lymphocytes that mediate anti-tumor
immunity; therefore, the total number of lymphocytes is positively correlated with the
immune function of patients. Before tumor recurrence and metastasis, the total
number of lymphocytes continued to rise (1.2 × 109/L), indicating an increase in
immune function. However, the total number of lymphocytes declined rapidly with
tumor progression, to significantly below the reference range (0.8-4 × 109/L), reaching
a minimum (0.7 × 10 9 /L) during intestinal obstruction (1.5 mo after hydrogen
therapy). The lymphocyte numbers then rebounded, reaching 1 × 109/L after 2.5 mo
of hydrogen treatment (Figure 1C right).
Before the detection of tumor recurrence (September 20, 2018), all three tumor
markers were significantly higher than the reference range, but all showed a slight
decline, which may be related to the compensation of immune function before
treatment failure. After identification of tumor recurrence and metastasis, all three
markers began to increase rapidly. This was consistent with the rapid growth of the
tumor, which caused obstruction. After 1.5 mo of hydrogen therapy, the levels of all
three markers began to decrease rapidly, falling into the reference ranges after 2.5 mo
(Figure 2).

CT imaging changes
Before hydrogen gas treatment, the sum of the tumor diameters was 12.2 cm; 1 mo
after treatment, the sum was 13.1 cm (37% increase, PD); and 2.5 mo after treatment,
the sum was 7.5 cm (6% increase, SD) (Figure 3 and Table 2). At the end of February
2019, no tumor recurrence was detected (very similar to the CT examination at 2.5 mo;
images not shown). To date, the patient appears completely well (Karnofsky score
100) and has resumed a normal diet and exercise.

DISCUSSION
In GBC patients who are not candidates for surgery, the NCCN guidelines
recommend the use of chemotherapy and best supportive care. Due to the large size
of tumor in this patient (stage IIIA), the gallbladder function was completely lost with
widespread adhesions to the hilum of the liver. Therefore, it was necessary to choose
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Figure 1

Figure 1 Blood parameters of patients before and after hydrogen treatment. A: Red blood cell counts and
hemoglobin levels; the red line in the figures represents the lower limit of the reference range; B: Total protein and
albumin concentrations; the red lines in the figures represent the reference range; C: White blood cell and lymphocyte
counts; the red lines in the figures represent the reference range.

an ablation method that causes minimal damage to the extrahepatic bile duct system
in reducing the tumor size. IRE is a novel ablation technology that utilizes short
pulses of high voltage electrical energy to induce tissue necrosis. This technique has
many advantages, including short ablation time, preservation of the internal structure
of vital organs, and lack of the heat/cold-sink effect[15]. We have previously verified
the safety and efficacy of gallbladder ablation in a rabbit model[16]. Although not yet
included in the NCCN guidelines, IRE has the potential to be a superior alternative to
other ablation techniques for the removal of tumors situated near the gallbladder[17-19].
IRE, combined with oral chemotherapy, effectively controlled the tumors in the
gallbladder and the hilar part of the liver, and re-examination after 3 mo of treatment
showed that the tumor was basically necrotic. However, for this patient with
advanced GBC, palliative treatment could only delay the disease, with continued slow
progression of the tumor. In the re-examination after 9 mo of treatment, recurrence of
the gallbladder tumor, duodenum fistula, liver metastases, and lymph node
metastases around the head of pancreas as well as severe anemia were detected,
which indicated that the disease had entered a stage of rapid and life-threatening
progression in a short period of time. Best supportive care was the only option at this
timepoint, although in general, it is not possible to reverse the progression of such
tumors.
Molecular hydrogen, or H2, can selectively neutralize hydroxyl radicals, but not
other reactive oxygen species (ROS)[20]. Hydrogen has been used to treat various states
associated with oxidative stress, including trauma[21], neurodegenerative disease[22],
inflammatory disease[23], metabolic syndrome[24], adverse reactions to chemotherapy[25],
and radiation injury[26]. In addition to the apparent improvement in the immune
system [12] , there is much evidence that hydrogen directly kills different types of
tumors, including cutaneous squamous cell carcinoma [27] , leukemia [28] , tongue

WJCC

https://www.wjgnet.com

2070

August 6, 2019

Volume 7

Issue 15

Chen JB et al. Hydrogen gas for metastatic GBC
Figure 2

Figure 2 Changes in tumor markers before and after hydrogen treatment. The red lines in the figures represent the upper limit of the reference ranges.

cancer[29,30], and colon cancer[8]. Since there has been no report on the upper limit of
hydrogen use, this therapy might be a very safe method.
At the same time as the delivery of optimal supportive care, the patient was
enrolled in this clinical study (24 October 2018) with the intention of improving
clinical symptoms. One month after the start of hydrogen therapy, the disease
continued to progress, and the levels of tumor markers (including CA19-9, AFP, and
CEA) continued to rise, although the patient’s general status and blood indexes
(including total protein, albumin, multiple blood cells count, hemoglobin content, etc.)
showed continuous improvement, so the patient persisted with the hydrogen
treatment. Gradually, the levels of multiple tumor markers began to decline, and
multiple hematological indicators continued to improve. The patient underwent
gastric tube removal on December 24, and gradually began eating semi-liquid food,
with significant improvement in spirit, appetite, and sleep. Subsequent CT
examination also confirmed relief of the obstruction, with significant shrinkage of
tumors at multiple sites. The reason for the patient’s extraordinary recovery, apart
from symptomatic treatment, is probably because the persistence of hydrogen
therapy; this therapy not only mediates rapid improvement in the physical condition
of the patient, but also significantly reduces tumor marker levels, increases
lymphocyte counts, and even induces tumor shrinkage.
At present, there is only a temporal connection between hydrogen and
improvement of this patient’s cancer. The proposed mechanism underlying the anticancer properties of hydrogen may involve: (1) Elimination of the high levels of ROS
produced by cancer cells, thus inhibiting the proliferation, invasion, and migration of
cancer cells[31]; (2) Downregulation of inflammatory factors, elimination of chronic
inflammation, and modification of the microenvironment [32] ; (3) Protection of
mitochondria, which maintains energy generation and help correct hypoxia, thereby
transforming the cardiovascular, endocrine, and nervous systems [11] ; and (4)
Restoration of the function of exhausted cytotoxic T cells, and enhancement of
systemic anti-cancer effects[33]. The detailed mechanism remains to be fully elucidated
in further follow-up studies, and indications for advanced cancer therapy require
verification in studies with greater numbers of patients.
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Table 2 Tumor sizes before and after hydrogen gas treatment
Gallbladder

Liver metastases

Lymph node around the
pancreas head

Sum of the tumor
diameters

Pretreatment

6.3 cm × 4.9 cm

3.2 cm × 2.6 cm

2.7 cm × 2.1 cm

12.2 cm

1 mo after treatment

6.7 cm × 6.3 cm

4.2 cm × 4.0 cm (large) 3.6 cm 2.2 cm × 1.8 cm
× 3.2 cm (small)

16.7 cm

2.5 mo after treatment

3.7 cm × 3.6 cm

4.0 cm × 3.3 cm (large) 3.2 cm 2.0 cm × 1.6 cm
× 2.8 cm (small)

12.9 cm

CONCLUSION
This is the first report on the rehabilitation of an advanced GBC patient with a critical
general condition, whose disease has gradually improved and has survived for more
than 4 mo.
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Figure 3

Figure 3 Computed tomography imaging findings at different time points before and after hydrogen treatment. In the first line of figures, the triangle and the
contour lines represent the location and range of the gallbladder. In the second line of figures, the contour lines represent the location and range of liver metastases.
In the third line of figures, the arrows represent the location of the duodenal fistula or obstruction.
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Abstract
BACKGROUND
Adrenocortical cancer (ACC) is an infrequent and often aggressive malignancy
with a very poor prognosis. It can be classified as functional or nonfunctional.
Nonfunctional ACC is hampered by the absence of specific signs or symptoms;
only abdominal pain with or without incidental adrenal occupation is typically
present.
CASE SUMMARY
We report a rare case of a patient with a 30 cm × 15 cm × 8 cm ectopic ACC on the
anterior abdominal wall without organ adhesion. A 77-year-old male was
admitted to our hospital because of a huge abdominal mass, which, by
ultrasonography, had an unclear border with the liver. Computed tomography
showed that the mass was not associated with any organ but was adherent to the
anterior abdominal wall. The patient underwent tumor resection, and a
postoperative pathology examination showed a neuroendocrine tumor, which
was diagnosed as ACC. The patient was disease-free at the 9-mo follow up.
CONCLUSION
The anterior abdominal wall is a rare site of ACC growth.
Key words: Adrenocortical carcinoma; Nonfunctional; Ectopic; Abdominal wall; Case
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Core tip: Aberrant adrenal tissue can be found anywhere, but typically in the testes,
ovaries, spermatic cord, and kidneys. The most common site is retroperitoneal fat near
the adrenal gland; the bilateral lungs, liver, spleen, pancreas, colon, duodenum, and
ovary are less common. This is, to our knowledge, the first report of adrenocortical
cancer on the anterior abdominal wall in the English-language literature.
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INTRODUCTION
Adrenocortical cancer (ACC) is an infrequent and often aggressive malignancy with a
very poor prognosis. According to the Surveillance, Epidemiology and End Results
database, ACC has an annual incidence of 0.7-2 per million population [1] and a
bimodal age distribution with peaks before 5 years of age and at 40-60 years of age[2].
ACC can be classified as functional or nonfunctional. The early diagnosis and
treatment of nonfunctional ACC is hampered by the absence of specific signs or
symptoms; only abdominal pain with or without incidental adrenal occupation is
typically present. Based on its cost-effectiveness, the American Association of Clinical
Endocrinologists guidelines recommend surgery for nonfunctional ACC lesions ≥ 4
cm in diameter[3]. Here, we report the case of a patient with ACC on the abdominal
wall. The patient underwent tumor resection and was disease-free at the 9-mo follow
up.

CASE PRESENTATION
Chief complaints
A 77-year-old male (body mass index, 24.5 kg/m2), who 9 mo previously had been
admitted to our hepatological surgery department, presented with an enormous
exogenous liver occupation that had been detected by ultrasonography in a
community hospital 2 d prior. He denied having abdominal pain, nausea, anorexia, or
changes in bowel habit.

History of present illness
The patient had no clinical symptoms associated with steroid excess, except for
hypertension. He was admitted to our department for diagnosis.

History of past illness
The patient had suffered from hypertension for 40 years but did not have diabetes or
cardiovascular disease.

Personal and family history
His medical history and family history were unremarkable.

Physical examination
The results of a physical examination were unremarkable, except for a palpable hard
mass and slight tenderness in the hepatic region.

Laboratory examinations
The results of laboratory tests were as follows: CA199, 112.0 U/mL (reference < 37.0
U/mL); alpha fetoprotein, 1.4 ng/mL (reference < 20.0 ng/mL); alanine transaminase,
89 U/L (reference < 35.0 U/L); aspartate transaminase, 49 U/L (reference < 40 U/L);
and serum potassium, 4.40 mmol/L (reference 3.50-5.20 mmol/L). The results of the
endocrine work-up were negative.
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Imaging examinations
Ultrasonography revealed an enormous space-occupying lesion in the right upper
abdomen, in which Color Doppler flow imaging showed a small amount of blood
flow (Figure 1A). A left-hepatic origin was considered, but contrast-enhanced
computed tomography (CT) showed an irregular fat-containing mass in the right
upper abdominal cavity of uneven density with an obscure boundary (Figure 1B). The
tumor exhibited heterogeneous enhancement in the arterial phase (Figure 1C) and
delayed enhancement in the venous phase (Figure 1D).

TREATMENT
A laparotomy was performed. During surgery, a 30 cm × 15 cm × 8 cm tumor was
found above the hepatic curvature of the colon in front of the right posterior
peritoneum (Figure 2). The liver, pancreas, stomach, colon, and adrenal gland were
not infringed, and there was no lymph-node metastasis. The tumor had invaded the
local right-abdominal musculature.

FINAL DIAGNOSIS
A postoperative pathology examination indicated that the tumor was hypodifferentiated carcinoma with neuroendocrinalization and so was considered to be
ACC. A histopathology examination showed a Weiss score of 6, as cells were
distributed in sheets and wide bands, and extensive necrosis was present. The
cytoplasm was eosinophilic, the karyotype was irregular, and giant neoplastic cells
were present (Figure 3A). The Ki-67 labeling index was > 80% (Figure 3B), and the
tumor cells were positive for melan A, vimentin, synaptophysin (Figure 3C-E), CK20,
insulin-like growth factor-2 (IGF-2), and EMA; and negative for CK (pan), inhibin a,
CgA, and S-100.

OUTCOME AND FOLLOW-UP
The patient underwent regular follow ups involving a physical examination,
laboratory testing, and X-ray and CT imaging. He was disease-free at the 9-mo follow
up.

DISCUSSION
ACC is a rare malignancy, accounting for about 0.05%-0.2% of all malignant tumors,
and has an annual incidence of 1–2 per million[4]. Ectopic adrenal tissue is commonly
found in infants and children, but it is less common in adults[5]. ACC is the second
most aggressive malignant endocrine tumor after anaplastic thyroid cancer [6] .
Aberrant adrenal tissue can be found anywhere, but typically in the testes, ovaries,
spermatic cord, and kidneys[6]. The most common site is retroperitoneal fat near the
adrenal gland [ 7 , 8 ] ; the bilateral lungs [ 9 ] , liver [ 7 ] , spleen [ 8 ] , pancreas [ 8 ] , colon [ 8 ] ,
duodenum[8], and ovary[6] are less common. This is, to our knowledge, the first report
of ACC on the anterior abdominal wall in the English-language literature.
The clinical symptoms of primary ACC are dependent on the functional state and
volume of the tumor. Around half of patients with ACC are asymptomatic or have
symptoms caused by mechanical effects of tumor growth[2], such as abdominal pain,
nausea, poor appetite, and back pain[1]. The other half of patients with ACC have
symptoms related to elevated levels of steroid hormones-Cushing syndrome, Con
syndrome, and feminization. ACC lesions are typically large as they grow rapidly;
most are 10-13 cm in diameter, 9%-14% are < 6 cm, and 3% are < 4 cm[1,10,11]. Generally,
nonfunctional ACC lesions are small; large nonfunctional ACC lesions are very rare[12].
The pathogenesis of ACC is unclear but is likely to involve IGF-2, tumor protein 53,
and β-catenin. ACC can be diagnosed with 100% specificity and 96% sensitivity based
on the levels of IGF-2 and Ki-67[13].
Imaging (magnetic resonance imaging or CT) is crucial for identifying adrenal
involvement in ACC. In general, ACC is a non-homogeneous tumor with hemorrhage
or necrosis and an irregular margin. Nuclear aberrations-comprising a high mitotic
count, high nuclear grade, and bizarre mitotic figures—are characteristic histological
findings of ACC[13].

WJCC

https://www.wjgnet.com

2077

August 6, 2019

Volume 7

Issue 15

Zhou DK et al. Ectopic ACC on the anterior abdominal wall
Figure 1

Figure 1 Imaging diagnosis. A: Color Doppler image showing blood flow; B: Computed tomography with contrast
(white arrow, fat density); C: Uneven heterogeneous enhancement in the arterial phase; D: Delayed enhancement in
the venous phase.

Complete surgical resection is the only potentially curative therapy for ACC; And it
is equally important to choose surgical indications according to the latest guidelines
for the surgeon[14]. Indeed, complete resection is the most accurate predictor of the
outcome. Paton et al[11] reported that patients who have complete resection have a
higher 5-year survival rate than those who have incomplete resection. In the
retrospective study of Terzolo et al[15], use of mitotane as adjunct therapy reduced the
rates of recurrence and mortality, as did etoposide, doxorubicin and cisplatin plus
mitotane, streptozotocin plus mitotane, and gemcitabine plus capecitabine[1,16].
The 5-year overall survival rate of patients with ACC is 37%-47%[1]. For advanced
ACC, (i.e., stage III tumor), the mENS@T TNM classification - which comprises the
“GRAF” components: grade (G), resection status (R), age (A), and functioning
symptoms at diagnosis (defined as tumor or hormone-related symptoms) (F) - is
recommended[17]. Rupture of the tumor capsule, metastasis, and a high Ki67 index are
associated with reduced disease-free and overall survival.

CONCLUSION
ACC is rare and has a poor prognosis. The 5-year overall survival rate of patients with
ACC is 37%-47%, and resection is the optimum treatment modality. We describe a
case of a patient with ectopic adrenocortical carcinoma on the anterior abdominal wall
and our patient was disease-free at 9 mo after resection of the tumor.
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Figure 2 The 30 cm × 15 cm × 8 cm heterogeneous tumor with necrosis (A, B). Arrows invaded abdominal wall tissue.
Figure 3

Figure 3 Histological staining. A: Histological staining showing significant nuclear atypia, necrosis, and pleomorphism of the tumor cells (magnification, 200×); B:
The Ki-67 labeling index was > 80% (IHC staining; magnification, 50×); C-D: Positive IHC staining for (C) melan-A, (D) vimentin and (E) synaptophysin (magnification,
200×).
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Abstract
BACKGROUND
Oncogenic osteomalacia caused by phosphaturic mesenchymal tumors is very
difficult to detect. We report a case of tumor-induced osteomalacia caused by a
phosphaturic mesenchymal tumor of the left femur in a middle-aged woman
after medical imaging and biopsy.
CASE SUMMARY
A 57-year-old woman presented with progressive bone pain for five years. She
was diagnosed with hypophosphatemic osteomalacia, as her laboratory data
showed low serum phosphorus and low serum calcium. Her knee joint
radiography revealed an osteolytic lesion of the left femur. A computed
tomography scan showed mixed density shadows in the left femur. Magnetic
resonance imaging of the left femur showed the presence of an oval area with a
hypointense signal in T1-weighted magnetic resonance imaging (MRI) and highlow mixed signal in T2-weighted MRI. Biopsy samples revealed the presence of
short spindle cells, vascularization, and characteristics of phosphaturic
mesenchymal tumors. Tumor resection was performed, and the clinical
presentations and laboratory abnormalities were reversed.
CONCLUSION
Diagnosis of oncogenic osteomalacia is difficult due to the varieties and
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localization of source tumors and absence of pathognomonic biomedical signs.
Our case highlights the importance of a combination of medical imaging and
biopsy in the diagnosis of oncogenic osteomalacia caused by a phosphaturic
mesenchymal tumor.
Key words: Oncogenic osteomalacia; Phosphaturic mesenchymal tumor;
Hypophosphatemia; Hypocalcemia; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Manuscript source: Unsolicited
manuscript.

Received: February 2, 2019
Peer-review started: February 11,
2019

First decision: May 31, 2019
Revised: June 4, 2019
Accepted: June 20, 2019
Article in press: June 21, 2019
Published online: August 6, 2019
P-Reviewer: Anand A
S-Editor: Ma YJ
L-Editor: Wang TQ
E-Editor: Xing YX

Core tip: Oncogenic osteomalacia caused by phosphaturic mesenchymal tumors is not
easily identifiable or detectable due to its rarity and nonspecific presentations. Herein,
we provide a successful example of diagnosis of phopshaturic mesenchymal tumorinduced oncogenic osteomalacia in a female patient who presented progressive bone
pain. Our case emphasizes that histologically benign phosphaturic mesenchymal tumors
that are responsible for oncogenic osteomalacia can also cause bone destruction.

Citation: Tang D, Wang XM, Zhang YS, Mi XX. Oncogenic osteomalacia caused by a
phosphaturic mesenchymal tumor of the femur: A case report. World J Clin Cases 2019;
7(15): 2081-2086
URL: https://www.wjgnet.com/2307-8960/full/v7/i15/2081.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i15.2081

INTRODUCTION
Oncogenic osteomalacia, also known as tumor-induced osteomalacia, is an uncommon cause of osteomalacia. At present, approximately 140 different tumors have
been reported in association with oncogenic osteomalacia, and most osteomalaciaassociated tumors are phosphaturic mesenchymal tumors [ 1 , 2 ] . Phosphaturic
mesenchymal tumors are found to be commonly associated with phosphaturia and a
decreased level of serum 1,2-dihydroxyvitamin D3 that is resistant to vitamin D
supplementation. However, oncogenic osteomalacia caused by phosphaturic
mesenchymal tumors is not easily identifiable or detectable due to its rarity and
nonspecific presentations. The clinical presentations of the patients include
nonspecific symptoms of fatigue, bone pain, and musculoskeletal weakness [3] .
Although rare, the diagnosis of phosphaturic mesenchymal tumor should be
considered in any patient who presents with hypophosphaturic osteomalacia and no
other physiologic cause.
In our case, oncogenic osteomalacia was caused by a phosphaturic mesenchymal
tumor localized in the patient’s left femur. The patient presented with progressive
bone pain with no etiology for five years. After X-ray, computed tomography (CT),
magnetic resonance imaging (MRI), and biopsy, a diagnosis of oncogenic osteomalacia caused by a phosphaturic mesenchymal tumor was made. Resection of the tumor
was performed, and the clinical presentations and laboratory abnormalities were
reversed. Here, our case emphasizes that histologically benign phosphaturic
mesenchymal tumors that are responsible for oncogenic osteomalacia can also cause
bone destruction. Its diagnosis is, thus, reliably achieved by histopathological
examination combined with medical imaging.

CASE PRESENTATION
Chief complaints
A 57-year-old woman presented with progressive bone pain of the whole body for
three years.

History of present illness
Five years ago, there was no obvious cause for the appearance of pain in her right
third toe; pain then developed into the right instep with an associated jerk and then
progressively appeared in the right thigh with an associated jerk, thus affecting her
ability to walk. Three years ago, systemic pain appeared, especially bone pain. There
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was also pain in her muscles and skin. Reduction or even no pain was felt while lying
flat. At this time, she also had the ability to do laundry or cook. Two years ago, pain
prevented her from daily exercise, and she had to stay in bed. There was no
accompanying fever, coma, cough, dizziness, headache, chest tightness, palpitation,
nausea, vomiting, or abdominal pain. Five years ago, she was first examined at a
hospital, and her laboratory workup showed slightly low levels of serum phosphorus
(0.63 mmol/L, reference range: 0.80-1.48 mmol/L) and low serum calcium (1.98
mmol/L, reference range: 2.10-2.60 mmol/L). Bone density examination showed
osteoporosis in her left acetabulum and osteopenia in her lumbar spine. Chest and
abdomen computed tomographic scans did not reveal any abnormalities. However,
the photographs were not available now. She was treated with calcium and vitamin D
supplementation. However, her pain persisted. The woman was introduced to our
hospital approximately 5 years after the onset of her symptoms.

FINAL DIAGNOSIS
Physical examination showed that palpation on the right upper abdomen was normal;
signs such as purple striae, moon face, and central obesity were not observed.
Her laboratory data also revealed slight hypophosphatemia (0.76 mmol/L,
reference range: 0.80-1.48 mmol/L) and hypocalcemia (1.86 mmol/L, reference range:
2.10-2.60 mmol/L). Her knee radiographs showed that her bony trabeculae were
sparse and her bone density was widely reduced (Figure 1). The X-ray radiograph
showed an oval osteolytic lesion in the inferior medullar cavity of the left femur
(Figure 1B, arrow). A subsequent CT scan revealed that mixed density shadows were
shown in the intramedullary cavity of the left femur (Figure 2, arrow). Non-uniform
enhancement in this lesion area was observed. However, no obvious abnormalities
were seen in the surrounding soft tissues. MRI of the left knee showed the presence of
an intramedullary tumor in the left femur, which showed a hypointense signal on the
T1-weighted image (Figure 3A, arrow) and a high-low mixed signal intensity on the
T2-weighted image (Figure 3B and C, arrow). Thus, a tumor-induced osteomalacia
was confirmed.

TREATMENT AND OUTCOME
The tumor was resected at a local hospital, and the histology revealed a phosphaturic
mesenchymal tumor with the presence of spindle cells and prominent blood vessels
(Figure 4). Her serum phosphorus and calcium returned to the normal range
(phosphorus: 0.89 mmol/L, reference range: 0.80-1.48 mmol/L; calcium: 2.29
mmol/L, reference range: 2.10-2.60 mmol/L), and now the woman can exercise daily
and has not had any recent complaints.

DISCUSSION
The existence of tumor-induced osteomalacia is not widely recognized, and its
diagnosis can often be delayed[4]. Tumors that are involved in oncogenic osteomalacia
include phosphaturic mesenchymal tumors, fibrous dysplasia, osteosarcoma, and
others[5-7]. Folpe et al[2] revealed that 90% of tumor-induced osteomalacia cases are
associated with phosphaturic mesenchymal tumors. Phosphaturic mesenchymal
tumors are most often seen in the head and lower extremities, and approximately 53%
of them occur in bone, 45% in soft tissue, and 3% in skin[8]. Most phosphaturic mesenchymal tumors are seen in middle-aged adults, with no gender difference[9]. The
histology of phosphaturic mesenchymal tumors features proliferation of spindle cells
and oval cells, vascularization, a cartilage-like matrix, and giant cells[10]. Although
rare, malignant tumors with metastasis and infiltration can also be present[11-13]. The
present case of phosphaturic mesenchymal tumor occurred in the left femur and led
to hypophosphatemia osteomalacia in a middle-aged woman.
Hypophosphatemia in tumor-induced osteomalacia is caused by the mRNA
overexpression of FGF-23, a protein that is produced at low levels by osteocytes[10,14].
FGF-23 plays important roles in phosphate homeostasis and vitamin D metabolism.
After binding with the FGFr1 receptor and the transmembrane protein Klotho, FGF-23
exerts bioactivity at the proximal tubules, where it inhibits phosphate resorption.
FGF-23 also impairs the activity of hydroxylation of 25-hydroxyvitamin (OH) D3.
These mechanisms mainly lead to hypophosphatemia and osteomalacia [15,16] .
However, in China, the serum FGF-23 test is not routinely provided in most hospitals.
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Figure 1

Figure 1 X-rays of knee joints. A: Anteroposterior view; B: Lateral view. Bone trabeculae of both knees are sparse,
bone density is widely reduced, and an oval osteolytic area is shown in the inferior medullary cavity of the left femur
(arrow).

This highlights the need for our clinicians to be aware of its entity and to give an
appropriate investigation of phosphaturic mesenchymal tumor-induced osteomalacia.
Phosphaturic mesenchymal tumors are often very small in size and grow slowly,
which makes them difficult to locate[10]. Malignant tumors and metastasis can often be
detected. Infiltration of the surrounding tissue can also happen. Widespread bone
metastases may lead to the occurrence of pathological fractures and spinal cord
compression, thus significantly affecting patient outcomes. There are no established
guidelines for the treatment of metastatic phosphaturic mesenchymal tumors.
Complete tumor resection corrects the biochemical abnormalities and remineralization of bone. In our case, we did not observe metastases of the tumors, and resection
of the tumor relieved pain and reversed the biochemical abnormalities in the patient.
Our case demonstrated that histologically benign phosphaturic mesenchymal tumors
can also cause bone pain.
In conclusion, we report a case of oncogenic osteomalacia caused by a phosphaturic
mesenchymal tumor of the left femur in a middle-aged woman. Our case emphasizes
that histologically benign phosphaturic mesenchymal tumors that are responsible for
oncogenic osteomalacia can also cause bone destruction. Its diagnosis is, thus, reliably
achieved by histopathological examination combined with medical imaging. We
expect that the detailed description of this case presentation of oncogenic
osteomalacia will provide a valuable resource to facilitate the diagnosis of such
diseases in the future.
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Figure 2

Figure 2 Computed tomography scans of knee joints. Mixed density shadows are shown in the intramedullary cavity of the left femur (arrow). Computed
tomography values are 45-70 HU.
Figure 3

Figure 3 Magnetic resonance imaging of the left knee. A: T1WI sagittal view; B: PDWI coronal view; C: PDWI sagittal view. T1 hypointense (arrow, A) and T2
high-low mixed signal (arrows, B and C) are shown.
Figure 4

Figure 4 Histology of the resected tumor. Note the presence of short spindle cells and a large number of blood vessels. Some spindle cells grew around blood
vessels. HE staining, 100×.
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Abstract
BACKGROUND
Gastric duplication cysts (GDCs) are a relatively uncommon congenital
developmental abnormality, mainly occurring in infants but very rarely in adults.
Because of the variability in clinical presentation, it is often quite challenging to
diagnose GDCs in adults. We are presenting a case report of an adult diagnosed
operatively as having a GDC with a literature review to summarize clinical and
imaging features and the treatment selections of GDCs in adults so that doctors
could have a comprehensive understanding of this disease and make a precise
diagnosis and a suitable therapeutic decision for patients.
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CASE SUMMARY
A 51-year-old man presented with recurrent epigastric pain and fullness for two
years. No significant findings were noted during physical examination and
routine blood tests were unremarkable. An abdominal ultrasound revealed a
large cyst in the upper left abdominal quadrant. A following contrast-enhanced
abdominal computed tomography (CT) scan demonstrated a hypodense cystic
lesion between the spleen and stomach. The lesion had scattered calcification in
the cyst wall without any significant enhancement. The lesion was initially
thought to be a cystic lymphangioma. The patient underwent a surgical resection
and intraoperatively it was noted that the lesion was closely adherent to the
greater curvature of the stomach. Subsequently, a resection of the gastric mass
along with a partial gastrectomy was performed. The patient recovered quickly
with a complete symptomatic relief and did not show any further complications
during the 8-month follow-up.

Manuscript source: Unsolicited

CONCLUSION
GDCs are quite rare in adults, with a multitude of symptoms, which is quite
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challenging for precise diagnosis before histological examination. Some imaging
techniques involving CT, magnetic resonance imaging, and endoscopic
ultrasound could provide valuable morphological features for differential
diagnosis.
Key words: Gastrointestinal abnormality; Gastric duplication cyst; Computed tomography;
Ultrasound; Magnetic resonance imaging; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We are presenting a rare case of a duplication cyst in an adult complaining of
recurrent upper left abdominal pain and fullness. An abdominal ultrasound and a
contrast-enhanced computed tomography scan demonstrated a large cystic lesion along
the greater curvature of the stomach with scattered calcification and no significant
enhancement was observed. A nutrient vessel arising from the stomach was noted in the
cyst wall. Laparoscopic resection of the gastric mass and partial gastrectomy were
performed. The patient recovered without any complications.

Citation: Xv FY, Sun A, Gan Y, Hu HJ. Gastric duplication cyst mimicking large cystic
lymphangioma in an adult: A rare case report and review of the literature. World J Clin Cases
2019; 7(15): 2087-2093
URL: https://www.wjgnet.com/2307-8960/full/v7/i15/2087.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i15.2087

INTRODUCTION
Gastrointestinal tract duplications are a rare congenital developmental malformation
most frequently seen in infants with an incidence of about 1 in 4500 live births and a
sex ratio of approximately 2 to 1 (female to male) [1,2] . A gastrointestinal tract
duplication is defined as a tubular or spherical structure sharing a common muscular
wall and blood supply with normal gastrointestinal tract but having a separate
mucosal lining[3], which can appear anywhere along the gastrointestinal tract from the
mouth to the anus, with the ileum being the most common location [1,4,5] . Gastric
duplication cysts (GDCs), accounting for about less than 10% of gastrointestinal tract
duplications, are rarely seen in adults as most cases are diagnosed in childhood, and
over 70% cases are discovered before the age of 12[1,4,6]. Although GDCs in adult are a
rare entity, they may present with various symptoms including abdominal pain,
gastric outlet obstruction, or a palpable abdominal mass.

CASE PRESENTATION
Chief complaints
A 51-year-old man was admitted to our hospital because of a two-year history of
repeated episodes of epigastric pain and fullness without any obvious causes.

History of present illness
Two years ago, the patient began to present recurrent upper abdominal pain. The
recurrent episodes of pain lasted approximately 1 h and were associated with nausea.

History of past illness
The patient denied any past surgical interventions.

Physical examination
Initial evaluation in the hospital showed no remarkable clinical examination findings.

Laboratory examinations
Laboratory test results were within normal limits.

Imaging examinations
An abdominal ultrasound showed a large cystic lesion in the upper left quadrant
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abdomen, which was initially thought to be retroperitoneal (Figure 1A). No
significant vascular flow was seen on Doppler (Figure 1B).
A contrast-enhanced abdominal computed tomography (CT) scan was performed
for further evaluation (Figure 2). The scan showed a large cystic hypodense lesion,
measuring 95 mm × 61 mm × 66 mm, between the spleen and stomach, which was
anterior to the left renal fascia and in close proximity to lateral limb of the left adrenal
gland. The lesion was lobulated and well-circumscribed with a small amount of wall
calcification.

Primary diagnosis
A cystic lymphangioma was the primary diagnostic consideration prior to
pathological confirmation according to the imaging examination.

MULTIDISCIPLINARY EXPERT CONSULTATION
Guan-Yu Wang, MD, Chief Doctor, Department of General Surgery, Zhejiang
University School of Medicine
Considering recurrent abdominal pain and the imaging findings of an abdominal
mass, the patient needed to take surgical treatment into consideration for symptomatic relief.

TREATMENT
The patient chose surgical intervention for symptomatic relief. During the surgery, it
was noted that the lesion was adherent to the greater curvature of the proximal
stomach, between the superoposterior aspect of the pancreas and splenic hilum. A
laparoscopic resection of the perigastric mass and partial gastrectomy were
performed.

FINAL DIAGNOSIS
Histological sections showed gastric mucosa-like tissues within the cyst wall and a
diagnosis of GDC was made for the patient (Figure 3).

OUTCOME AND FOLLOW-UP
The patient recovered quickly after the surgery without any postoperative
complications. There were no recurrent symptoms during his 8-month outpatient
follow-up.

DISCUSSION
GDCs are a class of gastrointestinal tract duplications, most commonly occurring in
children and very rarely in adults. GDCs have no specific clinical symptoms in adults
and the symptoms mainly depend on the lesion location, size, and whether any
communication exists with the gastric lumen. Clinical symptoms include nausea,
vomiting, abdominal pain, palpable abdominal mass, gastrointestinal bleeding (from
ulceration related to ectopic gastric mucosal acid secretion), weight loss, anemia, and
failure to thrive[1,6-10]. Some cases are asymptomatic and only incidentally detected
during physical examination [7] (Table 1). GDCs can produce all the pathological
changes that may occur in the normal gastric lining, including gastritis, gastric ulcer,
and even malignant transformation[11,12]. To date, less than 15 cases of malignant
transformation arising from GDCs have been reported[7,12-14]. In rare cases, GDCs have
been reported to contain ectopic pancreatic tissue[15,16]. Pancreatitis can occur in these
cases if the ectopic pancreatic duct is obstructed[16,17]. Laboratory tests in GDCs tend to
be unremarkable. Rarely, some cases have abnormally elevated carcinoembryonic
antigen (CEA) and CA 19-9 [18,19] . These cases may be associated with malignant
transformation of GDCs.
GDCs tend to be found along the greater curvature of the stomach[1,4]. It can be
divided into intraluminal and extraluminal types according to the location;
communicating and non-communicating types according to its connection with
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Figure 1

Figure 1 Ultrasound images of the gastric duplication cyst. A large cystic focus (blue arrow) was visible in the
space between the spleen, stomach, and left kidney, with no vascularization on Doppler.

gastric lumen; and complete and incomplete duplication according to the degree of
deformity. The extraluminal and non-communicating types are more common
compared with the intraluminal and non-communicating types, accounting for more
than 80% of reported cases[1,4,7]. Complete communicating GDCs are really rare. There
has been only one reported case in the past 17 years[1].
The mechanism of GDCs is still unclear but several theories have been proposed to
explain the formation of gastrointestinal duplications. Some scholars theorize that
gastrointestinal duplications share a similar mechanism with that of diverticulum
formations and some believe they are caused by the abnormal development of early
embryonic primitive foregut formation and differentiation[1,2,7].
On conventional radiography, intraluminal contrast agent filling can be seen in the
communicating type GDCs. In contrast, non-communicating type GDCs would only
show gastric wall indentation, indicating a submucous or extraluminal lesion.
CT and magnetic resonance imaging (MRI) are valuable for determining the size,
location, and extent of the duplication cyst as well as the relationship to adjacent
structures[1,20]. GDCs may be round or lobulated with a thin wall on cross-sectional
images[7]. When the duplication cyst is very large and in close proximity to adjacent
organs such as the spleen, kidney, or liver, it may be misdiagnosed as a cyst arising
from these organs. MRI has high soft tissue resolution and signal changes in multiple
phases may present the thin cyst wall usually with slight enhancement, which is
useful for distinguishing the origin of the cyst[6]. In our case, no enhanced cystic wall
was observed by enhanced CT, but a nutrient vessel arising from the stomach was
seen in the cyst wall, which was a helpful imaging feature to identify the origin of the
cystic lesion. GDCs occasionally present calcification within the cyst wall, which may
be related to the accumulation of secretion or necrosis. Multiple calcifications in the
cyst wall were observed in our case and the case reported by D'Journo et al[21]. Awan et
al[22] introduced a special case with multiple calcifications mimicking a staghorn
calculus. The contents of most GDCs present fluid density/signal, but bleeding or
infection may result in the heterogeneity of density/signal, which can make diagnosis
of GDCs in adults complicated [4] . GDCs also need to be distinguished from
gastrointestinal stromal tumors (GISTs). GISTs are solid tumors originating from the
submucous mesenchymal tissue of the gastrointestinal wall, and vary greatly in size
with hemorrhage and necrosis occurring in large tumors and mild or moderate
enhancement involving the solid portions of GISTs.
Ultrasound is a noninvasive method widely used for screening in patients with
abdominal symptoms. In most cases, ultrasound shows a hypoechoic cystic lesion in
the upper abdomen, often adjacent to the stomach, pancreas, and liver.
Endoscopic ultrasound (EUS) is considered a good diagnostic tool for the detection
of GDCs because it can show the internal hyperechoic mucosal layer and the
hypoechoic smooth muscle layer of the cyst[21]. In recent years, EUS-guided fineneedle aspiration (EUS-FNA) plays an important role in clinical diagnosis of GDCs[5].
On pathology, a GDC must have both a smooth muscle layer and a mucosal
epithelial layer (gastrointestinal, gastric, or respiratory mucosa) in the cyst wall[7,14].
Our case had all the layers meeting the diagnostic requirements.
Up to now, there are no well-recognized international guidelines on the treatment
of this disease. Several treatment methods have been reported in the literature,
including enucleation, formation of cystogastrostomy, and even endoscopic
removal[3]. Surgical excision is usually considered the mainstay of treatment for GDCs.
Surgical resection is performed not only for the consideration of symptomatic relief
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Figure 2

Figure 2 Contrast-enhanced computed tomography images of the gastric duplication cyst. A-F: A large cystic hypodense focus was along the greater
curvature of the stomach, measuring 95 mm × 61 mm × 66 mm; A and B: The focus was lobulated and well-circumscribed with a small amount of calcification on its
wall (white arrow); C and D: A nutrient vessel from the stomach on the cyst wall was observed on arterial phase images (yellow arrow).

and the prevention of potential complications caused by GDCs such as obstruction,
torsion, perforation, bleeding, but also for the risk of malignant transformation in
GDCs[3,7]. We performed a review of the English papers about GDCs in the past 17
years on PubMed and found that the majority of those cases had a good prognosis
with complete symptomatic relief after surgical resection while only a few cases with
malignant transformation developed recurrence or metastasis[11,12,14,23-25].

CONCLUSION
GDCs are a quite rare malformation in adults usually with non-specific clinical
symptoms. Some imaging modalities including ultrasound, CT, and MRI are able to
figure out morphological features for GDCs diagnosis and EUS could present the
exact micro-structure of the cystic wall. We deem that GDCs should be put in the
differential list for a cystic mass adjacent to gastric lumen.
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Table 1 Teaching points for differential diagnosis
Disease

Age

Teaching points

Gastric duplication cysts (GDCs)

More common in children, rarely seen in adults.

Often present as a cystic focus along the greater
curvature and adjacent to stomach with a thin and
slightly enhanced wall.

Any cystic lesions from the adjacent organs
(liver, biliary ducts, pancreas, and spleen)

Occur at any age.

Ultrasound, CT, and MRI can show the origination
of the lesion. History, clinical presentation and
laboratory examination could help to lead to the
right diagnosis[7].

Gastrointestinal stromal tumors (GISTs)

Present usually in early adulthood[14].

Medical images show masses with solid
enhancement arising from the gastric wall which
may show cystic or mixed cystic changes[8,14].

Cystic lymphangioma

Occur mostly in children[26].

Mostly seen in the neck and axillae but can be
found anywhere in the body[26]. CT and MRI show
cystic lesions with the thin wall crawling along the
tissue gaps[26,27].

CT: Computed tomography; MRI: Magnetic resonance imaging.

Figure 3

Figure 3 Photomicrograph (hematoxylin and eosin staining, original magnification, ×4) of the surgical specimen demonstrates an inner mucosal layer
(arrows) within the cystic mass, along with a continuous muscular layer (asterisk) shared with the stomach.
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Abstract
BACKGROUND
Duplication of the appendix is an infrequent congenital malformation with a
complex classification. The horseshoe appendix is a subtype of the duplex
appendix and is rarely reported in the literature. Endometriosis is a common
gynecological disease that rarely occurs in the appendix. Moreover, horseshoe
appendix combined with endometriosis has not been previously reported.
CASE SUMMARY
Here, we describe a 44-year-old woman who was admitted with a 1-d history of
migratory lower right quadrant pain. Physical examination was consistent with
the signs of acute appendicitis. The patient underwent an emergency exploratory
laparotomy. The distal tip of the appendix was in contact with the cecum by
another base, or “horseshoe appendix”. In addition, a small intestinal mass and
an ovarian mass were identified. Subsequently, appendectomy, partial resection
of the small intestine, and right oophorectomy were successively performed. The
histopathology confirmed the diagnosis of acute inflammation of the duplex
appendix with endometriosis, small intestine endometriosis, and ovarian
endometriosis.
CONCLUSION
Surgeons need to be aware of the possibility of the duplex appendix when
performing an appendectomy, and this study emphasizes the importance of
exploring the entire abdomen.
Key words: Duplex appendix; Horseshoe appendix; Endometriosis; Appendectomy; Case
report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We describe a patient with endometriosis of the duplex appendix, small
intestine, and ovary. There are no similar cases reported. Currently, the diagnosis of
duplex appendix and endometriosis is difficult before surgery. Our case suggests that
serum carbohydrate antigen 125 levels and fecalith of the appendix may be useful signs
for the diagnosis of endometriosis and duplex appendix, respectively. However, the most
important procedure is the careful exploration of the abdominal cavity during surgery.
Serious legal disputes can occur due to neglecting another infected appendix or not
carefully exploring other parts of the abdominal cavity.
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INTRODUCTION
Acute appendicitis is the most common surgical emergency of the abdomen. The
overall lifetime risk for acute appendicitis is 6.7% in females and 8.6% in males[1].
Duplication of the appendix is extremely rare and is usually incidentally found
during surgery. A duplication of the appendix was first reported in the form of a case
report in 1892[2]. To date, only a total of approximately 100 cases have been reported[3].
Endometriosis, as a common disease in women of childbearing age, predominantly
occurs in the adnexa and less frequently in the digestive tract, especially in the small
intestine and appendix. Here, we report a unique case of duplex appendix with acute
appendicitis coexisting with appendiceal endometriosis in an adult female patient. In
addition, endometriosis was found in the small intestine and ovary. The most special
of the duplex appendix is the horseshoe appendix. To the best of our knowledge, only
the abovementioned 14 cases have been reported thus far[4], but there are no reports of
horseshoe appendix combined with endometriosis. The classification, symptoms, and
radiological appearance of the duplex appendix with endometriosis have been
described in the literature and are discussed in this paper.

CASE PRESENTATION
Chief complaints
A 44-year-old Chinese woman was admitted to the Emergency Department of The
Second Affiliated Hospital of Jiaxing University (Jiaxing, China) because of migratory
lower right quadrant pain for 1 d associated with nausea, vomiting, and anorexia.

History of present illness
She reported a 1-d medical history of migratory lower right quadrant pain that started
as epigastric pain and became localized to the lower right abdominal quadrant,
especially at McBurney’s point. She also complained about nausea, vomiting, and
anorexia.

History of past illness
The patient had an 8-year history of repeated lower abdominal pain that appeared in
the first 1-2 d of menstruation and disappeared after the end of menstruation.
However, her menstrual cycle was regular, with no menorrhagia or dyspareunia
reported. Therefore, she was not regularly seen in the gynecology clinic for several
years.

Personal and family history
The last menstrual period ended 5 d before admission. She had a history of caesarean
section 18 years ago. No additional family history was presented.

Physical examination upon admission
Her abdominal examination revealed that the abdomen was diffusely soft,
nondistended, but presented tenderness, rebound tenderness, and guarding with a
voluntary component in the lower right quadrant, and increased pain with coughing
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at the McBurney’s point, which were consistent with the signs of acute appendicitis.
Moreover, Rovsing’s sign was positive. No abdominal mass was palpable, and bowel
sounds were normoactive.

Laboratory examinations
Hematological examinations, including serum electrolyte levels, human chorionic
gonadotropin, and complete blood count were within normal limits, apart from white
blood cell count, carbohydrate antigen 125 (CA125), and C-reactive protein concentrations that were mildly elevated at 10.1 × 109/L (77.8% neutrophils), 69.5 U/mL, and
10 mg/L, respectively.

Imaging examinations
A computed tomography (CT) scan of the abdomen showed that the appendix was
markedly swollen and thickened and had obvious periappendicular leaking;
additionally, two fecaliths were located at the root of the appendix (Figure 1).
Simultaneously, the CT scan also showed a cystic mass in the right ovary (Figure 1).
The findings from the patient’s abdominal examination and CT scan were consistent
with acute fecal appendicitis.

FINAL DIAGNOSIS
Based on the above physical examination features and imaging data, a provisional
diagnosis of acute appendicitis and right ovarian cyst was made.

TREATMENT
Laparoscopic examination revealed moderate bloody fluid collections, and the
omentum was localized to the right lower abdomen and pelvic cavity. Additionally, a
cystic mass with a size of 3.5 cm × 2.5 cm was seen in the right ovary, which was not
ruptured and was consistent with the CT scan findings. No evidence of endometrium
was found by laparoscopic evaluation of the abdominal and pelvic cavities. Moreover,
the appendix appeared unusually atrophic upon itself and measured 3 cm × 2.5 cm at
the widest diameter, which was obviously inflamed, hyperemic, and swollen, which
agreed with the preoperative diagnosis. However, we found a tight adhesion between
the appendix, the lateral abdominal wall, and the posterior peritoneum, resulting in
unclear anatomical structures that were difficult to separate. Therefore, a laparotomy
was performed via an extended McBurney’s incision in the lower right abdominal
quadrant. After carefully separating the adhesions, an appendix was seen. Then, we
attempted to separate the base of the appendix, and we were surprised to find that
there were two bases that had their cavities both in contact with the cecum with each
other through the appendiceal lumen, or “horseshoe appendix” (Figure 2). The two
bases were positioned frontally on the cecum with a central mesoappendix, and the
central mesoappendix vessel was fan-shaped. The proximal appendix stump and
mesoappendix vessel were divided and ligated, and then the appendix was removed
for pathological examination. Unfortunately, because there was no consideration of
the rarity of this case, there were not enough intraoperative photographs remaining.
Upon gross pathological inspection, the total length of the duplex appendix was
approximately 6 cm. There were two cavities in the root of the cecum, both of which
led to a swollen inflamed appendix containing a fecalith. Subsequently, a meticulous
inspection of distal ileal segments and right tuboovarian structures was performed
through palpation, and we unexpectedly found a hard mass, 10 cm proximal to the
ileocecal valve, which gave rise to a mild stenosis of the intestine. Additionally, a right
ovarian cyst was found, as previously mentioned. Hence, partial resection of the small
intestine with end-to-end anastomosis was executed, as well as right oophorectomy
by a gynecologist. Grossly, the soft tissue mass had a size of 1.5 cm × 1.5 cm, but the
serosal surface and the mucosa were normal. The cut surface revealed hard nodular
regions, which contained some small cystic spaces brimmed with both serous fluid
and hemorrhage. The ovarian cyst showed that the cut surface also contained several
small cystic spaces and was filled with chocolate-like cyst fluid and old bleeding.

OUTCOME AND FOLLOW-UP
Hematoxylin and eosin staining revealed obvious acute and chronic inflammatory cell
infiltration within and around the duplex appendix. The lumens of the two
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Figure 1

Figure 1 Computed tomography scan of the patient’s abdomen. A and B: Transverse sections showing swelling of the appendix with surrounding exudation, and
there is a fecalith at the root of the appendix, respectively; C: Coronal section showing swelling of the appendix with exudation and two separate fecaliths at its root; D:
Transverse section showing a low density mass located in the right ovary.

appendixes were obstructed with fecalith. Meanwhile, several ectopic endometrialtype glands and stroma were found in the thickened muscularis propria of the duplex
appendix (Figure 3), small intestine (Figure 3), and right ovary (Figure 3).
Additionally, the glands were dilated, most of which contained hemorrhage within
their cavities. Histological diagnoses of duplex appendix with fecalith and
endometriosis were made, which caused acute appendicitis, and diagnoses of
endometriosis of the small intestine and the right ovary were also made. These results
were surprising discoveries. The patient subsequently recovered well with no
complications and was discharged from the hospital on the 10th postoperative day.
She was referred to a gynecological clinic for further assessment of her endometriosis.
At the 6-month follow-up, there were no recurrences of abdominal pain or other
clinical symptoms.

DISCUSSION
Duplication of the digestive tract is a rare congenital malformation in adults because
more than 80% of cases have serious abdominal or intestinal obstruction before the
age of 2 years[5]. Appendiceal duplication is extremely rare and may be related to the
duplication of other organs or other anomalies. Colons investigated 50000
pathological specimens of the appendix, and there were only just two cases of
duplication[6]. The overall incidence of appendiceal duplication is approximately
0.004%[6]. Appendiceal duplication was first formally classified by Cave in 1936 and
divided into three types based on their anatomic locations. Then, this classification
was updated and amended in 1962 by Wallbridge [7] and is called the “CaveWallbridge” classification. Subsequently, this classification was further improved by
Biermann et al[8] and Kjossev et al[9], respectively. However, there were several cases
that could not be classified according to the above classifications, for instance,
horseshoe appendix and triplex appendix. We believe that an updated classification
system is needed to distinguish appendiceal anomalies or to modify the present
system. Therefore, Calotă et al[10] proposed a new classification system for appendiceal
anomalies in 2010, which was divided into number anomalies and shape anomalies
and was modified by Takabatake et al[11] again in 2016. The new classification system
of appendiceal anomalies is presented in Table 1[4,10-13]. Most cases can be classified on
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Figure 2 Intraoperative photograph of the patient. The intraoperative photograph shows that there are two bases
of the appendix at the end of the cecum, and both of these bases are in contact with the cecum (black arrow).

the basis of the new classification. There have been 22 cases of Type A, 8 cases of Type
B1, 46 cases of Type B2, 10 cases of Type C, 2 cases of triple appendix, and 14 cases of
horseshoe appendix reported as of the beginning of 2018[3,4]. Although the duplex
appendix is rare, surgeons should suspect the possibility of it when performing an
appendectomy to prevent adverse consequences and medical disputes. In addition, a
differential diagnosis is also necessary, including Meckel's diverticulum, colonic
tumor, gastroenteritis, congenital cecal diverticulum, intussusceptions, and inflammatory bowel disease[14]. In the presence of a duplex appendix, the possibility of other
congenital malformations should be further explored, especially in cases of Type B1
and Type C. However, Type B2, which is the most common variety and the most
likely to be misdiagnosed or mismanaged, is unrelated to any other congenital anomalies[3].
In the classification of duplex appendix, the horseshoe appendix is a rarer
congenital malformation. In 1989, Mesko et al[15] first depicted the horseshoe appendix.
Through a review of the literature, 14 patients with horseshoe appendix have been
reported to date[4], and as per our knowledge, our patient was the 15th patient with a
reported horseshoe appendix. The etiology and pathogenesis of horseshoe appendix
are still unclear because there are extremely limited cases that have been reported
thus far. Currently, some theories have been proposed to explain how the horseshoe
appendix forms[16]. First, the horseshoe appendix may form by the mutual fusion
between the tip of the normal appendix and that of the abnormal appendix. Second, a
horseshoe appendix may develop from the fusion between the tip of the appendix
and another part of the cecum, which then becomes the second base. Third, in the
embryonic period, the base of the appendix split into two parts, each of which
develops continuously, resulting in two bases that are also single structures.
However, the first two theories do not seem to explain why both appendixes are
supplied by a single blood vessel in the mesoappendix, and its branches fan out
instead of forming an arcade. The study of the formation mechanism of the duplex
appendix revealed that a “transient appendix” at the terminus of the cecum, which
was distinct from the normal appendix, was observed during the 6th week of
embryonic development and atrophy at the 7th week[17]. If the transient appendix does
not disappear, a duplex appendix may form. Additionally, the horseshoe appendix, a
subtype of the duplex appendix, may be caused by some abnormalities in the
embryonic period. Therefore, the third theory is most likely to explain the formation
of a horseshoe appendix. However, more research is needed to support this theory,
because of the limited number of cases.
The horseshoe appendix can be divided into two types according to the following
new classification system (Table 1): Frontal type, in which both bases of the appendix
are not on the tenia, and sagittal type, in which the bases are along the tenia[11]. The
malformation of our patient was a horseshoe type with a frontal location. In addition,
we must simultaneously pay attention to whether the patient had other
malformations because genitourinary, other intestinal, or vertebral malformations
have been observed in cases with a duplex appendix. Fortunately, other associated
congenital anomalies had not been observed in our patient, except for the endometriosis of the small intestine and ovary. Preoperative diagnosis is extremely difficult,
whether it is a horseshoe appendix or other types of duplex appendix. It has been
reported that[4] ultrasound and three-dimensional reconstruction may be helpful for
the preoperative diagnosis of a horseshoe appendix, but most cases are accidentally
discovered during surgery, and only two patients had a clear diagnosis before
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Figure 3

Figure 3 Histopathological appearances of the endometriosis in appendix, small intestine, and ovary. A: Hematoxylin and eosin (HE) staining shows that
ectopic endometrial-type glands and stroma (thick arrows) were detected in the muscular layers (thin arrows) of the appendix (×40); B: Ectopic endometrial-type
glands and stroma (thick arrows) were observed in the subserosa of the small intestine. The muscular layers are indicated by thin arrows (HE, ×40); C: Higher
magnification of endometriosis (thick arrows) in the ovary (HE, ×100).

surgery. In our patient, imaging failed to preoperatively diagnose appendiceal
anomalies. However, after surgery, we reviewed the CT scan repeatedly, and the
images showed that there were two free fecaliths at the root of the appendix, which
may indicate the presence of a duplex appendix (Figure 1). This finding was easily
ignored.
Endometriosis, which is defined as the growth of endometrial glands and stroma
outside the uterine cavity, is a fairly common disease that affects up to 15% of women
in childbearing age. Von Rokitansky first described endometriosis in 1860[18]. Several
theories have been proposed to explain the pathogenesis of endometriosis, including
retrograde menstruation and implantation theory, coelomic metaplasia theory,
lymphovascular spread theory, direct transplantation and dissemination theory, and
the cellular immunity theory which was a newly developed theory[19-21]. However, the
specific etiology of endometriosis is still unclear. A variety of factors potentially
contribute to the disease. Endometriosis can occur anywhere in the body, including
pelvis organs, gastrointestinal tract, and pleural and pericardial cavities, but the
ambilateral adnexa is the most frequent. Once involving the gastrointestinal tract,
endometriosis also commonly involves the recto-sigmoid (72%), recto-vaginal septum
(13%), small intestine (7%), cecum (3.6%), and appendix (3%)[18]. Endometriosis of the
appendix is a rare disease, and its overall incidence ranges between 0.02% and 36.6%,
which is widely variable and depends on the population being evaluated[22]. Our
patient not only had rare appendix and ileum involvement but also had a duplex
appendix. This dual participation has not been observed thus far.
Clinically, the symptoms of endometriosis are diverse and have been determined
by the site of occurrence. Endometriosis of the appendix is usually asymptomatic, but
it may also cause acute or chronic pelvic pain, appendicitis, lower gastrointestinal
hemorrhage, and intussusception[19,22]. Consistent with some reports (Table 2)[19,23-27],
our patient also presented the symptoms of acute appendicitis. Moreover,
laparoscopic exploration also showed the presence of bloody fluid in the abdominal
cavity. The hemoperitoneum is likely to be related to menstruation, because in these
reports (Table 2), patients presented the symptoms of acute appendicitis during the
menstrual period. As our patient presented the symptoms of appendicitis on the 5th
day after the end of menstruation, we assume it to be related to the appendiceal
fecalith. The occurrence of acute appendicitis may be the result of the dual effects of
endometriosis and appendiceal fecalith. Moreover, our patient had a history of

WJCC

https://www.wjgnet.com

2099

August 6, 2019

Volume 7

Issue 15

Zhu MY et al. Endometriosis of the duplex appendix

Table 1 New classification of appendiceal anomalies
Number anomalies
Agenesis: Absence of appendix
Duplex appendix
Type A: Partial duplication with both appendices sharing a common base like ‘’ Y-shaped’’ on a single cecum
Type B: Complete duplication of the appendix on a single cecum
B1 avian type: Two appendices symmetrically placed on either side of the ileocecal valve
B2 tenia coli cecum type: One appendix arising from the usual site of the cecum and the other arising from the cecum along the tenia
B3 tenia coli hepatic flexure type: One appendix arising from the usual site of the cecum and the other arising from the hepatic flexure of the colon along
the tenia
B4 tenia coli splenic flexure type: One appendix arising from the usual site of the cecum and the other arising from the splenic flexure of the colon along
the tenia
Type C: Duplication of the cecum, each having its own appendix
Triplex appendix: Complete triplication of appendix on the cecum
Horseshoe appendix
With sagittal disposal: The bases of the appendix are along the tenia in sagittal direction
With frontal disposal: The bases of the appendix are not on the tenia

Data from these studies[4,10-13].

repeated lower abdominal pain which was associated with menstruation, consistent
with some reports[23,26,27]. It suggests that hemoperitoneum and chronic abdominal pain
may be important signs of endometriosis diagnosis, which further validates the theory
of retrograde menstruation. Additionally, gastrointestinal endometriosis can present
with episodes of abdominal pain, change in bowel habits, abdominal distention, rectal
bleeding, and intestinal obstruction [28-30] . Fortunately, although small intestinal
endometriosis in our case was asymptomatic, it did not cause intestinal obstruction
due to timely detection.
The clinical manifestations of endometriosis are usually nonspecific, leading to the
diagnostic dilemma. Therefore, complete preoperative examination is needed,
including CT scan, magnetic resonance imaging (MRI), abdominal ultrasonography,
and laboratory examination. It was reported that[31] multislice CT has a great potential
for detecting alterations in the intestinal wall, especially when combined with
enteroclysis. MRI has a high sensitivity (77%-93%) in the diagnosis of bowel
endometriosis[32]. Unfortunately, there is currently no gold standard for the imaging
diagnosis of endometriosis [20] . The serum CA125 level, which has been used to
monitor the progress of endometriosis, may be a useful diagnostic indicator [33] .
However, it has also been reported that CA125 is not sensitive enough to the
diagnosis of endometriosis[30]. In our patient, the abdominal CT scan did not suggest
endometriosis, but she had a high preoperative serum CA125 level of 69.5 U/mL.
Therefore, we believe that the presence of endometriosis needs to be suspected when
patient have elevated serum CA125 levels. Additionally, except for the hemoperitoneum we have mentioned above, blueberry spot of the peritoneum and nodularity
of the appendix may also indicate the presence of endometriosis during surgery[19,23].
Intraoperatively, we only found moderate hemorrhagic peritoneal fluid in our patient.
However, the postoperative pathology of our patient confirmed the presence of
endometriosis in the appendix, small intestine, and ovary. Therefore, laparoscopy and
pathological confirmation remain the gold standard for the diagnosis of
endometriosis. Given the nature of endometriosis, patients such as ours should be
encouraged to refer to gynecologists for further assessment of the extent of
endometriosis and for postoperative follow-up.

CONCLUSION
Acute appendicitis is a common abdominal disease. Although duplex appendix is
rare, especially the horseshoe appendix, surgeons who may not encounter it
throughout their careers need to be aware of the possibility of it when performing an
appendectomy. In particular, preoperative CT showed two separate fecaliths at the
root of the appendix, which may be a useful sign for the diagnosis of a duplex
appendix. Therefore, a detailed exploration of the cecal pole and retrocecal space is
encouraged to avoid misdiagnosis during surgery; misdiagnosis of appendix
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Table 2 Clinical features of patients with appendix endometriosis
Ref.

Year

Age

Symptoms

Previous history

Episode time

Hemoperitoneum

Uncu et al[25]

2008

45

Abdominal pain and Not described
nausea

The second day of
menstruation

Yes

Akbulut et al[26]

2009

40

Lower right
quadrant pain

Uwaezuoke et al[23] 2013

29

Right iliac fossa pain One-year history of
recurrent lower
abdominal pain

The second day of
menstruation

Yes

Curbelo-Peña et
al[24]

2015

39

Right iliac fossa pain Not described

Be menstruating at
the time

Yes

Shen et al[27]

2016

34

Right iliac fossa pain Repeated abdominal The second day of
pain associated with menstruation
menstruation for
several months

Yes

St John et al[19]

2018

29

Migratory lower
right quadrant pain

Not described

The second day of
menstruation

Yes

Our case

2019

44

Migratory lower
right quadrant pain

Eight-year history of Five days after the
repeated lower
last menstrual
abdominal pain
period ended

Yes

Lower right
The third day of
abdominal pain
menstruation
before every
menstrual period for
8 or 9 yr

Not described

duplication may result in a poor clinical outcome and law dispute. In addition,
women of childbearing age who have chronic pelvic pain or elevated CA125 levels
need to highly suspect the possibility of endometriosis. In summary, whether
laparoscopy or laparotomy is used, careful exploration of the entire abdomen is
crucial and occasionally surprises us.
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Abstract
BACKGROUND
Venous thrombosis (VT) is one of the minor complications of pacemaker lead
extraction. It is often found due to the swelling of the limbs after the extraction. It
is easy to be neglected or even misdiagnosed in the absence of typical clinical
symptoms. The incidence, risk factors, and long-term impact of this complication
are still unclear. Herein, we report a case of deep VT caused by transvenous lead
extraction, which is easily misdiagnosed.
CASE SUMMARY
A 66-year-old woman underwent a pacemaker lead extraction at our hospital
because of a pacemaker pocket infection. After the extraction, she began to
experience intermittent fever accompanied by sweating. The highest body
temperature recorded was 37.9 °C. Additionally, she reported migratory pain
that made her uncomfortable. The pain was mistakenly thought to be caused by
operation trauma. At first, the pain radiated from the left chest to the mandible.
Then, the pain in the left chest was alleviated, but pain in the left neck and throat
appeared. Finally, the pain was confined to the mandible and a submandibular
mass was palpated with no other abnormalities upon physical examination.
Computed tomography venography and angiography finally indicated that the
fever and pain were the symptoms of thrombophlebitis caused by lead extraction.
The patient was then treated with rivaroxaban for more than three months and
has shown no symptoms since she left the hospital.
CONCLUSION
The possibility of thrombosis should be considered when pain and recurrent
fever occur after pacemaker lead extraction.
Key words: Venous thrombosis; Lead extraction; Neck pain; Fever; Anticoagulants; Case
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Core tip: Deep venous thrombosis caused by transvenous lead extraction is easily missed.
The exact incidence is still unclear. Thrombosis after lead extraction during
hospitalization should be identified early even without typical symptoms such as edema.
Additionally, reasonable and standard anticoagulation therapy after lead extraction
should be considered in the future.
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INTRODUCTION
With the increasing use of cardiovascular implantable electronic devices (CIEDs),
increasing attention has been paid to the safety and complications of lead extraction
after CIED implantation. The indications of transvenous lead extraction (TLE) include
infection, venous stenosis and occlusion, lead malfunction, lead perforation,
arrhythmias, as well as radiation therapy[1]. Complications of TLE include cardiac
avulsion, vascular laceration, pericardial effusion, hemothorax, pulmonary embolism,
pocket hematoma, venous thrombosis (VT), etc[1]. Among them, VT caused by TLE is
easily missed in the clinic, and the incidence is unclear. The following case shows that
VT can be caused by TLE and is characterized by intermittent fever and neck pain.

CASE PRESENTATION
Chief complaints
A 66-year-old woman was admitted to our hospital due to infection of the pacemaker
pocket for one month.

History of present illness
The patient was diagnosed with sick sinus syndrome for which she received a dualchamber pacemaker 10 years ago. One month prior to admission, after carrying a
heavy burden, she found redness and swelling at the pocket site, which gradually
ulcerated. The local hospital gave her an antiinfection treatment of cephalosporin for a
week, but the outcome was not positive. Therefore, she was transferred to our
hospital for further treatment.

History of past illness
The patient had a history of hypertension, type 2 diabetes mellitus, and chronic
gastric ulcer. She underwent a meningioma resection 7 years earlier and cataract
surgery in both eyes 8 years earlier. The patient had no history of hepatitis or
tuberculosis.

Personal and family history
The patient had no significant past history or family history.

Physical examination upon admission
The patient's blood pressure and blood glucose were well controlled by medication.
Her body temperature was normal three days before the operation.
Except for swelling and ulceration at the pocket site, other physical examination
results were normal. There were no abnormalities in the laboratory examination,
electrocardiogram, chest X-ray, or preoperative echocardiogram. Multiple blood
cultures were negative before the preventative use of vancomycin 0.5 g/q8h.

Laboratory examinations
After excluding the contraindication of operation, the left leads were extracted
successfully, and a temporary pacemaker was implanted on the other side.
Intraoperative angiography revealed patency of the bilateral subclavian veins (Figure
1). The results of the pacemaker pocket tissue and lead culture showed the presence of
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Staphylococcus epidermidis, which is sensitive to vancomycin. Vancomycin was used
continuously after the operation. The next day after the operation, the patient
complained of pain radiating from the left chest to the mandible, with a pain score of
6. She began to present intermittent fever accompanied by sweating. Therefore, blood
cultures were performed at that time; however, the results were negative. The serum
concentration of vancomycin was up to standard. Three days after the operation, the
patient felt that the pain in the left chest was alleviated, but increased pain in the left
neck and throat accompanied by an irregular cough (dry cough, no sputum)
appeared. Physical examination showed neck tenderness, normal tonsils, and a
normal uvula. A few days later, the patient still had an intermittent low fever with
sweating. Laboratory examination showed that routine blood and procalcitonin levels
were normal, the erythrocyte sedimentation rate (ESR) was 44 mm/h, and the
hypersensitive C-reactive protein (CRP) level was 45.6 mg/L. The operation incision
and temporary pacemaker placement site were observed to be dry and clean without
redness, burning, effusion, or pus. Seven days after the extraction, the patient felt
relieved of pain in the left chest and neck and said that the pain was confined to the
mandible. A submandibular mass was found through palpation. Routine blood tests,
blood biochemical indexes, and procalcitonin levels were normal. Her ESR was 65
mm/h, hypersensitive CRP was 57.4 mg/L, plasma D-dimers was 9.58 mg/L, and
fibrinogen was 5.6 g/L.

Imaging examination
Color Doppler ultrasound showed left internal jugular vein thrombosis. Occlusion of
the left common jugular vein, internal and external jugular veins, and subclavian vein
was further demonstrated by computed tomography venography (CTV) (Figure 2).
The patient refused the intravenous or subcutaneous use of anticoagulants; therefore,
rivaroxaban was given.

FINAL DIAGNOSIS
VT after pacemaker lead extraction caused the symptoms of the patient.

TREATMENT
After 2 d of anticoagulant treatment with 15 mg rivaroxaban bid, the patient's
temperature returned to normal (Figure 3), and no further neck pain was reported.
Permanent pacemaker implantation on the right side was performed 5 d after
anticoagulant therapy. Intraoperative angiography revealed occlusion of the left
subclavian veins (Figure 4). Anticoagulant drugs were discontinued 24 h before
implantation and were resumed 48 h after the operation.

OUTCOME AND FOLLOW-UP
Hypersensitive CRP and ESR showed a downward trend after anticoagulant therapy,
and the patient was discharged from the hospital when her condition was stable.
Clinical follow-up was conducted by telephone interviews with the patient.
Rivaroxaban 15 mg bid was used for 21 d after the thrombosis was found, followed by
20 mg qd. The total rivaroxaban treatment lasted more than three months. The patient
has shown no symptoms since she left the hospital.

DISCUSSION
Complications caused by TLE include major complications, minor complications, and
death within 48 h after lead extraction[2]. Major complications are life-threatening or
fatal complications, such as cardiac avulsion, vascular avulsion, stroke, and bleeding
requiring transfusion. Minor complications include hematoma, hemothorax, VT and
others that are not life-threatening to the human body. There has been a case report of
thrombosis caused by TLE in the past. Hanninen et al[3] reported thrombosis extending
from the right atrium to the right ventricular outflow after TLE, and the huge
thrombus disappeared after anticoagulation treatment. The trauma of TLE might be
the cause of thrombosis. Wazni et al[4] reported that the incidence of VT caused by TLE
was 0.21%. A single-center study by Kennergren et al[5] found three patients with
postoperative thrombosis in 647 patients, which indicated that the incidence was
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Figure 1

Figure 1 Intraoperative angiography revealed patency of the bilateral subclavian veins before the left lead
extraction.

0.5%. Wilkoff et al[6] studied TLE in 301 patients, and three of whom presented VT;
therefore, the incidence was 1%. However, Bracke et al[7] indicated that the incidence
of VT caused by TLE was more than 8%. In our center, bilateral venography was
performed routinely before TLE and the implantation of a new pacemaker. Since 2013,
we have conducted TLEs in 240 patients in our center. This patient was the first to
suffer VT after TLE and before the implantation of a new pacemaker. However, we
may have underestimated the incidence as we did not follow these patients after the
new CIEDs were implanted. The exact incidence of this complication is unclear due to
the different follow-up times of each researcher and the underestimation of atypical
clinical symptoms caused by this complication. However, neglect of pulmonary
embolism and other complications caused by deep VT might increase hospitalization
rates and mortality[8].
Edema of the affected extremity is reported as the most typical symptom of upperextremity deep VT[9]. Some patients may also suffer from pain or erythema, which
occurs less often in upper-extremity deep VT [9] . Approximately 5% of deep VT
patients are asymptomatic[9]. Similarly, edema is also a symptom with a prompting
effect of VT caused by TLE [1,6,10] . CTV and venography can produce a definitive
diagnosis.
Fever is reported to have the lowest predictive value of VT[11]. In our center, 82 of
240 patients had newly fever after TLE. Among them, 32 patients had a definite
etiology: 13 were due to drug fever, 9 due to pulmonary infections, 5 to bacteremia,
and 1 each to hyperthyroidism, cancer, gout, viral infection, and thrombophlebitis. In
the remaining 50 people, we did not find a clear cause of fever and the average body
temperature of them was lower than 38 °C. They might have suffered from
physiological fever caused by operative trauma or neglected pathological fever[12].
The patient we reported lacked typical symptoms. We first considered that the
fever that occurred after TLE was caused by infection because infection was the
primary post-procedure complication of significance [1] . However, the results of
laboratory tests did not support this diagnosis. We also considered that the patient
might have a drug fever because previous literature reported that using vancomycin
can lead to a drug fever in some patients[13]. However, this was ruled out because the
body temperature returned to normal without the cessation of vancomycin.
Additionally, we had no evidence to suspect that the fever was caused by tumors or
autoimmune diseases because the related examinations were negative. The patient
complained of neck pain. First, we only considered that the pain was caused by
operation trauma and neglected that the pain might be caused by thrombophlebitis.
In retrospect, the patient had a pacemaker implanted for more than ten years,
which might lead to severe adhesion between wire, tissue, and blood vessels.
Therefore, thrombophlebitis occurred after the extraction of the leads, resulting in
recurrent fever. After thrombosis of the left subclavian vein, it further spread to the
left internal jugular vein. Therefore, her neck pain was related to thrombotic occlusion
of the internal jugular vein. Venography indicated collateral circulation formation, so
there was no swelling of the upper limbs or face. Postoperative fever prevented the
implantation of the new pacemaker and prolonged her hospital stay. After
anticoagulation treatment, her body temperature returned to normal. However,
anticoagulation treatment might increase the risk of hematoma formation after
pacemaker implantation [14] . Recent studies have shown that pocket hematoma
increases the risk of device-related infection[15,16].
We hypothesize that the incidence of VT caused by TLE is higher than that reported

WJCC

https://www.wjgnet.com

2106

August 6, 2019

Volume 7

Issue 15

Wang SX et al. Fever and neck pain after pacemaker lead extraction
Figure 2

Figure 2 Computed tomography venography showed occlusion of the left common jugular vein, internal and
external jugular veins, and subclavian vein.

previously in the literature. We might underestimate the incidence because of the lack
of symptoms and short follow-up time. There are no clear guidelines regarding
effective and safe anticoagulation strategies for patients with VT after TLE, especially
in those who need new CIEDs implanted after TLE. As clinicians, we need to reduce
misdiagnoses, and we should be alert to the possibility of VT when patients suffer
from recurrent fever and neck pain after TLE.

CONCLUSION
We need pay more attention to the VT caused by pacemaker lead extraction, both in
clinical work and in research fields.
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Figure 3

Figure 3 Body temperature returned to normal after administration of rivaroxaban for two days.
Figure 4

Figure 4 Intraoperative angiography showed that the right subclavian vein was open and the left subclavian vein was occluded accompanied by collateral
circulation establishment.
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Abstract
BACKGROUND
Cystic fibrosis (CF) is rare in Asian populations relative to the Caucasian
population. In this paper, we report the cystic fibrosis transmembrane
conductance regulator (CFTR) variation in a family of Chinese CF patients, and
systematically review the previous literature.
CASE SUMMARY
Here we report a 30-month-old Chinese girl who was diagnosed with CF based
on her history and symptoms such as recurrent productive cough, wheezing with
repeated infection of Pseudomonas aeruginosa, and parasinusitis. Chest computed
tomography (CT) scanning revealed obvious exudative lesions and bilateral
bronchiectasis. Liver CT scanning revealed a low-density lesion in the left lobe of
the liver. A diagnosis of CF was made based upon CFTR gene tests. The CFTR
gene was sequenced using the blood samples of her and her parents and showed
a heterozygous novel missense mutation of c.753_754delAG in exon 7. In
addition, a heterozygous c.1240 C>T mutation was found in exon 10 of the CFTR.
The mutation c.753_754delAG was verified to have been inherited from her
mother, and the c.1240 C>T mutation was from her father who was diagnosed
with congenital absence of vas deferens.
CONCLUSION
A novel mutation of CFTR, c.753_754delAG, was found in a Chinese CF child.
c.2909G>A is the most common mutation among Chinese CF patients.
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Core tip: Cystic fibrosis (CF) is an autosomal recessive inherited disease caused by
mutations in the CF transmembrane conduction regulator (CFTR) gene. CF is rare in
Chinese. ΔF508 is the most common mutation, accounting for greater than two-thirds of
CF alleles worldwide, though it is not a predominant mutation in Chinese CF patients. In
this paper, we report a novel homozygous complex rearrangement involving CFTR exon
7 deletion (c.753_754delAG chr7-117176607-117176608) in a Chinese child with CF
and describe the clinical feature. Moreover, we further review the literature regarding
gene mutations in Chinese CF cases from the 1970s to 2017.
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INTRODUCTION
Cystic fibrosis (CF) is an autosomal recessive inherited disease caused by mutations in
the CF transmembrane conduction regulator (CFTR) gene. CF is most common in the
Caucasian population, with a prevalence of 1/2500-3500 among those with Northern
European ancestry[1,2]. CF was once considered extremely rare among the Chinese
population, and to date, only about 60 cases of CF have been diagnosed in China[3].
CFTR is responsible for regulating the flow of chloride ions across the epithelial
membrane. Since CFTR was first identified as the pathogenic gene of CF in 1989, more
than 2000 mutations have been found in CF patients, according to the Cystic Fibrosis
Mutation Database (http://www.genet.sickkids.on.ca). ΔF508 is the most common
mutation, accounting for greater than two-thirds of CF alleles worldwide, though it is
not a predominant mutation in Chinese CF patients [4] . The most common gene
mutation in Chinese children with CF is c.2909G-A[5]. With increased awareness of this
disease and improvements in diagnostic techniques, we have found that CF is not as
rare as once believed in the Chinese population. The novel variants c.699 C-A,
c.579+1_579+2insACAT, c.1117-1G>C c.3140-454_c.3367+249del931ins13, and
p.R1048_G1123del have been reported in CF patients from China in recent years[6-8].
Interestingly, the gene mutation spectrum of CFTR in Chinese patients with CF is
significantly different from that in Caucasian patients. Therefore, it is necessary to
establish the Chinese CFTR gene mutation database, which will facilitate the genetic
diagnosis of CF patients in China. In the present study, we identified a novel
homozygous complex rearrangement involving CFTR exon 7 deletion
(c.753_754delAG chr7-117176607-117176608) using multiplex ligation-dependent
probe amplification analysis in a Chinese child with CF. We further review the
literature regarding Chinese CF patients from the 1970s to 2017. The clinical data of all
identified CF patients are summarized.

CASE PRESENTATION
Chief complaints
A girl aged 2 years and 10 months was admitted to Children’s Hospital of Soochow
University in May 2018 due to recurrent productive cough and wheezing lasting for 1
month.

History of past illness
She had experienced recurrent pneumonia (2-3 times every year) beginning 4 mo after
birth, with repeated infection by Pseudomonas aeruginosa and parasinusitis, but
without a history of chronic diarrhea or pancreatic involvement.

Personal and family history
The child was conceived through in vitro fertilization. Her father had been diagnosed
with congenital absence of vas deferens, and her mother was healthy.

Physical examination
She weighed 11 kg, her height was 89 cm, her body mass index was 13.9, and she
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presented with shortness of breath and dyspnea. Crackles and wheezing rales were
present in bilateral lungs. The heart and abdomen were normal. No clubbed digits
were found.

Laboratory examinations
Blood routine examination showed a white blood cell count of 15.59 × 109/L, a C
reactive protein concentration of 55.4 mg/L, and positivity for Pseudomonas aeruginosa
on bronchoalveolar lavage fluid culture. Findings on other tests, including serum
electrolyte measurement, fungus culture, Glactomannan test, T-SPOT tuberculosis
test, allergic bronchopulmonary aspergillosis and aspergillus fumigatus specific IgE
detection were all negative.

Imaging examinations
Chest computed tomography (CT) scanning revealed obvious exudative lesions and
bilateral bronchiectasis (Figures 1 and 2). Sinus CT scanning revealed bilateral
parasinusitis. Liver CT scanning revealed a low-density lesion in the left lobe of the
liver. In patients with CF, the liver is also the organ affected by the dense secretion of
digestive juice. Bile secreted by the liver can clog bile ducts and damage the liver.
Ultrasonography of the pancreas was negative.

CFTR gene sequence analysis
Two heterozygous mutations were found in the CF patient by Sanger sequencing
analysis. A heterozygous novel missense mutation of c.753_754delAG chr7-117176607117176608 was identified in exon 7 (Figure 3), which was inherited from her mother
based on its identification in the mother’s sample as well (Figure 3). This novel
mutation has not yet been recorded in the CFTR mutation database
(http://www.genet.sickkids.on.ca). In addition, a heterozygous c.1240 C>T mutation
in exon 10 was observed in CFTR of the CF patient (Figure 4), which was inherited
from her father and had already been included in the CFTR mutation database.

FINAL DIAGNOSIS
CF.

TREATMENT
Her symptoms improved after antibiotic treatment with ceftazidime for 3 wk,
expectorant, and nutritional support treatment including fat-soluble vitamins and
powdered milk with high calorie.

OUTCOME AND FOLLOW-UP
After being discharged from our hospital, the children were followed monthly in the
outpatient clinic. We gave low dose azithromycin anti-inflammatory treatment to
eradicate P. aeruginosa infection. We did regular examinations of respiratory rate,
oxygen saturation, and high-resolution CT of the chest to evaluate the pulmonary
disease regression/progression. We introduced regular atomized bronchodilators
such as terbutaline and oral secretion expellant including acetylcysteine to help
remove respiratory secretions. She had one time of pulmonary infection. The general
situation remained well up to date. She weighed 13 kg, her height was 95 cm, and her
body mass index was 14.4.

DISCUSSION
CF is characterized by the abnormal transport of ions and fluid across epithelial cell
membranes, resulting from mutations on both alleles in the gene encoding the
CFTR[9,10]. CFTR mutations can cause secretions to obstruct the airway, pancreatic
tract, and biliary tract and lead to abnormal secretion by the sweat glands. The most
important organ to be invaded in CF is the lung, and lung disease is the most lethal
factor (85%)[11]. The pancreas is also an important affected organ in CF. Disorders
caused by CF include nutritional disorders (fat, protein malabsorption, and fatty
diarrhea) and growth retardation. Low body weight caused by pancreatic
insufficiency is negatively correlated with lung function and survival rate, and thus,
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Figure 1

Figure 1 Chest computed tomography images of the cystic fibrosis patient. A chest computed tomography scan showed obvious exudative lesions and bilateral
bronchiectasis in the lung of the cystic fibrosis patient.

an important factor for poor prognosis[12]. Malnutrition and gastrointestinal symptoms
are relatively mild and atypical in Chinese CF patients. Therefore, it is easy for CF
diagnosis to be missed or delayed.
For patients with one or more clinical characteristics, such as chronic sinopulmonary disease, gastrointestinal and nutritional abnormalities, genital abnormalities in
males resulting in obstructive azoospermia, and/or a family history of CF, the
measurement of sweat electrolyte concentrations has been the mainstay of CF
diagnosis since the standardized procedure was introduced[13]. In the CF case reported
here, the patient had chronic sinopulmonary disease, and her father had a CF
mutation with obstructive azoospermia. These patients should undergo repeat sweat
chloride testing and further evaluation, including detailed clinical assessment and
more extensive CFTR gene mutation analysis. CF in Chinese patients is difficult to
diagnose, due to insufficient understanding and because sweat examination as well as
genetic testing cannot be carried out in most hospitals. It is necessary to educate
Chinese pediatricians concerning the clinical manifestations and diagnostic criteria for
CF and to promote the implementation of the sweat chloride test.
CFTR mutations are divided into five general classes: mutations affecting
biosynthesis, mutations interfering with protein maturation, mutations influencing Clchannel regulation, mutations intervening Cl- conductance or channel gating, and
mutations that reduce CFTR synthesis[14]. Different types of CFFR mutations can cause
different clinical phenotypes: I, II, and III mutations are prone to cause pancreatic
insufficiency with more serious clinical manifestations. In contrast, because normal Clchannel function is partially retained, the clinical symptoms of IV and V mutations are
relatively mild with pancreatic function remaining normal.
Several studies have demonstrated that p.F508del is the most common mutation in
Caucasian CF patients, accounting for approximately 70% of cases[4,5]. The p. F508del
mutation is a type II mutation. We review 82 different mutations among 69 Chinese
CF patients (40 females and 29 males) reported from the 1970s to 2017. Among them,
53 were from mainland China, 9 from Taiwan, and 4 from Hongkong, with the
remaining patients being of Chinese and Vietnamese descent, Chinese and Portuguese
descent[7,8,15-40] (Table 1). The age at diagnosis ranged from 0.17 months to 23 years.
Among the Chinese CF patients, the c.2909 G>A variant was the most common
mutation type (11%), followed by 1898+5G>T (7.3%), c.293A>G (6.1%), and
2215insG+G2816A and c.263T>G (both 4.9%). Nevertheless, no p.F508del mutation
was found in the Chinese patients (Table 1). In addition, with the exceptions of c.3909
C>G, R553X, and c.1000 C>T, none of the CFTR mutations in the Chinese patients
were present in the common Caucasian CFTR mutation-screening panels, indicating
that the mutations identified in Chinese CF patients are obviously different from the
common gene mutations in Caucasian CF patients. Further, pulmonary lesions were
more prominent in Chinese CF patients with or without pancreatic insufficiency[6-8,26,27].
Therefore, it is necessary to establish a Chinese gene mutation database to facilitate
genetic diagnosis of CF in China to clarify the relationship between genotype and
clinical phenotype.
In the case reported herein, the c.1240C>T mutation resulted in the alteration of
amino acid p.Q414* (glutamine > termination). This mutation type has been reported
already as a pathogenic mutation in the HGMD pro database[14]. c.753_754A del A.G is
a novel mutation (deletion mutation) that results in amino acid changes P.R251Sfs * 6
(frame-shifting mutation - 6 termination). According to the ACMG guidelines, the
mutation site c.753_754delAG could be classified as a pathogenic mutation[39]. Both
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Figure 2

Figure 2 Liver computed tomography image of the cystic fibrosis patient. A liver computed tomography scan
revealed a low-density lesion in the left lobe of the liver.

mutations could result in the early termination of CFTR protein translation, which
might have a great impact on protein function. The double heterozygous mutation
came from the patient’s parents separately. As a compound heterozygous mutation, it
is consistent with autosomal recessive inheritance and is a theoretically possible cause
of disease. This case expands the mutation spectrum of CFTR in patients of Chinese
origin. Several studies have shown that only pancreatic function correlates well with
CFTR genotypes[40,41]. According to the pancreatic status of patients, CF mutations can
be subdivided into two groups: mild and severe mutations[40]. Patients with pancreatic
insufficiency are homozygous or compound heterozygous with two “severe”
mutations, whereas patients with pancreatic sufficiency have at least one “mild”
allele. As it is not clear from the case if the patient had pancreatic sufficiency or
insufficiency, we cannot deduce whether the two mutations were severe mutations or
not. Elevated serum lipase, which has not been mentioned before, is not a sign of
severe mutation, more of possible pancreatitis which is more commonly seen in
heterozygous CF carriers or in those with milder mutations and pancreatic
sufficiency.

CONCLUSION
In conclusion, a novel compound heterozygous c.753_754delAG mutation was found
in exon 7 of CFTR in the case reported herein. The common CFTR mutation spectrum
in Chinese CF patients is quite different from that in Caucasian patients. Therefore,
the Chinese common CFTR mutation spectrum provides valuable data for CF
diagnosis in Chinese patients and the development of a commercial Chinese CFTR
genetic screening kit. The relevant Chinese gene mutation database is urgently
needed.
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Table 1 Characteristics of CFTR gene mutations in 69 Chinese cystic fibrosis patients
Reference
[15]

Wang et al

, 1993

Chen et al[16],1995
[17]

Zielenski et al

, 1995

Location

n

Gender

Age (yr)

Mutation

Taiwan China

1

F

0.5

1898+5 G-->T, 2215insG+G2816A

Mainland China

1

F

—

E2 del about 30 bp

Taiwan China

1

F

8

1898+5 G-->T, 1898+5 G-->T

Crawford et al[18], 1995

Chinese and Portuguese

1

F

3

1898 + 1G>T

Wagner et al[19], 1999

Chinese

1

F

23

c.319-326delGCTTCCTA, c. 2909G>A

Wu et al[20], 2000

Taiwan China

2

F

14

1898+5 G>T, 2215insG+G2816A

M

17

1898+5 G>T, 2215insG+G2816A

Alper et al[21], 2003

Chinese and Vietnamese

2

M

1.5

G151T, 989-992insA

F

0.5

1898+5G>T, 2215insG+G2816A

Taiwan China
[22]

Chen et al

Taiwan China

1

M

3

R553X, R553X

Li et al[6], 2006

, 2005

Mainland China

1

F

14

699C>A, 3821-3823delT

Wang et al[23], 2012

Mainland China

1

F

14

W679X

Liu et al[24], 2012

Mainland China

2

F

13

2909G>A, 362T>G

F

10

3196C>T, 3196C>T

Cheng et al[25], 2013

Mainland China

1

F

12

W679X, 1342-11TTT>G, 3120+2T>C

Liu et al[26], 2015

Mainland China

7

M

12

c.95T>C, c.1657C>T

M

10

c.293A>G, c.558C>G

M

16

c.2052 dupA, E18-E20(c.2909-?_3367 + ?del)

F

16

c.2909G>A, E7-E11†(c.744-?_1584 + ?del)

F

10

c.1679 + 2T>C, c.2658-1G>C

F

21

c.293A>G, c.293A>G

F

28

c.1666A>G

M

11.58

c.1699G>T, c.3909C>G

F

10.58

c.263T>G, c.1766+5G>T, c.110C>G

M

13.25

c.3700A>G, c.960_961insA

F

13.67

c.263T>G, c.2909G>A

M

7.17

c.326A>G, c.1000C>T, c.1666A>G

F

10.67

c.595C>T

F

7.75

c.223C>T, c.326A>G

F

7.33

c.1000C>T

F

10.17

c.263T>G

F

11.08

c.1666A>G

M

8.25

c.293A>G, c.558C>G

F

4.17

c.326A>G, c.2374C>T

M

3.67

c.1666A>G

F

12.67

c.293A>G

M

11

c.648G>A, c.2491-126T>C

F

10.33

c.3196C>T

M

11.17

c.414_415insCTA

F

3.42

c.1075C>T, c.3307delA

F

14

c.2909G>A

Shen et al[27], 2016

Mainland China

19

Chu et al[28], 2016

Mainland China

1

M

9

C.579+2insACAT, C.F481766+5G>T

[29]

Xu et al

Mainland China

1

M

0.67

c.595C>T, C.2290C>T

Li et al[30], 2016

, 2016

Mainland China

1

M

0.42

c.214G>G/A, c.650A>A/G,c.3406G>G/A

Tian et al[31], 2016

Mainland China

8

F

15

c.2909G>A, c.2374C>T

F

1

c.2909G>A, c.2125C>T

M

13

c.3700A>G, c.959–960insA

M

15

c.3635delT

F

4

c.2909G>A, c.263T>G

F

13

c.2909G>A, c.2907A>C

M

20

c.2909G>A, c.1521_1523delCTT

F

22

c.2909G>A, c.1997T>G
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Leung et al[32], 2017

Xie et al[33], 2017

HongKong China

Mainland China

4

2

Zheng et al[34], 2017

Mainland China

2

Xu et al[7], 2017

Mainland China

4

M

17

c.1766+5G>T, c.3068T>G

M

0.5

c.1766+5G>T, c.3140-26A>G

M

0.17

c.868C>T, c.3068T>G

F

0.75

c.1657C>T, c.3068T>G

M

12

c.865A>T,c.3651_3652insAAAT

M

15

c.865A>T,c.3651_3653insAAAT

M

5

c.3196C>T, c.870-1G>C

F

5

c.3G>A , c.1572C>A

M

9

c.579+1_579+2insACAT, c.1766+5G>T

M

5

c.595C>T

F

6

c.1117-1G>C, c.2909G>A

M

13

c.4056G>C

Liu et al[8], 2017

Mainland China

1

M

11

c.3140-454_c.3367+249del931ins13

Yao et al[35], 2017

Mainland China

1

F

0.5

c.532G>A

[36]

Sun et al

, 2017

Mainland China

1

F

2

C.1 666A>G

Guo et al[37], 2017

Mainland China

1

F

0.75

c.1373G>A(p.G458E), c.271G>A(p.G91R)

Li et al[38], 2017

Mainland China

1

F

1.33

R709X, G970D

Figure 3

Figure 3 Genomic sequence of exon 7 of CFTR.CFTR genomic sequencing results for exon 7 showed a heterozygous mutation of c.753_754delAG chr7117176607-1171766 08 p.R251Sfs*6 in the cystic fibrosis patient and her mother. Exon 7 of CFTR was normal in her father.
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Figure 4

Figure 4 Genomic sequence of exon 10 of CFTR.CFTR genomic sequencing results of exon 10 revealed a heterozygous mutation of c.1240C>T chr7-117188725
p.Q414* in the cystic fibrosis patient and her father. Exon 10 of her mother was normal.
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Abstract
BACKGROUND
Most major abdominal vascular injuries are caused by penetrating injuries. A
common iliac artery occlusion caused by blunt force trauma is rare, and very few
cases have been reported. Because of this low incidence, atypical symptoms, and
frequent association with other severe injuries, the proper diagnosis tends to be
missed or delayed. The gold standard for diagnosis is angiography, and
treatment remains a challenge.
CASE SUMMARY
We report here the unusual case of a common iliac artery occlusion caused by
blunt abdominal compressive trauma, with transection of the small intestine. At
presentation, the patient (a 56-year-old man) complained of pain and numbness
in the left lower extremity and severe pain in the whole abdomen. Physical
examination showed total abdominal tenderness with evidence of peritoneal
irritation. The left lower limb was pulseless and cold. Abdominal computed
tomography examination revealed digestive tract perforation, and abdominal
computed tomography angiography showed left common iliac artery occlusion.
The patient was treated successfully by anastomosis of the intestine,
percutaneous transluminal angioplasty, and stenting. The patient was followed
for more than 11 mo after the operation and showed a good recovery.
CONCLUSION
Patients with abdominal trauma should be suspected of having major vascular
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injury. Individualized treatment strategies are needed for this condition.
Key words: Common iliac artery occlusion; Transection of the small intestine; Blunt
abdominal trauma; Case report; Percutaneous transluminal angioplasty; Anastomosis of
the intestine
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Core tip: Most major abdominal vascular injuries are caused by penetrating injuries. As a
subset of arterial blunt trauma, the percentage of iliac arterial injury is small. Common
iliac artery occlusion in blunt trauma is especially uncommon. We report such a rare case
here. Furthermore, we review the reported cases in the English literature and provide a
discussion on the mechanism of injury, clinical presentation and signs, diagnosis,
surgical modalities, and outcome.
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INTRODUCTION
Penetrating rather than blunt trauma causes the greatest majority of vascular injuries.
As a subset of arterial blunt trauma, the percentage of iliac arterial injury is small. The
largest review of these cases in the literature was published by Tuech et al[1], who
reviewed 9 patients with common iliac artery occlusion in blunt trauma. We add to
these rare cases in the literature by reporting a new case here. Furthermore, we review
7 cases reported between the years of 2001 and 2018, and discuss the mechanism of
injury, clinical presentation and signs, diagnosis, surgical modalities, and outcome.

CASE PRESENTATION
Chief complaints
A 56-year-old male steel worker's lower abdomen had been compressed between two
forklifts. He was admitted to the People’s Hospital of Jingjiang with pain and
numbness in the left lower extremity and severe pain throughout the entire abdomen,
especially in the lower abdomen.

History of past illness
The patient had no significant medical history.

Family history
The patient had no significant family history.

Physical examination
The patient showed clear consciousness upon presentation. Physical examination
showed stable vital signs, including blood pressure of 136/68 mmHg (normal range:
90-140/60-90 mmHg), pulse rate of 95/min (normal range: 60/min-100/min),
respiratory rate of 16/min (normal range: 16/min-20/min), and temperature of 37.0
°C (normal range: 36.1°C-37°C). No obvious contusion of the abdominal wall or the
left lower limb was noted. He had total abdomen tenderness, with evidence of
peritoneal irritation and obvious board-like rigidity of the abdomen. The left lower
extremity had good mobility but it was painful and numb, and skin temperature was
significantly decreased. Pulsation of the left dorsal pedal artery had disappeared.

Laboratory examination
Laboratory examination revealed a hemoglobin level of 152 g/L (normal range: 130175 g/L), white blood cell count of 13.2 × 109/L (normal range: 3.5 × 109/L to 9.5 ×
109/L), and neutrophil percentage of 94.6% (normal range: 40%-75%).
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Imaging examination
Pre-hospitalization abdominal computed tomography examination had revealed a
perforation of the digestive tract. Abdominal computed tomography angiography
showed occlusion of the left common iliac artery (Figure 1) and atherosclerosis of the
abdominal aorta, bilateral iliac artery, and lower right femoral artery.

FINAL DIAGNOSIS
Common iliac artery occlusion with transection of the small intestine caused by blunt
abdominal trauma.

TREATMENT
The patient underwent laparotomy under general anesthesia. Surgical findings
included transection of the small intestine at about 2 m away from the ileocecus,
without bleeding in the mesentery. About 200 mL of pus was found in the pelvic and
abdominal cavity. We performed a partial small bowel resection and then a side-toside small bowel anastomosis using a linear cutting closer (Figure 2A).
The abdominal symptoms of discomfort were completely relieved after the
operation; however, the symptom of discomfort in the left leg became more
prominent. The patient was immediately transferred to a superior hospital, where
arteriography of the left lower extremity was performed, followed by percutaneous
transluminal angioplasty with stenting at 4 d later. Unfortunately, the details of those
operations were not available.

OUTCOME AND FOLLOW-UP
The postoperative course was uneventful. Physical examination revealed a warm left
leg with restoration of pulse and normal sensation. Re-examination by abdominal
computed tomography showed good position of the left common iliac artery stent
(Figure 2B). The patient was followed for more than 11 mo after the operation and
recovered well.

DISCUSSION
Injury to the common iliac artery secondary to blunt trauma is rare[2-6]. The reported
rates of incidence of iliac artery injuries from trauma range from 0.4% to 7.1%[2,7]. The
rare nature of this injury is largely due to the vessel’s position in the retroperitoneal
location, where it is protected by the bony pelvic girdle[5,6]. A total of only 8 cases,
including our case reported herein, are present in the literature [8-14] . We have
summarized the data from these cases on age, sex, causes of injury, location, clinical
presentation and signs, findings of auxiliary examination, and associated injuries in
Table 1. The data on operative delay time, procedure, fasciotomy, and outcomes are
summarized in Table 2. The total 8 patients include 7 males and 1 female, with a mean
age of 40 years old (range: 9-74 years). The causes of injury were seatbelt syndrome in
3 of the patients, direct compression injury in 4, and car crash in 1. Common iliac
artery occlusion occurred on the left and bilateral sides in 2 cases each and on the
right in 4. All 8 cases were diagnosed in time. Except for the youngest case among the
total 8 and our case, the other 6 cases were treated immediately after admission. Four
cases had a good prognosis. For the other 4 cases, 2 died, 1 suffered paralysis in the
right leg, and 1 became paraplegic.
The most common mechanisms of injury appear to be direct anteroposterior
compressions[6,15], traction from displaced bone fragments[16], and shearing forces,
possibly accentuated by use of a seatbelt [17] . In fact, the mechanism of seatbelt
syndrome or deceleration injury can also be understood as a type of abdominal
compression. A total of 13 patients have been reported with common iliac artery
occlusion due to direct anteroposterior compression[1]. We also found 4 cases of direct
anteroposterior compression. It would be reasonable to assume then that abdominal
compression is the main cause of common iliac artery occlusion. Blunt traumainduced abdominal aortic injuries most frequently result in intimal tearing.
Atherosclerotic disease has been postulated as a predisposing factor for aortic intimal
tearing because of intimal weakening and loss of both elasticity and compliance[15,18].
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Figure 1

Figure 1 Abdominal computed tomography findings of a common iliac artery occlusion. A: Abdominal
computed tomography angiography confirmed a 2.5 cm occlusion of the left common iliac artery, with preservation of
the common iliac bifurcation and distal arterial tree. There was no evidence of active arterial bleeding or
pseudoaneurysm formation (arrow); B: Three-dimensional computed tomography angiogram reconstruction showed
obvious occlusion of the left common iliac artery (arrow).

In our patient, abdominal computed tomography angiography examination showed
atherosclerosis of the abdominal aorta, bilateral iliac artery, and lower right femoral
artery. We can speculate that the occlusion of the left common iliac artery may also
have been caused by atherosclerotic plaque rupture. Endometrial tear, atherosclerotic
plaque rupture, and intramural hematoma formation can lead to common iliac artery
diameter reduction or even occlusion. If the compression force is strong enough, it
may lead to transection of the common iliac artery[19].
Because of the low incidence of this injury, its atypical symptoms, and frequent
association with other severe injuries, the diagnosis is often missed or delayed. This
can cause serious harm to the patients. Therefore, our attention should be focused on
proper identification and early diagnosis. The clinical manifestations and signs of
acute lower limb ischemia can provide important clues for the diagnosis. It is
important to note that acute limb ischemia caused by common iliac artery occlusion
from blunt abdominal trauma is rare[2,5] and clinical presentation may be delayed for
months or years[6,17]. Tuech et al[1] reported the median operative delay time to be 15 d,
ranging from 3 d to 36 years. All of the 8 cases we reviewed (including our own)
presented acute lower limb ischemia. This may be the main reason why they were
able to receive timely diagnosis and treatment. Except for the youngest patient and
our patient among these 8 total cases, the other 6 patients were diagnosed and treated
shortly after admission. The youngest and our patient were also diagnosed shortly
after admission but the surgery was performed 4 d later. For the former, given the
patient's young age and incomplete occlusion with severe multiple injuries, a
conservative initial approach was decided. For the latter, we delayed operation due to
the incomplete occlusion allowing for a longer observation period.
Most patients present with other injuries, such as traumatic intestinal perforation,
pelvic fracture, liver and spleen injury, bladder rupture, and contusion of the
thoracoabdominal wall, among others. Treating clinicians should be especially careful
with these patients because the signs and symptoms of vascular injury may be
obscured by the signs and symptoms of other injury, especially in those patients who
do not show acute lower limb ischemia. It is very important to inquire about the
patient's detailed medical history and to perform a meticulous physical examination.
In addition, it is also necessary to go to the bedside frequently, to observe any changes
in the patient’s condition because changes in emergency patients are dynamic.
Angiography is the gold standard for diagnosis and should be performed when
there is a clinical doubt. The development of abdominal computed tomography
angiography has allowed for three-dimensional reconstruction of the blood vessels
and a clearer assessment of the location and extent of damage, which can help
surgeons in deciding on the correct treatment strategies. The precondition of
angiography is the hemodynamic stability of the patient. It is generally contraindicated in a hemodynamically unstable patient with multisystem injury; for these
patients, duplex ultrasonography may be helpful. Among the total 8 cases discussed
herein, 6 underwent angiography, 3 of which were given the abdominal computed
tomography angiography; the 2 other patients did not undergo any blood vessel
examination.
Once injury to the common iliac artery has been determined, operative repair is
generally indicated. The surgical procedure includes both open and endovascular
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Figure 2

Figure 2 Abdominal computed tomography findings after partial small intestine resection and stent
implantation. A: The nail of the linear cutting closer is shown (black arrow) along with the abdominal cavity silicone
drainage tube (white arrow); B: Three-dimensional computed tomography angiogram reconstruction confirmed good
position of the left common iliac artery stent (white arrow).

approaches. Ligation of the iliac artery results in an unacceptable amputation rate of
up to 50%[7]. Major vessels should be ligated only when the procedure is considered to
be life-saving or in the presence of gross contamination, where subsequent extraanatomical grafting is possible[2]. The loss of 1.5 cm of vessel is the maximum length
that can be dealt with by mobilization and end-to-end anastomosis[2,13]. Furthermore,
the vascular wall must be normal before anastomosis and the anastomotic site must
be free of tension. Long segment injury may require substitution of a vascular
conduit[20].
Autologous vein grafts and synthetic grafts are available. At present it is still
debatable which is better - an autologous vein graft or a synthetic graft. Autologous
grafting with the hypogastric artery or saphenous vein on injured iliac arteries may
give rise to the problems of size discrepancies and time consumption in harvest,
making these grafts unfavorable[1,5]. Synthetic grafts are more favorable as they are
available in various sizes, but they are not ideal in cases of peritoneal contamination
from concomitant bowel perforation. Several articles have provided evidence that
polytetrafluoroethylene grafts may be used in the face of substantial contamination
and may be resistant to subsequent infection[21,22].
Extra-anatomic bypass and femorofemoral or axillofemoral bypass are alternatives.
Endovascular techniques have been used to treat a variety of endovascular
diseases[23-26]. The endovascular approach offers benefits in terms of easier access to the
target lesion, reduction in blood transfusion requirement, and obviation of the
potential need for systemic heparinization[13]. Among the total 8 patients discussed
herein, 5 underwent endovascular stenting and the remaining 3 underwent open
surgery. Jovanovic et al[11] consider that reinforcement of the posterior aortic wall to
the anterior longitudinal ligament should be added to the armamentarium of aortic
injury treatment. In our case, the final choice of endovascular therapy may have
resulted from consideration of the patient’s hemodynamic stability, absence of vessel
rupture, and severe abdominal cavity contamination.
Considering that most patients with this injury present with multiple other severe
injuries, it is important to remember that the primary purpose of treatment is to save
the patient’s life. Therefore, the principles of simplicity and efficiency must be
satisfied when choosing the therapeutic method. Endovascular therapy has the
advantages of being minimally invasive, having little effect on the patient, and
producing clear effect, all of which conform to the above two principles. Among the
total 8 patients discussed herein, 2 did not receive surgery until 4 d after the diagnosis
and neither experienced serious repercussions.
Taking into account the information presented in previous literature reviews of this
injury, we noted the consequence of short-term ischemic necrosis of the affected limb
to be infrequent. Therefore, within the time allowed, the most serious injury
endangering the patient’s life should be addressed first, followed by the compression
injury of the lower abdomen when the patient's general condition has stabilized. It is
important to avoid multi-organ surgery and long anesthesia time associated with a
one-stage operation, especially for patients who are elderly, have underlying basic
diseases, or are seriously injured. This is consistent with the current damage control
theory; however, the premise is to closely observe changes in the patient’s condition.
Once the limb is found to have the tendency of ischemic necrosis, immediate surgical
intervention should be initiated.
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Table 1 Demographic and clinical profile of the cases of compression injury of the lower abdomen in the literature
Age (sex)

Cause of injury

Location

Symptom and sign

Auxiliary examination Associated injuries

44 (M)

Car crash

Right

Cold right lower leg;
absent right femoral,
popliteal, and pedal
pulses; absent left
popliteal and pedal
pulses

Angiography

27 (M)

Crushed between a fork- Bilateral
lift truck and a concrete
platform

Cold and loss of motor Doppler scanning;
function for both feet,
arteriography
with the right foot being
worse; no femoral or
pedal pulse

Pelvic and right
acetabular fracture;
retroperitoneal bladder
rupture; abdominal wall
disruption

74 (F)

Seatbelt injury

Bilateral (aortic
bifurcation disruption)

Pulseless and cold

Contusion of chest wall
and left lung; complete
disruption of the lower
abdominal muscles;
intestinal transection
with mesenteric
disruption

26 (M)

Abdominal and lumbar
spine compression in a
metal press

Left

Cold and pale;
ACTA
reduction of power and
sensory loss; no
pulsation of the femoral
artery

Contusion of the
abdominal wall;
retroperitoneal
hematoma in the left
psoas muscle

9 (M)

Seatbelt-related injury

Right (aortic dissection)

A cold right lower leg

MRA

Intestinal perforation;
fractures of the lumbar
spine

51 (M)

Abdomen compression
by a tractor against a
house wall

Right (aortic dissection)

Cold and pale; no
palpable artery pulses

ACTA

Traumatic perforations
of the ileum and
transversal colon

35 (M)

Seatbelt injury

Right

Absent right femoral,
popliteal, and posterior
tibial pulses

No

Multiple scalp and face
lacerations; bowel
transections of
descending colon and
one segment of the
small bowel

56 (M)

Lower abdomen
compression between
two forklifts

Left

Pain; cold and numb;
pulsation of the left
dorsal pedal artery
disappeared

ACTA

Transection of small
intestine

No

Subarachnoid and
intraventricular
hemorrhage and diffuse
axonal injury;
subcapsular hematoma
of the liver, splenic
laceration, comminuted
fracture of the left iliac
wing, and widening of
the left sacroiliac joint;
contusion of the midabdomen

ACTA: Abdominal computed tomography angiography; MRA: Magnetic resonance angiography.

Compartment syndrome should be anticipated after revascularization.
Postoperative increase in pain in the distal limb, any evidence of decreased perfusion,
increasing neurological signs, or limb swelling warrant fasciotomy without delay[2].
Among the total 8 patients discussed herein, delayed fasciotomy occurred in 3.
Certainly, close observation and judicious clinical judgment are necessary in every
case.

CONCLUSION
All patients with abdominal trauma should be suspected of having major vascular
injury, especially those with compression injury of the lower abdomen. Taking
detailed medical history and performing a meticulous physical examination are
necessary. In addition, the patient should be carefully observed to detect any changes
in the overall condition. It is especially important to consider the most simple and
effective methods first, to minimize the risk of death. Ultimately, however,
individualized treatment strategies based on each patient's condition are needed and
will improve outcomes.
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Table 2 Treatment details and prognosis of the 8 cases
Operative delay time

Procedure

Fasciotomy

Result

<4h

Endovascular stenting

No

Died due to complications of brain
injury

Shortly after admission

Endovascular stenting

Right

Right leg paralysis persisted
secondary to severe lumbar plexus
nerve injury

Shortly after admission

Aortoiliac bypass with spiraled
saphenous vein graft

Bilateral

Died due to severe acute respiratory
distress syndrome and associated
pulmonary sepsis

Shortly after admission

Endovascular stenting

No

Good

After 4 d

Endovascular stenting

Right

Well-perfused right lower limb with
normal pulses but paraplegic

Shortly after admission

Use of anterior longitudinal ligament No
and great saphenous vein graft

Good

Approximately 3 h

Segmental excision and internal iliac
artery patch angioplasty

No

Good

After 4 d

Endovascular stenting

No

Good
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Abstract
BACKGROUND
Single coronary artery (SCA) originating from a solitary ostium in the aorta and
perfusing the entire myocardium is a very rare congenital anomaly of the
coronary artery. Furthermore, a right coronary artery (RCA) arising from the mid
segment of the left anterior descending artery (LAD) is an extremely uncommon
variation of SCA.
CASE SUMMARY
A 76-year-old woman presented a 5-mo history of exertional angina. Selective
coronary angiography revealed an SCA, with severe ostial stenosis that
originated from the left sinus of Valsalva and bifurcated normally into the LAD
and circumflex coronary artery. In addition, an anomalous RCA originated from
the mid segment of the LAD as a separate branch. Successful balloon angioplasty
and stenting for the SCA ostial stenosis were performed on the patient.
CONCLUSION
Percutaneous coronary intervention (PCI) of the main trunk for SCA is very
similar to PCI of an unprotected left main coronary artery. Although technical
difficulties and risks do exist, PCI for severe ostial stenosis of the main trunk is
safe and efficacious in selected SCA patients.
Key words: Coronary anomaly; Single coronary artery; Left main coronary artery;
Percutaneous coronary intervention; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The right coronary artery arising from the mid segment of the left anterior
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descending artery is an extremely uncommon variation of single coronary artery (SCA).
In this report, a 76 year-old female presented a 5-month history of exertional angina.
Selective coronary angiography revealed an SCA, with severe ostial stenosis. Successful
balloon angioplasty and stenting for the SCA ostial stenosis were performed on this case.
Although technical difficulties and definite risk do exist, percutaneous coronary
intervention for severe ostial stenosis of main trunk is safe and efficacious in selected
SCA cases.
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INTRODUCTION
Single coronary artery (SCA) that originates from a single ostium in the aortic trunk
and perfuses the entire myocardium is an extremely rare congenital anomaly of the
coronary artery. The incidence of SCA ranges from 0.016% to 0.066% in the patient
population undergoing coronary angiography[1-3]. Myocardial perfusion could be
affected in patients with different SCA subtypes, such as SCA arising ectopically from
the right aortic sinus and passing between the aorta and pulmonary artery before
dividing into the left anterior descending artery (LAD) and left circumflex artery, slitlike ostium due to an acute angle of SCA, or those complicated with proximal
atherosclerotic stenosis [4-6] . Coronary artery ostioplasty and bypass grafting are
recommended as the first-line revascularization therapeutic strategy for these
subtypes of SCA which can cause serious, even fatal, consequences[7,8]. In this case
report, a patient with SCA, combined with severe ostial lesions of the left main
coronary artery (LM) and significant stenosis of the left anterior descending artery
(LAD), was successfully treated by percutaneous coronary intervention (PCI).

CASE PRESENTATION
Chief complaints
A 76-year-old woman with a medical history of hypertension and hypercholesterolemia was admitted with progressive angina over five months.

Examinations of the patient
Electrocardiography showed non-specific ST-T abnormalities. The transthoracic
echocardiography findings were normal for left ventricular performance without
segmental hypokinesis. Diagnostic coronary angiography performed via the
transfemoral approach showed that the LM, which normally originates from the left
sinus of the Valsalva, had a 95% ostial calcified stenosis and slight shaft lesion. The
LM branched into the normal left circumflex artery and the LAD with a diffuse lesion
(70%-99%) in its mid segment with delayed distal flow. An anomalous branch without
significant lesions arose from the mid-portion of the LAD and perfused the notional
area of the right coronary artery (RCA) (Figure 1). The LAD wrapped around the
apex, had an extended length, and then supplied to the posterior and inferior wall.
Aortography revealed a blunt right and noncoronary sinus without any stumps
(Figure 2).

FINAL DIAGNOSIS
The patient was diagnosed with coronary atherosclerotic heart disease with unstable
angina; essential hypertension and hypercholesterolemia; and congenital SCA
anomaly with branching of the RCA originating from the LAD, complicated with
ostial LM lesions and a mid-segment stenosis of the LAD.
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Figure 1

Figure 1 Coronary angiograms. A: Left anterior oblique caudal view; B: Right anterior oblique cranial view. The
coronary angiograms show the left main coronary artery with severe ostial stenosis and left anterior descending
artery (LAD) with a diffuse lesion in the mid segment and right coronary artery from the midportion of the LAD.

TREATMENT
Based on these findings, surgical treatment was advised for the patient. However, she
refused coronary artery bypass grafting and instead accepted PCI. A 6F Judkin’s left 4
guiding catheter was used to engage the main trunk and an intra-aortic vacant guide
wire was placed to prevent a decrease in blood pressure in the coronary artery. After
balloon pre-dilatation of the lesion around the LM and LAD, two sirolimus-eluting
stents (2.5 mm × 33 mm and 3.0 mm × 33 mm) were placed at the middle LAD and
then a 3.5 mm × 18 mm sirolimus-eluting stent at the ostial and shaft of the single
coronary trunk was successfully deployed. Balloon post-dilatations of the entire
stented segment were performed per standard procedure. The final angiographic
results were satisfactory as demonstrated by thrombolysis in myocardial infarction
grade 3 flow (Figure 3). The collaterals from the RCA and left circumflex artery were
still visible.

OUTCOME AND FOLLOW-UP
Postoperatively, the patient was treated with guideline-directed medical therapy,
which included aspirin, clopidogrel, irbesartan, and atorvastatin. The patient was
followed at 6-mo intervals. No myocardial ischemia symptoms, changes in
electrocardiography, cardiac dysfunction, or adverse cardiac events were noted
during the three-year follow-up period.

DISCUSSION
SCA is a rare congenital anomaly of the coronary artery and is usually found by
coronary angiography or necropsy. An SCA may arise with a single ostium from
either the left Valsalva sinus or the right sinus. This causes confusion on where to
cannulate another coronary artery ostium upon coronary angiography. Multislice
computed tomography and magnetic resonance imaging can also aid in the diagnosis
of SCA [4,9,10] . Multislice computed tomography may be superior to conventional
selective coronary angiography in confirming and visualizing the origin, course, and
termination of the SCA. Magnetic resonance coronary angiography, without radiation
and contrast medium, has advantages in providing the spatial position of SCA[11,12].
Lipton et al[13] originally classified these coronary variations based on the site of
origin, anatomical distribution, and course of the branches. Type L or R describes SCA
that arises from the sinus of Valsalva and divides them into class I-III. Class I denotes
SCA following the normal left or right course. In class II, an anomalous artery arises
from the proximal part of the normally located opposite coronary artery and crosses
at the base of the heart as a large transverse trunk to supply the contralateral coronary
artery. Class III represents the LAD and the circumflex artery originating separately
from the proximal part of the normal RCA. In classes II and III, based on the
relationship between the anomalous coronary artery, the aorta, and the pulmonary
artery, the “A” refers to the anomalous artery passing anterior to the pulmonary
artery, and “B” refers to it coursing between the aorta and pulmonary artery, while
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Figure 2

Figure 2 Aortography (left anterior oblique view) reveals a blunt right and noncoronary sinus without
coronary origin.

“P” refers to it passing posterior to the large vessels. Yamanaka et al[2] and Shirani et
al[14] modified the classification to describe the origin and course of these coronary
anomalies. The anomalous origin of the RCA arose from the midportion of LAD in
our patient, which is an extremely rare variation of SCA and does not fall under any
subtype of Lipton's classification[15,16]. This kind of congenital anomaly generally
remains asymptomatic. However, the origin of the anomalies and the course of the
coronary artery are heterogeneous variations of clinical presentations and
consequences[17].

CONCLUSION
There has been no consensus regarding the risk for atherosclerosis in patients with
SCA. However, the myocardial ischemia symptoms in our patient were caused
apparently by atherosclerotic stenosis of the LM and LAD, and not the anomaly itself.
Unprotected LM stenosis has been traditionally treated using coronary artery bypass
grafting. Improvements in drug-eluting stents and techniques have led to increased
use of PCI on unprotected LM [18,19] . Results from randomized clinical trials and
registries have confirmed that PCI of the LM lesion is safe and efficacious in selected
patients with low or intermediate angiographic risk scores[20,21]. However the PCI
procedure for the main trunk ostial lesion of SCA is still a technical challenge for
surgeons and may be of high risk. Stenting on the shaft and distal lesions of the LM
have been described previously only in three patients[22-24]. However, this report is the
first to describe PCI for severe ostial main stem stenosis and SCA with an anomalous
origin of the RCA arising from the LAD.
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Figure 3

Figure 3 Coronary angiograms after percutaneous coronary intervention. A: Caudal view; B: Right anterior oblique cranial view. The images show excellent
stent expansion and no dissection in the left main coronary artery ostia, the mid segment of left anterior descending artery, and right coronary artery with thrombolysis
in myocardial infarction grade 3 flow.
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