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Abstract

Coronavirus disease 2019 (COVID-19) has several extrapulmonary symptoms.
Gastrointestinal (GI) symptoms are among the most frequent clinical manifest-
ations of COVID-19, with severe consequences reported in elderly patients.
Furthermore, the impact of COVID-19 on patients with pre-existing digestive
diseases still needs to be fully elucidated, particularly in the older population.
This review aimed to investigate the impact of COVID-19 on the GI tract, liver,
and pancreas in individuals with and without previous digestive diseases, with a
particular focus on the elderly, highlighting the distinctive characteristics
observed in this population. Finally, the effectiveness and adverse events of the
anti-COVID-19 vaccination in patients with digestive disorders and the peculi-
arities found in the elderly are discussed.

4099 July 14,2023 | Volume?29 | Issue26 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v29.i26.4099
mailto:marcello.covino@policlinicogemelli.it

Papa A et al. COVID-19 and GI diseases in elderly

Key Words: COVID-19; Elderly; Inflammatory bowel disease; Liver disease; Cirrhosis; Pancreatic disease

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Gastrointestinal symptoms are frequent in coronavirus disease 2019 (COVID-19), with more severe consequences
reported in elderly patients. Patients with pre-existing liver disease are at an increased risk for worse outcomes, while no
definitive conclusions can be drawn regarding patients with inflammatory bowel disease or pancreatic diseases. Elderly
patients with digestive disorders, although the available data are limited, have no worse COVID-19 outcomes than those
without these diseases.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the ongoing pandemic of coronavirus
disease 2019 (COVID-19). Since its first report in December 2019 in Wuhan, China[1], COVID-19 has quickly spread
worldwide with 635229101 confirmed cases, including 6602552 deaths according to the World Health Organization
(WHO) at the moment of writing[2]. Although symptomatic COVID-19 patients exhibit various signs and symptoms, the
typical clinical presentation has been predominantly respiratory[3]. The most common symptoms include cough (60%-
86%), shortness of breath (53%-80%), and taste and smell alteration (64%-80%)[4-6]. However, as caseloads rise, many
extrapulmonary effects have been observed, affecting the cardiovascular, neurologic, gastrointestinal (GI), and
dermatologic systems. Liver and pancreatic impairment may also occur, especially in critically ill patients[7]. Although
their exact prevalence is still the subject of debate, GI symptoms are more and more frequently reported[8]. However, it is
impossible to exclude a bias thriving from the increased awareness of GI manifestations[9]. Some authors reported a
prevalence of GI involvement of around 31.9%[10,11], while others up to 61%[12]. Regarding the impact of SARS-CoV-2
infection on older age, more severe outcomes are described [13,14]. The reason is the various age-related changes and the
higher number of comorbidities typical of these patients. However, increasing evidence suggests that age is the most
significant risk factor for worse outcomes[15]. Immunosenescence, the age-associated decline of immune system function,
is the primary reason for the increased susceptibility to viral infection[16,17].

Methods

Considering a broad topic such as SARS-CoV-2 infection, this narrative review aimed to provide an overview of current
knowledge of its impact on the GI tract, liver, and pancreas, with a particular interest in the elderly population. First, we
created a list of keywords related to our research question. Articles were searched in the PubMed, Scopus, and EMBASE
databases using the following search terms: “COVID-19”, “SARS-CoV2 infection”, “Elderly people”, “Elderly
population”, “Old people”, “Gerontal population”, “Extrapulmonary manifestations”, “Gastrointestinal symptoms”,
“Gastrointestinal bleeding (GIB)”, “Inflammatory bowel disease (IBD) ”, “Liver injury”, “Liver dysfunction”, “Chronic
liver disease”, “Drug liver injury”, “Pancreatic involvement”, “ Acute pancreatitis” and “COVID-19 vaccination”. We then
synthesized, analyzed, and critically evaluated the related data to identify trends and patterns, in theory, debates,

conflicts, and, most of all, persistent gaps in the existing knowledge.

Mechanisms of Gl involvement in COVID-19

It is well known that SARS-CoV-2 enters cells using angiotensin-converting enzyme 2 (ACE2)[8,18]. In addition to the
respiratory tract, ACE2 has also been found in the GI tract, especially in the tongue, esophageal, gastric, and rectal
mucosa[19]. Mechanisms underlying the probable pathological effect of SARS-CoV-2 are varied. First, the virus’s entry
into cells may lead to a direct cytopathic effect[20]. SARS-CoV-2 infection emphasizes inflammatory pathways
determining the “cytokine storm”, which is characterized by the overproduction of mediators such as interleukin-2 (IL-2),
IL-7, tumor necrosis factor (TNF) and granulocyte monocyte colony-stimulating factors[21]. This condition could generate
diarrhea due to the alteration of gut motility and GI flora[22]. Notably, gut microbiota alterations have been found in
these patients, probably due to factors such as exposition to antimicrobial agents or expression of viral proinflammatory
mediators. Moreover, ACE2 seems to be involved in the antimicrobial peptide secretion through target of rapamycin
activity; an aberrant functioning of this pathway has been described during COVID-19[23]. In addition to this mechanism,
disorders of the gut-lung axis may be involved in the pathophysiology of GI symptoms. For example, it has been reported
that lung flora alteration can correlate with intestinal microbiota modifications, probably due to increased recruitment of
lung-derived CCR9+CD4+T cells into the bowel[24,25]. Regarding nausea and vomiting, these symptoms are likely
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related to SARS-CoV-2 infection of the vagus nerve and a cytokine-mediated stimulation of the central and autonomic
nervous systems[26]. Moreover, anorexia might be related to nausea and vomiting or associated with acute viral
prodrome and cytokine storm[27]. Some studies have identified a lower prevalence of GI symptoms in the elderly
population. This finding could be related to differences in gene expression of the ACE2, which seems to be directly
correlated with age[9,28,29]. Older patients showed higher intestinal ACE2 mRNA expression, which could modify
susceptibility to GI symptoms by influencing intestinal immunity and microbiota composition[29,30]. However, studies
on this relation are few and with uncertain results.

Gl symptoms in patients with COVID-19

In one-third of patients with COVID, GI symptoms occur as the first presentation. Nausea and vomiting may be present
in up to two-thirds, diarrhea in up to 50%, loss of appetite in approximately 40%, and less than 10% present abdominal
pain[7]. Moreover, extreme cases, such as the autoptic finding of segmental dilatation and stenosis of the small intestine
in an 85-year-old man with COVID-19, have been reported in the literature[31]. However, the causal role of SARS-CoV-2
has yet to be established.

Gl manifestations in elderly patients with COVID-19

Anorexia and diarrhea were the most frequent symptoms reported in the elderly, with variable frequencies depending on
the study. In a large Brazilian cohort of 9807 patients, low frequencies of GI symptoms were reported, with diarrhea being
registered only in 2% of patients[32]. Marziliano et al[33] reported a prevalence of GI symptoms of near 9% in a
population of older adults (65 years and older). Ramos-Rincon ef al[34] reported that very old patients (age > 80 years old)
had higher frequencies of GI symptoms, with diarrhea presenting in 14% and vomiting in 5%, and anorexia in nearly 21%
of patients. In the studies mentioned above, GI symptomatology did not impact mortality. Other studies pointed out an
inverse correlation between age and the prevalence of GI symptoms[9,28]. Aroniadis et al[9] reported that older COVID-
19 patients were less likely to exhibit digestive symptoms. A lower prevalence of GI symptoms was reported in 70 and
older patients compared with those < 70 years (32% vs 41%). This potential age-related protective effect is found in a
dysregulation of the immune system activation and a different expression of the ACE2 receptor in the digestive system
[28]. Surprisingly, some studies highlighted a possible protective role of GI symptoms in COVID-19. Belgian research
observed a prevalence of 30% of GI symptoms in frail older patients (aged over 80 years) and a positive correlation
between their presence and patients” survival[35]. These results were also aligned with those of Vrillon ef al[36], who
described a positive outcome in older people presenting with GI symptoms, whereas younger adults with digestive
symptoms had a higher prevalence of complications. On the contrary, Atalla ef al[37] in their retrospective study, revealed
a higher incidence of loss of appetite (83.3% vs 44.4%) and diarrhea (50% vs 28.6%) in the deceased patients than in those
who survived. However, the onset of diarrhea during hospitalization was not necessarily related to SARS-CoV-2
infection, and the etiological analyses are not presented in the article[37]. Patients with SARS-CoV-2 infection are also at
risk of other potential causes of diarrhea, such as Clostridium difficile infection and antibiotic-associated diarrhea due to
frequent antimicrobic therapy and hospitalization. These could be confounding factors that alter the analysis of GI
symptoms during SARS-Cov-2 infection, especially when they appear during infection and not at onset[18,24]. GI
bleeding (GIB) in COVID-19 patients can represent a fatal complication. In the literature, a rate of GIB between 1.1% and
13% during SARS-CoV-2 infection has been reported[38]. However, the actual incidence and prevalence of GIB in
COVID-19 patients are extremely difficult to assess. The underlying mechanisms for GI hemorrhage in COVID-19
patients could involve conditions that increase the risk of thromboembolism, such as dehydration, which may follow
fever or diarrhea[39]. Anticoagulation drugs prescribed for preventing thrombotic events should be considered additional
risk factors[40] Although Ion et al[41] sustained that the use of anticoagulation or antiplatelet agents was not a risk factor
for GIB, at least in hospitalized COVID-19 patients. Stress ulcers may be another major cause of bleeding unrelated to
SARS-COV-2[41]. Furthermore, assisted ventilation techniques could cause stress ulceration and generate GIB[42].
However, rates of thrombosis and bleeding related to COVID-19 were congruent to those reported in hospitalized
patients with comparable grades of critical illness. Except for case reports, no elective studies on the elderly population
are available in the literature[43]. An overview of the analyzed studies is shown in Table 1.

COVID-19 in inflammatory bowel disease patients

Due to the immunosuppressive therapies, malnutrition, and chronic inflammation, patients affected by inflammatory
bowel disease (IBD) are potentially at augmented risk for SARS-CoV-2 infections and complications due to the
immunosuppressive therapies, malnutrition, and chronic inflammation[44,45]. However, various studies have invest-
igated the incidence of COVID-19 in IBD patients, concluding that it is not increased compared to the general population
[46-48]. Interestingly, COVID-19 in IBD patients has a clinical presentation similar to the general population. A recent
meta-analysis found that the most common symptoms in these patients are extraintestinal, such as fever and cough[49].
However, GI manifestations appear more common than in the general population. Diarrhea can occur in 27.2% of
patients, followed by abdominal pain, nausea, and vomiting, with a pooled prevalence rate of 13%, 10%, and 8.8%,
respectively, and sporadically GI symptoms can be the only clinical presentation, which could be challenging to differ-
entiate from IBD reactivation[49]. The prognosis of COVID-19 patients affected by IBD is not different from that of the
general population. A recent meta-analysis observed that IBD was not correlated with augmented risk of death, intensive
care unit (ICU) admission, or hospitalization related to COVID-19, and the pooled odds ratios were 0.67 [95% confidence
interval (CI): 0.32-1.42], 1.09 (95%CI: 0.27-4.47), and 0.58 (95%CI: 0.28-1.18), respectively[50]. On the other hand, another
meta-analysis found that in IBD patients affected by COVID-19, the risk ratio (RR) of adverse outcomes was increased
(RR =1.32; 95%CI: 1.06-1.66) compared to patients without IBD[51]. The risk factors for worse outcomes of COVID-19,
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Table 1 Overview of studies evaluating the course of gastrointestinal symptoms during severe acute respiratory syndrome coronavirus

2 infection in the elderly population

Gl , " . Abdominal
Ref. n Age (yrs) Diarrhoea  Nausealvomiting  Anorexia . Outcomes
symptoms pain
de Souzaetal 9807  70.21+8 - 2% - - - No association
[32]
Ramos- 2772 863 +3 - 14% 5% 22% - No association
Rincon et al
[34]
Marziliano et 4961 778 9% - - - - No association
al[33]
Atalla et al 111 87.0 7% (38% all 2% 17% (61% all - Mortality was associated
[37] median ages) ages) with a disease course
(IQR: 77.0- beginning with a loss of
92.0) appetite, and the incidence of
diarrhea was more frequent
in the deceased
Lanthier etal 50 88 median  30% 24% 6% 10% 6% Digestive symptoms were
[35] (IQR: 83- associated with a favorable
92) outcome
Aroniadiset 434 Age >70 31% 19% - - - Older patients were less
al[9] likely to exhibit
gastrointestinal symptoms
Zhan et al[23] 39 Age>75 36% - - - - No association
Vrillon et al 76 90 median  22% - - - - Digestive symptoms were
[36] (IQR: 86- associated with a favorable
92) outcome

The sample’s age was expressed either by the mean or the median in the studies analyzed. For some non-specific studies performed on older people, only
the characteristics of the population mentioned above have been shown in the table. However, some of these have yet to express a category-specific
significant trend measure. For example, the relationship between the course of the infection and the outcome was reported in the last column. SD: Standard

deviation; IQR: Interquartile range; GI: Gastrointestinal.

such as age, male sex, and comorbidities, are the same as observed in the general population. In IBD patients with
COVID-19, an active disease was considered a risk factor for poor outcome[52,53], and in a cohort of 79 patients with IBD
and COVID-19, active IBD, especially in elderly patients, was correlated with worse outcomes such as pneumonia, hospit-
alization, respiratory support, and death[52]. Another study reported that the correlation between IBD activity and the
risk of severe COVID-19 appears to vary with age and is more relevant in younger patients[53]. The impact of IBD
medications on the course of COVID-19 is still under investigation. A meta-analysis by Tripathi et al[54] has shown that
the therapy with TNF-o antagonists is associated with favorable hospitalization and mortality outcomes, while the use of
mesalamine was correlated with worse outcomes in terms of hospitalization, ICU admissions, and death. Another recent
study, including 6144 patients, found that systemic corticosteroids were associated with severe COVID-19, while
mesalamine and sulfasalazine were not associated with adverse outcomes[55]. In addition, combination therapy with
TNF-a antagonists plus thiopurines was correlated with an augmented risk of hospitalization or death, but not the
combination with methotrexate. Moreover, biologics were not associated with worse COVID-19 outcomes and could have
a protective effect without differences when comparing biologic classes such as TNF-a, IL-12/23, or integrin antagonists
[56]. Therefore, the correct management of IBD therapy is relevant because SARS-CoV-2 is not correlated with the risk of
IBD relapse. Conversely, the discontinuation or delay of the IBD therapy, regardless of SARS-CoV-2 infection, is
significantly associated with the disease activity[55,56] (Table 2).

COVID-19 in elderly patients with IBD

Elderly-onset IBD is defined as onset at 60 years or older[57], and up to 30% of the IBD population is older than 60 years,
while 15% of IBD patients have been diagnosed after age 65. It has been observed that in elderly-onset IBD, there is a
different natural history and disease phenotype. The disease outcomes are less influenced by genetics, while frailty,
immunosenescence, and dysbiosis have a more significant role[58]. In IBD patients, as in the general population, age and
comorbidities increase the risk of severe COVID-19 and disease-related mortality[45,59]. A prospective observational
study that included 482 patients confirmed that age over 60 years was correlated with severe COVID-19 [odds ratio (OR)
=4.59, 95%ClI: 1.3-15.9] and was an independent risk factor related to death (OR = 7.1, 95%CI: 1.8-27.4), as to have two or
more comorbidities (OR = 3.9, 95%CI: 1.3-11.6)[60]. Wetwittayakhlang et al[61] examined a cohort of 3516 IBD patients, of
whom 82 were diagnosed with COVID-19 infection, and they observed that age over 55 years was an independent risk
factor for developing severe COVID-19. The study by Brenner et al[59], through an extensive international registry,
corroborates these observations, finding that advanced age [adjusted OR (aOR) = 1.04; 95%CI: 1.01-1.06] and having at
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Table 2 Risk of severe coronavirus disease 2019 in elderly inflammatory bowel disease patients

Total number of IBD  Number of COVID-19-positive ~ Age threshold considered

Ref. . . Risk of severe COVID-19
patients IBD patients (yrs)
Ludvigsson et al[45] 67292 179 (hospitalized patients) 60 HR =1.42; 95%CI: 0.94-2.13
Brenner et al[59] SECURE-IBD database 525 Increasing age on multivariable OR =1.04; 95%CI: 1.01-1.06
analysis
Zabana et al[60] 53682 482 60 OR =4.59, 95%ClI: 1.3-15.9, P
=0.02
Wetwittayakhlang etal 3516 82 55) OR =11.09, 95%CI: 1.81-
[61] 68.09, P = 0.02

OR: Odds ratio; CI: Confidence interval; IBD: Inflammatory bowel disease; COVID-19: Coronavirus disease 2019; HR: Hazard ratio.

least two comorbidities (categorized into lung disease, cardiovascular disease, hypertension, history of stroke, cancer,
liver disease, kidney disease, and diabetes) (aOR = 2.9; 95%ClI: 1.1-7.8) were positively associated with severe COVID-19.

Regarding the risk of SARS-CoV-2 infection, a study by Gubatan et al[62] observed that IBD patients older than 66
years have an augmented risk of acquiring SARS-CoV-2 infection compared to younger patients. On the other hand, a
retrospective cohort study by Calafat et al[63] that included 418 IBD patients over 65 years of age, of whom 32 were
diagnosed with COVID-19, found that the incidence of COVID-19 in elderly IBD patients is similar to that reported in the
age-adjusted general population. Furthermore, the incidence of COVID-19 was not influenced by the use of immunosup-
pressants, but the authors observed a worse prognosis among the patients who did not use immunosuppressants.
Medication use in older patients with IBD differs from younger ones since they are treated less often with biological
agents and immunosuppressants. However, corticosteroid use is similar[63,64], and it is possible to hypothesize that
these differences could have a role in the course of SARS-CoV-2 infection. Overall, in the elderly population, IBD does not
seem to increase the risk of SARS-CoV-2 infection or severe COVID-19[65] (Table 2).

LIVER MANIFESTATIONS ASSOCIATED WITH COVID-19

Introduction

Among the extrapulmonary manifestations of SARS-CoV-2, abnormal liver function reflecting hepatocellular and cholan-
giocellular injury is often reported[12,66]. COVID-19-associated liver injury includes any liver abnormality due to the
disease course or the treatment. Indeed, it is not always possible to determine whether the liver injury is due to the
infection or other concomitant conditions, such as the co-administration of hepatotoxic agents or ischemic hepatitis from
severe and prolonged hypotension. Moreover, the cytokines storm observed in the severe forms of COVID-19 and caused
by systemic hyper-inflammation may result in multiple severe organs injury and, in turn, it represents another cause of
liver damage[67]. However, the frequency of liver dysfunction in COVID-19 infection has not yet been well understood

Liver test abnormalities

Among abnormal liver function, liver test abnormalities have often been described. The incidence of elevated liver transa-
minases, alanine transaminase (ALT), and aspartate aminotransferase (AST) in COVID-19 patients range from 2.5% to
76.3%[69]. A systemic review pointed out that elevated liver chemistries occurred in 23.1% of adult patients with COVID-
19 at initial presentation[66]. In comparison, 24.4% develop elevated liver chemistries during the illness, and up to 10.7%
have severe liver injury[66]. In detail, the pooled incidence of AST and ALT elevation at initial presentation of COVID-19
was 22.5% and 17.9%, respectively[66]. The incidence of hyperbilirubinemia at the onset of symptoms was 13.4%, while
the incidence of alkaline phosphatase (ALP) and gamma-glutamyltransferase (gamma-gt) was 6.1% and 21.1%,
respectively[66]. In addition, hypoalbuminemia ranged from 1.1% to 45.8% in non-severely infected patients, reaching
72.9% in those severely infected[66].

The cause of the elevated liver enzymes in COVID-19 patients without pre-existent liver diseases still needs to be well
elucidated. In the study of Kulkarni et al[66], only 3.6% of the analyzed patients had underlying chronic liver disease
(CLD), suggesting that liver damage might be directly caused by the viral infection of liver cells. It is believed that SARS-
CoV-2 could penetrate the liver cells thanks to the ACE2 receptor, which is expressed in the liver and bile duct cells[70].
Recent data show that ACE2 is expressed in 2.6% of hepatocytes and 59.7% of cholangiocytes. The level of ACE2
expression in cholangiocytes was similar to type 2 alveolar cells of the lungs. Therefore, liver dysfunction may result from
SARS-CoV-2 attachment to ACE2 on cholangiocytes[71]. Of note, studies on both mice and humans reveal an increased
ACE?2 expression in hepatocytes when liver fibrotic/ cirrhotic conditions are present[69]. This finding leads us to believe
that preexisting liver injury could exacerbate SARS-CoV-2 hepatic tropism. Although COVID-19 may contribute to liver
dysfunction directly through an inflammatory response, postmortem pathological findings of the liver suggest that
COVID-19-related liver dysfunction may be mainly caused by secondary liver damage by respiratory distress syndrome-
induced hypoxia, multiple organ failure, and the use of potentially hepatotoxic drugs[72]. Microscopically, the most
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significant findings in postmortem hepatic tissue of patients with COVID-19 were microvesicular steatosis and mild
lobular inflammation[73]. Zhao et al[72] presented unique findings, such as platelet-fibrin microthrombi in hepatic
sinusoids, central vein or portal vein, histolytic hyperplasia in portal tracts, and megakaryocytic in sinusoids.

Liver test abnormalities and COVID-19 outcomes

Liver test abnormalities can predict the severity of COVID-19 disease[74]. Patients with abnormal liver tests at admission
or during hospitalization, classified as hepatocyte type or mixed type, had significantly higher risks of progressing to
severe COVID-19 and mortality when compared to patients with normal liver tests[66,75]. Elevated liver enzyme levels
are linked to adverse manifestations such as shock, admission to an ICU, and mechanical ventilation. Although, Sabiescu
et al[76] proved that only elevation over five times the upper limit is strongly correlated with high mortality risk. Also,
hypoalbuminemia is a strong predictor of severe COVID-19 course and, in combination with AST or total bilirubin
(TBIL), has a remarkable association with mortality[77], even in patients without chronic illness[78]. Furthermore, Da et al
[79] reported a correlation between ALT levels and levels of inflammatory markers such as C-reactive protein, D-dimers,
ferritin, and IL-6.

It appears evident that liver injury in COVID-19 patients is linked to the severity of the hyperinflammatory response,
thus, reinforcing the hypothesis that the entity of liver damage is related to the severe forms of SARS-CoV-2 infection.
Pazgan-Simon et al[80] reported that liver injury in patients with COVID-19 with no underlying liver disease did not
correlate with higher mortality. On the other hand, patients with preexisting liver disease, particularly those with
cirrhosis, have a higher risk of death than those without any known liver pathology[81].

Impact of SARS-CoV-2 infection on patients with CLD

Wang et al[82] showed an increased risk of COVID-19 infection in patients with a recent diagnosis of CLD. A multicentric
retrospective study revealed that nearly one-fifth of hospitalized COVID-19 patients had CLD[82]. However, the elevated
aminotransferases on admission were higher in patients with CLD than those without CLD. On the contrary, during
hospitalization, the aminotransferase level did not differ between patients with or without CLD. Iavarone et al[83]
described the impact of SARS-CoV-2 infection on ALT levels in cirrhotic patients, revealing that acute liver injury was
observed in almost 50% of patients with previously average ALT values. However, more data are necessary to clarify the
impact of an ALT increase on the natural history of cirrhosis and COVID-19. It has been described that CLD can
negatively influence the clinical outcomes of patients with COVID-19[84,85]. The overall mortality rate of COVID-19 is
estimated at 0%-2% in these patients[86]. However, currently, there is no convincing evidence that patients with stable
CLD without advanced fibrosis/cirrhosis, primary biliary cholangitis, or primary sclerosing cholangitis have increased
susceptibility to severe COVID-19 infection[87]. Contradictory data exist on the risk of developing severe illnesses of non-
alcoholic fatty liver disease (NAFLD)[88]. Patients with NAFLD often suffer from metabolic comorbidities such as
diabetes, hypertension, and obesity and, for this reason, present an increased risk of a severe course of COVID-19[89].
However, Sachdeva et al[90] affirmed that NAFLD might represent a predictor of severe COVID-19, even after adjusting
to the presence of confounding factors. The risk of a worse prognosis of COVID-19 is directly related to the severity of the
liver disease, and cirrhosis may appear independently associated with an increased risk of death in patients hospitalized
with COVID-19[91]. A large multinational cohort study determined that baseline liver disease severity is the primary
determinant of SARS-CoV-2 infection outcome[92]. This study resulted in a mortality of 32% in patients with cirrhosis
compared to only 8% of those with CLD without cirrhosis. In addition, patients with CLD without cirrhosis appear to
have a similar risk of SARS-CoV-2 infection-related mortality compared to patients without liver disease. Furthermore,
since only 19% of cirrhosis patients” mortality was related to liver complications, the leading cause of death remained
COVID-19-related lung injury. Patients with cirrhosis may also have underlying complications such as hepato-pulmonary
syndrome, porto-pulmonary hypertension, or hepatic hydrothorax, which can increase the risk of respiratory failure[93].
On the contrary, a Korean cohort study showed no significant association between developing severe complications from
COVID-19, including mortality, or the presence of liver cirrhosis[94]. A possible explanation could be attributed to the
different etiologies of cirrhosis in the patients analyzed. In particular, chronic hepatitis B is responsible for more than 70%
of cirrhosis cases in Korea[95], and NAFLD and alcoholic liver disease are the most common etiologies of liver cirrhosis in
Europe and North America. Consequently, the different etiologies of cirrhosis may play a critical role in developing
severe complications from COVID-19. For example, a United States multicentric study pointed out that, among patients
with CLD, those with decompensated cirrhosis, alcohol-related liver disease, and hepatocellular carcinoma (HCC) were
more vulnerable to adverse outcomes from COVID-19. These patients also had a higher risk for all-cause mortality from
COVID-19[96] (Table 3).

Drug-induced liver injury caused by COVID-19 treatment

Liver injury can be caused by several medications used in the treatment of COVID-19. Drug metabolites can cause cellular
stress that can lead to apoptosis or necrosis of liver cells[97]. Since most of these drugs cause an elevation of liver enzymes
alone, it is important to correctly define acute liver injury to avoid withdrawing this medication improperly[98]. Drug-
induced liver injury (DILI) is defined as an increased level of ALT > 5-times upper limit of normal (ULN), or increased
level of ALP 2 2-times ULN (in the absence of bone pathology), or a simultaneous increase of ALT > 3-times ULN and
TBIL concentration > 2-times ULN. While analyzing the different medications used for COVID-19 infection, liver-related
adverse effects were more common in patients who used hydroxychloroquine and azithromycin and those who did not
receive any targeted therapy[99]. In contrast, drugs, including lopinavir/ritonavir (LPV/v), were associated with 4 x
higher odds of liver injury[75]. According to another study, no apparent side effects were found in the LPV/r group,
except for transient ALT elevation (< 125 U/L)[96]. A meta-analysis revealed that the incidence of DILI in patients treated
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Table 3 Summary of studies on the relationship between liver disease and coronavirus disease 2019 in elderly patients

Ref. Outcome considered Results
Khaterietal  Incidence of acute liver injury in patients Acute liver injury has no relationship with age
[108] affected by COVID-19
Metawea et al Mortality of patients with hepatocellular Age is associated with poorer outcomes and higher mortality
[110] carcinoma infected with COVID-19
Jietal[111] Severe COVID-19 in patients affected by Associated in patients older than 60 yr
NAFLD
Zhou et al Severe COVID-19 in patients affected by Associated in patients younger than 60 yr
[112] NAFLD
Hartl et al Liver-related death due to COVID-19 between =~ More frequent in the 40-69 years old group than in the over 70 years old group (6.5% vs
[113] different age groups 2.2%)
Ioannou et al  Predictors of mortality among patients with Advanced age was one of the main risk factors for mortality among patients with
[115] cirrhosis and SARS-CoV-2 infection cirrhosis and SARS-CoV-2 infection
Brozat et al The case fatality rate in patients with cirrhosis ~ The case fatality rate in cirrhotic patients and SARS-CoV-2 infection aged 65 yr and older
[116] and SARS-CoV-2 infection was nearly three times that in patients younger than 65 yr (43.6% vs 16.1%)

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: Coronavirus disease 2019; NAFLD: Non-alcoholic fatty liver disease.

with remdesivir was 15.2%, while the incidence of DILI in patients treated with LPV /v was 37.2%[66]. Although some
extensive reviews concluded that remdesivir does not affect liver function[100], AST and ALT elevations have been
described in a cohort of patients treated with remdesivir. However, in most cases, elevated levels of AST and ALT do not
progress to severe liver injury[101]. Hepatotoxicity is documented among the possible Tocilizumab-related side effects. In
registration trials, serum aminotransferase elevations occurred in up to 40% of patients receiving tocilizumab. After its
licensure, it has been linked to several instances of clinically apparent liver injury with jaundice. Also, liver failure and
transplantation may occur in patients treated with tocilizumab[102]. Interestingly, the median age of COVID-19 patients
with DILI ranged from 54.3 to 56 years; therefore, age does not appear to significantly influence the risk of developing
DILI[103]. Although animal studies have demonstrated changes in hepatic physiology that affect drug metabolism in the
aging liver, there is no evidence that this leads to any appreciable deterioration of liver function in healthy elder patients.
Moreover, several large international DILI registries do not support elder age as an independent risk factor for
developing hepatic injury[104]. On the contrary, it has been described that age does affect the incidence rates of liver
injury in COVID-19 patients. Older patients have a higher incidence of liver injury. In addition, impaired liver function in
the elderly increases the drug concentrations in their livers. The decline in liver function also explains the higher
incidence of DILI in the elderly[105]. Therefore, intensive liver function monitoring should be considered for patients
treated with drugs such as remdesivir, LPV/v, and tocilizumab.

COVID-19 liver manifestations in elderly patients

It has been debated if age may represent a risk factor in developing severe complications of SARS-CoV-2 infection in
patients with CLD. Several studies demonstrated that older patients are more susceptible to developing severe COVID-19
[106] but are also more likely to develop liver function abnormalities[68]. However, advanced age as a risk factor for more
severe forms of COVID-19 has not yet been well assessed. Older patients with COVID-19 have a higher risk of liver injury
[107]. Indeed, Khateri et al[108] have revealed that the prevalence of acute liver injury has no relationship with age.
Spearman et al[109] have pointed out that age represents one of the main risk factors for adverse outcomes in individuals
with CLD and COVID-19. In patients with HCC infected with COVID-19, age is considered one of the factors responsible
for poorer outcomes and higher mortality[109,110]. In a Chinese retrospective study of patients with COVID-19, NAFLD
and age over 60 years were associated with a more severe course of COVID-19[111]. On the contrary, Zhou et al[112]
demonstrated that the association between metabolic-associated fatty liver disease and the development of severe
COVID-19 was significant in patients aged less than 60 years. The higher prevalence of severe COVID-19 in patients aged
under 60 years with NAFLD compared to those without NAFLD may be attributed to hepatic and systemic immune
responses caused by NAFLD, which may increase the severity of the cytokine storm in younger patients with COVID-19.
Hartl et al[113] analyzed the frequency and the predictive role of abnormal liver chemistries in different age groups.
Interestingly, the study revealed that patients aged 40-69 years had a significant risk for COVID-19-associated liver injury.
The median levels of hepatocellular injury were highest in patients aged between 40 and 69 years, while cholestatic liver
injury was similar within both groups (40-69 years and > 70 years). However, the patients aged over 70 had the highest
risk of COVID-19-related mortality; liver-related death due to COVID-19 occurred significantly more often in 40-69-year-
old patients than those aged over 70 years (6.5% vs 2.2%)[113]. Moreover, this study revealed that increased AST levels
were linked to a shorter survival time in patients older than 70, while elevated AST seems to predict a severe course of
COVID-19 in all age strata[113]. Of all patients with liver-related death, only 1.7% had no preexisting liver disease.
Another study pointed out that among patients with CLD, the highest risk of death was found in their eighth decade of
life[92]. Age was associated with higher 30-d mortality in patients with cirrhosis and SARS-CoV-2 infection compared
with patients without SARS-CoV-2 infection[114]. Ioannou et al[115] also highlighted that higher age, decompensation,
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and high model for end-stage liver disease scores were mortality predictors. Also, a more recent study pointed out that
older age > 65 and Child-Pugh class C were associated with a high mortality rate[116]. In contrast, Marjot et al[92]
revealed that mortality in patients with cirrhosis was more evenly distributed across age categories, including a high
mortality rate under age 40. A multicentric retrospective Italian study confirmed that the outcomes of cirrhosis patients
with COVID-19 were poor. According to a previous study, cirrhotic patients had a higher mortality rate and lower age at
death[83].

In summary, COVID-19 is frequently associated with liver function abnormality. However, liver dysfunction may
predict a severe form of COVID-19. Therefore, special attention should be paid to older patients, especially those with
preexisting CLD and after using hepatotoxic agents. Lastly, cirrhotic patients deserve special attention because they have
a high risk of liver function deterioration and mortality with COVID-19 infection, regardless of age (Table 3).

Pancreatic manifestations associated with COVID-19 in elderly patients

The pancreatic involvement of COVID-19, both in terms of clinical implications and underlying mechanisms, is highly
manifold and individual-specific[97]. Clinical presentations may range from asymptomatic increases in pancreatic
enzyme levels to episodes of acute pancreatitis (AP) and its related complications included pseudocyst formation,
peripancreatic fluid collection, pancreatic necrosis, and walled-off necrosis[97,117-119]. Several studies also reported the
impact of COVID-19 on metabolic and endocrinologic pancreatic function; manifestations include the development of

glucose intolerance and the exacerbation of hyperglycemia, both leading to the development of new-onset diabetes[120,
121].

COVID-19 and AP: Examining the causality

The mechanisms underlying COVID-induced pancreatic damage can be direct, due to the cytopathic effect of local SARS-
CoV-2 replication, or indirect, caused by the infection’s systemic inflammatory and immune response. Moreover, drug-
induced pancreatic injury resulting from antipyretics, anti-inflammatories, and corticosteroids, should also be considered
as an additional risk factor[122,123]. However, despite several proposed explanations, no comprehensive theory of
COVID-induced pancreatic impairment is universally accepted. The most accredited theory views the engagement of
several complexes and interrelated processes. For example, whether the pancreatic injury is caused by SARS-CoV-2 or is
just an epiphenomenon is often unclear.

Incidence of COVID-induced pancreatic impairment

From an analysis of the present literature, it can be inferred that the range of incidence of COVID-19-caused pancreatic
damage is susceptible to the definition of pancreatic impairment itself. Studies accounting for amylase or lipase serum
level increases as an index of pancreatic involvement report an incidence level of 8.5%-17.3%[122,124]. When the more
stringent Atlanta criteria are considered, lower incidence values of 1.7%-1.8% are reported[125-127]. An example of this
can be found in McNabb-Baltar et al[128]'s work; who pointed out that despite mild hyperlipasemia being observed in 9
out of 71 patients (12.1%), only 2 of those (2.8%) had levels more than three times higher than the ULN and that none of
them showed any characteristic imaging findings of AP. Similar conclusions are supported by the works of Bansal ef al
[129], Rasch et al[130], Barlass et al[131], and Bacaksiz et al[132], all of which call out for caution when addressing the
interrelation between the alteration of pancreatic enzymes and COVID-induced pancreatic impairment. Despite the
increase in pancreatic biomarkers typical of COVID-19 patients, no direct correlation to pancreatic impairment is
established, as these imbalances could result from concurrent clinical conditions[86,133].

On the other hand, many authors have recognized and described a significant prognostic role of amylase and lipase
levels in poor outcomes in COVID-19. Liu et al[125] reported a pancreatic enzyme alteration incidence about nine times
higher in patients with severe COVID conditions compared to those with non-severe disease (17.4% vs 1.85%). Barlass et
al[131] showed an association between lipase elevation and worse disease outcomes, especially in terms of the need for
intensive care (92.9% in patients with elevated lipase levels vs 32.8% in those with lower levels) and rate of intubation
(78.6% wvs 23.5%). Ultimately, the multicenter retrospective cohort study by Singh et al[134] played a vital role in
strengthening this theory, and if its findings are confirmed, serum lipase can be utilized as a marker of disease severity in
patients with COVID-19.

Prevalence and outcomes of acute and chronic pancreatitis in COVID-19

After carefully examining the existing literature, a bidirectional relationship between COVID-19 disease and AP can be
inferred, at least in terms of outcomes. As part of their retrospective observational cohort study, Inamdar et al[135]
reported the point prevalence, risk factors, and outcomes among hospitalized patients with pancreatitis with or without
COVID-19. This work illustrated a point prevalence of pancreatitis of 0.27%, a higher need for intensive care (mechanical
ventilation), and a longer length of hospital stay (OR = 5.65 and OR = 3.22, respectively) among COVID-19 patients.
Comparable data were obtained in the works of Karaali and Topal[136], Dirweesh et al[137], and from the COVID PAN
collaborative study[138], the last of which reported longer length of hospital-stay, persistent organ failure, and higher 30-
d mortality in patients with SARS-CoV-2 co-infection. As clearly described by Ye et al[139], COVID-19 patients with
comorbidities had worse clinical outcomes and greater risk of adverse events proportionally to the number of
comorbidities. Focusing on AP, only two studies have compared outcomes in COVID-19 patients with and without
pancreatic impairment. Miro et al[140] found comparable results for these two groups, except for the former, being more
frequently in need of hospitalization. Similarly, Akarsu et al[141] reported that COVID-19 patients who suffered from
pancreatitis were more likely to have higher hospitalization and mortality rates. Gubatan et al[62] were the first to
evaluate the prevalence and outcomes of COVID-19 among patients with a history of pancreatitis. As thoroughly
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described by Huang et al[142], preexisting pancreas condition was associated with an increased risk of COVID-19 hospit-
alization and mortality compared to pancreatitis-free patients. Specifically, the highest hospitalization and ICU admission
rates were registered in those with a history of chronic pancreatitis. Multicenter research by Hadi et al[143] have
confirmed that COVID-19 patients with convalescent plasma (CP) bear higher hospitalization rates despite showing no
difference in mortality and critical care need. A plausible explanation looks at the higher pancreatic fibrosis grade and the
lower inflammatory state, typical of these patients, as predisposing agents to the burden of comorbidities and worse
COVID-19 outcomes (Tables 4 and 5).

Distinctive features of COVID-19-associated AP in elderly patients

Focusing on the elderly population, it seems that AP has some particular clinical features that lead to a clinically severe
evolution, systemic complications, and, therefore, higher mortality rates[145]. AP has been increasing globally because of
an aging population. However, it is worth noting that even if the WHO's definition of elderly is over > 65 years, the age
cut-off used for “elderly” in AP prevalence studies differs. In detail, the highest prevalence was found in subjects between
55 and 65 years of age[145-147]. The non-specific presentation and the last occurrence of the symptoms typical of elderly
patients make the clinical assessment more difficult for physicians. For example, the typical abdominal pain radiating to
the back is absent or mild in 53.8% of cases[148]. For these reasons and the overlap of coexisting comorbidities, AP is
often clinically indistinguishable from other clinical conditions in this population. Marta et al[149] reported that aging
greatly influenced AP’s outcome. Their work demonstrated a direct relationship between age and the mortality rate with
mortality increase of 0.08% per year between the ages of 20 and 59 and up to 0.76% per year between 59 and 70[149].
These findings, suggesting the involvement of additional deteriorating factors in the elderly population, led the way to
other/further studies. COVID-19-induced AP in the elderly population is increasingly reported. Unfortunately, no
studies account for only COVID-19 elderly patients with pancreatic impairment, and the few data available are
insufficient to draw general conclusions. In Wang et al[122]'s work, which describes the incidence of comorbidities in a
COVID-19-affected population, the nine patients with pancreatic damage had an average age of 55 years, ranging from 25
to 71 years. Similar data are reported in Inamdar ef al[135]'s (average age of 54 years), Bruno ef al[124]'s (average age of
56), and Bulthuis et al[150]'s work (60 years). Moreover, a systematic review of case reports and case series pointed out
that COVID-19-associated AP affected primarily females with a median age of 53.5 years[144]. The average age of all
these study populations aligns with the definition mentioned above of elderly in AP, but the range does not[145].
Conversely, from what was stated before about geriatric patients solely affected by AP[142], 11 case reports of AP in
COVID-19-affected elderly patients showed the typical clinical presentation with all the patients experiencing abdominal
pain radiating to the back[151-160]. However, these findings are insufficient to suggest a direct or, most likely, indirect
effect of SARS-CoV-2 infection on AP’s clinical presentation. Therefore, further studies are necessary to establish a
causative role. As previously reported, aging is considered a risk factor for a worse outcome not only in COVID-19
disease[161] but also in pancreatitis[149]. Advancing age is one of the 8 modified Glasgow Imrie severity Criteria for AP
[162]. Three or more positive criteria, generally assessed within 48 h from admission, are indicative of severe pancreatitis
and may require transfer to an intensive care unit[163]. Three of the 11 case reports had to be excluded from the analysis
for insufficient data availability. Half of the remaining reports showed a result equal to or higher than three, suggesting
severe pancreatitis. However, it is essential to highlight that due to the intrinsic limitation of retrospective analysis,
information about the specific timings of the blood test is missing. To the authors” knowledge, no studies evaluating the
isolated impact of age as a risk factor for severe prognosis exist for specific subgroups of patients like COVID-19 and AP.
Moreover, in the aforementioned prognostic studies[136-138], the demographic composition of the age of the analyzed
groups was so similar that no meaningful information could be inferred on the topic.

Impact of SARS-CoV-2 vaccines on patients with IBD
Initially, SARS-CoV-2 vaccines caused hesitancy in the IBD, mainly due to fear of poor response and safety concerns. IBD
represents impaired immune function due to the disease and the therapies used to control this illness[60]. Jena et al[164]
in a systematic review and meta-analysis, analyzed the response to complete vaccination in IBD patients. They reported
positive seroconversion rates (95%), although these rates were slightly lower than non-IBD controls (98%). However, if
considering only mRNA vaccines, the seroconversion data overlapped between the two populations. Similar results are
reported by Bhurwal ef al[165], which confirmed the adequate response to vaccination in the IBD population (96%), again
showing improved outcomes with mRNA vaccines. Moreover, these two meta-analyses found no significant difference in
seroconversion concerning the therapy administered (anti-TNF alone, vedolizumab, ustekinumab, or JAK inhibitors), in
contrast to other studies which found lower responses to vaccination during anti-TNF alpha and JAK inhibitors therapy
[166,167]. In addition, the analysis of breakthrough infections suggests an overall frequency similar to the general
population. Nevertheless, a more rapid decline in antibody titers is described in IBD patients, particularly those treated
with anti-TNF, immunomodulators, or a combination of these drugs[164]. Another parameter used to assess the efficacy
of vaccination is the T cellular response, which plays an essential role in preventing disease progression[168]. Patients
with IBD maintain this response even when receiving immune-targeted therapies, confirming that the immunocom-
promised state does not necessarily prevent a response to vaccination[169,170]. Interestingly, the T cellular response
appears to be increased in patients taking anti-TNF-a due to unclear mechanisms[170]. Regarding the safety of vaccin-
ations, several studies have observed similar side effect frequencies between the IBD population and the general
population. However, no worsening or flare-up of the disease following vaccination has been proved. Thus, vaccines are
considered a safe and well-tolerated strategy for IBD patients[171,172].

Focusing on the elderly population, it is well known that the response to vaccines may be lower than in young people
[173], which may also occur with SARS-CoV-2 vaccines. This is probably the result of immune-senescence phenomena,
which leads to quantitative and qualitative alterations in the immune system, including a reduction in naive T
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Table 4 Evidence regarding pal

reatic involvement in coronavirus disease 2019 patients

No. of patients with

Ref. Study design pancreatic injury/total no. Remarks
of patients

Wang et al[122] CHS 9/52 (4.68%) Potential mild pancreatic involvement in patients with COVID-19 pneumonia

Bruno et al[124] CHS 6/70 (8.5%) Pancreatic involvement in hospitalized patients with documented COVID-19

Liu et al[125] RS 13/121 (10.74%) Pancreatic enzyme alteration incidence was higher in patients with severe
COVID-19-related conditions than those with the non-severe disease.
However, only a minority of patients with pancreatic enzyme alteration had a
confirmed diagnosis of AP as defined by the AC

Stephens et al[126] RS 158/234 (67.5%) Raised serum amylase in patients with COVID-19 may not be associated with
pancreatitis

Akkus et al[127] RS 127/309 (15.7%) Pancreatic injuries or AP are frequent during COVID-19 infection, especially in

McNabb-Baltar et al[128] RS

Bansal et al[129] RS
Rasch et al[130] CHS
Barlass et al[131] CCs
Bacaksiz et al[132] RS
Magro et al[86] Review
Hunt et al[133] Review
Singh et al[134] MS
Inamdar et al[135] MS

Karaali and Topal[136] RS

Dirweesh et al[137] RS

Pandanaboyana et al CHS
[138]

Miro et al[140] MS
Akarsu et al[141] CCSs
Gubatan et al[62] RS
Huang et al[142] RCS
Hadi et al[143] CS

Georgakopoulou ef al RS
[144]

9/71 (12.1%)

14/42 (33%), 7/29 patients
(24.1%)

22/38 (57.8%)

14/83 (16.8%)

316/1378 (23%)

NA

NA

1406/435731 (0.32%)

189/11.883 (0.01%)

189/562 (33.6%)

75/339 (22.1%)

149/1777 (8.3%)

45/63.822 (0.0007 %)

40/316 (12.6%)

100% total population 14235

4706/326993 (1.4%)

2/3 (66.6%)

100%

those with pre-existing DM

Although a mild elevation in serum lipase was observed in some patients with
COVID-19, acute clinical pancreatitis was not seen, according to the AC

Pancreatic injury showed no statistically significant relation to the severity or
outcome of COVID-19

Patients with lipasemia needed more extended periods of mechanical
ventilation than patients with COVID-19-associated ARDS

Elevated lipase is associated with worse disease outcomes and increased ICU
admission and intubation

Hyperamilasemia was significantly associated with COVID-19 severity

Increased amylase or lipase levels might not be associated with AP in COVID-
19 and may be a consequence of concurrent clinical conditions

No direct correlation between COVID-19 and pancreatic impairment could be
established

Worse clinical outcomes
COVID-19 patients with pancreatitis were more likely to require mechanical
ventilation and had a more extended hospital stay than patients without

COVID-19

COVID-19 patients with AP had a higher rate of severe AP and a higher need
for ICU admission

Higher mortality, MOF, and POF rates were registered in patients with AP and
coexisting COVID-19

SARS-CoV-2 infection in acute pancreatitis increases 30-d mortality and
disease severity

Higher need for hospitalisation in COVID-19 patients with pancreatitis

Higher mortality rate and increased need for hospitalisation in COVID-19
patients with pancreatitis

Patients with a history of pancreatitis may be more susceptible to COVID-19

Pre-existing pancreatitis was associated with an increased risk of COVID-
19-related hospitalisation and mortality

COVID-19 patients with CP bear higher hospitalisation rates

COVID-19-associated acute pancreatitis affected primarily females with a
median age of 53.5 yr

CS: Case series; CR: Case reports; RS: Retrospective studies; RCS: Retrospective cohort study; MS: Multicentric study; CCS: Case-control study; CHS:
Cohort study; CSS: Cross-sectional study; NA: Not available; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; COVID-19: Coronavirus
disease 2019; AC: Atlanta criteria; CP: Convalescent plasma; ICU: Intensive care unit; MOF: Multiple-organ failure; POF: Persistent organ failure; ARDS:

Acute respiratory distress syndrome.

lymphocytes available to respond to a vaccine, a significant decrease in CD8 T cells, and a reduction in the T helper
follicular cell response[174-176]. Unfortunately, there are currently no studies evaluating vaccination efficacy and safety
in elderly patients with IBD. However, in many studies, older age has been associated with attenuated responses, with an
earlier decline of the antibody title and reduction differences in the overall strength of the T-cell, although in most of
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Table 5 Case reports regarding pancreatic involvement in old coronavirus disease 2019 patients

Stud Age
Ref. . J 9 Remarks
design  (yrs)

Meyers et al CR 67 COVID-19 can cause clinical AP. Typical abdominal pain radiating to the back. Increase lipase serum level.

[151] Evidence of AP in abdominal CT scan. Glasgow Acute Pancreatitis Score: NA

Karimzadehet CR 65 COVID-19 presents as mild AP. Typical abdominal pain radiating to the back. Increase lipase serum level. Negative

al[152] abdominal CT scan. Glasgow Acute Pancreatitis Score: 1 point

Gadiparthietal CR 74 AP in a patient with COVID-19 with SARS-CoV-2 as the possible etiological agent. Typical abdominal pain

[153] radiating to the back. Increase lipase serum level. Evidence of AP in abdominal CT scan. Glasgow Acute Pancre-
atitis Score: 1 point

Wifi et al[154] CR 72 Emphasises the importance of measuring serum amylase and lipase in patients with COVID-19. Typical abdominal
pain radiating to the back. Increase lipase and amylase serum levels. Negative abdominal CT scan. Glasgow Acute
Pancreatitis Score: 3 points

Gonzalo-Voltas CR 76 A case of AP that could be related to COVID-19 infection. Typical abdominal pain radiating to the back. Increase

et al[155] amylase serum level. Evidence of AP in abdominal CT scan. Glasgow Acute Pancreatitis Score: NA

Reick-Mitrisin ~ CR 71 AP should be considered in differential abdominal pain in patients with active or recent SARS-CoV-2 infection.

et al[156] Typical abdominal pain. Increase lipase serum level. Evidence of AP in abdominal CT scan. Glasgow Acute Pancre-
atitis Score: 3 points

Brikman et al CR 61 Unresolved abdominal pain occurring late during COVID-19 warrants a thorough workup. Typical abdominal pain.

[163] Increase lipase serum level. Evidence of AP in abdominal CT scan. Glasgow Acute Pancreatitis Score: 2 points

Acherjya et al CR 57 Pay attention to the atypical presentations of SARS-CoV-2, including AP. Typical abdominal pain radiating to the

[157] back. Increase lipase serum level. Evidence of AP in abdominal CT scan. Glasgow Acute Pancreatitis Score: 4 points

Alves et al[158] CR 56 Physicians should be aware that asymptomatic or mildly gastrointestinal symptomatic patients with COVID-19
require pancreatic enzymes and even abdomen imaging to diagnose pancreatitis. Typical abdominal pain. Increase
lipase and amylase serum levels. Evidence of AP in abdominal CT scan. Glasgow Acute Pancreatitis Score: 3 points

Shinoharaetal CR 58 Extrapulmonary clinical characteristics of COVID-19 remain unclear. Typical abdominal pain. Increase amylase

[159] serum level. Evidence of AP in abdominal CT scan. Glasgow Acute Pancreatitis Score: NA

Kumaran et al CR 67 Importance of considering COVID-19 as a potential cause in patients presenting with idiopathic pancreatitis.

[160] Typical abdominal pain. Increase amylase serum level. Evidence of AP in abdominal CT scan. Glasgow Acute

Pancreatitis Score: 2 points

AP: Acute pancreatitis; CR: Case reports; CT: Computed tomography; NA: Not available; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

them, the presence of IBD does not influence these findings[169,170,177,178].

In conclusion, most of the studies mentioned above agree on the potential benefit of a further vaccine booster dose in
patients with IBD, especially if elderly or on specific immunosuppressive therapies, such as anti-TNF alpha or JAK
inhibitors. To date, studies reporting response rates with additional doses of COVID-19 vaccine in IBD are limited;
however, current data suggest a significant boost in antibody binding levels from a third vaccine dose, even during
immunosuppressive therapies, but patients receiving infliximab or tofacitinib show a lower response than healthy
controls[179].

Impact of SARS-CoV-2 vaccines on patients with CLD

As mentioned above, cirrhotic patients are at high risk of severe COVID-19 infection. Therefore, vaccination against
SARS-CoV-2 represents a significant protective measure in patients with CLD, which must be administered as early as
possible[180,181]. Moreover, due to vaccinations, patients should not discontinue any of their medications for liver
disease or delay any local or regional treatments for HCC[182]. Current COVID-19 vaccines are safe, but a rare vaccine-
triggered immune-mediated hepatitis is reported after COVID-19 vaccination. These events are described in the literature
in association with mRNA platforms, but cases have also been described for vector-based vaccines. These cases of liver
injury are sporadic and respond to corticosteroid treatment. Therefore, liver injury after vaccination should not represent
a limit to further vaccination[183]. Furthermore, a Chinese multi-centric study analyzed the safety and immunogenicity of
inactivated SARS-CoV-2 vaccines in patients with CLDs[184]. These vaccines are safe in patients with CLD, as there was
no significant difference in adverse reactions among the non-cirrhotic CLD, compensated cirrhosis, and decompensated
cirrhosis subgroups. Pain was the most common local adverse reaction, while fever was the most commonly systematic
adverse reaction reported. Among laboratory findings, only three patients of 437 with CLD had significant aminopherase
elevation with ALT levels > 5 ULN, all of which had elevated aminopherase at baseline. Only one of the three patients
required hospitalization. Nevertheless, it is impossible to attribute his adverse reaction to the vaccine for certainty since
this patient had a history of discontinuing anti-hepatitis B virus therapy before the SARS-CoV-2 vaccination. In addition,
patients with CLD often present an inadequate immune response, which may cause an incomplete immediate and long-
term protective response[185]. Therefore, although these vaccines are safe in patients with CLD, they do not guarantee
such patients equal antibody levels if compared to healthy controls. However, the difference in the positive rate of SARS-
CoV-2 neutralizing antibodies between patients with CLD and healthy control groups is statistically significant (77.3% vs
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90.3%) despite the adjustment for age, gender, and body mass index[184]. While there was no significant difference in
positive rate between non-cirrhotic CLD patients (76.8%), compensated cirrhosis patients (78.9%), and decompensated
cirrhosis patients (76.7%). Chen et al[186] confirmed in their study that inactivated SARS-CoV-2 vaccines are safe and well
tolerated in patients with severe liver disease (such as cirrhosis or HCC). However, they also stressed the necessity to
assign priority to vaccine patients with severe liver disease, which may have worse antibody responses than those with
non-severe CLDs. Thuluvath et al[187] instead, analyzed the antibody response in CLD patients after administration of 2
doses of mRNA vaccines or a single dose of viral vector vaccine. This study revealed that only 24% of patients with CLDs
had poor antibody responses. More in detail, 15.8% of patients who received the vector vaccine Johnson & Johnson had a
good response, and the mRNA Moderna vaccine showed a better response than the mRNA Pfizer vaccine (76.4% vs
64.4%). Moreover, analyzing patients’ characteristics, it emerged that those with undetectable antibodies (< 0.4 U/mL)
had the highest mean age (64.8 years). In line with Thuluvath et al[187], Bakasis et al[188] highlighted that CLD was not
associated with mRNA vaccine hypo-responsiveness. Only 4% of patients with CLD did not respond to SARS-CoV-2
vaccination, with statistically significant differences between cirrhotic and non-cirrhotic patients. The presence of liver
disease showed no correlation with antibody titers or neutralizing activity, while age was negatively correlated with
neutralizing activity. According to Willuweit ef al[189], up to 96% of patients with liver cirrhosis presented an antibody
response after receiving two doses of the mRNA-based vaccine. Unfortunately, antibody titers remained relatively stable
in the control group while showing a rapid and significant decrease in patients with liver cirrhosis, with any differences
stratifying cirrhotic patients according to age. The studies mentioned above do not focus on the differences between
safety and efficacy among age (patients under 65 and over 65 years old or following stratification of groups according to
age). Moreover, the studies conducted to evaluate the safety and efficacy of SARS-CoV-2 vaccination include a limited
number of older adults[190]. Therefore, considering that older adults are more inclined to develop vaccine-related
adverse events[191] and the lack of older adults in specific SARS-CoV-2 vaccination studies, further research is
recommended to evaluate the safety and efficacy of COVID-19 vaccines in older people.

COVID-19 vaccines and pancreatic involvement

To the best of our knowledge, no published work evaluates the COVID-19 vaccination response in older adults suffering
from pancreatic diseases. On the other hand, according to Pfizer’s data, only 2 cases of AP as an adverse reaction (among
38000 participants) were reported during the clinical trial of the COVID-19 mRNA vaccine[192]. Since the Pfizer-
BioNTech mRNA vaccine was approved for COVID-19 infection, AP has been reported in a few case reports[193-201].
Data inferred from United Kingdom databases (up to November 2022) for the same vaccine report 21 cases of pancre-
atitis, 19 cases of AP, and 3 cases of necrotizing pancreatitis[202]. The National Agency for the Safety of Medicines and
Health Products reports 164 cases of pancreatitis up to February 10, 2022[203]. Data released from VigiBase, the WHO's
global database, show 1093 cases of pancreatitis|[204]. Currently, there is no evidence supporting a direct relationship
between the vaccine and AP; even assuming the existence of vaccine-related pancreatic injury, its mechanism would still
be unclear[194]. Moreover, considering the high rate of idiopathic pancreatitis[205], the available data are even more
challenging to analyze. Considering the higher vaccination prevalence, fewer cases of AP following vaccination may
suggest the involvement of different mechanisms in developing a vaccine-related pancreatic injury[196]. The benefits of
vaccination against COVID-19 are unquestionable and not disputed in this paper. However, by reporting this evidence,
we aim to make all healthcare workers aware of these possible adverse effects and to highlight the importance of not
underestimating any abdominal pain after vaccination. As far as we know, the current literature does not include studies
evaluating the safety and efficacy of SARS-CoV-2 vaccines in patients with CP. As mentioned above[142,143], CP may be
associated with an increased risk of complications from COVID-19 infection leading to worse outcomes. Thus, reducing
that risk by having the vaccine would be advisable.

CONCLUSION

Literature data confirm that the digestive manifestations of COVID-19 are frequent and often impact the clinical course of
affected patients. In particular, patients with pre-existing liver disease, including cirrhosis or HCC, are at increased risk
for worse outcomes. On the contrary, no definitive conclusions can be drawn for patients with IBD or pancreatic diseases.
As for elderly patients with digestive disorders, although the available data are limited and extrapolated from studies not
designed for this specific issue, there seems to be no evidence of worse COVID-19 outcomes than those without digestive
diseases. As expected, this review confirms that age represents one of the main risk factors for poorer outcomes and
higher mortality for COVID-19. Moreover, considering the under-representation of older adults in SARS-CoV-2
vaccination studies, further studies are necessary to evaluate better the safety and efficacy of COVID-19 vaccines,
especially in frail older people with chronic digestive diseases.
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Core Tip: Irritable bowel syndrome (IBS) is a physical and mental illness that is
becoming more prevalent, and its impact on society is expanding. Understanding of IBS
has changed since the release of the Rome IV diagnosis in 2016, and this paper reviews
the literature from the past decade to find that research around the brain-gut axis, diet,
and gut microbiota are at the forefront of IBS. Moreover, as the research on the
physiopathology of IBS has advanced, the treatment model has become more refined,
which has important clinical implications.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic functional disease, and the changes that it causes in bowel function and
abdominal pain seriously affect the patient's normal life and work. It mainly affects young and female individuals, and it
tends to overlap with other functional gastrointestinal diseases (FGIDs) and cause a huge burden to life and society's
economy(1,2]. Prevalence varies greatly between countries because of differences in food, culture, and diagnosis. The
Rome Foundation Global Study[3] coverage across the country reported that the overall prevalence of IBS was 3.8% in
Rome IV and 10.1% in Rome III. The Rome IV criteria, based on symptoms that have undergone a change in dynasty,
suggest that the pathogenesis of IBS is associated with gut-brain interactions, which may be an overlapping pathogenesis
between FGIDs. Based on the results of Rome IV, many studies have been performed, so it is necessary to summarize
their findings. The aim of this study is to summarize IBS from the perspectives of epidemiology, disease overlap,
pathological mechanisms, diagnosis, and treatment, focusing on disease overlap, pathological mechanisms, and
treatment.

REGIONALIZATION SHOULD BE EMPHASIZED IN EPIDEMIOLOGY

The prevalence of IBS varies widely between different countries. In 2017, the Rome Foundation working group reviewed
related work and showed that the prevalence of IBS varied from 1.1% (France and Iran) to 35.5% (Mexico), and the
prevalence in Asia is also uneven[4-6]. It might be that many previous surveys did not use uniform diagnostic criteria or
the same methodology, with geography, culture, and population being the reasons for different prevalences, and thus the
included studies were heterogeneous. The goal of determining the global prevalence of IBS is still inaccurate[7].
Therefore, we discuss the epidemiology of IBS in different continents in recent years.

The Rome Foundation Global Epidemiological Study organized a study using Rome IV in 33 countries and Our
analysis discovered that the prevalence rates in Europe and the United States were comparable, while those in Asia and
Australia were marginally lower[7] (Figure 1). Egypt had the highest prevalence rate of internet surveyed countries[8]. As
well as that, representative researches have also been carried out in various countries in recent years and reported that the
prevalence of IBS was 5.2% (Rome IV), 5.9% (Rome III), and 6.98% (Rome IV) in Gibraltar, the United Kingdom[9],
Hangzhou, China[10] and Latin America[11], respectively. Based on population survey data in the United States, Canada,
and the United Kingdom, the results revealed the Rome III IBS rate was roughly twice as high as the Rome IV rate[12].
Overall, there is a clear predominance in the prevalence in Africa, and the prevalence based on Rome IV diagnosis is
similar in the United States and Europe. However, prevalence varies widely between Europe and Asia, especially in
Asian countries surveyed by using the internet and questionnaires. In the past, most studies have shown a higher
prevalence of IBS in women[13]. Interestingly, IBS is equally common in men and women in Asia[14-16]. The highest
prevalence was observed in the educated, the wealthy, students and younger individuals[17]. It also declined with age[1,
18,19]. Through years of research and analysis, it was determined that estimating a pooled global prevalence of IBS was
unlikely to be feasible, so regionalization should be emphasized in future research.

NEW INSIGHTS INTO THE OVERLAP OF IBS

Rome criteria for IBS based on symptoms were the most recognized, and the overlap of FGIDs was gradually valued by
Roman criteria over time (Figure 2). Now, Rome IV suggests that the pathologies exist in the gastrointestinal tract on a
continuum instead of as separate disorders, and overlap may be a natural clinical symptom of FGIDs[20]. Likewise, 54127
adults from 26 countries participated in an internet survey and discovered that 68.3% had symptom overlap in both
gastrointestinal regions and 2.3% had esophageal, gastroduodenal, bowel, and anorectal overlap[21]. Overall, by
reviewing the overlap of IBS and other diseases, it was found that there was obvious overlap between IBS and FGIDs, and
anxiety and depression were their common characteristics, which verified the vital position of the central nervous system
and brain-gut axis in the pathological mechanism of FGIDs. Therefore, the overlapping pattern and pathology of FGIDs
are something that should be studied in depth.

Functional dyspepsia

Functional dyspepsia (FD) and IBS are the most prevalent FGIDs, postprandial fullness, early satiation, epigastric pain,
and epigastric burning are the main symptoms of FD. The global prevalence of FD varies from 10%-20%[22]. Clinical
studies have identified not only overlap between FD and IBS[23-25], but also the most common overlapping character-
istics. In the overlap between FD and IBS-D (diarrhea), abdominal pain, bloating, and diarrhea are prominent. However,
in the overlap between FD and IBS-C (constipation), abdominal fullness and constipation are prominent.
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Figure 1 Prevalence of irritable bowel syndrome by Rome IV. Prevalence of an Interet survey conducted by the Rome Foundation in multiple centers
worldwide based on Rome IV. Asia, 1.3%-4.7%; Europe, 3.5%-5.9%; America, 3.5%-5.3%; Australia, 3.5%; Egypt, 7.6%; and South Africa, 5.9%.
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Figure 2 The Rome Foundation's views on the overlap of functional gastrointestinal diseases. A: Rome | considered the functional bowel
disorders to be independent diseases; B: Rome Il and Rome Ill recognized there was overlap between functional gastrointestinal diseases. a: The prevalence of
overlap between irritable bowel syndrome (IBS) and functional dyspepsia was 55.3%; b: The overlap between IBS and gastroesophageal reflux disease ranged from
3%-79% in the questionnaire and 10%-74% when diagnosed by endoscopy; c: A 2020 meta-analysis showed that the pooled prevalence of IBS-type symptoms was
32.5%; d: Only 2.3% had esophageal, gastroduodenal, bowel, and anorectal overlap. FD: Functional dyspepsia; IBD: Inflammatory bowel diseases; GERD:
Gastroesophageal reflux disease; IBS: Irritable bowel syndrome.

In a longitudinal follow-up study published in 2022, 807 individuals (Rome IV) were included, 446 (55.3%) of whom
had overlapping IBS and FD, which showed that patients with overlapping IBS and FD had more severe symptoms and
were more likely to have depression and anxiety[26,27]. Furthermore, a prospective study in South Korea in 2019-2020
reported the same conclusion; moreover, women with overlap of IBS and FD experienced more severe gastrointestinal
and depression symptoms than men. Interestingly, an Australian study showed no relationship between gender and
overlap[25,28]. There seems to be a distinct overlap between IBS, FD, and gastroesophageal reflux disease (GERD), in
which it is easier to merge psychological morbidity and sleep disturbance[29]. Although age, gender, and IBS subtype
were not correlated with overlap[25], the pathogenesis analysis of IBS and FD indicates that psychological factors are
linked to the overlap of IBS and FD. Therefore, the diagnosis of IBS or FD should be considered in terms of each other,
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especially when encountering some anxious, severe symptoms.

GERD

GERD is a condition in which stomach contents reflux and cause uncomfortable symptoms[30], which present with
regurgitation, heartburn, or being asymptomatic. Then, GERD is divided into three phenotypic presentations: Nonerosive
reflux disease, erosive esophagitis (RE), and Barrett’s esophagus (BE), with prevalence rates of 60%-70%, 30%, and 6%-8%,
respectively[31]. Before Rome IV, a small number of studies had shown overlap between GERD and FGIDs[32], and IBS is
a risk factor for GERD[33]. But now, the Rome Foundation considers overlap between FGIDs to be a trend. In patients
with overlapping GERD and IBS, acid reflux and heartburn may present with abdominal pain or discomfort, and visceral
hypersensitivity and gastrointestinal motility disorders may be coexisting mechanisms. However, the prevalence of
patients with GERD and IBS (different criteria) varies greatly, and the overlap between IBS and GERD ranges from 3% to
79% based on the questionnaire and 10% to 74% when diagnosed by endoscopy[34]. In 2016, an Italian study with 697
heartburn patients found that cases of IBS overlapping with GERD/hypersensitive esophagus (HE) and overlapping
functional heartburn (FH) were 147/454 (33%) and 187/243 (77%), respectively[35]. Besides, there is a higher risk of
possible overlap between FGIDs.

Inflammatory bowel disease

Crohn'’s disease (CD) and ulcerative colitis (UC) are common inflammatory bowel diseases (IBDs). CD is characterized by
chronic or nocturnal diarrhea, abdominal pain, and weight loss, whereas UC is characterized by bloody diarrhea with
rectal urgency and tenesmus[36,37]. Although some biomarkers are used to distinguish between IBS and IBD, there is
also overlap between them. Patients with overlapping IBD and IBS are prone to diarrhea and abdominal pain, which can
be serious. Besides, a 2020 meta-analysis showed that the pooled prevalence of IBS-type symptoms among patients with
IBD was 32.5%[38]. IBS-D is related to gut infections, and the gut microbiome and the intestinal barrier are bridges that
connect them. Thus, IBS-D is a common diagnosis in patients with chronic diarrhea following chronic infection[39,40].
Overall, IBD and IBS can be different stages of the same disease. Therefore, the overlapping disease characteristics of IBS
and IBD should not be ignored when the patient has a history of intestinal infection. At the same time, it is necessary to
prevent IBS when diagnosing IBD.

Other

A follow-up study in the US performed an analysis of data from 655 adults to compare the degree of overlap between
chronic overlapping pain conditions (COPCs). Surprisingly, IBS is the most common COPC other than headache.
Furthermore, 63% of IBS cases have one or more COPCs, and 53% of IBS cases reported pain in = 3 non abdominal areas
[41]. Therefore, when there is chronic physical and abdominal pain, IBS overlap should not be ignored[42]. It was
observed that IBS and nonceliac gluten sensitivity had significant symptom overlap, and their physiology and pathology
were not clear[43]. Moreover, there is overlap between adolescents with endometriosis and IBS[44], and the overlap
between IBS and endometriosis may have the same pathogenesis; specific mechanisms need to be further explored.

PATHOPHYSIOLOGY

In the past, IBS was thought to be a functional disorder that could not be explained by organic disease or a clear etiology
[45]. With the increasing research on IBS and the update of the Rome criteria, the view on the pathophysiological
mechanisms of IBS has changed from functional to brain-gut interaction. The aim of this article is to review the
pathophysiology from clinical studies and basic research on IBS after Rome IV.

Clinical studies

Recurrent abdominal discomfort, abdominal pain, and altered bowel habits are the core clinical symptoms of patients
with IBS, and clinical studies on pathogenesis show that the microbiome, gastrointestinal endocrine cells, visceral
hypersensitivity, and gastrointestinal motility disorders , are observed in IBS patients and are the direct causes of
abdominal discomfort, abdominal pain, or diarrhea. It was discovered through experiments that the levels of colonic
mucosal Takeda G protein-coupled receptor 5 protein expression, short-chain fatty acid (SCFA), fecal bile acids (FBA)[46,
47], tryptophan (aryl hydrocarbon receptor kynurenine pathways), and methane gas production[47,48] were higher in
patients with IBS than in healthy control (HC), and metabolites such as SCFA and bile acids are mainly associated with
gastrointestinal malabsorption; there are differences between IBS subtypes, and neurotransmitters cause abdominal pain
through the brain-gut axis and center. DuPont et al[49], recorded intestinal transport in 46 patients with IBS using a
wireless pH/ pressure recording capsule and found a delayed gastric emptying time in 35/46 (76%) IBS patients. And
abnormal colonic transit and disorders of evacuation are important physiopathologies in patients with IBS, leading to
constipation, bloating, and abdominal pain. Furthermore, abnormal oroanal transit time (OATT) was associated with
hydrogen and methane concentrations, and more rapid OATT was associated with a higher severity of abdominal
discomfort, rumbling, and nausea[48]. In addition, gut endocrine cells are scattered throughout the gastrointestinal tract
and have sensory microvilli that sense gut pressure and gut contents[50-52], and when the gut lumen is stimulated by
food[53], and microbial metabolism, the cells release hormones into the lamina propria to act mainly through paracrine
and afferent and efferent synaptic transmission[54-56]. And studies found that histamine, 5-HT, glutamate, and
noradrenalin strengthen visceral pain, and y-aminobutyric acid reduces gastrointestinal motility.
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Abdominal pain in IBS patients has been shown to be associated with structural features of the brain. Rectal
stimulation seems to activate the anterior cingulate cortex, prefrontal cortex, insula, thalamus, and cerebellum, and is
higher in patients with IBS[57]. A study[58] of female IBS patients included 216 female IBS patients and 138 women
serving as HC. In comparison to HC, patients with IBS had an increase in gray matter volume and cortical thickness in the
primary and secondary somatosensory cortex and subcortical regions; however, the volume, surface, and cortical
thickness of the gray matter in the posterior insula and superior frontal gyrus were reduced. Moreover, abdominal pain
caused by rectal dilation is linked to the thicker left primary somatosensory cortex (Figure 3).

Animal experiments

Visceral hypersensitivity and gut barrier disruption have been shown to be mediated via corticotropin-releasing factor
(CRF)-Toll-like receptor 4 (TLR4)-proinflammatory cytokine signaling in animal experiments[59,60]. In addition, Nozu et
al[61] conducted experiments based on IBS model rats and discovered that apelin activates CRF and TLR4, which may
create a vicious cycle of proinflammatory cytokine signaling, which is a key pathway for the pathological mechanism of
IBS. Then, the disruption of the gut barrier leads to an increase in lipopolysaccharides (LPS) and proinflammatory
cytokines, which is a vital pathological mechanism that causes abdominal pain in patients with IBS[62]. And there are
some new developments, such as a study using NanoString mRNA measurement of colonic neuroimmune gene
expression and founding that the expression of the gene Trpv1 was higher in Gnotobiotic mice from patients with IBS and
comorbid anxiety; moreover, it was associated with visceral hypersensitivity and anxiety[63]. Besides, decreasing miR-
199 caused visceral hypersensitivity and augmented visceral pain in patients with IBS through translational upregulation
of TRPV1[64]. Both activating BDNF-TrkB-PKMC signaling in the thoracolumbar spinal cord of rats to increase synaptic
activity and activating TLR4 trigger the release of pro-inflammatory cytokine afferent nerves and can cause visceral
hypersensitivity[65,66]. Moreover, recent studies have shown that abnormal mast cell structure or function is a potential
mechanism for visceral hypersensitivity in IBS[67], and post-IBS with gut microbial disorders leading to IBS and signaling
pathways are also associated with visceral hypersensitivity[67,68]. In addition, an excellent review by Tozlu et al[69].
indicated that the number of mucosal eosinophils increased substantially more in patients with post-IBD IBS-D than in
patients with active IBD, there was a reaction to the removal of allergic foods during treatment, and intestinal inflam-
mation in patients with IBS was associated with food allergic reactions. Peptide YY (PYY) is localized in endocrine cells
and regulates gut motility and visceral sensitivity by releasing and modulating serotonin[70] (Figure 4).

Microbiome

Koloski et al[71,72] discovered that higher baseline levels of anxiety and depression were significant predictors of
developing IBS, and two prospective studies found that functional gastrointestinal symptoms preceded the mood
disorder in two-thirds of patients. Dinan et al[73,74] have suggested that disturbances in the gut microbiota can affect
brain function, behavior, and cognition, and the theory has developed into the microbiota-gut-brain axis, which is an
important basis for the influence of gut microbes as well as neurotransmitters on IBS. The microbial diversity and
abundance of stool in patients with IBS were altered compared to those in HC, with a decrease in Coli, Lactobacilli,
Collinsella, and Bifidobacteria and an increase in Enterobacteria, Coli, anaerobes, Escherichia coli, Ruminococcus gnavus, and
Bacteroides in patients with IBS. And a higher proportion of Bacteroides and Allisonella in patients with IBS-M[75,76]. In
addition a study[77] used 16S rRNA metagenomic sequencing and performed phylogenetic investigation of communities
by reconstruction of unobserved states to analyze fecal samples from control (n = 12) and IBS-D patients (n = 7) and
reported that in patients with IBS, the abundances of Sutterellaceae, Acidaminococcaceae, and Desulfovibrionaceae were
significantly increased, and those of Clostridiaceae, Leuconostocaceae, Enterococcaceae, Peptostreptococcaceae, and Lachnos-
piraceae were significantly decreased; moreover, secondary bile acid biosynthesis was decreased, and the citrate cycle was
increased. Moreover, a study[78] used proton nuclear magnetic resonance spectroscopy and shotgun metagenomic
sequencing to analyze fecal metabolites and the gut microbiome (IBS patients =142 and HC =120). It reported that the gut
microbial diversity of IBS (Simpson’s evenness metric) was drastically lower than that of HC, and metabolomics found
that the mechanism of IBS was related to 5-HT.

TREATMENTS

The diagnosis of IBS is based on symptoms ranging from the Manning criteria to the Rome criteria, and the most widely
used diagnostic criteria are the Rome IV[79]. Research around Rome IV has revealed that there are many important
biomarkers that guide the differential diagnosis and symptomatic treatment of IBS that may be taken into account.
According to Vijayvargiya ef al[80], FBA and fecal fat are potential biomarkers for IBS-D and IBS-C. Total FBA,
chenodeoxycholic acid (CDCA), cholic acid (CA), and primary bile acids were significantly higher in patients with IBS-D
than in healthy patients or patients with IBS-C. In contrast, deoxycholic acid (DCA) and combined DCA and CDCA
(secretory) bile acids were significantly lower in patients with IBS-C than in HC and patients with IBS-D. Combining
fasting serum 7a-hydroxy-4-cholesten-3-one and primary bile acids or fecal bile acid concentrations in stool samples is a
simple, low-cost diagnostic for bile acid diarrhea (BAD). Circulating resolvin D1 (RvD1) and c-reactive protein (CRP) are
inflammatory markers in patients with IBS-C; patients with IBS-C have higher CRP and lower RvD1 concentrations than
HC[81]. Furthermore, radiopaque markers and scintigraphy can be used to assess transit function, and rectal sensation to
balloon distension can be used to assess visceral hypersensitivity[82]. All of the ancillary tests listed above can be used to
further identify the cause and guide medication use if the first-line medication is ineffective.
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Figure 3 Research progresses on the mechanism of action of the microbiota-gut-brain axis. Brain changes in patients with irritable bowel
syndrome (IBS) are associated with abdominal pain. They have higher activation of the anterior cingulate cortex, prefrontal cortex, insula, thalamus, and cerebellum.
They also mainly showed an increase of gray matter volume and cortical thickness in the primary somatosensory cortex, secondary somatic sensory cortex, and
subcortical regions and a decrease of gray matter volume, surface area, and cortical thickness in the posterior insula and superior frontal gyrus. Specific changes in
the intestinal flora of patients with IBS. The number of Coli, Lactobacilli, Collinsella, and Bifidobacteria in IBS patients decreased, while the number of Enterobacteria,
Anaerobes, Escherichia coli, Ruminococcus gnavus, and Bacteroides increased.
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Figure 4 Pathology of irritable bowel syndrome in the intestinal. Food and microbial metabolism stimulate the gut's endocrine cells to release hormones
and neurotransmitters, leading to visceral pain and reducing gastrointestinal motility. Apelin, corticotropin-releasing factor, and Toll-like receptor 4-proinflammatory
cytokine signaling lead to visceral hypersensitivity and disruption of the gut barrier. The concentrations of hydrogen and methane are related to abnormal oroanal
transit time (OATT), and a more rapid OATT was associated with a higher severity of abdominal discomfort, rumbling, and nausea. Decreasing miR-199 caused
visceral hypersensitivity and augmented visceral pain in patients with irritable bowel syndrome (IBS) through translational upregulation of TRPV1. Colonic mucosal
protein expression and faecal bile acids were correlated with the symptom severity of IBS-D patients. CRF: Corticotropin-releasing factor; TLR4: Toll-like receptor 4.

Patients with mild IBS first choose education, diet, and lifestyle interventions as prerequisites, combined with first-line
therapeutic drugs. If first-line treatment is ineffective, clinical judgment combined with ancillary tests is required to select
appropriate second-line drugs and non-pharmacological interventions (Figure 5). Furthermore, patients with psycho-
logical problems can be assessed using psychological questionnaires, emphasizing doctor-patient communication for
emotional relief, and using tricyclic antidepressant (TCA) or selective serotonin reuptake inhibitor (SSRI) medications.

Lifestyle intervention therapy

Stress reduction, appropriate exercise, and a special diet are the main non-pharmacological treatments for preventing
induction; likewise, the publication of the British Gastroenterological Society guidelines[83] in 2021 and the updated
guidelines from the American College of Gastroenterology (ACG) in 2022 emphasized that dietary counseling should be
regarded as a first-line treatment option. A low-FODMAP (fermentable oligosaccharides, disaccharides, monosac-
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Figure 5 The conventional treatment and further treatment of irritable bowel syndrome patients. TCM: Traditional Chinese treatment; CBT:
Cognitive behavioral treatment; HAD: Hospital Anxiety and Depression scale; IBS-QOL: Irritable Bowel Syndrome-Quality of Life Questionnaire; PAC-QOL: Patient
Assessment of Constipation-Quality of Life Questionnaire; PAC-SYM: PAC-Symptoms Questionnaire; 7aC4: 7a-hydroxy-4-cholesten-3-one; 75-SeHCAT: 75-
selenium homocholic acid taurine; TCA: Tricyclic Antidepressants; SSRI: Selective Serotonin Reuptake Inhibitors; IBS: Irritable bowel syndrome; IBS-C: IBS-
constipation; IBS-D: IBS-diarrhea.

charides, and polyols, LFD) diet is currently the most recommended and effective diet for IBS intervention[84]. And
FODMAP induces symptom generation in IBS based on the gut-brain axis[85]. The ACG suggests that the LFD diet be
implemented in three steps: (1) A period of strict restriction (lasting no longer than 4-6 wk); (2) reintroduction of
FODMAP foods; and (3) personalization based on reintroduction results[86]. The short-term efficacy and safety of LFD
compared to a Western diet and conventional diet in relieving IBS patients are definite[87]; of course, a regular diet is the
foundation. Gluten-free foods and dietary fiber are other currently approved diets for patients with IBS[88,89]. IBS-D
patients benefit more from LFD than IBS-C patients, while fiber diets such as psyllium fiber are more effective in IBS-C
patients[90]. Garg[91], professor, proposed the "FEED" method, in which ample daily psyllium fiber (25 g) and sufficient
water (500 mL), along with elevation of the feet and exercises of the abdominal muscles while sitting on the toilet, can
help IBS-D symptoms. In contrast, lactose, sorbitol, fructose, xylitol, mannitol, fat, alcohol, insoluble fibers, and fizzy
drinks increase pain and flatulence and should be avoided by patients with IBS[92-94].

Cognitive behavioral treatment

Since IBS is a gastrointestinal physical disorder that often fluctuates with stress, the Rome working team strongly
recommends brain-gut axis behavior therapies as part of the treatment of DGBI disorders such as IBS[95]. Including
hypnotherapy, dynamic psychotherapy, and relaxation therapy[96] can improve abdominal pain, standard of living, and
psychological symptoms in patients with IBS and can reduce health care costs. Although some patients are unable to
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receive psychotherapy, recent studies have shown that cognitive behavioral treatment (CBT) of hypnotherapy is a
potential and affordable treatment. A study included 436 patients with IBS (Rome III) who were followed up at 2 wk and
3, 6, 9 and 12 mo after the end of specific CBT treatment, and the results showed that not only did CBT improve
symptoms, but the improvement usually extended up to 12 mo after treatment[97,98]. Additionally, gut-directed
hypnotherapy (GHT) can also improve the symptoms of IBS by affecting gastrointestinal motility and visceral sensitivity
[99,100]. Overall, most views support the ideal that it works because it is based on the brain-gut axis. GHT is beneficial in
directly reducing the discomfort of IBS and refractory IBS as well as improving quality of life and health, and the efficacy
is sustained. Moreover, it can reduce anxiety and depression, but its mechanism is largely unclear[101]. The mechanism
of hypnotherapy is related to the brain-gut axis, but current research on the microbiome has not provided definitive
results[102]. What is certain is that hypnotherapy works by regulating the autonomic nervous system (ANS). The vagus
nerve is related to the brain-gut axis and can coordinate gastrointestinal functions, and there seems to be potential in
studying the role of the vagus nerve[102,103].

Pharmacological treatment

IBS-D: The ACG published guidelines for IBS-D conditional recommendations in 2022[104] include the three drugs
eluxadoline, rifaximin, and alosetron (moderate certainty), which can relieve or assist abdominal pain and stools, but
there are adverse effects and contraindications. Loperamide (very low certainty) can relieve diarrhea, but there is no
evidence that it improves abdominal discomfort. TCA and antispasmodics have low certainty. Moreover, SSRIs are
recommended against use (low certainty) (Table 1).

IBS-C: The first-line therapy for IBS-C are bulking agents and osmotic laxatives. The ACG published guidelines for IBS-C
[105] and recommended them in 2022, including a strong recommendation for linaclotide (high certainty) and conditional
recommendations for tenapanor, plecanatide, tegaserod, and lubiprostone (moderate certainty); polyethylene glycol
laxatives, TCA, and antispasmodics have low certainty. The panel made a conditional recommendation against the use of
SSRIs (low certainty). Chloride channel activators and guanylate cyclase activators are recommended for global IBS with
constipation symptoms[106]. However, adverse effects of diarrhea may occur (Table 1).

Pain: Antispasmodics, including anticholinergic and calcium-blocking drugs, which can relieve pain and improve bowel
movements, remain the first choice for abdominal pain in IBS[107]. Such as cimetropium/dicyclomine, peppermint oil,
pinaverium, and trimebutine have clear benefits on abdominal pain and symptom scores[108]. By reviewing relevant
RCTs[109-112], it was shown that most samples were small and of moderate quality. Overall, limited to short-term
treatment Antidepressants can improve pain through central nervous system action, but clinical trials are scarce and the
limitation of adverse events is uncertain. Although pinaverium was the most commonly used drug for the treatment of
abdominal pain with a rapid onset of action and the improvement in abdominal pain was greater than that of bowel
movements, its efficacy was less significant than that of placebo after one week. Whereas otilonium bromide (OB)
significantly has a longer onset of action than pinaverium but is more suitable for patients with diarrhea. Moreover,
drotaverine has a slow onset of action and is more suitable for the later stages of IBS. Although peppermint oil has been
shown to be effective, it has many adverse events (heartburn or GERD symptoms, belching, headache, etc.). Finally, TCA
and SSRIs have been shown to be effective, but SSRI adverse events are more numerous, and TCA is recommended for
patients with significant anxiety or abdominal pain[113,114] (Table 1).

Traditional Chinese treatment

Traditional Chinese treatment: Traditional Chinese treatment (TCM) prescriptions Traditional Chinese medicine
treatments, including prescriptions, acupuncture, and moxibustion, are the main treatments for IBS, although they are
still complementary treatments that have been found to have great potential through research. Its possible mechanisms of
action are mainly through regulating the enteric nervous system, improving gastrointestinal motility, reducing visceral
hypersensitivity, regulating intestinal flora, and regulating the immune system to alleviate IBS[115].

A RCT designed in China, enrolling 216 patients with IBS who were assigned to the control group that took the
Chang'an I Recipe or placebo group, reported that the Chang'an I Recipe outperformed the placebo in the treatment of
IBS-D with no major side effects[116]. Furthermore, 60 IBS patients were enrolling in a study and were divided into the
control group (n = 20) and the treatment group (n = 40), which were given oral pinaverium bromide tablets and Tongxie
Yaofang decoction on the basis of conventional treatment, respectively. And the results reported that the flavored
Tongxie Yaofang had a significant effect on the symptoms of patients with IBS-D[117], and improving the gut
microbiome, alleviating visceral hypersensitivity, regulating 5-HT level in patients, and inhibiting colonic contraction are
mechanisms for the treatment of IBS[118-120]. Moreover, Tongxie Anchang Decoction improves IBS by reducing visceral
hypersensitivity, reversing mast cell infiltration, and regulating 5-HT[118,121]. And Xiang Sha Liu Jun Zi Decoction
reduced the mean diarrhea score of IBS patients[122]. Finally, the Fuzi-Lizhong pill can impact bacterial diversity in the
gut and regulate inflammation and immune system to treat IBS-D[123].

Acupuncture and moxibustion: The therapeutic effects of acupuncture are recognized worldwide, although its
mechanisms of action are still being further explored. Acupuncture has a bright future in IBS and FGIDs, yet there remain
controversies that need to be further explored. A randomized trial of 344 patients with IBS in the acupuncture group and
175 in the pinaverium bromide group reported that the acupuncture group was more effective than the control group,
and the effect lasted up to 12 wk[124]. Besides, 126 patients with IBS-D (liver stagnation and spleen deficiency) were
randomly assigned to one of three groups: A herb-separated moxibustion group (n = 42, applied to Jinsuo (GV 8)-eight-
diagram points), a Western medication group (n = 42), and a Chinese herbal medication group (1 = 42), and the results
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Table 1 Summary of irritable bowel syndrome medications

‘ q Appearin -
Type Mechanism of action Example PP g Efficient
dose
IBS-D
Opioid agents Inhibits secretion, transit Loperamide 4 mg tid Unknown for IBS; effective for diarrhea First-line
Eluxadoline 75 mgor 100 mg  Effective for FDA composite: 100 mg: OR,
bid 0.87 (95%ClI: 0.83-0.91); 75 mg: OR, 0.89
(95%CI: 0.84-0.94). RCTs: Effective for
diarrhea and composite diarrhea + pain; not
pain alone
Bile acid Bind to bile acids Cholestyramine 4 g bid Unknown: effective in open-label studies;
sequestrants ineffective in 1, single-center RCT
Colestipol -
Colesevelam 32 mg bid
Antibiotic Anti-inflammatory Rifaximin 550 mg tid Effective: In 2012 SRMA: Global: OR 1.57 Second-line
(1.22 to 2.01); Bloating: OR 1.55 (1.23 to
1.96); In 2020 SRMA: FDA composite: OR:
0.92 (0.86 to 0.98) Global OR: 0.91 (0.77, 1.07)
5-HT3 Delays colonic transit and Alosetron 0.5-1mgqdor1l Effective: Global RR 1.60 (1.49 to 1.72); Pain ~ Third-line
reduces visceral pain mg bid RR 1.30 (1.22 to 1.39); FDA composite: OR
0.69 (0.60 to 0.80)
Receptor Ramosetron 25 pngqd
antagonists
IBS-C
Osmotic Osmotic secretion PEG3350 - Effective: improves SBMs, CSBMs, First-line
consistency straining but not pain, bloating
or incomplete evacuation
Secretory Increased Cl- and water Lubiprostone 8 g bid Effective: Lubiprostone 8 pg RR: 0.85 (0.78  Second-line
secretion to 0.96) for FDA endpoint
Linaclotide 290 mg qd Effective: Adequate relief IBS: RR 1.95 (1.3
to 2.9); Abdo pain: RR 1.58 (1.02 to 2.46) RR
0.81 (0.76 to 0.86) for 290 ug for FDA
endpoint
Plecanatide 3 mg/6 mg qd Effective: Using FDA endpoint 6 mg: RR
0.87 (0.81 to 0.94); 3 mg RR 0.88 (0.82 to 0.94)
Anti-absorptive NHE3 inhibitor stimulates Tenapanor 15mg bid Effective at 50 mg 2/d; NNT, 7-9 for Third-line
Na+, water secretion complete SBM and combined complete SBM
230% pain reduction; 11 for abdominal
pain reduction > 30% alone
Pain
Anti-spasmodics Inhibition of muscarinic Ach ~ Pinaverium 50 mg tid May be effective: OR, 0.68 (95%CI: 0.57- First-line
receptors or block Ca++ 0.71); overall NNT, 5
channels, relaxation of GI Otilonium 20/40/80 mg tid
smooth muscle
Hyoscine -
Peppermint Oil 182 mg Effective: OR, 0.43 (95%ClI: 0.32-0.59);
Global: RR 2.23 (95%ClI: 1.78-2.81); overall
NNT, 2.5; RCT of sustained release
formulation: decrease pain, bloat, urgency
but not total IBS scores
Antidepressants Psychological, acting on the TCA = Effective: OR, 0.67 (95%ClI: 0.58-0.77); for Second-line
CNS global: OR, 0.62 (95%ClI: 0.43-0.88); NNT, 4
SSRI = for abdominal pain

Adapted from Camilleri et al[82]. Ach: Acetylcholine; 5-HT3: Serotonin type 3; IBS: Irritable bowel syndrome; IBS-C: Constipation; IBS-D: Diarrhea; IBS-M:
Mixed symptoms; NHE3: Sodium-hydrogen exchanger 3; OR: Odds ratio; PEG 3350: Polyethylene glycol 3350; RCT: Randomized clinical trial; RR: Relative
risk; Rx: Prescription; SSRI: Selective serotonin reuptake inhibitor; SBM: Spontaneous bowel movement; SRMA: Systematic review and meta-analysis; TCA:

Tricyclic antidepressant.

showed that the TCM symptom score, gastrointestinal symptom score, and IBS-SSS score were significantly reduced in
the moxibustion group[125]. Overall, Pishu (BL 20), Zhongwan (RN 12), and Zusanli (ST 36) are acupuncture points
commonly used in clinical practice, and acupuncture and moxibustion have few side effects[93].
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Microbial therapy

Probiotics: Probiotics can relieve bloating, intestinal gas, and IBS symptoms, and in addition, studies have shown that
probiotics (Lactobacillus, Bifidobacterium, Escherichia coli, and Streptococcus) can significantly relieve the overall symptoms
of diarrhea and IBS-D[126,127]. However, the role of probiotics is controversial; a small number of studies have
discovered that probiotics have no effect on bloating or abdominal pain[128,129]. A RCT included 389 patients with IBS.
The control group was treated with oral probiotics for 6 wk. The final results showed that the treatment effect of
probiotics was not superior to placebo when all IBS subtypes were included, but the analysis found a higher percentage
of sustained responders in the probiotic group than in the placebo group in IBS-D[130]. Although there is a contradiction
in the current evidence, analyzing it objectively resolved the contradictions and also demonstrated that probiotics have
great potential for the treatment of IBS, especially in patients with IBS-D[131].

Prebiotics and synbiotics: Prebiotics and synbiotics, the collaboration of prebiotics and probiotics, become synbiotics,
which have beneficial effects on the gastrointestinal tract by regulating the diversity and activity of intestinal microor-
ganisms and protecting the integrity of the intestinal mucosa[132,133]. A RCT reported, that compared to placebo,
synbiotics treatment over an 8-wk period (Lactobacillus and Bifidobacterium probiotic strains and short-chain fructooli-
gosaccharides; colony-forming units (CFU) per sachet was five billion, bid) significantly improved overall symptoms of
IBS, flatulence (P = 0.028), and bowel habits (P = 0.028). It is recommended to try probiotics for 12 wk and observe the
efficacy[83], have benefits in improving IBS-D.

Fecal microbiota transplantation: Fecal microbiota transplantation (FMT) for Clostridium difficile infection has shown
good efficacy in improving intestinal flora[134], and although studies on FMT for IBS are scarce and results remain
controversial, the overall results suggest a positive trend for FMT for IBS. A RCT included 135 IBS patients randomly
assigned to receive their own stool, 30 g FMT, or 60 g FMT, with response rates of 23.6%, 76.9%, and 89.1%, respectively
[135]. Moreover, a recent study has found that FMT not only improves the symptoms of IBS patients but also improves
depression and anxiety[93]. However, the studies of Madsen, A.M.A. et al[136] and Browne et al[137] reported that FMT
capsules have no clinical benefit on abdominal pain, stool frequency, or stool form in IBS patients and have no benefit.
Therefore, the clinical practice and clinical effect of FMT in the field of gut microbiomes and IBS need to be further
verified and explored.

CONCLUSION

IBS-related studies have shown a downward trend in IBS dysfunction, and the brain-gut axis is gradually becoming more
prominent in IBS research by reviewing the related research of the last decade. With the help of convenient laboratory
tests, a new diagnosis and treatment model was formed based on the complex etiology and clinical combination of IBS,
and the above has positive implications for a new understanding of IBS.

It is concluded that a pooled global prevalence of IBS is unlikely to be meaningful and that future research should
focus more on regionalization. The definition of IBS has been updated with the discovery of overlapping symptoms and
advances in research on IBS pathogenesis, and its definition tends to suggest that FGIDs are a group of disorders with the
same pathogenesis, such as the brain-gut axis and visceral hypersensitivity. Therefore, in the future, we should pay more
attention to the influence of the brain-gut axis and the central nervous system on the entire gastrointestinal tract and
understand FGIDs as a whole. IBS is a dysfunctional disease, but in the absence of simple and inexpensive screening tests
for many biological markers, patients such as those with BAD are still included in IBS-D. These technologies still need
further validation and dissemination. It is possible that an updated Rome criteria will exclude them from the IBS
diagnosis as technology advances. Furthermore, studies of IBS-related dietary interventions, such as LFD, special diets for
IBS-C, and foods with gastrointestinal allergies, as well as the gut microenvironment and the brain-gut axis, are the hot
spots of research on gut inflammation and the gut barrier.

Long-term treatment brings economic pressure and psychological burden, and for patients for whom conventional
treatment is ineffective, further search for etiology should be done with the help of adjuvant examinations, and
appropriate second-line treatment or psychotherapy should be chosen. In recent years, non-pharmacological treatment
and Chinese medicine have been favored by IBS patients, but the current treatment should be further improved in order
to facilitate the development of alternative medicine, with lifestyle, diet, and acupressure as routine interventions. It is
important to note that lifestyle and CBT only relieve the symptoms and frequency of IBS; they do not improve the quality
of life. Moreover, the involvement of microbiota in the brain-gut axis is widely recognized and studied, and RCTs related
to intestinal flora have yielded encouraging results. However, current studies of microbiota are mostly related to IBS-D
and have limitations. Let's look forward to more clarity on the treatment and management of IBS.
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Abstract

The world is experiencing reflections of the intersection of two pandemics:
Obesity and coronavirus disease 2019. The prevalence of obesity has tripled since
1975 worldwide, representing substantial public health costs due to its comor-
bidities. The adipose tissue is the initial site of obesity impairments. During
excessive energy intake, it undergoes hyperplasia and hypertrophy until overt
inflammation and insulin resistance turn adipocytes into dysfunctional cells that
send lipotoxic signals to other organs. The pancreas is one of the organs most
affected by obesity. Once lipotoxicity becomes chronic, there is an increase in
insulin secretion by pancreatic beta cells, a surrogate for type 2 diabetes mellitus
(T2DM). These alterations threaten the survival of the pancreatic islets, which
tend to become dysfunctional, reaching exhaustion in the long term. As for the
liver, lipotoxicity favors lipogenesis and impairs beta-oxidation, resulting in
hepatic steatosis. This silent disease affects around 30% of the worldwide
population and can evolve into end-stage liver disease. Although therapy for
hepatic steatosis remains to be defined, peroxisome proliferator-activated
receptors (PPARs) activation copes with T2DM management. Peroxisome PPARs
are transcription factors found at the intersection of several metabolic pathways,
leading to insulin resistance relief, improved thermogenesis, and expressive
hepatic steatosis mitigation by increasing mitochondrial beta-oxidation. This
review aimed to update the potential of PPAR agonists as targets to treat meta-
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bolic diseases, focusing on adipose tissue plasticity and hepatic and pancreatic remodeling.
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Core Tip: The world faces a pandemic of obesity and metabolic diseases. Peroxisome proliferator-activated receptors’
(PPARSs’) target genes regulate several metabolic pathways, alleviating obesity and its metabolic impairments. PPARa exerts
relevant anti-inflammatory, anti-steatotic, and pro-thermogenic effects, collaborating with weight loss and insulin resistance
alleviation. PPARY is useful for glycemic management, albeit with caution due to side effects after its total activation. PPAR
/6 is not clinically used owing to a pro-tumorigenic profile. However, Pan-PPAR or dual-PPAR agonists can retain PPARf
/3 or partial PPARy activation benefits and configure promising approaches to treat metabolic diseases alone or in
combination with other drug classes.
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INTRODUCTION

The unprecedented obesity rates have become an immense public health problem due to increased costs to treat
comorbidities like diabetes, cancer, osteoarticular diseases, and cardiovascular events[1]. Most obesity cases stem from a
chronic positive energy balance, where surplus energy intake surpasses the energy expenditure (EE), sending excessive
energy to the adipose tissue[2,3].

The white adipose tissue (WAT) is a buffer against excess energy from the diet and first undergoes hyperplasia and
hypertrophy and preserves its different types of cell composition[4,5]. As this process continues, preadipocytes become
rare, and hypertrophy predominates until the adipocyte reaches its maximal capacity to enlarge, parallel to a rarefaction
of vascularization and the high amount of proinflammatory immune cells within the stromal vascular fraction of the
WAT([6,7]. At this stage, inflammation and insulin resistance activates lipolysis to allow the storage of the continuing
excessive energy from the diet at the expense of diverting the non-esterified fatty acids (NEFAs) from lipolysis to organs
not specialized to store lipids like the liver and the pancreas (lipotoxicity), triggering steatosis[8,9].

Hepatic and pancreatic steatosis compromises the physiology of these organs, collaborating with the progression to
end-stage liver diseases and diabetes[10-12]. Thus, the scientific community seeks for strategies to mitigate the deleterious
effects of obesity and its comorbidities, which affects the worldwide population regardless of economic income or age.
The peroxisome proliferator-activated receptors (PPARs) are a family of transcription factors linked to the cellular
metabolism of lipids, carbohydrates, proteins, and cell proliferation, existing in three isoforms: PPARa, PPARB/, and
PPARy and emerged in recent decades as a strategy to treat obesity and its complications[13].

PPARs are binding-dependent transcription factors that regulate gene expression by specifically binding to PPAR-
responsive elements (PPREs). Each receptor heterodimerizes with the retinoid X receptor (RXR, where X can be o, /6, or
y) and binds to its respective PPRE, forming a structure that will recognize specific DNA sequences (AGGTCA) for the
transcription of their target genes. This PPAR mechanism of action is known as trans-activation. Moreover, PPARs can
regulate gene expression independently of binding to PPREs, through the mechanism of trans-repression. There is a
crosstalk between PPARs and other transcription factors that regulate their gene expression, and most of the anti-inflam-
matory effects of PPARs stem from this mechanism[14,15]. Figure 1 summarizes PPARs mechanisms of action.

PPARs regulate countless metabolic pathways after activation by endogenous ligands, such as fatty acids and their
derivatives or synthetic agonists, which trigger a conformational change to interact with transcriptional coactivators[16,
17]. The PPARa isoform expression is high in the liver, muscle, and heart, and its activation, according to previous
studies, suggests that this receptor participates in lipid metabolism. PPARy is mainly expressed in white and brown
adipose tissue (BAT), being responsible, among other functions, for adipogenesis. Finally, PPARB/® has a wide body
distribution with described roles in fatty acids oxidation in muscle and general energy regulation[13].

PPARs exert their physiological activities by activating the transcription of their target genes and, in this way, regulate
lipid metabolism, glucose homeostasis, cell differentiation, obesity, and cancer. Furthermore, PPARs may directly
participate in immune responses and inflammation mechanisms[18].

Considering that PPARs are found at the intersection of several metabolic pathways, influencing glucose homeostasis,
adiposity, and mitochondrial function in the liver, this review aimed to update the potential of PPAR agonists as targets
to treat metabolic diseases, focusing on adipose tissue plasticity, hepatic, and pancreatic remodeling.
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Figure 1 Peroxisome proliferator-activated receptors mechanisms of action. Proliferator-activated receptors (PPARs) are ligand-activated transcription
factors that regulate gene expression through two different mechanisms. A: PPAR-retinoid X receptor heterodimers bind to DNA-specific sequences called
peroxisome proliferator-response elements to trigger target genes transcription (transactivation). PPARs’ target genes include thermogenic [Ucp1, PPAR-gamma
coactivator 1 alpha (Pgc1a), and PR domain containing 16 (Prdm16)], mitochondrial and peroxisomal [carnitine palmitoyltransferase I (Cpt1), peroxisomal acyl-
coenzyme A oxidase (Acox), and pyruvate dehydrogenase kinase 4 (Pdk4)], anti-inflammatory (Adiponectin), insulin-sensitizing [glucose transporter 2 (Glut2), Glut4],
and adipocyte metabolism [Cd36, adipocyte protein 2 (Ap2), lipoprotein lipase (Lpl), Perilipin, and acetyl CoA synthetase (Acs)] genes; B: PPARs regulate gene
expression through transrepression, a DNA-independent mechanism. For example, PPARs inhibits the activity of nuclear factor kappa b and enzymes, yielding anti-
inflammatory effects. Abbreviations: Uncoupling protein 1, Pgc1a, Prdm16, Cpt1, peroxisomal Acox, Pdk4, Glut, Ap2, Lpl, and Acs, inducible nitric oxide synthase,
nuclear factor kappa B, and ciclooxigenase-2. PPARs: Peroxisome proliferator-activated receptors; RXR: Retinoid X receptor; PPRE: PPAR-responsive elements;
NF-kB: Nuclear factor kappa B; iNOS: Inducible nitric oxide synthase; COX-2: Ciclooxigenase-2.

ADIPOSE TISSUE PHYSIOLOGY AND PLASTICITY

In mammals, the adipose organ comprises two types of tissues: WAT and BAT. Depending on the adipose tissue origin
(for example, gonadal or subcutaneous), differences occur in its lipolytic or lipogenic capacity[19].

The white adipocytes are the only cells specialized in storing lipids without compromising their functional integrity.
They have the necessary enzymatic machinery to synthesize triacylglycerol (TAG) when the energy supply is abundant
and to mobilize them through lipolysis when there is an energy deficit[20].

The autonomic nervous system acts directly on the adipose tissue. The sympathetic nervous system promotes catabolic
actions (lipolysis) via adrenergic stimulation, which activates the hormone-sensitive lipase (HSL) enzyme[21]. Conversely,
the parasympathetic nervous system yields anabolism by stimulating insulin secretion, increasing glucose uptake, and
activating lipogenesis[22].

Regarding the mature white adipocyte characteristics, it stores TAG in a single large lipid droplet that occupies the
central portion of the cell, promoting displacement of the nucleus to the periphery and its consequent flattening. The
single lipid droplet occupies 85%-95% of the cell volume, characterizing the white adipocyte as unilocular[23,24].

WAT, described as the chief energy reservoir in mammals, has a mesenchymal origin and is composed of adipocytes
and the stromal vascular fraction (the main constituent of pre-adipocytes, immune cells, and fibroblasts); together,
adipocytes and the stromal vascular fraction produce the extracellular matrix to maintain the structural and functional
integrity of the tissue[25,26].

For a long time, the WAT was a secondary structure whose characteristic was the reservoir of large amounts of fat in
the form of TAG. There was a lack of attention to its participation in body weight and food intake control. As a result of
the discovery of the ability of WAT to secrete substances with biological effects like leptin in 1994, known collectively as
adipokines, WAT emerged as a major endocrine organ[27,28].

Conversely, BAT has a smaller adipocyte than WAT, exhibiting several cytoplasmic lipid droplets of different sizes
(multilocular), relatively abundant cytoplasm, spherical and slightly eccentric nucleus, and numerous mitochondria that
produce energy by oxidizing acids[29]. The brownish BAT coloration stems from its high mitochondrial content, whose
uncoupling protein 1 (UCP1) is one of the primary markers for brown adipocyte identification[30,31].

The brown adipocytes specialize in performing nonshivering thermogenesis (NST), by which the UCP1 acts as an
alternative channel in the inner mitochondrial membrane to the proton gradient in the intermembrane space return to the
mitochondrial matrix without resulting in ATP synthesis. Instead, the chemical energy is released as heat, enhancing the
body temperature and EE, a promising target to treat obesity through negative energy balance[32,33].

Brown adipocytes originate from myocyte progenitor cells (myogenic lineage) and express the myogenic factor 5.
Prdm16 controls a bidirectional cell fate switching between skeletal myoblasts and brown adipose cells. Loss of the PR
domain containing 16 (Prdm16) in brown fat precursors causes loss of brown fat characteristics and promotes muscle
differentiation[34]. Prdm16 induces a complete program of brown fat differentiation, including the expression of PPAR-
gamma coactivator la (Pgc-1a) and Ucp-1. Pgc-1a is an essential transcriptional coactivator for NST and mitochondrial
biogenesis[35].
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Although BAT total mass in mammals is small, previous research has already shown that its adequate stimulation
(cold exposure, specific drugs, some food compounds, or physical activity) could quadruple the EE of an animal, parallel
to an increase in tissue perfusion[36-38]. Thus, understanding the damage obesity causes to BAT morphology and
physiology can help to develop strategies to treat obesity.

Recently, experimental studies reported that diet-induced obesity (DIO) results in glucose intolerance, functional BAT
hypoxia, and structural whitening. Brown adipocytes in obese animals reduce their thermogenic capacity and assume a
white phenotype, becoming unilocular[39,40]. The molecular mechanisms that lead to reduced BAT activity in obesity
and its physiological implications are under investigation, and altered PPAR expression may have a role in the whitening
phenomenon as Ppara expression declines in whitened BAT[41]. Compared to WAT, BAT is more extensively vas-
cularized, and vascular endothelial growth factor-A (VEGFA)-dependent angiogenesis is pivotal for the thermogenic
response[42]. The hypoxic microenvironment in BAT, due to obesity, has been shown to lead to an accelerated loss of
mitochondria, and as oxidative capacity is lost, lipid droplets accumulate, generating the white phenotype[39].

Since obesity is a public health problem in developed and developing countries, the world urges us to find new
approaches to treat or prevent this metabolic disease and its comorbidities. WAT plasticity towards an intermediary
adipocyte between white and brown, the beige adipocyte, may emerge as a suitable strategy to fight the obesity pandemic
[43].

Beige adipocytes are found in the subcutaneous WAT (sWAT) and exhibit a brown-like adipocyte phenotype
(multilocular). In the basal state, beige adipocytes act like white adipocytes, but under the right stimulus, they can acquire
intermediate mitochondrial content and perform thermogenesis, a process called browning[44]. Prdm16 is essential to the
browning phenomenon once its down-regulation turns a beige adipocyte into a white one, showing that browning is
reversible and morphophysiological changes rely on adequate PRDM16 expression and active mitochondrial biogenesis
machinery to increase mitochondrial content and thermogenic capacity[45,46].

Beige adipocytes originate from mature white adipocytes [low expression of the cluster of differentiation 137 (Cd137)],
which under specific stimulation, acquire a brown-like phenotype, or even from a beige pre-adipocyte (high Cd137),
which differentiates into a multilocular cell capable of performing thermogenesis. The latter originates from a lineage
different from the WAT[47,48]. Although the beige adipocytes have a lower thermogenic activity than the brown
adipocytes, their presence is linked to a metabolically healthy phenotype in humans[49], reducing the chances of
developing type 2 diabetes mellitus (T2DM), hepatic steatosis, and other metabolic constraints.

The metabolic benefits of beige/brown adipocytes presence also stem from their endocrine role in secreting the
batokines. Like the adipokines from the WAT, batokines act in autocrine, paracrine, and endocrine fashions to provide
increased neurovascular supply to BAT, favoring thermogenesis and inhibiting whitening besides exerting anti-inflam-
matory effects, favoring browning, and influencing glucose homeostasis[50]. Figure 2 depicts white and BAT plasticity
under obesogenic and thermogenic stimuli.

The recent literature suggests that less than 100 g of adipose tissue in an adult human with thermogenic activity can
prevent 4 kg of fat accumulation per year[51], stimulating the search for drugs that trigger browning while inhibiting
whitening, relevant for metabolic disease control.

PPARS ROLE IN THE ADIPOSE TISSUE PLASTICITY

PPARa was the first receptor discovered, mapped to chromosome 22q12-13.1 in humans, found in metabolically active
tissues such as the liver, kidney, heart, skeletal muscle, and brown fat[52,53]. PPARa has polyunsaturated fatty acids and
leukotrienes as natural ligands, which are inflammatory mediators; as pharmacological ligands, the family of
hypolipidemic drugs, fibrates, is considered an accessible PPARa agonist[54].

The participation of PPARa in the thermogenic pathway involves directing NEFAs, generated after adrenergic
stimulation, to the B-oxidation instead of cellular efflux. f-adrenergic stimulus mobilizes most of NEFA in normal
conditions, and this mobilization is related to the inflammatory response and the reduction of cell function in the long
term. The chronic stimulation of the beta-3 adrenergic receptor upregulates PPARa expression, increasing adipocytes’
oxidative capacity[55].

Natural or pharmacological ligands mainly control the expression of genes involved in lipid metabolism. If the concen-
tration of fatty acids increases, PPARa is activated and absorbs the oxidized forms of these acids. During the influx of
fatty acids, the transcription of PPARa-regulated genes increases, and the systems are activated[55,56]. Thus, PPARa
functions as a lipid sensor and controls energy combustion.

A previous study showed that treatment with WY14643 (PPARa agonist) exerted lipolytic effects with reduced fat mass
and increased whole-body fat oxidation. These results demonstrate a novel role for PPARa activation in beta-adrenergic
regulation of adipose tissue lipolysis[57]. In addition, treatment with WY-14643 has already shown effects in reducing
hepatic steatosis, serum insulin, and inflammation in adipose tissue, and these changes are generally observed in obesity
onset[58,59].

In BAT, PPARa stimulates lipid oxidation and thermogenesis in synergy with PGC1a[60]. In this scenario, a study
demonstrated that the activation of PPARa by a pharmacological agent (fenofibrate) activated NST (and mitochondrial
biogenesis in the BAT of obese mice fed a high-fat diet[61]. Subsequently, the chronic intake of a high-fat diet caused BAT
whitening, and the treatment with WY14643 mitigated this morphophysiological impairment through anti-inflammatory
signals and enhanced VEGFA, resulting in increased thermogenesis. In the same experiment, the high-fructose diet did
not trigger whitening, but the WY14643 also attenuated the histological changes caused by excessive dietary fructose[62].
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Figure 2 Adipose tissue plasticity and peroxisome proliferator-activated receptor effects. Under an obesogenic diet, the white adipocytes undergo
hypertrophy and profound change in adipokine profile release, leading to growing insulin resistance and low-grade inflammation. Conversely, under adequate stimuli
[peroxisome proliferator-activated receptors o (PPARa) and dual PPARaly], the subcutaneous white adipose tissue can also undergo browning and form beige
adipocytes, an intermediate between white and brown adipocytes with lower thermogenic capacity than brown adipocytes but whose presence points to metabolic
homeostasis. Finally, the brown adipose tissue, which has the most potent thermogenic capacity, can express a whitened phenotype when exposed to a lipotoxic
milieu. Whitening entails decreased vascularization and pro-inflammatory signals characterizing brown adipocyte dysfunction. In contrast, PPARa and dual PPARa/y
treatments counter whitening, increasing thermogenesis through anti-inflammatory and proangiogenic effects. Made with Biorender (www.biorender.com). PPARSs:
Peroxisome proliferator-activated receptors; WAT: White adipose tissue; BAT: Brown adipose tissue. Created by BioRender.

PPARa is the isoform that induces the browning of sSWAT more abundantly. Fenofibrate has yielded expressive
browning in DIO mice, with an irisin-Pgcla-Prdm16 interaction driven by PPARa stimulating thermogenesis and
mitigating insulin resistance and inflammation, countering obesity[63]. Confirming these results, the PPARa agonist
WY14643 yielded Cd137/Prdm16/Ucpl+ beige adipocytes, whereas the PPARB/6 agonist GW0742 reduced sWAT
adipocyte size and increased beta-oxidation without browning induction[59]. PPARB/6 activation by GW501516
countered adipocyte hypertrophy through suppression of angiotensin-converting enzyme (ACE)/angiotensin II receptor
type 1 (AT1r) axis and downstream potent anti-inflammatory effects[64].

PPARYy received much attention since the mid-1990s as the molecular target of thiazolidinediones (TZDs) or glitazones,
a class of insulin-sensitizing and antidiabetic drugs[65]. PPARY, a transcription factor from the nuclear receptor family,
plays a significant role in lipid and glucose metabolism regulation[66]. WAT and BAT, large intestine, and spleen express
PPARy. However, its expression is much higher in adipocytes[67,68].

Ligand-activated PPARy induces adipocyte differentiation, stimulates mitochondrial biogenesis, and inhibits the
production of pro-inflammatory mediators[68]. In addition, PPARYy activated in adipocytes ensures a balanced and
adequate secretion of adipokines (adiponectin and leptin), mediators of insulin action in peripheral tissues[69].

In WAT, PPARY is pivotal to lipid accumulation. In contrast, PPARy activation in BAT induces the expression of genes
related to the thermogenic program, including Pgcla and Ucpl. PPARY is crucial for brown adipocyte differentiation, but
additional transcription factors, including PRDM16, are required to activate the thermogenic program|[70].

The PPARYy1 isoform is expressed in almost all cells, while PPARy?2 is mainly limited to adipose tissue. However,
PPARy?2 is a more potent transcriptional activator[71]. Both PPARy1 and PPARy?2 are essential for adipogenesis and
insulin sensitivity control. However, PPARY2 is the isoform upregulated in response to nutrient intake and obesity[72,73].

TZDs, synthetic PPARY ligands, are antidiabetic drugs with potent insulin-sensitizing effects that confer long-term
glycemic control[74]. However, its clinical use has been contested due to side effects such as weight gain, edema, and
bone fractures[75]. The increase in body weight after TZDs administration is due to PPARy-dependent WAT expansion
[76] and fluid retention caused by PPARy activation in the renal collecting ducts[77].

TZDs improve peripheral insulin sensitivity and have a spectrum of anti-inflammatory properties, including a
reduction in plasma inflammatory markers and adipose tissue macrophages[72,78]. In WAT, TZDs promote adipocyte
differentiation, insulin action, and the formation of beige adipocytes[66]. In BAT, TZDs activate thermogenic activity[79].
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The dual PPARa/y agonist tesaglitazar reversed iBAT whitening through gut dysbiosis and ultrastructure
improvements[80]. Intestinal PPARa activation suppresses postprandial hyperlipidemia by increasing the fatty acid
oxidation of intestinal epithelial cells[81]. In addition, intestinal PPARa activation reduces cholesterol esterification,
suppresses chylomicron production, and increases enterocytes” HDL synthesis[82]. These observations pave a new way to
treat metabolic diseases through the modulation of gut microbiota by PPARs and the consequent gut-adipose tissue
stimulation of thermogenesis due to anti-inflammatory, angiogenic, and high beta-adrenergic signaling[80]. Figure 2
shows the main PPAR effects on the adipose tissue.

PANCREAS MORPHOPHYSIOLOGY AND OBESITY OUTCOMES

The human pancreas is a mixed gland made up of five anatomical divisions: Head (fitted with the duodenum), uncinate
process, neck, body, and tail (nearby the spleen); measures 15-25 cm in length; and weighs 100 g to 150 g in a healthy
adult[83]. The inferior pancreaticoduodenal artery, the superior pancreaticoduodenal artery, and the splenic artery are
responsible for its perfusion, and the pancreatic plexus, celiac ganglia, and vagus nerve innervate this gland[84,85].

The pancreas has endocrine and exocrine functions, encompassing four structural components: The exocrine portion,
constituted by acinar and ductal cells; the endocrine region formed by the islet cells; the blood vessels; and the
extracellular space[84]. The exocrine portion corresponds to 85% of the pancreas volume, comprehending a ductal system
like a bunch of grapes with a blinded end. Each acinus corresponds to a grape and secretes pancreatic juice enzymes that
flow into bicarbonate-secreting ductal epithelial cells[83,84]. After passing through accessory ducts, these enzymes reach
the main pancreatic duct that connects with the bile duct in the ampulla of Vater in the duodenum. The exocrine
pancreatic secretion (amylase, lipase, and zymogens) helps to digest proteins, fats, and carbohydrates, being secreted by
the autonomic nervous system stimulation in the presence of food in the duodenum and the consequent release of
secretin, cholecystokinin, and other hormones by the enteroendocrine cells[83].

The endocrine portion of the pancreas comprises mini-organs called islets of Langerhans, corresponding to 1%-2% of
the total pancreatic volume. Pancreatic islets have a spherical shape and secrete hormones related to glucose homeostasis.
There are five islet cell types: Alpha cells (a cells, produce glucagon), beta cells (B cells, insulin), delta cells (6 cells,
somatostatin), PP cells (also known as F cells, pancreatic polypeptide-containing cells), and epsilon cells (e cells, ghrelin).
Neuroendocrine, endocrine, paracrine, and endocrine mechanisms influence islet secretion. Therefore, overactivation or
inactivation of their regulatory pathways can drastically impact the metabolism, causing metabolic diseases[86-88].

The most prevalent cell types in pancreatic islets are alpha and beta cells. In mice, alpha cells are restricted to the islet
periphery, while the beta cells found in the core of the islet are vastly innervated and comprehend 60%-80% of the total
islet mass. In humans, alpha and beta cells are interspersed all around the islets, with beta cells comprising 50%-75% of
the islet mass with a sparse innervation. The remaining islet cell types do not differ significantly between men and mice.
Even though there are cytoarchitectural differences regarding the islets of these species, the dynamics of islet remodeling
in obesity and T2DM are similar and propitiates relevant translational studies[87].

Obesity entails an impaired glucose-stimulated insulin secretion (GSIS) triggered by the adipoinsular axis deregulation
due to increased demand for insulin release. The resistance to insulin action relates to hyperleptinemia, prompted by the
inflamed hypertrophied WAT[89,90]. Under an insulin-resistant state, the glucose fails to enter the pancreatic beta cell,
resulting in a high demand for insulin to keep euglycemia. Islet hypertrophy and hypersecretion are commonplace
features in DIO mice as the expansion of alpha and beta cell masses cope with normal glycemic levels maintenance at the
beginning of glucose homeostasis impairments[91-93].

Insulin resistance (IR) precedes the T2DM diagnosis by around ten years[94]. Initially, the compensatory hyperinsu-
linemia prompts normal fasting glucose levels (IR). As adiposity evolves, hyperinsulinemia cannot cope with adequate
glycemic control. At this point, raised plasma insulin and glucose concentrations coexist, characterizing glucose
intolerance[91,95]. Glucose-intolerant mice exhibit hyperglycemia, alpha cells infiltrated to the islet core, besides a
disrupted GSIS, with endoplasmic reticulum (ER) stress and loss of beta cell polarity, compromising its secretion and
threatening islet survival[96,97].

Glucotoxicity (hyperglycemia) elicits ER stress, which leads to proinsulin misfolding and accumulation, a hallmark of
beta cell dysfunction and T2DM onset[98]. Beta cell dysfunction originates from continuing islet hypertrophy and
hypersecretion (lipotoxicity), impaired GSIS, beta cell ER stress (glucolipotoxicity), and downregulation of proliferative
markers like the pancreatic duodenal homeobox-1 (PDX1)[96,99]. Compromised beta cell proliferation, increased
apoptosis rate, and dedifferentiation result in beta cell failure[100]. T2DM is linked to a decreased beta cell mass (-22%-
63%) and begins when beta cell mass cannot compensate for the high demand for insulin to sustain glucose homeostasis
[101].

As a multi-hormonal disease, T2DM entails decreased beta cell mass coupled with the loss of incretin effect. Incretins
are gut-derived hormones that enhance insulin secretion and sensitivity after meal ingestion, participating in the glycemic
control at the postprandial state. Chronic high-fat diets lead to loss of the incretin glucagon-like peptide-1 (GLP-1)
capacity to enhance beta cell responsiveness to glucose and proliferation, resulting in beta cell exhaustion[102,103]. Loss
of incretin effect occurs even with normal GLP-1 and gastric inhibitory polypeptide levels in obese subjects, suggesting a
possible resistance to their actions like described for insulin and leptin[104].

To avoid the progression of IR towards T2DM onset, therapies that could promote pancreatic alpha cell transdifferen-
tiation into beta cells to maintain glycemic control are promising approaches to tackle beta cell exhaustion and reduced
beta cell mass[105]. In this context, PPARs may be therapeutic targets for glycemic homeostasis.
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PPARS EFFECTS ON PANCREATIC REMODELING AND ISLET PRESERVATION

PPARs regulate the expression of several target genes and allow the proper functioning of pathways linked to energy
metabolism. An imbalance of these pathways can lead to the development of T2DM and other disorders[106,107]. Thus,
PPARs are relevant therapeutic targets for the clinical management of diabetes.

Numerous drugs have been used and developed for the treatment of hyperlipidemia and T2DM such as PPARa
agonists (fibrates, e.g., fenofibrate, bezafibrate and clofibrate) and PPARYy agonists (TZDs, e.g., troglitazone, rosiglitazone,
pioglitazone and ciglitazone). PPARB/d does not have a role well-established in glucose metabolism, but it is known to
improve insulin sensitivity by facilitating fatty acid oxidation in some tissues and reducing glucose oxidation[108,109].

PPARa plays an essential role in glucose homeostasis and regulates enzymes and proteins involved in glucose
synthesis in the fasting state[110]. In addition, it stimulates pancreatic beta cells and increases fatty acid oxidation and
GSIS[111]. Fenofibrate and fish oil countered islet hypertrophy and increased adiponectin levels in diabetic KK mice
[112], mitigating lipotoxicity-induced beta cell dysfunction by inhibiting the nuclear factor kappa B (NF-xB) and reducing
macrophage migration[113]. In agreement, fenofibrate exerted anti-inflammatory and antiapoptotic effects besides
enhancing islet innervation in young non-obese diabetic mice, providing adequate glucose handling, and preventing
diabetes-associated diseases[114].

Conversely, Fenofibrate long-term use (12 wk, 100 mg/kg) disrupted beta cell function due to increased NF-xB and
inducible nitric oxide synthase islet expression in monosodium glutamate-induced obese rats[115]. An in vitro study
showed that PPARa activation by WY14643 or bezafibrate (pan-PPAR agonist) enhances GSIS. However, long-term
treatments contribute to beta cell dysfunction owing to overstimulation[116]. In a clinical study, bezafibrate showed that
parameters related to insulin resistance were attenuated during the follow-up period, while the placebo group showed an
increase in this parameter over two years[117].

PPARYy, in turn, controls glucose homeostasis as it increases glucose transporter (GLUT4) expression and its translo-
cation in adipocytes, causing adipose remodeling by reducing visceral fat deposits while selectively increasing sWAT,
resulting in a possible insulin sensitization scenario[118,119]. Furthermore, studies have shown that PPARYy activation
increases adipocytes’ fatty acid uptake, reducing lipotoxic damage to insulin-sensitive tissues[120], increasing glucose
uptake by skeletal muscle, and consequent peripheral reduction[120,121].

PPARYy agonists are the most developed antidiabetic and insulin-sensitizing agents to date. Studies have shown that
TZDs (or glitazones) bind specifically to the ligand binding domain (LBD) of recombinant PPARy but not to PPARa or
PPARB/6. These agents also selectively stimulate the activity of the PPARy gene promoter and modulate the expression
of several of its target genes[122]. TZDs class increases glucose catabolism and reduces its hepatic production[123,124],
sensitizes cells to insulin, improves insulin sensitivity and action[125,126], and promotes pre-adipocyte differentiation
along with lipogenesis, which favors a reduction in NEFAs concentrations, attributed to increased glucose utilization and
reduced gluconeogenesis.

Human and animal studies indicate that the TZDs (total PPARy agonists) rosiglitazone and pioglitazone improve
hyperglycemia by reversing insulin resistance and improving insulin sensitivity. In addition, both agents also show
significant effects on plasma lipoprotein lipids in humans, although pioglitazone results in a relatively better lipid profile
than rosiglitazone[127,128]. Of note, the clinical use of rosiglitazone was discouraged owing to the unwanted effects of
fluid retention, arterial vasodilation, endothelial alterations[129,130], increased risk of bone fracture and congestive heart
failure[131], and weight gain in both animal models and humans due to the master regulatory role of PPARy in
adipogenesis[66].

Pioglitazone (15 mg/kg per mouse) yielded healthy pancreatic islets in db/db mice, enhancing insulin and NK6
homeobox 1 expression and restoring islet function in this mice model[132]. The islet preservation due to PPARy
activation by pioglitazone encompasses anti-inflammatory effects and alleviation of ER stress[133]. Pioglitazone and
vildagliptin (DPP-4 inhibitor) combination maximized pioglitazone’s effects on suppressed inflammation and oxidative
stress in male rats[134]. In agreement with this, pioglitazone plus sitagliptin enhanced alpha and beta cell functions at the
postprandial state in T2DM subjects[135].

Telmisartan, a partial PPARy agonist and angiotensin receptor blocker, reduces serum insulin levels and mitigates
insulin resistance without affecting serum adiponectin levels[136]. The experimental background shows that telmisartan
reduced islet hypertrophy, with adequate glycemic control and normalized alpha and beta cell mass in DIO mice. These
effects were maximized by telmisartan combination with sitagliptin, reverting oral glucose intolerance and normalizing
body mass in this DIO model[93]. Telmisartan combination with linagliptin promoted islet preservation by suppressing
oxidative stress[137].

The beneficial effects of telmisartan on islet cytoarchitecture featured ultrastructural remodeling, with polarized cells
and mature insulin granules reestablished after the treatment[97]. Telmisartan elicited enhanced islet vascularization,
enhanced PDX1 and GLP-1 islet expression plasma concentrations, ameliorating GSIS and preserving pancreatic islets
through reduced apoptosis rate and macrophage infiltration[96]. Due to improved islet proliferation capacity, telmisartan
might be a candidate for beneficial islet cell transdifferentiation to slow insulin resistance to T2DM onset progression.
Figure 3 summarizes the main effects of PPARa and partial PPAR y agonists on the endocrine pancreas.

Drugs with specificity for at least two PPAR isoforms (e.g., dual PPARa/y or pan-PPAR agonists) could be more
effective and have relatively fewer undesirable side effects compared with currently used agonists with specificity for a
single PPAR isoform[138]. In this context, a series of dual PPARa/y agonists, named glitazars, was designed to combine
total PPARa and partial PPARYy activation, retaining the insulin-sensitizing property of PPARy target genes with the
beneficial effects of PPARa activation on energy metabolism[139,140]. However, muraglitazar showed many of the same
side effects (weight gain and edema) in patients[141,142], having glitazars development halted due to safety concerns.
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Figure 3 Beneficial effects of Peroxisome proliferator-activated receptor agonist on islet remodelling. Diet-induced obese mice exhibit enlarged
pancreatic islets, with are prone to exhaustion in the long run due to glucolipotoxicity. Peroxisome proliferator-activated receptor a (PPARa) and partial PPARy
activation are promising targets to counter glucolipotoxicity, yielding islet preservation. Made with Biorender (www.biorender.com). PPARSs: Peroxisome proliferator-
activated receptors; GSIS: Glucose-stimulated insulin secretion; ER: Endoplasmic reticulum. Created by BioRender.

Research is ongoing to develop new PPAR agonists without side effects. Since PPARs orchestrate many physiological
processes, agonists may play beneficial or non-beneficial effects. So, PPAR actions on pancreatic islets need elucidation to
support the development of new drugs with more assertive outcomes.

LIVER MORPHOPHYSIOLOGY AND OBESITY IMPLICATIONS

The liver is a complex organ that concentrates on several physiological processes as macronutrient metabolism, immune
system support, fatty acid, and cholesterol homeostasis, besides the degradation of xenobiotic compounds and many
medications[143]. It is the largest solid glandular organ in the body. With versatile endocrine and exogenous functions,
the liver is considered paramount for metabolic activities[144]. It has a remarkably uniform anatomical structure
composed of the regular arrangement of lobules that are the functional unit of the liver. The base of the lobule is
composed of hepatocytes, the most prevalent cells of the liver[145]. Hepatocytes arranged between the sinusoids along
the portal-central axis demonstrate heterogeneity concerning their biochemical and physiological functions[146].
Additional cell types within the liver include cholangiocytes, Kupffer cells, stellate cells, and endothelial cells, with
specialized functions[147].

The liver is enriched with cell organelles to fulfill its metabolic functions. It is one of the organs with the highest
number and density of mitochondria, which interact with other organelles such as ER, lipid deposits (LDs), and
lysosomes[148,149]. In the gastrointestinal tract, food digestion generates metabolic substrates (glucose, fatty acids, and
amino acids) that are absorbed by the bloodstream and conducted to the liver through the portal vein circulation system.
In the postprandial state, glucose forwards to glycogen storage, and the excess undergoes de novo lipogenesis (DNL) in
the liver. DNL forms new TAG from acetyl-CoA or malonyl-CoA[150,151].

In mammals, acetyl-CoA carboxylase (ACC) and fatty acid synthase (FAS)-an enzyme intricately regulated by several
nuclear receptors (NRs, e.g.,, PPARa, PPARY, and the bile acid receptor/farnesoid X receptor) catalyze fatty acid
production. NRs are also relevant mediators of insulin signaling, whereas DNL occurs under anabolic conditions, linking
glucose and lipid metabolism. Further support of this link encompasses insulin stimulation of FAS expression. In
hepatocytes, NEFAs are esterified with glycerol-3-phosphate to synthesize TAG. TAG is stored in LDs within hepatocytes
or secreted into the circulation as very low-density lipoprotein (VLDL) particles. In the fasted state or during exercise,
fuel substrates (glucose and TAG) are delivered from the liver into the circulation and metabolized by muscle, adipose
tissue, and other extrahepatic tissues[150,151]. However, the increased intake of dietary lipids, associated with
upregulated DNL process, causes lipotoxicity and the abnormal accumulation of lipids, often consistent with insulin
resistance in steatotic livers, which is related to disturbed ER protein folding homeostasis in hepatocytes[152,153].

The ER in hepatocytes can adapt to extracellular and intracellular changes, allowing the maintenance of essential
hepatic metabolic functions. However, several alterations can disturb the ER homeostasis of hepatocytes, contributing to
the dysregulation of hepatic lipid metabolism and liver diseases. Consequently, ER includes a progressively conserved
pathway called unfolded protein response (UPR) to control liver protein and lipid homeostasis[154]. UPR decreases
secretory protein quantity, increases ER protein folding (chaperone and foldase transcription), and enhances deletion
capacity by stimulating autophagy and ER-related degradation[152]. Thus, ER stress is a cellular stress in which the
demand for folding newly synthesized proteins exceeds ER capacity to fold or to correct it through UPR, generating
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unfolded protein accumulation[155].

The existence of three transmembrane-ER proteins is understood to reveal and transduce the ER stress response:
Protein kinase RN A-like ER kinase (PERK), inositol-requiring protein-la (IRE-1a) and activating transcription factor 6
(ATF6). Activation of ATF6 and PERK elicit the expression of the C/EBP homologous protein (CHOP), whereas IRE-1a
induces the activation of the N-terminal C-Jun kinase and also generates an improved form of X-box binding protein-1
(XBP1), the spliced XBP1, which attempts to the depletion of misfolded ER proteins through chaperone, folding proteins,
and ERAD components encoding[156].

However, when ER stress is intense to the point that damage is irreversible, the ER cannot restore its function. Hence,
inflammatory responses trigger cell death pathways[157]. There is strong communication between ER homeostasis
perturbations and mitochondrial dysfunction in the onset of obesity and metabolic syndrome. The mitochondrion
organelle plays an essential role in hepatic cellular redox, lipid metabolism, and cell death regulation[158], and genes
related to mitochondrial fatty acid B-oxidation are mostly transcriptionally regulated by PPARa[159]. Fatty acids input
into the mitochondria requires carnitine palmitoyltransferase 1a (Cptla) (a PPARa target gene), located in the outer
mitochondrial membrane. PPARa activation leads to the transcription of Cptla, associated with fatty acid oxidation in
mitochondria, peroxisomes (acyl-CoA oxidase, ACOX), and cytochrome P450 4A family[160].

Mitochondrial dysfunction is associated with acute and chronic liver diseases, and relevant information indicates that
mitophagy, a selective form of autophagy (catabolic process, which manifests itself by selective sequestration of
mitochondria by autophagosomes, phagophores, a double membrane that isolates autophagic components)[161] of
dysfunctional/excessive mitochondria, plays a pivotal role in liver physiology and pathophysiology[158]. There are
specificities and mechanisms mediating mitophagy, many of them mediated by the FUN14 domain containing 1
(FUNDC1), a mitochondrial outer membrane protein tightly regulated at transcriptional and post-transcriptional levels.
NRF1 (nuclear respiratory factor 1) and PGCla, the major transcription factor and related cofactor in mitochondrial
biogenesis, beneficially adjust FUNDC1 expression and enhance mitophagy[162]. Therefore, mitophagy favors
mitochondrial remodeling, and PPARs are implicated in this pathway[163]. Figure 4 summarizes liver alterations under
lipotoxicity in obesity.

PPARS IN THE LIVER

Functional studies have demonstrated that PPARa governs hepatic expression of genes involved in nearly all aspects of
lipid metabolism, including fatty acid uptake, elongation and desaturation, activation and binding of intracellular fatty
acids, formation and degradation of TGs and lipid droplets, and metabolism from plasma lipoproteins[164,165]. The
constitutive activity of mitochondrial B-oxidation was significantly reduced in the liver of mice lacking the Ppara gene (
Pparo null mice)[166]. Ppara knockout mice fed a high-fat diet increased markers of oxidative stress, inflammation, and
cell death[167].

Thus, PPARa has been the target of hypolipidemic drugs from the fibrate family, under investigation for treating non-
alcoholic fatty liver disease (NAFLD). PPARa upregulates fatty acid p-oxidation and lipolysis, upregulating the
expression of several genes involved in lipid metabolism (Pgcla and Cptla), leading to less fat accumulation in NAFLD
[168]. Pgcla modulates the expression of key metabolic enzymes involved in gluconeogenesis, fatty acid oxidation, and
oxidative phosphorylation in the liver through their functional interaction with PPARa[169]. Mitochondrial B-oxidation of
long-chain fatty acids is regulated by CPT1a, an enzyme physiologically inhibited by malonyl-CoA, a glucose-derived
metabolite and an intermediate in DNL synthesis[170].

Administration of Wy-14643, one of the most potent PPARa agonists, decreased serum insulin, rescued hyperglycemia,
and suppressed carbohydrate response element binding protein (ChREBP), mitigating steatosis and hepatic damage. The
reductions in ChREBP and FAS activity likely reflect the diminished stimulatory effects of glucose on ChREBP and as a
substrate (AcylCoA) for fatty acid synthesis[171]. Moreover, WY-14643 markedly reduced hepatic steatosis in high-fat-fed
C57BL/6 mice by augmenting the volume density of mitochondria per area of liver tissue and downregulating hepatic
gluconeogenesis and DNL[58]. More recently, WY-14643 treated gut dysbiosis in high-fat and high-fructose-fed-mice,
exerting antisteatotic effects through diminished endotoxemic inflammatory inputs to the liver, showing that PPARa
mitigates liver steatosis by acting on multiple hits that trigger this outcome[172,173].

Fibrates are a less potent but clinically relevant class of PPARa agonists compared to Wy-14643, which have also been
evaluated in experimental models and human studies[174]. In vivo experiments, treatment with pemafibrate, a selective
PPARa agonist, identify PPARa as a pharmacological, sexually dimorphic target primarily related to related gene
functions to lipid homeostasis, with the female liver being much more responsive to pemafibrate than the male liver[175].
The potency of synthetic PPARo agonists may differ from receptor to species as measured using the PPARa-GAL4
transactivation system, i.e., fenofibrate (mouse receptor, EC50 = 18000 nM vs human receptor, EC50 = 30000 nM),
bezafibrate (EC50 = 90000 nM vs 50000 nM, respectively) and Wy14643 (EC50 = 630 nM vs 5000 nM, respectively)[176].

In contrast, several studies have provided evidence that hepatic PPARY expression markedly increases in many models
of obesity (lipoatrophy and hyperphagic obesity), insulin resistance, and diabetes with varying degrees of steatosis[177].
PPARYy expression in the liver is low under healthy conditions but increases as steatosis develops in rodents[178]; this
effect is not seen in humans[75,179]. They have tremendous potential in patients with NAFLD because they promote
preadipocyte differentiation into adipocytes and may induce fat redistribution from visceral sites such as the liver and

muscle to peripheral subcutaneous adipose tissue, increase circulating adiponectin levels, and improve insulin sensitivity
[180].
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Figure 4 Schematic illustrates hepatic lipotoxicity caused by obesity. There is an increase in lipolysis, which triggers the intracellular accumulation of
fatty acids (FAs) within hepatocytes, resulting in a delay in mitochondrial beta-oxidation followed by an increase in lipogenesis, favoring the deposition of lipid droplets
in the hepatic parenchyma, culminating in hepatic steatosis. Concomitantly, there is a reduction in insulin signaling, potentiating inflammation, and endoplasmic
reticulum (ER) stress. ER stress is detected by the unfolded protein response-IRE1, PERK, and activating transcription factor 6 (ATF6) in the ER membrane. If it is
impossible to reverse the unfolded proteins, ATF4 promotes transcription of the C/element binding protein homologous protein, a transcription factor that induces
apoptosis. Made with Biorender (www.biorender.com). TAG: Triacylglycerol; UPR: Unfolded protein response; UPR: Unfolded protein response; PERK: Protein
kinase RNA-like ER kinase; ATF: Activating transcription factor 6; IRE6: CHOP: C/EBP homologous protein; NEFAs: Non-esterified fatty acids. Created by
BioRender.

PPARYy agonists, such as the TZDs, stimulate genes that favor the storage of TAG, thus lowering circulating free fatty
acid concentrations[181]. In humans, one-year treatment with pioglitazone (at low dosage) significantly improved liver
steatosis, inflammation, and systemic and local adipose tissue insulin resistance in patients with T2D. A decrease in sterol
regulatory element-binding transcription factor 1c (SREBP-1c) expression by pioglitazone has a primary effect in reducing
hepatic steatosis[182]. Pooled results suggest that acetaldehyde produced from ethanol metabolism may increase the
synthesis of the mature SREBP-1 protein, which increases hepatic lipogenesis, thus leading to the development of fatty
liver[183,184].

Administration of the PPARY agonist rosiglitazone (5 mg/kg, daily, gavage) accelerated regression of liver fibrosis as
associated with increased expression of PPARYy in mice, with similar findings in human hepatic stellate cells (HSCs).
Furthermore, in vitro, GATA binding protein 6 (GATAG6)-deficient HSCs exhibit a defect in inactivation, suggesting that
GATAG6 and PPARy agonists can be used to drive the inactivation of HSCs/myofibroblasts and could compose a
combination strategy to halt liver fibrosis in patients[185]. On the other hand, some studies associate TZD therapy with an
average weight gain of 4 kg to 5 kg[186,187]. Weight gain combines adiposity and fluid retention as the increased
peripheral edema observed during the pre-marketing clinical trials of pioglitazone and rosiglitazone. Increased vascular
permeability through high vascular endothelial growth factor secretion and decreased systemic vascular resistance are
non-kidney factors that contribute to this edema[188,189].

Recently, dual PPAR-0/y agonists emerged as a strategy to lessen undesirable side effects related to PPAR-y agonism.
In a randomized controlled clinical trial, Saroglitazar (PPAR-a/y agonist, 4 mg) significantly improved alanine transa-
minase, liver fat content, insulin resistance, and atherogenic dyslipidemia in participants with NAFLD/nonalcoholic
steatohepatitis (NASH)[190]. In an in vitro study on HepG2 cells, saroglitazar prevented HSC activation from quiescent
cells to highly proliferative and fibrogenic cells. Pro-inflammatory cytokines, upregulated in NAFLD, can activate hepatic
stellate cells, causing increased collagen deposition that initiates fibrogenesis. In turn, the use of saroglitazar reduced the
expression of pro-inflammatory [tumor necrosis factor-alpha (Tnfa), interleukin (IL)-1B, and IL-6] and pro-fibrogenic
(monocyte chemoattractant protein-1, transforming growth factor beta, collagen type I alpha 1 chain, and a-smooth
muscle actin) genes in HSC[191]. Evidence is growing in favor of dual PPARa/y agonism as a candidate for the treatment
of NAFLD/NASH due to findings of improvements in all components responsible for these conditions.

In agreement with PPARa beneficial effects on the liver, PPARB/d possesses anti-inflammatory effects in the liver by
inhibiting NF-xB activity by directly binding to its subunit p65[192-195]. The PPAR-B/6 agonist GW0742 Led to the
modulation of the inflammatory response induced by NF-«B in rats, reducing the release of pro-inflammatory cytokines
and neutrophils infiltration into the liver[193,196]. During the induction of inflammatory responses, the inactivated PPAR
B/ participates in the activation of NF-«xB p65. Activation by ligand PPARB/ & results in a lack of this cooperation, and
consequently, activation of PPARPB/ interferes with the function of NF-xB p65. As a result, inflammatory responses
caused by a high concentration of glucose, activation of the receptor for TNF-a, IL-1B, or activation of TLR4 are reduced
[197]. Along with the anti-inflammatory effects, GW0742 has recently mitigated hepatic steatosis through attenuating
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Figure 5 Beneficial effects of Peroxisome proliferator-activated receptor activation on the liver. Peroxisome proliferator-activated receptor a
(PPARG0) activation mitigates hepatic steatosis through the activation of genes related to mitochondrial biogenesis and beta-oxidation, such as Pgcfa and Cpt1a.
Dual PPARa/y agonists emerge as promising candidates to treat nonalcoholic steatohepatitis once this approach reduces hepatic stellate cells activation, keeping
their quiescent stage and impeding fibrogenesis. PPARpB/3/3 activation entails antisteatotic effects through alleviating the hepatic endoplasmic reticulum stress,
inflammation, and apoptosis. Made with Biorender (www.biorender.com). PPAR: Peroxisome proliferator-activated receptor; Pgc1a: Peroxisome proliferator-activated
receptor gamma coactivator-1 alpha; Cpt7a: Carnitine palmitoyltransferase 1a; HSC: Hepatic stellate cell; ER: Endoplasmic reticulum. Created by BioRender.

hepatic ER stress (reduced p-elF2a/ ATF4/CHOP expression), yielding anti-apoptotic signals and favored beta-oxidation
over lipogenesis in high-fat-fed mice[198].

Despite this, the contribution of PPARB/ & to hepatic lipid metabolism is still controversial. PPAR-B/6 null mice on a
high-fat diet showed an increased rate of hepatic VLDL production and an increase in the plasma VLDL apoB48, apoE,
apoAl, and apoAll levels, as well as a reduction in hepatic lipid stores[178]. However, the other potent PPARB/6 agonist,
GW501516, increased the expression of the lipogenic enzyme ACC2 and consequently increased the hepatic TAG content
in db/db mice[192,199]. The role that PPAR-B/d has on liver metabolism is not defined as there is not a PPAR-$/6
agonist available to the population[200]. Figure 5 depicts the beneficial effects of PPAR activation on the liver. Table 1
shows the main mechanisms and endpoints of PPAR agonists on experimental, in vitro, and clinical backgrounds.

CONCLUSION

Overall, there is no doubt that PPARs are promising therapeutic targets for metabolic syndrome, insulin resistance,
dyslipidemia, and NAFLD/NASH. However, more research, improvement, and testing are needed to apply PPAR-
targeted agents to human metabolic diseases with increased safety and efficacy. Much as PPARs agonists are widely
prescribed to treat dyslipidemia, hypertension, and T2DM, dual agonists are promising in the context of obesity due to
the combination of anti-inflammatory, lipid oxidation, insulin-sensitizing, and thermogenesis activation, which prevails
from one of the isoforms actions and might be highlighted with suitable modulation of their combined activation.
Considering that the jury is still out on defined drug therapy for obesity and NAFLD (one of obesity’s more prevalent
comorbidity), PPARs entail a potent target to reach adequate control of the glucolipotoxicity that trigger metabolic
diseases, whether as part of a combination of different PPARs isoforms or combined with agents from other drug classes.

Table 1 Summary of evidence on PPARs agonists on metabolic outcomes in clinical and experimental studies

Model PPAR agonist Effect/mechanism Ref.
HEF diet fed C57BL/6 WY14643 (3.0 mg/kg BM) Decreased body mass and increased hepatic beta-oxidation =~ Barbosa-da-Silva et al
mice (14 wk) [57], 2015
HF diet fed C57BL/6 WY14643 (2.5 mg/kg BM) Decreased insulin, hepatic steatosis, and enhanced Veiga et al[58], 2017
mice (14 wk) mitochondria per area of liver tissue
HF diet fed C57BL/6 WY14643 (2.5 mg/kg BM) Browning of subcutaneous WAT, increased thermogenesis ~ Rachid ef al[59], 2018
mice (14 wk)
HF diet or high-fructose- 'WY14643 (3.5 mg/kg BM) Reduced whitening in HF-fed mice via increased VEGFA Miranda et al[62],
fed C57BL/6 mice (17 and reduced inflammation 2020
wk)
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HF diet fed C57BL/6
mice (15 wk)

High-fructose diet-fed
C57BL/6 mice (11 wk)

Knockout mice for Ppary
in collecting duct

Human subcutaneous
white adipose tissue

biopsy

HF diet fed C57BL/6
mice (16 wk)

Human jejunal biopsies
Knockout mice
Non-obese diabetic mice
Monosodium glutamate
induced obese rats

Rat pancreatic islets in
vitro

Diabetic subjects

Subjects diagnosed with
type 2 diabetes and
dyslipidemia

db/db mice
Knockout-Ay mice
Diabetic Wistar rats (low
streptozotocin dose)
Type 2 diabetic patients
Non-diabetic
hypertensive subjects
High-fat diet-fed mice

(16 wk)

High-fat diet-fed mice
(15 wk)

db/db mice

High-fat-fed foz/foz
obese/ diabetic mice for
16 wk

High-fructose diet-fed
mice (17 wk)

Type 2 diabetic patients

CCl4-injured mice

Patients with

Jaishideng®

Fenofibrate (100.0 mg/kg BM)

GW501516 (3.0 mg/kg/d)

Rosiglitazone (320.0 mg/kg diet)

Pioglitazone (45 mg daily for two

months)

Tesaglitazar (4 mg/kg BM)

Cells treated with GW7647 (600 nM) or

GFT505 (1 uM) for 18 h

25.0% fish oil in the diet

0.1% fenofibrate in the diet

100 mg/kg fenofibrate for 12 wk

300 microM bezafibrate for 8 h

400 mg bezafibrate for two years

Pioglitazone 30 mg/d for 12 wk and 45
mg/d for additional 12 wk; rosigl-
itazone 4 mg/d for 12 wk and 8 mg/d

for additional 12 wk

Pioglitazone 15 mg/kg BM for 18 d

High-fat diet plus pioglitazone 0.02%

for 6 wk

10 mg/kg pioglitazone or vildagliptin or

their combination for 4 wk

Sitagliptin 100 mg/d or Pioglitazone 30
mg/d or their combination for 12 wk

Telmisartan (80 mg/d) for 6 wk
Telmisartan (5 mg/kg BM) alone or in

combination with sitagliptin (1 g/kg
BM) or metformin (300 mg/kg BM)

Telmisartan (10 mg/kg)

Telmisartan (3 mg/kg BM), linagliptin
(3 mg/kg BM) or their combination for

eight weeks

WY14643 (0.1% w/w) for 10 d or 20 d

WY14643 (3.5 mg/kg BM) or linagliptin

(15.0 mg/kg BM) or their combination

Metformin 2 g/d + Pioglitazone (15
mg/d, 30 mg/d, or 45 mg/d)

Rosiglitazone (5 mg/kg BM) for two

weeks

Saroglitazar 1 mg, 2 mg, or 4 mg for 16
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Increased irisin-Pgcla-Prdm16 and induced thermogenic
beige adipocytes

Potent anti-inflammatory effects that reversed adipocyte
hypertrophy

PPARY regulates sodium transport in the collecting ducts
and mediates the rosiglitazone-induced edema

Pioglitazone reduced CD68 and MCP-1 expression in
adipose tissue, improving insulin sensitivity

PPARuo,/y synergism treated dysbiosis and favored thermo-
genesis

Intestinal PPARa activation induces HDL production

Increased adiponectin, improved glucose metabolism, and
islet hypertrophy

Anti-inflammatory, antiapoptotic effects, and enhanced islet
innervation, ameliorating glucose handling

Long-term treatment disrupted beta cell function due to
increased NF-kB and iNOS expression

Bezafibrate enhanced GSIS through Ppara activation in
short-term culture. Long-term culture caused beta cell
dysfunction due to overstimulation

Bezafibrate avoided the progressive decline of beta cell
function and insulin resistance increase

Pioglitazone had better effects regarding improvements in
triglycerides, HDL cholesterol, LDL particle concentration,
and LDL particle size

Restoration of pancreatic islet function with increased
expression of insulin and NK6 Homeobox 1 expression

Islet preservation through ER stress and inflammation
alleviation

Vildagliptin maximized pioglitazone effects on inflam-
mation and oxidative stress attenuation

Both drugs exerted complementary effects on blood glucose
control

Telmisartan enhanced insulin sensitivity in hypertensive
patients independent of adiponectin induction

Treated animals exhibited marked mitigation of hepatic
steatosis and islet hypertrophy; telmisartan combination
with sitagliptin normalized alpha and beta cell mass

Amelioration of endocrine pancreas structure and function,
with enhanced islet vascularization and reduced apoptosis
rate

Combined therapy provided better results than the
monotherapies on glucose homeostasis, islet cell functions,
and structure via reduced oxidative stress

PPARa activation mitigated steatosis, and hepatocyte
ballooning, besides reducing NF-kB and JNK activation.
Persistent adipose-derived MCP1 enhanced levels may limit
its property to treat NASH

The WY14643 monotherapy or its combination with
linagliptin-treated dysbiosis, controlling endotoxemia and
mitigating liver steatosis

All pioglitazone doses exerted similar effects, with
mitigation of liver steatosis and inflammation, with

improved systemic insulin resistance

Rosiglitazone blocked liver fibrosis progression through the
down-regulation of fibrogenic genes and HSCs inactivation

Saroglitazar 4 mg significantly mitigated insulin resistance
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NAFLD/NASH wk and atherogenic dyslipidemia 2021
HF diet fed mice (14 wk) GWO0742 (1 mg/kg BM) for four weeks ~ PPARB/d mitigated hepatic steatosis through improved Silva-Veiga et al
insulin resistance and ER stress alleviation [198], 2018

HF: High-fructose; NAFLD: Non-alcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; PPAR: Peroxisome proliferator-activated receptors;
WAT: White adipose tissue; ER: Endoplasmic reticulum; NF-kB: Noncanonical nuclear factor-kappaB; HSCs: Hepatic stellate cells; iNOS: Inducible nitric
oxide synthase; GSIS: Glucose-stimulated insulin secretion; HDL: High-density cholesterol; LDL: Low-density cholesterol.
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Abstract

Schistosomiasis (bilharziasis) is a major neglected tropical disease. It is endemic in
many tropical and subtropical communities. Schistosomal polyps (S. polyps) are
not uncommon presentation of this infection. Although the colon is the most
commonly affected organ, many other organs are affected. S. polyps are associa-
ted with a variable range of morbidity independent of the Schistosomal infection.
S. polyps are frequently described in endemic areas and increasingly reported in
non-endemic areas mainly among immigrants and visitors to the endemic areas.
This review aimed to increase awareness of practitioners, especially gastroentero-
logists, for this peculiar type of polyps caused by this neglected infection hence
improving patient outcomes. Web-based search of different databases was
conducted for the literature focusing the development of S. polyps in the colon
and other organs with analysis of the clinical manifestations, diagnosis and
treatment. The following key words were used in the search, “Schistosomiasis”
OR “Bilharziasis” AND “Polyps” OR “Polyp” AND “Colon” OR “Small intestine”
OR “ Duodenum” OR “ Stomach” OR “Esophagus” OR ” Gallbladder” OR”
Pharynx” OR “Larynx” OR “Trachea” OR ”Urinary bladder” OR “ Ureter” OR
“Renal Pelvis” OR “Urethra”. All publication types including case reports, case
series, original research, and review articles were retrieved and analyzed. S.
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polyps are not infrequent presentation of acute or chronic Schistosomal infection. S. polyps are described in many
organs including the bowel, genitourinary tract, skin, gallbladder and the larynx. Presentation of S. polyps is
variable and depends on the site, number as well as the polyp size. The relationship of S. polyps to malignant
transformation is a matter of discussion. Presence of S. polyps is sometimes the only manifestation of Schistoso-
miasis. Small polyps can be treated medically with praziquantel, while large accessible polyps are amendable for
endoscopic excision through different polyp resection techniques. However, huge, complicated, non-accessible and
suspicious polyps are indicated for surgical management or advanced endoscopic resection when appropriate.
Clinicians and endoscopists should be aware about these facts when treating patients living in, immigrated from or
visiting endemic areas.

Key Words: Schistosomiasis; Bilharziasis; Schistosomal polyps; Colon; Praziquantel

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Schistosomiasis is associated with a wide range of pathological lesions including development of polyps. Colon is
the commonest site for polyp development, however polyps are reported in many organs including urinary bladder, ureters,
larynx, duodenum, small intestine, gallbladder, anus, uterine cervix and external genitalia. Schistosomal polyps are
associated with a wide range of morbidity according to the polyp site, size and number. The malignant potential of these
polyps is a hot point of discussion. Although small sized polyps can regress with medical therapy using praziquantel, large
accessible polyps can be retrieved endoscopically. Complicated, huge and inaccessible polyps can be treated surgically.

Citation: Emara MH, Mahros AM, Rasheda AMA, Radwan MI, Mohamed B, Abdelrazik O, Elazab M, Elbatae H. Schistosomal
(bilharzial) polyps: Travel through the colon and beyond. World J Gastroenterol 2023; 29(26): 4156-4165

URL: https://www.wjgnet.com/1007-9327/full/v29/i26/4156.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i26.4156

INTRODUCTION

Schistosomiasis is a major neglected tropical disease. It is endemic in many geographical regions mainly in Africa, Latin
America and Asia. Many data have been published from endemic areas and also from areas where the infection is not
likely to occur with diverse clinical presentations. In non-endemic areas the infection is reported among immigrants or
visitors to endemic areas[1,2].

This parasitic infestation was described in early human history, with evidence of infection reported in the ancient
Egyptian papers and probably other old civilizations. The infection was characterized in the 19* century by the German
pathologist Theodor Bilharz; that is why it is named after him as “Bilharziasis”. There are many species of the parasite.
Human infection is likely caused by five species, namely Schistosoma Mansoni, S. Haematobium, S. Japonicum, S.
Intercalatum and S. Mekongi[1]. It is obvious that, the infection is linked to water supplies because of the snail intermediate
host settles in the water canals and hence agricultural communities are the ultimate victims of the infestations, although
persons who came in contact with infected water are prone also to catch the infection.

The clinical manifestation of this infection is either acute or chronic. The acute manifestations are related to the
invasion of the human body by the cercarial invading stage through the skin, migration within the body and the early
stage of ovi-position. Chronic manifestations are related to the establishment of adult worms and trapping of the
deposited ova within the tissues and consequently granuloma formation[1]. The acute presentations include constitu-
tional manifestations with fever, myalgia, urticarial rashes and with ovi-position the manifestations will change to
hematuria (urinary Schistosomiasis), diarrhea with blood (intestinal Schistosomiasis), and chronic blood loss; manifested
as anemia[1,3]. In chronic cases, development of fibrosis is the hallmark of the disease and this results in devastating
sequelae including portal hypertension, hepatic peri-portal fibrosis, and splenomegaly for intestinal Schistosomiasis,
while urinary Schistosomiasis is associated with obstructive lesions, increased incidence of stone formation, chronic
urinary tract infections, and urinary bladder malignancy/[4].

The current review aimed to increase awareness of practitioners, especially gastroenterologists, for this peculiar type of
polyps caused by this neglected infection and hence improve patient outcomes.

LITERATURE SEARCH

Web-based search of different databases was conducted, including PubMed/MEDLINE, Cochrane library, Web of
Science, Ovid, Science Direct, Scopus, Directory of Open Access Journals, EBSCO HOST, ProQuest, Institute for Scientific
Information, EBESCO, Egyptian knowledge bank, Google scholar, Reference Citation Analysis (https:/ /www.referencecita-
tionanalysis.com/) and the Research Gate, for relevant articles focusing on the development of Schistosomal polyps (S.
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polyps) in the colon and other organs with analysis of the clinical manifestations, diagnosis and treatment. The following
key words were used in the search, “Schistosomiasis” OR “Bilharziasis” AND “Polyps” OR “Polyp” AND “ Colon” OR
“Small intestine” OR “ Duodenum” OR “ Stomach” OR “Esophagus” OR ” Gallbladder” OR” Pharynx” OR “Larynx” OR
“Trachea” OR ”Urinary bladder” OR “ Ureter” OR “Renal Pelvis” OR “Urethra”. All publication types including case
reports, case series, original research, and review articles were retrieved and analyzed.

PATHOGENESIS OF S. POLYPS

The development of polyps in general is linked to hollow organs or organs with contact to space; this enables external
growth. Consequently, polyps are frequently reported in the bowel rather than other organs. The final shelters for adults
Schistosomes are the intestinal and pelvic venous plexuses whatever the species are and hence the development of S.
polyps in the hollow organs drained by this plexuses is not strange, e.g., colon and urinary bladder, while development of
polyps in other organs, e.g., skin is considered ectopic. Furthermore, S. polyps may develop in atypical sites, e.g.,
duodenum, that are not drained by the intestinal or pelvic veins.

The development of polyps in different stages

Stage of ova deposition and trapping: The eggs laid by the adult parasite had a characteristic spine that helps it to dig
and find way out, e.g., through the colon mucosa to be released with the stool. The initial step in polyp formation starts
when Bilharzial eggs are deposited and trapped within the superficial layers of submucosa. The submucosal connective
tissue is delicate and not superficially bound by firmer tissue. Consequently, accumulation of large amounts of eggs,
reactive cellular debris and vascular granulation tissue do occur. In the submucosa, the trapped ova produce a TH2 cell-
mediated inflammatory response with many cellular and chemical elements being recruited to the area and granuloma
formation begins. The hallmark of the granuloma is infiltration by eosinophils (eosinophilic granuloma)[1], however,
during this exudative stage of granuloma formation, other inflammatory cells are seen including the epithelioid
macrophages and mononuclear cells[1,5].

Stage of proliferation: Within the granuloma necrosis occur[5]. Healing of the developed necrotic foci is associated with
fibrous connective tissue formation. Furthermore, the adjacent muscularis mucosa becomes hypertrophied[1,5]. The
fibrous tissue in the submucosa and the hypertrophied muscularis mucosa form a barrier hindering the ova transit from
the veins to the lumen, hence more ova are entrapped. Sometimes, the adult worms either alone or matted are seen
lodged and obstructing small venules within the polyp[5].

Stage of growth and protrusion: The granuloma formation is the basic pathology unit of chronic Schistosomiasis. Ova
entrapment induces a foreign body reaction with progressive inflammation and fibrosis (chronic granuloma). As this
process continues, a nodule is formed that elevates the hypertrophied muscularis mucosa and mucosa to form the polyp
[6]. The polyp’s mucosa harbors many goblet cells which secrete large amounts of mucus and this matches the abdominal
pain and passage of mucus with stool seen among those patients. Furthermore, the delicate, and highly vascular nature of
the polyp facilitates bleeding with the passage of stools[1,5-7].

This previously described mechanism of fibrosis and ova entrapment explain why the Schistosomal eggs are concen-
trated within the polyps more frequently than in the surrounding mucosa and submucosa[8]. Furthermore, non-inflam-
matory polyps associated with Schistosomiasis including adenomatous, hamartomatous, and hyperplastic polyps have
been reported|[1,9].

Stage of fibrosis: When the infection became chronic, the developed granulomas are infiltrated with fibroblasts, and
fibrosis does occur[2,10]. Consequently, the polyps may become fibrotic. Small polyps especially when medically treated
with praziquantel (PZQ) can then regress in size[11].

SCHISTOSOMAL COLONIC POLYPS
Site

The most common site for the development of S. polyps is the left colon, mainly recto-sigmoid region[3,12] because
mesenteric (especially inferior mesenteric) and pelvic venous plexuses are the final habitat of the adult parasite. However,
no part of the colon is immune against development of S. polyps. The polyps were described in all parts of the colon
mainly in the rectosigmoid[12], but also were described in the caecum[13], ileocaecal valve[14], appendix[15], ascending
colon[16], transverse colon[17] as well as the descending colon[12], some reports documented the distribution of S. polyps
all through the large bowel starting from the caecum up to the anus during the course of heavy infestations in endemic
areas[18].

Number

Schistosomiasis in the endemic areas, is associated with development of multiple polyps and multiplicity correlates with
the density of infection[3,18]. However, there are many reports that Schistosomiasis can manifest by single colon polyp
discovered either incidentally during colonoscopy or complicated[13,16,19] even without any clinical manifestations
suggestive of Schistosomal infection.
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Size

Schistosomiasis is usually associated with small-sized polyps|[1,3,12]. However, large-sized S. polyps have been described
in many case reports[12,16,18,19]. We reported earlier[20] that, no part of the colon was immune against development of
large S. polyps. Many cases presented with solitary S. polyps[13,16,19,21] even in absence of any Schistosomiasis-related
colon inflammation[9,13,16,19,21].

Atypical presentations and complications

Schistosomal colonic polyps had a wide range of atypical presentations. Elbatee et al[19], Alyhari et al[7], and Al-Zubaidi
et al[22], described colo-rectal cancer (CRC) like presentation due to huge polyp size, abnormal polyp morphology or
both, respectively. Furthermore, Smith et al[23], described diffuse colonic polypoid masses with dysensteric features, a
picture endoscopically indistinguishable from familial polyposis and severe ulcerative colitis. Polyp-like lesion in the
appendix manifestated as acute appendicitis was reported in a Chinese woman by Zhu et al[15], while pan-colonic inflam-
mation and polyposis were described in Kenia by Bosire et al[18].

S. POLYPS BEYOND THE COLON

Urinary bladder polyps due to S. Haematobium have long been described and development of polyps correlates with
heaviness of the infection in endemic areas[23]. Urinary bladder S. polyps were also reported among visitors to endemic
areas[24]. Urinary S. polyps are not limited to urinary bladder, they were described within the ureters with a prevalence
of 5.9% (30/511) in a large Egyptian study[25]. Due to the anatomical constraints, ureteric S. polyps tend to be small[25].

The atypical sites of S. polyps (Table 1) were described not infrequently in the literature. As early as in 1951, Gilges
[26], described a skin polyp in the clitoris area of an African child. Furthermore, Schistosomal vulvual polyps have been
described as vulvual swelling in 9- and 11-year-old girls from endemic areas in Senegal[27] and Nigera[28] respectively.

An ectopic cervical polyp was reported in Puerto Rico by File et al[29], despite the light Schistosomal infection. While
Eladl et al[30] reported an endocervical polyp containing granulomas rich in viable eggs of S. Hematobium in a 43-year-old
Egyptian woman who manifested with vaginal bleeding.

A slowly growing anal polyp containing Schistosomal ova as well as adult worms was described in a young Brazilian
adult by Raso et al[5], the parasites probably migrated to the anus through the veins of hemorrhoidal plexus and it was
associated with troublesome mass lesion with intense pruritus.

Duodenal polyps due to schistosomiasis have been reported in the literature although not common. In the duodenum
it is discovered during endoscopic evaluation for obscure anemia and/or abdominal pain. The described duodenal S.
polyps are either small, multiple and sessile[31] or solitary and large[32]. One case of dull abdominal pain was diagnosed
in the United States with Schistosomiasis complicating a huge duodenal Peutz-Jeghers hamartomatous polyp[9].

The small intestine is infrequently affected with S. polyps and due to its narrow lumen, which is usually characterized
by obstructive manifestations and diagnosis is established either at laparotomy or more frequently retrograde through
histopathologic assessment. Small bowel obstruction due to huge polyp/polypoid mass at the ileocaecl valave[14] was
described among visitors as well as residents of endemic areas[33] and small bowel obstruction is the usual presentation
of such cases.

Gallbladder S. polyps are infrequently reported in the literature, the developed polyps are usually small in size and
grew in the fundus, hence obstructive presentation is not likely and it is usually manifest (if any) as right upper quadrant
pain. Both urinary (S. Haematobium) and intestinal Schistosomiasis (S. Mansoni and S. Japonicum) have been associated
with gallbladder Schistosomiasis[34,35].

Larynx is less commonly affected during the course of Schistosomiasis. Toppozada described S. polyp involving the
right vocal cord of a 25-year-old Egyptian male presented with 5-mo progressive hoarseness of voice, surgical
microscopic excision and pathological examination showed granuloma with terminal sine ova[36].

S. POLYPS AND MALIGNANT TRANSFORMATION

The malignant potential of S. polyps is debatable. Although the relationship of urinary Schistosomiasis to malignancy is
well established, the direct tumorigenic impact of intestinal S. polyps is questionable.

The bowel S. polyps have been implicated in the development of CRC and liver (HCC) cancers. The evidence
supporting the malignant potential of intestinal Schistosomiasis is in favor of S. Japonicum rather than S. Mansoni. The
chronic inflammatory state induced by ovi-position in the submucosa and other tissues have been proposed as the
potential mechanism linking S. Japonicum in the Far East to the development of CRC and liver cancer[37].

So far the link between S. Mansoni and CRC has been viewed as no more than an epidemiological association and most
published literatures deny the precancerous potential of the S. Mansoni-associated lesions including the polyps[38].
However, the mood of clinicians is spoiled by the emerging evidence incriminating S. Mansoni as a potential carcinogen.
A large Egyptian study proposed an association between S. Mansoni infection and CRC relying on the increased levels of
carcinoembryonic antigen within Bilharzial polyps’ tissue[39]. In addition, one case report[40] retrieved Schistosome ova
from the CRC specimens during histologic examination. Parasitism is associated with DNA repair defects with resultant
genome instability, a commonly reported anomaly in CRC[38]. Furthermore, an emerging evidence through biomolecular
mechanisms suggests an association between S. Mansoni and human carcinogenesis mainly for HCC and CRC and this is
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Table 1 Summary of atypical and ectopic schistosomal polyps

Ref.

Site

Size

Presentation

Source

Raso et al[5], 2013

Anus

Large (2.5 cm)

Swelling with pain and intense
pruritus

Endemic area

Gilges[26], 1951 External genitalia Not mentioned ~ Mass like Report from endemic area
(clitoris)
Eladl et al[30], 2012 Cervix Large sized (3 Vaginal bleeding Endemic area
mc)
File et al[29], 1998 Cervix Large Gynecologic Common area of spread. Adult worms within
the polyp
Dioussé et al[27], Vulva Large Mass like Endemic area
2016
Sahabi and Rabiu Vulva Large Mass like Endemic area
[28], 2017
Gonzalez et al[9], Duodenum Huge (>4 cm) Dull abdominal pain Resident of non-endemic area with a history of
2021 travel to endemic areas
Altonbary et al[31], =~ Duodenum Diminutive (€4  Abdominal pain and generalized Endemic area
2014 mm) lymphadenopathy
Thatcher et al[32], Duodenum Large Isolated polyp Non-endemic area
1984
Lamyman et al[14],  Ileocaecal valve area Large Intestinal obstruction Visitor to endemic areas
2006
Ali et al[34], 2021 Gallbladder fundus ~ Small 6 mm Vague Abdominal pain Patient from endemic area
Ghimire et al[35], Gallbladder fundus ~ Diminutive 3 Right hypochndrial pain Non-endemic areas
2020 mm

Toppozada[36], 1985 Larynx, right vocal Hoarseness of voice Endemic area

cord

Large

likely through many egg-related agents and Th2-immune mechanisms[41]. A single recent report described for the first
time a concomitant infection with S. Mekongi and rectal cancer[42].

The association of S. Haematobium and the urinary bladder squamous cell cancer is well established[43] and that is why
S. Haematobium is classified as group 1 definitive biological carcinogenic. This association is probable with all forms of
urinary bladder- induced Schistosomal pathology including chronic bladder wall inflammation and irritation by the
deposited ova, the induced ulcers, sandy patches and also to the developed S. polyps[44]. There is no clear evidence in
the literature linking intestinal Schistosomiasis to bladder tumors and vice versa[9].

DIFFERENTIAL DIAGNOSIS

The severe forms of intestinal Schistosomiasis are characterized by the presence of multiple variable sized polyps against
a background of diffuse mucosal affection showing mucosal erythema, and ulcerations, a picture mistaken with inflam-
matory bowel disease[3]. S. polyps of the colon are usually located in the recto-sigmoid region[12] and tend to be small[3,
12] (Figure 1A) and dark grey in color with surface ulceration, however other conditions with multiple colonic polyps
should be considered in the differential diagnosis.

The solitary forms of S. polyps should be differentiated from other polyps according to the location. In fact, there is no
characteristic morphology for S. polyps[45]. The huge polyps are commonly mistaken as malignant polyps (Figure 1B)
and in such cases diagnosis is achieved through histopathology either by biopsy or after excision[19,21,22].

DIAGNOSIS

Diagnosis of polyps of the Schistosomal origin is sometimes challenging. There are no peculiar endoscopic morphologic
features of S. polyps in comparison to other types of polyps and high index of suspicion is required especially in endemic
areas. However, most cases are diagnosed either through endoscopic biopsy from the polyps or retrograde upon
histopathology examination of removed polyps where the characteristic eosinophilic granulomas with the pathogenomic
ova (Figure 2) of the parasite are seen [12-19,22] and infrequently the mature parasites may also be seen embedded within
the background tissue of the excised polyps[22,29] or is seen lodged within thrombosed veins inside the polyp[5].
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Figure 1 Schistosomal polyp. A: Small Schistosomal polyp located in the rectum. Note its dark red color with minute surface ulcerations; B: Surgical specimen
of huge lobulated Schistosomal polyp morphologically and radiological confused with colo-rectal cancer; C: Schistosomal polyp with noticeable mucoid hyperplasia.

Figure 2 Active schistosomal granuloma; multiple schistosomal eggs in the submucosa surrounded by cellular infiltrate composed of
eosinophils, lymphocytes, plasma cells and macrophages.

Linking the developed polyps, whatever its location, with active intestinal or urinary Schistosomiasis is not always
achievable. In many cases described in the literature, identification of Bilharzial ova in fresh stool or urine samples taken
from the same cases was not possible[9,16,31]. Furthermore, S. polyps may be the only clue of a Bilharzial infection[19,31].

Barium enema was used frequently to diagnose Bilharzial polyps of the bowel[46] in endemic areas before the era of
endoscopy. However, currently the role of contrast study in diagnosis of intestinal or urinary Schistosomiasis is not likely
to replace the standard methods for direct ova detection in stool or urine samples or detection of the ova with its charac-
teristic granuloma on endoscopic or surgical specimens due to low sensitivity and specificity of these contrast studies[47].

Upon histologic examination, the polyp had a stalk of fibrous connective tissue that project from the submucosa into
the lumen and is covered with mucosa. The overlying mucosa harbor distorted glands showing variable degrees of
mucoid activity (Figure 1C), mucinous degeneration, and adenomatous hyperplasia. The covering mucosa frequently had
focal areas of ulceration. Larger areas of ulceration may be replaced by granulation tissue. Mononuclear cells, eosinophils,
and few polymorphonuclear leucocytes infiltrate the mucosa[48].

The peculiar granuloma had a centrally located ova (viable and/or nonviable) surrounded by cellular infiltrate charac-
teristically with eosinophils, mononuclear cells and multinucleated histiocytes (Figure 2)[1,5], chronic granulomas are
surrounded by fibroblasts (Figure 3). The supporting tissue is composed of fibrous connective tissue and muscle derived

from the muscularis mucosa. Blood vessels may be present in large numbers but diminish with progression of fibrosis
[48].
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Figure 3 Schistosomal granuloma infiltrated by fibroblasts with dense submucosal fibrosis.

TREATMENT

Medical treatment

Currently, PZQ is the recommended first-line medical therapy for Schistosomiasis. The drug is active and effective in
treatment of all Schistosome species with no reports of resistance[49]. Small-sized polyps can be cured with PZQ therapy
alone. The dose is 40-60 mg/kg, it is given as a single dose after a meal[1] and can be divided over one day[3,9], and can
be repeated[7]. The side effects associated with PZQ are usually mild and include nausea, vomiting, abdominal cramps
and allergic reactions. S. polyps are exceptional types of polyps that can regress with medical treatment[11] especially
when they are small and are not associated with manifestations necessitating excision. All cases associated with large or
ectopic polyps after being excised either endoscopically or surgically were followed by treatment with PZQ irrespective
of the patients' active intestinal or urinary Schistosomiasis state[9,13,19,34].

Endoscopic treatment

Large polyps are indicated for excision. Endoscopic excision for S. polyps have been reported thoroughly in the literature
as early as the 80s of the last century[50,51] with the early time of endoscopy. S. polyps were excised with different
techniques including cold snare for small polyps, standard direct hot polypectomy for larger polyps whatever the site is
the duodenum[9], or the colon[3]. Hot polypectomy after application of endoloop[52], or clips[13] has been associated
with good outcomes. While advanced endoscopic resection techniques including endoscopic mucosal resection[21,22] and
endoscopic submucosal dissection[53] were also used for endoscopic removal of large S. polyps. All endoscopic resection
techniques were used with accepted safety profile. The adverse events reported were not different from those reported
with other types of polyps[3,9,13,16,22]. Resection of S. polyps combined with medical treatment using PZQ was
successful [3,9,13,16,22,48]. Endoscopic resection of urinary S. polyps is less frequently performed in comparison to bowel
and was associated with acceptable success rates[24].

Surgical treatment

Surgical excision is not the standard of care in treatment of S. polyps. However, surgery is usually the ultimate solution
for challenging situations including cases presented with bowel obstruction[14,33], or when the lesion is morphologically
or radiologically suspected to be malignant[7,12,19] and also for lesions in ectopic areas including the anus[5], cervix[30]
and the external genitalia[27,28]. Atypical sites of S. polyps may require special surgical approaches, e.g., in the larynx,
the surgical microscope is essential to excise the polyp[36], while in other situations, e.g., gallbladder, the organ is excised
with the polyp en bloc[34]. All cases managed by surgery, similar to endoscopic management, should be followed by
PZQ therapy.

Outcomes of treatment

The outcome of S. polyps achieved by the above mentioned treatments depend on many factors. First, the number of
lesions detected. For single lesions excision (either endoscopic or surgical) is usually curative, while multiple lesions may
require more rounds of excision[3]. Second, patients' residency; patients residing in endemic areas are susceptible to re-
infection and hence should follow the general preventive measures together with PZQ therapy that sometimes given as
chemoprophylaxis or as mass treatment campaigns even without testing for the presence of the parasite[54], while
patients out of the endemic areas a single course of PZQ is usually sufficient for treatment. Third, the location of the
polyps, some polyps are accessible for endoscopic treatment, such as polyps in the colon, and urinary bladder, while
other lesions, e.g., gallbladder are not. Last, presentation of the lesions, such as lesions presented with acute manifest-
ations including bowel obstruction, surgery usually the corner stone of treatment and in such cases diagnosis is often
achieved retrograde[14,33].
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CONCLUSION

Schistosomiasis is a neglected tropical disease and its prevalence is no more limited to endemic areas. S. polyps are not
infrequent presentation of acute or chronic Schistosomal infection. S. polyps are described in many organs including the
bowel, genitourinary tract, skin, gallbladder and the larynx. Presentation of S. polyps is variable and depends on the site,
number as well as the polyp size. The relationship of S. polyps to malignant transformation is a matter of discussion.
Small polyps can be treated medically with PZQ, while large accessible polyps are amendable for endoscopic excision
through different polyp resection techniques. However, huge, complicated and suspicious polyps are indicated for
surgical management or advanced endoscopic resection if appropriate. Clinicians and endoscopists should be aware
about these facts when treating patients living in, immigrated from or visiting endemic areas.
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Abstract

Prepandemic time trends in mortality from chronic liver disease (CLD) differed
according to specific cause of death (decreasing for liver cirrhosis, stable or increa-
sing for liver cancer), etiology (increasing for nonalcoholic fatty liver disease,
generally decreasing for other etiologies), and world region (decreasing in areas
with the highest burden of hepatitis B virus, increasing in Eastern Europe and
other countries). The coronavirus disease 2019 (COVID-19) pandemic affected
mortality of patients with CLD both directly, with a higher risk for severe illness
and death depending on age, stage and etiology of the disease, and indirectly,
through social isolation and loss of support, harmful drinking, and difficulties in
access to care. Nevertheless, only sparse data are available on variations in CLD as
a cause of death during the pandemic. In the USA, in 2020-2021 a growth in
mortality was registered for all liver diseases, more marked for alcoholic liver
disease, especially among young people aged 25-44 years and in selected ethnic
groups. COVID-19 related deaths accounted only for a minor part of the excess.
Further data from mortality registers of other countries are warranted, preferably
adopting the so-called multiple cause-of-death approach, and extended to deaths
attributed to viral hepatitis and liver cancer.
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Core tip: Preliminary data on causes of death during the coronavirus disease 2019 pandemic suggest that mortality from
chronic liver disease (CLD) increased especially in countries where the alcoholic etiology was predominant, or with a
prepandemic growing trend in mortality from alcoholic liver disease. Population-based studies on the direct and indirect
effects of the pandemic on CLD mortality are strongly warranted. Analyses adopting the multiple cause-of-death approach
might be better suited to fully investigate the impact of the pandemic on complex long-term pre-existing trends.
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INTRODUCTION

According to a systematic analysis of the Global Burden of Disease (GBD) Study 2017, deaths from cirrhosis and other
chronic liver diseases (CLDs) were estimated at 1.32 million in 2017, compared to 889 000 in 1990. However, the corres-
ponding age-standardized rate decreased from 21.0 to 16.5 per 100000 population. Rates decreased or remained constant
in all regions except for Eastern Europe and Central Asia. Globally, age-standardized death rates associated to all main
etiologies (alcohol, hepatitis B, and hepatitis C) declined, except for nonalcoholic steatohepatitis[1].

However, interpretation of mortality data on CLD poses several challenges. Cirrhosis mortality captures only a limited
fraction of deaths due to CLD. In the USA, by adopting the standard definition for CLD mortality, a 38% decrease in rates
was observed from 1979 to 2008; if other liver-related causes of death including viral hepatitis and liver cancer were
examined, rates remained essentially unchanged[2]. Liver cirrhosis mortality dropped, whereas death rates for primary
liver cancer were stable in Northeastern Italy in 1995-2010[3], and increased in China in 1987-2016[4]. A more compre-
hensive assessment on mortality from CLD can also be achieved by analyses not limited to the underlying cause of death,
but extended to all conditions mentioned in death certificates. The so-called multiple cause-of-death approach can unveil
rapidly changing trends limited to specific etiologies within selected birth cohorts. As an example, a rise in mortality
related to hepatitis C virus (HCV) was registered in the USA in 2003-2013; most deaths were confined to the 1945-1965
birth cohort, affected by the highest prevalence of HCV infection[5]. A similar growth in HCV-related mortality within a
specific birth cohort was observed in Northern Italy[6]. After 2014, time trends in the USA changed and mortality related
to HCV started to decline, whereas death rates related to alcoholic liver disease and nonalcoholic fatty liver disease
(NAFLD) were on the rise[7].

In the most recent years, patients with CLD represented a vulnerable population during the coronavirus disease 2019
(COVID-19) pandemic due to immune dysregulation and coagulopathy among those with advanced disease, and
coexisting comorbidity, including obesity, diabetes and cardiovascular diseases. Notably, baseline liver disease stage and
alcoholic liver disease were demonstrated to be independent risk factors for death from COVID-19[8]. Nevertheless, to
date, population-based data on trends in CLD as a cause of death during the pandemic are lacking, except for an increase
in mortality from liver cirrhosis reported from the USA already in its early phases[9]. We review here the available
evidence on the impact of the pandemic on pre-existing time trends in mortality from CLD.

MORTALITY TRENDS BEFORE THE PANDEMIC

In 2017, there were 2.14 million estimated liver-related deaths; liver cirrhosis and liver cancer accounted for 61.7% and
38.3%, respectively. Between 2012 and 2017 the global age-standardized death rate increased (annual percent change,
APC =0.51%, 0.05%-0.98%) for liver cancer and decreased (APC = 0.70%, 1.01% to 0.40%) for liver cirrhosis. In Asia, the
most common cause was hepatitis B virus (HBV) infection (highest in East Asia), whereas HCV was the most common
cause in high-income Asia Pacific and Middle East and North Africa (MENA), and alcohol-related liver disease in Central
Asia. Incidence and mortality associated with NAFLD increased globally, and this increase was recorded in almost every
region worldwide[10].

Hepatitis B is the leading etiology for liver cancer mortality and the third largest contributor to deaths from cirrhosis.
HBV-related diseases resulted in 555 000 global deaths in 2019; the number of HBV-related deaths increased between
1990 and 2019. By contrast, age-standardized death rates declined globally and in all world regions. Meanwhile, there
was a 31.3% decrease in the prevalence of HBV at all ages[11]. Mortality trends related to hepatitis C are less pronounced;
in 2010-2019 the decline in mortality was larger for acute hepatitis C than for HCV-related cirrhosis, with no significant
change for HCV-related liver cancer[12].
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A number of studies addressed global trends in liver cancer incidence and mortality. According to the GBD 2015 study,
globally, HBV accounted for 33% of a total of 810 000 liver cancer deaths, alcohol for 30%, and HCV for 21%. The highest
share for HBV was observed in Western sub-Saharan Africa, East Asia, and Andean Latin America; that for HCV in high-
income Asia Pacific, MENA, Central and Southern Latin America, and Western Europe; and that for alcohol in Central
and Eastern Europe. From 1999 to 2015, age-standardized mortality rates declined substantially in regions with high liver
cancer burden such as East Asia and sub-Saharan Africa, probably due to the effect of primary liver cancer prevention
through HBV vaccination[13]. These trends parallel those in liver cancer incidence. The burden in highly endemic regions
has been partially alleviated due to improved control of viral hepatitis, especially among young and middle-aged people.
By contrast, an unfavorable trend was observed in most developed countries and in older populations[14]. In fact, the
most significant increases in incidence were generally observed in countries with a high sociodemographic index,
including the UK and the USA[15]. Nevertheless, chronic HBV and HCV remain important risk factors for liver cancer.
Based on the GLOBOCAN database, the overall increasing trend in incidence and mortality from liver cancer was
confirmed among older male subjects, and in countries with a higher prevalence of HCV-related liver cancer. The
increasing prevalence of alcohol consumption and obesity may have contributed to this epidemiological scenario in high-
income countries[16].

As regards mortality from liver cirrhosis, analyses of the GBD 2017 study showed that deaths due to cirrhosis
constituted 2.4% of total deaths globally. Central Asia had the highest age-standardized death rate, followed by Sub-
Saharan Africa. Central Asia and Eastern Europe were the only two regions in which mortality rates significantly
increased during 1990-2017; in both, prevalent cases were predominantly caused by alcohol-related liver disease. At the
national level, the highest mortality rate was registered in Egypt, whereas the steepest growth was observed in Lithuania.
Deaths from cirrhosis in males were mostly attributed to hepatitis B (31.5%), alcohol (27.3%), and hepatitis C (25.5%); the
corresponding percentages in females were 24.0%, 20.6%, and 26.7%[1].

In view of the above, prepandemic global patterns in CLD mortality differed according to cause of death (liver
cirrhosis or liver cancer), etiology, and world region (Figure 1). Furthermore, even within a single country, different
patterns of mortality could be registered according to complex interactions between demographic characteristics (sex, age
group, ethnicity, and socioeconomic status) and etiology of liver disease. Mortality from CLD overall, and especially that
from alcoholic liver disease, is in fact strongly associated with socioeconomic status[17]. Different trends in CLD mortality
by etiology have been investigated in the USA by means of the multiple cause-of-death approach. Overall, an increase in
mortality from cirrhosis and hepatocellular carcinoma has been registered in the prepandemic period[18]. However,
drastically different trends were observed according to etiology. HCV-related mortality increased from 2007 to 2014 and
sharply declined in 2014-2016, after the introduction of direct-acting antiviral therapies; meanwhile, a decrease in HBV-
related mortality, and an increase in alcoholic liver disease and NAFLD mortality was observed in 2007-2016. Minorities
were disproportionately affected, especially non-Hispanic blacks by HCV-related mortality and Asians by HBV-related
mortality[7]. An increase in mortality related to NAFLD was confirmed by other authors in the same period, especially
among older subjects, females, non-Hispanic whites, and American Indian/ Alaskan Natives[19].

CLD AND COVID-19

Although COVID-19 primarily affects the respiratory system, causing pneumonia and acute respiratory distress
syndrome in severe cases, it can also result in multiple extrapulmonary complications. The pathogenesis of extrapul-
monary damage in patients with COVID-19 is probably multifactorial, involving both the direct effects of SARS-CoV-2
and the indirect mechanisms associated with the host inflammatory response[20]. Research has shown that COVID-19 can
cause liver injury due to inflammation, which can lead to liver damage or failure, particularly in people with pre-existing
liver conditions such as cirrhosis. People with COVID-19 who have pre-existing liver conditions may be at a higher risk
for severe illness and death[21]. For these reasons, they should always continue to follow their treatment plan and keep in
close contact with their healthcare provider.

Etiology of liver disease and COVID-19 impact

It is reported that liver diseases of viral etiology are not associated per se with the severity or outcome of COVID-19, and
this finding has been consistent across Asia, Europe and the USA. According to recent data from the European Reference
Network for Rare Liver Diseases, autoimmune liver diseases and the related immunosuppressive therapy do not
represent a specific risk factor for COVID-19, and the risk, as with other etiologies, is determined by the stage of cirrhosis
[22]. Several studies highlighted the presence of severe complications in patients with SARS-CoV-2 infection and
metabolic-syndrome-associated comorbidities, including NAFLD. The shared genetic influence between COVID-19
susceptibility and NAFLD, the sex-linked and the liver single-cell differential expression level of diverse transcripts and
biological pathways might uncover shared disease mechanisms that explain the severe complications and increased in-
hospital mortality risk associated with comorbidities, including NAFLD[23]. Lockdown, economic hardship, and the
psychological impact of the pandemic all had a detrimental effect on people with liver disease, including poorer
metabolic control in people with metabolic syndrome and fatty liver disease. This likely had deleterious consequences on
the liver and cardiovascular outcomes of people with NAFLD, particularly those with advanced liver disease. Mortality
has been shown to increase in people with alcohol-associated liver disease[24].

The role of cirrhosis

Prospective data from multicenter studies confirmed that patients with cirrhosis, particularly those who are
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Figure 1 Trends in mortality from liver diseases before the pandemic, by cause of death and etiology. HBV: Hepatitis B virus; HCV: Hepatitis C
virus; NAFLD: Nonalcoholic fatty liver disease.

decompensated, are at a higher risk of hospitalization, ventilation and death than those without CLD. Older age and
cirrhosis severity, as assessed by Child-Pugh class, are the most important predictors of mortality[25]. Overall mortality
in patients with cirrhosis following SARS-CoV-2 infection was 32% in a large registry cohort of 729 predominantly hospit-
alized patients with CLD across 29 countries, with case-fatality rates incrementally increasing with each Child-Pugh class
(CLD without cirrhosis 8%; class A 19%; class B 35%; class C 51%). The multivariable analysis of factors associated with
death demonstrated persisting positive associations with age [odds ratio (OR) 1.02; 95% confidence interval (CI) 1.01-1.04;
P = 0.011], the different stages of cirrhosis compared with CLD without cirrhosis (Child-Pugh class A, OR 1.90; 95%CI:
1.03-3.52; P = 0.040; class B, OR 4.14; 95%CI: 2.4-7.65; P < 0.001; and class C, OR 9.32; 95%CI: 4.80-18.08; P < 0.001), and
alcoholic liver disease (OR 1.79; 95%CI: 1.03-3.13; P = 0.040)[8].

Patients with CLD and especially cirrhosis, have multiple mechanisms of immune dysfunction that can lead to
increased susceptibility to infection and an aberrant inflammatory response during infection, collectively known as
cirrhosis-associated immune dysfunction[26]. This immune dysfunction includes reduced components of the complement
system, macrophage activation, impaired lymphocyte and neutrophil function, Toll-like receptor upregulation, and
intestinal dysbiosis[27].

The role of vaccination

By April 2022, more than half of the world’s population had received at least one vaccine dose, with real-world data
showing that vaccination is generally safe and significantly reduces mortality. However, the initial high efficacy against
infection has decreased following the emergence of new SARS-CoV-2 variants. Vaccine efficacy is particularly low against
the Omicron variant, although fortunately it still confers considerable protection against severe COVID-19[28,29].
Although vaccines and previous infections largely protect against severe clinical courses of COVID-19, particularly in the
current phase of the pandemic, which is dominated by sublineages of the SARS-CoV-2 Omicron variant, there is still a
significant unmet medical need for therapeutics to treat severe disease in unvaccinated or older patients and patients with
chronic disease conditions[30]. The impact of liver disease severity on vaccine efficacy should be convened to patients, so
that they are aware of their increased risk and continue to take personal protective measures[31].

CLD AS A CAUSE OF DEATH DURING THE COVID-19 PANDEMIC

Between 2012 and 2019, rates of alcohol-specific deaths in the UK remained stable, whereas during the pandemic years,
they rose from 11.8 per 100000 in 2019 to 14.8 in 2021. Alcoholic liver disease accounted for 78% of alcohol-specific
mortality: the number of registered deaths grew from 5840 in 2019 to 7518 in 2021. This rise was attributed to increased
alcohol consumption during the pandemic. Although alcoholic liver disease takes many years to develop, a further
increase in alcohol intake among high-risk consumers can lead to rises in mortality in a short period of time, from what is
known as acute-on-chronic liver failure[32].

In Minnesota, USA, an increase in both alcoholic liver disease and cirrhosis/other CLD as the underlying cause of
death was registered in 2020 with respect to 2018-2019[33]. The growth in deaths from alcoholic liver disease as the
underlying cause was confirmed at the national level[34]. According to analyses of national US multiple cause-of-death
data, during the first year of the COVID-19 pandemic, the pre-existing growing trend in alcoholic liver disease mortality
further accelerated, with the quarterly increase rising from 1.1% to 11.2%. Similarly, the quarterly increase in NAFLD
grew from 1.9% to 6.6%. Mortality related to HBV and HCV, previously declining in the prepandemic period, remained
stable[35]. Similar analyses were extended to 2021 data from the USA, confirming the increase through the second year of
the pandemic for all liver diseases. This was more marked for alcoholic liver disease, especially among the young
population aged 25-44 years and in selected ethnic groups such as American Indian/Alaskan Natives. The decline in
HCV-related mortality observed since 2014 slowed down[36]. Years of potential life lost from premature deaths (< 65
years) attributable to cirrhosis listed as one of the causes of death in US certificates grew by 20.7% in 2020 and by 29.5% in
2021. COVID-19-related deaths accounted only for a minor part of such excess. Again, the increase was more pronounced
for the alcoholic etiology, consistent with growing alcohol sales in the USA during the pandemic[37]. Patients with
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alcoholic liver disease might have disproportionally suffered from a surge in harmful drinking, social isolation, and loss
of familial and social support, along with barriers to access to outpatient clinics and rehabilitation services. Another study
of US national multiple cause-of-death data reported a marked increase in mortality from CLD and/or cirrhosis among
decedents with mention of diabetes, specifically associated with increased mortality from NAFLD and alcohol-related
liver diseases[38].

By contrast in Spain, no major change in the number of deaths from CLD in 2020 compared to the 2018-2019 average
was observed, based both on the underlying cause of death (0.9%) and on multiple cause-of-death data (+3.1%)[39].

In view of the paucity of published evidence outside the USA, we retrieved mortality rates for liver cirrhosis (Interna-
tional Classification of Diseases-10th Revision codes K70 and K74) from the World Health Organization (WHO) mortality
database (https://platform.who.int/mortality). Table 1 shows countries with data updated at least until 2020; few had
data available for the year 2021. In 2020 a large increase was registered in the USA (+18% with respect to 2019) and the
UK (+16%). Among the other most populous countries, rates in the Americas were almost unchanged (Mexico, Brazil and
Argentina) or declined (Peru and Colombia). European countries showed no increase (Spain) or only a limited mortality
increase (Germany and Poland). Rates decreased in Malaysia and showed only minor growth in other Asian countries
(Kazakhstan, Japan and Korea) and in Australia. Among less populous countries, a marked increase was registered in
some Eastern European countries: Estonia, Lithuania, and in 2021 Latvia, Czechia and North Macedonia. A more compre-
hensive evaluation will however be possible when complete 2021 data become available, in consideration of how the
pandemic involved different world regions in subsequent phases (e.g., Central and Eastern Europe were more severely
affected in 2021 compared to 2020). Additional nationwide data not included in the WHO database can be retrieved from
institutional websites. As an example, in Italy age-adjusted mortality rates from liver cirrhosis, fibrosis and chronic
hepatitis in 2020 showed a 3% reduction with respect to 2019, which is consistent with the decreasing trend observed in
recent years (http://dati.istat.it/). Mortality from liver cirrhosis more closely parallels mortality from alcoholic liver
disease with respect to that associated with other etiologies, and analyses including codes for viral hepatitis and liver
cancer are warranted[3]. Lastly, also due to coding rules set by WHO[40], COVID-19 itself may have acted as a competing
condition for the selection as the underlying cause of death in patients affected by pre-existing chronic diseases[35].

CONCLUSION

A large variation in trends of mortality from CLD was observed at the global level before 2020. Based on the few available
published reports, the COVID-19 pandemic had a different impact depending on the local epidemiological context.
Probably, mortality from CLD increased, especially in areas where the alcoholic etiology was predominant, or where a
growing trend in mortality from alcoholic liver disease was already in place. Therefore, population-based studies on the
direct and the indirect effects of the COVID-19 pandemic on CLD mortality are strongly warranted. Analyses adopting
the multiple cause-of-death approach, and extended to deaths attributed to viral hepatitis and liver cancer, might be
better suited to fully investigate the impact of the pandemic on complex long-term pre-existing trends.

Table 1 Age-standardized mortality rates (x100000) from cirrhosis, World Health Origination mortality database

2021 2020 2019 2018 2017 2016 2015 2014 2013 2012

Antigua-Barbuda 3.4 2.7 45 3.6 0.9 29 6.8 1.9 10.1
Argentina 6.7 6.6 7.0 7.2 8.3 7.9 6.8 6.5 6.5
Armenia 10.9 12.2 10.6 12.0 16.0 19.5 16.6 17.1 14.9 16.5
Australia 4.6 4.3 4.1 4.0 4.0 3.7 4.1 3.9 819 318
Austria 8.6 85 8.1 7.9 8.4 9.0 9.5 9.4 9.9 10.7
Bosnia-Herzegovina 54 5.0 4.8 51 5.6 59

Brazil 8.0 8.1 8.4 8.8 92 9.3 9.4 9.8 10.0
Bulgaria 15.6 158 143 14.5 14.8 14.4 134 131 138
Chile 9.7 9.4 9.9 11.3 12.4 11.7 11.8 12.3 13.5
Colombia 4.6 51 51 51 5.4 52 51 48 48
Costa Rica 52 6.9 6.2 6.3 6.3 6.5 6.1 6.2 5.2
Croatia 114 13.0 12.5 121 12.4 13.7 133 14.8
Cuba 10.8 10.5 10.0 9.8 9.0 8.9 8.5 8.2 7.9
Cyprus 3.6 3.9 32 32 2.7 a2 3.6 4.0 2.8
Czechia 13.8 12.4 12.4 12.0 11.8 10.7 11.2 11.2 11.5 11.5

Buisnidenge WIG | https:/ /www.wijgnet.com 4170 July 14,2023 | Volume?29 | Issue26 |


https://platform.who.int/mortality
http://dati.istat.it/

Fedeli U et al. CLD mortality and COVID-19

Denmark 6.7 7.2 6.5 7.2 71 6.7 7.6 7.6 8.4
Ecuador 125 11.8 13.2 13.7 14.0 14.6 145 133 13.1 13.7
Estonia 249 22.0 17.1 16.1 14.7 153 15.8 14.0 134 124
Finland 13.7 125 11.9 114 125 121 13.7 144 14.3
Georgia 7.2 7.0 7.0 7.5 5.6 5.5 74 8.0 6.0 6.4
Germany 9.2 8.7 8.9 9.1 9.3 9.1 9.0 9.5 9.3
Greece 3.3 3.3 3.1 3.5 3.6 3.6 3.7 41 3.8
Grenada 14 6.3 3.7 7.1 6.4 84 9.9 10.1 7.2 7.0
Guatemala 295 29.6 294 283 32.7 31.8 31.2 29.0 29.2
Iceland 2.7 1.8 14 1.9 2.5 1.6 2.7 15 1.7 14
Israel 2.0 25 24 23 25 2.7 2.3 2.7 2.8
Japan 49 47 47 47 44 44 45 47 47
Kazakhstan 38.6 40.2 385 38.5 414 46.4 50.5 55.2 57.9
Latvia 18.9 124 121 13.6 115 13.6 12.8 125 12.6 124
Lebanon 2.6 21 1.9
Lithuania 20.6 19.6 153 15.9 16.4 19.1 18.7 19.7 22.8 21.2
Luxemburg 7.0 7.8 7.2 8.0 7.2 8.9 6.7 8.0 7.5 9.1
Malaysia 1.7 2.0 2.0 1.8 1.8 2.0 1.9 1.8 1.7
Mauritius 10.9 10.7 8.6 7.9 8.0 8.8 89 8.9 10.3 9.7
Mexico 25.5 245 244 253 26.1 242 24.1 254 26.0
Mongolia 25.9 24.5 27.2 28.9 31.0 35.6
Netherlands 3.0 2.7 2.8 29 29 2.8 2.7 2.6 29
Nicaragua 15.4 15.6 19.9 19.8 23.0 20.7 23.0 22.0 191
North Macedonia 6.9 5.0 49 47 6.0 52 59 6.3 54
Oman 1.5 1.5 2.0 1.5 2.6 22 1.6
Paraguay 6.4 8.1 8.4 74 8.2 7.5 7.1 6.3 6.6
Peru 121 13.2 14.2 12.6 11.1 124 11.9 114 12.8
Poland 145 135 133 123 11.6 10.7 104 11.2 12.0
Qatar 1.6 21 1.2 29 1.8 0.6 1.7 1.2 21
Republic of Korea 7.1 6.8 7.3 7.5 7.8 8.1 8.0 8.3 8.8
Saint Lucia 3.7 3.6 6.2 42 59 8.9 121 7.9 9.1
Saint Vincent 3.1 45 5.6 6.9 5.7 49 2.5 54 7.0 7.2
Serbia 6.3 5.8 5.8 B2 B7 515) 57 57 5.6 59
Singapore 1.7 22 22 23 24 22 2.6 2.5 2.4
Slovenia 9.9 10.2 10.9 9.6 9.9 114 135 16.2 17.9
Spain 4.6 44 45 4.6 49 49 54 5.3 5.6 5.8
Switzerland 3.6 3.8 3.9 3.9 41 44 44 45 5.0
United Arab Emirates 1.8 1.9 0.0
UK 94 8.1 8.2 8.5 84 8.2 8.1 8.1 8.0
USA 10.9 9.2 9.0 8.9 8.7 8.8 8.5 8.2 8.0
Uruguay 3.3 3.0 3.3 3.3 3.7 43 44 3.8 3.9
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Abstract

Neuroendocrine neoplasms (NENs) are rare heterogeneous tumors that can
develop in almost any organ, with the digestive organs, including the gastro-
intestinal tract and pancreas being the most commonly affected sites. Despite the
fact that advances in initial therapies have progressed, there is presently no
recognized effective treatment for advanced NEN. Immune checkpoint inhibitors
(ICIs) have shown superior efficacy in treating several types of solid tumors.
Despite their successful role in the treatment of partial NENs, such as small cell
lung cancer, and Merkel cell carcinoma, the role of ICIs in most of the NENs
remains limited. Nevertheless, due to their specific anti-tumor mechanisms and
acceptable safety profile, ICIs are a promising avenue for further study in NENs
therapy. Recent clinical trials have illustrated that combination therapy with ICI is
more efficient than monotherapy, and multiple clinical trials are constantly
ongoing to evaluate the efficacy and safety of these combination therapies.
Therefore, the purpose of this review is to provide a comprehensive summary of
the clinical progress of immunotherapy in NENs affecting the digestive system,
with a specific emphasis on the application of programmed cell death protein
1/programmed death receptor ligand 1 inhibitor. Furthermore, this review has an
exploration of the potential beneficiary population and the inherent value of
utilizing immunotherapy in the management of NENSs.

Key Words: Immunotherapy; PD-1 inhibitor; Neuroendocrine neoplasm; Neuroendocrine
tumor; Neuroendocrine carcinoma; Gastrointestinal; Pancreatic
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Core Tip: The application of immune checkpoint inhibitor (ICI) in neuroendocrine neoplasm (NEN) is regulated by the latest
clinical practice guidelines. However, immunotherapy has achieved some breakthroughs for high-grade or advanced NENs
of the digestive system, for which there is currently no effective drug therapy. In this regard, we investigated the causes of
the heterogeneous efficacy of ICI in NEN with different grades, differentiation, and primary organs. This review summarizes
the state-of-the-art progress and trend of clinical trials for different ICI-containing regimens in NENs of the digestive
system, which will aid in the conduct of subsequent clinical trials and research of related mechanisms.
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INTRODUCTION

Neuroendocrine Neoplasms (NENs) are a group of rare and heterogeneous neoplasms that may originate from cells
throughout the endocrine system[1]. These tumors express neuroendocrine markers and can occur in any part of the
body, with a particular prevalence in the digestive system, such as the gastrointestinal (GI) tract and hepatopancreato-
biliary organs. The majority of NENs are sporadic, and the exact etiology is still unknown[2]. However, less than 5% of
gastroenteropancreatic (GEP) NENs occur as hereditary neoplastic syndromes, associated with gene deletions or
alterations, including multiple endocrine neoplasia type 1 associated with duodenopancreatic NENs[3,4], and the von
Hippel-Lindau syndrome associated with pancreatic NENs[5].

NENSs of the digestive system consist of a range of tumor types, including well-differentiated neuroendocrine tumors
(NETs), poorly differentiated neuroendocrine carcinomas (NECs), and mixed neuroendocrine-non-neuroendocrine
neoplasms (MiNENSs), which based on the degree of NEN malignancy according to the World Health Organization
(WHO) classification of tumors of the digestive system (5* edition, 2019)[6]. NETs can be further classified and graded
into three categories: Neuroendocrine tumors grade 1 (NET G1; low grade), NET G2 (intermediate grade), and NET G3
(high grade). This classification is determined based on the Ki-67 proliferation index and the number of mitotic figures
per 2 mm> NECs include large cell-type NEC (LCNEC) and small cell-type NEC (SCNEC), both of which are considered
as high grades. MiNENSs exhibit varying degrees of differentiation and grades because they possess both neuroendocrine
and non-neuroendocrine components in a single patch of neoplastic tissue, with each component accounting for = 30%.

In recent years, with widespread improvements in clinical diagnosis and treatment, including endoscopy and imaging,
there has been a noticeable worldwide upward trend in the detection of early-stage and non-functioning NENs from the
digestive system. NEN incidence increased 6.4 times between 1973 (1.09/100000) and 2012 (6.98/100000), according to an
analysis published in 2017 and based on 64971 NEN cases from the Surveillance Epidemiology and End Results database
of the National Cancer Institute[7]. According to statistics from England, the incidence of NENs was about 9/100000 in
2018, and the incidences of pancreatic and rectal NENs have increased significantly[8]. Similarly, based on Taiwanese
data, the incidence of NENSs in digestive organs increased from 0.15 per 100000 people in 1996 to 2.36 per 100000 people
in 2015[9].

The most prevalent primary sites have also been shown to vary across different regions. In the United Kingdom, the
order of frequency among all primary sites of GEP-NETs, was as follows: Small intestine (25.6%), appendix (23.6%),
pancreas (17.7%), colon (9.8%), stomach (9.8%), and rectum (7.8%)[10]. In China, however, the order was different, with
the pancreas (31.5%), rectum (29.6%), and stomach (27.0%) being the common sites. The small intestine (5.6%) and colon
(3.0%) accounted for relatively small proportions of NENSs in this region[11]. Compared with others, gallbladder NENs
are more scarce and account for only 0.5% of all NENs[12]. NETs are prone to metastasis to the liver; however, the liver
itself is rarely the primary site of NENs, accounting for only 0.46% of primary liver tumors[13]. Owing to the rarity of the
diagnosis and a lack of valid statistics for relevant cases, the quality of published data is limited, and the epidemiology of
patients with digestive MiNENSs remains unknown[14].

Immune checkpoint inhibitors (ICIs) have potent, strong anti-tumor activity in the management of various cancer
types. These inhibitors, which target programmed cell death protein 1 (PD-1) or programmed death receptor ligand 1
(PD-L1), are profoundly researched and widely used in tumor immunotherapy. Both PD-1 and PD-L1 targeted antibodies
relieve the functional inhibition of T cells and reactivate the immune response against cancer cells. Several o-PD-1 (e.g.,
palivizumab, nivolumab, and toripalimab) and o-PD-L1 antibodies (e.g., atezolizumab and durvalumab) have been
licensed by the Food and Drug Administration (FDA) for the treatment of multiple forms of tumor owing to their efficacy
in clinical trials. More than 10 different cancer types have been authorized for therapy with single-agent PD-1 or PD-L1
monoclonal antibodies, with objective response rates (ORR) ranging from 15%-20%[15]. However, the PD-1 or PD-L1 axis
is not the only signaling access that contributes to tumor immunosuppression, and the inhibition of this pathway alone is
insufficient to effectively elicit anti-tumor immunity. Consequently, several combination immunotherapies, such as PD-
1/PD-L1 antibodies combined with chemotherapy, radiotherapy, angiogenesis inhibitors, other ICIs, gut microbiota
transplantation, and metabolic modulators, may improve the overall anti-tumor activity and raise the response rates
(RRs) of NENSs of the digestive system[16].
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Herein, we comprehensively summarize the clinical application status and research progress of immunotherapy drugs,
mainly PD-1 and PD-L1 inhibitors, for the treatment regimen of NENSs of the digestive system, which might provide more
potent and widely applicable regimens as well as direction for subsequent studies.

IMMUNOTHERAPY AND NENS OF THE DIGESTIVE SYSTEM

The use of immunotherapy to treat NENs of the digestive system is still in the clinical exploration phase and is not yet
recommended as the preferred regimen. This is because available clinical trials have demonstrated low ORRs to immuno-
therapy using PD-1 or PD-L1 inhibitors. Currently, several immunotherapeutic strategies for NENs are undergoing
clinical trials, including ICI monotherapy, dual ICI therapy, anti-angiogenesis with ICIs, and chemotherapy with ICI.
Table 1 provides a summary of relevant data from the clinical trials mentioned below.

Application status of ICIs in NENs of the digestive system

According to the National Comprehensive Cancer Network Clinical Practice Guidelines of Neuroendocrine and Adrenal
Tumors (version 2.2022), ICIs are not currently available as a preferred regimen for the systemic treatment of patients
with unresectable locally advanced or distant metastases from NEN. In the preferred regimen, the molecularly targeted
drug everolimus is more effective in advanced G1 or G2 NET. In phase III clinical research, mPFS in the everolimus group
was longer than in the placebo group (11 vs 3.9 mo; P < 0.00001) and decreased recurrence rate as well as mortality by
52%[17]. Somatostatin analogs, such as octreotide and lanreotide, are mainly used in the treatment of NENs that are
somatostatin receptor-positive, slow-growth as well as Ki-67 < 10% and are usually combined with molecularly targeted
drugs to control the symptom of functional NETs. Chemotherapy is typically the preferred treatment option for G3 NET
and NEC. The ORR of cisplatin or carboplatin combined with etoposide in the treatment of advanced NECs ranged from
30.8%-63.2%, and the median overall survival (mOS) was between 8.9-12.5 mo[18,19]. Temozolomide combined with
capecitabine has more efficacy in pancreatic NET (pNET) than in GI NET, and the mPFS and mOS in high-grade NET
were longer than those in NEC (15.3 mo vs 3.3 mo; 22 mo vs 4.6 mo)[20].

Although most NENs have not demonstrated the greatest effectiveness, ICIs can still be used as the primary treatment
for well-differentiated grade 3 NETs, extrapulmonary poorly differentiated NECs, and MiNENSs. Patients with advanced
tumor mutational burden-high [tumor mutational burden (TMB)-H], microsatellite instability-high (MSI-H), or mismatch
repair deficiency (AMMR) tumors, as identified by an FDA-approved test performed after prior therapy, may be
candidates for the PD-1 inhibitor pembrolizumab if no other appropriate options for therapy are available. For
biologically favorable or unfavorable locally advanced or metastatic G3 NETs (unresectable with clinically considerable
tumor burden or indication of disease progression), pembrolizumab is the primary treatment[21,22]. In the event of
extrapulmonary, locoregional, unresectable, or metastatic NECs/MiNENs, pembrolizumab can also be considered for
systemic therapy[21,22,23]. Nivolumab combined with ipilimumab (category 2B), which is known as a type of dual ICI
therapy, is a recommended option for locally progressed or metastatic G3 NETs with unfavorable biologies[24]. Similarly,
if the illness advances after chemotherapy, ipilimumab paired with nivolumab (category 2B) might also be taken into
consideration for extrapulmonary poorly differentiated (LCNEC/SCNEC) or unknown primary tumors.

However, the Guidelines of the Chinese Society of Clinical Oncology for Neuroendocrine Neoplasms (version 2022)
only suggest the use of ICIs as a treatment option for metastatic NECs. Specifically, pembrolizumab is recommended as a
first-line treatment (category 3) or as a level-2 recommendation for the second-line treatment of metastatic NEC in
patients with performance status (PS) scores of 0-2 and the presence of dMMR, MSI-H, or TMB-H (category 1A)[25]. In
addition, ICIs such as ipilimumab, combined with nivolumab[24] or other ICIs[26-28], may be considered for patients
with metastatic NECs who have previously received systemic therapy and continue to experience disease progression
and who lack standard treatment options. For these patients, ICIs are recommended as a level-3 recommendation for
second-line treatment (category 3A).

ICI monotherapy

ICI monotherapy has shown remarkably low RRs in NENSs, especially in poorly differentiated ones. The Keynote-028 trial
demonstrated the actual clinical outcomes of pembrolizumab monotherapy in patients who had carcinoid tumors and
PNET with PD-L1 expression[29]. In the pNET cohort, 16 PD-L1-positive patients out of 106 pNET patients received
pembrolizumab monotherapy with ORRs of 6.3% [95% confidence interval (CI): 0.2%-30.2%], only one patient confirmed
partial response (PR), 31% developed stable disease (SD) lasting more than 6 mo, and 12-mo progression-free survival
(PFS) and overall survival (OS) rates of 27% and 87%, respectively. However, studies comparing the efficiency of
pembrolizumab in patients with or without PD-L1 expression reported no significant differences in the disease control
rate (DCR), PFS, or OS between the two groups[30]. Among 29 patients who had experienced prior treatments, 48% and
34% had GI and pancreatic NENs, respectively. Only one patient (95%CI: 0.1-17.8%) with an esophageal LCNEC had an
objective PR that persisted for 13 mo before he discontinued his participation in the study. Six patients (95%CI: 7.9-39.7%)
had SDs, and DCR was 24.1%[30]. In an open-label phase II trial, pembrolizumab single-agent therapy in 107 well-differ-
entiated NETs of the lung, appendix, small intestine, colon, rectum, or pancreas with previously failed standard
treatments resulted in an ORR of only 3.7% (95%CI: 1.0-9.3). The median PFS (mPFS) was 4.1 mo (95%CI: 3.5-5.4), the
estimated PFS rate at 6 mo was 39.3%, and the mOS was 24.2 mo. Among 40 patients with pancreatic NETs, 25 patients
with small intestine NETs, and 18 patients with other GI NETs, only 4 patients had a PR as assessed by Response
Evaluation Criteria in Advanced Solid Tumors version 1.1, including cases in the pancreas (3) and rectum (1); all of them
were PD-L1 negative. It is noteworthy that the response rate in the pancreatic NETs subgroup was 7.5%[31]. In another

WJG | https://www.wjgnet.com 4176 July 14,2023 | Volume?29 | Issue26 |

Jaishideng®



Table 1 Clinical trials mentioned in the review

Pan WX et al. Immunotherapy for the digestive system's NEN

: Stud NEN type of the mPF$
Intervention y Actual enroliment . t¥p ORR (%) mOS (mo) Ref.
phase digestive system (mo)
Pembrolizumab I 16 PNET 6.3 45 21.0 [29]
I 29 (14 GI, 10 pancreas) GI-NEN, pNEN 34 2.0 4.7 [30]
I 107 (83 GEP) WD NETs 3.7 41 24.2 [31]
Toripalimab Ib 40 (23 GI, 9 pancreas)  GI-NEN 13.0 25 7.8 [32]
PNEN 22.0
Nivolumab II 185 (93 GEP) GEP-NEC 7.0 1.8 7.2 [33]
Spartalizumab 1I 95 NETs (32 GI, 33 GINET 3.1 3.8 Not estimable [34]
pancreas); 21 GEP-
NECs PNET 3.0
GEP-NEC 4.8 1.8 6.8
Avelumab I 27 (21 GEP) GEP-NET - 3.3 14.2 [35]
Nivolumab + Ipilimumab - 34 (21 from digestive =~ NENs 14.7 1.0 5.0 (from treatment [36]
organs) initial); 14.0 (from
diagnosis)
II 32 (15 GI) Non-pNETs 25.0 4.0 11.0 [37]
I 19 (9 from digestive High-grade NENs 26.0 2.0 8.7 [38]
organs)
1I 185 (93 GEP) GEP-NEC 14.9 19 5.8 [33]
- 11 Metastatic EP-NEC - 85 Not reached [39]
(mainly of GEP
origin)
Durvalumab + I 123 (31 GI, 32 G1/G2 GI-NETs 0 5.8 29.5 [40,41]
Tremelimumab pancreas, 33 GEP)
G1/G2 pNETs 6.3 5.5 23.8
G3 GEP-NENs 9.1 2.4 5.9
Atezolizumab + II 40 (20 pNET, 20 non-  pNET 20.0 19.6 30.1 [44,45]
Bevacizumab pNET)
Non-pNET 15.0 149 Not reached
Pembrolizumab + Lenvatinib II 20 (10 GI) GI-NEN 10.0 10.0 - [46]
Pembrolizumab + I 22 (16 GI) GI-NEC 9.0 2.0 4.0 [47]
Irinoteca/Paclitaxel
Nivolumab + Tezolomide 1T 15 (12 evaluable and 7 GEP-NET 25.0 - - [48]
GEP)
Nivolumab + I 38 (31 GEP) G3 NENs 54.1 5.7 13.9 [49,50]

Cisplatin/Carboplatin

WD: Well-differentiated; NET: Neuroendocrine tumor; NEN: Neuroendocrine neoplasm; NEC: Neuroendocrine carcinoma; GEP: Gastroenteropancreatic;
SCLC: Small cell lung cancer; MCC: Merkel cell carcinoma; pNET: Pancreas NET; ORR: Objective response rate; mOS: Median overall survival; mPFS:
Median progression-free survival; EP-NEC: Extrapulmonary neuroendocrine carcinoma.

multicenter phase Ib clinical trial investigating toripalimab for metastatic or recrudescent NENs where standard therapies
had failed, 40 patients were enrolled. Of these, for ex-pancreatic GI-derived, pancreatic, and nondigestive NENSs, the
ORRs were 13.0% (3/23), 22.2% (2/9), and 37.5% (3/8), respectively[32].

The effectiveness of ICI monotherapy in treating NECs has also been proven in a number of clinical trials. In a phase II
trial involving 185 patients with NECs (93 were GEP) and randomly assigned (1:1) to receive nivolumab monotherapy or
nivolumab combined with ipilimumab. In the monotherapy group, the ORR at 8 wk, mPFS, and mOS were 7.2% (95%CI:
2.7-15.1), 1.8 mo (95%CI: 1.7-2.0), and 7.2 mo (95%Cl: 3.7-14.1), respectively. However, these results indicated that the
therapeutic effect was not ideal[33]. Spartalizumab, another anti-PD-1 agent, was evaluated in a clinical trial involving 21
patients with poorly differentiated GEP-NECs and 95 patients with metastatic G1 or G2 NETs (32 GI and 33 pancreatic),
all of whom had received prior treatments for their advanced diseases. The ORR in the GI NET, pNET, and GEP-NEC
groups was 3.1% (95%CI: 0.1-16.2), 3.0% (95%CI: 0.1-15.8), and 4.8% (95%Cl: 0.1-23.8), respectively. In the NET cohort, the
mPFS, 12-mo PFS, and OS rates were 3.8 mo, 19.5% (95%CI: 11.6-28.9), and 73.5% (95%CI: 63.0-81.4) respectively. For the
GEP-NEC cohort, the respective values were 1.8 mo, 0%, and 19.1% (95%CI: 4.8-40.6)[34]. Although the efficacy of spartal-
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izumab for digestive NEN treatment is limited and not worthy of further investigation, its AEs are mild and manageable.
Fatigue (29.5%) and nausea (10.5%) were the most frequently reported spartalizumab-related AEs that emerged during
the trial of the NET cohort; they were mainly distributed in the grade 1/2, while elevated aspartate/alanine aminotrans-
ferase levels (14.3% each) were common in the GEP NEC group[34]. Other trials, however, reported contrary conclusions
regarding the use of ICI monotherapy. Two trials of avelumab monotherapy, which enrolled 27 patients in total, had 21
GEP-NET, with none achieving OR but only 33% obtaining SD. AEs related to avelumab were observed in 58% of
patients, including grade 3-4 AEs in 3 cases, leading directly to trial termination[35].

The aforementioned ICI monotherapy regimens have indicated mild anti-tumor activity with neither NET nor NEN of
the digestive system. Nonetheless, the AEs were manageable, which made them relatively safe and applicable under most
conditions. It is speculated that the severity of adverse reactions may be correlated with the efficacy. In pembrolizumab
treatment, for instance, only 21.5% of treatment-related adverse reactions occurred at grade = 3, while the frequent
adverse reactions were malaise (22.4%) and diarrhea (13.1%)[31]. Therefore, combination therapies to improve the
efficacy of ICIs against NENs in the digestive system have emerged as a major research direction.

COMBINED IMMUNOTHERAPY FOR NENS OF THE DIGESTIVE SYSTEM

Dual ICI therapy

Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) antibody, another type of ICI, have mechanisms of action comple-
mentary to those of PD-1 and PD-L1 antibodies. The binding of CTLA-4 and CTLA-4 antibodies to the surface of activated
T cells indirectly promotes the activation and proliferation of T cell development by relieving the inhibitory effect of
antigen-presenting cells on T cells. One preliminary retrospective evaluation for the treatment with ipilimumab plus
nivolumab reported ORR, DCR, and mPFS of 15%, 41.2%, and one month (95%CI: 0.54-1.46 mo), respectively, in 34
patients with G3 NENs (79% NEC and 21 from digestive organs) who had previously undergone at least one cytotoxic
chemotherapy regimen and, on average, two prior lines of treatment[36]. These findings suggest that dual ICI therapy has
therapeutic effects on aggressive NECs that progress after chemotherapy, as well as in heavily pre-treated NENs. The
S1609DART trial established the combination of ipilimumab and nivolumab as an option for extrapulmonary poorly
differentiated (LCNEC/SCNEC) or unknown primary tumors. Results of the trial revealed that the ORR of 32 cases was
25% (95%CI: 13%-64%), and the median overall survival (mOS) was 11 mo. The ORR was 44% for non-pancreatic (non-p)
high-grade NECs (8/18, CR =1, PR = 7), including lung primaries[37]. Furthermore, in the following research on high-
grade NENSs, 19 patients were involved, of which 11% (each) were from the pancreas, gastroesophageal junction, and
rectum. The ORR of this cohort was 26% (95%Cl: 11-45%), the DCR was 32% (95%CI: 13%-57%), and the 6-month PFS was
32% (95%CI: 16%-61%); however, durable control was observed in patients with long-term diseases[38]. Based on the
existing outcomes, Mohamed et al[39] conducted a retrospective study of 70 metastatic EP-NEC cases, mostly derived
from GEP, of which 11 received Nivolumab in combination with Ipilimumab. The PFS (56.5 d, 47 d, and 258 d) and OS
(not reached, 18.7 mo and 10.5 mo) were compared among patients treated with ICI monotherapy (8 patients), cytotoxic
agents (23 patients) and dual ICI therapy. Thus, dual ICI therapy did show some improvement in high-grade NENSs, in
line with previous findings.

However, not all dual ICI therapies elicit a significant response or treatment effect. The final results from a prospective
Phase II study of durvalumab plus tremelimumab in 123 patients with NENs who experienced disease progression and
failure to respond to standard therapy administration were presented at the ENETS Annual Conference 2022. The cases
were divided into four cohorts based on grading and primary sites: 27 patients with typical/atypical lung carcinoids for
Cohort 1 (C1), 31 patients with G1/G2 GI-NETs for C2, 32 patients with G1/G2 pNETs for C3, and 33 patients with G3
GEP-NENSs (91% NECs) for C4. The ORRs for the last three cohorts were 0%, 6.3%, and 9.1%, respectively, and the mPFSs
were 5.8, 5.5, and 2.4 mo, in the same order. The median OSs were 29.5 mo, 23.8 mo, and 5.9 mo, respectively[40]. The 9-
month DCRs for these cases were 22.8% (95%Cl: 16.0-30.8), and 35.5% (95%CI: 20.5-53.0), 25% (95%CI: 12.6-41.7), and
6.1% (95%CI: 1.3-18.1) for C2 to C4, respectively[41]. Therefore, this study showed that the therapeutic effectiveness of
dual ICI therapy in well-differentiated NENs was limited after the failure of standard treatment and had a relatively
lower ORR. Only G3 GEP-NEN or NEC cases showed a modest survival benefit. In the NIPI-NEC phase II trial, 185
patients with platinum-refractory disease, including 93 patients with GEP-NEC, were enrolled. They were randomly
assigned to receive nivolumab monotherapy or nivolumab plus ipilimumab, with ORR at eight weeks as the primary
outcome measure. The cohort of nivolumab combined with ipilimumab in the trial demonstrated a prominent ORR of
14.9% (95%Cl: 8.2-24.2) when compared to the nivolumab single-agent cohort of 7.2% (95%ClI: 2.7-15.1); however, PFS was
1.9 mo (95%CI: 1.6-2.1) vs 1.8 mo (95%CI: 1.7-2.0), OS was 5.8 (95%CI: 3.3-7.6) vs 7.2 mo (95%Cl: 3.7-14.1)[33]. Thus, most
patients with NECs are not eligible for ICIs monotherapy, and the anti-tumor activity of dual ICIs therapy for both NETs
and NECs needs further validation.

ICI combined with targeted anti-angiogenesis

Patients with refractory tumors or those who are chemo-intolerant have a high-quality option to de-chemotherapy in the
form of ICIs combined with anti-angiogenic medications. Basic research has demonstrated a synergistic impact between
ICIs and anti-angiogenic medications, encouraging angiogenesis in healthy tissues and boosting anti-tumor immunity
[42]. Besides, anti-angiogenic targeted medications not only prevent angiogenesis in tumor tissue but also support the
efficacy of ICIs by relieving the negative regulatory process of vascular endothelial growth factor (VEGF) in the immune
microenvironment. They also influence lymphocyte and macrophage infiltration into tumor tissue, thereby alleviating the
suppression of the tumor immune system[43].
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Daniel and colleagues examined atezolizumab with bevacizumab combination therapy in G1/G2 pNET and non-pNET
patients who had progressed under any previous therapy. Preliminary results showed that ORR, mPFS, and 1-year PFS of
the two cohorts with 20 patients each were 20% (95%Cl: 6%-44%) and 15% (95%CI: 3%-38%), and 19.6 mo (95%CI: 10.6-
NR), and 14.9 mo (95%ClI: 6.1-NR), 75% and 52%, respectively. These findings manifested that pNET patients might
benefit more from this drug application regimen than non-pNET patients[44]. More recently, the MD Anderson Cancer
Center released the final trial results showing that the ORR of the two groups remained consistent with the previous data;
however, the PFS of the pNET and the non-pNET group descended to 14.9 mo (95%CI: 4.4-32.0) and 14.2 mo (95%CI:
10.2-19.6), respectively[45].

Al-Toubah et al[46] tested an alternative regimen, involving pembrolizumab plus lenvatinib, with efficacy in 20
patients with well-differentiated GI or thoracic NETs (including 9 of the small intestine, and 1 of cecal), and the response
rate of the treatment was unsatisfactory. Among them, only one NET presented with PR, and the mPFS was 10 mo
(95%CI: 5.9-14.1) in the small intestine, and the adverse effect rate was also high. Potentially related or related grade 3
AEs, were experienced by 12 patients, 14 patients required dose reduction or discontinuation of one of the drugs.
Consequently, further research into this regimen was not deserved since it did not demonstrate substantial effectiveness
for GI-NET. Therefore, it may be more worthwhile to delve into the safety and beneficial effects of ICIs paired with anti-
angiogenesis in NECs from the digestive organs.

ICI combined with chemotherapy

Immunotherapy paired with chemotherapy has been successfully applied in the treatment of non-small cell lung cancer,
gastric cancer, and esophageal cancer due to their synergistic mechanisms. Moreover, to expand the scope of application,
some clinical study outcomes on the application of this sort of regimen in the NEN of the digestive system have been
published.

The result of a phase II trial reported by Chan et al[47] revealed an unsatisfactory treatment response rate. The trial
included twenty-two patients with extrapulmonary poorly differentiated NECs who had experienced disease progression
after prior first-line therapy. These patients participated in a clinical trial investigating the combination of pembrolizumab
and chemotherapy combination (16 of these patients had a primary GlI site), 17 (77%) were treated with irinotecan, and 5
(23%) were treated with paclitaxel. The ORR was 9% among the patients, PR was achieved only in 2 cases, SD in 14% of
cases, and PD in 60%. As inferred from the results, after biomarker selection, combination therapy with pembrolizumab
and chemotherapy may improve treatment efficacy in cases of poorly differentiated GI-NEC.

In another phasellclinical study, twelve of the fifteen patients with advanced NET who were enrolled in and treated
with nivolumab and temozolomide could be assessed for their response to this treatment, with the major locations being
six small bowels, one pancreas, and five bronchial tubes[48]. According to the interim efficacy results, 25% of patients (3/
12) had the best response of PR, 67% of patients (8/12) had SD, and one patient (8 %) had PD.

The NICE-NEC study, which included 38 patients with advanced or irresectable gastroenteritis or G3 NENs of
unknown origin, was the first to assess the efficacy of first-line chemotherapy plus ICIs in G3 NENs. Of these patients,
81.6% were GEP-NENSs, and 68% were NECs, that received nivolumab combined with cisplatin or carboplatin[49]. The
latest results, presented at the ESMO Congress 2022, confirmed the combinations had relatively promising therapeutic
action, with an ORR and mPFS of survivors of 54.1% and 5.7 mo (95%CI: 5.1-9 mo), respectively[50]. Preliminary findings
suggest that adding nivolumab to chemotherapy for G3 NENs has conceivable effectiveness without noticeably raising
the toxicity profile of preferred standard chemotherapy.

Naturally, in certain rare circumstances, the combined effects of immunotherapy and chemotherapy may be therapeut-
ically productive for some patients with terminal NECs, or those who have failed to respond to initial therapies. Chorath
et al[51] reported a female case with metastatic high-grade NEC of the gallbladder who received immunochemotherapy
treatment. A substantial decrease in liver metastases was observed following six cycles of comprehensive treatment with
etoposide, carboplatin, nivolumab, and ipilimumab with a sustained response. However, further investigation is needed
to comprehend the specific mechanisms and biomarkers that predict treatment efficacy. This survival benefit occurred in
the absence of known predictive biomarkers to immunotherapy (PD-L1 status, mismatch repair status, and TMB).

Contrary to conventional perception, chemotherapy drugs can induce immunogenic tumor cells to undergo apoptosis,
which mobilizes antigen-presenting cells and primes tumor-specific immune responses[52]. This fundamental principle
underlies the previously described synergistic impact and the advantages of chemotherapy paired with ICIs in the
application of NEN from the digestive system.

Table 2 provides an overview of ongoing clinical trials, which can be tracked to obtain the latest research progress of
immunotherapies in NENSs of the digestive systems.

BIOMARKERS FOR PREDICTING IMMUNOTHERAPY RESPONSE

MSI/dMMR, TMB, and PD-L1 expression are key biomarkers used to judge the potential benefit of ICIs for patients.
Among these, MSI-H/dMMR, and TMB-H are independent adverse prognostic indicators[53]. However, the incidence of
MSI-H/dMMR in NEN:Ss is relatively low, reported to be present in only 8 out of 152 GEP-NECs (5.3%) and only 1 in 29
G3 NETs (3.4%)[54]. TMB is the ratio of non-synonymous mutations in somatic cells per megabase pair of a certain
genomic region. Although TMB is linked to the prognostic status of patients after ICIs therapy for the majority of
malignancies, the selection of detecting genes will directly impact the TMB calculation's outcomes[55]. It is unlikely that
there is an exact universal value that defines TMB-H in a way that can predict the benefit of ICI in all types of cancer[56].
In a number of published trials, PD-L1 positive patients treated with ICIs had a higher ORR than PD-L1 negative patients,
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Table 2 Ongoing clinical trials related to immune checkpoint inhibitors in neuroendocrine neoplasms of the digestive system

‘ Estimated e
- . Estimated or Condition related to
Indentifier of , Study  Primary outcome . study L
. . Intervention actual Trial status . NENSs of the digestive
Clinical Trails phase measures completion
enrollment system
date
NCT04079712 Nivolumab + I overall response rate 30 Active, not  October 2023 NECs: Excluding SCLC
Ipilimumab + recruiting and MCC
Cabozantinib
NCT03980925 Nivolumab + I OS at 12 mo 38 Active, not ~ December 2023  G3 NENs: GEP or
Platinum-doublet recruiting unknown primary site
chemotherapy
NCT04197310 Cabozantinib + I ORR 35 Active, not  December 2023 ~WD-NET: Non-
Nivolumab recruiting pancreatic (i.e.,
carcinoid) origin
NCT03290079 Pembrolizumab + I ORR 28 Active, not  January 2024 NETs: WD small bowel
Lenvatinib recruiting or colon origin,
including unknown
primary, excluding
PNENSs
NCT04400474 Cabozantinib + 11 ORR 93 Active, not  March 2024 WD G1/2 NET:
Atezolizumab recruiting Digestive system; G3
NEN: Excluding SCLC
NCT04579757 Surufatinib + Tislel- Ib/11 DLT, ORR 135 Active, not  June 2024 G1/2 NETs: Thoracic or
izumab recruiting GEP origins
NCT04525638 Nivolumab + 177Lu- I overall response rate 30 Recruiting ~ September 2024 G3 NET or NEC of GEP,
DOTATATE lung, and unknown
primary site
NCT05058651 Atezolizumab + II/11T os 189 Recruiting  October 2024 NEC: Extrapulmonary
Platinum drug
(cisplatin or
carboplatin) +
Etoposide
NCT05113355 Chidamide + II ORR P8 Recruiting ~ November 2024 High-grade NEN,
Sintilimab advanced and metastatic
NCT04969887 Nivolumab + 11 CBR, 6 mo PFS 240 Recruiting December 2024 NECs and G3 NETs:
Ipilimumab Independent of primary
site, excluding SCLC
NCT04701307 Dostarlimab + 11 6 mo PFS, 3 mo ORR 48 Active, not ~ May 2025 NECs: Excluding
Niraparib recruiting prostate origin
NCT03475953 Avelumab + I/11 Phase I: 747 (only cohort Recruiting ~ December 2025 G2/3 GEP-NETs
Regorafenib Recommended dose G consists of
of regorafenib; Phase = GEP-NETs)
II (cohort G): CR or
PR
NCT05746208 Lenvatinib + Pembrol- I ORR 29 Not yet July 2027 WD G3 NET: Glsite and
izumab recruiting pancreas primary
NCT05289856 Avelumab + 11 DCR, CR, PR, SD 30 Recruiting December 2025  G3 NET: Excluding
Cabozantinib MCC and SCLC
NCT05627427 Surufatinib + I BES 60 Recruiting ~ December 2024  G3 NET and NEC:
Sintilimab Metastatic and
advanced
NCT05262556 NP-101 (TQ Formula) I CR, PR, SD 10 Recruiting ~ December 2024 ~ GEP-NET, GEP-NEC:
+ Nivolumab + Poorly differentiated
Ipilimumab

CR: Complete response; CBR: Clinical benefit rate; DCR: Disease control rate; DLT: Dose-limiting toxicity; ORR: Objective response rate; OS: Overall
survival; PFS: Progression-free survival; PR: Partial response; WD: Well differentiated; NET: Neuroendocrine tumor; NEN: Neuroendocrine neoplasm;
NEC: Neuroendocrine carcinoma; GEP: Gastroenteropancreatic; SCLC: Small cell lung cancer; MCC: Merkel cell carcinoma; pNET: Pancreas NET; GI:
gastrointestinal; G1, 2, 3: Grade 1, 2, 3.
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which indicated that PD-L1 expression may be relevant to the efficacy of immunotherapy[45]. However, PD-L1
expression appears quite heterogeneous across different studies[57], even though some studies revealed no relevance
between the effectiveness of ICIs and PD-L1 expression[30,31,40]. Reasons for these results may be subject to limitations
due to factors such as different methods of analysis, defined cutoffs, and the freshness of biopsy tissue obtained[58].
Therefore, based on identifying the expression of PD-L1, investigate the content of other predictive biomarkers to provide
patients with the best immunotherapy prediction possible.

In recent years, somatic mutation analysis of NETs has emerged as a novel approach for identification and prediction.
Unlike conventional monoanalytic biomarker testing, mRNA-based liquid biopsy is a non-invasive genetic testing
method. The NET transcriptome signature (NETest), a pre-spotted PCR plate that targets 51 genes, measures the amount
of tumor-derived mRNA extracted from a patient’s blood using PCR[59]. Compared to CGA, the diagnostic accuracy of
GEP-NENs with NETest is significantly better (99% vs 21%-36%), and it also has good sensitivity and specificity for
evaluating the course and prognosis of NENs[60]. However, despite these advancements, the gold standard for NETest
has not been established in clinical practice preventing its use as a routine test for NEN and limiting its ability to
completely replace biopsy procedures.

Future research should prioritize the integration of data on the circulating tumor DNA, T-cell regulatory factors, and
other characteristics of NEN patients who will receive immunotherapy. By employing multidimensional and dynamic
combinations of biomarkers, researchers can enhance the predictive effect and fully elucidate the potential causes of
patients' poor responses to ICIs.

DISCUSSION

It is necessary for the body to trigger an appropriate anti-tumor immune response through the infiltration of immune
cells into the tumor immune microenvironment (TIME). The strength of individual anti-tumor immunity depends
significantly on the quantity and variety of T cells[61]. As a result, there is now broad acceptance that effector T cell plays
an irreplaceable role in the anti-tumor response[62].

Malignancies that exhibit significant tumor-infiltrating lymphocyte (TIL) infiltration, high PD-L1 expression, potential
genetic susceptibility, and the existence of an active anti-tumor immune response, often known as the hallmarks of "hot
tumors," are more receptive to immunotherapy[63]. Although recent outcomes of clinical trials suggest that the efficacy of
ICIs for NEN of the digestive system fell short of expectations, considerable TIL infiltration has been observed in various
NECs, including pNECs[64]. Moreover, the likelihood that NEN will match the TIME of hot tumors increases with NEN
grade. In a study of 244 patients with GEP-NEN, the G3 NEN cohort contained considerably more patients with high TILs
infiltration than the G1/G2 NEN group (50% vs 17.1%)[65]. PD-L1-expressing GEP-NEC more frequently exhibited T cell
exhaustion and an abundance of regulatory T cells than did G3-NET[66], indicating that poorly differentiated NECs are
more prone to benefit from immunotherapies, particularly ICIs. Additionally, there was heterogeneity in the TIME of the
primary sites of NENs. For instance, in comparison to NETs from the jejunum and ileum, the duodenum NETs had a
more positive detection rate of PD-1 and immune infiltration[67]; and compared to NETs of extra-pancreatic origin,
PNETs had higher expression levels of PD-1 and PD-L1, as well as more TILs[65]. At the same primary site, PD-L1
expression varies across multiple NET subtypes as well, with prior research demonstrating that the metastasis-like
primary (MLP)-1 subtype expresses PD-L1 at the highest levels in pNET[68]. This illustrates the need for further research
into the variations in the immune microenvironments of distinct differentiated primary sites and subtypes of NEN, which
may guide the therapeutic application of ICIs and assist in selecting the best immunotherapy regimens for patients
during clinical trials.In addition, probing into the processes which transform NEN with modest levels of TIL infiltration
and PD-L1 expression into immunologically "hot" tumors could potentially serve as a research avenue to enhance the
therapeutic effectiveness of ICIs. So far, several mechanisms have been implicated in altering the low immune state of
“cold” tumors, for example, stimulating T cell priming (e.g., injection of Neoepitope Cancer Vaccine), accelerating T cell
expansion (e.g., application of interleukin (IL)-15), and inducing T cell recruitment (e.g., through the use of epigenetic
modulators and chemokines), efc[69]. Further research is needed to evaluate the feasibility of the above treatments for
NEN of the digestive system.

CONCLUSION

Due to the complexity of NENs in the digestive system, the prognosis following the failure of first-line treatment is
frequently poor, and the options for subsequent treatment are constrained. ICI monotherapy for the NEN is less effective,
has a shorter duration of disease control, and may only be effective in selected patients. Combination therapy may
improve the efficacy of ICI treatment in certain cases. Dual immunotherapy has some effect on highly malignant NECs
and may be considered after the failure of standard treatment; however, more relevant clinical studies are needed in this
field. The combination of ICI and anti-angiogenic drugs has exhibited certain advantages and promising applications for
advanced NETs. The combination of ICI and chemotherapy has shown some efficacy for advanced NENs and NECs;
however, further studies are required to determine whether it ultimately improves patient outcomes, and how to select
the best combination regimen. Additionally, several preclinical studies and clinical trials have investigated the
combination of ICIs with other clinical oncology treatment modalities, including pericyte therapy (CAR-T cell therapy),
cytokine therapy, oncolytic virus therapy, and cancer vaccines, but experimental data in NEN are lacking. Other
strategies to modify the TME of NEN, such as enhancing T-cell homing, preventing T-cell depletion, and preserving
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CD8+ T-cell immune response, are also worth investigating in conjunction with ICIs for targeted therapy[70]. TMB-H,
PD-L1, and MSI-H/dMMR have been identified as biomarkers for screening patients who may benefit from immuno-
therapy; however, their overall predictive efficiency is limited. Further research on the immune microenvironment and
the search for more predictive immunotherapy markers with higher sensitivity and specificity to guide clinical treatment
are urgently needed.

Owing to the rarity of NENs of the digestive organs, most previous and ongoing clinical trials have predominantly
used small samples and on small scales approaches, resulting in limited trial results on the subject. Currently, the
evidence supporting the use of ICI for NENs of the digestive systems is primarily based on a small number of phase I or
II studies and a few case reports. To address this limitation, it is crucial to conduct multi-center, prospective, large-sample
clinical trials. Such trials can further validate the conclusions drawn from studies like those discussed here. Additionally,
these trials can guide the application of ICI for the treatment of NENs from the digestive system, and provide promising
ideas for future research in the field of immunotherapy.
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Abstract

BACKGROUND

Radical resection remains an effective strategy for patients with hepatocellular
carcinoma (HCC). Unfortunately, the postoperative early recurrence (recurrence
within 2 years) rate is still high.

AIM

To develop a radiomics model based on preoperative contrast-enhanced
computed tomography (CECT) to evaluate early recurrence in HCC patients with
a single tumour.

METHODS

We enrolled a total of 402 HCC patients from two centres who were diagnosed
with a single tumour and underwent radical resection. First, the features from the
portal venous and arterial phases of CECT were extracted based on the region of
interest, and the early recurrence-related radiomics features were selected via the
least absolute shrinkage and selection operator proportional hazards model
(LASSO Cox) to determine radiomics scores for each patient. Then, the clinico-
pathologic data were combined to develop a model to predict early recurrence by

4186 July 14,2023 | Volume?29 | Issue26 |


https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v29.i26.4186
mailto:liaoweijia288@163.com

Li SQ et al. CECT-based radiomics model for predicting HCC recurrence

Cox regression. Finally, we evaluated the prediction performance of this model by multiple methods.

RESULTS

A total of 1915 radiomics features were extracted from CECT images, and 31 of them were used to determine the
radiomics scores, which showed a significant difference between the early recurrence and nonearly recurrence
groups. Univariate and multivariate Cox regression analyses showed that radiomics scores and serum alpha-
fetoprotein were independent indicators, and they were used to develop a combined model to predict early
recurrence. The area under the receiver operating characteristic curve values for the training and validation cohorts
were 0.77 and 0.74, respectively, while the C-indices were 0.712 and 0.674, respectively. The calibration curves and
decision curve analysis showed satisfactory accuracy and clinical utilities. Kaplan-Meier curves based on
recurrence-free survival and overall survival showed significant differences.

CONCLUSION
The preoperative radiomics model was shown to be effective for predicting early recurrence among HCC patients
with a single tumour.

Key Words: Hepatocellular carcinoma; Contrast-enhanced computed tomography; Radiomics; Early recurrence

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatocellular carcinoma (HCC) is a growing health issue worldwide, ranking sixth in incidence and third in
mortality among all cancers. Moreover, due to the high malignancy and suppressive immune microenvironment of HCC,
there remain high recurrence and metastasis rates. Therefore, we developed a radiomics model based on preoperative
contrast-enhanced computed tomography to evaluate early recurrence in HCC patients with a single tumour.

Citation: Li SQ, Su LL, Xu TF, Ren LY, Chen DB, Qin WY, Yan XZ, Fan JX, Chen HS, Liao WJ. Radiomics model based on
contrast-enhanced computed tomography to predict early recurrence in patients with hepatocellular carcinoma after radical resection.
World J Gastroenterol 2023; 29(26): 4186-4199

URL: https://www.wjgnet.com/1007-9327/full/v29/i26/4186.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i26.4186

INTRODUCTION

Hepatocellular carcinoma (HCC) is a growing health issue worldwide, ranking sixth in incidence and third in mortality
among all cancers[1]. For early-stage HCC patients, liver resection and liver transplantation are considered the main
strategies to prolong overall survival (OS)[2,3]. However, the majority of HCC patients are diagnosed at later disease
stages, and thus, surgical care is no longer a treatment option for these individuals[4]. Moreover, due to the high
malignancy and suppressive immune microenvironment of HCC[5], there remain high recurrence and metastasis rates
even for patients who undergo resection. Therefore, it is of vital importance to conduct systematic surveillance of HCC
recurrence, and there is an urgent need to precisely predict recurrence in patients with HCC.

Currently, the recurrence rate for postoperative HCC patients is over 50% within 5 years[6], and studies have shown
that patients with early recurrence - i.e., recurrence occurring within 2 years - have worse outcomes and poorer prognosis
than those with recurrence over 2 years[7]. Typically, the identification of primary and recurrent tumour depends on the
detection of genotype, in other words, on the molecular scale[8,9]. However, its complexities have limited the widespread
adoption of this method. To evaluate the prognosis of HCC patients, many staging systems have been introduced to
clinical use, such as the Barcelona Clinic Liver Cancer (BCLC) staging system and albumin-bilirubin (ALBI) grading[4,
10]. Given that the staging systems above are more suitable for use in evaluating liver function or guiding treatment,
there is a lack of an efficient and accurate approach to evaluate recurrence.

Radiomics is an emerging discipline based on medical imaging. Medical imaging, which includes ultrasound (US),
computed tomography (CT), and magnetic resonance imaging (MRI), has played a crucial role in the screening and
diagnosis of HCC[11]. However, the conventional imaging process relies on the experience and judgement of radiologists
and might miss or be hard to quantify some crucial details. Many studies have shown that radiomics features may
contain pathophysiological characteristics, which reflect tumour heterogeneity and are associated with patient prognosis
[10]. Based on artificial intelligence technology, radiomics has shown certain potential in HCC related gene analysis,
microvascular invasion, postoperative survival and recurrence prediction, etc[12-16]. However, there are few externally
validated reports that studied on the use of radiomics to assess the risk of early recurrence in HCC patients after surgery.

In this study, we aimed to establish a radiomics model to predict early recurrence for patients who underwent radical
resection based on contrast-enhanced CT (CECT) and clinical variables, evaluate this model’s performance, and verify its
feasibility in clinical application.
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MATERIALS AND METHODS

Patients

We retrospectively enrolled 537 HCC patients from two institutions (Affiliated Hospital of Guilin Medical University;
Peking University People’s Hospital) who underwent radical resection. According to the exclusion criteria in Figure 1, 277
patients enrolled from October 2009 to May 2017 at the Affiliated Hospital of Guilin Medical University were set as the
training cohort, while 125 patients enrolled from June 2010 to December 2017 at Peking University People's Hospital were
set as the validation cohort. Along with the CECT images, information regarding demographic characteristics,
clinicopathological data, and laboratory data were also retrospectively collected. Patient demographic characteristics
included sex and age, while clinicopathological data were collected from electronic case records, containing tumour size
and vascular invasion. Furthermore, laboratory data were collected before surgery, including routine blood test, liver
function, and alpha-fetoprotein (AFP) level.

Diagnostic criteria and exclusion criteria

All enrolled patients were diagnosed with HCC by postoperative pathological examination; solitary HCC was confirmed
by preoperative CECT and intraoperative palpation or US. In addition to CECT, at least US and MRI supported an HCC
diagnosis. Radical resection was defined as complete removal of the tumour with no residual tumour or new lesion
observed in two observations at an interval of no less than 4 wk. Two independent pathologists histopathologically
examined resected tumour specimens. The main exclusion criteria were as follows: (1) CECT image unavailable; (2) CECT
scan over 1 mo before operation; (3) previous treatment including hepatectomy, ablation, or transarterial chemoembol-
ization; and (4) incomplete clinical or follow-up data.

Follow-up surveillance

Postoperative surveillance at each institution was conducted according to the protocol. Patients were followed every 2 mo
within the first 2 years and every 3-6 mo after 2 years postoperatively (abdominal ultrasonography, serum AFP, and other
serological tests were performed). CECT or MRI examination was performed if recurrence was suspected. OS was
determined as the interval between the operation date and the date of death or last follow-up. Recurrence-free survival
(RFS) was determined from the operation date of radical surgery to the date of the first recurrence at any site, death, or
the last follow-up. Recurrence within 2 years after operation was considered as early recurrence.

CT image acquisition
The CECT images were obtained from each institution according to routine procedures, and the usage of contrast
medium is described in the Supplementary material.

Region of interest segmentation and radiomics feature extraction

Regions of interest (ROIs) were defined as the tumour areas in both arterial and portal venous phases, which were
delineated via 3D Slicer (v4.11, https:/ /www slicer.org) by two experienced radiologists (Reader 1: H.Y. with 10 years of
working experience; reader 2: Z.Z. with 20 years of working experience). If they could not reach a consensus, the third
radiologist intervened in the evaluation.

To minimize the variability and normalize the CT images, all the images were resampled to a voxel size of 1 mm x 1
mm % 1 mm. Then, the radiomics features were extracted from the ROI segments based on the Pyradiomics package
(version 3.0.1). The categories of radiomics features were as follows: First-order statistics, shape-based features (2D and
3D), grey level cooccurrence matrix (GLCM), grey level run length matrix (GLRLM), grey level size zone matrix (GLZM),
neighbouring grey tone difference matrix (NGTDM), and grey level dependence matrix (GLDM). LASSO Cox regression
was performed to filter and obtain the early recurrence-related radiomics features according to the minimum criteria with
10-fold cross-validation. The radiomics score was determined according to the coefficients.

Modelling and validation

A radiomics and clinical combined model was developed via univariate and multivariate analyses, in which the optimal
cut-off value of the radiomics score was determined via X-tile (Version 3.6.1). The candidate clinical indicators were
hepatitis B surface antigen (HBsAg) (positive vs negative), cirrhosis (present vs absent), microvascular invasion (MVI)
(present vs absent), serum AFP (> 200 vs < 200 ng/mL), tumour size (cm), platelets (x 10°/L), gamma-glutamyl
transpeptidase (GGT) (U/L), and ALBI. The combined model was presented as a nomogram and validated in an
independent cohort.

Statistical analysis

Continuous variables that follow a normal distribution are shown as the mean * SD and were compared by using the
Student’s t test. Otherwise, the Mann-Whitney U test was performed. Categorical variables were compared by chi-
squared tests. RFS and OS analyses were conducted by using the Kaplan-Meier method and compared by log-rank test
among different groups. Time-dependent receiver operating characteristic (ROC) curves were plotted based on the
timeROC package. The concordance index (C-index) was determined to evaluate the predictive ability of the combined
model. The calibration curves were plotted with the rms package, while decision curve analysis (DCA) was based on the
rmda package. SPSS18.0 (SPSS Inc., Chicago, IL, United States) and R (version 4.0.3, https:/ /www.rproject.org/) were
used for statistical analyses. P < 0.05 was considered statistically significant.
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Figure 1 Flowchart of the study cohorts. HCC: Hepatocellular carcinoma; CT: Computed tomography; TACE: Transarterial chemoembolization; ROI: Region of interest.
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RESULTS

Patient characteristics

A total of 402 patients who underwent preoperative CECT were enrolled according to the exclusion criteria from two
institutions, and the baseline characteristics are illustrated in Table 1. There were no significant differences in the
variables evaluated between the two cohorts except aspartate aminotransferase (AST); most patients were male (both
85.60%), with liver cirrhosis (92.06% and 93.60%) and HBV-related HCC (83.75% and 82.40%, respectively). In institution
1, the median follow-up time was 54.2 mo, the median OS time was 40.0 mo, and the early recurrence rate was 36.82%
(102 recurred among 277). In institution 2, the median follow-up time was 50.7 mo, the OS time was 37.0 mo, and the
early recurrence rate was 32.80% (41 recurred among 125).

Determination of the radiomics score for early recurrence

A total of 1915 CECT-based radiomics features were extracted from images acquired at both the arterial and portal
venous phases among 277 patients in institution 1 as the training cohort. To filter early recurrence-related features,
LASSO Cox regression was performed, and 31 features were obtained (Supplementary Figure 1). Figure 2 displays the
distribution and correlations among these features. Then, a radiomics score was determined according to the coefficients
in Supplementary Table 1 for each patient, and the optimal cut-off value was identified as 15.93, based on which the low
and high radiomics risk groups were divided accordingly. As shown in Figure 3A, the radiomics scores were significantly
different between the early and nonearly recurrence groups, while the area under curve (AUC) value was 0.73 for both
institutions (Figure 3B), thus demonstrating the predictive value of the radiomics score for early recurrence HCC.

Development and assessment of the radiomics and clinical combined model

To further improve the predictive performance of the model, univariate and multivariate Cox regression analyses were
conducted among the radiomics model and clinicopathologic indicators. The results from univariate analysis (Table 2)
illustrated that the radiomics score, MVI, serum AFP, tumour size, and GGT were statistically significant and were
included in the multivariate analysis. Multivariate analysis showed that radiomics score [hazard ratio (HR), 3.86; 95%CI:
2.41-6.16; P < 0.001] and serum AFP (HR, 1.52; 95%CI: 1.00-2.30; P = 0.048) were identified as independent predictive
indicators for early HCC recurrence.

Next, a predictive and visible nomogram was developed based on the radiomics and clinical combined model
(Figure 4), and the AUC values of the combined model were 0.79 (95%CI: 0.73-0.84) and 0.77 (95%CI: 0.70-0.83) for 1-year
and 2-year recurrence prediction in the training cohort (Figure 5A), respectively. The AUC values of the validation cohort
were 0.65 (95%CI: 0.58-0.73) and 0.74 (95%ClI: 0.63-0.77) for 1-year and 2-year recurrence, respectively (Figure 5B). The C-
index was 0.712 and 0.674 in the training and validation cohorts, respectively. Moreover, the calibration curves illustrated
good agreement between predictive and observed outcomes (Figure 5C and D), while the DCA showed that the
combined model had a relative high net benefit (Figure 5E and F).

Predictive significance and subgroup analysis of the combined model
To verify the discrimination ability of the combined model, survival curves for RFS and OS were plotted based on the
median risk points in the training and validation cohorts. For early recurrence, the high-risk group was more likely to
present recurrence than the low-risk group in both the training and validation cohorts (log-rank, P < 0.0001 for both)
(Figure 6A and C). Furthermore, OS was significantly different (log-rank, P < 0.0001 for the training cohort and P = 0.0446
for the validation cohort) (Figure 6B and D).

Next, we performed subgroup analysis in AFP-negative (< 20 ng/mL) and AFP-positive (= 20 ng/mL) groups.
Regardless of the AFP level (Figure 6E-H), the model calculated points were closely related to early recurrence and OS
(log-rank, P < 0.0001 for all). The results above illustrated the discrimination ability of the combined model.

Representative case reports

Two representative case reports were displayed to demonstrate the distinguishing ability for similar cases (Figure 7). Both
of them were male with BCLC A stage HCC and similar ages, and the ROI, also known as the tumour area, was similar in
tumour size and position. MVI was present in AFP-negative case 1, while MVI was absent in AFP-positive case 2.
However, their outcomes were different. Case 1 was both low risk at the radiomics score and model prediction point and
without recurrence until the last follow-up. Case 2 was high risk with worse outcomes, and recurrence was present at 14
mo after the operation. Thus, we concluded that the radiomics combined model could support to distinguish similar cases
using CECT in clinical practice.

DISCUSSION

Due to the lack of indicators to predict early recurrence for patients who underwent radical resection, we determined a
radiomics score based on preoperative CECT for patients from two independent centres, which was shown to be closely
related to the occurrence of early recurrence. Next, serum AFP was included to establish a radiomics and clinical
combined model, which elevated the accuracy of the model. The AUC values for the two cohorts were 0.77 and 0.74,
respectively, and our findings supported that radiomics is able to be adopted to evaluate the RFS of HCC patients and
might support preoperative risk stratification and postoperative surveillance management. Previous studies have
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Table 1 Clinicopathologic characteristics of patients in the training and validation cohorts

Parameter Training cohort, n = 277 Validation cohort, n =125 P value

Gender Female 40 (14.44) 18 (14.40) 0.991
Male 237 (85.56) 107 (85.60)

Age (yr) 50.60 + 11.27 51.92 +10.50 0.265

HBsAg Negative 45 (16.25) 22 (17.60) 0.736
Positive 232 (83.75) 103 (82.40)

Child-Pugh stage A 252 (90.97) 116 (92.80) 0.543
B 25 (9.03) 9 (7.20)

BCLC stage 0+A 173 (62.45) 83 (66.40) 0.447
B+C 104 (37.55) 42 (33.60)

Cirrhosis Absent 22 (7.94) 8 (6.40) 0.586
Present 255 (92.06) 117 (93.60)

MVI Absent 162 (58.48) 75 (60.00) 0.775
Present 115 (41.52) 50 (40.00)

AFP (ng/mL) <200 130 (46.93) 67 (53.60) 0.204
> 200 147 (53.07) 58 (46.40)

Tumor size (cm) 7.42+451 7.07 +4.03 0.464

Platelets (x 10°/L) 198.26 + 94.67 201.52 + 86.77 0.743

GGT (U/L, median, IQR) 73.90 (41.74, 130.23) 80.35 (46.92, 151.00) 0.198

ALT (U/L, median, IQR) 32.80 (21.11, 51.70) 29.51 (20.50, 48.82) 0.176

AST (U/L, median, IQR) 36.47 (26.75, 53.80) 35.04 (25.90, 51.60) 0.449

TB (mg/dL) 17.41 +26.52 17.40 +23.84 0.995

DB (mg/dL) 7.99 +17.54 8.92 +23.26 0.658

ALBI 2,50 +0.47 -2.53 +0.42 0.493

HBsAg: Hepatitis B surface antigen; BCLC: Barcelona Clinic Liver Cancer stage; MVI: Microvascular invasion; AFP: Alpha-fetoprotein; GGT: Gamma-
glutamyl transpeptidase; IQR: Interquartile range; ALT: Alanine transaminase; AST: Aspartate transaminase; TB: Total bilirubin; DB: Direct bilirubin;
ALBI: Albumin-bilirubin.
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Figure 2 Correlation and distribution of early recurrence-related radiomics features. A: Correlation of the radiomics features. The red mark
represents a positive correlation, while the blue mark represents a negative correlation; B: Heatmap and clustering analysis of the radiomics features. ROC: Receiver
operating characteristic; RFS: Recurrence-free survival; AUC: Area under curve.
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Figure 3 Capacity of the radiomics score to distinguish early recurrence. A: Correlation of the rad-score between the nonearly recurrence and early
recurrence groups; B: Receiver operating characteristic curves of the radiomics score to predict recurrence-free survival in the training and validation cohorts.

illustrated the usage of radiomics in predicting recurrence of HCC[15,16], but few studies focused on early recurrence and
conducted external validation, in which early recurrence was defined as recurrence occurring within 2 years.
Furthermore, the model divided the HCC patients into two risk subgroups with a favourable distinction of recurrence
and a significant difference in OS. AFP-negative subgroup analysis was also performed to evaluate the reliability of the
model.

The heterogeneity in primary and recurrent HCC is quite different. Typically, the gene profile and microenvironments
are supposed to be able to distinguish them[8,9]. Villanueva et al[17] developed a composite prognostic model for HCC
recurrence based on gene expression in tumour tissues. However, the majority of recurrent HCC cases occur within 2
years after surgery, which is regarded as real recurrence. Many studies have indicated that patients with early recurrence
have worse outcomes than those with late recurrence[18]. Hence, it is of vital significance to monitor early recurrence in
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Table 2 Univariate and multivariate Cox regression analyses of clinicopathologic characteristics for recurrence-free survival in training

cohort with hepatocellular carcinoma

Univariate analysis Multivariate analysis
Variable

HR 95%Cl P value HR 95%ClI P value
Rad-score (high vs low) (1) 4.08 2.64-6.24 <0.001 3.86 2.41-6.16 <0.001
HBsAg (present vs absent) (1) 1.81 0.97-3.39 0.063
Cirrhosis (present vs absent) (1) 1.84 0.75-4.52 0.183
MVI (present vs absent) (17) 1.83 1.24-2.71 0.002 1.20 0.77-1.85 0.418
AFP (> 200 vs < 200) (ng/mL) 1.73 1.16-2.58 0.007 152 1.00-2.30 0.048
Tumor size (cm) 1.05 1.01-1.09 0.005 1.00 0.94-1.04 0.621
Platelets (x 10°/L) 1.00 1.00-1.00 0.160
GGT (U/L) 1.02 1.04-1.02 0.034 1.01 1.01-1.00 0.333
DB (mg/dL) 1.00 1.00-1.01 0.928
ALBI 0.96 0.64-1.44 0.838

HR: Hazard ratio; CI: Confidence interval; HBsAg: Hepatitis B surface antigen; MVI: Microvascular invasion; AFP: Alpha fetoprotein; GGT: Gamma-
glutamyl transpeptidase; DB: Direct bilirubin; ALBI: Albumin-bilirubin.
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Figure 4 A radiomics and clinical combined model is built based on the radiomics score and preoperative alpha-fetoprotein. According to
the total score of each indicator, the recurrence rate corresponding to the total score is the nomogram-predicted rate. AFP: Alpha-fetoprotein; RFS: Recurrence-free
survival.

clinical practice. Increasing evidence has illustrated that the immune microenvironment plays a crucial role in the early
recurrence of HCC. Sun et al[19] revealed the unique characteristics of early relapse HCC at single-cell resolution.
Additionally, metabolic microenvironments, such as lipogenesis and glycolysis, might promote oncogenic transformation
[20-23]. The mechanism above reveals the complexity of recurrent HCC. Many staging systems have been applied in the
diagnosis and treatment of HCC, including the AJCC TNM staging system and the BCLC and Child-Pugh staging
systems. Nevertheless, none of them are capable of predicting recurrence. Serum AFP level has long been used as an
indicator to predict recurrence in both hepatectomy and liver transplantation[24,25], which showed effect in our model,
as well.

Preoperative imaging plays a very important role in the effective diagnosis and treatment of HCC, and CECT is part of
this process. For BCLC stages A and B patients, liver resection is considered the main treatment strategy. However, the
postoperative recurrence rate is extremely high. Hence, we employed radiomics to explore more details from CECT
images. In this study, radiomics scores were determined based on the 31 features. There were 16 features extracted from
images in the arterial phase and 15 features from images in the portal venous phase, which was consistent with the
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Figure 5 Evaluation of the radiomics model to predict early recurrence. A: Receiver operating characteristic (ROC) curves to predict 1- and 2-year
recurrence-free survival (RFS) in the training cohort; B: ROC curves to predict 1- and 2-year RFS in the validation cohort; C: Calibration curves of the 1- and 2-year
RFS in the training cohort; D: Calibration curves of the 1- and 2-year RFS in the validation cohort; E: Decision curve analysis of the combined model in the training
cohort; F: Decision curve analysis of the combined model in the validation cohort. ROC: Receiver operating characteristic; RFS: Recurrence-free survival; AUC: Area
under curve.

diagnosis of HCC depending on the dynamic changes in vascular findings from the arterial phase to portal venous phase
[26-29]. Consistently, among these features, most of them were based on wavelet filtered features that accounted for the
greatest weight, which coincided with the previous studies[15], and might represent tumour heterogeneity of HCC and
peritumoral tissues that were hard to explain and easy to be ignored by the radiologist. The potential use of radiomics has
been widely reported. Hence, we combined radiomics and serum indicators to evaluate the risk of early recurrence,
which was validated in an independent cohort. Our findings showed favourable value in predicting early recurrence for
patients with HCC via non-invasive indicators and might guide clinical decisions.
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Figure 6 Cumulative rates of early recurrence and survival rates of hepatocellular carcinoma. A: Risk accumulation curve of recurrence-free
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survival (RFS) in the training cohort; B: Survival curve of overall survival (OS) in the training cohort; C: Risk accumulation curve of RFS in the validation cohort; D:
Survival curve of OS in the validation cohort; E and F: Risk accumulation curve of RFS in the alpha-fetoprotein (AFP)-negative group in the training and validation
cohorts; G and H: Risk accumulation curve of RFS in the AFP-positive group in the training and validation cohorts. AFP: Alpha fetoprotein.
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Figure 7 Representative case reports. AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; CECT: Contrast-enhanced computed tomography; MVI:
Microvascular invasion; ROI: Regions of interest.

There were several limitations in our study. First, because this was a retrospective analysis, inherent biases were
inevitable. Second, even though the radiomics features were extracted via a standard process, the features might differ
and be critically dependent across CT machines and centres. Third, with the development of multimodality radiomics,
Gd-EOB-DTPA-enhanced MR or 18F-FDG PET/CT has been widely used and have more favourable discrimination in
adipose tissue and tumour capsules[30,31]. Therefore, we should conduct prospective trials with multimodality radiomics
to confirm our results.

CONCLUSION

In summary, the radiomics scores calculated herein revealed significant differences between early and nonearly
recurrence HCC patients. Then, we integrated the scores with serum AFP to develop a radiomics and clinical combined
model that showed advantages and might serve as a powerful tool to predict early recurrence of HCC. We will perform
further validation and translate the results into clinical application.

ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) seriously endangers human life and health, but there is still a lack of satisfactory
treatment options. Even if it is diagnosed at early stage, the recurrence rate is still very high. The clinical monitoring
strategy for HCC recurrence is limited, so there is a need to find a new and effective recurrence prediction model for
HCC. And we developed a radiomics model based on preoperative contrast-enhanced computed tomography (CECT) to
evaluate early recurrence in patients with a single tumour.
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Research motivation

Due to the high malignancy and suppressive immune microenvironment of HCC, there are still high recurrence and
metastasis rates even in HCC patients who have undergone radical resection. Therefore, it is of vital importance to
conduct systematic surveillance of HCC recurrence, and there is an urgent need to precisely predict recurrence in patients
with HCC. If tumour recurrence can be detected earlier, the survival and quality of life of HCC patients might be greatly
improved.

Research objectives

Despite the rapid development in the treatment of HCC in recent decades, patients” outcomes remain unsatisfactory. One
of the reasons is that the early diagnosis system of HCC recurrence is not yet well developed, so our research team
established a recurrence prediction model for HCC based on medical imaging such as computed tomography (CT) to
predict HCC recurrence earlier, so that timely treatment measures can be taken.

Research methods

We collected CT images from 537 clinical patients in two institutions and extracted valuable CT image features with 3D
Slicer (v4.11, https:/ /www .slicer.org). SPSS18.0 (SPSS Inc., Chicago, IL, United States) and R (version 4.0.3, https://
www.rproject.org/) were used for statistical analyses and the prediction model of HCC recurrence was established jointly
with AFP.

Research results

The radiomics scores calculated herein revealed significant differences between early and nonearly recurrence HCC
patients. We combined radiomics and serum indicators to evaluate the risk of early recurrence, which was validated in an
independent cohort. Our findings showed the value of predicting early recurrence in HCC patients by noninvasive
indicators and might guide clinical decisions making. However, this is a retrospective analysis, and inherent biases are
inevitable. We would conduct prospective trials with multimodality radiomics to confirm our results in future.

Research conclusions

The preoperative radiomics model was shown to be effective for predicting early recurrence among patients with single
HCC. Compared with pathological biopsy or other tests, this model is noninvasive and more convenient for HCC
patients.

Research perspectives
For HCC diagnosis, treatment, or prognosis assessment, more non-invasive methods are of great significance and needed.
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Abstract

BACKGROUND

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal
tumors of the gastrointestinal tract. Tyrosine kinase inhibitors, such as imatinib,
have been used as first-line therapy for the treatment of GISTs. Although these
drugs have achieved considerable efficacy in some patients, reports of resistance
and recurrence have emerged. Extracellular signal-regulated kinase 1/2 (ERK1/2)
protein, as a member of the mitogen-activated protein kinase (MAPK) family, is a
core molecule of this signaling pathway. Nowadays, research reports on the
important clinical and prognostic value of phosphorylated-ERK (P-ERK) and
phosphorylated-MAPK/ERK kinase (P-MEK) proteins closely related to raf kinase
inhibitor protein (RKIP) have gradually emerged in digestive tract tumors such as
gastric cancer, colon cancer, and pancreatic cancer. However, literature on the
expression of these downstream proteins combined with RKIP in GIST is scarce.
This study will focus on this aspect and search for answers to the problem.

AIM

To detect the expression of RKIP, P-ERK, and P-MEK protein in GIST and to
analyze their relationship with clinicopathological characteristics and prognosis of
this disease. Try to establish a new prognosis evaluation model using RKIP and P-
ERK in combination with analysis and its prognosis evaluation efficacy.

METHODS
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The research object of our experiment was 66 pathologically diagnosed GIST patients with complete clinical and
follow-up information. These patients received surgical treatment at China Medical University Affiliated Hospital
from January 2015 to January 2020. Immunohistochemical method was used to detect the expression of RKIP, P-
ERK, and P-MEK proteins in GIST tissue samples from these patients. Kaplan-Meier method was used to calculate
the survival rate of 63 patients with complete follow-up data. A Nomogram was used to represent the new
prognostic evaluation model. The Cox multivariate regression analysis was conducted separately for each set of
risk evaluation factors, based on two risk classification systems [the new risk grade model vs the modified National
Institutes of Health (NIH) 2008 risk classification system]. Receiver operating characteristic (ROC) curves were
used for evaluating the accuracy and efficiency of the two prognostic evaluation systems.

RESULTS

In GIST tissues, RKIP protein showed positive expression in the cytoplasm and cell membrane, appearing as
brownish-yellow or brown granules. The expression of RKIP was related to GIST tumor size, NIH grade, and
mucosal invasion. P-ERK protein exhibited heterogeneous distribution in GIST cells, mainly in the cytoplasm, with
occasional presence in the nucleus, and appeared as brownish-yellow granules, and the expression of P-ERK
protein was associated with GIST tumor size, mitotic count, mucosal invasion, and NIH grade. Meanwhile, RKIP
protein expression was negatively correlated with P-ERK expression. The results in COX multivariate regression
analysis showed that RKIP protein expression was not an independent risk factor for tumor prognosis. However,
RKIP combined with P-ERK protein expression were identified as independent risk factors for prognosis with
statistical significance. Furthermore, we establish a new prognosis evaluation model using RKIP and P-ERK in
combination and obtained the nomogram of the new prognosis evaluation model. ROC curve analysis also showed
that the new evaluation model had better prognostic performance than the modified NIH 2008 risk classification
system.

CONCLUSION

Our experimental results showed that the expression of RKIP and P-ERK proteins in GIST was associated with
tumor size, NIH 2008 staging, and tumor invasion, and P-ERK expression was also related to mitotic count. The
expression of the two proteins had a certain negative correlation. The combined expression of RKIP and P-ERK
proteins can serve as an independent risk factor for predicting the prognosis of GIST patients. The new risk
assessment model incorporating RKIP and P-ERK has superior evaluation efficacy and is worth further practical
application to validate.

Key Words: Raf kinase inhibitory protein; Phosphorylated extracellular-signal-regulated kinase; Gastrointestinal stromal
tumors; Immunohistochemistry; Survival analysis; Risk grade model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Nowadays, research reports on the expression of downstream proteins of the extracellular signal-regulated kinase
(ERK)/mitogen-activated protein kinase pathway combined with raf kinase inhibitor protein (RKIP) in gastrointestinal
stromal tumor (GIST) is scarce. This study will focus on this aspect and use immunohistochemistry methods, large sample
survival analysis data, and the latest bioinformatics analysis techniques to answer the problem. Our experimental results
showed that the expression of the two proteins had a certain negative correlation. The combined expression of RKIP and
phosphorylated-ERK proteins can serve as an independent risk factor for predicting the prognosis of GIST patients.
Furthermore, the new risk assessment model incorporating RKIP and phosphorylated-ERK has superior evaluation efficacy.

Citation: Qu WZ, Wang L, Chen JJ, Wang Y. Raf kinase inhibitor protein combined with phosphorylated extracellular signal-regulated
kinase offers valuable prognosis in gastrointestinal stromal tumor. World J Gastroenterol 2023; 29(26): 4200-4213

URL: https://www.wjgnet.com/1007-9327/full/v29/i26/4200.htm

DOI: https://dx.doi.org/10.3748/wjg.v29.i26.4200

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the gastrointestinal tract. It is
believed that GISTs originate from Cajal cells, and mutations in the kit and platelet-derived growth factor receptor-alpha
(PDGFR-0) genes are considered to be the cause of most cases of GISTs. Based on this discovery, specific tyrosine kinase
inhibitors, such as imatinib, have been used as first-line therapy for the treatment of GISTs. Although these drugs have
achieved considerable efficacy in some patients, reports of resistance and recurrence have emerged[1]. Even second-line
target therapy drugs such as sunitinib, protein kinase C (PKC) 412, or BMS-354825 are not effective for all patients[2].
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To overcome tumor resistance, research on GISTs has focused on the search and validation of new targeted therapy
sites and regulatory genes. The Raf-MEK-ERK pathway, which is closely related to GIST, is one of the well-studied
pathways. Extracellular signal-regulated kinase 1/2 (ERK1/2) protein, as a member of the mitogen-activated protein
kinase (MAPK) family, is a core molecule of this signaling pathway. It works with upstream activating molecules and
downstream effector molecules to form an efficient and accurate signal transduction system. The MAPK/ERK Kinase 1/2
(MEK 1/2) protein is a MAPKK (MAPK kinase) that can activate the Thr and Tyr sites on the ERK1/2 protein, thereby
phosphorylating and activating it to produce the activated form of P-ERK1/2. Raf-1 protein is an upstream MAPKKK
(MAPKK Kinase) that can activate the entire pathway by phosphorylating MEK1/2 to obtain P-MEK1/2. The pathway is
regulated by the cell cycle and extracellular stimuli, thus regulating downstream protein kinases, phospholipases, and
transcription factors to play important biological functions[3-5].

The RKIP protein is a structurally complex protein with a "multidirectional switch" regulatory role in multiple
signaling pathways. First, it can regulate multiple signaling pathways and has an inhibitory effect on the Raf-MEK-ERK
pathway, affecting cell invasion and proliferation[6]. Additionally, the RKIP protein is also a phosphorylation target, such
as its binding to G protein-coupled receptor kinase 2 (GRK2) in the G protein-coupled pathway[7]. Recently, the study of
RKIP protein's tumor regulatory function has gradually become a hot spot, and previous studies have reported that RKIP
protein is related to the size of GIST tumors, National Institutes of Health (NIH) staging, and whether the tumor invades
the mucosa, but RKIP cannot be used as an independent factor for GIST prognosis evaluation[8].

Nowadays, research reports on the important clinical and prognostic value of phosphorylated (P)-ERK and P-MEK
proteins closely related to RKIP have gradually emerged in digestive tract tumors such as gastric cancer, colon cancer,
and pancreatic cancer. However, literature on the expression of downstream proteins of the ERK/MAPK pathway
combined with RKIP in GIST is scarce. This study will focus on this aspect and use immunohistochemistry methods, large
sample survival analysis data, and the latest bioinformatics analysis techniques to search for answers to the problem. We
aim to find new tumor treatment targets for GIST and develop more reliable and efficient diagnostic and prognostic
evaluation methods.

MATERIALS AND METHODS

Patients

The research object of the immunohistochemical experiment was 66 paraffin-embedded specimens that were surgically
resected and pathologically diagnosed at China Medical University Affiliated Hospital from January 2015 to January
2020, with complete clinical and follow-up information. There were 36 male cases and 30 female cases, with an age range
of 21-83 years and a mean age of 56.2 years. The tumor occurrence sites were: Stomach in 37 cases (56.1%), duodenum in
12 cases (18.2%), jejunum in 15 cases (22.7%), and colon in 2 cases (3.0%) (Table 1).

The diagnostic criteria for GISTs were histopathological features consistent with GISTs and immunohistochemical
positivity for CD117, immunohistochemical negativity for CD117 but positivity for CD34, or immunohistochemical
negativity for CD117 and CD34 as well as smooth muscle actin, desmin, and S-100 (to exclude smooth muscle tumors and
neurogenic tumors). Among them, 59 cases (90.8%) were CD117-positive, and 50 cases (76.9%) were CD34-positive.

The risk grade criteria for GIST used the modified NIH 2008 risk classification system, which combines three
assessment factors: Tumor location (gastric vs non-gastric: Small intestine and colon, etc.), tumor diameter (< 2 cm, 2-5 cm,
5-10 ecm, > 10 cm), and mitotic count [< 5/50 high-power fields (HPFs), 5-10/50 HPFs, > 10/50 HPFs]. GISTs were
classified as very low risk (I), low risk (II), moderate risk (III), and high risk (IV).

Among the 66 cases of GIST in this study, except for 2 cases who died due to other reasons and 1 case who was lost to
follow-up, the follow-up information of the remaining 63 cases was complete. The follow-up time ranged from 5 to 61
mo, with a mean of 48 mo.

Immunohistochemical staining

The GIST specimens were fixed with formalin, embedded in paraffin, and sectioned into 4 pm-thick slices. The sections
underwent routine dewaxing in water, followed by H,O, treatment at room temperature to inactivate endogenous
enzymes. Subsequently, they were washed three times with distilled water. Antigen retrieval was performed, followed by
incubation with a blocking solution containing 5% BSA at room temperature for 20 min. Primary antibodies (RKIP/P-
ERK/P-MEK antibodies, rabbit IgG) were then added at an appropriate dilution and incubated at room temperature for
12 h. Next, the sections were treated with a secondary antibody (goat anti-rabbit IgG) and incubated at 25 °C for 20 min.
SABC-AP reagent was applied to the sections, followed by incubation at 25 °C for 20 min. For color development, the
BCIP/NBT substrate was prepared by diluting it in TBS, thoroughly mixed, and added to the slides. The sections were
incubated at 25 °C for 20 min, with the reaction time monitored under a microscope. After washing with distilled water,
the sections were lightly counterstained with nuclear red, rinsed, dried, and mounted with a water-soluble mounting
medium for microscopic observation.

Evaluation of inmunohistochemical staining

The positive staining of RKIP, P-ERK, and P-MEK proteins was mainly located in the cytoplasm and cell membrane,
while P-ERK and P-MEK were occasionally observed in the nucleus. The semi-quantitative dual scoring method was used
to evaluate the protein expression of proteins. Under high-power microscopy, scoring was performed based on the
staining intensity and the proportion of positive cells. Ten random high-power fields were selected on each slide, and the
number of positive cells was counted among 100 cells in each field. The average value was calculated and expressed as a
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Table 1 Relationship between proteins expression and clinical and pathological characteristics of gastrointestinal stromal tumors

RKIP P-ERK P-MEK
Characteristic n

Negative  Positive ~ Pvalue® Negative Positive  Pvalue’ Negative  Positive P value®
Sex
Male 36 16 20 0.652 16 20 0.716 22 14 0.365
Female 30 15 15 12 18 15 15
Age inyr
> 56 33 17 16 0.459 13 20 0.618 15 18 0.083
<56 33 14 19 15 18 22 11

Tumor location

Stomach 37 20 17 0.585 16 21 0.902 21 16 0.224
Duodenum 12 4 8 4 8 4 8
Jejunoileum 15 6 9 7 8 11 4
Colon 2 1 1 1 1 1 1

Tumor size in cm

<2 12 1 11 <0.001 8 4 0.009 7 5 0.353
2-5 20 5 15 12 8 14 6

6-10 19 14 5 6 13 10 9

>10 15 11 4 2 13 6 9

NIH risk grade

Very low 10 2 8 <0.001 7 3 0.004 7 3 0.319
Low 20 3 17 13 7 11 9

Moderate 11 8 5] 3 8 8 3

High 25 18 7 5 20 11 14

Mitotic figures as /50

HPFs

0 11 3 8 0.074 5 6 0.015 B 6 0.604
1-4 37 15 22 21 16 22 15

5-10 7 5 2 1 6 5} 2

>10 11 8 B8 1 10 5 6

Mucosal invasion
Yes 34 21 13 0.013 10 24 0.027 18 16 0.599

No 32 10 22 18 14 19 13

“Raf kinase inhibitory protein (RKIP)-positive percentage were compared using the y? test, P < 0.05 were considered statistically significant.
HPFs: High-power fields; NIH: National Institutes of Health; P-ERK: Phosphorylated extracellular-signal regulated kinase; P-MEK: Phosphorylated

mitogen-activated protein kinase\ ERK kinase.

percentage, representing the positivity index of proteins. The detailed scoring criteria were as follows:

(1) Staining intensity scoring criteria: no staining, 0 points; yellow, 1 point; light brown, 2 points; dark brown, 3 points;

(2) Scoring criteria for the proportion of positive cells: < 25% positive cells, 0 points; 25%-50%, 1 point; 51%-75%, 2
points; > 75%, 3 points;

And (3) The overall score was the product of the staining intensity and the proportion of positive cells, and graded as
negative (0-2), mildly positive (+, 3), moderately positive (++, 4-6), or strongly positive (+++, 9). RKIP/P-ERK/P-MEK
expression was judged to be either negative (0-2) or positive (3-9).

Follow-up

Telephone follow-up was the primary method, with outpatient review and correspondence as secondary measures.
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Survival time was calculated as the time from the date of surgery to the date of the last follow-up for surviving patients,
the date of death for deceased patients, and the date of the last follow-up for lost patients. Among them, 63 cases had
complete follow-up data, 2 cases were excluded due to death from other diseases or accidents, and 1 case was excluded
due to loss to follow-up. The follow-up period was from January 2020 to December 2022.

Statistical analysis

SPSS 22.0 software (IBM Corp., Armonk, NY, United States) was used for statistical analysis. Chi-square test was used for
comparing percentages. Spearman analysis was used for correlation analysis of two groups of ordinal data. Kaplan-Meier
method was used to calculate survival rate, and log-rank test was used. Cox univariate analysis was used for single-factor
prognosis analysis, and Cox multivariate regression was used for multi-factor prognosis analysis. A Nomogram was used
to represent the new prognostic evaluation model. The Cox multivariate regression analysis was conducted separately for
each set of risk evaluation factors, based on two risk classification systems (the new risk grade model vs the modified NIH
2008 risk classification system). Receiver operating characteristic (ROC) curves were used for evaluating the accuracy and
efficiency of the two prognostic evaluation systems, and statistical significance was set at P < 0.05.

RESULTS

Immunohistochemical results of RKIP, P-ERK, and P-MEK proteins and their correlation with clinical pathology

In GIST tissues, RKIP protein showed positive expression in the cytoplasm and cell membrane, appearing as brownish-
yellow or brown granules. The immunohistochemical staining result is shown in Figure 1A and B under light microscopy.
Among the 66 specimens tested, RKIP protein was expressed positively in 35 cases (53%) and negatively in 31 cases
(47%). Statistical analysis revealed that the expression of RKIP was related to GIST tumor size, NIH grade, and mucosal
invasion (P < 0.05) (Table 1).

P-ERK protein exhibited heterogeneous distribution in GIST cells, mainly in the cytoplasm, with occasional presence in
the nucleus, and appeared as brownish-yellow granules, as shown in Figure 1C and D. Positive expression of P-ERK
protein was detected in 38 cases (57.6%), while negative expression was detected in 28 cases (42.4%). Clinical pathology
analysis indicated that the expression of P-ERK protein was associated with GIST tumor size, mitotic count, mucosal
invasion, and NIH grade (P < 0.05) (Table 1).

P-MEK protein expression in GIST cells was observed as brownish-yellow granules, mainly distributed in the
cytoplasm, with some in the nucleus, and showed a relatively uniform distribution, as shown in Figure 1E and F. Among
the 66 cases, positive expression of P-MEK protein was found in 29 cases (43.9%), while negative expression was detected
in 37 cases (56.1%). However, no significant correlation was observed between P-MEK protein expression and any
independent clinical-pathological factors of GIST (Table 1).

RKIP, P-ERK, and P-MEK protein co-expression analysis

Spearman's correlation test was used to analyze the correlation between RKIP protein expression and P-ERK/P-MEK
expression. The results showed that in GIST cases, RKIP protein expression was negatively correlated with P-ERK
expression (correlation coefficient = -0.575, P < 0.001); RKIP protein expression also had a certain negative correlation
with P-MEK protein expression (correlation coefficient = -0.323, P < 0.001) (Table 2).

Univariate and multivariate regression analysis

Univariate regression analysis was performed on complete follow-up data from 63 cases, which indicated that tumor
location, tumor size, mitotic count, RKIP protein expression, P-ERK protein expression, RKIP combined with P-ERK
protein co-expression, and NIH grading were all correlated with patient prognosis (P < 0.05).

These univariate factors were further included in COX multivariate regression analysis. The results showed that RKIP
protein expression was not an independent risk factor for tumor prognosis (P = 0.061). However, tumor size (P = 0.037),
NIH grading (P = 0.014), P-ERK protein expression (P = 0.041), and RKIP combined with P-ERK protein expression (P =
0.044) were identified as independent risk factors for prognosis with statistical significance. Among them, the impact of
RKIP combined with P-ERK protein expression on survival time was the highest with a weight factor of Exp (B) at 11.320,
followed by NIH grading, P-ERK expression, and tumor size (Table 3).

Survival analysis curve of RKIP combined with P-ERK in GIST

Based on the expression of RKIP and P-ERK proteins in GIST specimens, we divided the cases into two groups: 1. RKIP
(-) and P-ERK (+) group, and 2. The control group with RKIP (+) or P-ERK (-). We drew survival curves for both groups
to better represent the significance of the combination of these two proteins in predicting GIST prognosis. The results

showed that the survival rate and survival time of Group 1 were significantly lower than those of Group 2 (P = 0.0312)
(Figure 2).

Establishment of a new prognosis evaluation model using RKIP and P-ERK in combination and its prognosis

evaluation efficacy analysis

We included "RKIP expression, P-ERK protein expression, tumor size, tumor location, and mitotic count" as five risk
assessment factors (Table 4: Multivariate 2) and used multivariate Cox regression analysis to draw a new nomogram for
this new evaluation model. We also conducted ROC analysis to evaluate its prognostic performance. As a control, we
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Table 2 Correlations among proteins expression

Protein expressions Negative ~ P-ERK positive  Correlation and P value Negative =~ P-MEK positive  Correlation and P value

RKIP
Negative 3 26 C*=-0.575 11 18 C=-0.323
Positive 25 12 P <0.001 26 11 P =0.008

C: Correlation coefficient value is calculated using Spearman’s rho test, P < 0.05 were considered statistically significant.
P-ERK: Phosphorylated-extracellular-signal regulated kinase; P-MEK: Phosphorylated-mitogen-activated protein kinase\ ERK kinase; RKIP: Raf kinase

inhibitory protein.
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Figure 1 Immunohistochemical staining. A: Inmunohistochemical staining for raf kinase inhibitor protein (RKIP) in gastrointestinal stromal tumor (GIST)
tissues; B: RKIP protein showed positive expression in the cytoplasm and cell membrane, appearing as brownish-yellow or brown granules; C: Inmunohistochemical
staining for phosphorylated-extracellular signal-regulated kinase (P-ERK) in GIST tissues; D: P-ERK protein exhibited heterogeneous distribution in GIST cells, mainly
in the cytoplasm, with occasional presence in the nucleus, and appeared as brownish-yellow granules; E: Immunohistochemical staining for phosphorylated-mitogen-
activated protein kinase/ERK Kinase (P-MEK) in GIST tissues; F: P-MEK protein expression in GIST cells was observed as brownish-yellow granules, mainly
distributed in the cytoplasm, with some in the nucleus, and showed a relatively uniform distribution. A, C and E were taken under 200 x magnification.

used the three conventional risk factors (tumor location, tumor size, and mitotic count) in the modified NIH 2008 risk
classification system as evaluation factors (Table 4: Multivariate 1) and performed the same statistical analysis.

After analyzing the results of the above analysis (Table 4), we obtained the nomogram of the new prognosis evaluation
model (Figure 3). ROC curve analysis also showed that the new evaluation model (red curve, AUC = 0.860) had better
prognostic performance than the modified NIH 2008 risk classification system (blue curve, AUC = 0.796) (P = 0.0312)
(Figure 4).
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Table 3 Analysis of factors affecting prognosis of gastrointestinal stromal tumors in Cox proportional-hazards regression models for

overall survival, n = 63

Univariate® Multivariate'
Characteristic n
HR 95%Cl P value B Exp (B) P value
Sex
Male 34 0.87 0.32-2.34 0.783 0.004 1.004 0.994
Female 29
Age inyr
> 56 30 0.99 0.96-1.03 0.751 -0.011 0.989 0.609
<56 33
Tumor location
Stomach 36 3.86 1.23-12.18 0.021 0.669 1.953 0.057
Duodenum 12
Jejunoileum 15
Tumor size in cm
<2 11 2.32 1.32-4.07 0.003 0.734 2.083 0.037
2-5 19
6-10 18
>10 14
NIH risk grade
Very low 10 2.32 1.32-4.07 0.002 1.393 4.025 0.014
Low 19
Moderate 10
High 24
Mitotic figures as /50 HPFs
0 11 17 1.06-2.70 0.026 0.179 1.196 0.505
1-4 36
5-10 5
>10 11
RKIP expression
Positive E5 0.14 0.04-0.50 0.002 -2.064 0.127 0.061
Negative 28
P-ERK expression
Positive 36 3.63 1.03-12.73 0.044 1.761 5.821 0.041
Negative 27
P-MEK expression
Positive 28 1.78 0.66-4.79 0.252
Negative 35
RKIP and P-ERK co-expression”
Positive 25 0.34 012-0.94 0.037 2427 11.32 0.044

Negative 38

! Analysed factors were sex, age, tumor location, tumor size, National Institutes of Health (NTH) risk grades, mitotic figures, raf kinase inhibitory protein
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(RKIP), phosphorylated-extracellular-signal regulated kinase (P-ERK) expressions, RKIP and P-ERK co-expressions.

2Based on the expression of RKIP and P-ERK proteins in gastrointestinal stromal tumors specimens, we defined the cases with RKIP (-) and P-ERK (+) as
negative, while the cases with RKIP (+) or P-ERK (-) as positive.

“Log-rank test; P < 0.05 were considered statistically significant.

HPFs: High-power fields; HR: Hazard ratio; MAPK: Mitogen-activated protein kinase; P-MEK: Phosphorylated-MAPK\ ERK kinase.

Table 4 Multivariate analysis of prognostic factors for overall survival of gastrointestinal stromal tumors with two different sets of risk

factors, n =63

Multivariate' Multivariate®
Characteristic n
HR 95%Cl P value® HR 95%Cl P value*
Tumor location
Stomach 36 2.59 0.69-9.69 0.156 413 1.07-15.98 0.04
Duodenum 12
Jejunoileum 15
Tumor size in cm
<2 11 1.92 0.93-3.96 0.079 1.17 0.52-2.62 0.71
2-5 19
6-10 18
>10 14
Mitotic figures as /50 HPFs
0 11 1.22 0.71-2.10 0.472 1.28 0.75-2.18 0.361
1-4 36
5-10 5
>10 11
RKIP expression
Positive 35 0.13 0.03-0.66 0.014
Negative 28
P-ERK expression
Positive 36 0.91 0.19-4.32 0.909

Negative 27

1 Analysed factors were tumor location, tumor size, mitotic figures; above are all the risk factors included in NIH 2008 Risk Grade System.

2Analysed factors were tumor location, tumor size, mitotic figures, raf kinase inhibitory protein (RKIP) expressions and phosphorylated-extracellular-
signal regulated kinase (P-ERK) expressions.

2P < 0.05 were considered statistically significant.

HPFs: High-power fields; HR: Hazard ratio; MAPK: Mitogen-activated protein kinase; P-MEK: Phosphorylated MAPK\ ERK kinase.

DISCUSSION

GIST is the most common mesenchymal tumor in the gastrointestinal tract, accounting for approximately 60%-70% of all
cases. Currently, effective treatment for GIST involves surgery combined with appropriate targeted therapy[9]. However,
resistance to targeted therapy often occurs, and prognosis assessment is still being explored and modified. Therefore,
there is an urgent need to find better therapeutic targets and a more efficient risk grading system.

ERK and MEK proteins are two core proteins in the Raf1-MEK-ERK pathway, which are downstream targets activated
by abnormal C-kit and PDGFR-a genes closely related to GIST. ERK protein is associated with various diseases[10] such as
tumors, heart failure, developmental disorders, and autoimmune diseases[11-13]. RKIP protein is a natural inhibitor of
Raf-1 protein and is widely present in living organisms. It has an inhibitory effect on the metastasis and proliferation of
various tumors.

In our preliminary experiments, we found that high expression of RKIP protein was related to GIST tumor size,
invasion of the mucosa, and NIH grading. However, the single expression of RKIP protein alone is not sufficient as a
single risk factor for evaluating GIST prognosis. Recent reports have suggested that RKIP protein regulates the expression
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PKIP and P-ERK combined analysis
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Figure 2 Relationship between raf kinase inhibitor protein and phosphorylated-extracellular-signal regulated kinase co-expression and
prognosis in gastrointestinal stromal tumors. Comparison with the raf kinase inhibitor protein (RKIP)-negative and phosphorylated-extracellular signal-

regulated kinase (P-ERK)-positive groups; RKIP high expression group is correlated with a better survival rate and the difference was significant. Log-rank analysis, P
=0.0312.
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Figure 3 Nomogram for the new risk grade model with consideration of raf kinase inhibitory protein and phosphorylated-extracellular-
signal regulated kinase to predict the probabilities of 5-yr survival with gastrointestinal stromal tumors. Raf kinase inhibitory protein (RKIP)

expression, phosphorylated-extracellular-signal regulated kinase (P-ERK) expression, tumor size, tumor location and mitotic count are involved as assessment
factors.

of the MEK/ERK pathway in pancreatic cancer[14,15], thereby affecting tumor resistance and invasion. Additionally, it
has been found that the combination of RKIP and P-ERK proteins in gastric cancer has a predictive significance for tumor
prognosis[16]. These findings inspired us to focus on the combined detection of RKIP, P-ERK, and P-MEK proteins in
GIST, in hopes of gaining further insights.

Clinical and pathological correlations

In this experiment, we analyzed the expression of RKIP, P-ERK, and P-MEK proteins in GIST and found that RKIP
expression is related to GIST tumor size and NIH staging. This result is consistent with the research findings of Yuan et al
[17], who found that knocking down the RKIP gene promotes cell growth in nasopharyngeal carcinoma cell lines[17].

In addition to its correlation with tumor size and NIH staging, P-ERK protein is also related to the mitotic count in
GIST cells. Zhang et al[18] found that high expression of RKIP protein leads to low expression of P-ERK protein in the
human choriocarcinoma cell line JEG-3. Furthermore, transfection with low P-ERK level tumor cells significantly reduced
their growth activity compared to the control group, indicating that P-ERK protein is related to tumor cell proliferation
[18].

The mechanism may be that low RKIP expression in GIST tumor cells leads to more phosphorylation of downstream
ERK1/2 protein, forming P-ERK protein, which can control important structures in cell division such as centrosomes,
spindle fibers, and centromeres[19,20], accelerating the tumor cell cycle and mitosis[21]. In addition, low RKIP expression
causes dysregulation of its ligand Raf-1 protein, which upregulates the cell mitotic cycle[22,23], accelerating tumor
growth. Moreover, ERK protein can be rapidly transported into the nucleus, further phosphorylating and activating
proliferation-related transcription factors such as AP-1, ELK-1, and Serum Response Factor Accessory Protein (SAP),
promoting cell proliferation and causing abnormal nuclear division[24]. Thus, low RKIP expression in GIST upregulates
P-ERK, leading to tumor enlargement and increased nuclear division.
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Figure 4 Receiver operating characteristic curves for two risk grade system in predicting overall survival of gastrointestinal stromal
tumors. The red curve represents for the new risk grade model and the blue one represents for National Institutes of Health (NIH) 2008 Risk Grade System. The
area under the curve was 0.860 for the new risk grade model, while 0.796 for NIH 2008 Risk Grade System. Compared with the traditional NIH 2008 system, the new
model which is with consideration of raf kinase inhibitory protein and phosphorylated-extracellular-signal regulated kinase is correlated with a better prediction
efficiency for overall survival of gastrointestinal stromal tumors, the difference was significant. Log-rank analysis, P = 0.0312. AUC: Area under curve.

The NIH 2008 risk classification system is a recognized postoperative prognostic assessment system for GIST, which is
based on three independent risk factors: Tumor location, tumor size, and mitotic index. RKIP and P-ERK proteins are
associated with two of these factors, and it is easy to understand that protein expression is also related to NIH 2008 risk
classification results. Schoppmann et al's report suggests that loss of RKIP expression tends to increase the risk level of
GIST cases in Fletcher's risk classification and a similar conclusion is drawn in Miettinen's risk classification[25]. Wang et
al[26] also found that RKIP protein expression is related to TNM staging in non-small cell lung cancer[26].

We also found that both RKIP protein and P-ERK protein are related to the mucosal invasion status of GIST tumors.
Martinho et al[27] found in experiments that low expression of RKIP protein often indicates a tendency of GIST tumors to
invade and metastasize[27]. A similar correlation is found in gastric cancer between RKIP protein expression and tumor
invasion depth, lymph node metastasis, and distant metastasis. The mechanism may be related to the interaction between
RKIP protein and Snail protein, which regulates tumor Epithelial-Mesenchymal Transition (EMT)[28]: Snail protein can
bind and downregulate E-cadherin protein, thereby regulating EMT; at the same time, it binds to the RKIP protein
promoter E-box region to downregulate RKIP protein transcription. Thus, when Snail upregulates EMT, RKIP is often
reduced[29].

In the analysis of clinical and pathological factors, no statistically significant results were found for P-MEK protein
expression. However, there is a certain negative correlation between RKIP and P-MEK expression, which is statistically
significant. This may indicate that RKIP has a certain regulatory effect on P-MEK. Schoppmann et al[25] found in their
immunohistochemical study of GIST specimens that P-MEK1/2 expression is related to whether the tumor can be
completely resected, but has no significant relationship with other factors. The conclusions of this study are mutually
corroborated.

Analysis of co-expression of RKIP and P-ERK proteins

In this experiment, it was found that the expression of RKIP and P-ERK in GIST was negatively correlated (P < 0.05).
Yang et al[14] found that inhibiting ERK phosphorylation would upregulate RKIP expression in pancreatic cancer cell
lines; while Yuan ef al[17] reported that high expression of RKIP in nasopharyngeal carcinoma cells can also inhibit ERK
protein activation. Therefore, RKIP protein and P-ERK protein have mutual regulatory functions. Recently, the novel and
revolutionary "Phospho-Theft" hypothesis about RKIP provides a perfect explanation for its possible mechanism[30].
RKIP protein has two completely different functions: When not phosphorylated, RKIP protein inhibits the activation and
signal transmission of Raf-1 protein, which can reduce the activation of downstream MEK/ERK; after RKIP is
phosphorylated by PKC protein at S153, P-RKIP substrate transfers to GRK2[31], which can enhance the activation of the
B-AR pathway and activate downstream substrate ERK[32]. In addition, RKIP is regulated by feedback of KRAS-ERK
pathway. At the same time, P-ERK can undergo self-phosphorylation, thereby activating downstream substrates such as
Elk1, mitogen-and stress-activated protein Kinase, c-myc, etc[33].

Univariate and multivariate survival analysis and survival curve

Combining univariate and multivariate COX regression analysis, it was found that RKIP protein expression could not
serve as an independent risk factor for predicting tumor prognosis (P = 0.061). Tumor size (P = 0.037), NIH grading (P =
0.014), P-ERK protein expression (P = 0.041), and RKIP combined with P-ERK protein expression (P = 0.044) could serve
as independent prognostic factors with statistical significance. Among them, the combined expression of RKIP and P-ERK
had the highest impact on survival, with a weight factor of Exp (B) at 11.320, followed by NIH grading, P-ERK
expression, and tumor size. Furthermore, we plotted survival curves for GIST cases based on their combined RKIP and P-
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ERK expression, revealing a significant difference in survival rates between groups. Therefore, the combined expression
of RKIP and P-ERK has significant prognostic value for evaluating the prognosis of GIST patients and carries greater
weight. This is consistent with findings in a study on nasopharyngeal carcinoma where RKIP was found to be an
independent risk factor for predicting prognosis. In gastric cancer, the combined expression of P-ERK and RKIP was
found to be associated with a 5-year relapse-free survival after surgery.

Establishment of a GIST prognostic model based on RKIP and P-ERK protein expression

Standardized treatment for GIST includes timely surgery and rational targeted therapy. The indication for targeted
therapy is currently based on the NIH 2008 risk classification system applied to postoperative pathology results, with
Imatinib (a representative TKI drug) for the intermediate and high-risk population[34]. Meanwhile, the Armed Forces
Institute of Pathology and World Health Organization 2013 risk classifications are also used[35]. However, there are
differences in the results among various risk classification systems, and there are difficulties in using and interpreting
them for the public. As mentioned in this article, we found that the combination of RKIP and P-ERK protein expression is
of great significance for the prognostic evaluation of GIST patients. Therefore, we incorporated RKIP and P-ERK protein
expression, as well as tumor size, tumor location, and mitotic count, into a new GIST risk assessment model and plotted a
survival curve. We analyzed its evaluation efficiency using the ROC curve, and the results showed that it is superior to
the NIH 2008 risk classification system (Area Under Curve 0.860 vs 0.796).

Perspectives and limitations

In recent years, GIST-related research has been devoted to identifying new biomarkers and finding new therapeutic
targets[36]. As one of the hotspots, our study found that the combination of RKIP and P-ERK proteins can effectively
indicate the prognosis of GIST and can be used to guide GIST targeted therapy. More researchers have focused on the
application and exploration of RKIP and P-ERK proteins in tumor diagnosis and treatment, such as the recent successful
case of using urine RKIP monitoring to evaluate the prognosis of clear cell renal cell carcinoma (ccRCC)[37]. Serum RKIP
levels have also been used to monitor the efficacy of treatment for multiple sclerosis[38]. In terms of treatment, ERK
inhibitors combined with chloroquine can improve the adjuvant therapy for pancreatic cancer with K-Ras mutations[39],
and imatinib combined with chloroquine (to inhibit autophagy) has also been attempted in GIST drug-resistant experi-
mental studies[40].

Our experiment fills the gap in the research on the relevance of RKIP and P-ERK in GIST, further confirming the
significance of these proteins in tumor physiology and clinical treatment. However, the experiment still has some
limitations. Firstly, due to the lower incidence of GIST comparing to other gastrointestinal tumors, the sample size was
limited. We will continue to recruit more samples and track their follow-up, using more abundant data for further
validation and research. Secondly, this experiment used immunohistochemical methods for protein level research. In the
future, we will supplement molecular level experiments to further elucidate the mechanism of action of relevant sites on
the RKIP and ERK/MAPK pathways, and better guide targeted therapy. The above is also the focus of our project and
ongoing work. We are confident in making improvements and will strive to promote a new chapter in the RKIP-related
diagnosis and treatment of GIST.

CONCLUSION

Our experimental results showed that the expression of RKIP and p-ERK proteins in GIST was associated with tumor
size, NIH 2008 staging, tumor invasion, and p-ERK expression was also related to mitotic count. The expression of the
two proteins had a certain negative correlation. The combined expression of RKIP and p-ERK proteins can serve as an
independent risk factor for predicting the prognosis of GIST patients. The new risk assessment model incorporating RKIP
and p-ERK has superior evaluation efficacy and is worth further practical application to help validate results.

ARTICLE HIGHLIGHTS

Research background

Nowadays, research reports on the important clinical and prognostic value of phosphorylated-extracellular signal-
regulated kinase (P-ERK) and phosphorylated-mitogen-activated protein kinase (MAPK/ERK) kinase (P-MEK) proteins
closely related to raf kinase inhibitor protein (RKIP) have gradually emerged in digestive tract tumors.

Research motivation
The expression of downstream proteins of the ERK/MAPK pathway combined with RKIP in gastrointestinal stromal
tumor (GIST) is scarce.

Research objectives

To detect the expression of RKIP, P-ERK, and P-MEK proteins in GIST and to analyze their relationship with clinicopath-
ological characteristics and prognosis of this disease. Try to establish a new prognosis evaluation model using RKIP and
P-ERK in combination and analyze its prognosis evaluation efficacy.
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Research methods
This study will focus on this aspect and use immunohistochemistry methods, large sample survival analysis data, and the
latest bioinformatics analysis techniques to search for answers to the problem.

Research results

Our experimental results showed that the expression of RKIP and P-ERK proteins in GIST was associated with tumor
size, NIH 2008 staging, tumor invasion, and P-ERK expression was also related to mitotic count. The expression of the
two proteins had a certain negative correlation.

Research conclusions

The combined expression of RKIP and P-ERK proteins can serve as an independent risk factor for predicting the
prognosis of GIST patients. The new risk assessment model incorporating RKIP and P-ERK has superior evaluation
efficacy and is worth further practical application to validate.

Research perspectives

As one of the hotspots, our study found that the combination of RKIP and P-ERK proteins can effectively indicate the
prognosis of GIST and can be used to guide GIST targeted therapy. More researches are needed to focus on the
application and exploration of RKIP and P-ERK proteins in tumor diagnosis and treatment.
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Abstract

BACKGROUND

Deep angiomyxoma (DAM) is a very rare tumor type. Magnetic resonance
imaging (MRI) is considered the best imaging modality for diagnosing DAM.
Computed tomography (CT) is used mainly to assess the invasion range of DAM.
The value of ultrasonography in the diagnosis of DAM is still controversial.
Through a literature review, we summarized the current state of ultrasonic
examination for DAM and reported for the first time the contrast-enhanced
ultrasound (CEUS) features of DAM seen using a biplane transrectal probe.

CASE SUMMARY

A 37-year-old woman presented with a sacrococcygeal mass that had gradually
increased in size over the previous 6 mo. MRI and CT examinations failed to
allow a definite diagnosis to be made. Transperineal core needle biopsy (CNB)
guided by transrectal ultrasound and CEUS was suggested after a multidiscip-
linary discussion. Grayscale ultrasound of the lesion showed a layered appea-
rance with alternating hyperechoic and hypoechoic patterns. Transrectal CEUS
showed a laminated distribution of the contrast agent that was consistent with the
layered appearance of the tumor on grayscale ultrasound. We performed trans-
perineal CNB of the enhanced area inside the tumor under transrectal CEUS
guidance and finally made a definitive diagnosis of DAM through histopathology.
The patient underwent laparoscopic-assisted transabdominal surgery combined
with transperineal surgery for large pelvic tumor resection and pelvic floor
peritoneal reconstruction. No recurrence or metastasis was found at the nine-
month follow-up.

CONCLUSION
Transrectal CEUS can show the layered perfusion characteristics of the contrast

agent, guiding subsequent transperineal CNB of the enhanced area within the
DAM.
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Core Tip: Deep angiomyxoma (DAM) is a very rare tumor. Imaging examinations play an important role in the diagnosis of
DAM. Magnetic resonance imaging is considered the best imaging modality for diagnosing DAM. Computed tomography is
used mainly to assess the invasion range of DAM. The value of ultrasonography in the diagnosis of DAM is still contro-
versial. We reported for the first time the contrast-enhanced ultrasound (CEUS) features of DAM seen using a biplane
transrectal probe. Transrectal CEUS can provide more abundant diagnostic information in terms of the blood perfusion
characteristics of DAM, guiding subsequent transperineal puncture of the enhanced area within the tumor.

Citation: Zhang Q, Yan HL, Lu Q, Luo Y. Value of contrast-enhanced ultrasound in deep angiomyxoma using a biplane transrectal
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INTRODUCTION

Deep angiomyxoma (DAM) is a very rare tumor that mainly occurs in the pelvis and perineum of women of reproductive
age[1]. DAM is classified as a "tumor of uncertain differentiation" in the World Health Organization classification. Since it
was first described in 1983, DAM has been described in multiple single case reports and some case series reports[1-3].
Imaging examinations play an important role in the diagnosis of DAM and in evaluating the scope of lesion invasion.
Magnetic resonance imaging (MRI) is considered the best imaging modality for the diagnosis of DAM; computed
tomography (CT) is mainly used to evaluate the invasion range of DAM, and the value of ultrasound in the diagnosis of
DAM is still controversial. This article reports for the first time the contrast-enhanced ultrasound (CEUS) features of
DAM seen using a biplane transrectal probe and reviews the imaging features of DAM in the literature.

CASE PRESENTATION

Chief complaints
A 37-year-old woman presented with a sacrococcygeal mass that had been increasing in size over the previous 6 mo.

History of present illness

The patient inadvertently found a sacrococcygeal mass 6 mo prior, which was approximately the size of a pigeon egg at
first, without pain or other discomfort. The mass gradually increased in size, accompanied by lumbosacral distension. No
definite diagnosis was made after an examination at the local hospital; thus, the patient was transferred to our hospital for
further diagnosis and treatment.

History of past illness

The patient had no previous medical history.

Personal and family history
The patient and family histories were negative.

Physical examination
A digital rectal examination revealed a large solid mass in the anterior rectal wall, with a hard texture and fixed position.
The mass boundary could not be palpated.

Laboratory examinations
The results of laboratory examinations were normal, including routine blood analysis, carcinoembryonic antigen (CEA),
alpha-fetoprotein (AFP), carbohydrate antigen (CA) 19-9, and CA125 results.

Imaging examinations

Preoperative MRI showed a paracervical mass in the pelvis, measuring approximately 9.5 cm x 8.1 cm in size (Figure 1A).
T2-weighted imaging (T2WI) presented stratification changes with alternating high and low signals that were clearly
demarcated from the surrounding tissue, and the uterus was pushed and displaced cephalad. Preoperative contrast-
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Figure 1 Magnetic resonance imaging and contrast-enhanced computed tomography images in our case. A: Preoperative sagittal T2-weighted
imaging. The mass (arrows) was 9.5 cm x 8.1 cm in size, showing a layered appearance with alternating high and low signals and a clearly demarcated boundary
with respect to surrounding tissue, and the uterus was pushed and displaced cephalad; B: Preoperative transverse contrast-enhanced computed tomography (CECT)
showed that the anterior vagina and the right posterior rectum (arrowhead) were pushed by the mass (arrows); C: Six months after surgery, transverse CECT showed
that the filled bladder, vagina, and rectum (arrowhead) were in normal positions, with no evidence of tumor recurrence. u: Uterus; v: Vagina; b: Bladder.

enhanced CT (CECT) demonstrated a pelvic mass between the cervix and rectum with nonenhanced areas (Figure 1B).
The mass pushed against and displaced the anterior vagina and the right posterior rectum.

Preoperative transrectal ultrasound (TRUS) was performed with the MyLab Twice ultrasound system (Esaote, Genoa,
Italy) equipped with a biplane endoscopic probe (TRT33, linear frequency of 4-13 MHz, convex frequency of 3-9 MHz).
Grayscale ultrasound showed that the left pelvic mass had an irregular shape (Figure 2A). The internal echo of the mass
presented a layered appearance with alternating hyperechoic and hypoechoic patterns, and the boundary between the
mass and rectum wall was clear. Color Doppler flow imaging (CDFI) showed some blood vessels scattered in the tumor
(Figure 2B), and the dispersed intratumoral blood vessels were consistent with the layered appearance of the tumor on
grayscale ultrasound. Then, transrectal CEUS was performed with a bolus injection of 2.4 mL of SonoVue (Bracco, Milan,
Italy) through the elbow vein (Figure 2C). A laminated distribution of the contrast agent was observed within the mass,
which was also consistent with the layered appearance of the tumor on grayscale ultrasound.

Further diagnostic work-up

Transperineal core needle (16G) biopsy (CNB) was performed under the guidance of TRUS (Figure 2D). The probe was
switched to linear mode, and puncture sampling was performed under real-time monitoring by TRUS, avoiding the
nonenhanced areas of the tumor. No complications occurred during the biopsy.

FINAL DIAGNOSIS

Postoperative immunohistochemical staining showed the following results: CD34 (vascular +), CK (pan) (-), ER (+), PR
(+), Desmin (+), S-100 (-), SMA (+), CDK4 (-), and MDM2 (%). FISH revealed an unbalanced translocation of the HMGA2
gene. The final diagnosis was a DAM in the deep pelvis (Figure 3).

TREATMENT

A preoperative examination was completed. The patient underwent laparoscopic-assisted transabdominal surgery
combined with transperineal surgery for large pelvic tumor resection and pelvic floor peritoneal reconstruction on
February 10, 2022.
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Figure 2 Scanning with a TRT33 biplane transrectal probe linear array. A: Grayscale ultrasound showed that the mass (arrows) was irregular in shape,
with a layered appearance of alternating hyperechoic and hypoechoic areas inside and a clearly demarcated boundary with respect to the rectal wall (curved arrow);
B: Color Doppler flow imaging showed that the dispersed intratumoral blood vessels were consistent with the layered appearance of the mass (arrows) on grayscale
ultrasound; C: Transrectal contrast-enhanced ultrasound showed a laminated distribution of the contrast agent in the mass (arrows), also consistent with the layered
appearance of the tumor on grayscale ultrasound; D: Transperineal core needle (arrowheads) biopsy was performed under the guidance of transrectal ultrasound.

During surgery, the tumor was found to be located below the pelvic peritoneal reflex plane, behind the cervix, and in
front of the left side of the rectum. It was irregular in shape, with a smooth capsule, and contained both cystic and solid
components. The postoperative pathological report was consistent with DAM.

OUTCOME AND FOLLOW-UP

The patient recovered well after surgery and underwent regular outpatient follow-up examinations. CECT of the pelvic
cavity was performed on August 12, 2022 (Figure 1C), six months after resection, and indicated no obvious signs of tumor
recurrence. No recurrence or metastasis was found by the last follow-up on November 9, 2022.

DISCUSSION

DAM is a very rare type of tumor that most commonly occurs in the pelvis and perineum of women of reproductive age
[1]. Histologically, the typical morphology of DAM is an infiltrating, uniformly hypocellular tumor, consisting of small-
sized spindled or stellate cells scattered randomly in the myxoid stroma and containing many small to medium/Large
blood vessels, without nuclear atypia[1] (Figure 3). Clinically, DAM presents as a slowly growing painless mass. DAM is
characterized by locally aggressive growth, with recurrence and metastasis occurring in some cases[2,3]. Accurate
preoperative diagnosis and complete resection of the lesion are key to the treatment and prevention of recurrence[4].
Imaging examinations play an important role in the diagnosis of DAM and in assessing the extent of lesion invasion[5].
Commonly used imaging examinations include MRI, CT, and ultrasound[6].

CT is mainly used to evaluate the invasion range of DAM and perform follow-up observations, but its value in
displaying typical signs such as a laminated or swirled appearance of the DAM tissue is limited[5-7]. MRI is considered
the best imaging modality for the diagnosis of DAM[6,8-10]. T2WI can reveal the swirled or layered appearance of the
mass, which has been reported in at least 83% of cases[6]. MRl is also critical to determining the range of tumor extension
into the surrounding space and the mode of tumor invasion into surrounding organs[6,9]. Retrospective analysis of the
T2WI MRI data in our case showed a typical laminated and swirled appearance consistent with the reports in the
literature[8-10] (Figure 1A). However, we failed to make a definitive diagnosis, mainly because DAM is rare; we had
insufficient experience in diagnosing this tumor. Some experts believe that it is difficult to accurately diagnose DAM
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Figure 3 Pathological results of the deep angiomyxoma puncture sample. A: Small-sized spindled or stellate cells scattered in the myxoid stroma
containing many blood vessels of varying caliber, without cellular atypia or mitotic activity (HE x 200); B: Immunohistochemistry showed positive expression of
estrogen receptors in the tumor cells (x 200).

before surgery, and these tumors are often misdiagnosed as other soft tissue tumors[11-13], such as Bartholin cyst,
lipoma, and cellular angiofibroma. The misdiagnosis rate is as high as 82%[11].

Although MRI has many advantages in the diagnosis of DAM, the cost of MRI is relatively high, and patients with
metal in the body cannot be examined by MRI. Similar to MRI, ultrasound can also be applied to avoid radiation
exposure. Because of its low cost, convenient operation, and noninvasiveness, ultrasound can be used for multiple
examinations in cases of DAM and follow-up examinations after surgery. In addition, ultrasound is not limited by the
presence of metal objects such as heart stents and is also the preferred choice for patients with claustrophobia.

However, the literature related to ultrasound for DAM is scarce[14], and the value and role of ultrasound have not
been systematically summarized. Through a literature review, we found that the previous ultrasonography methods
related to DAM mainly consisted of examinations with transabdominal convex array probes[10,15], intracavity convex
array probes[9,14,16,17], and transperineal linear array probes[18,19]. Among the 53 reports related to DAM, only 2[9,15]
reported a typical laminated or swirled appearance on grayscale ultrasound. In all reports, CDFI did not show swirled or
layered blood vessel distribution characteristics corresponding to the grayscale ultrasound findings, and CEUS
examination was not performed in any of the previous reports, as shown in Table 1.

We report for the first time the CEUS features of DAM in the pelvic cavity seen using a biplane transrectal probe. In
this case, transrectal grayscale ultrasound showed a laminated appearance with alternating hyperechoic and hypoechoic
patterns inside the mass (Figure 2A), demonstrating the same details as MRI and excellent resolution, which confirms the
high sensitivity of transrectal high-frequency ultrasound in detecting the characteristic histological structure of DAM. We
also observed that the distribution of scattered blood vessels within the tumor on CDFI was consistent with the layered
appearance of the tumor on grayscale ultrasound (Figure 2B). This layered distribution of vascular features has not been
previously reported in the literature[9-11,15,18,19], which may be related to the fact that more anatomical details of the
tumor can be displayed by high-frequency ultrasound with a biplane transrectal probe[9,20,21]; however, this is yet to be
verified by subsequent cases. Reportedly, CEUS may be of great value in the diagnosis of DAM[15], as this modality can
better show the characteristics of DAM and help to determine the role of ultrasound in tumor treatment. However, to our
knowledge, the diagnosis of DAM by CEUS has not been reported. In our case, the mass was examined by transrectal
CEUS (Figure 2C). The characteristic laminated perfusion of the contrast agent was observed within the mass, which was
also consistent with the layered appearance of the tumor on grayscale ultrasound.
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Table 1 Summary of sonographic features of deep angiomyxoma from the literature

Ultrasonographic Maximal ‘ ] q
grap No. of . . Internal No. of cystic Laminated/swirled
No. approach and Sex Age (yr) Location diameter .. )
tumors echogenicity component pattern in 2D
probe (cm)
1 Transabdominal 4 F 18-50 Pelvis 3-38.8 Hypoechoic or 8 No
convex array probe (mean: 16.2  isoechoic internal
+9.4) components
2 Transabdominal 8 7F;  35-64 Vulva, pelvis, 7-21 Heterogeneous, 2 Yes
convex array probe IM (median perineal region, isoechoic internal
39) spermatic cord, components
and scrotum
3 Transvaginal end-fire 1 E 40 Pelvis extending ~ 11.8 Mixed echogenicity 0 Yes
probe to the perineum
4 Transvaginal end-fire 1 F 54 Behind the uterus 18 Heterogeneous 1 No
probe hypoechoic internal
components
5 Transvaginal end-fire 1 F 44 Left pelvis 12 Hypoechoic to 0 No
probe isoechoic internal
components
6 Transrectal radial 1 F 61 Left perirectal 10.7 Hypoechoic to NA No
probe mass isoechoic internal
components
7 Transperineal linear 36 M 181 Epididymis, 1.6-25 Heterogeneous NA No
probe (mean testes, spermatic ~ (mean: hypoechoic internal
483 + cord, scrotum 8.36) components
20.6)
8 Transperineal linear 1 E 28 Vulva 48 Heterogeneous 0 No
probe hypoechoic internal
components

F: Female; M: Male; NA: Not available.

We believe that the advantages of ultrasound with a biplane transrectal probe and CEUS in the diagnosis of DAM in
the deep pelvic cavity are as follows:

First, the biplane transrectal high-frequency probe can enter the pelvic cavity along the anal canal and rectum and
clearly display the laminated or swirled appearance of DAM, as well as the boundary of the mass and its relationships
with adjacent structures, allowing this modality to be comparable to MRI. Typically, transperineal ultrasound and
transabdominal ultrasound cannot simultaneously meet the requirements of satisfactory detection depth and high
resolution of images when examining deep pelvic lesions. Additionally, the biplane transrectal probe effectively
overcomes the obvious limitation of the observation angle of the convex end-fire probe.

Second, the laminated perfusion characteristics inside the mass can be displayed in real time by CEUS, which is helpful
for the diagnosis and differential diagnosis of DAM.

Third, the gold standard for the diagnosis of DAM depends on histopathology and immunohistochemistry[18].
However, the proportion of cystic components in DAM is as high as 75%[10], and these components appeared as
unenhanced areas on transrectal CEUS, which were easy to distinguish from enhanced areas of the mass, guiding
subsequent precise and effective puncture of the enhanced area (Figure 2D). After transrectal CEUS, our patient
immediately underwent transperineal CNB[22,23] guided by TRUS at the examination bed, and a clear pathological
diagnosis was obtained, which provided a basis for formulating the surgical plan and reducing the patient's waiting time
before surgery.

Fourth, compared with MRI and CT, TRUS is convenient, rapid, radiation-free, and economical. TRUS can dynamically
display the internal and adjacent structures of the lesion in real time and can be used for repeated monitoring of the
lesion before surgery.

Fifth, for patients with cardiac pacemakers, internal metal stents, or claustrophobia, ultrasound with a biplane
transrectal probe and CEUS can be used instead of MRI.

Sixth, long-term follow-up is necessary due to the high recurrence rate of DAM[24]. Due to the above advantages,
ultrasound with a biplane transrectal probe and CEUS are ideal tools for the postoperative follow-up of pelvic DAM
patients. In summary, ultrasound with a biplane transrectal probe and CEUS can be one of the first choices for the
diagnosis and follow-up of DAM patients.
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CONCLUSION

In conclusion, pelvic DAM is a rare tumor. In our case, the typical laminated appearance of DAM could be observed by
ultrasound with a biplane transrectal probe and CEUS. Moreover, CNB of the enhanced area inside the tumor could be
accurately guided by transrectal CEUS, enabling the pathological gold standard for the diagnosis of DAM; thus, this
modality is expected to be one of the preferred methods for the diagnosis of DAM in the pelvic cavity.
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