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Abstract
The liver is the major drug-metabolizing and drug-detoxifying organ. Many drugs 
can cause liver damage through various mechanisms; however, the liver response 
to injury includes a relatively narrow spectrum of alterations that, regardless of 
the cause, are represented by phlogosis, oxidative stress and necrosis. The 
combination of these alterations mainly results in three radiological findings: 
vascular alterations, structural changes and metabolic function reduction. 
Chemotherapy has changed in recent decades in terms of the drugs, protocols and 
duration, allowing patients a longer life expectancy. As a consequence, we are 
currently observing an increase in chemotherapy-associated liver injury patterns 
once considered unusual. Recognizing this form of damage in an early stage is 
crucial for reconsidering the therapy regimen and thus avoiding severe complic-
ations. In this frontier article, we analyze the role of imaging in detecting some of 
these pathological patterns, such as pseudocirrhosis, “yellow liver” due to 
chemotherapy-associated steatosis-steatohepatitis, and “blue liver”, including 
sinusoidal obstruction syndrome, veno-occlusive disease and peliosis.

Key Words: Hepatic damage; Yellow liver; Chemotherapy-associated steatohepatitis; Blue 
liver; Sinusoidal obstruction syndrome; Veno-occlusive disease; Peliosis; Pseudocirrhosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chemotherapy-induced hepatic damage represents an increasingly frequent 
condition observed in oncology patients: recent pharmacological innovations and 
specific and longer therapies have led to longer life expectancy and, inevitably, to an 
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increase in systemic side effects and organ damage, primarily in the liver because of its 
detoxifying function. Even for experienced radiologists, the assessment of radiological 
patterns associated with liver injury derived from chemotherapy can sometimes be 
challenging. Our aim is to summarize useful ways to recognize, understand and 
monitor the evolution of these forms of hepatic damage to support clinicians in 
decision making.

Citation: Calistri L, Rastrelli V, Nardi C, Maraghelli D, Vidali S, Pietragalla M, Colagrande S. 
Imaging of the chemotherapy-induced hepatic damage: Yellow liver, blue liver, and 
pseudocirrhosis. World J Gastroenterol 2021; 27(46): 7866-7893
URL: https://www.wjgnet.com/1007-9327/full/v27/i46/7866.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i46.7866

INTRODUCTION
The liver plays key roles in the metabolism and detoxification of many commonly 
used drugs, predisposing hepatocytes to xenobiotic- and toxin-induced injury[1]. 
Chemotherapy has recently evolved, from the use of cytotoxic drugs to new biological 
drugs acting on specific molecules critical for cell growth, differentiation, and nutrient 
supply. The advent of these new treatments, as well as the frequent use of multidrug 
regimens and the longer duration of systemic therapies due to longer survival, have 
increased the potential for liver parenchymal damage, collectively referred to as 
chemotherapy-associated liver injury (CALI)[2].

The first case of CALI was reported in the early 1950s in reference to clinical and 
laboratory signs of hepatic fibrosis presented by 5 children with acute leukemia during 
folic acid antagonist treatment[3]. Recently, efforts to identify imaging features and 
standardize the management of CALI have been made[4,5]. However, with the advent 
of newer molecular targeted oncological therapies and, more recently, immune 
checkpoint inhibitors, the evaluation and treatment of liver toxicity associated with 
these drugs are still evolving[6-9].

Regardless of the cause of injury, CALI can manifest as nonspecific symptoms and 
signs of abdominal discomfort, evidence of hepatomegaly, and/or elevated liver 
function tests, often representing a diagnostic dilemma for the oncologist, as the same 
symptoms and signs of liver injury may also be unrelated to chemotherapy[4,10].

Moreover, many chemotherapy-induced hepatic parenchymal effects can impair the 
detection of liver metastases. As patients with metastatic cancer increasingly undergo 
chemotherapy with curative intent, it is mandatory that radiologists understand the 
pathophysiology of these therapy-induced liver changes and become familiar with 
their imaging features[11]. Finally, the early recognition of certain adverse reactions is 
essential for cancer patients to prevent dangerous complications such as acute 
hepatitis, liver cirrhosis, and even liver failure. Often, patients can be managed with 
supportive therapies, and the liver toxicity may resolve after discontinuation of 
chemotherapy.

After a summary of the main forms of liver damage, including drug-induced liver 
injury (DILI), we analyze the role of imaging in detecting certain pathological patterns 
of CALI that may appear during oncologic follow-up, such as so-called “yellow liver”, 
“blue liver” and “pseudocirrhosis”.

HEPATIC DAMAGE
Various forms of hepatocyte injury are known: infectious (viral hepatitis), autoimmune 
hepatitis, toxicity/drug-induced injury, metabolic injury (nonalcoholic fatty liver 
disease), and intracellular depositions (hemochromatosis, alpha-1-antitrypsin, Wilson 
disease, and metabolic diseases such as glycogen storage disorders)[12]. Other types of 
damage involve biliary stasis-induced injury (“long standing obstruction of the bile 
duct”), injury to the hepatic artery that affects circulation, and damage from 
physical/chemical agents[13-16]. Vascular alterations, inflammation and oxidative 
stress represent the pathogenesis of various forms of liver damage: in liver 
ischemia–reperfusion injury (during the liver transplantation process), the damage 
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involves all parenchymal cells (hepatocytes, endothelial cells and cholangiocytes)[17]. 
The lack of substrates and oxygen during the ischemic phase of injury results in the 
mitochondrial production of reactive oxygen species (ROS); in the reperfusion phase, 
the availability of oxygen further accentuates the oxidative stress, increasing damage 
to the donor liver; moreover, there is a concomitant release of inflammatory cytokines 
and an influx of inflammatory cells that amplify tissue injury[18]. Considering a more 
general definition of damage as a reversible or irreversible modification of cellular 
and/or tissue function in response to a stressful stimulus, the liver response to injury 
includes a relatively narrow spectrum of morphologic changes, and accordingly, there 
are only a few pathologic patterns that can be recognized microscopically[19].

Therefore, dividing liver injury patterns by the cell type being destroyed, regardless 
of the cause, we can categorize injuries into cell-indiscriminate (most frequently in 
response to mechanical injury, ischemia, and liver resection), cholestatic (typically in 
response to mechanical and presumed autoimmune biliary injury), and hepatocyte-
associated injuries[20]. Hepatocyte-related injury includes cell death (apoptosis, 
necrosis, necroptosis, and autophagy) and degenerative and/or intracellular accumu-
lation (i.e., ballooning degeneration, steatosis and iron or copper accumulation)[20,21].

Clinical data and animal models suggest that hepatocyte death is the key trigger of 
liver disease progression, manifested by the subsequent development of inflammation 
due to an influx of acute or chronic inflammatory cells involving the lobular 
parenchyma (diffuse inflammation), foci inside lobules or limited to the portal tracts 
(focal inflammation). If the damage is severe enough, and if the blood flow is 
adequate, then hepatic regeneration can restore a functional liver mass. If the damage 
is chronic, liver fibrosis/cirrhosis may develop[19,22].

LIVER BLOOD FLOW
Knowing the peculiarities of hepatic vascularity helps with understanding the imaging 
features of liver damage. Hepatic feeding is guaranteed for a 70%-75% by portal flow, 
with a low oxygen content and high metabolite content, and for a 20%-25% by arterial 
flow with a high oxygen content and a low metabolite content. The two systems are 
interconnected through transvasal, transsinusoidal and peribiliary communications 
that allow the arterial supply to compensate for any small reduction in portal inflow, 
according to a mechanism regulated by humoral mediators (adenosine, histamine, 
vasopressin, and prostacyclin) and by the autonomic nervous system, activated by 
hepatocyte demand for oxygen and metabolites[13,23]. This condition appears on 
computed tomography (CT)/magnetic resonance (MR) images as hyperdensity/ 
hyperintensity of the involved parenchyma during the arterial phase, also called 
transient hepatic parenchymal enhancement (THPE)[24]. Depending on the level of the 
obstacle and the predominance of the shunt involved, different THPE, either localized 
or diffuse, can be seen on images. There are three diffuse types: (1) If the obstacle 
diffusely compromises the intralobular vein or the structures downstream (e.g., in 
Budd-Chiari or right-sided heart failure), the prevailing plexus is the trans-sinusoidal 
plexus, and the resulting THPE is of the “mosaic” type (Figure 1A); (2) If the obstacle is 
at the level of the portal axis or upstream from the intralobular vein (as happens in 
portal thrombosis or cirrhosis, respectively), the prevailing shunt is peribiliary, and the 
resulting THPE is of the “central-peripheral” type (Figure 1B); and (3) In contrast, if 
the peribiliary plexus is blocked, as occurs in bile duct dilatation or sometimes in 
cholangitis, arterialization is “peribiliary”[24] (Figure 1C).

In addition to the major vascular systems, a third type of vasculature contributes no 
more than 2%–3% of hepatic blood flow, establishing communication between the 
systemic venous system and the portal system, and it includes capsular veins, 
Sappey’s paraumbilical veins, epiploic and hilar veins, suspensory ligament and 
diaphragmatic veins, and accessory cystic veins[24]. These components may act 
according to the pressure gradient through an anomalous blood supply or drainage 
from vessels to certain areas of the parenchyma, mainly located in segments I–IV. 
Normally, the third inflow is “afferent” to the liver, but its flow direction can be 
reversed. Therefore, during portal hypertension or under other stress conditions, the 
intraportal pressure becomes higher than that of the systemic veins, and the “third” 
hepatic system becomes efferent, allowing a preferential outflow that can cause a 
localized reduction in portal inflow, sometimes resulting in a compensatory “arterial 
buffer response” and correlated sequelae[24]. The same diversion of the third inflow 
explains both the development of shunting systems in cirrhotic liver and the 
appearance of pseudonodular lesions in noncirrhotic liver, especially after che-
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Figure 1 Transient hepatic parenchymal enhancement. A: Contrast-enhanced computed tomography axial scan in the arterial phase shows a “mosaic” 
pattern of enhancement in patients with Budd-Chiari syndrome; B: “Central-peripheral” pattern in patients with portal thrombosis; C: “Peribiliary” pattern in patients 
with cholangitis.

motherapy, which can damage minor portal vessels and facilitate blood inflow 
through the third inflow system[24].

In general, if the cause of arterial rebound persists, hepatocyte can be injured as in 
normal conditions they need low oxygen tension and high nutrient levels typical of 
those supplied by portal inflow. Therefore, persistent hemodynamic changes can 
determine focal metabolic alterations that result in focal sparing in fatty liver or 
nodular fat accumulation in normal liver, which are typically found in the subdia-
phragmatic aspect of the right lobe, the posterior aspect of the left lobe, the periportal 
aspect of segment IV, around the falciform ligament and around the gallbladder bed
[25,26] (Figure 2). Finally, if the obstacle remains, then the insufficient blood supply to 
much of the liver leads to metabolic infarction, fibrosis and atrophy of the liver 
(especially in segments V, VI and VII, where the third inflow is lacking or poorly 
represented) (Figure 3), along with compensatory nodular regenerative hyperplasia 
(NRH) and large regenerative nodules in areas of hepatic parenchyma that maintain 
an adequate portal and arterial blood supply (especially the left lobe and segment VIII, 
with higher third inflow)[24,27-29].

DILI
DILI is a current hot topic, as seen by the increasing number of publications in recent 
years[30-32]. It is a challenging clinical problem with respect to both diagnosis and 
management, with an estimated incidence of 14 to 19 cases per 100000 persons[30]. 
Iproniazid, cinchophen, and sulfonamides were the first prototypical hepatotoxins to 
be identified[31,33]. By the mid-1980s, close to 1000 drugs were linked to hepatic 
injury[34]. Clinically, DILI ranges from asymptomatic hypertrasaminasemia and 
hepatitis to acute or fulminant hepatic failure[35]. Although severe DILI is rare, drugs 
have become the overall leading cause of acute liver failure in the United States and 
other Western countries[31]: acetaminophen (paracetamol) is the responsible drug in 
40%-50% of these cases, with another 11%-12% of cases caused by herbal compounds 
and dietary supplements, equaling the frequency of cases due to acute viral hepatitis
[36,37].

On the basis of liver function tests, DILI may be defined as predominantly hepatic, 
distinguished by disproportionate elevations in serum aminotransferases compared 
with the level of alkaline phosphatase, or cholestasis, distinguished by inverted, 
disproportionate and mixed patterns[36].

Considering the histopathology, DILI is particularly complex. The United States 
DILI Network recognizes 18 distinct categories of DILI: acute and chronic hepatitis, 
acute and chronic cholestasis, cholestasis-hepatitis, granulomatous, macro- and 
microvesicular steatosis, steatohepatitis, zonal and nonzonal necrosis, vascular injury, 
hepatocellular alterations, nodular regenerative hyperplasia, mixed or unclassified 
injury, minimal nonspecific changes, absolutely normal, and massive necrosis[38].

Currently, DILI is classified as either idiosyncratic (injury unpredictable, not dose-
dependent, and caused by agents that have little or no intrinsic liver toxicity) or direct 
(injury predictable, dose-dependent, and caused by agents that are intrinsically toxic to 
the liver), but indirect injury is now accepted as a third type (caused by the action of 
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Figure 2 Schematic representation of the anatomical sites of the liver “Third inflow” in hepatic sections. Yellow areas show the typical sites of 
focal sparing in fatty liver or nodular fat accumulation in the normal liver. A: Volumetric representation; B: Computed tomography axial scan.

the drug not by its toxic or idiosyncratic properties, such as the induction of immune-
mediated hepatitis or the worsening of pre-existing hepatitis or fatty liver disease)[30].

The most common forms of DILI involve idiosyncratic hepatotoxicity, including 
acute and chronic hepatitis (most often associated with isoniazid, nitrofurantoin, and 
diclofenac and with methyldopa, minocycline, and statins, respectively), acute and 
chronic cholestasis (correlated with estrogens, androgenic steroids and flurixidine), 
and mixed hepatitis-cholestasis (due to amoxicillin-clavulanate and fluoroquinolones) 
patterns[30,32,39].

Many antineoplastic agents can cause acute hepatic necrosis due to direct 
hepatoxicity, as well as sinusoidal obstructive syndrome (SOS) (myeloablative agents, 
alkylating agents and monoclonal antibody-cytotoxic conjugates such as gemtuzumab 
and ozogamicin) or NRH (azathioprine, mercaptopurine and thioguanine)[30,32,39].

Finally, an increasing form of indirect injury is immune-mediated liver injury due to 
various immunomodulatory agents, tumor necrosis factor antagonists, and, most 
important, antineoplastic checkpoint inhibitors[40-42]. There are several reports of the 
reactivation of both hepatitis B and hepatitis C in patients treated with agents such as 
rituximab, cyclophosphamide, doxorubicin, vincristine, or prednisolone for lymphoma
[2,43].

CALI
Among the various forms of DILI, CALI is often reported in the literature, mainly in 
association with patients with colorectal liver metastases[44-46]. CALI appears to be 
regimen-specific, generally including two main types of liver injury, vascular changes 
and fatty changes, which are primarily associated with the development of ROS that 
lead to cellular damage and activate apoptosis pathways[5]. The prevalence of CALI 
increases with the duration of chemotherapy, and currently, no convincing data on the 
reversibility of CALI are available[46].

Various studies support the important clinical impact of CALI. Karoui et al[47] 
demonstrated that CALIs increased the risk of postoperative liver failure by 11%, with 
others such as Vauthey et al[48] demonstrating increased 90-d postoperative mortality 
in patients with steatohepatitis (14.7% vs 1.6%). Nevertheless, it remains unclear 
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Figure 3 Liver metabolic infarction areas in patients with breast cancer. A, B: Unenhanced (A) and arterial phase (B) computed tomography (CT) axial 
scan before therapy show normal liver; C, D: Unenhanced (C) and late arterial phase (D) CT axial scans after 3 mo of therapy show early steatotic changes of the 
parenchyma and inhomogeneous enhancement in segments VII-VIII; E-L: Magnetic resonance after 6 mo of therapy shows progression of parenchymal involution 
and atrophy in gradient echo (GE) T1w in-phase (E), GE T1w out-of-phase (F), fat sat GE 3D T1w unenhanced (H), arterial (I), portal (J) and hepatobiliary phase (K). 
Capsular retraction is seen (white arrow). On T2w (G), and high b-value diffusion-weighted (L) images, no signal alteration was detectable.

whether CALI influences survival. Although Tamandl et al[49] reported lower survival 
in patients with SOS, other studies demonstrated that SOS is associated with a lesser 
degree of regression of liver metastases, and this regression, not SOS, impacts 
prognosis[50,51]. Controversial data have also been reported for steatosis[50,52]. 
Moreover, postoperative morbidity and mortality due to liver failure are often related 
to inadequate function of the residual liver[53]. Therefore, the improved detection of 
CALI during the preoperative assessment of the future liver remnant is an important 
clinical issue.

More frequently, oxaliplatin treatment is associated with SOS, which occurs in 
19%–52% of patients and is linked to an increased occurrence of NRH[54]. Irinotecan-
based treatments are related to the appearance of steatohepatitis, with a rate of 20.2%, 
and its effects are exacerbated by baseline obesity and/or metabolic syndrome[51,55]. 
Furthermore, the development of steatosis was observed in 30 to 47% of patients who 
received 5-fluorouracil therapy, which remains a cornerstone of modern chem-
otherapy[10,56].

More unusual forms of CALI include pseudocirrhosis, which is mostly observed in 
patients undergoing chemotherapy for breast cancer, and chemotherapy-induced 
sclerosing cholangitis (CISC)[57]. CISC is a form of secondary sclerosing cholangitis, 
occasionally resulting from ischemic injury to the bile ducts associated with hepatic 
artery infusion with fluoropyrimidines (incidence of 8%-55%). Since biliary endothelial 
cells, in contrast to hepatocytes, derive their vascular supply almost exclusively from 
the branches of hepatic arteries[58], arterial occlusion may cause bile duct ischemia 
and fibrosis without parenchymal infarction. The main finding was segmental or 
diffuse narrowing of the cystic, biliary-shared, left and right hepatic ducts, with 
sparing of the common intrapancreatic bile duct, which is usually supplied by 
branches of the gastroduodenal artery[58]. Reports of CISC triggered by systemic 
chemotherapy (taxanes, bevacizumab, paclitaxel, or cisplatin) are even more rare[59,
60]. Although CISC should be considered rare, it is clinically important, requiring 
frequent endoscopic intervention to maintain biliary drainage[58].

Finally, over the past two decades, molecular targeted agents, including small-
molecule protein kinase inhibitors, monoclonal antibodies, and immune checkpoint 
inhibitors, have become promising for use in the treatment of various malignant 
neoplasms (especially malignant melanoma, non-small cell lung cancer and renal cell 
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carcinoma)[61]. Protein kinase inhibitors are reported to induce a low-grade elevation 
in serum transaminases in approximately 30% of patients and high-grade elevation in 
2% of patients[62]. Liver injury due to immune checkpoint inhibitors most often 
presents with a hepatocellular biochemical pattern, occurring in 2%-30% of patients, 
with increasing risk when multiple immune checkpoint inhibitors are administered 
and in patients who develop other immune-related adverse events, although severe 
cases remain very rare[63].

Overall, radiologists should know that chemotherapy frequently modifies not only 
the radiological appearances of liver tumors but also the imaging features of the non-
tumor-bearing liver. Excluding CISC, due to its rarity, and acute hepatitis, due to its 
nonspecific imaging features (hepatosplenomegaly, collapsed gallbladder with wall 
thickening, decreased liver enhancement, ascites and widening of the periportal space 
due to edema)[2], we analyze the role of imaging in the identification of more typical 
features of CALI, namely, yellow liver, blue liver and pseudocirrhosis.

YELLOW LIVER
The term “yellow liver” refers to a macroscopic feature of the liver that can be 
observed upon histopathologic examination and is determined by a general increase in 
the parenchymal lipidic content, compared to physiological normal texture[5]. 
Different pathological conditions fall under the generic definition of yellow liver. 
Hepatic steatosis is identified by pathological deposition of lipid vesicles in 
hepatocytes, usually associated with metabolic syndrome, obesity, diabetes, insulin 
resistance or alcohol[64]. Hepatic steatosis must be differentiated by steatohepatitis, a 
more serious histologic complication where fat deposition is associated with an inflam-
matory response, consisting of ballooning of hepatocytes, lobular inflammation, 
hepatocyte degeneration and thus fibrosis of different grades, including liver cirrhosis
[48]. CASH is a form of steatohepatitis that can sometimes develop as a consequence of 
therapies with chemotherapeutic agents (CTAs) that produce side effects critical for 
hepatocyte[65,66].

Among the forms of CALI, other than the aforementioned association with 5-
fluorouracil-based treatment[57], steatosis is seen in 14.6% and 41.1% of patients with 
estrogen-receptor-positive breast cancer treated with tamoxifen and anastrozole, 
respectively[10,67]. Additionally, cases of steatosis in patients receiving pazopanib and 
bevacizumab, alone and in combination with paclitaxel, have been reported[6]. 
Similarly, an increased incidence of CASH in recent decades has been reported[56,68,
69]. Although the true frequency of these pathologies is not easily determined[65,70], 
as mentioned above, the prevalence of CASH is increasing in patients undergoing 
treatment with 5-fluorouracil and irinotecan[71], especially when the drugs are 
coadministered[48]. Additionally, platinum derivatives (oxaliplatin), taxanes and 
methotrexate have been linked to this condition, and with a lower frequency, L-
asparaginase, dactinomycin, mitomycin C and bleomycin sulfate[72,73].

Interestingly, steatosis and CASH occur not only during treatment for liver 
metastases but also in the course of systemic chemotherapy for nonmetastatic cancer
[71]. Considering the pathogenesis of steatosis, as discussed above (see “Liver blood 
flow”), persistent hemodynamic changes determining focal metabolic alterations and 
the third hepatic inflow system are involved. The pathogenesis of CASH remains 
under discussion, and different mechanisms have been proposed. First, CTAs can be 
responsible for decreasing fatty acid oxidation, thus generating oxidative stress with 
hepatocyte dysfunction[74]. According to You et al[11], CTAs have been reported to 
produce abundant ROS, damaging not only cancer cells but also normal cells. This 
damage promotes both the deposition of lipid vesicles into hepatocytes and inflam-
mation[65,75]. Robinson et al[57] described a “two hits” model, in which patients with 
underlying hepatic steatosis, undergo a “second hit” to the parenchyma, represented 
by chemotherapy-induced oxidative stress or mitochondrial dysfunction, creating the 
conditions of inflammation and giving rise to CASH. Finally, minor portal vessels can 
be increasingly susceptible to the direct damage caused by CTAs, facilitating the 
reversion of the “third inflow” system and triggering consequent arterial com-
pensation. Therefore, the resultant inadequate perfusion, together with direct damage 
to hepatocytes, can contribute to the metabolic dysfunction critical for CASH 
development[24].

Fatty infiltration leading to yellow liver requires a relatively short development 
time (generally only a few weeks after the beginning of chemotherapy)[57]. Hepatic 
steatosis and steatohepatitis are typically asymptomatic even when liver function tests 
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are abnormal, making an early diagnosis a difficult goal[4]. When chemotherapy is 
withdrawn, there is often a regression of steatosis, suggesting that most of the changes 
caused by chemotherapy are at least partially reversible[6,57]. In other cases, especially 
when the diagnosis is delayed or under-evaluated, the parenchymal inflammatory 
response can lead to more serious and irreversible changes, including fibrosis and 
atrophy. Finally, the regenerative phenomenon of liver parenchyma, such as in NRH, 
is a possible compensatory response to injury, as long as adequate perfusion is 
maintained[28,56,76]. As expected, when steatosis is present prior to the therapy, liver 
is thought to be more susceptible to CALI due to its impaired regenerative capability 
and abnormal innate immunity[10]. Diffuse forms of hepatic steatosis and steatohep-
atitis can be obstacles to surgical planning, e.g., not allowing large liver resection due 
to presence of metastases[69]. Patients with steatosis who undergo major hepatectomy 
have increased blood loss, more postoperative complications, and a longer stay in the 
intensive care unit than patients with healthy livers[19]. Finally, patients’ 
postoperative morbidity and mortality can be increased since both steatosis and steato-
hepatitis impair liver function[48].

Imaging
Clinicians increasingly demand the quantification of liver fat to grade the level of 
hepatic damage, not only in living donors for liver transplantation and for patients 
who must undergo liver resections or bariatric surgery but also in patients receiving 
potentially hepatotoxic therapies. The ability of MR-based methods to detect and 
quantify steatosis has been investigated in the past 30 years, and substantial correl-
ations between pathologically and radiologically determined fat fractions have been 
demonstrated[77-79].

However, most often, in daily practice, steatosis and steatohepatitis are evaluated 
qualitatively. From a radiological point of view, it is impossible to differentiate 
between these two forms of liver disease, as they can be distinguished only by 
histologic alterations[71]. The distribution of CASH, as well as hepatic steatosis, can 
vary from diffuse to focal infiltration. Ultrasound allows a subjective estimation of the 
degree of diffuse fatty infiltration using some features that include liver brightness and 
contrast between the liver and the kidney[80]. On an unenhanced CT scan, diffuse 
steatosis can be diagnosed when attenuation of the liver is at least 10 Hounsfield units 
less than that of the spleen, the hepatic-to-splenic attenuation ratio is less than 1, or the 
liver attenuation is less than 40 Hounsfield units (Figure 4A). In more severe cases, 
intrahepatic vessels may appear hyperdense relative to fat-containing liver tissue[81]. 
With MRI, chemical shift gradient-echo imaging with in-phase and out-of-phase 
acquisitions is the most widely used technique for the assessment of fatty liver 
(Figure 4E and F). These scans show signal intensity loss on out-of-phase images in 
comparison with in-phase images, whereas the application of chemical fat saturation 
sequences is less sensitive[82,83].

While diffuse forms of steatosis are not difficult to recognize, focal fat deposition or 
fatty sparing can sometimes mimic a hepatic mass or single and multimetastatic 
disease[84]. However, MRI often serves as a problem-solving tool because signal loss 
on out-of-phase T1-weighted images cannot be seen in metastasis[85]. Additionally, 
focal fatty deposition or sparing can be recognized by the characteristic location (in the 
anatomic sites of the third inflow system), geographic pattern rather than round or 
oval shapes, absence of a mass effect on the vasculature, poorly delineated margins, 
and contrast enhancement that is similar to or less than that of the normal liver 
parenchyma[9,86] (Figure 5). These features usually allow for the differentiation of 
focal or multifocal fat accumulations from hepatocellular carcinoma, hepatic adenoma, 
focal nodular hyperplasia (FNH), FNH-like nodules and hypervascular metastases 
that show mass effects, marked or heterogeneous enhancement, and sometimes 
necrotic and hemorrhagic areas; however, hepatocellular carcinomas, hepatic 
adenomas and, more rarely, FNH, may involve microscopic fat content[87]. Clinical 
manifestations and diffusion-weighted images can help in the more complex differen-
tiation of ischemic or mucinous metastases, abscesses, lymphoma and hypovascular 
metastases[87-89] (Figure 4K). The differential diagnosis between large areas of focal 
steatosis with infiltrative hepatocellular carcinoma may be more difficult; irregular 
liver contours, mild mosaic pattern enhancement and the presence of portal vein 
thrombosis are suggestive of the latter[87]. Shape, location and MR chemical shift 
imaging allow us to distinguish periportal fat deposition from other periportal 
abnormalities (edema, inflammation, hemorrhage, and lymphatic dilatation) and focal 
sparing in the liver with diffuse steatosis mimicking hypervascular lesions (such as 
hemangiomas or arterioportal shunts)[87]. Interestingly, when steatosis develops 
during chemotherapy, in the presence of hepatic metastases, the parenchyma 
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Figure 4 Chemotherapy-associated diffuse steatosis in patients with liver metastatic colorectal cancer 6 mo after the beginning of 
chemotherapy with 5-fluorouracil + folinic acid + irinotecan. A-C: Unenhanced computed tomography axial scan (A), arterial (B) and portal phase (C) 
show severe inhomogeneous hepatic steatosis. Liver attenuation in steatotic areas is 8 HU (yellow ROI), less than that of the spleen (43 HU, red ROI), and the 
hepatic/splenic attenuation ratio is << 1. No nodules are visible; D-L: On magnetic resonance performed during the following week, gradient echo (GE) T1w in-phase 
(E) and out-of-phase (F) images confirm severe hepatic steatosis. On unenhanced fat sat GE 3D T1w images (G), arterial (H), portal (I), hepatobiliary (J) phases and 
high b-value diffusion-weighted images (K), multiple metastases are evident, some of which are characterized by rim enhancement (arrows). The T2-weighted image 
(D) and apparent diffusion coefficient map (L) are also shown.

surrounding the lesion can be spared from steatosis[90]. Once again, this outcome may 
be attributed to a modification of parenchymal perfusion, and in particular, a 
reduction of portal inflow in the peritumoral area caused by direct compression of the 
adjacent parenchyma, the presence of tumor emboli in the portal vein branches[90] 
and/or the neoangiogenesis that accompanies tumoral growth, increasing arterial 
perfusion[91,92].

Morphological changes such as increased craniocaudal liver diameter and an 
increased caudate-to-right lobe ratio are more characteristic of steatohepatitis[93]. 
Finally, when CASH is diagnosed in advanced stages and, in particular, when it 
progresses toward cirrhosis, typical morphological changes of the latter can be 
observed[94].

BLUE LIVER
Blue liver refers to parenchymal venous congestion resulting from blockage of blood 
outflow, macroscopically characterized by an intraoperative subcapsular livid 
appearance and a similar “marble” bluish-red discoloration on the cut surface[95]. 
Budd-Chiari syndrome is a typical postsinusoidal form of blue liver. In this case, the 
physical obstacle to hepatic outflow, represented by stenosis or a thrombus, is located 
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Figure 5 Chemotherapy-associated focal steatosis in patients with lung cancer 3 mo after the beginning of immunotherapy. A-F: On 
magnetic resonance, focal geographic fatty deposition, poorly delineated, is seen as signal hypointensity on gradient echo (GE) T1w out-of-phase (B) in the periportal 
aspect of segment IV and around the falciform ligament. On T2w images (C) it is weakly hyperintense. No signal alterations are seen on the GE T1w in-phase images 
(A), T2w fat saturation (D), diffusion-weighted (E) images, or apparent diffusion coefficient map (F).

in the hepatic veins or in the inferior vena cava, and therefore, considering the blood 
flow, after the hepatic sinusoids[24]. However, different causes of blue liver are 
possible. Other postsinusoidal forms include increased blood pressure in the right 
atrium (e.g., congestive heart failure, constrictive pericarditis, and mitral stenosis)[96]. 
Moreover, injuries to the sinusoidal endothelium itself can cause a sinusoidal form of 
blue liver that is mainly known as SOS, but that includes a full spectrum of histologic 
features involving restrictive (nonthrombotic sinusoidal obstruction and perisi-
nusoidal fibrosis), dilating (hepatic sinusoid dilation and peliosis) and regenerative 
(NRH) aspects of the disease[97].

Considering CALI, sinusoidal endothelial injury can be defined as nontumor-
bearing hepatic parenchymal damage resulting from chemotherapy itself, not 
associated with the presence or infiltration of hepatic metastasis[11,98]. Therefore, the 
injury primarily originates at the level of the sinusoidal endothelium, eventually 
extending distally to the centrilobular veins or proximally to the portal branches. Its 
pathogenesis remains under discussion, but some consistent data have been reported. 
Namely, oxaliplatin induces depolymerization of F-actin in sinusoidal endothelial cells 
and activates matrix metallopeptidase (MMP-9 and MMP-2)[57,99,100]. This activation 
results in cytokine production, which induces sinusoidal endothelial damage and 
swelling[101]. Depletion of antioxidants such as glutathione and nitric oxide from 
endothelial cells can increase the damage[102]. Therefore, floating red blood cells enter 
the space of Disse through the gaps formed in the sinusoidal endothelium (the basis of 
peliosis), and collagen fibers are deposited in the extravascular space (perisinusoidal 
fibrosis). A combination of these factors, in addition to clogging of necrotic sinusoidal 
endothelial cells in sinusoids, results in sinusoidal narrowing, thus causing obstruction 
and increased pressure in the sinusoids. When sinusoidal outflow blockage is 
sustained, sinusoids upstream of the obstruction undergo dilation and disruption, 
resulting in pseudocystic blood-filled lacunae typical of peliosis. Concurrently, the 
damage from altered hepatic blood flow induces the regeneration of residual 
hepatocytes to replace the parenchymal damaged cells, giving rise to NRH[103].

As a consequence, the histology of sinusoidal injury involved in blue liver is hetero-
geneous. In the early phase, vascular alterations are predominant, including sinusoidal 
dilatation and congestion, perisinusoidal hemorrhage and peliosis. With the 
progression of the damage, fibrosis of different grades (which can be localized in the 
perisinusoidal space around the centrilobular vein or portal vein) is dominant, and 
hepatocyte disruption and NRH are evident. Although primarily originating from 
impaired hepatic perfusion, blue liver is characterized by parenchymal nodularity 
without fibrous septa, with a benign aspect similar to that of FNH, resulting from the 
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regeneration of hepatocytes replacing the parenchymal damaged cells[57]. Oxaliplatin 
is a well-known drug implicated in the development of NRH, vascular injury, such as 
sinusoidal ballooning, microvascular injury, and long-term fibrosis. Furthermore, 
paclitaxel, capecitabine, doxorubicin, and trastuzumab are also known to be causative 
CTAs[104].

In cases of severe progression, the chronic presentation of blue liver can be similar 
to that observed in cirrhosis[105]. However, in the advanced stage of chemotherapy-
induced sinusoidal injury, fibrosis develops primarily between the centrilobular veins; 
in contrast, in primary liver disease, such as cirrhosis, bridging fibrosis, promoted by 
inflammation, usually develops between portal spaces. Therefore, the histologic 
pattern that occurs in certain forms of blue liver has been variably defined as “cardiac 
cirrhosis”, “reversed lobulation” or “centrilobular cirrhosis”[96].

Veno-occlusive disease and SOS
Veno-occlusive disease (VOD) is a well-established condition historically associated 
with myelosuppressive therapy in hematologic malignancies, and it is characterized 
by the obliteration of small hepatic venules and centrilobular fibrosis without 
macroscopic signs of obstruction[97]. This pathologic alteration was first reported in 
1920 by Willmot et al[106] and was caused by lethal intoxication by pyrrolizidine 
alkaloids, which are present in certain herbal remedies. The association between 
chemotherapy and VOD became clear in the 1950s[107]. Finally, in 1999, when DeLeve 
et al[98] recognized that the disease originated primarily in the hepatic sinusoid and 
did not necessarily involve the centrilobular vein, the disease was renamed SOS. These 
two forms therefore indicate a non-thrombotic obstruction of hepatic sinusoids with 
(VOD) or without (SOS) involvement of the centrilobular veins, whereas large hepatic 
veins remain patent[98].

More often, these pathological conditions diffusely involve the nontumor-bearing 
hepatic parenchyma. However, rare cases of focal SOS have been reported. The true 
incidence of sinusoidal focal injury remains unknown, but radiologists should be 
aware of it since, similar to focal steatosis, it can mimic hepatic metastasis[11,108].

Several CTAs are critical for the sinusoidal type of CALI. In particular, cyclophos-
phamide has been associated with the development of a rapidly progressive form of 
VOD[109]. Even 5-fluorouracil, mercaptopurine, dacarbazine, and vincristine have 
been associated with it[110], with an onset of damage ranging from 1 to 3 wk after 
initiation of therapy[4].

However, oxaliplatin, more than other CTAs, seems to be particularly involved in 
the development of SOS. According to Rubbia-Brandt et al[103], 51%–79% of patients 
who underwent oxaliplatin-based therapy developed SOS, compared with only 
21%–30% of the patients who received different regimens[75,111]. Nonetheless, the 
incidence of sinusoidal injury is significantly higher in patients who receive more than 
6 cycles of chemotherapy, while adding the anti-vascular endothelial growth factor 
antibody bevacizumab seems to have a protective effect[112].

Most patients with diffuse SOS are asymptomatic, in contrast to patients with VOD
[97]. Clinical presentation in the acute phase may include abdominal pain and ascites. 
In the subacute setting, patients present with recurrent ascites and hepatospleno-
megaly resulting from portal hypertension, which can be confirmed with a 
transjugular biopsy (pressure gradient > 10 mmHg), while the chronic presentation is 
similar to that of cirrhosis. Hematic tests may show nonspecifically increased bilirubin 
and hepatic enzyme levels[105].

Concerning prognosis, diffuse forms of SOS are associated with poor outcomes and 
a higher complication rate after major hepatectomy. Especially since the liver 
parenchyma tends to become soft and brittle, patients who undergo hepatectomy 
show an increased risk of perioperative morbidity (approximately 30%)[97,99] and 
postoperative complications[113]. Indeed, the presence of SOS is associated with a 
reduced liver functional reserve[108].

Imaging
Since the disease was renamed, imaging findings of VOD have been limited to case 
reports[114], whereas data regarding SOS are more consistent.

Concerning oxaliplatin-based chemotherapy, the radiological features reach a 
maximal severity approximately 4 mo after the beginning of therapy, and they show 
radiologic remission approximately 3 mo after discontinuation[115]. The cessation of 
chemotherapy is often followed by a reduction in these abnormalities, suggesting that 
SOS, at least for mild-to-moderate forms, both diffuse and focal, is potentially 
reversible[108].
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Morphological alterations such as hepatosplenomegaly, periportal edema, 
edematous wall thickening of the gallbladder and ascites can be seen[116]. With the 
detection of ascites, it is important to confirm the diagnosis of SOS and distinguish it 
from the malignant ascites associated with peritoneal spread or metastasis[117]. US 
may show a decrease or reversal of blood flow in the portal veins, but its usefulness is 
debated[105,108]. Contrast-enhanced CT imaging features include arterial-portal 
heterogeneous parenchymal enhancement, characterized by a “mosaic pattern” or 
diffuse linear hypoattenuation lesions resulting from hepatic congestion, which tend to 
be homogenous in the late phase. These alterations are predominantly located in the 
peripheral area (67.1%) and right hepatic lobe (62.4%), with an irregular distribution of 
abnormal areas intermingled with intact lobules[11,118]. A reduced caliber of 
suprahepatic veins has also been reported[4]. Eventually, complications of portal 
hypertension, such as the presence of periesophageal varices, form[116].

Similarly, MR images show a heterogeneous reticular or linear pattern in the 
nontumor-bearing parenchyma characterized by hypointensity on T1-weighted 
images and hyperintensity on T2-weighted images. Using liver-specific contrast agent 
(CA), reticular hypointensity of background liver tissue on hepatobiliary phase images 
with a high prevalence in peripheral areas of the liver is highly specific for SOS, 
occurring in 69% of cases[11,119]. This radiological finding is probably due to reduced 
uptake of liver-specific CA resulting from dysfunctional damaged hepatocytes and 
reduced portal flow[119] (Figure 6I, J and K). In focal SOS, the presence of ill-defined 
margins, especially on hepatobiliary phase images, and the absence of restricted 
diffusion on diffusion-weighted images, can help differentiate focal hepatic toxicity 
from metastasis[118].

Severe forms of SOS can also progress after discontinuation of therapy, leading to 
the appearance of regenerative phenomena including cirrhotic alterations[10]. In 
addition, in oxaliplatin-treated patients, portal hypertension and histological changes 
in NRH can arise during long-term therapy with 6-thioguanine for acute lymphatic 
leukemia[120]. The nodularity of NRH is usually microscopic and thus is not 
detectable on images. Larger nodules can show hyper/hypointensity on T1/T2-
weighted images and increased vascularity (hyperintensity in the arterial phase, 
followed by iso- or slight hyperintensity in the portal and equilibrium phases), but 
their benign nature can be confirmed by their normal uptake of liver-specific MR CAs
[57].

Finally, FNH-like lesions have been described to occur in these patients many years 
after the discontinuation of chemotherapy[108] (Figure 7).

Hepatic sinusoid dilatation and peliosis hepatis
Hepatic sinusoid dilatation (HSD) is a rare hepatic vascular lesion characterized by 
diffuse dilatation of hepatic capillaries with or without venous outflow obstruction. 
Causes of HSD with hepatic outflow obstruction include Budd Chiari syndrome, 
pericardial disease or right heart failure, and sinusoidal occlusion secondary to 
endothelial sinusoidal damage itself, as in SOS. It can be classified according to the 
affected zone of the hepatic lobule as centrilobular, periportal, or irregular[108]. On the 
other hand, forms of HSD without venous outflow obstruction are caused by 
extrahepatic acute inflammatory conditions (pyelonephritis, cholecystitis, pneumonia, 
pancreatitis, and inflammatory bowel diseases), use of oral contraceptives (still 
debated as a possible cause) and chronic conditions, such as congenital or idiopathic 
vascular diseases, neoplasms with or without secondary liver involvement, inflam-
matory or infectious diseases, the use of hormones and drugs.

HSD can be distinguished from peliosis, since the latter shows evidence of rupture 
of the reticulin fibers that support hepatocytes and sinusoids[121]. More precisely, 
peliosis hepatis is characterized by multiple blood-filled cystic lesions at the level of 
the sinusoids, with dimensions ranging from 1 mm to several centimeters, randomly 
distributed throughout the lobule, with loss of the endothelium[120]. Peliosis hepatitis 
was first described in 1861 on the basis of the Greek word “pelios”, meaning “reddish” 
or “bluish”, referring to the parenchymal color[122,123]. It is often a primary idi-
opathic condition (Figure 8). However, different etiologies have been proposed for 
secondary forms, including toxins (arsenic and polyvinyl chloride) and certain drugs, 
such as steroids, oral contraceptives, tamoxifen, 6-thioguanine, 6-mercaptopurine and 
methotrexate. Chronic wasting diseases have been proposed as another possible 
causes (diabetes mellitus, malignancy, acquired immunodeficiency syndrome, 
pregnancy, and infectious diseases, such as tuberculosis, leprosy, Bartonella and 
adenovirus)[105,120,124].
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Figure 6 Association between sinusoidal obstructive syndrome and peliosis in patients without a history of hepatopathy, with lung 
cancer treated with 3 cycles of cisplatin and etoposide and 12 subsequent cycles of immunotherapy. A-K: After 1 year of therapy, magnetic 
resonance was performed for abdominal pain and an increase in liver enzymes. Hyperintense nodules on T2w (A), T2w fat sat (B) and high b-value diffusion-
weighted images (C) are seen. On the apparent diffusion coefficient map (D), they are hypointense. On dynamic imaging, weak enhancement is seen (E: 
Unenhanced image; F, G, H: Arterial, portal and equilibrium phases, respectively). In the hepatobiliary phase, they appear predominantly hypointense (I-K). A 
transcutaneous biopsy was performed, resulting in peliosis nodules. Mosaic pattern enhancement of the liver parenchyma in the arterial phase (F) and reticular 
aspects in the hepatobiliary phase (I-J) were consistent with sinusoidal obstructive syndrome.

Its pathogenesis is not completely clear, except for SOS-dependent peliosis, and 
regardless of the cause, sinusoidal damage has been generally proposed as being 
critical to outflow blockage and dilation of the sinusoids/central vein of the hepatic 
lobule[120,125]. Moreover, hepatocellular necrosis may represent another possible 
mechanism with the subsequent formation of blood-filled lacunae[126,127]. Two 
different histological forms of peliosis can be identified: the parenchymal type, usually 
associated with hemorrhagic parenchymal necrosis and characterized by a lack of 
endothelial lining within the blood-filled lacunae, and the phlebectatic type, with a 
dilated central vein, showing an endothelial lining within the cystic spaces[128]. 
However, these seem to represent different temporal phases of the same condition, 
with the endothelial lining in the blood-filled lacunae continuously being disrupted 
and rapidly reconstituted[129].

The distribution of the lesions can vary considerably, from focal areas of peliosis 
within the liver parenchyma to widespread forms occupying most of the liver 
parenchyma[130,131]. Peliosis hepatis is usually an asymptomatic condition and 
therefore is often incidentally diagnosed. However, patients can present with hepato-
megaly, portal hypertension, hepatic failure and ascites. Severe abdominal pain is a 
possible complication associated with minor trauma, resulting in hepatic rupture and 
hemoperitoneum[132]. The evolution of peliosis is variable and unpredictable. Peliosis 
sometimes worsens in terms of extension, thus remaining asymptomatic[133,134]. In 
the presence of underlying conditions such as HCV-related cirrhosis, it can promote 
the risk of liver failure[130,134]. In some cases, especially in young patients, this 
alteration can cause compression and stenosis of the vena cava[135]. However, 
regression is also possible once the etiologic agent causing secondary peliosis is 
identified and treated[130,134], and idiopathic forms can undergo spontaneous 
regression[136].

Imaging
On contrast-enhanced CT and MR images, HSD is associated with the typical features 
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Figure 7 Focal nodular hyperplasia-like nodules in patients with colorectal cancer treated with surgery and adjuvant chemotherapy. A-C: 
Six months after adjuvant chemotherapy discontinuation, contrast-enhanced computed tomography (CT) showed a newly appeared nodule in segment II (white 
arrow), hypodense on unenhanced scan (A), with contrast enhancement on arterial phase (B) without washout in portal phase (C); D-M: Magnetic resonance 
performed 3 mo after CT showed a volumetric increase in the nodule, characterized by signal hypointensity in gradient echo T1w in-phase (D) and out-of-phase (E) 
and weak hyperintensity in T2w images (F), without diffusivity restriction on diffusion-weighted imaging (G-H). After liver-specific contrast agent administration, it 
presented homogeneous wash-in on the arterial phase (J) compared to the unenhanced image (I), no wash-out (K), and weak central signal hypointensity on 
equilibrium (L) and hepatobiliary (M) phases. A transcutaneous biopsy was performed, resulting in focal nodular hyperplasia-like nodules.

described for SOS, with mosaic pattern enhancement in the arterial-portal phase and 
reticular hypointense appearance in the MR hepatobiliary phase. On T2-weighted 
images, the affected areas may show slightly increased and heterogeneous signal 
intensity[137] (Figure 9).

The imaging features of peliosis depend on its extension, pathologic type and stage 
of blood components. In a few cases, the number or size of the peliotic lesions can 
increase in a short period and disseminate throughout the liver, resembling the 
progression of liver carcinoma or metastases[138].

On US, peliotic lesions appear homogeneous and hyperechoic, associated with 
pseudocyst formation, which may correspond to venous lacunae in the parenchyma
[124], whereas in fatty liver, they will appear as hypoechoic lesions. In addition, when 
hemorrhage is present, US shows heterogeneously hypoechoic lesions. Unenhanced 
CT generally shows hypodense lesions, eventually associated with hyperdense foci, 
secondary to hemorrhage or calcifications (Figure 10). In dynamic phases, the pattern 
is variable; usually, in the arterial phase, the lesions show vessel-like enhancement at 
the center (target sign), with centrifugal enhancement during the venous phase; 
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Figure 8 Primary idiopathic diffuse peliosis in patients without a cancer history. A-C: On magnetic resonance T2w images (A) and on diffusion-
weighted imaging (B: High b value; C: Apparent diffusion coefficient map), numerous hemangioma-like lesions are visible, the largest in segments VII-VIII; D-I: After 
interstitial contrast agent administration, progressive centrifugal enhancement of the lesions was observed (D: Fat sat gradient echo 3D T1w unenhanced image; E, 
F, G: Arterial, portal and equilibrium phases; H-I: 5 and 30 min after contrast agent administration).

however, a centripetal enhancement pattern is also possible, which may be confused 
with that of a hemangioma[139]. Lesions tend to acquire diffuse homogeneous 
enhancement in the delayed phase[120,128]. In the presence of thrombosed cavities, 
these latter may show no enhancement. MR examination is the gold standard for 
radiologic diagnosis, presenting high specificity and sensitivity in the detection of the 
features of peliosis[134,136]. In MRI, on T2-weighted sequences, peliotic lesions are 
usually hyperintense compared to liver parenchyma with foci with a higher signal, 
which is likely attributable to hemorrhagic necrosis. On T1-weighted sequences, the 
lesions are hypointense, although isointense and hyperintense foci have also been 
described, depending on the age and the status of the blood components[120,140]. 
Exophytic extension of the peliotic nodules and fluid-fluid level, probably due to old 
and new blood products in the lesions, are rarely reported[140]. The dynamic behavior 
after CA administration is similar to that seen on CT scan, typically centrifugal, and 
more rarely centripetal[120]. In the hepatobiliary phase, a “branching” appearance 
caused by the direct demonstration of the vascular component within the lesion has 
been reported[134]. Although peliosis hepatis is a benign condition, the apparent 
diffusion coefficient values are lower than those of a normal-appearing liver, probably 
due to its content, including thrombi and hemorrhaged areas[140] (Figure 6). If the 
clinical and radiological findings are suggestive of peliosis, percutaneous liver biopsy 
should be avoided because of the significant risk of severe bleeding[141].

A summary of the liver mosaic appearance enhancement in blue liver and a classi-
fication of hepatic peliosis types are shown in Figure 11 and Figure 12, respectively.

PSEUDOCIRRHOSIS
Pseudocirrhosis is a pathological condition characterized by morphological changes of 
the liver mimicking macronodular cirrhosis without histopathological confirmation
[104,142]. The ‘‘pseudo’’ prefix can also lead to confusion, indicating a more benign 
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Figure 9 Hepatic sinusoid dilatation in patients with breast cancer during hormone therapy. A, B: Arterial (A) and portal (B) computed tomography 
axial scans show a liver mosaic pattern of arterial enhancement, with reticular aspects on the subcapsular parenchyma of segment VII in the portal phase; C-F: 
Magnetic resonance (MR) T2w images show mild signal hyperintensity on different liver sections and different echo times; G-I: MR unenhanced (G), arterial (H) and 
portal phases (I) confirm the mosaic pattern mostly subcapsular of the liver parenchyma.

condition than cirrhosis; indeed, even for patients who are asymptomatic and pseudo-
cirrhosisis identified only incidentally during oncological follow-up, most patients can 
develop serious systemic complications, sometimes life-threatening, including portal 
hypertension, ascites and splenomegaly[143]. Abdominal distension, ascites and 
splenomegaly are the most common initial presentations in patients. Therefore, early 
recognition is important.

Breast cancer liver metastasis treated with chemotherapy is the most commonly 
reported cause of pseudocirrhosis[143,144]. However, it has also been linked to other 
metastatic diseases, including gastroenteric (pancreatic, esophageal, and colon), small-
cell lung and thyroid cancers[144,145]. Vuppalanchi et al[146] estimated a prevalence 
of up to 50% in patients with metastatic breast cancer. Qayyum et al[142] said that 
approximately 75% of patients with liver metastatic breast cancer receiving 
chemotherapy demonstrated various degrees of hepatic contour abnormalities, from 
limited retraction to diffuse nodularity, and that approximately 9% of these patients 
developed portal hypertension. Morphological changes were seen after a median 
follow-up interval of 15 mo[142]. Indeed, the real prevalence of pseudocirrhosis has 
not yet been defined[147]. Interestingly, it is often observed in patients with a major 
morphologic response to chemotherapy[145]. Among the various CTAs, most cases of 
pseudocirrhotic changes are described after patients receive regimens including 
gemcitabine, 5-flurouracil, oxaliplatin[2] and trastuzumab[4,104]. More recently, 
Vuppalanchi et al[146] described two cases of pseudocirrhosis in patients after they 
had received the latest target therapy.

The pathophysiology of postchemotherapy pseudocirrhosis is still unknown, but it 
is proposed to be multifactorial and represent a mechanism of both cancer regression 
as a response of hepatic metastasis to CTAs and a consequence of the hepatotoxic 
effect of the treatment itself and cancer progression, with fibrosis surrounding the 
infiltrating hepatic tumor[147,148]. Tumor shrinkage in response to chemotherapy 
causes hepatic capsular retraction and scar formation around metastatic lesions, thus 
resulting in macronodular cirrhosis[149,150]. The regenerative response of hepatocytes 
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Figure 10  Secondary idiopathic multiple peliotic lesions in patients with a history of 6-mercaptopurine treatment for leukemia. A-D: 
Contrast-enhanced computed tomography shows multiple lesions, hypodense on unenhanced scan (A) with dystrophic calcifications and hyperdense foci, probably 
secondary to hemorrhage. On dynamic imaging (B, axial arterial phase; C, axial portal phase), the lesions present centripetal (arrowhead) or centrifugal (asterisk) 
globular contrast enhancement without signs of washout. In the delayed phase (D), they appear isodense compared with the hepatic parenchyma; E-L: Magnetic 
resonance confirming the presence of hypointense lesions on T1w images (E-F) and hyperintense lesions on T2w images (I, J and L, arrow), which maintain high 
signal in long echoes echo time 320 ms (K). No signs of altered diffusion (G-H) or mass effects are shown. These characteristics were consistent with multiple peliotic 
lesions.

to ischemia following chemotherapy-induced injury has been proposed as another 
mechanism; in this case, the development of NRH is thought to be critical to 
compression of the surrounding parenchyma, resulting in atrophy[151]. Finally, 
sinusoidal obstruction may contribute to pseudocirrhosis[146,149]. This effect may be 
secondary to both chemotherapy-induced sinusoidal damage and mechanical 
compression resulting from metastases, leading to rebound arterialization and portal 
flow reduction, which helps to explain the atrophy of the parenchyma and the 
cirrhotic appearance of the liver[152]. Interestingly, the mechanism is quite similar to 
that proposed by Breen for hepatic changes during cirrhotic progression[153]. A 
general rule of progression is proposed as follows: less portal inflow, an arterial 
phenomenon, metabolic infarction and fatty changes, fibrosis and atrophy[24,154]. 
Importantly, in this setting, in contrast to liver cirrhosis, histologic examination is 
consistent with NRH without bridging fibrosis[151]. In chemotherapy-naïve patients, 
however, pseudocirrhosis seems to occur only rarely[155] (Figure 13). This second type 
of pseudocirrhosis is linked to cancer progression and may be related to tumor size, 
with extensive brosis corresponding to a desmoplastic reaction surrounding the 
infiltrating tumors[155,156]. The pressure generated by fibrosis determines pare-
nchymal portal flow lessening, with a consequent arterial reaction[24]. Therefore, in 
chemotherapy-naïve patients, the pathogenesis may also be similar to that after 
chemotherapy. Histologic examination of this second setting of pseudocirrhosis shows 
extensive fibrosis resulting from a desmoplastic reaction determined by the infiltrating 
lesion[149].

Imaging
The diagnosis of pseudocirrhosis is radiological and is defined by features typical of 
cirrhosis[104,142]. Because it progresses rapidly compared with ‘true’ liver cirrhosis, it 
can be easy to detect serial changes in liver morphology on imaging studies.
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Figure 11  Diagram of different forms of mosaic pattern enhancement in blue liver syndrome. HSD: Hepatic sinusoid dilatation; SOS: Sinusoidal 
obstruction syndrome.

Figure 12  Diagram showing the classification of hepatic peliosis. SOS: Sinusoidal obstruction syndrome; CA: Contrast agent.

On CT or MR, hepatomegaly and diffuse fatty changes of the liver parenchyma 
were initially seen, with smooth hepatic surfaces and metastases that focally bulge out. 
These are followed by a reduction in the hepatic volume along with capsular retraction
[104] (Figure 14). With time, fibrosis becomes prominent, confluent low-attenuation 
nodularity with irregular enhancement can be seen, and parenchymal atrophy of the 
right lobe associated with relative hypertrophy of the caudate and left lobe becomes 
more evident[104]. Moreover, other findings complicating cirrhotic changes include 
signs of portal hypertension such as splenomegaly, ascites and portosystemic varices
[143]. Liver-specific gadolinium-enhanced MR can confirm the same morphological 
alterations, allowing for more accuracy in the characterization of any metastases. 
These lesions may appear as several focal lesions with high signal intensity on T2-
weighted images and low signal intensity on T1-weighted images, with rim 
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Figure 13  Pathologically proven pseudocirrhosis due to a small breast cancer in a chemotherapy “naïve patient”, having received no 
chemotherapy. A-C: On unenhanced (A) computed tomography (CT) axial scans, a lobulated liver contour with retraction of the capsular surface (white arrow), 
low-attenuation parenchymal areas, and ascites (white asterisk) are seen. On arterial (B) and portal (C) CT axial scans, architectural disorder and heterogeneous 
contrast enhancement are detectable; D-I: On magnetic resonance, the presence of ascites is confirmed on T2w images (D). Profound structural and architectural 
changes due to the presence of coarse nodules separated by areas of fibrosis in an unenhanced fat sat gradient echo 3D T1w image (E) and a contrast-enhanced 
phase T1w image at equilibrium (F) are visible; various confluent nodules with irregular hyperintense rims on high b-value diffusion-weighted images (G) and low 
signal intensity in apparent diffusion coefficient map value (H) were observed. A small necrotic area inside a nodule is indicated in F (black arrow). One small left 
breast cancer nodule (white arrowhead) on a contrast-enhanced T1w image is visible in the arterial phase (I).

enhancement after CA administration[157] (Figure 15). Tumor markers do not increase 
during the period of pseudocirrhosis, indicating that progression of metastasis is 
unlikely[104]. Furthermore, nonspecific radiological findings may lead to a misinter-
pretation of the cancer response[147,158]. In addition, noncirrhotic causes of diffuse 
liver surface nodularity vary, and the clinical presentations are quite similar. In some 
of these causes, such as chronic Budd-Chiari syndrome, chronic portal vein thrombosis 
and pseudomyxoma peritonei, hepatic contour changes are easily distinguishable from 
cirrhosis because of their characteristic features. The latter shows coarse and lobulated 
contours, while nodularity associated with cirrhosis is typically relatively fine and 
diffuse. However, noncirrhotic causes of fine, diffuse nodularity are occasionally 
shown not only in pseudocirrhosis but also in hepatic failure and sarcoidosis[143]. 
Fulminant hepatic failure can present with diffuse surface nodularity due to a 
combination of alternating foci of confluent regenerative nodules and necrosis[159]. 
Sarcoidosis of the liver is rarely observable on imaging because noncaseating 
granulomas are usually microscopic. However, it can sometimes be visible as diffuse 
granular heterogeneity with or without fine nodularity of the hepatic surface[160,161].

Moreover, once pseudocirrhosis has been properly assessed, careful monitoring and 
appropriate management of complications are necessary to avoid progression toward 
life-threatening complications, such as hepatic failure, encephalopathy, and 
esophageal/gastric variceal bleeding, similar to those seen in classic severe cirrhosis
[144,147]. Therapy should be modified and sometimes interrupted[154] because 
imaging features of pseudocirrhosis have been shown to completely resolve in some 
patients[154,158].



Calistri L et al. Imaging of chemotherapy-induced hepatic damage

WJG https://www.wjgnet.com 7885 December 14, 2021 Volume 27 Issue 46

Figure 14  Early features of pseudocirrhosis in patients with metastatic breast cancer treated with gemcitabine for 12 mo. A-D: On axial 
unenhanced (A, C) and contrast-enhanced portal (B, D) computed tomography (CT) scan images, executed prior chemotherapy, the liver presents a regular volume, 
morphology and a smooth surface. No signs of ascites are present; E-H: On CT exam after chemotherapy (12 mo) at the same levels, in the same phases, fatty 
changes of the liver parenchyma, reduction of the hepatic volume with relative hypertrophy of the left lobe, irregular margins and capsular retraction corresponding to 
the IV segment (asterisk) were detectable. Peri-hepatic and pericholecystic effusion occurred (arrowhead).

Figure 15  Pseudocirrhosis in patients with breast cancer treated with surgery and 6 mo of chemotherapy (capecitabine and monoclonal 
antibodies). A-D: Unenhanced (A: Axial) and contrast-enhanced computed tomography (CT) (B: Axial arterial phase; C: Axial portal phase; D: Coronal portal 
phase) was performed at staging. The liver shows regular volume, morphology and a smooth surface. No focal lesions were found; thus, no chemotherapy was 
undertaken; E: At the 1-year follow-up, unenhanced CT demonstrated the appearance of a hypodense focal lesion (arrowhead); F-H: A complete magnetic resonance 
study with liver-specific contrast agent confirmed the presence of new focal lesions consistent with metastases. Mild hyperintensity in the T2w sequence (F), clear 
hypointensity in the fat sat gradient echo 3D T1w hepatobiliary phase (G) and high signal in diffusion-weighted images (H) are shown. Chemotherapy was started. I-L: 
A 6-mo follow-up unenhanced (I: Axial) and contrast-enhanced CT (J: Axial arterial phase; K: Axial portal phase; L: Coronal portal phase) shows typical signs of liver 
pseudocirrhotic changes: parenchymal volume reduction, irregular macrocyclic margins, right lobe atrophy and caudate lobe hypertrophy.

CONCLUSION
In conclusion, many drugs can cause liver damage through various mechanisms in 
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oncologic patients. As a consequence of the longer life expectancy of these patients, 
chemotherapy-associated liver injury is becoming increasingly frequent. Radiologists 
need to be aware of and know the imaging patterns of chemotherapy injury, 
supporting clinicians in therapeutic decisions and thus preventing severe complic-
ations for patients.
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Abstract
Hepatic pseudolesion may occur in contrast-enhanced computed tomography and 
magnetic resonance imaging due to the unique haemodynamic characteristics of 
the liver. The concept of hepatic arterial buffer response (HABR) has become 
mainstream for the understanding of the mechanism of the reciprocal effect 
between hepatic arterial and portal venous flow. And HABR is thought to be 
significantly related to the occurrence of the abnormal imaging findings on 
arterial phase of contrast enhanced images, such as hepatic arterial-portal vein 
shunt and transient hepatic attenuation difference, which mimic hypervascular 
tumor and may cause clinical problems. Third inflow to the liver also cause 
hepatic pseudolesion, and some of the cases may show histopathologic change 
such as focal hyperplasia, focal fatty liver, and focal sparing of fatty liver, and 
called pseudotumor. To understand these phenomena might be valuable for 
interpreting the liver imaging findings.

Key Words: Pseudolesion; Focal sparing of fatty liver; Computed tomography; Hepatic 
blood flow; Hepatic hemodynamics; Hyperplastic change
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Core Tip: Understanding the characteristics of hepatic blood flow and the patho-
physiology of pseudolesions caused by alterations in intrahepatic hemodynamics is 
important for diagnostic imaging of liver lesions. The concept of hepatic arterial buffer 
response, a unique mechanism for regulating hepatic blood flow, might be essential for 
elucidating the pathogenesis of hepatic arterial-portal vein shunting and transient 
hepatic attenuation difference on dynamic contrast-enhanced imaging of the liver. In 
addition, some pseudolesions are associated with histopathologic changes such as focal 
hyperplasia, focal fatty liver, and focal sparing of fatty liver. Understanding these 
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phenomena may aid in interpreting liver imaging findings.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is among the leading causes of cancer-related death, 
and colorectal carcinoma is prone to induce hepatic metastasis. Thus, there is a 
growing need to develop diagnostic imaging techniques that can properly identify 
localized malignancies in the liver.

Ultrasound is widely available, making it helpful for screening patients with hepatic 
mass lesions. However, given its lack of objectivity, computed tomography (CT) and 
magnetic resonance (MR) imaging are mainly utilized for closer examination of 
potentially malignant lesions.

The liver is an organ with a unique blood supply involving two types of inflow 
vessels: the hepatic artery and portal vein. The differential diagnosis of hepatic masses 
is made using imaging findings observed in dynamic contrast-enhanced studies, 
including hepatic arterial phase, portal venous phase, and equilibrium phase images. 
However, unique hemodynamic characteristics of the liver may lead to the occurrence 
of pseudolesions on contrast-enhanced images[1].

Radiologically, a pseudolesion is defined as a focal mass-like finding observed only 
on diagnostic imaging, without any actual histopathological abnormality[1]. Hepatic 
pseudolesions represent an important imaging challenge because they sometimes 
present findings similar to those of hepatic malignancy. In addition, some pseu-
dolesions may cause focal parenchymal changes due to localized impairments in blood 
flow compared to the surrounding hepatic parenchyma, and such pseudolesions are 
referred to as pseudotumors[2].

Given their importance in the diagnostic imaging of liver lesions, we first introduce 
the characteristics of hepatic blood flow, following which we describe the mechanisms 
by which alterations in intrahepatic hemodynamics can lead to pseudolesions. Finally, 
we review hepatic parenchymal changes that occur in the region containing the 
intrahepatic hemodynamic abnormality.

OVERVIEW OF HEPATIC BLOOD FLOW
The liver is the largest parenchymal organ in the abdomen. It differs from other 
abdominal parenchymal organs in that there are two types of inflow vessels: the 
hepatic artery and the portal vein. Total hepatic blood flow is approximately 800-1200 
mL/min (approximately 100 mL/min per 100 g liver wet weight). The portal vein 
supplies 75%-80% of the hepatic blood flow, while the hepatic artery supplies the 
remaining percentage. Hepatic blood volume is approximately 25-30 mL/100 g liver 
weight, representing roughly 10%-15% of the total blood volume. The average 
pressure in the hepatic artery is almost the same as aortic pressure; in contrast, portal 
vein pressure is approximately 6-10 mmHg in humans, while hepatic venous pressure 
is approximately 2-4 mmHg[3].

The portal vein collects blood from the splenic, gastric, superior mesenteric, and 
inferior mesenteric veins and flows into the liver through the hepatic hilum. Portal 
blood is mostly composed of blood from the gastrointestinal tract, and portal blood 
flow varies greatly depending on the feeding state. That is, portal blood flow increases 
after ingestion and decreases during fasting.

Hepatic arterial blood is rich in oxygen, and the peripheral hepatic arterial branches 
— either directly or after forming a capillary plexus around the bile duct and 
nourishing the bile duct — flow into sinusoids to supply oxygen to the hepatocytes 
and other structures.

https://creativecommons.org/Licenses/by-nc/4.0/
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The ratio of portal to hepatic arterial blood inflow to the liver is approximately 3:1, 
and the oxygen supply is mainly bestowed by hepatic arteries. Researchers have 
assumed that there is a complementary interaction between portal blood flow and 
hepatic arterial blood flow, meaning that hepatic arterial blood flow increases when 
portal blood flow decreases and that an increase in portal blood flow compensates for 
a decrease in hepatic arterial blood flow[2].

Several mutual routes of communication connect the hepatic artery and portal vein 
within the liver, including the trans-sinusoidal route, tumor thrombus-induced 
transvasal route, transtumoral shunt, transplexal route (peribiliary route), and arterio-
portal fistula[4,5]. Among these connecting routes, the trans-sinusoidal route may 
represent the main complementary interaction between portal and hepatic arterial 
blood flow.

Recent studies have proposed the concept of hepatic arterial buffer response 
(HABR) for understanding the mechanism underlying the reciprocal effect between 
hepatic arterial and portal venous flow. As portal blood flow increases or decreases 
depending on the activity of the gastrointestinal tract, the liver has no control over 
portal blood flow. Therefore, when portal blood flow is reduced, hepatic arterial blood 
flow is controlled to maintain hepatic blood flow (i.e., the oxygen supply to the liver)
[6].

To elaborate, the space of Mall, which surrounds the terminal branches of the portal 
vein and hepatic artery before they drain into the hepatic sinusoid, constantly secretes 
adenosine, a vasoactive substance that serves to dilate the hepatic artery. When the 
normal portal blood flow is abundant, adenosine in the space of Mall is washed away 
by the influence of portal blood flow and does not dilate the hepatic arteries. However, 
when portal blood flow decreases, adenosine remains in the space of Mall, dilates the 
hepatic artery, and increases hepatic arterial flow to compensate for the decrease in 
portal blood flow to maintain hepatic sinusoidal blood flow. This is called the 
adenosine wash-out theory[7-9]. This mechanism of hepatic artery dilatation takes 
place in the hepatic arteriole, the distal part of the intrahepatic hepatic artery within 
the portal tract. HABR is thought to be significantly related to abnormal imaging 
findings observed on contrast-enhanced arterial phase images, such as hepatic arterial-
portal vein shunting (AP shunting) and transient hepatic attenuation difference 
(THAD), as described below (Figure 1).

DEFINITIONS OF AND IMAGING FINDINGS ASSOCIATED WITH AP 
SHUNTING AND THAD
Choi et al[4] defined AP shunting as an organic or functional communication between 
the hepatic arterial branch and the portal venous system, resulting in the redistribution 
of arterial flow into a focal region of the portal venous flow. When blood flow through 
the portal vein is diminished or absent, the hepatic artery takes over perfusion of the 
liver through the AP shunt[4]. When portal vein obstruction occurs, increased hepatic 
arterial blood flow occurs mainly through the peribiliary plexus[10]. Namely, AP 
shunting is a consequence of the HABR mechanism.

On dynamic contrast-enhanced images, AP shunting is associated with (1) early 
enhancement of peripheral portal vein branches before the central portal vein is 
enhanced; and (2) THAD[4] (Figure 1).

THAD refers to transient, peripheral, wedge-shaped hepatic parenchymal 
enhancement (usually with a straight margin) that occurs during the hepatic arterial 
phase of contrast-enhanced imaging[10]. This phenomenon arises because increased 
arterial flow compensates for decreased portal venous flow and because the inflow of 
contrast material from a high-pressure arterial blood system into a low-pressure portal 
branch opacifies the focal area of the liver, while contrast material in the adjacent 
parenchyma is diluted by the unenhanced portal venous flow[4]. On portal venous 
phase images, the involved site returns to normal or nearly normal attenuation. 
Normal vessels pass through the area of THAD, and this finding can aid in differen-
tiating THAD from hypervascular liver tumors such as HCC on contrast-enhanced 
imaging.

CAUSES OF LOCALIZED INTRAHEPATIC HEMODYNAMIC ALTERATIONS
The ratio of portal blood flow to hepatic artery blood flow is usually considered to be 
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Figure 1 Arterial-portal vein shunt of 40th male. A: Pre contrast enhanced computed tomography (CT) of the liver shows no definite focal liver mass in 
segment V of the right lobe. B: On arterial phase contrast enhanced CT image, wedge shaped focal enhanced area is observed in peripheral part of segment V of the 
liver (*). Well opacified portal vein branch is observed within the focal enhanced area (arrow). C: On equilibrium phase of contrast enhanced CT, there are no 
attenuation differences in the peripheral part of segment V of the liver. Therefore, focal enhanced area observed in arterial phase contrast enhanced CT image is 
diagnosed as transient hepatic attenuation difference.

approximately 3:1 within the liver. Local disruption of this ratio leads to focal changes 
in blood flow on contrast-enhanced CT and MR images. The causes of intrahepatic 
hemodynamic changes include increased or decreased hepatic arterial blood flow, 
increased or decreased portal vein blood flow, and decreased hepatic venous blood 
flow. Anatomical variations can also cause intrahepatic hemodynamic changes.

Increased or decreased flow in regular liver vessels 
Causes of increased hepatic arterial blood flow include HABR due to decreased portal 
blood flow and the presence of congenital or acquired shunt pathways [e.g., hepatic 
AP shunts), hepatic arterial–hepatic venous shunts (AV shunts)], hereditary 
hemorrhagic telangiectasia (Figure 2), hepatic trauma, and others[11].

Physiological causes of increased portal blood flow include diurnal variations that 
occur with food intake, while pathological causes include "small-for-size grafts" at 
liver transplantation.

Causes of reduced portal blood flow include extrahepatic portal obstruction 
(Figure 3), portal vein thrombosis, portal vein tumor thrombus (Figure 4), agenesis of 
the portal vein (congenital porto-systemic shunt), patent ductus venosus, and porto-
sinusoidal vascular disease (formerly known as idiopathic portal hypertension). In 
addition, blood flow from the portal vein to hepatic sinusoids is reduced in patients 
with liver cirrhosis exhibiting porto-systemic shunting.

Causes of decreased hepatic venous blood flow include Budd-Chiari syndrome 
(BCS) (Figure 5), sinusoidal obstruction syndrome (SOS) (Figure 6), hepatic vein 
thrombosis, and hepatic vein tumor thrombus. Secondary to these lesions, the liver 
exhibits a state of hepatic congestion. Increased hepatic venous pressure leading to 
decreased hepatic venous blood flow may also occur in patients with congestive heart 
failure and those who have undergone the Fontan procedure.

Localized portal hypoperfusion and the associated focal increases in hepatic arterial 
blood flow due to HABR are associated with THAD and the presence of hyper-
vascularized pseudolesions on contrast-enhanced images due to increased inflow of 
contrast medium into the sinusoids during the arterial phase[12,13] (Figures 1-4). In 
contrast, when hepatic venous blood flow is decreased due to obstruction of hepatic 
venous outflow, blood drainage from the sinusoids toward the inferior vena cava is 
stagnant, and the sinusoidal pressure increases. This results in a decrease in the inflow 
of low-pressure portal blood into the sinusoids and an increase in the inflow of hepatic 
arterial blood, which causes reticular heterogeneous staining on arterial and portal 
phase contrast-enhanced images (Figures 5 and 6). This type of contrast-enhanced 
imaging finding is usually observed in patients with congestive liver, which occurs 
secondary to congestive heart failure, BCS, and SOS. Thus, when arterial phase 
contrast-enhanced images show THAD or reticular staining of the liver parenchyma, 
the presence of intrahepatic hemodynamic abnormalities can be inferred.

In addition to focal alterations in intrahepatic hemodynamics, anatomical variations 
in the portal venous system and other characteristic anatomical features of the vessel 
surrounding the liver can cause focal hemodynamic changes in several specific 
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Figure 2 Hereditary hemorrhagic telangiectasia of 70th male. On arterial phase contrast enhanced computed tomography of the liver, there are multiple 
pathy attenuated areas throughout the liver. Which are multiple transient hepatic attenuation difference caused by multiple arterial-portal venous shunts in hereditary 
hemorrhagic telangiectasia.

Figure 3 Extrahepatic portal obstruction of 30th female. A: Pre contrast enhanced computed tomography (CT) of the liver shows no definite focal liver lesion. 
B: On arterial phase contrast enhanced CT of the liver, there are multiple pathy attenuated areas in the subcapsular peripheral portion of the liver (arrow). C: On 
equilibrium phase contrast enhanced CT of the liver, there are no attenuation differences in the peripheral part of the liver.

Figure 4 Portal vein tumor thrombus of gastric cancer in 70th male. A: Pre contrast enhanced computed tomography (CT) of the liver shows no definite 
focal liver lesion. Wall thickening on the lesser curvature side of the stomach caused by gastric cancer is observed (*). B: On arterial phase contrast enhanced CT 
image, focal segmental enhanced area is observed in the right lobe of the liver (*). There is hypovascular tumor thrombus within the right portal vein (arrow). C: On 
equilibrium phase contrast enhanced CT of the liver, there are no attenuation differences in the liver.

portions of the liver[14].

Third inflow
The parabiliary venous system, epigastric–paraumbilical venous system, and 
cholecystic vein directly enter the liver independently of the portal venous system. 
These vessels are called the “third inflow,” referring to the third hepatofugal flow after 
the hepatic arterial and portal vein systems[15].
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Figure 5 Acute Budd-Chiari syndrome of 20th female. A: Pre contrast enhanced computed tomography (CT) of the liver shows no definite focal liver lesion in 
the liver. B: On portal phase contrast enhanced CT image, Irregular reticular hypo-enhancement is observed in the liver, which is caused by congestive change 
induced by hepatic outflow obstruction of Budd-Chiari syndrome. C: On equilibrium phase contrast enhanced CT of the liver, although intrahepatic parenchymal 
attenuation differences of the liver in the left lobe of the liver have disappeared, minimal attenuation differences are still observed in the right lobe of the liver.

Figure 6 Sinusoidal obstruction syndrome after umbilical cord blood transplantation to acute myelocytic leukemia in 60th male. Portal 
phase image of contrast enhanced computed tomography shows irregular reticular hypodensity which are caused by hepatic congestion caused by sinusoidal portal 
flow disturbance.

Parabiliary venous system
The parabiliary system, termed the pancreatico-pyloro-duodenal vein, collects venous 
blood from the pancreatic head, stomach, and duodenum and usually joins the main 
portal vein outside the liver before flowing into the liver. However, in some cases, the 
pancreatico-pyloro-duodenal vein does not connect to the main portal vein before it 
enters the liver, instead directly entering the liver and perfusing the hepatic sinusoids 
at the posterior aspect of segment IV without fusion to the main portal vein. As this 
venous system includes the right gastric vein, this anatomical variation is sometimes 
referred to as “aberrant right gastric vein”[17]. The incident of aberrant right gastric 
vein varies from 1.5% to 49%[16-18], while the incidence of aberrant left gastric vein 
varies from 0.8% to 4%[18,19].

Although most aberrant gastric veins enter the liver and perfuse the hepatic 
sinusoids at the posterior aspect of segment IV (Figure 7), some may enter the liver 
and perfuse the liver parenchyma at the posterior edge of segment II or III[20] 
(Figure 8).

Epigastric–paraumbilical venous system
The paraumbilical vein is divided into the vein of Burow, superior vein of Sappey, and 
inferior vein of Sappey[21]. Among them, under conditions of portal hypertension, the 
inferior vein of Sappey is often dilated and forms a porto-systemic collateral pathway 
connected with the portal system in the anterolateral part of segment IV adjacent to the 
falciform ligament and epigastric veins.

When superior vena cava obstruction occurs, hyperenhancement of segment IV (i.e., 
quadrate lobe hot-spot sign) can be observed on contrast-enhanced CT/MR images[22] 
(Figure 9). This phenomenon is the result of the inferior vein of Sappey acting as the 
hepatopetal collateral route.
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Figure 7 Hypervascular pseudolesion observed in posterior aspect of segment IV (50th male). A: On portal phase image of contrast enhanced 
magnetic resonance imaging with Gadolinium based contrast agent, focal hyper-attenuation area is observed in posterior aspect of segment IV of the liver (*). Tiny 
vascular branch is directly entering the area at hepatic hilum, which is an aberrant right gastric vein directly entering to the liver (arrow). B: On coronal reconstruction 
of portal phase image of contrast enhanced computed tomography, aberrant right gastric vein directly enters the posterior aspect of segment IV of the liver without 
fusion to the main portal vein (arrows).

Figure 8 Hypervascular pseudolesion observed in posterior aspect of segment II (40th female). A-C: On arterial phase images of contrast enhanced 
computed tomography, tiny focal hyper-attenuation area is observed in posterior aspect of segment II of the liver (*). Tiny vascular branch is directly entering the area 
from outside of the liver, which is an aberrant left gastric vein directly entering to the liver (arrows).

Figure 9 Hypovascular pseudolesion in the drainage area of the vein of Sappey (70th female). On arterial phase contrast enhanced computed 
tomography (CT) image, focal hypoattenuation area is observed in anterior portion of segment IV of the liver adjacent to the falciform ligament, which is not detected 
on both pre-contrast CT and equilibrium phase contrast enhanced CT (images are not shown). This is hypovascular pseudolesion in the drainage area of the vein of 
Sappey.

Cholecystic veins
The blood supply and drainage of the gallbladder are also related to the occurrence of 
focal hepatic hemodynamic changes. Arterial supply of the gallbladder is provided by 
the hepatic artery (mainly the right hepatic artery[23]), and the cholecystic vein drains 
into the liver sinusoids surrounding the gallbladder usually after being connected to 
the peripheral branch of the intrahepatic portal vein. In detail, cholecystic venous 
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Figure 10  Hypervascular pseudolesion in cholecystic venous drainage area (50th male). A-D: On sequential images of arterial phase contrast 
enhanced computed tomography, round hyper-attenuation area is observed in segment V of the liver adjacent to the gallbladder (*). Tiny enhanced vessel is directly 
entered to the enhanced liver area from the gallbladder wall (arrows), which is cholecystic venous drainage to the liver and hypervascular pseudolesion in cholecystic 
venous drainage area.

blood most frequently enters the peripheral portal branches of liver segments V (96%) 
and IV (93%)[23]. As the cholecystic venous blood originates from the hepatic artery, 
the concentration of nutrients and humoral factors such as hormones, which flow into 
the hepatic sinusoids of the cholecystic venous drainage area, differs from that in other 
hepatic sinusoids into which the portal venous blood flows. Such differences in the 
composition of influx blood between the cholecystic venous drainage area and the rest 
of the liver can cause focal differences in contrast-enhanced imaging and histopatho-
logical findings (Figure 10).

FOCAL PARENCHYMAL CHANGES IN THE LIVER DUE TO HEMO-
DYNAMIC ALTERATIONS
Focal alterations in intrahepatic hemodynamics may not only present as pseudolesions 
on contrast-enhanced images but may also result in histological changes of the liver 
parenchyma at the site of the blood flow change. There are three major patterns of 
such histological changes in the liver parenchyma.

Focal hyperplasia
Focal hyperplasia of the liver is observed in patients with cirrhotic liver and may be 
related to the presence of anomalous portal flow such as aberrant gastric venous 
drainage. Matsui et al[24] reported that in patients with cirrhotic liver with aberrant 
gastric venous drainage, 22%-50% of cases are associated with focal hyperplastic 
changes at the posterior aspect of segment IV, where the aberrant gastric venous 
drainage is present[24] (Figure 11). Focal hyperplastic changes such as anomalous 
portal venous drainage in the caudate lobe have also been reported in cases of cirrhotic 
liver, with the authors surmising that the etiology of such hyperplastic changes is 
intimately related to the anomalous portal flow[25,26]. Similarly, focal hyperplasia 
with anomalous portal flow in the caudate lobe has also been reported in a patient 
without cirrhosis[27].
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Figure 11  Focal hyperplastic change in posterior aspect of segment IV (70th male). A: On the portal phase contrast enhanced computed tomography 
(CT) image, focal hyper-attenuation area is observed in the posterior aspect of segment IV of the liver (*), which is not detected on both pre-contrast CT and 
equilibrium phase contrast enhanced CT (images are not shown). This is hypervascular pseudolesion observed in the area of aberrant right gastric venous drainage to 
the liver.  B-E: On sequential images of arterial phase contrast enhanced CT, aberrant right gastric vein directly entering to the posterior aspect of segment IV of the 
liver is well opacified (arrows).  F: On hepatobiliary phase of Gd-EOB-DTPA enhanced magnetic resonance imaging, slightly hyper-intensity area is observed in the 
same place of focal hyper-attenuation area observed in the portal phase contrast enhanced CT image (*), which represents focal hyperplasetic change of the liver in 
aberrant right gastric venous drainage area in the posterior aspect of segment IV.

Researchers have examined the etiology of liver hyperplasia occurring after 
hepatectomy or portal vein embolization. At present, it is believed that blood flow, 
shear stress, and adenosine are involved in the development of hyperplasia in the liver
[28]. Studies on liver regeneration after hepatectomy or portal vein embolization have 
also suggested that hyperplasia and atrophy of the liver occur when the liver is unable 
to compensate for changes in blood flow caused by surgery or portal vein 
embolization. Several studies support the hypothesis that after portal vein 
embolization, portal blood flow increases in the unembolized liver lobe, which causes 
acute portal hypertension. This change leads to increased shear stress and nitric oxide 
production, which in turn triggers liver regeneration[29-31]. In contrast, decreased 
intrahepatic shear stress is thought to induce liver atrophy[31]. This mechanism is 
thought to maintain the ratio between liver mass and blood flow, most likely to ensure 
maintenance of adequate clearance function[31].

In small-for-size syndrome after liver transplantation, HABR reduces hepatic 
arterial flow due to excessive portal flow, which leads to decreased oxygen delivery to 
the liver parenchyma. The lack of adequate oxygen for liver regeneration increases the 
risk of liver failure. However, normalization of portal pressure and portal blood flow 
is believed to improve liver regeneration[7]. Thus, the degree of hepatic blood flow, 
especially portal blood flow, plays a major role in liver regeneration and atrophy.

Ethanol consumption is also involved in liver regeneration and atrophy. Gluud et al
[32] observed that the frequency of hyperplastic nodules decreased with higher 
ethanol intake in patients with cirrhosis, indicating that ethanol consumption may 
inhibit liver regeneration[32]. Histopathologically, ethanol intake causes damage to the 
hepatic veins, especially perivenular fibrosis[33]. Impaired hepatic veins lead to 
decreased outflow of sinusoidal blood, resulting in stasis of blood flow and hepatic 
congestion, thereby inducing liver atrophy.

Focal hyperplastic changes are observed in the aberrant right gastric venous 
drainage area in patients with alcoholic cirrhotic liver[24]. One possible explanation 
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for this is the difference in blood ethanol concentrations of the main portal and 
aberrant right gastric vein. In humans, 20% of ingested ethanol is absorbed through 
the stomach, while 80% is absorbed through the small intestine[34]. This means that 
the ethanol concentration in the venous blood of the small intestine is higher than that 
in the venous blood of the stomach. Normally, both the venous blood from the 
stomach and small intestine join and form the main portal vein before flowing into the 
liver, so there is no difference in ethanol concentration in the portal venous blood 
within the liver. However, in the presence of aberrant right gastric venous drainage, 
hepatic venous injury is less likely to occur at the drainage area because the ethanol 
concentration is lower in the gastric vein. In contrast, in the area perfused by the portal 
flow, hepatic venous injury is more likely to occur as the blood flow of the main portal 
vein collects the venous flow of the small intestine, which contains higher ethanol 
concentration.

As a result, most of the liver areas that receive blood flow from the main portal vein 
exhibit congestion due to hepatic vein injury, while the area supplied by the aberrant 
right gastric venous drainage exhibits less extensive hepatic vein injury and less severe 
congestion than the rest of the liver. Hepatic atrophy occurs in areas with severe 
hepatic congestion, while areas with less hepatic congestion are relatively hyperplastic. 
This may be why focal hyperplasia occurs in the aberrant right gastric venous 
drainage area in patients with alcoholic cirrhosis.

Similarly, hepatic venous injury is less likely to occur at the cholecystic venous 
drainage area surrounding the gallbladder in segments IV and V of the liver due to the 
relatively low amount of ethanol in the venous blood compared to the rest of the liver. 
Therefore, focal hyperplastic changes may also occur in this area in patients with 
alcoholic cirrhosis (Figure 12).

The contribution of hepatic venous drainage to liver deformity and atrophy has also 
been noted in patients with conditions other than alcoholic liver disease. Ozaki et al[35] 
demonstrated that, because the diameter of the middle hepatic vein is small and 
venous blood pressure is high compared to that in the other hepatic veins, the middle 
hepatic venous drainage area tends to exhibit congestive changes. Such changes lead 
to selective atrophy of the middle hepatic venous drainage area (e.g., segment IV) as 
well as relative hyperplastic changes in the right and left hepatic venous drainage area
[35].

Other factors that may contribute to focal hyperplastic changes in the third inflow 
area include different concentrations of bile acid in the main portal vein and the third 
inflow. Previous studies have reported that enterohepatic circulation is involved in 
liver regeneration[36], and that decrease in bile acid return to the liver triggers 
hepatocyte proliferation[37]. Because bile acids circulate in the gut–liver axis, the 
concentration of bile acids in the third inflow is lower than that in the main portal 
venous flow. Therefore, differences in the concentration of bile acids in the inflow may 
contribute to the development of focal hyperplasia of the liver parenchyma in the 
aberrant venous drainage area[38-40].

Localized hepatocellular hyperplastic changes in the normal liver that mimic liver 
neoplasms on imaging are referred to as focal nodular hyperplasia (FNH). Researchers 
have proposed that the pathogenesis of FNH is related to a disturbance of sinusoidal 
blood outflow[41-43] or to the presence of abnormal anomalous vessels[44]. These 
studies indicate that localized alterations in intrahepatic hemodynamics play a major 
role in the pathogenesis of FNH.

In summary, the presence of intrahepatic hemodynamic alterations is essential for 
the development of focal hyperplastic changes in the liver. Such changes are also 
influenced by concomitant factors such as differences in the blood concentrations of 
nutrients, ethanol, hormones, and so on at the site. Further research is required to 
elucidate the mechanism underlying the development of focal hyperplastic changes in 
the liver.

Focal fat deposition
Focal fat deposition in the liver is occasionally observed in the anteromedial portion of 
segment IV (adjacent to the falciform ligament)[45] and in the posterior aspect of 
segment IV[46] (Figures 13 and 14). Focal fat deposition at the posterior aspect of 
segment IV is related to the presence of aberrant right gastric venous drainage[47], 
while that at the anteromedial portion adjacent to the falciform ligament is related to 
the presence of inferior vein of Sappey drainage[47,48].

Vilgrain et al[49] suggest that differences in the concentration of insulin in the blood 
entering the liver contribute to focal fat deposition in the liver. As an aberrant right 
gastric vein may collect venous blood from the head of the pancreas and flow into the 
posterior aspect of segment IV, the concentration of insulin may in turn be higher in 
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Figure 12  Focal hyperplastic change in cholecystic venous drainage area (50th male). A: On T1 weighted opposed-phase magnetic resonance (MR) 
image, focal hyperintense lesion is observed at segment IV of the liver adjacent to the gallbladder (*). B: The focal lesion shows hypointensity on fat suppressed T2 
weighted MR image (*). C: The focal lesion shows hyperintensity on hepatobiliary phase of Gd-EOB-DTPA enhanced magnetic resonance imaging (*). These 
findings observed at segment IV of the liver adjacent to the gallbladder represent focal hyperplastic change of the liver in cholecystic venous drainage area.

Figure 13  Focal fat deposition in posterior aspect of segment IV (50th female). A: On pre-contrast enhanced computed tomography (CT), focal 
hypodense lesion is observed at the posterior aspect of segment IV of the liver (*). B: On arterial phase contrast enhanced CT image, the lesion shows hypodense (*) 
and an enhanced vascular branch is directly entering the area at hepatic hilum (arrow). C: On three-dimensional reconstructed CT image with contrast enhancement, 
an aberrant right gastric vein directly drains into the posterior aspect of segment IV of the liver without connecting the main portal vein is observed (arrows).

Figure 14  Focal fat deposition in the drainage area of the vein of Sappey (60th female). A: On arterial phase contrast enhanced computed 
tomography image, focal hypoattenuation area is observed in anterior portion of segment IV of the liver adjacent to the falciform ligament (arrow). B and C: On T1 
weighted in-phase and opposed-phase image of the liver, the lesion shows hyperintense on in-phase (B, arrow) and shows hypointense on opposed-phase (C, 
arrow), which represent focal fat deposition of the liver at the drainage area of inferior vein of Sappey.

the inflow area of the aberrant right gastric vein than in other areas. This may lead to 
focal fat deposition in the posterior aspect of segment IV, where aberrant right gastric 
venous drainage is present.

Focal fat deposition is also observed in the hepatic parenchyma surrounding the 
metastasis of pancreas islet cell tumors, which produce insulin. The etiology of focal 
fat deposition in such cases may be the same as that described above[49,50].
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Figure 15  Focal spared area of fatty liver in posterior aspect of segment IV (40th female). A: On pre-contrast enhanced computed tomography (CT), a 
focal hyperdense lesion compared to the background liver parenchyma is observed in posterior aspect of segment IV of the liver (*). Background liver shows 
decreased density and suggestive of fatty liver and hyperdese area is diagnosed as focal sparing of fatty liver. B: On arterial phase contrast enhanced CT image, an 
enhanced vascular branch is directly entering the area at hepatic hilum (arrow). C-E: On sequential images of arterial phase contrast enhanced CT, aberrant right 
gastric vein directly entering to the posterior aspect of segment IV of the liver is well opacified (arrows).  These findings represent focal spared area of the fatty liver in 
aberrant right gastric venous drainage area of the liver at the posterior aspect of segment IV of the liver.

Focal sparing of fatty liver
Focal sparing of fatty liver refers to the presence of focal areas exhibiting a relative 
decrease in the degree of fat deposition in cases of fatty liver. This type of focal sparing 
represents the opposite of focal fat deposition in terms of steatotic liver changes and is 
intimately related to alterations in intrahepatic hemodynamics. Focal sparing of fatty 
liver is sometimes observed in the posterior aspect of segment IV (Figure 15) and in 
the liver parenchyma surrounding the gallbladder in segments IV and V.

Matsui et al[51] reported a strong correlation between the focally spared area at the 
posterior edge of segment IV in fatty liver and aberrant gastric venous drainage 
directed to segment IV.

Fatty liver is an abnormality of the liver caused by overnutrition. However, when 
aberrant right gastric venous flow with a low level of nutrients compared to the main 
portal vein enters the posterior aspect of segment IV, focal sparing of fatty liver is 
assumed to occur in the third inflow area. Vilgrain et al[49] reported that if the insulin 
concentration of the aberrant gastric venous flow is low in patients with fatty liver, the 
aberrant venous drainage area will exhibit less fat deposition and focal sparing on 
liver imaging.

The blood supply of the gallbladder is provided by the cholecystic artery originating 
from the hepatic arterial branches, in which the blood contains enough oxygen but 
contains fewer nutrients than the portal venous blood. The cholecystic vein drains into 
the liver parenchyma surrounding the gallbladder. The venous flow that perfuses the 
liver area surrounding the gallbladder contains less nutrients than other areas of the 
liver supplied by the portal vein. For this reason, focal sparing of fatty liver occurs in 
the liver parenchyma surrounding the gallbladder in segments IV and V. This 
hypothesis is further supported by the finding that the incidence of focal sparing of 
fatty liver is significantly lower in patients who have undergone cholecystectomy than 
in those with intact gallbladders[52].

CONCLUSION
In the present review, we discussed the characteristics of hepatic blood flow and 
pathophysiology of pseudolesions that can occur due to alterations in intrahepatic 
hemodynamics. Understanding HABR, a unique mechanism for regulating hepatic 
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blood flow, might be essential for elucidating the pathogenesis of AP shunting and 
THAD on dynamic contrast-enhanced imaging of the liver. In addition, some 
pseudolesions are associated with histopathologic changes such as focal hyperplasia, 
focal fatty liver, and focal sparing of fatty liver. Understanding these phenomena may 
aid in interpreting liver imaging findings.
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Abstract
The enteric nervous system (ENS) consists of thousands of small ganglia arranged 
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Crohn’s disease and ulcerative colitis - inflammatory bowel diseases (IBDs). IBDs 
are complex and multifactorial disorders characterized by chronic and recurrent 
inflammation of the intestine, and the symptoms of IBDs may include abdominal 
pain, diarrhea, rectal bleeding, and weight loss. The P2X7 receptor has become a 
promising therapeutic target for IBDs, especially owing to its wide expression 
and, in the case of other purinergic receptors, in both human and model animal 
enteric cells. However, little is known about the actual involvement between the 
activation of the P2X7 receptor and the cascade of subsequent events and how all 
these activities associated with chemical signals interfere with the functionality of 
the affected or treated intestine. In this review, an integrated view is provided, 
correlating the structural organization of the ENS and the effects of IBDs, focusing 
on cellular constituents and how therapeutic approaches through the P2X7 
receptor can assist in both protection from damage and tissue preservation.
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on enteric nervous system cells and brings together the findings of the most recent 
literature on therapeutic approaches through the P2X7 receptor. Despite the great 
advancement of knowledge in the field, data on the mechanisms and effects of 
neuronal loss during colitis are still scarce. Furthermore, clinical trials that would make 
the use of P2X7 receptor antagonists in human patients feasible are lacking. In the 
laboratory, the results of animal models reinforce that the P2X7 receptor may be an 
important future target for the treatment of intestinal disorders.
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INTRODUCTION
The gastrointestinal (GI) tract is a set of organs responsible for performing several 
complex functions that are essential for an individual’s survival, including mainly 
food transportation, the digestion and absorption of nutrients, and the secretion of 
water, electrolytes, and mucus[1]. In the GI tract, there is an extensive intrinsic nervous 
system responsible for the control and coordination of local motility, the movement of 
fluids through the mucous epithelium, changes in blood flow, and interactions with 
the immune system[2]. Sometimes, this influence continues even if there is complete 
separation of the GI tract from the central nervous system (CNS)[2,3].

The enteric nervous system (ENS) is composed of thousands of small ganglia 
interconnected by their neural fibers and is arranged in two plexuses. The myenteric 
plexus is located between the fibers of the muscular layer throughout the GI tract, and 
the submucosal plexus is located in the submucosal layer of the small and large 
intestines[2,4,5]. Thus, the ENS shares many synaptic and ultrastructural character-
istics of the neuronal interrelationship of the GI tract and the CNS[6], with many 
similarities demonstrated between them, which are reflected in neurological diseases
[7]. Enteric innervation has been widely studied, and when preserved and functionally 
active, enteric innervation is considered equally essential to life as CNS innervation[8].

The study of the ENS has progressed from a healthy context to several pathological 
models, identifying neuroplastic changes that possibly contribute to modifying 
intestinal and perception functions in GI disorders[9]. It has been found that 
purinergic neurotransmission also plays a fundamental role in preserving the internal 
balance of these organs[10], interacting directly with motor and secretory functions[11] 
by the expression of several of its receptors on neurons located in the ENS[12]. In 
addition, the purinergic signaling pathway has also been widely recognized as a 
fundamental component in the course of inflammation during intestinal diseases[10,
13,14].

In this context, the P2X7 receptor appeared to be one of the most correlated repres-
entatives in studies of infectious and inflammatory diseases[15]. The most striking 
differences in the P2X7 receptor in comparison to other purinergic receptors arise not 
only from its structural conformation but also from a sensitivity that is 10 to 100 times 
lower for its functional activation, suggesting it as a "danger" detector for tissue 
damage[16]. Therefore, a better understanding of the behavior of the P2X7 receptor 
and how it could be affected or modulated in some specific cases is sought, for 
example, in the treatment of Crohn's disease and ulcerative colitis - inflammatory 
bowel diseases (IBDs) that cause neuronal death in the ENS and compromise the 
functionality of the affected organs[17-19].

The great impact of Crohn's disease and ulcerative colitis is that both are capable of 
influencing all areas of patients’ lives, from school and work to social and family life, 
affecting patients’ productivity in each area[20]. In addition, when these conditions are 
poorly controlled, they can have negative effects on psychosocial well-being[21], 
increasing even the rates of anxiety and depression according to the severity of the 
conditions[22]. Worryingly, the occurrence of IBDs cases worldwide increased from 3.7 
million to over 6.8 million between 1990 and 2017[23], which makes an individual 
approach with strong multidisciplinary care increasingly important, as this type of 
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approach could offer a higher quality of life even for individuals of different ages[20].
Thus, this review aimed to provide an integrated view of the structural organization 

of the ENS and the deleterious effects arising from IBDs, focusing on the cellular 
constituents and how therapeutic approaches through the P2X7 receptor can assist in 
both protection from damage and tissue preservation.

THE ENTERIC NERVOUS SYSTEM
The ENS, also known as the "second brain"[6,24], acts in an essential way in the 
motility of the esophagus, stomach, and small and large intestines[4,6], modulating the 
different contraction types of each organ[25]. In addition, the functions of endocrine 
and exocrine secretion, control of local blood flow, and regulation of inflammatory and 
immune processes are also related to ENS function[26].

The enteric neural circuit is organized as an interconnected network of enteric 
neurons and glial cells[4] throughout the entire GI tract and bile and pancreatic ducts
[27]. The enteric neural circuit is arranged in two plexuses: the submucosal plexus, 
which in large mammals is present in two individualized levels (outer/inner) and is 
located in the outer connective tissue layer and the inner mucosal layer, and the 
myenteric plexus, located between the longitudinal and circular muscle layers[2,4,5,
28].

Within this complex innervation system, in humans, there are approximately 400 to 
600 million neurons[5] grouped into several ganglia that connect[2] through the 
primary interganglionic tracts, which characterize the primary plexus[4,5]. The 
secondary and tertiary plexuses are also present in the myenteric plexus, represented 
by thinner filaments that are arranged parallel to the fibers of the circular musculature
[29] and by even thinner filaments that branch among the constituents of the primary 
plexus[30]. This extensive neuronal network ends up projecting itself toward various 
effector structures, such as muscular and immune cells and blood vessels[27].

As proposed by Aleksandr S. Dogiel in 1899, the morphological classification of 
enteric neurons can be based on their conformation and dendritic distribution. Dogiel 
described type I cells as flattened, slightly elongated, with an angled or star-shaped 
contour, and, as remarkable characteristics, as having only one axon and four to 20 
Lamellar dendrites that frequently extend at a short distance from the cell body[31].

Type II neurons have large round or oval cell bodies and eccentric nuclei[31], and 
the surface is grooved by bundles of neural fibers[32]. The main characteristic of type 
II neurons is the presence of several axonal processes that are emitted either directly 
from the cell body (multipolar neuron) or from a single initial process that branches 
into short subsidiary axons (pseudounipolar neurons)[4,33]. Such structures run 
toward the mucosa[34] and sometimes also provide collateral innervation to the 
submucosal ganglia[35].

Additionally, enteric neurons can also be identified as intrinsic primary afferent 
neurons (IPANs), interneurons, and motor neurons[4], classified into at least 18 
subtypes and using more than 30 neurotransmitters in their synapses[28,30]. Of these 
neurotransmitters, acetylcholine (ACh) and nitric oxide (NO) stand out as the most 
abundant[27], as well as adenosine-5’-triphosphate (ATP)[26], vasoactive intestinal 
polypeptide (VIP), and substance P (SP)[36]. It is not rare that the same chemical 
compound stimulates neurons that perform distinct functions[26].

IPANs (classified as Dogiel type II) are recognized for responding to chemical 
stimuli, mucosal deformation and GI muscle tension, translating these signals into a 
neural impulse that will trigger a local motor reflex[37]. Altogether, IPANs represent 
approximately 14% and 30% of the neurons of the submucosal and myenteric plexuses, 
respectively. IPANs often project to form synapses with myenteric interneurons, motor 
neurons of the longitudinal and circular muscles[38], and with other IPANs[4].

The interneurons of the ENS (classified as Dogiel type I) are interposed with the 
IPANs and motor neurons[26], acting as mediators that are activated by the first 
neuron after a stimulus is received in the mucosa[27,39,40]. Thus, four neuronal types 
have been reported: one ascending (5%)[38], related to the pathways of the propulsive 
reflexes[41]; and three descending[38], related to local motility reflexes (5%), the 
conduction of the migratory myoelectric complex in the small intestine (4%), and 
secretomotor reflexes (2%)[4,30]. The interconnection of motor, secretory, and 
vasomotor pathways was suggested on the basis of the double projection of some of 
these neural fibers in both the submucosal and myenteric plexuses[38].

Motor neurons (classified as Dogiel type I) mark direct connections with muscle 
cells and, according to their neurotransmitter, can be classified as excitatory by 
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acetylcholine transferase (ChAT) labeling or as inhibitory by neuronal nitric oxide 
synthase (nNOS) labeling[4,5,36]. In addition, Furness et al[30] classified motor 
neurons as secretomotor/vasodilator neurons (60%), secretomotor neurons that are 
not vasodilators (29%), and neurons that innervate only enteroendocrine cells. On the 
basis of distribution analysis, it is already known that this neuronal class is also 
present in both enteric plexuses[2].

In summary, neurons of the submucosal plexus innervate the mucosal epithelium 
and submucosal arterioles to control and maintain water and electrolyte balance, 
luminal secretion and vascular tone, whereas the myenteric plexus promotes motor 
innervation of both layers of the muscle region[5], controlling the reflex pathways of 
the motor complex[42]. However, it is worth noting that the former is present only in 
the small and large intestines, whereas the latter is found continuously from the initial 
esophageal region to the internal anal sphincter[4].

The great difference in ENS innervation is that because the enteric ganglia possess 
all the necessary components to generate and complete a complex reflex circuit 
(IPANs, interneurons, and motor neurons)[28,43], the ENS has the capacity to regulate 
GI functions even in the absence of extrinsic neural connections[43]. Therefore, several 
authors have confirmed that ENS action can occur independently of the CNS[4,24,26,
36,44,45], even though the latter often initiates or modulates some of the actions of the 
ENS[18,24,26].

However, according to Furness[5] and Furness et al[2], this autonomy does not 
actually occur. There are dependencies through interactions between local enteric 
reflexes, reflexes that pass through sympathetic ganglia, and reflexes that pass in 
return to the CNS[2,5]. Conveniently, these connections can be classified as vagal and 
thoracolumbar spinal, being represented by pre-enteric neurons that terminate inside 
the enteric ganglia, controlling and modifying the activities of neurons present there, 
or even by direct innervation of effector regions, e.g., the striated skeletal muscles of 
the esophagus and the sphincters of the GI tract[2].

All this structural and functional complexity characterizes the ENS as the largest 
and most varied division of the peripheral nervous system[46], leading initially John 
N. Langley[47] to recognize the ENS no longer as a distribution of parasympathetic 
postganglia but rather as a distinct segment of the autonomic nervous system that, due 
to its prominence, should stand alongside the sympathetic and parasympathetic 
divisions.

INFLAMMATORY BOWEL DISEASES AND THEIR IMPACTS ON THE 
ENTERIC NERVOUS SYSTEM
IBDs, classically subdivided into Crohn's disease and ulcerative colitis[48,49], are 
complex and multifactorial disorders characterized by chronic and recurrent inflam-
mation of the intestine[50,51]. Usually, debilitating[48], these disorders reach their 
peak onset in patients between the ages of 15 and 30 years[52], who, on a purely 
individual basis, may alternate between periods of symptomatic flares and clinical 
remission[49].

Although the etiology of IBDs is not yet fully understood[53,54], a growing body of 
evidence has suggested that the occurrence of IBDs is related to genetic predispos-
itions[55,56] and aberrant immune responses in the face of various environmental 
triggers[56,57], including antigens from the gut microbiota[56,58,59], poor dietary 
habits, and high antibiotic consumption in childhood and adolescence[57,60]. 
Worryingly, an increase in both the incidence and prevalence of IBDs has been 
reported worldwide[23,52,61,62], but this increase is even more pronounced in newly 
industrialized countries with more westernized societies[63,64].

Commonly, the symptoms of IBDs may include abdominal pain, diarrhea, rectal 
bleeding, and weight loss. Ulcerative colitis primarily affects the rectum and is limited 
to the superficial part of the large intestine mucosa[48], and Crohn's disease is 
manifested by transmural lesions that may extend from the mouth to the anus, 
promoting possibly irreversible damage[65]. Sometimes the appearance of and 
gradual increase in intestinal ulcers associated with cumulative destructive effects can 
cause stenosis, fistulas, and colorectal cancer[66-68]. Therefore, it is clear that IBDs 
have an expressive influence on the quality of daily life in these patients[20,21].

In this sense, several efforts are being made to more closely mimic these diseases in 
the laboratory through the use of animal models, either to understand the relationship 
between their pathophysiological components or to identify the mechanisms and 
drugs that mitigate the symptomatology[69]. For this, two main substances have been 
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used quite satisfactorily for colitis induction: dextran sulfate sodium (DSS) and 2,4,6-
trinitrobenzene sulfonic acid (TNBS). DSS is a soluble polysaccharide supplied in 
drinking water and chemically interferes with gut mucosal barrier integrity, allowing 
the dissemination of luminal antigens into underlying tissue. TNBS is a reagent 
administered rectally in combination with ethanol that disrupts the mucosal barrier, 
allowing TNBS to induce colitis by haptenating colonic proteins, causing them to 
become preferential targets for immune cells. In both cases, the onset of acute or 
chronic lesions is dependent on the concentration and/or the frequency of the 
administration of each substance[69-73].

Specific to the ENS, reports have pointed out that intestinal inflammation can cause 
functional and structural changes in neurons[74-76] and necrosis, apoptosis and 
degeneration in enteric ganglia[17,18,77]. In fact, different authors have already 
demonstrated important variations in the cell number and neuronal profile of 
inflamed areas when compared to healthy tissues (Tables 1 and 2). In addition, 
damage to intestinal innervation during the inflammatory course may cause organ 
functional losses through modifications in motility patterns, increased excitability with 
changes in synaptic transmission in neural microcircuits, inadequate secretory 
responses of the epithelium to incoming stimuli[18,78], and enteric cell death from 
dependence on multiple caspases[19,79,80]. Despite this, little is still known about the 
mechanisms behind the loss of enteric innervation linked to IBDs[76].

In view of the therapeutic management of IBDs, the introduction of anti-TNF agents 
has positively marked this path[81-83], especially as they favor the healing of the 
mucosal layer with increases in its growth with stimulation[84], and as they 
demonstrate a greater safety of use when compared to conventional protocols[81,82]. 
In this same context, the P2X7 receptor is also emerging as a very important medical 
target for the prevention and treatment of these disorders[10], possibly in a similar 
way to the above, since its continuous activation may worsen the local inflammatory 
response[85,86]. However, little is known about the real involvement between the 
activation of this purinergic receptor and the subsequent cascade of events and how all 
these activities associated with chemical signaling interfere with the functionality of 
the affected or treated intestine.

THE PURINERGIC RECEPTORS
ATP is the central nucleotide of body metabolism[87], one of the most abundant 
molecules in living cells[88], and despite being recognized as an energy substrate[87], 
ATP also acts systemically in conjunction with adenosine and adenosine diphosphate 
(ADP). As an example, ATP presents actions in the control of vascular tone and 
remodeling[89,90] and in growth, differentiation[91], and cell communication[87,88,92,
93].

Initially recognized for its fundamental role in several intracellular biochemical 
processes, the function of ATP as a neurotransmitter was greatly questioned when 
proposed by Geoffrey Burnstock in 1972[94]. In any case, the discovery of purinergic 
neurons - as they were named in reference to their relation with purine nucleotides[95] 
- answered the questions generated about the existence of neurons that are neither 
cholinergic nor adrenergic[36], and a high level of evidence has been reached on 
purinergic neurons in the scope of physiological and pathophysiological scientific 
research[92].

According to Burnstock[96], the presence of purinergic receptors was implicit in the 
hypothesis of this class of neurotransmission, and these receptors were classified into 
two types: P1 by the use of adenosine and P2 by the use of ATP and ADP. However, 
only in 1985 was it proposed on pharmacological grounds that this second type could 
be further subdivided into two other larger families[97]: P2Y, coupled with G-protein; 
and P2X, coupled with ion channel-dependent ligands[98]. Four subforms are 
currently recognized for P1 receptors (A1, A2a, A2b, and A3)[99], eight for P2Y 
receptors (P2Y1, P2Y2, P2Y4, P2Y6, P2Y11, P2Y12, P2Y13, and P2Y14)[100], and seven 
for P2X receptors (P2X1-7)[101,102], making it plausible that purinergic receptors are 
the most abundant in mammalian tissues[103], found even in cells of neural origin[13,
93,103-107].

In the ENS, the presence of purinergic receptors has been widely recognized in 
enteric neurons and glial cells of humans and other animal species[13,14,108]. In the 
guinea pig, the P2Y1 receptor has already been identified in the submucosal plexus of 
the ileum[109], and the P2Y2, P2Y6, P2Y12, P2X2, and P2X3 receptors have been 
identified in the submucosal and myenteric plexuses of the stomach, jejunum, ileum, 
and distal colon[110-114].
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Table 1 Specific variations in cell number and neuronal profile area according to the respective chemical code observed in the 
submucosal plexus of the enteric nervous system

Ref. Species Colitis Time Submucosal plexus

Cellular chemical code (change in density 
compared to healthy tissues, %)

Cellular chemical code 
(change in profile area 
compared to healthy 
tissues, %)

Schneider et al
[169]

Human Crohn’s disease 6.1±6,3 years ChAT, nNOS, SP, and NSE (similar to); VIP (> 
16%-CT)

N/A

Sigalet et al[170] Rat TNBS-50% 
ethanol

5 d PGP9.5 (<)1; VIP (<)1; S100 β (<)1 N/A

da Silva et al[130] Rat TNBS-30% 
ethanol

24 h P2X7 (< 21%-CT; < 13%-sham) ; Calret (< 11.7%-
CT; < 8%-sham); Calb (< 34%-CT; < 30%-sham); 
HuC/D (< 33.4%-CT; < 28%sham); S100β (< 
44.2%-CT; < 33%-sham)

Calbindin (< 25%-CT/sham)

1Count change without percentage information.
TNBS: 2,4,6-trinitrobenzenesulfonic acid; N/A: Not applicable; (<): Cell count/area decreased; (>): Cell count/area increased; ir: immunoreactive; CT: 
Control group; Sham: Sham group; P2X7: P2X7 receptor; ChAT: Acetylcholine transferase enzyme-ir; nNOS: Neuronal nitric oxide synthase enzyme-ir; 
Calret: Calretinin-ir; Calb: Calbindin-ir; SP: Substance P-ir; VIP: Vasoactive intestinal polypeptide-ir; HuC/D and PGP9. 5: Pan neuronal-ir; NSE: Neuron-
specific enolase-ir; S100β: Protein β for calcium S100-ir labeling.

In mouse studies, P2X2, P2X3, and P2X5 receptors were identified in the 
submucosal and myenteric plexuses of the stomach, jejunum, ileum, and colon[11,115-
117]. In rats, P2X2 and P2X3 receptors have been demonstrated in the submucosal and 
myenteric plexuses from the stomach to the large intestine and rectum[118-123], and 
P2X6 receptors have been demonstrated in the submucosal plexuses of the jejunum, 
ileum, and proximal and distal colon and in the myenteric plexuses of the stomach, 
ileum, and proximal and distal colon[124].

Specifically, the P2X7 receptor has also been visualized in the submucosal and 
myenteric plexuses of the colon of humans[19] and in the submucosal plexus of the 
ileum and the myenteric plexus of the stomach and small and large intestines of 
guinea pigs[125]. In mice, the presence of the P2X7 receptor was identified in the 
myenteric plexus of the colon[19] and in rats in the submucosal and myenteric 
plexuses of the esophagus, stomach, jejunum, ileum, large intestine, and distal colon
[121,126-133]. Similar to the other purinergic receptors, the P2X7 receptor also presents 
a wide range of distributions in relation to enteric neurons with different chemical 
codes that integrate the ENS (Table 3).

The P2X7 receptor
The P2X7 receptor is a trimeric complex that typically contains 595 amino acids (594 in 
guinea pigs)[134,135]. The P2X7 receptor consists of two transmembrane domains 
(TM1 and TM2) linked by a large extracellular loop and by two intracellular domains 
known as the N-terminus and C-terminus[134,136]. The loop acts as a site for 
transition metal binding and assists in the activation of this receptor via ATP[136], 
allowing the channel formed by TM1 and TM2[86,135,137] to regulate the passage of 
calcium, sodium, and potassium[13,93,138]. The domains inside the cell modulate the 
functions and determine the kinetics of the depolarization and expansion of this 
channel[139]. It is worth noting that in the P2X7 receptor, the intracellular C-terminus 
is significantly longer than that in the other P2X receptors[134,136].

As another striking feature, the P2X7 receptor also demands higher concentrations 
of extracellular ATP for its activation than other purinergic receptors do[101], and this 
is a possible tissue "danger" sensor[101,140]. In response to inflammation[14,128], 
trauma or injury[91,141], the elevation of ATP causes a prolonged stimulus that 
induces the transition of the ion channel to a nonselective membrane pore[101,142,
143], making the cell permeable to molecules up to 900 daltons[94,101,142,143]. In 
association, massive calcium influx[144] can contribute to cell death[85,137,145], with 
subsequent release of greater amounts of ATP[146-148].

Thus, in addition to its already recognized role in neurotransmission[141], the P2X7 
receptor is also closely related to most diseases of the body[140], acting in multiple 
inflammatory processes[85,99149,150], immune responses[10,85,86,99,149,151], 
metabolism and cell proliferation[149]. The P2X7 receptor may also be responsible for 
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Table 2 Specific variations in cell number and neuronal profile area according to the respective chemical code observed in the 
myenteric plexus of the enteric nervous system

Ref. Species Colitis Time Myenteric plexus

Cellular chemical code (change in density 
compared to healthy tissues, %)

Cellular chemical code 
(change in profile area 
compared to healthy 
tissues, %)

Boyer et al[79] Mice DNBS-50% 
ethanol

0.5 - 120 h HuC/D (< 42%-CT) N/A

Linden et al[17] Guinea pig TNBS-30% 
ethanol

2 - 12 h;1-56 
d

HuC/D 12 and 24 h (< 15%-CT); HuC/D 6 and 
56 d (< 20%-CT); ChAT, nNOS, calret and NeuN 
6 d (=); VIP 6 (>)1 and 56 d (No differences)

N/A

Sarnelli et al[171] Rat TNBS-50% 
ethanol

7 d HuC/D (< 20%-CT) N/A

Gulbransen et al
[19]

Mice DNBS-50% 
ethanol

48 h HuC/D (< 32%-CT) N/A

Linden[77] Guinea pig TNBS-30% 
ethanol

24 h HuC/D (< approximately 20%-25%-CT) N/A

Da Silva et al[129] Rat TNBS-30% 
ethanol

24 h P2X7 (< 11%-CT); ChAT (< 34.9%-CT); nNOS (< 
42.3%-CT; < 18%-sham); Calret (< 60.6%-CT; < 
15%-sham); Calbindin (< 22.9%-CT); HuC/D (< 
33.3%-CT; < 16%-sham); S100β (< 29.2%-CT; < 
23%-sham)

nNOS (< 6.6%-CT/sham); 
ChAT (< 21.2%-CT/sham); 
Calbindin (>19%-CT); 
Calretinin (< 2%-sham)

Souza et al[133],2 Rat TNBS-30% 
ethanol

24 h P2X7 (< 10.6%-sham; < 20.4%-BBG); ChAT (< 
34%-sham; < 13.9%-BBG); nNOS (< 22.9%-sham; 
< 22.2%-BBG); HuC/D (< 15.4%-sham; < 19.5%-
BBG); GFAP (< 14.4%-sham; < 17.7%-BBG)

nNOS (< 12%-sham; < 8%-
BBG); ChAT and HuC/D (No 
differences)

1Change in count without percentage information.
2Data from ileum after colitis. DNBS: Dinitrobenzene sulfonic acid; TNBS: 2,4,6-trinitrobenzenesulfonic acid; N/A: Not applicable; (=): Similarity of cell 
count; (<): Cell count/area decrease; (>): Cell count/area increase; ir: Immunoreactive; CT: Control group; Sham: Sham group; BBG: Brilliant Blue G-
treated animals group; P2X7: P2X7 receptor; ChAT: Acetylcholine transferase enzyme-ir; nNOS: Neuronal nitric oxide synthase enzyme-ir; Calret: 
Calretinin-ir; VIP: Vasoactive intestinal polypeptide-ir; HuC/D: Neuronal pan-ir; NeuN: Neuronal nuclear antigen-ir; GFAP: Glial fibrillary acid protein-ir; 
S100β: Protein β for calcium S100-ir labeling.

triggering the stimulation of necrosis and apoptosis after neurological injuries[85,152,
153].

Most of the studies involving the ENS have demonstrated a decrease in the number 
of cells that are immunoreactive to the P2X7 receptor in the submucosal and myenteric 
plexus following ischemia/reperfusion in the ilea of rats [127,131,132] and intestinal 
inflammation in rats[128-130,133], mice, and humans[19]. Moreover, the alteration of 
these same neurons was observed in the ENS of the large intestine of rats subjected to 
undernourishment protein and renutrition[121].

Antonioli et al[128] also observed a higher intensity of immunofluorescence labeling 
of these cells in the myenteric ganglia of the distal colon of rats with experimentally 
induced colitis. These findings may reflect higher activation of the P2X7 receptor in the 
epithelium and lamina propria of the colon in response to inflammation[154] and in 
human patients with Crohn's disease or ulcerative colitis[155]. Moreover, it has 
already been shown that the P2X7 receptor also acts in regulating the activation of NF-
ҡB[148,154] and in the release of proinflammatory cytokines (IL-1β, IL-6, IL-18, and 
TNF)[148,154,156]. In addition, higher colocalization rates between the P2X7 receptor 
and dendritic cells, T cells, and macrophages in the epithelium and lamina propria of 
the inflamed colon in humans have also been reported[155].

Thus, it is highlighted that the P2X7 receptor can promote the occurrence and 
progression of IBDs, altering the local biological behavior[10] and acting as a key 
factor in the pathogenesis of ulcerative colitis and Crohn’s disease[19,154,157], 
sometimes even being responsible for neuronal loss[19,158]. Soon, effective pharmaco-
logical blockade of this receptor will emerge as a new target in the treatment of inflam-
matory conditions[99].
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Table 3 Specific distribution of the P2X7 receptor in relation to cells with different chemical code that integrate the enteric nervous 
system

Ref. Species Tissue Chemical cellular code (p2x7 
receptor expression, %)

Submucosal plexus Myenteric plexus

Hu et al[125] Guinea pig Ileum ChAT, calret, NPY and SP nNos, calret, calb, NPY, SP, and HuC/D

Hu et al[125] Guinea pig Stomach and 
intestines

N/A nNos, calret, calb, NPY, SP, and HuC/D

Vanderwinden et al[126] Rat Stomach, jejunum, 
and colon

S100β S100β

Gulbransen et al[19] Human and mice Colon + +

Girotti et al[121] Rat Large intestine P2X7 in 100% of ChAT, calret, and 
calb; ChAT (22.5%), calret (35%) and 
calb (12.7%)

P2X7 in 100% of ChAT, nNOS, calret, and 
calb; ChAT (12.7%), nNOS (35.7%), calret 
(17.6%) and calb (8.3%)

Palombit et al[127] Rat Ileum N/A P2X7 in 100% of ChAT, nNOS, calret, and 
calb; ChAT (42.2%), nNOS (24.5%), calret 
(33.5%), and calb (10.7%)

Antonioli et al[128] Rat Distal colon N/A P2X7 in 100% of HuC/D

Da Silva et al[129] Rat Distal colon N/A P2X7 in 100% of ChAT, nNOS, calret, calb, 
and S100β

Da Silva et al[130] Rat Distal colon P2X7 in 100% of calret, calb, HuC/D, 
and S100β

N/A

(+): P2X7 receptor positivity without cellular chemical code information; N/A: Not applicable; ir: Immunoreactive; ChAT: Acetylcholine transferase 
enzyme-ir; nNOS: Neuronal nitric oxide synthase enzyme-ir; Calret: Calretinin-ir; Calb: Calbindin-ir; NPY: Neuropeptide Y-ir; SP: Substance P-ir; HuC/D: 
Neuronal pan-ir; NF200: Neurofilament 200-ir; GFAP: Glial fibrillary acid protein-ir; S100β: Protein β for calcium S100-ir labeling.

THERAPEUTIC APPROACHES TO THE TREATMENT OF INFLAMMATORY 
BOWEL DISEASES THROUGH THE P2X7 RECEPTOR
Positive results from the use of P2X7 receptor antagonists have already been dem-
onstrated in the treatment of ischiatic nerve lesions in mice[159], in brain infarction by 
middle cerebral artery occlusion in rats[160], and in ileal ischemia and reperfusion in 
rats[131]. During experimentally induced colitis, intraperitoneal application of Brilliant 
Blue G (BBG) significantly reduced weight loss in rats, the score of mucosal lesions 
observed through colonoscopy, the macro- and microscopic degrees of inflammation, 
the number of inflammatory cells, and the deposition of collagen fibers in this organ. 
Lower levels of P2X7 receptor expression in the epithelium and lamina propria and 
lower levels of cell apoptosis in the distal colon epithelium were also demonstrated by 
terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay. In 
addition, there was a stabilization of low concentrations of TNF-α, IL-1β and NF-ҡB, 
elementary members of this inflammatory process[154]. BBG was also effective in 
protecting intestinal regions distant from the inflammatory focus, as in the case of 
ileum in relation to distal colitis[56].

Moreover, in the context of colitis, various P2X7 receptor antagonists also slowed 
disease progression and reduced NF-ҡB activation, Caspase-1 expression, and concen-
trations of TNF and IL-1β in the mouse intestine[148]. Microscopic changes[148,154], 
changes in colonoscopy examination findings[154] and the loss of tight junctions due 
to inflammatory-cytokine-induced damage were also ameliorated[161]. In knockout 
(KO) mice, there was also an increase in specimen weight and reductions in 
histological lesions[155], with a greater preservation of the epithelial barrier, compared 
to wild-type (WT) animals[162]. Basically, there was no development of this disease in 
P2X7 receptor KO animals after the induction of inflammation[155,162].

Although all these therapeutic advances are exceptionally remarkable, only Eser et 
al[163] evaluated the use of some P2X7 receptor antagonists in humans with IBDs - a 
phase IIa study conducted specifically with patients in moderate to severe stages of 
Crohn's disease. According to the authors, the drug AZD9056 was well tolerated, and 
although it did not alter the concentrations of C-reactive protein or fecal calprotectin 
when compared to placebo, it caused a significant improvement in the Crohn's Disease 
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Activity Index (CDAI) and showing favorable effects on the remission of the disease 
and marked reduction in abdominal pain during the treatment period[163].

Taken together, this information reinforces the characterization of the P2X7 receptor 
as a promising target for the treatment of intestinal inflammatory conditions[14,127-
133,148,154,155], especially in view of not only its wide expression in macrophages[10,
164,165], mast cells[166] and T cells[10,162] but also its their strong involvement in the 
activation of caspases[167] and the release and regulation of transcription factors and 
pro-inflammatory cytokines[168,165].

CONCLUSION
It is concluded that IBDs are capable of aggressively and negatively affecting the 
cellular constituents of the ENS, and further studies are required in this area since 
knowledge in this area can still be considered, in a certain way, scarce. Studies of 
structural losses and/or structural deregulations in the enteric plexus may answer 
numerous questions about intestinal functionality, and therefore, the performance of 
these studies is of fundamental importance. Thus, it is also clear that the therapeutic 
approaches carried out through the P2X7 receptor have contributed to the 
advancement of this knowledge, but unfortunately: (1) We cannot fail to highlight that 
clinical trials with human patients are still lacking; (2) A better elucidation of the 
chemical signaling and functional regulation of immune cells upon the activation of 
this receptor is required; and (3) More quantitative studies on the structural 
components of the ENS involved in colitis and in its treatment are also required.
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Abstract
The disease coronavirus disease 2019 (COVID-19) is a severe respiratory illness 
that has emerged as a devastating health problem worldwide. The disease 
outcome is heterogeneous, and severity is likely dependent on the immunity of 
infected individuals and comorbidities. Although symptoms of the disease are 
primarily associated with respiratory problems, additional infection or failure of 
other vital organs are being reported. Emerging reports suggest a quite common 
co-existence of gastrointestinal (GI) tract symptoms in addition to respiratory 
symptoms in many COVID-19 patients, and some patients show just the GI 
symptoms. The possible cause of the GI symptoms could be due to direct infection 
of the epithelial cells of the gut, which is supported by the fact that (1) The 
intestinal epithelium expresses a high level of angiotensin-converting enzyme-2 
and transmembrane protease serine 2 protein that are required for the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) entry into the cells; (2) 
About half of the severe COVID-19 patients show viral RNA in their feces and 
various parts of the GI tract; and (3) SARS-CoV-2 can directly infect gut epithelial 
cells in vitro (gut epithelial cells and organoids) and in vivo (rhesus monkey). The 
GI tract seems to be a site of active innate and adaptive immune responses to 
SARS-CoV-2 as clinically, stool samples of COVID-19 patients possess proinflam-
matory cytokines (interleukin 8), calprotectin (neutrophils activity), and immuno-
globulin A antibodies. In addition to direct immune activation by the virus, 
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impairment of GI epithelium integrity can evoke immune response under the 
influence of systemic cytokines, hypoxia, and changes in gut microbiota 
(dysbiosis) due to infection of the respiratory system, which is confirmed by the 
observation that not all of the GI symptomatic patients are viral RNA positive. 
This review comprehensively summarizes the possible GI immunomodulation by 
SARS-CoV-2 that could lead to GI symptoms, their association with disease 
severity, and potential therapeutic interventions.

Key Words: COVID-19; Gastrointestinal symptoms; Pathogenesis; Innate immune 
response; Adaptive immune response; Gut microbiota; Dysbiosis; Therapeutics; Probiotic; 
Pre-existing diseases

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronavirus disease 2019 (COVID-19) is a global pandemic. Many COVID-
19 patients either present gastrointestinal (GI) symptoms in addition to respiratory 
symptoms or just GI symptoms. Syndrome coronavirus 2 (SARS-CoV-2) directly 
infects GI epithelial cells as they express significant levels of angiotensin-converting 
enzyme-2 and transmembrane protease serine 2 protein, required for SARS-CoV-2 
entry. This article reviews gut infection and GI immunomodulation by SARS-CoV-2, 
leading to spectrum of GI symptoms and pathogenesis in COVID-19-patients. Special 
emphases are given on the innate and acquired immune responses in the GI tract due to 
intestinal and non-intestinal SARS-CoV-2 infection, COVID-19 severity in people 
with pre-existing intestinal diseases, role of gut microbiota, and possible therapeutic 
interventions are discussed.

Citation: Roy K, Agarwal S, Banerjee R, Paul MK, Purbey PK. COVID-19 and gut 
immunomodulation. World J Gastroenterol 2021; 27(46): 7925-7942
URL: https://www.wjgnet.com/1007-9327/full/v27/i46/7925.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i46.7925

INTRODUCTION
In December 2019, pneumonia cases with unrecognized etiology were reported in the 
Wuhan city of China, causing fever and acute respiratory distress. The causative agent 
is a novel coronavirus named syndrome coronavirus 2 (SARS-CoV-2), and the disease 
is referred to as coronavirus disease 2019 (COVID-19)[1,2]. SARS-CoV-2 belongs to the 
order “Nidovirales”; family of “Coronaviridae”, and subfamily “Orthocoronavirinae”
[3]. Coronaviruses are single-stranded RNA viruses, usually zoonotic but have 
regularly affected humans to cause a major health crisis[4,5]. COVID-19 rapidly spread 
like an epidemic in China, followed by worldwide transmission of the infection and, 
therefore, was declared a pandemic and global crisis by the World Health 
Organization (WHO) in March 2020. As of May 23, 2021, the WHO COVID-19 
dashboard reported 166352007 confirmed cases of COVID-19, and 3449189 deaths 
worldwide, making this one of the worst pandemics in the 21st century. The high rate 
of human-to-human transmission, asymptomatic carriers, and the absence of 
therapeutic intervention led to the global pandemic.

The evolution of new variants of the virus has made the situation even worse. New 
SARS-CoV-2 strains are emerging like B.1.351 was detected in South Africa, B.1.207 in 
Nigeria, while strain B.1.1.7 was identified in the United Kingdom in December 2020 
and is highly infectious. The new strains like B.1.1.7 strain harbor several mutations, 
especially in the S protein, including the N501Y (asparagine to tyrosine substitution), 
69/70 deletion. P681H and enhances the virus-angiotensin-converting enzyme-2 
(ACE-2) binding efficacy, thereby making the variants highly contagious. B.1.617.1, 
B.1.617.2, and B.1.617.3 are the three subtypes of the Indian variant reported in 
October 2020 is highly infectious and causing fresh waves of infection in many 
countries around the world. Three important mutations in the sequence coding for the 
viral spike protein co-occur in variant B.1.617.1: L452R, E484Q, and P681R. B.1.617.2 is 
also linked to the L452R, T478K, and P681R mutations[6]. Indications suggest that 
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these variants can trigger severe disease conditions or higher fatality rates. The 
complete impact of these mutations is not yet understood and is still being researched, 
but comprehensive genomic strain surveillance is needed to better understand the 
strain-specific infection, pathogenesis, epidemiological and therapeutic aspects. 
Several potential therapeutic and prophylactic interventions are under investigation or 
have undergone randomized controlled trials. Great strides have been made in vaccine 
development, and COVID-19 vaccines are now approved for mass use in several 
countries. Raising hopes for curbing the COVID-19 crisis and WHO’s guidelines on 
wearing a mask, social distancing, and sanitization needs to be strictly followed to 
bend down the infection curve.

Though COVID-19 mainly causes respiratory illness, many patients experience 
gastrointestinal (GI) symptoms, including nausea, vomiting, belly pain, appetite loss, 
and diarrhea. GI symptoms are often associated with the presence of CoV2 RNA in 
many patients’ stool (feces) samples[7]. Though the mechanism of lung infection is 
widely studied, there is a dearth of information regarding the enteric phase of SARS-
CoV-2, especially the immune contexture and response. The gut microbiome is 
considered to play a key role in regulating the impact of SARS-CoV-2, and significant 
alterations in the microbiota profiles are reported in COVID-19 patients. The role of 
the gut-lung axis and the severe respiratory distress associated with gut imbalance is 
also very relevant[8]. COVID researchers have reported a disturbance of the gut 
microbiota and its association with lung and gut infections, which can cause hindrance 
in the gut-lung axis. Recent data suggest that GI symptoms might be a warning sign of 
a more serious condition with poor prognosis. Because of the GI infection and COVID 
severity, the present paper deals with a complete review of the COVID-19-associated 
gut-infection, pathogenesis, innate and acquired immune responses, gut microbiota, 
and possible therapeutic intervention. Figure 1, is a schematic showing SARS-CoV-2 
infection and activation of cell death-associated release of damage-associated 
molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMPs), 
associated inflammation and host intracellular immune response.

COVID-19 PATHOGENESIS AND INFECTION PROCESS 
Human-to-human transmission of COVID-19 can occur when the infectious res-
piratory droplets of patients are transmitted as droplets or aerosol that finally gets 
deposited into the nasal, oral, and conjunctival mucosa of an uninfected human being. 
SARS-CoV-2 prominently attacks the lungs and infects other organs such as the gut, 
heart, blood vessels, kidney, cortex, and central nervous system[9]. SARS-CoV-2 
infects host cells when the viral spike (S) protein binds to the cell surface receptor 
ACE2. Thereby, ACE2 is the crucial cellular receptor for the entry of SARS-CoV-2[10]. 
Two functional domains are found in the S protein: A receptor-binding domain and a 
second domain with S1/S2 cleavage site containing multiple arginine residues that 
must be cleaved by cell proteases for cellular entry. The furin-mediated pre-cleavage 
of the S1/S2 site leads to further activation of viral fusion to the cells by trans-
membrane protease serine 2 protein (TMPRSS2)[11,12]. ACE2 receptors and TMPRSS2 
are expressed in various human cells susceptible to viral infection, including epithelial 
cells in the lungs, small intestine, and colon, tubular cells of the kidney, neuronal and 
glial cells in the brain, enterocytes, vascular endothelial cells, smooth muscle cells and 
cardiomyocytes[13]. Viruses are shed in the feces long after the resolution of the 
pulmonary symptoms, making the fecal-oral route of SARS-CoV-2 transmission a 
possibility. Single-cell transcriptomics data suggest that the GI epithelium, especially 
the enterocytes lining of the ileum and colon, shows a higher frequency of 
coexpression of both the ACE2 and TMPRSS2 and therefore, are conducive for SARS-
CoV-2 interaction and infection, which may explain the GI pathogenesis[14,15]. The 
viral entry is associated with the release of proinflammatory cytokines, immune cell 
infiltration, and overall immune activation leading to inflammation. The infection-
associated GI-specific symptoms include anorexia, watery diarrhea, nausea and 
vomiting, and associated abdominal pain[14] (Figures 1 and 2).

COVID-19 AND GI SYMPTOMS
Similar to lung infection, the GI-infection by SARS-CoV-2 triggers an antiviral immune 
response characterized by the release of interferon (IFN), cytokines, and chemokines in 
the infected cells. Figure 2 presents a brief overview of the GI infection routes and 
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Figure 1 COVID-19 and gut Immunomodulation. A: Model is showing gut infection; B: Zoomed in area of the gut; C: Zoomed in representation of an area 
showing the intestinal crypts; D: Zoomed in C, showing a histological representation of intestinal crypts. The intestinal epithelium is folded and organized into crypts 
and villus. Villus is the finger-like projections gutting out towards the lumen of the intestine (red cells). The crypts base (shown in yellow and green cells) houses the 
intestinal stem cells, while the blue cells comprise the transit-amplifying cells. SARS-CoV-2 activates angiotensin-converting enzyme 2 receptors, and epithelial cell 
death-associated release of damage-associated molecular patterns (DAMPs) and pathogen-associated molecular patterns (PAMPs). DAMPs and PAMPs are 
considered a danger signal by immune cells, especially the dendritic cells, macrophages, and innate immune cells. This damage recognition is associated with 
proinflammatory cytokine production (like Interferon, tumor necrosis factor-α), followed by immune infiltration and virus-specific B and T cell response. CD8+ T cells 
undergo clonal expansion and kill the infected cells and launch an antiviral attack. B cells differentiation to plasma cells can lead to antiviral antibody production and 
subsequent neutralization of SARS-CoV-2[10,14]. Some images (Free Stock Media) are downloaded from Canva.com using subscription. IFN: Interferon; TNF-α: 
Tumor necrosis factor-α; DAMP: Damage-associated molecular patterns; PAMP: Pathogen-associated molecular patterns; DC: Dendritic cells; MQ: Macrophages.

symptoms. These inflammatory mediators promote infiltration of neutrophils, 
macrophages, and T cells to the site of infection, resulting in enteric inflammation that 
may lead to diarrhea and other GI symptoms[10]. Studies have shown that the 
elevated fecal levels of calprotectin (a marker protein expressed mainly by neut-
rophils) in patients with COVID-19 adds to the growing evidence that SARS-CoV-2 
infection triggers an inflammatory response in the intestine. Calprotectin concen-
trations were found to be significantly higher in COVID-19 patients who had suffered 
from diarrhea along with elevated serum interleukin (IL)-6 levels[16]. An alternate 
mechanism implicated in GI symptoms in COVID-19 patients is oxygen deprivation
[17]. Hypoxia is one of the major clinical symptoms in COVID-19 patients known to 
influence intestinal homeostasis, including microbiota composition and immune 
function. It is shown that oxygen deprivation (exacerbated hypoxia) can contribute to 
GI disorders and inflammatory disease severity[18].

The tissues that are targeted by SARS-CoV-2 go through an early phase of infection 
where a high viral load induces intestinal symptoms such as vomiting and diarrhea 
associated with COVID-19 during the initial phase in some patients. Thus, diarrhea 
should also generate awareness of a possible SARS-CoV-2 infection and should be 
investigated to reach an early diagnosis of COVID-19 to slow down its transmission 
instead of waiting for the respiratory symptoms to develop.

The first results linking GI symptoms with COVID-19 were obtained from a study 
conducted in COVID-19 confirmed patients in Wuhan, China[19]. In this study, 204 
patients with COVID-19 who presented at three hospitals were analyzed. Although 
most patients presented with respiratory symptoms, many patients also presented 
with GI -specific symptoms. It is possible that GI symptoms associated with COVID-19 
could be underreported due to the focus on fatal respiratory symptoms. However, a 
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Figure 2 Illustrative model showing gastrointestinal infection routes and symptoms. The figure shows the main routes of infection. Infectious 
respiratory droplets or aerosols deposited on the nasal, oral, or conjunctiva may lead to person-to-person spread. SARS-CoV-2 is detected in feces of infected 
patients may infect by fecal-oral transmission. The right upper section of the figure also discusses the significant gastrointestinal symptoms associated with COVID-19 
infection. The receptors (angiotensin-converting enzyme 2 and TMPRSS2) of SARS-CoV-2 are detected on various organs, especially the lungs, intestine, liver and 
kidneys. The right lower section describes the infection process leading to intestinal symptoms. After SARS-CoV-2 infection, cytopathic effect occurs due to infection 
and associated immune activation leading to compromised intestinal barrier function, microbial dysbiosis, and severe symptoms. Many studies have established the 
link between healthy intestinal flora and the gut-lung axis. COVID-19 severely induces the intestinal microbiota dysbiosis and affects the gut-lung axis, especially the 
immune response. Probiotics and appropriate nutritional supplements can help protect from SARS-CoV-2 associated symptoms[10,14]. Some images (Free Stock 
Media) are downloaded from Canva.com using subscription. ACE2: Angiotensin-converting enzyme 2.

study by Pan et al[20] reported that patients without GI symptoms were more likely to 
recover and be discharged than those with GI symptoms (60% vs 34%). This data 
indicates that GI symptoms like diarrhea may be associated with a worse outcome 
requiring respiratory assistance and intensive care admission. It was also found that 
patients with COVID-19, especially those with digestive symptoms, remained for a 
long time from the onset of symptoms to hospital admission with an average time of 9 
d compared to patients with only respiratory symptoms who had an average 
admission time of 7.3 d[19]. This may indicate that those with digestive symptoms 
waited longer to be diagnosed in the hospital, as they were unsuspected of being 
SARS-CoV-2 positive in the absence of respiratory symptoms[21]. Besides, prolonged 
hospital stay could also be due to treatment time needed to resolve multiple symptoms 
in patients with GI and respiratory infections.

Wang et al[22] analyzed the biodistribution of SARS-CoV-2 in different tissues of 
patients with confirmed COVID-19[22]. In this study, SARS-CoV-2 was detected in 
multiple tissue specimens collected from 205 COVID-19 patients. Bronchoalveolar 
lavage fluid specimens showed the highest positive rates (14 of 15; 93%). However, the 
virus was also detected in feces suggesting that the infectious virions are secreted from 
the virus-infected GI cells. The virus has also been detected in GI histological samples 
and by endoscopy[23]. Therefore, the fecal-oral transmission could be a possible route 
for the viral spread. To further investigate the presence of SARS-CoV-2 in feces, Xiao et 
al[24] examined the viral RNA in feces from 73 patients with SARS-CoV-2 during their 
hospitalizations. Out of the 73 hospitalized patients infected with SARS-CoV-2, 39 
(53.42%) tested positive for SARS-CoV-2 RNA in their stool. The study also found that 
17 (23.29%) patients continued to have positive stool results after showing negative 
outcomes in the respiratory samples. Overall, these data suggest viral GI infection and 
a potential fecal-oral transmission that can last even after viral clearance in the 
respiratory tract, and also advocates implementing testing of the virus in feces by real-
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time reverse transcription polymerase chain reaction for disease monitoring and 
surveillance.

IMMUNOMODULATION IN GI TRACT DUE TO INTESTINAL AND NON-
INTESTINAL INFECTIONS
Clinical data suggest that co-infection of GI tract along with respiratory tract are quite 
prevalent[25]. Xiao et al[24] has reported the presence of replicating viruses in the 
epithelium of the GI tract[24], and the in vitro models of cell and organoid culture of 
human intestinal epithelial cells (hIECs) support efficient SARS-CoV-2 infection, 
replication and production of infectious de novo virus particles[25]. Intestinal viral 
load seems to show a stronger association with the severity of respiratory and GI 
symptoms in COVID-19 patients[26]. Recently, in a non-human primate (rhesus 
monkey) model of SARS-CoV-2 infection, in vivo infection of GI tract triggered 
reduced proliferation and increased apoptosis of intestinal epithelial and goblet cells 
along with intestinal inflammation by macrophages has been reported by performing 
immunohistochemistry for proliferation (Ki67), apoptosis (cleaved caspase 3), and 
recruited macrophages (CD68+), and multiplex cytokine assay of GI tract tissues[27]. 
These reports support immune modulation in the GI tract due to direct infection of GI 
tract cells by the virus or due to changes in the GI tract integrity and microbiota under 
the influence of systemic cytokines and hypoxic conditions or a combination of all. GI 
tract is a site of active immune reaction to generate tolerant immunity against various 
commensal pathogens and an effective immunity to fight the pathogenic infectious 
agents, such as bacteria, viruses, parasites, etc. Direct or indirect modulation in the GI 
tract's immune activation during SARS-CoV-2 infection seems a reason for observed 
GI symptoms in COVID-19 patients.

Innate immune response to SARS-CoV-2
The initial protection against pathogens is established by innate immunity. Although 
more studies are needed, it is reasonably convincing that intestinal epithelium gets 
infected and is associated with some sort of GI symptoms. Virally infected cells can 
recognize the virus and virus-associated molecular patterns to elicit initial innate 
immune pathways to release cytokines and chemokines to recruit body's innate-
immune cells such as neutrophils, macrophages, etc. to the infected area of the gut, 
which further augments the inflammation in order to restrict the viral replication. This 
inflammatory response also promotes antigen processing and presentation to establish 
the adaptive immune response. However, some of the inflammatory cytokines are 
known to increase permeability of the intestinal lumen to the commensal microbes and 
may contribute to the onset of the GI-symptoms. The possible host immune responses 
during COVID-19 infection is discussed in this review.

Innate immune response mechanism to SARS-CoV-2: As explained in previous 
sections, it is evident that SARS-CoV-2 can infect various tissues of GI-tract followed 
by intestinal cell death, macrophage recruitment and release of various pro inflam-
matory cytokines to compromise the intestinal barrier[27]. Therefore, it is likely that 
SARS-CoV-2 infection of intestinal epithelial cells (IEcs) would trigger a coordinated 
innate immune response due to the recognition of SARS-CoV-2 associated molecular 
patterns (PAMPs), similar to that reported in the lung’s epithelial cells[25,28]. The 
initial cytokine released by the infected cells can further recruit immune cells 
(neutrophils, macrophages, lymphocytes etc.), in the gut microenvironment to amplify 
the inflammatory response by recognition of PAMS and cytokines by their specialized 
receptors to restrict the virus propagation[29,30]. Notably, this early innate immune 
response is essential to facilitate the emergence of a more specific adaptive immune 
response by lymphocytes. The nature, timing and strength of innate and adaptive 
immune responses have been reported to be determining factors for the COVID-19 
patient’s symptoms[31]. Several components of inflammation exist but we have 
limited knowledge on the nature of inflammatory pathways triggered in the GI-tract 
by SARS-CoV-2.

One of the important components of inflammation is IFN response that includes 
large number of genes exerting antiviral effect. Recent report in a monkey model has 
shown many proinflammatory cytokines in the GI tract but they show no clear 
evidence on the IFN-I response genes and thus further omics studies may shed some 
lights in this regard[27]. It is apparent that asymptomatic and mild/moderate 
symptomatic patients develop a compelling early innate immune response to 
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successful viral clearance. While, patients with severe symptoms (especially the 
elderly and those with pre-existing health conditions) exhibit a dysfunctional early 
innate immune response against SARS-CoV-2 to allow the dissemination of infection 
leading to life-threatening complications[32,33]. In general, inadequate early innate 
immune response and failure to generate enough antiviral IFNs allow immune 
evasion, viral propagation, the spread of infection and subsequently cell death, and the 
release of PAMPs and DAMPs to cause cytokine storm. However, there is no strong 
correlation between viral load and severity of the disease highlighting the role of 
genetic or physiological state of the individual in developing the severe symptoms. 
Currently, we have little knowledge about the contribution of GI tract infection and 
inflammation towards cytokine storm and organ damage, which needs further 
exploration in the clinical and experimental setup. However, in the rhesus monkey 
model, it is evident that infection of GI-tract can contribute to systemic inflammation 
and inflammation to lungs[27].

IEcs and goblet cells undergo apoptosis[27]; however, other form of inflammatory 
cell death could be operational, which needs to be investigated in a preclinical and 
clinical setup as various types of cell death can occur due to the activation of innate 
immune recognition of PAMPs and DAMPs. The inflammatory cell death includes 
Pyroptosis, Apoptosis and Necroptosis, also termed as Panoptosis[30]. Pyroptosis is an 
inflammasome or Gasdermin mediated phenomena that involve caspase1, 4, and 5 
activations (in humans) and gasdermin mediated pore formation and release of Il1b 
and IL-18. Recent data suggested a role of SARS-CoV-2 infection induced pyroptosis in 
peripheral blood mononuclear cells through NLRP3 (NLR family pyrin domain-
containing 3) inflammasome activation, cleavage of caspase-1, and secretion of IL-1β 
and IL-18[34]. Necroptosis is a mixed-lineage kinase domain-like pseudokinase 
(MLKL)-mediated inflammatory cell death, during which oligomerized MLKL is 
translocated to form channels in the plasma membrane, which has been documented 
in SARS-CoV-2 infection[35]. Karki et al[35] have shown that a combination of just 
tumor necrosis factor (TNF)-α and IFN-γ can exert significant cell death in bone 
marrow-derived macrophages and their blockage can abrogate the cell death and 
severe symptoms in COVID-19 situation. We guess, possibly similar kind of cell death 
also operates in GI-tract as TNF-α and IFN-γ are induced in SARS-CoV-2 infected GI-
tract[35]. Here, as part of an innate immune response, we elaborate on the evidence of 
IFN (IFN-I and IFN-III) and proinflammatory cytokines production in the context of 
human GI tract cells that may have consequences towards GI symptoms.

Induction of IFN and cytokines in the cells of the GI tract upon SARS-CoV-2 
infection: To successfully combat and generate immune memory against SARS-CoV-2, 
the host’ cells must generate an early innate immune response that includes the 
production of antiviral IFN and proinflammatory cytokines soon upon viral detection
[36]. The severity of COVID-19 disease has been correlated with a defective or lower 
level of systemic IFN production but an elevated level of proinflammatory cytokines
[37-39]. Since, infection of GI-tract contribute to the systemic cytokine pool[27], a 
detailed transcriptomic profile of GI-tract in non-human primate model can reveal 
some clues in future. In the in vitro models, similar to lung epithelial cells, the IEcs and 
intestinal organoids induce both type-I (IFN-I) and type-III IFN (IFN-III)[25,26,40]. 
Interestingly, SARS-CoV-2 induces stronger IFN-stimulated genes than SARS-CoV in 
the intestinal organoids, which seems similar to that observed in lung epithelial cells
[26]. Analysis of feces of COVID-19 patients has revealed a significant association of 
elevated proinflammatory cytokine (IL-8) and lower level of anti-inflammatory 
cytokine (IL-10) in the COVID-19 patients as compared to healthy people, which 
indicate an inflammation/immune response in the intestine[26]. Post infection, 
expression of cytokines is evident in the time course analysis of 23 cytokines in the GI-
tract of SARS-CoV-2 infected rhesus monkey[27]. Current studies analyzing the IEcs 
response upon SARS-CoV-2 infection have little data on IFN and ISG at later time 
points (24 h or longer). Also, analysis of cytokines in gut biopsy samples from various 
disease category may be useful. Future studies can be carried out to investigate other 
proinflammatory cytokines profiles that are usually observed in other viruses or 
bacterial infections. A comparative study would be necessary to dissect the molecular 
differences in response between IEcs and lung’s epithelial cells. Whether intestinal 
inflammation contributes to the systemic cytokine pool (which seems convincing in 
rhesus monkey model), caused various types of cell death in intestinal epithelium and 
resident immune cells would be important aspects to explore.

Adaptive immune response to SARS-CoV-2 in the GI tract
The adaptive immune response mediated by B and T lymphocytes is usually 
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pathogen-specific and develops slowly relative to the innate immune response. B cells 
and T cells in the intestine are continually interacting with a vast amount of antigen-
derived from diet and commensal microbes and maintain immune homeostasis. The 
interaction of gut-associated antigen and lymphocytes primarily happens in the gut-
associated lymphoid tissues, including the Peyer’s patches, isolated lymphoid follicles, 
and gut-draining mesenteric lymph nodes, leading to maturation and differentiation 
of lymphocytes[41]. We will discuss the potential adaptive immune response to SARS-
CoV-2 infection.

Lymphopenia in COVID-19
Non-severe COVID patients show a near-normal number of circulating lymphocytes, 
while severe patients show a reduced number of circulating lymphocytes, a condition 
known as lymphopenia[42,43]. Whereas, a detailed analysis of lymphocyte subsets 
shows a significant reduction in T cells and NK cells, but without any alteration in B 
cell number in severe patients[22,42,43]. COVID-19 patients with pre-existing 
metabolic disease, like diabetes, show a higher proportion of severe infection[44], and 
lymphopenia has been linked to the severity of Crohn's disease[45]. Lymphopenia in 
severe COVID-19 patients may result from the synergistic effect of inflammation and 
metabolic disorder. The cellular mechanism of lymphopenia could be due to the 
following reasons and beyond. First, inhibition of lymphocyte proliferation in severe 
disease. Pre-existing metabolic disease, such as diabetes, enhances the propensity of 
the severity of COVID-19[46], and metabolic molecules, such as elevated blood lactic 
acid levels, may inhibit lymphocyte proliferation[47]. Second, higher lymphocyte 
death in severe disease. The potential mechanism of lymphocyte death could be due to 
metabolic disorder, inflammation, damage of lymphatic organs, and direct infection of 
lymphocytes[47]. Third, reduced lymphocyte production by skewed hematopoietic 
lineage cell fate decision. Metabolic disease (ulcerative colitis) and inflammation can 
skew hematopoietic fate decision towards the myelopoiesis with a concomitant 
decrease in lymphopoiesis[22,47,48]. Forth, infiltration of lymphocytes at the site of 
infection.

B cell and antibody-mediated immunity in COVID-19
In general, the intestine offers a model example of the diversity of antibody-secreting 
cells (ASCs) and comprises at least three subpopulations in humans[49]. Binding of 
antigen to antigen-specific B cells generates activated B cells that differentiates into 
ASCs with the help of T helper cells. It has been shown that 70% of non-severe 
COVID-19 patients have high and persistent SARS-CoV-2 neutralizing immuno-
globulin (Ig)G in the sera after their recovery[50]. Antibody isotype analysis shows 
SARS-CoV-2 specific serum IgA and IgM in non-severe patients[51,52]. A longitudinal 
study in recovered patients showed that IgG antibodies are relatively stable up to 105 
d post symptom onset while IgA and IgM antibodies rapidly decay[52]. Interestingly, 
an anti-SARS-CoV-2 antibody found in the mucosal fluid (saliva, nasal fluid, and tear 
fluid) and COVID-19 recovered patients have anti-SARS-CoV-2 specific IgG and IgA 
in saliva, indicating that antibody in the GI tract could be as crucial as antibodies in the 
serum for protective immunity[52-54]. ASCs in the intestine is a significant source of 
IgA producing cells in human. This indicates that the GI tract plays an essential role in 
generating anti-SARS-CoV-2 antibodies and protective immunity against SARS-CoV-2. 
The antibody can protect SARS-CoV-2 infection possibly by the following; antibody-
mediated neutralization of the pathogen, phagocytosis of infected cells, and antibody-
dependent cellular cytotoxicity. Patient-generated SARS-CoV-2-specific antibody can 
neutralize the virus SARS-CoV-2 in ex-vivo condition[53,55]. Furthermore, a mounting 
adaptive response in GI is supported by the prevalent presence of IgA in the stool of 
severe SARS-CoV-2 patients[26]. However, the importance and potency of antibody-
mediated neutralization of SARS-CoV-2 in vivo require future studies in the model 
systems.

Longitudinal studies have shown that IgG and IgA levels to SARS-CoV-2 were 
significantly elevated as the disease progresses[52,56,57]. Anti-SARS-CoV-2 IgG was 
detected within the first week after onset of the symptoms in approximately 40% of 
patients. Within 15 d (late stage of infection), antibody levels increased by almost 100% 
of patients[57]. In general, severe patients showed a significantly higher IgG and IgA 
level compared to non-severe patients at late stages of infection. Surprisingly, the 
antibody level increases as the disease worsen in the severe group; on the contrary, the 
disease cured (patients recovered) in the non-severe group[51,56,57]. A few studies 
have shown that the severity of the disease positively correlated with an increased 
amount of IgG against S-protein and N-protein, especially in elderly patients[58].
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Similarly, a very high level of anti-SARS-CoV-2 IgA correlated with severe acute 
respiratory distress syndrome[51]. Recent studies have shown that antibody levels 
(especially those of IgG and IgA) and B cell repertoire are highly dependent on the 
nature of microbiota in the gut[59,60]. Similarly, B cells and antibodies in the gut could 
affect the composition of the microbiota. B cell knock-out mice (a proxy for antibody 
deficiency) and AID deficiency mice (don’t have secretory IgA in the gut) have 
reduced microbial diversity and alter the composition of gut microbiota[61]. Therefore, 
antibodies and microbiota have a feedback loop to maintain a healthy immune 
response. The current understanding is that people with dysbiosis (imbalance 
microbiota) have a prevalence of COVID-19[62]. Alternatively, it could be possible that 
high IgA levels in the severe patients who recovered have altered the composition of 
the microbiota and may have a long-term health effect. Figure 3 schematically 
represents the development of COVID-19 progress and its relationship to changes in 
the gut flora and disease progression.

T cell and cellular immunity in COVID-19
Cellular immunity is mediated by T cells, and microbiota profoundly affects T cell 
activation and differentiation, as observed in B cells. Dysbiosis can prompt multiple 
immune disorders mediated by T cells[63]. T cells have numerous subsets (CD4+ T 
cells, CD8+ T cells, and Treg) and distinct biological functions. CD4+ T cells primarily 
regulate the function of other immune cells, CD8+ T (cytotoxic T cells) cells can 
produce granzyme, and perforin results in the elimination of virus-infected cell, and 
regulatory T cell (Treg), which can restrain other activated T cells’ function[64,65]. 
COVID-19 recovered patients have SARS-CoV-2 reactive IFN + T cells and granzyme B 
producing CD8+ T cells[66,67]. The correlation of IFN + T cells and granzyme B 
producing CD8+ T cells in recovered patients may indicate activated T cells mediated 
elimination of the virus-infected cells[54]. Interestingly, it has been observed that 
asymptomatic or mild SARS-CoV-2 infected patients have SARS-CoV-2 specific CD4+ 
T cells, which could be due to cross-reactive CD4+ T cell recognition between the 
common cold and SARS-CoV-2 coronaviruses[66,67].

The T cell functions are dysregulated in many severe patients[67,68]. The source of 
dysregulated T cell functions in severe disease could be due to the following reasons. 
First, it has been shown that both severe and non-severe patients have a comparable 
proportion of activated T cells suggesting functionality of activated T cells may be 
restrained by other immune cells, such as Treg, in non-severe patients[32,42]. In line 
with this, Qin et al[42] showed that severe patients have fewer Treg (specifically, 
induced Treg). Several studies have shown that GI tract dysbiosis can alter Treg/CD4+ 
T cell axis and may have a pathogenic outcome[69]. The generation of fewer Treg in 
severe patients can be a synergistic effect of inflammation and mucosal microbiota 
imbalance. Second, T cells are exhausted in severe patients than non-severe COVID-19 
patients[67,68]. Dysbiosis can promote T cells exhaustion[70]. So, it could be possible 
that T cell exhaustion in severe patients is a combined effect of hyper inflammation 
and imbalanced GI microbiota. However, we can’t exclude other possibilities (such as 
bystander T cells) of dysregulated T cells in severe disease.

COVID-19 IN PEOPLE WITH PRE-EXISTING INTESTINAL DISEASES
Patients with chronic GI conditions may be at an increased risk of severe COVID-
related illness, therefore management of these patients becomes important. Although 
the primary source of transmission for SARS-CoV-2 is respiratory droplets, there is 
increasing evidence supporting the possibility of a fecal-oral route of transmission. 
Patients with active ulcerative colitis and Crohn’s disease have a greater tissue concen-
tration of ACE2, increasing the possibility of an infection[71]. Additionally, the level of 
serine protease TMPRSS2, is about ten times higher in patients with inflammatory 
bowel disease (IBD) than in healthy subjects, suggesting an increased risk of infection 
in these patients[72]. Brenner et al[73] created the Surveillance Epidemiology of 
Coronavirus Under Research Exclusion for IBD (SECURE-IBD) database to identify 
potential IBD-associated COVID-19 risk factors. Out of 525 patients with IBD and 
COVID-19, severe infection (defined as intensive care unit admission, ventilator use, or 
death) was reported in seven percent of patients. Potential risk factors in these patients 
include increasing age, ≥ 2 comorbidities like diabetes mellitus, chronic inflammatory 
disease, and systemic glucocorticoids use, but not with anti-TNF therapy[73]. Using 
anti-TNF antibodies has been shown to reduce inflammatory cell death during experi-
mental COVID-19 situation[35].
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Figure 3 Schematic diagram showing COVID-19 disease progression and correlation with alterations with gut microbiota. The progression of 
gut microbiome alteration and its association with clinical symptoms and gut dysbiosis is evident. Cartoon inspired by[10,62,85]. ACE2: Angiotensin-converting 
enzyme 2.

The clinical presentation of several GI diseases (e.g., Crohn's disease, ulcerative 
colitis) can mimic COVID-19 infection. Examples include diseases that manifest with 
diarrhea, nausea, vomiting, and/or anorexia. In a study by Mao et al[74], preliminary 
data have suggested that the prevalence of COVID-19 is not higher in IBD patients as 
compared to the general population[74]. Other studies have suggested that patients 
with IBD in remission are not at higher risk for SARS-CoV-2 virus infection and that 
such patients should continue maintenance therapy to sustain remission[74-76]. 
Digestive complications related to IBD relapse could be confused with symptoms of 
COVID infection and may skew the data for COVID symptoms in IBD patients. 
Discontinuing maintenance therapy for IBD has been associated with disease relapse 
and may lead to an increase of adverse outcomes such as hospitalizations, surgeries, 
and/or glucocorticoid therapy like prednisone that may increase the risk for severe 
COVID-19[76].

Patients with a flare of Crohn's disease/ulcerative colitis or active IBD, in the 
absence of COVID-19, may benefit from anti-inflammatory or biologic therapy to 
induce remission. Mild IBD therapeutic options include oral budesonide, aminosali-
cylates, and topical (rectal) therapy. While, the usual options for treating moderately to 
severely active IBD include biologic therapies (e.g., anti-TNF agents, anti-integrin 
agents, and anti-interleukin agents)[76] are still viable. However, if systemic glucocor-
ticoids are deemed necessary, the lowest dose of glucocorticoid with an appropriate 
clinical response is used for a short duration before transitioning to another therapy 
that is glucocorticoid-sparing[76]. Management of a patient hospitalized with severe 
ulcerative colitis in the absence of COVID-19 may include treatment with a glucocor-
ticoid (like methylprednisolone) and in unresponsive cases medical therapy may be 
escalated to infliximab[76]. Surgery is an alternative option for patients who do not 
improve with medical therapy. Additionally, in the COVID-19 era, the initial use of 
infliximab at a dose of 5 mg/kg rather than glucocorticoid therapy is a reasonable 
approach.

IBD patients with known or suspected COVID-19 should have individualized 
medication regimen adjustments in order to balance the risk of disease flare[77]. The 
goal is to reduce immunosuppression during active viral infection to lower the risk of 
COVID-19-related complications (e.g., pneumonia). Patients with suspected or 
confirmed COVID-19 infection can be treated with Budesonide, Aminosalicylates, 
including sulfasalazine, topical rectal therapy (e.g., topical glucocorticoid), and 
antibiotics. However, Glucocorticoids require dose adjustment based on the severity of 
COVID-19 infection and Immunomodulators like thiotropines, methotrexate; 
Tofacitinib (Janus kinase inhibitor); biologic agents like anti-TNF agents, ustekinumab, 
or vedolizumab are held or delayed in patients with active symptoms of COVID-19 
until symptoms resolve[78,79].

However, the association of comorbidities, and their effect on the prognosis of 
COVID-19 needs to be further evaluated. In a recent study, 18 (1%) of 1590 COVID-19 
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cases had a history of cancer of which three had a history of colorectal cancer, one each 
of colonic tubular adenocarcinoma, rectal carcinoma, and colorectal carcinoma. It was 
also noted that patients with a history of cancer and positive SARS-CoV-2 virus were 
observed to have a higher risk of severe events[80]. Several strategies have been 
proposed, such as delaying of adjuvant chemotherapy or elective surgery on a patient-
by-patient basis, stronger personal protection provisions, and more intensive sur-
veillance or treatment[80].

In a cross-sectional survey of 86602 individuals, 53130 reported prior abdominal 
pain, acid reflux, heartburn, and regurgitation with 6.4 percent COVID positivity. 
Proton pump inhibitors (PPI) users were shown to be considerably more likely than 
non-users to report a positive COVID-19 test result, with a dose-dependent increase in 
the likelihood of a positive test result, and further studies are required to ascertain the 
link. PPI increase the risk of enteric infections due to PPI-induced hypochlorhydria. 
The usage of Histamine-2 receptor antagonist was not associated with an increase in 
risk[81].

GUT MICROBE AND COVID-19
The gut microbiota, which includes approximately 1014 resident bacteria, archaea, 
virus, and fungi, regulates not only the metabolism and host immunity but also the 
overall health. The gut and the lung microbiota seem to bi-directionally modulate each 
other and maintain a healthy gut-lung axis and is reported to be altered in COVID-19 
patients and other diseases[82]. Lung infections can also significantly change the 
composition of gut microbiota, a process collectively termed as “gut microbial 
dysbiosis.” Viral respiratory infections are also known to induce inappetence and 
significantly impact the gut microbiota[7]. Severe pulmonary SARS-CoV-2 infection is 
associated with a hyperactive immune reaction and “cytokine storm”. Inflammatory 
mediators cause significant lung cytopathy and hyper-permeability, leading to a viral 
transfer to the gut via circulation or some other unknown mechanisms. The inflam-
matory mediators also damage the intestinal barrier leading to the leakage of intestinal 
microorganisms and associated metabolites into the main bloodstream that may 
further the inflammation and GI symptoms.

Moreover, microorganism-associated molecular patterns and PAMPs are recognized 
by host immune mediators and evoke a strong detrimental immunological reaction in 
organs, including the lungs and intestine. This vicious cycle of chronic immune 
activation leads to tissue inflammation and damage. Giron et al[83], 2020 study the role 
of COVID-19-associated lung injury, systemic inflammation, and disruption of the 
gut's barrier functions, resulting in the enhanced vulnerability of microbial products
[83]. Thus, COVID-19 affects the gut lung axis and induces microbial dysbiosis.

There is a dearth of information regarding the direct vs the indirect effect of SARS-
CoV-2 on gut microbiota. Zuo et al[84], 2020 analyzed fecal microbiome from COVID-
19 patients using shotgun metagenomic sequencing technology and detected higher 
opportunistic pathogens (including, Clostridium hathewayi, Actinomyces viscosus, and 
Bacteriodes nordii) and a concomitant decrease in beneficial commensals (including, 
Faecalibacterium prausnitzii, Lachnospiraceae bacterium 5_1_63FAA, Eubacterium rectale, 
Ruminococcus obeum, and Dorea formicigenerans[84]. Interestingly all patients in this 
study cohort did not present GI symptoms. Data regarding the use of probiotics and 
nutritional intervention can further confirm the hypothesis that SARS-CoV-2 
associated disease severity may be dictated by the patient’s microbiota status. 
Probiotics are live microbes, when consumed, can provide gut health. Several studies 
have shown that the administration of probiotics in COVID patients can ameliorate 
gut dysbiosis and improve host immune response[85,86]. In the absence of specific 
data, further investigation regarding the particular role of probiotics and supplements, 
microbial type or nutritional component needs investigation in larger SARS-CoV-2 
infected patient cohorts[87].

Elderly people (> 60 years) are associated with severe symptoms and higher 
mortality rates. The link between aging and progressive alteration of detrimental gut 
microbiota is well worked out[88]. An increasing number of reports suggest that a 
strong relationship exists between the gut microbiome and SARS-CoV-2 infection 
severity. Therefore, the heightened risk of aged patients may be associated with 
microbial dysbiosis, leaky gut, inflammation, and a dysfunctional gut-lung axis in 
addition to pre-existing conditions. A major question that has not been addressed is 
why certain developed countries have significantly higher mortality rates as compared 
to some underdeveloped or developing nations. Amongst many possibilities, the role 
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of lung and gut microbiome and resulting interference with systemic immunity may 
also help explain the global disparities in COVID-19 associated disease severity and 
death[89]. To have a comprehensive idea investigation with a larger data set is 
warranted.

THERAPEUTICS OPTIONS FOR COVID-19
Though infection prevention, control strategies, and preventive treatment are the 
mainstay of the current management of COVID-19. Some glimmer of hope has arrived 
in the form of COVID-19 vaccines’ approval for emergency use by many nations, but 
currently, no safe and effective treatment exists. The possible list of emerging 
therapeutics for the treatment of COVID-19 is steadily expanding and evolving, and 
that too in a short period of time. The United States Food and Drug Administration 
(FDA) has approved emergency use authorizations (EUAs) for a few medications and 
therapies and several others are under clinical trials[90]. This review will concentrate 
on the strategies especially aimed at prophylactic and therapeutic modulating the host 
immune system. Pre-infection immunoprophylaxis depends on the immune activation 
of the host immune system before infection and disease initiation. At the same time, 
therapeutic intervention strategies are focused to repair the immune systems during 
the duration of the illness, post-infection. Several therapeutic targets including IFN-I, 
TNF, JAK/STAT, IL-1, IL-6, GMCSF, convalescent plasma, and complements, are 
under investigation. A comprehensive list of all prophylactic and therapeutic 
molecules undergoing clinical trials is available online (https://www.who.int/
ictrp/en/; clinicaltrials.gov).

Approved therapeutics for COVID-19
Several antiviral molecules are undergoing clinical trials, and Remdesevir has been 
approved by United States FDA for therapeutic management of COVID-19 patients
[91]. Remdesevir (Veklury), being a nucleoside analog, prevents viral replication by 
inhibiting the viral RNA-dependent RNA polymerase (RdRp) activity, shortened 
recovery time, and reduced mortality rates. Eli Lilly and Company has also received 
EUA for a combinatorial use of Baricitinib (Olumiant; an inhibitor of JAK kinase) with 
Remdesevir in patients requiring supplemental oxygen.

The antibody cocktail of Casirivimab and Imdevimab by Regeneron Pharma-
ceuticals, Inc. has also obtained the EUA by the United States FDA for the treatment of 
mild to moderate COVID-19. Casirivimab and Imdevimab are monoclonal antibodies 
against spike protein of SARS-CoV-2, are supposed to neutralize the viral entry. Eli 
Lilly COVID-19 neutralizing antibody bamlanivimab (LY-CoV555) is also directed 
against the spike protein and has received EUA for non-hospitalized adults. 
Convalescent plasma (CP) is a passive immune therapy approach, where COVID-19 
recovered patient can donate plasma rich in SARS-CoV-2-specific neutralizing 
antibodies to persons at high risk of contracting COVID-19[92]. United States FDA has 
provided a EUA for the use of CP as a treatment option for COVID-19 patients.

The potential vaccine can change the course of the COVID-19 pandemic. 
Researchers have used several technological vaccine development platforms, including 
nucleic acid-based (DNA and RNA), virus mimicking particle subunit vaccine, peptide 
vaccines, attenuated virus-based vaccines. mRNA vaccines developed by Pfizer-
BioNTech and Moderna have received EUA from the United States FDA, bringing a 
big sigh of relief. mRNA vaccines prompt the cell to express the viral spike protein, 
which elicits a strong immune reaction against the infecting SARS-CoV-2 virus. The 
Oxford-AstraZeneca's COVID-19 vaccine has also received authorization in many 
countries. The Oxford-AstraZeneca vaccine uses the gene for the coronavirus S protein 
(double-stranded DNA) packed in an adenovirus. Other vaccine producers like 
Johnson & Johnson/Janssen Pharmaceuticals and Gam-COVID-Vac (Sputnik V) 
developed by the Gamaleya Research Institute of Epidemiology and Microbiology are 
also effective and are being used for mass vaccination in many countries. Bharat 
Biotech and the Indian Council of Medical Research collaborated to create Covaxin 
(codenamed BBV152), an inactivated virus-based COVID-19 vaccine. CoronaVac 
(inactivated vaccine) is produced by Sinovac is also used to vaccinate to fight against 
COVID-19. The new evolving strains with mutations in the S protein create a 
possibility of decreased susceptibility to monoclonal antibodies, vaccines and 
therapeutic agents. Scientists are investigating these mutations to help explain how 
quickly they can be spread and if vaccines will be effective.

https://www.who.int/ictrp/en/
https://www.who.int/ictrp/en/


Roy K et al. COVID-19 and gut immunomodulation

WJG https://www.wjgnet.com 7937 December 14, 2021 Volume 27 Issue 46

Under trial therapeutics for COVID-19
Several strategies to target the uncontrolled host immune system have been attempted 
and are currently in clinical trials (clinicaltrials.gov). TNF-α, a proinflammatory 
cytokine, exhibits a positive correlation with advances in disease stages. Preliminary 
clinical data suggest the effectiveness of anti-TNF-α in reducing the cytokine storm as 
well as tissue inflammation. TNF-α-blockers, both small molecule and antibodies 
(Adalimumab and Otilimab), are currently under trial[93]. Patients with IBD with 
COVID respond better to anti-TNF-α blockers than alternative agents[94]. Dysreg-
ulated early IFN-I response may eventually lead to COVID complications, and an early 
IFN-Iα/β treatment with broad antiviral response can ameliorate disease progression
[95]. IL-6 is associated with 'cytokine storm', and inhibition of IL-6 using a monoclonal 
antibody (Tocilizumab, Sarilumab) is under clinical trial and can be a potential 
treatment option. Initial clinical studies in China and a case study in France suggested 
a rapid favorable outcome on the therapeutic value of the anti-IL-6 receptor antibody
[96]. More investigation is warranted as IL-6 is also reported to prevent enterocyte cell 
death after injury and help proliferation and repair[97]. Sanofi’s KEVZARA Phase III 
trial investigating the efficacy of an anti-IL-6 receptor antibody in severe and critically 
ill patients did not yield promising results. Hence, further investigation is warranted 
to understand better the therapeutic advantage of inhibiting IL-6 signaling in COVID 
patients. Other than current therapeutics, patients suffering from systemic inflam-
mation and IBD and associated diarrhea may benefit from the potential use of pro and 
pre-biotics[91,98].

CONCLUSION
SARS-CoV-2 has spread exponentially as a pandemic throughout the world. Scientists 
and researchers all over the world are working tirelessly to develop potential 
coronavirus treatment options. The United States FDA has recently granted EAU for 
several therapeutic modalities for targeting COVID-19. Pfizer and Moderna are 
producing United States FDA approved vaccines in millions of doses for the prophy-
lactic use in COVID-19 patients. In this review, we have attempted to describe the link 
between COVID-19 associated GI infection, immune responses, and disease outcomes. 
SARS-CoV-2 primarily causes severe respiratory symptoms but also affects the GI 
system in many patients. The role of SARS-CoV-2 in gut infection, route of infection, 
relation with disease severity, localized vs systemic immune reaction, altered 
microbiota, dysbiosis, and the mechanism underlying pre-existing conditions and 
therapy. Many queries remain unexplored, especially in the context of GI infection, 
and need further investigation. The bidirectional gut-lung axis has been implicated in 
the homeostasis of the immune system. GI inflammation and dysbiosis may contribute 
to systemic inflammation and affect lung and other organs' health, and may be 
associated with severe COVID consequences. The vice versa may also be confirmed 
and the underlying mechanism that pathologically upsets the gut-lung communic-
ations during COVID-19 infection is not clearly understood. The role of probiotics in 
enhancing the immune system and the attenuation of dysbiosis may be a promising 
approach for reducing the GI-symptoms and preventing the COVID-19 severity. The 
emergence of new strains like B.1.207, B.1.351, B.1.1.7, B.1.617.1, B.1.617.2, and 
B.1.617.3 can impact GI significantly and therefore strain surveillance is important and 
its role in gut infection also needs to be studied. Hence the use of bioinformatics, 
mutational analysis, structural modeling to better understand the spike-ACE2 
interaction, and the use of organoid and non-human primate models to study the viral 
infection process and therapeutic screening are key in the fight against COVID-19.
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Abstract
Inflammatory bowel diseases (IBD) refer to a subgroup of chronic, progressive, 
long-term, and relapsing inflammatory disorders. IBD may spontaneously grow 
in the colon, and in severe cases may result in tumor lesions such as invasive 
carcinoma in inflamed regions of the intestine. Recent epidemiological reports 
indicate that old age and underlying diseases such as IBD contribute to severity 
and mortality in patients with coronavirus disease 2019 (COVID-19). Currently, 
the ongoing COVID-19 pandemic caused serious morbidity and mortality 
worldwide. It has also been shown that the transmembrane serine protease 2 is an 
essential factor for viral activation and viral engulfment. Generally, viral entry 
causes a 'cytokine storm' that induces excessive generation of proinflammatory 
cytokines/chemokines including interleukin (IL)-6, IL-2, IL-7, tumor necrosis 
factor-α, and interferon-γ. Future research could concentrate on developing 
inflammatory immunological responses that are efficient to encounter COVID-19. 
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Current analysis elucidates the role of inflammation and immune responses 
during IBD infection with COVID-19 and provides a list of possible targets for 
IBD-regulated therapies in particular. Data from clinical, in vitro, and in vivo 
studies were collected in English from PubMed, Google Scholar, Scopus, and the 
Cochrane library until May 2021.
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Core Tip: This article provides clinical evidence on synthetic or natural-based 
transmembrane serine protease 2 (TMPRSS2) and angiotensin-converting enzyme 2 
(ACE2) inhibitors, which are able to reduce coronavirus disease 2019-induced inflam-
mation and cytokine storms in inflammatory bowel disease patients. Hence, targeting 
TMPRSS2 and ACE2 could be noticed as a novel approach for inflammatory bowel 
diseases treatment.

Citation: Lashgari NA, Momeni Roudsari N, Momtaz S, Abdolghaffari AH. Transmembrane 
serine protease 2 and angiotensin-converting enzyme 2 anti-inflammatory receptors for 
COVID-19/inflammatory bowel diseases treatment. World J Gastroenterol 2021; 27(46): 7943-
7955
URL: https://www.wjgnet.com/1007-9327/full/v27/i46/7943.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i46.7943

INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a primarily respiratory ailment that is caused 
by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), additionally 
named as 2019 novel COVID. It is profoundly overwhelming with case casualty rates 
of 2%-3%. Since its appearance in December 2019 in China, COVID-19 has quickly 
spread and influenced populaces in virtually all areas of the world[1,2]. Old-age 
patients and those with chronic conditions are more prone to dreariness and mortality 
in COVID-19. This high mortality is implicated in misrepresented and misled 
invulnerable reactions that cause cytokine storms. In brief, SARS-CoV-2 infects the 
angiotensin-converting enzyme 2 (ACE2) expressing epithelial cells in the lung and/or 
the intestine, leading to a massive production of mediators that induce the immune 
cell activation. Overactivation of immune cells leads to severe complications including 
acute respiratory distress syndrome, shock, and multiorgan failure[3,4].

Inflammatory bowel diseases (IBD) include two major types: Ulcerative colitis and 
Crohn’s disease. IBD is characterized with persistent resistant interceded sicknesses 
that regularly require immunomodulatory and immunosuppressive treatments[5,6]. 
Therefore, patients with IBD are at high risk to different shrewd viral and bacterial 
contaminations. There is no solid evidence that patients with IBD are at higher risk for 
COVID-19 infection, although it has been indicated that patients with IBD who are 
pregnant are more vulnerable[7]. The current study discusses the impact of COVID-19 
on IBD[8,9]. We provide evidence on mediatory effects of the transmembrane serine 
protease 2 (TMPRSS2) and ACE2 signaling pathways against inflammation and 
introduces the synthetic or natural TMPRSS2 and ACE2 inhibitors as probable 
approaches for IBD treatment in the COVID-19 situation[9,10].

LITERATURE SEARCH
PubMed, Google Scholar, Scopus, and Cochrane Library were searched and relevant 
clinical, in vivo, and in vitro articles (in English) were collected until May 2021. Search 
terms included "corona virus" OR "COVID-19" AND "inflammatory bowel disease" OR 
"IBD" OR "inflammation" AND "TMPRSS2" OR "ACE2" AND "TMPRSS2 inhibitors" 

https://creativecommons.org/Licenses/by-nc/4.0/
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OR "ACE2 inhibitors".

COVID-19 PATHOGENESIS
Variations in potency of the SARS-CoV-2 cell entry may account for discovering new 
solutions to deal with the virus. It has been reported that the entrance of SARS-CoV-2 
to the human cells victimizes the SARS-CoV receptor ACE2 and TMPRSS2 for the 
spike (S) supermolecule priming. It is debatable whether the metallopeptidase domain 
seventeen [a disintegrin and metalloprotease domain 17 (ADAM17), also referred to as 
the tumor necrosis factor (TNF)-α-converting accelerator] located in the ACE2 
ectodomain shedding may or may not counteract the virus entry by increasing the 
number of soluble ACE2, or it solely contributes to the ACE1/ACE2 unbalancing, 
inflammation, and occlusion[11]. The ACE2-receptor/S-protein interaction could be a 
key factor for success of virus infection and willingness. Similarly, single ester 
polymorphisms located inside the TMPRSS2 factor (21q22.3) can play a more 
important role in respiratory disorder[12]. ACE1 and ACE2 collaborate with the renin-
angiotensin system to balance the native vasoconstrictor/proliferative ACE1/ 
angiotensin II/angiotensin II type 1/angiotensin (Ang) II/Ang type 1 receptor 
(ACE1/Ang-II type 1/AT1-axis), and vasodilator/antiproliferative (ACE2/Ang1-
7/mitochondrial assembly-axis) actions. This ends up in the protection of organs and 
blood vessels by the decoagulants, medicinal drugs, anti-proliferation, anti-fibrosis, 
anti-alveolar vegetative cell caspase-mediated cell death, and anti-oxidative stress 
activities that are able to antagonize the Ang-II effects[11,13].

TMPRSS2 AND ACE2 STRUCTURE AND RELATED SIGNALING 
PATHWAYS
In a complex pathophysiological condition like COVID-19, the ACE2 cytoplasmic tail 
cleavage intervened by TMPRSS2 is a significant event to be considered (Figure 1). 
Cleavage of the ACE2 tail by TMPRSS2 increases viral load in objective cells, and 
TMPRSS2 could facilitate the SARS-CoV-2 passage via the SARS-S cleavage, which 
induces the S protein for film combination. The ACE2 cleavage may enhance viral 
uptake through the cathepsin L-subordinate pathway, resulting in viral integration 
with the endosomal layer and eventually cell contamination[11,14]. In spite of similar 
explicitness of TMPRSS2 and ADAM17 for ACE2, they act opposite for cleavage of 
ACE2. To start with, the divisions produced by the cleavage of these proteases have 
distinctive subatomic sizes, mainly due to various cleavage locales. Second, cleavage 
of ACE2 by ADAM17 forms the ACE2 ectodomain, which is shed into the extracellular 
medium, as the soluble ACE biologically dynamic structure[15,16]. In vitro studies 
have shown that the ACE2 ectodomain does not separate from the TMPRRS2-induced 
ACE2 cleavage. This was evidenced by a C-terminal intracellular cleavage. In this 
manner, the distinctions in the cleavage destinations and its organic outcomes might 
be basic. For sure, just the soluble ACE2 structure would have a defensive impact on 
prevention of viral particle aggregations[17]. Therefore, overexpression of ADAM17 
and TMPRSS2 could be a primary factor in inflammation storm that is characterized 
by negative features such as renin-angiotensin system lopsidedness, intense irritation, 
and intravascular coagulation in older populations with COVID-19 comorbidities. 
Initiation of inflammation cycles is a key element for SARS-CoV-2 contamination[18,
19].

TMRPSS2 AND ACE2 INFLAMMATORY PATHWAY
ACE2 is the main receptor for SARS-CoV-2, providing additional insurance against the 
destructive impacts of viral diseases. Moreover, as referenced above, solid confirm-
ations indicate that the outflow of ACE2 is dependent on the companion of hormonal, 
hereditary, and age-related systems[20,21]. Overaction of ADAM17 in both COVID-19 
and the plasma level of ACE2 has been confirmed by several reports. Overexpression 
of the ADAM17 gene and its protein level have been implicated in several inflam-
matory conditions including IBD[22,23]. High levels of inflammatory cytokines and 
chemokines in COVID-19 patients are accounted for by more elevated levels of 
interleukin (IL)-2, IL-7, IL-10, granulocyte colony-stimulating factor, interferon 



Lashgari NA et al. TMPRSS2/ACE2 for COVID-19/IBD treatment

WJG https://www.wjgnet.com 7946 December 14, 2021 Volume 27 Issue 46

Figure 1 Coronavirus disease 2019 induced inflammatory bowel diseases mechanism. ADAM17: A disintegrin and metalloprotease domain 17; 
ACE2: Angiotensin-converting enzyme 2; TMPRSS2: Transmembrane serine protease 2; SARS-Cov-2: Severe acute respiratory syndrome coronavirus 2; GCSF: 
Granulocyte colony-stimulating factor; IP-10: Interferon gamma-induced protein 10; MCP1: Monocyte chemoattractant protein 1; MIP1-α: Macrophage inflammatory 
proteins-α; IBD: Inflammatory bowel diseases.

gamma-induced protein 10, monocyte chemoattractant protein 1, macrophage inflam-
matory proteins-1A, and TNF-α. A significant effect of the “fiery wave” in COVID-19 
indicates the cytokine storm may be firmly connected with the seriousness of the 
infection[24,25]. The ‘cytokine storm’ is a significant target for research about the 
pathogenic cycles in SARS-CoV–2 contaminations and is a way to recognize new 
restorative targets. On the other hand, blockade of SARS-CoV–ACE2 in the ACE2 
cytoplasmic domain pathway results in upregulation of ADAM17 activity. Upre-
gulated ADAM17 increases the ACE2 ectodomain proteolytic cleavage[26,27]. Similar 
to the ACE2 tail cleavage, ADAM17 upregulation is essential for SARS-CoV infection. 
Finally, excessive activity of ADAM17 induces proinflammatory mediators, thus 
upregulating the inflammatory pathway during SARS-CoV-2 infection. ACE2 can be 
cleaved by the activity of TMPRSS2 protease[28,29]. TMPRSS2-induced ACE2 
cytoplasmic tail cleavage may incite the viral uptake through a cathepsin L-
subordinate pathway. Of note, acute respiratory distress syndrome is a delayed 
consequence of an aberrant generation of proinflammatory cytokines/chemokines or 
the ‘cytokine storm’ by effector cells[30-32].

COVID-19 INDUCED IBD: CORRELATIONS AND OVERLAPPING OF 
INFLAMMATORY PATHOGENESIS
The SARS-CoV-2 receptor ACE2 and TMPRSS2 receptor are central factors in COVID-
19-induced IBD pathogenesis (Table 1 and Figure 1). These receptors are often found 
within the lower respiratory lot of pneumocytes and the gastrointestinal tract[7]. The 
ACE2 receptors are frequently located within the terminal ileum and colon. It was 
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Table 1 Clinical evidences of coronavirus disease 2019-induced inflammatory bowel diseases treatment

Ref. Clinical 
studies

Model of 
IBD Intervention

Duration 
of 
treatment

Numbers of 
animals in 
intervention 
group and 
control 
group

Outcomes Adverse 
effects

Nowak et 
al[25]

Clinical 
trial

IBD in 
COVID-19

- - 138 treatment 
naïve IBD 
patients 
(cases) and 154 
controls

↑ACE2/TMPRSS2 expression; ↑
Inflammation

-

Brenner 
et al[67]

18 yr 
(with 
IBD), the 
Pediatric 
IBD Porto 
Group

- TNF antagonist monotherapy (48%), 
followed by 
sulfasalazine/mesalamine (23%)

March 
2020-
October 
2020 

Hospitalized 
cases (n = 14); 
Outpatient 
cases (n = 195)

Sulfasalazine/Mesalamine and 
steroid therapy were associated 
with increased hospitalization risk 
and TNF antagonist monotherapy 
was associated with decreased risk 
parallel those reported in adult IBD 
patients. PIBD patients have a 
relatively low risk of severe 
COVID-19, even when receiving 
biologic and/or other immune-
suppressive therapies for their IBD

-

Norsa et 
al[85]

Clinical 
trial

Crohn 
disease 
and Ulcer 
colitis

Anti-inflammatory (Salicylates); 
thiopurines or methotrexate; biologics 
(Infliximab, Adalimumab, 
Ustekinumab, Vedolizumab, 
Golimumab); steroids; Other 
immunosuppressants (Tacrolimus, 
Cyclosporin, Mofetil Micofenolate)

February 
2020-
March 
2020

Crohn disease 
= 186; Ulcer 
colitis = 336

IBD improvement: ↓TNF-α; ↓
Inflammation; ↓ACE2/TMPRSS2 
expression

-

Mazza et 
al[86]

Clinical 
trial

Ulcerative 
colitis

Methylprednisolone (40 mg/d); 
prednisone dosage at the time of 
patient’s death was 25 mg daily

December 
2019-
February 
2020

- IBD improvement; Improvement in 
COVID-19 symptoms; ↓
Inflammation

-

Tursi et al
[87]

Clinical 
trial

Crohn’s 
disease

Adalimumab - - Maintain of IBD remission during 
COVID-19; Managing/preventing 
COVID-driven pneumonia: ↓TNF-α
; ↓Inflammation; ↓ACE2/TMPRSS2 
expression

-

Bodini et 
al[88]

Clinical 
trial

IBD Immunosuppressants/biological 
treatment

3 wk 48 patients IBD improvement; Improvement 
in; COVID-19 symptoms

Increase 
the risk 
of 
infection

Tursi et al
[89]

Clinical 
trial

Crohn’s 
disease

Mesalazine (3 g/d) and Adalimumab 
40 mg subcutaneously

- 74 cases IBD improvement; Improvement in 
COVID-19 symptoms; ↓TNF-α; ↓
Inflammation; ↓ACE2/TMPRSS2 
expression

-

Allocca et 
al[90]

Clinical 
trial

IBD Biological treatment - 162 IBD 
patients

IBD improvement; Improvement in 
COVID-19 symptoms 

-

Jacobs et 
al[91]

Clinical 
trial

Ulcerative 
colitis

Tofacitinib (10 mg twice daily) 5 mo - IBD improvement; Improvement in 
COVID-19 symptoms 

Increase 
the risk 
of 
infection

Gutin et 
al[69]

Clinical 
trial

Ulcerative 
colitis

Biological treatment February 
2020-
March 
2020

522 patients IBD improvement; Improvement in 
COVID-19 symptoms: ↓TNF-α; ↓
Inflammation; ↓ACE2/TMPRSS2 
expression

Taxonera 
et al[92]

Clinical 
trial

Crohn’s 
disease

Immunomodulatory/biologics - n = 12 IBD improvement; Improvement in 
COVID-19 symptoms; ↓TNF-α; ↓
Inflammation; ↓ACE2/TMPRSS2 
expression

Allocca et 
al[93]

Clinical 
trial

- Immunosuppressant or biologics - n = 15 IBD improvement; Improvement in 
COVID-19 symptoms; ↓TNF-α; ↓
Inflammation

-

Thirty (75%) were on 5-
Aminosalicylates acid, 15 (37.5%) on 

IBD improvement; Improvement in 
COVID-19 symptoms; ↓

Mak et al
[94]

Clinical 
trial

IBD in 
COVID-19

- n = 63 -



Lashgari NA et al. TMPRSS2/ACE2 for COVID-19/IBD treatment

WJG https://www.wjgnet.com 7948 December 14, 2021 Volume 27 Issue 46

immunosuppressants (14 Thiopurine, 
one Tacrolimus), 11 (27.5%) on 
corticosteroids and 7 (17.5%) on 
biologics (3 Infliximab, 1 
Adalimumab, 2 Vedolizumab and 1 
Ustekinumab)

Inflammation

Bardasi 
and 
Alvisi
[95]

Clinical 
trial

Crohn’s 
disease in 
COVID-19

Subcutaneous administration of 40 
mg Adalimumab

6 mo - IBD improvement; Improvement in 
COVID-19 symptoms ↓
Inflammation

-

Ashton et 
al[96]

Clinical 
trial

IBD in 
COVID-19

Anti-TNF therapy (Infliximab or 
Adalimumab)

- n = 122 IBD improvement; Improvement in 
COVID-19 symptoms: ↓TNF-α; ↓
Inflammation

-

ACE2: Angiotensin-converting enzyme 2; TMPRSS2: Transmembrane serine protease 2; IBD: Inflammatory bowel diseases; TNF: Tumor necrosis factor.

shown that the convergence of these receptors was higher in IBD patients, in both the 
energetic and calm stages of the disease[33]. The ACE2 receptors are a part of the renin 
angiotensin-aldosterone system that is assumed to play critical roles in controlling the 
provocative handle. Terminal ileum and the colon are the most affected areas in IBD
[34]. IBD is also correlated with upregulation of inflammatory cytokines and the ACE2 
receptors. As we discuss in this article, patients with IBD do not seem powerless 
against COVID-19[35]. In this context, a few theories have been proposed. For 
instance, the renin angiotensin-aldosterone system has two specific pathways involved 
in irritation course. Multiple studies confirmed that ACE2 is upregulated in IBD, and 
in the SARS-CoV-2 condition ACE2 exacerbates the disease symptoms. Accordingly, 
prevention of the ACE2 protein expression has been suggested for controlling both 
COVID-19 and IBD[36,37]. While the ACE-angiotensin receptor 1 pathway is favorable 
for inflammation, the ACE2 pathway helps in tissue security. Given the enteric inflam-
mation in IBD, it has been suggested that the ACE2 receptors and the host cell surface 
proteases like TMPRSS2 may suppress SARS-CoV-2[38,39]. The ACE2 level was shown 
to be downregulated in colonic aggravation in animal models; thereby, some IBD 
drugs such as steroids and biologics were found useful for cutting down the ACE2 in 
infected cells. Another report declared no change in ACE2 receptors or TMPRSS2 in 
IBD patients when diverged from controls[40,41].

IBD IN COVID-19: TREATMENT APPROACH
As mentioned, there are limited data on the possible impact of SARS-CoV-2 contam-
ination on patients with IBD. Various methodologies can be utilized alone or concur-
rently to conquer the infection. Blockage of the ACE2 receptors and the viral S protein 
are the main focus of current investigations on SARS-CoV-2 regulation. So far, we 
discussed that blockage of the TMPRSS2 receptor and/or the ACE2/TMPRSS2 
complex is likewise a plausible approach to modulate this infection. In this context, a 
number of synthetic or natural TMPRSS2 and ACE2 inhibitors that are able to mediate 
the TMPRSS2 and ACE2 signaling have been explored.

Natural agents targeting TMRPSS2 and ACE2 to manage the COVID-19 and IBD 
overlap
Medicinal plants are the greatest age-old wellspring of remedially valuable phyt-
ochemicals that are utilized to keep up human’s wellbeing and to forestall and treat 
numerous infections. Medicinal plants and spices are used in Ayurveda, a conven-
tional and optional restorative treatment in light of comprehensive body recuperating, 
which began in the Indian subcontinent[42,43]. Enormous investigations are right now 
centered on understanding the remedial viability and the activity of these 
phytochemicals. An improved dietary regimen along with natural medicinal 
formulations may provide preventive strategies for intense respiratory diseases, 
aspiratory fibrosis, pneumonia, sepsis, and numerous organ failure, which are 
hallmarks of serious COVID-19 contamination[44]. Also, a significant number of these 
phytochemicals help the insusceptible framework and instills insurance against 
infective diseases. It was shown that oxidative stress and many other reasons, notwith-
standing existing comorbidities, add to a large number of difficulties related to 
coronavirus disease. Herein, we introduce plant species that contain various phyt-
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ochemicals with antiviral, antifibrotic, cell reinforcement, mitigating, and 
immunomodulatory properties[45]. These phytochemicals, when used in blend, could 
have synergistic impacts, either as prophylactic or as steady specialists to limit certain 
clinical manifestations observed in COVID-19-contaminated patients. Moreover, 
certain types of microscopic organisms, green growth, and parasites may have 
remedial impacts against pneumonic fibrosis and intense lung injury[46].

ACE2 is found in the outer layer of the human cell that is accounted as a likely 
coupling site for the S protein. A couple of experiments have shown that there is a 
strong link between ACE2 and the S protein. Thus, blockade of ACE2 by phyt-
ochemicals is a strategy to fight SARS-CoV-2[47]. Several studies reported that SARS-
CoV-2 is able to infect the central nervous system through TMRPSS2 and ACE2 
receptors. It was also shown that ACE2 participates in neuroprotective responses, 
hence playing a critical role in treatment of COVID-19. Phytochemicals such as 
baicalin, scutellarin, and hesperetin can bind to ACE2 and prevent neurological 
impairments caused by COVID-19.

It was shown that hesperidin, chrysin, and emodin are also effective for COVID-19 
treatment by attenuating the harmful effect of viral infection within cells[48]. 
Kaempferol, quercetin, and fisetin can bind with human angiotensin-converting 
enzyme-S-protein. In silico studies demonstrated that quercetin, quercetin 3 
glucuronide-7-glucoside, quercetin 3-vicianoside, absinthin, glabridin, and gallic acid 
have strong affinity toward ACE2 to suppress COVID-19. Nuclear docking exa-
mination elucidated that dithymoquinone (aquinone) encounters the COVID-19 
neurological side effects through blockade of ACE2. An in silico study reported that 
two chalcones namely azobechalcone and isolophirachalcone and some alkaloids (i.e. 
fangchinoline and tetrandrine) had high limiting proclivity to the S protein of SARS-
CoV-2[49]. Flavonoids reduce the ACE2 expression through inducing the nuclear 
factor erythroid 2-related factor 2, thus fighting SARS-CoV-2 by means of their 
antioxidant properties. Kaempferol, quercetin, and fisetin are promising flavonoids 
against COVID-19-induced adverse neurological effects. Stilbenes, in particular 
resveratrol, are promising candidates for COVID-19 treatments, mainly by disturbing 
the formation of the S protein and the ACE2 receptor complex[50]. A variety of 
phenolic compounds including naringenin, hesperetin, hesperidin, and baicalin (alone 
or in combination) showed inhibitory effects on ACE2 activity and can be considered 
as potential treatments for COVID-19[51].

Different studies exhibited that some other phenolic compounds such as cinnamal-
dehyde as well as terpenoids such as carvacrol, geraniol, anethole, L-4-terpineol, 
cinnamyl acidic, thymol, and pulegone possess antiviral activities through blockade of 
the viral S protein[52,53]. It was reported that the binding affinity of ACE2 linkage 
with scutellarin (a flavonoid glycoside) and glycyrrhizin (a triterpenoid) was stronger 
than baicalin, hesperetin, and nicotianamine[54].

Limonoids and triterpenoids also displayed similar inhibitory effects on ACE2. 
Another in silico study similarly demonstrated that limonin, obacunone, ursolic 
destructive, glycyrrhizin destructive, 7-deacetyl-7-benzoylgedunin, maslinic acid, and 
corosolic acid effectively target SARS-CoV-2 proteins[55]. In this line, nimbin (a triter-
penoid) and curcumin exhibited high limiting proclivity on ACE2 and the S protein
[56]. Epigallocatechin-3-gallate and theaflavin gallate were shown to have inhibitory 
effects on the S-protein central channel of SARS-CoV-2. Moreover, three alkaloids, 
including cepharanthine, fangchinoline, and tetrandrine, inhibited the S protein of 
Human coronavirus Subtype OC43 (Human-CoV-OC43) expression, while tetrandrine 
exhibited moderating effects on viral sicknesses. An indazole alkaloid isolated from 
the seeds of Nigella sativa, called nigellidine, was shown to bind the dynamic areas of 
SARS-CoV-2, thereby paralyzing the virus. In another study, anthraquinone emodin 
blocked the ACE2 and S protein conjunction[57,58].

Chemical agents targeting TMRPSS2 and ACE2 to manage the treatment of COVID-
19 and IBD overlap
Various classes of medications, with different powers and immunosuppressive 
potentials, are used for IBD treatment (Table 1 and Figure 1). At present, limited data 
are available for the utilization of different medications in IBD under the COVID-19 
condition, henceforth the level of proof is not yet certain[59]. Current suggestions, 
proposed by specialists and different social orders, are overwhelmingly based on the 
recounted proof from the utilization of these medications during other viral 
pandemics like SARS and Middle East respiratory syndrome coronavirus or a few 
distributed case reports[60]. By and large, usage of intense immunosuppressants in 
IBD patients should be limited, except if totally essential. Notwithstanding, patients 
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who are on stable upkeep portions may keep on doing as such with close contact with 
their physicians[61,62].

Salicylates: Salicylates are usually utilized in either oral form or as a bowel purge. 
They have a neighborhood activity and are improbable to influence the course of 
COVID-19 when are used in IBD patients, thereby they may be securely proceeded in 
dosages[63].

Corticosteroids: Corticosteroids are the most common drugs that are used in IBD, 
mainly due to their intense calming effects. Therefore, steroids may be valuable in 
suppression of COVID-19, particularly in conditions like intense lung injury, intense 
respiratory trouble disorder, and septic shock. During the SARS and Middle East 
respiratory syndrome pandemic, corticosteroids treatment helped to postpone viremia
[64,65], while there were no general improvement in terms of septic shock or 
psychosis, etc.[66]. Given the absence of adequacy, the World Health Organization 
suggested that routine corticosteroids ought to be avoided except in explicit circum-
stances. Steroids are possibly kept away from the first line therapies in recently 
analyzed IBD patients. Notwithstanding, considering their tremendous advantages in 
IBD, it was suggested that the main steroids might be beneficial at low doses in 
patients with COVID-19 and IBD, specifically in patients that are already on treatment
[67,68]. Steroids with limited site of action, for example budesonide, seem harmless to 
be used. Infliximab might be a therapeutic option for COVID-19 positive patients with 
mild respiratory symptoms[61,69].

Cyclosporin: Cyclosporin is used for serious ulcerative colitis as an option in contrast 
to steroids. Although, some data pointed out that cyclosporine can inhibit the 
coronavirus replication proteins in vitro, its prescription is controversial in patients 
with COVID-19 due to its strong immunosuppressive properties[70-72].

Azathioprine and methotrexate: Azathioprine is a thiopurine that is often used for 
IBD treatment, particularly for upkeep treatment. Curiously, past investigations have 
demonstrated that thiopurine analogs have both immediate and roundabout activities 
on smothering antiviral movement. They also hinder viral proteases once the host 
proteins were engaged with viral replication[73,74]. Depending on the perception of 
genuine viral contaminations in IBD patients who are using thiopurine, the treatment 
time can be estimated. Interruption in treatment up to 14 d after recuperation from 
COVID-19 has been suggested. Methotrexate can perhaps continue without issues[75,
76].

Biologics: Current data show that infliximab and adalimumab (TNF-α inhibitors) have 
no unfavorable effects on the clinical course of COVID-19[62,77]. One reason 
speculated is the strong mitigating impact of TNF blockage, which may indeed 
constrict the cytokine storm in serious types of COVID-19[78,79]. Co-administration of 
medicines (i.e. thiopurine and infliximab) might be an option. Also, monotherapy with 
natural products may be considered[60,80,81]. Vedolizumab (an adversary of α4β7 
integrin) is significantly explicit for movement on the gut, hence it is favorable for 
fundamental or pneumonic responses in COVID-19[62,82]. Ustekinumab is an 
approved clinical therapy for patients with IBD. Ustekinumab is a cytokine antibody 
and an inhibitor of IL-12 and IL-23. Currently, there are no major concerns about usage 
of ustekinumab in patients with IBD and COVID-19. Vedolizumab or ustekinumab 
might be the primary therapeutic options for individuals at higher risk of COVID-19 if 
biological treatments are thought of[79,83,84].

CONCLUSION
Information on the physiologic and pathophysiologic functions of ACE2/TMPRSS2 is 
still scant. ACE2/TMPRSS2 is very much described in the cardiovascular and renal 
frameworks. Yet little data exist regarding other organ frameworks, for example the 
gastrointestinal system. Moreover, specific function of the ACE2/TMPRSS2 axis in 
pathologic conditions was traditionally restricted to cardiovascular illnesses. 
Although, considering the ACE2/TMPRSS2 as a multifunctional protein has 
accomplished significance as of late.

The current COVID-19 pandemic has featured the importance of ACE2/TMPRSS2 
as a receptor for SARS-CoV-2, yet research is expected to determine whether the 
ACE2/TMPRSS2 levels enhance the pathogenesis of COVID-19 or could benefit the 
course of illness by diminishing the malicious impacts of Ang II. Moreover, the 
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relationship between ACE2/TMPRSS2, the intestinal amino corrosive vehicle, and IBD 
merits further consideration in patients with IBD. At last, association of 
ACE2/TMPRSS2 to integrins raises concerns and expectations, particularly because 
there were just two articles regarding the matter. Taking everything into account, 
investigating the multifunctional nature of ACE2/TMPRSS2 in IBD (by describing its 
appearance/movement in the blood, gut, as well as excrement of patients with IBD 
and solid control patients) will develop the knowledge on the pathophysiology of this 
illness. In accordance with this objective, recognizable proof of other biomarkers of 
infection movement, treatment reaction, and new medication target, as well as setting 
of the novel helpful alternatives is required to affect tolerant consideration.
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is a highly devastating disease with a 
dismal 5-year survival rate. PDAC has a complex tumour microenvironment; 
characterised by a robust desmoplastic stroma, extensive infiltration of immune-
suppressive cells such as immature myeloid cells, tumour-associated macr-
ophages, neutrophils and regulatory T cells, and the presence of exhausted and 
senescent T cells. The cross-talk between cells in this fibrotic tumour establishes 
an immune-privileged microenvironment that supports tumour cell escape from 
immune-surveillance, disease progression and spread to distant organs. PDAC 
tumours, considered to be non-immunogenic or cold, express low mutation 
burden, low infiltration of CD8+ cytotoxic lymphocytes that are localised along the 
invasive margin of the tumour border in the surrounding fibrotic tissue, and often 
display an exhausted phenotype. Here, we review the role of T cells in pancreatic 
cancer, examine the complex interactions of these crucial effector units within 
pancreatic cancer stroma and shed light on the increasingly attractive use of T 
cells as therapy.

Key Words: Immunosuppression; T cell exhaustion; Tumour microenvironment; Pancreatic 
ductal adenocarcinoma; Pancreatic cancer stroma
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Core Tip: Pancreatic ductal adenocarcinoma (PDAC) is a highly devastating disease 
with a dismal 5-year survival of less than 5% in patients with metastatic disease, and is 
predicted to become the second cause of cancer-related death by 2030. Here, we 
discuss the complexity of the PDAC immunosuppressive tumour microenvironment, 
the mechanisms involved in T cell dysfunction, and potential immunotherapeutic 
strategies for treating PDAC.
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is a highly devastating disease with a 
dismal 5-year survival of less than 5% in patients with metastatic disease[1], and is 
predicted to become the second cause of cancer-related death by 2030[2]. Late 
detection and incredibly aggressive biology are significant challenges determining 
therapeutic failure[3,4]. PDAC has a complex tumour microenvironment (TME) 
characterised by a robust desmoplastic stroma[5], and an expanded pool of immu-
nosuppressive immune cells shielding the malignant cells harbouring aberrant 
expression of oncogenic pathways. The interplay between various cell types in this 
fibrotic TME supports tumour cell escape from immunosurveillance, disease 
progression and spread to distant organs [6,7], highlighting this cancer’s ability to 
evade immune recognition and its extra-ordinary metastatic potential. In this review, 
we discuss the interactions between T cells and the other components of the PDAC 
TME and highlight the impact of these interactions on the phenotype and function of T 
cells. Emerging immune-therapeutic strategies employed in overcoming T cell 
dysfunction and improve patient survival are also discussed.

PDAC IMMUNE LANDSCAPE
PDAC carcinogenesis is characterised by an abundant fibro-inflammatory reaction and 
subsequent oncogene activation on epithelial cells, resulting in a pro-tumorigenic 
microenvironment[8]. At early stages of cancer development, oncogenic KRAS 
expression in pancreatic cells results in the formation of pancreatic intraepithelial 
neoplasia (PanIN), and drives an inflammatory reaction that modulates the 
recruitment and infiltration of immunosuppressive myeloid and lymphoid cell 
subsets. KRAS-mutated pancreatic cells regulate the maintenance of immunoregu-
latory microenvironment by inducing the release of interleukin (IL)-6, IL-10 and 
transforming growth factor (TGF-β) cytokines. In the setting of sustained chronic 
inflammation, PanIN progression to malignant lesion is accompanied by mutations in 
genes such as TP53, CDKN2A and SMAD4 frequently, which further contribute to 
shape the immune microenvironment. For example, the mutant tumour suppressor 
gene TP53 are implicated in sustaining the tissue damage and chronic inflammation by 
enhancing the expression of NF-kB, secretion of vascular endothelial growth factor 
(VEGF) and activation of fibroblasts. Decreased infiltration of T and B cells and 
elevated numbers of Tregs were significantly correlated with CDKN2A mutations 
while SMAD4 mutations are involved with enhanced invasion, metastasis and 
immunosuppressive effects of TGF-β on immune response[9].

Chemotactic factors associated with the recruitment of dysfunctional bone marrow-
derived myeloid cells include granulocyte-macrophage colony-stimulating factor (GM-
CSF), granulocyte-colony-stimulating factor (G-CSF), IL-3, VEGF, and the interaction 
of the C-X-C chemokine ligand 12 (CXCL12)/C-X-C chemokine receptor 4 (CXCR4) or 
C-C chemokine ligand 2 (CCL2)/C-C chemokine receptor 2 (CCR2), amongst others
[10]. Stromal-associated fibroblasts produce C-X-C chemokine ligand 13 (CXCL13), 
which recruits IL-35-producing regulatory B cells (Breg) into the TME, further 
contributing to PDAC progression through IL35-mediated stimulation of tumour cell 
proliferation[10]. Copious infiltration of immature myeloid cells, tumour-associated 
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macrophages (TAMs), neutrophils and regulatory immune cells ultimately establishes 
an immune-privileged microenvironment that protects the malignant cells from T cell 
immunosurveillance and sustains tumour growth[11].

Therefore, pancreatic cancer evolves to establish a complex and heterogeneous 
immune microenvironment, characterised by high numbers of strongly suppressive 
immune cells, and a modest infiltration of lymphocytes with anti-tumour properties
[12-14]. As such, PDAC tumours are considered to be non-immunogenic or cold, 
displaying low infiltration of CD8+ cytotoxic lymphocytes (CTLs) that are localised 
along the invasive margin of the tumour border or trapped in the surrounding fibrotic 
tissue but are not present within the tumour core. Moreover, infiltrated CD8+ T cells in 
PDAC tumours often display minimal signs of activation[11,15,16]. T cell exclusion 
from TME has been demonstrated both in genetically engineered KPC (KRasLSL_G12D/+, 
Trp53LSL_R172H/+, Pdx1-Cre) mouse models[16] and PDAC patients[17].

Macrophages compose the most abundant immune cells in PDAC[11]. They play a 
critical role in the exclusion of T cells from tumours, maintenance of fibrosis through 
the secretion of pro-fibrotic cytokines[18] and induction of angiogenesis by secreting 
VEGF[19]. Increases in TAMs correlate with poor prognosis[20,21]. Myeloid-derived 
suppressor cells (MDSCs) are a heterogeneous population of immunosuppressive 
cells, including immature monocytes, granulocytes and dendritic cells (DCs). These 
cells show potent ability to inhibit proliferation and induce apoptosis of both CD4+ and 
CD8+ T cells, secrete elevated amounts of immunosuppressive cytokines IL-10 and 
TGF-β, which collaborate to the recruitment of regulatory CD4+ T cells (Tregs), and 
decrease the infiltration of natural killer (NK) and NKT cells into the tumour[22]. 
MDSCs accumulation has been described in the spleen, tumours and metastatic lesions 
in KPC models of PDAC, and its accumulation negatively correlated with CD8+ T cells 
infiltration[19].

Likewise, Tregs upregulate the expression of CTL-associated antigen 4 (CTLA-4)
[23], interact with DCs suppressing the expression of the co-stimulatory ligands, such 
as CD80 and CD86, necessary for T cell activation, secrete immunosuppressive 
cytokines, and directly suppress CD8+ T cells anti-tumour immunity[24]. Infiltration of 
Tregs occurs at early stages of PDAC formation, and increased numbers of both 
circulating and intra-tumoural. Tregs have been observed in pancreatic cancer patients
[19]. Additionally, the presence of tumour-infiltrating IL-17-producing CD4+ T cells 
and γδT cells also contribute to tumour immune evasion and progression[11,25].

Similar to PDAC, in inflammatory conditions of the pancreas, such as pancreatitis, 
the inflammatory reaction leads to the infiltration of myeloid cells, such as monocytes 
and neutrophils. Although macrophages comprise a significant population within the 
inflamed pancreas, T cells are also present, and infiltration of CD4+ T cells has been 
implicated in the progression of acute pancreatitis in mice. As pancreatitis progresses, 
the ratio of CD4+ and CD8+ T cell increases, with increased numbers of immunosup-
pressive Tregs observed in patients with chronic pancreatitis.

T CELL INTERACTIONS AND IMMUNE DYSFUNCTION IN PANCREATIC 
CANCER
T cell infiltration is observed in patients with surgically-resected PDAC and correlates 
with improved outcomes suggesting the anti-tumour potential of tumour-infiltrating 
CD4+ and CD8+ T cells[26]. However, as PDAC progresses, tumour-infiltrating T cell 
composition shifts to a decrease in CD8+ T cells and elevated percentage of Tregs 
within the CD4+ T cell subset[27]. While CD4+ Tregs are a prominent feature of the 
immune infiltrate, CD8+ T cells are rare in the PDAC microenvironment[24]. 
Consequently, PDAC is considered to be a poorly immune responsive cancer, with T 
cells present within the tumour microenvironment often showing lack of activation, or 
an exhausted phenotype[28-30]. This observation demonstrates that infiltrated CD8+ T 
cell may recognise and mount a response against these tumours, but the unfavourable 
TME halts optimal cytotoxic function.

Spatial localisation of the immune cells in these tumours reflect the challenging 
biology of PDAC TME. Tumour-infiltrating CD8+ T cells are localised at the periphery, 
within the surrounding fibrotic stroma in PDAC tissues[6,21,31,32]. CD8+ T cells 
migrate away from the juxta-tumoural compartment by favouring their movement 
towards CXCL12-rich stroma laid by activated pancreatic stellate cells (PSCs)[6]. The 
proximity of intra-tumoral CD8+ T cells to tumour cells correlates with patient survival
[32].
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PSCs play a central role in shaping the architecture of PDAC by modulating the 
ECM components and producing a physical barrier that limits T cell infiltration, 
migration and direct interaction with neoplastic cells[33]. These cells can also act as 
non-professional antigen-presenting cells (APCs) and secrete cytokines and growth 
factors that boost the recruitment of immunosuppressive cells and inhibit T cell 
responses, resulting in increased disease aggressiveness and decreased overall 
survival[34]. Therefore, in conjunction with the immunosuppressive cells, PSCs are 
crucial players in the orchestration of an immuno-privileged PDAC microenvironment 
by combination of secreted cytokines, chemokines and extra-cellular matrix proteins as 
well as direct cell-cell contact.

Cancer cell-intrinsic factors also impact T cell function. Overexpression of immune 
checkpoint mediators like programmed death-1 receptor (PD-1)-ligand (PD-L1) is one 
mechanism by which cancers suppress T cell immunity. PD-L1 is overexpressed in 
PDAC cells, and this overexpression correlates with worse prognosis[20]. Pancreatic 
cancer cells can also downregulate Fas, a cell surface receptor associated with the 
induction of Fas-mediated apoptosis in tumour cells. CD8+ T cells use the Fas-FasL and 
perforin–granzyme pathways as major effector mechanisms of cytotoxicity, and loss of 
Fas expression in PDAC tumours result in cancer immune evasion[7,35]. Spatial 
localisation and T cell interactions within the PDAC tumour microenvironment are 
shown in Figure 1.

PDAC has a low mutation burden, resulting in low neoantigen burden and the 
scarcity of tumour-infiltrating effector T cells. Only a few PDAC tumour antigens 
capable of inducing an anti-tumour immune response have been identified. Low 
mutation burden with minimal expression of neoantigens, and consequently marginal 
T cell infiltration is a classical feature in KPC models[36], and in PDAC patients[29,
37]. In a recent study aimed to identify T cell neoantigens in long-term survival 
patients, it appears that the total neoantigen burden does not correlate with increased 
survival, but the presence of high-quality neoantigens played an essential role in the 
immunosurveillance of long-term survival patients. This study also highlighted the 
correlation of prolonged survival with granzyme B+ CD8+ T cells[26]. In keeping with 
this hypothesis, the total number of infiltrated CD8+ T cells after vaccine immuno-
therapy did not show correlation with survival, but the subset of granzyme B+ CD8+ T 
cells was associated with long-term survivors[38]. These findings suggested that T cell 
quality may be more important than the total number of T cells for adequate anti-
tumour immunity[39].

Identification of multiple dense lymphocyte aggregates, known as tertiary lymphoid 
structures (TLS) has also been observed in PDAC[38]. Importantly, detection of TLS in 
tumour tissue of PDAC patients was an independent prognostic factor for prolonged 
survival[40-42]. Although TLS can occur intra-tumoral or at the tumour periphery, 
only the presence of intra-tumoral TLS correlates with survival[41]. TLS aggregates 
contain T- and B-cell areas co-localised with myeloid and follicular DCs, and high-
endothelial venules, displaying similar organisation to secondary lymphoid organs. 
They comprise ectopic lymphoid sites where T-cell activation and proliferation takes 
place[41]. Nevertheless, PDAC immune microenvironment is enriched with both 
exhausted and senescent T cells, and a diverse pool of highly immunosuppressive cells
[43].

T CELL PHENOTYPE AND FUNCTIONS
Mature T cells can be classified as CD8+ T cells (CTLs) and CD4+ helper T cells (Th), 
which further differentiate into Th1, Th2, Th17 and Tregs[17]. CD4+ Th1 cells secrete 
the pro-inflammatory cytokine interferon-γ (IFN-γ) which activates and supports 
CTLs cytotoxicity, while CD4+ Th2 cells exhibit tumour-promoting functions by 
producing a plethora of cytokines, sustaining fibrosis through ECM and collagen 
deposition, and contributing to the differentiation of macrophages into a M2-imm-
unosuppressive phenotype[44]. Polarisation towards Th2 cell subset is a common trait 
in pancreatic cancer, and this shift from Th1 to Th2 cells is correlated with decreased 
patient survival[45]. In PDAC patients, CD4+ Th17 cells functions are mediated by the 
secretion of IL-17 cytokine. Although not very well understood, infiltration of this 
population has been associated with immune tolerance and reduced survival in 
murine models[46]. Tregs are an essential component of the T cell population. PDAC 
patients have increased numbers of Tregs that are inversely associated with CD8+ T 
cells, therefore, they are often used as a negative prognostic biomarker in PDAC[45]. 
These cells can be identified by the expression of CD4+CD25+FOXP3+ phenotype[24] 
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Figure 1 Pancreatic ductal adenocarcinoma immune landscape and T cell immunosuppression. Illustrative image showing spatial localisation of T 
cells in the pancreatic ductal adenocarcinoma tumour microenvironment and cellular interactions that collectively prevent T cell infiltration and function. T cells are 
localised at the periphery of tumours preventing direct contact with cancer cells. Pancreatic stellate cells produce elevated amounts of extracellular matrix driving a 
fibrotic tissue that entraps infiltrated T cells, alongside with immunosuppressive cytokine to and expression of programmed death-ligand 1 (PDL-1). Pancreatic cancer 
cells avoid T cell killing by downregulating Fas, exhibiting low tumour mutational burden, expressing PDL-1 and secreting growth factors and cytokines that recruits 
immunosuppressive cells. Myeloid-derived-suppressor cells express PDL-1 and suppress T cells functions by several mechanisms, including depleting of arginase 1, 
the release of reactive oxygen species, and secretion of cytokines. Tregs directly suppress T cells, express cytotoxic T-lymphocyte-associated protein 4 and secrete 
cytokines. TAMs play a role in sequestering T cells at the periphery and secrete immunosuppressive cytokines. PSC: Pancreatic stellate cells; TAMs: Tumour-
associated macrophages; CTLA-4: Cytotoxic T-lymphocyte-associated protein 4; GM-CSF: Granulocyte-macrophage colony-stimulating factor; Arg-1: Arginase 1; 
PDL-1: Programmed death-ligand 1; iNOS: Inducible nitric oxide; MDSC: Myeloid-derived-suppressor cells; ROS: Reactive oxygen species; ECM: Extracellular 
matrix; TBM: Tumour mutational burden.

(Table 1).
CTLs are the preferred immune cells for targeting tumours. For durable and 

efficient immune responses, naïve T cells are primed in the lymph nodes with tumour 
antigens through interactions with APCs. Upon activation, they rapidly proliferate, 
differentiate into antigen-specific CTLs and migrate to tumour sites to perform their 
cytotoxic functions[47]. Elimination of tumour cells by CTLs occurs via the release of 
cytotoxic granzymes, IFN-γ and tumour necrosis factor α (TNF-α), or by induction of 
FasL-mediated apoptosis[48]. Following a cytotoxic immune response, the majority of 
CTLs will undergo apoptosis while a small fraction of them will further differentiate 
into diverse subsets of multipotent, long-lived memory CD8+ T cells endowed with 
self-renewal ability[47]. The integration of three coordinated signals regulates T cells 
activation, expansion, survival, and memory formation: T cell receptor (TCR) 
stimulation by antigens, engagement of co-stimulatory molecules (CD28, CD27, 4-1BB, 
and OX40) expressed by CD8+ T cells, and the release of inflammatory cytokines. In the 
absence of co-stimulatory signals, antigenic stimulation induces tolerance or clonal 
deletion in peripheral lymphoid organs[49]. The pro-inflammatory cytokines IL-12, IL-
2 and IFN-γ, are crucial for satisfactory naïve CD8+ T cell activation, expansion and 
differentiation whereas IL-7 and IL-15 are predominantly required for formation 
maintenance of memory CD8+ T cells. In pancreatic cancer patients, both number and 
functions are altered within the CD8+ T cell population. These patients show a 
decrease in circulating CD8+ T cells and a decrease in perforin expression within these 
cells compared to healthy subjects. Moreover, intra-tumoural CD8+ T infiltrates often 
display abnormal exhausted phenotype[44].

Memory CD8+ T cells immediately proliferate upon antigen stimulation, execute 
cytotoxic functions, secrete effector cytokines, persist in greater numbers and exist in 
different metabolic, transcriptional, and epigenetic states[50]. Importantly, while the 
correlation between the numbers of memory CD8+ T cells and the efficacy of T cell 
immunity is firmly established, the quality (or functional ability) of memory CD8+ T 
cells also determines the degree of protection[47,48,50]. While memory T cell 
population are heterogeneous and consist of multiple subsets, the central memory T 
cells (TCM) and effector memory T cell (TEM) subsets have been best characterised. TCM 
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Table 1 T cell phenotype and functions

T cell phenotype Surface markers Immune response Effector functions

Cytotoxic T cell

CTLs CD8 Tumour killing IFN-γ, TNF-α cytokines, granzymes, FasL

Helper T cell

Th1 CD4 STAT4 T-bet Tumour killing IFN-γ, IL-2 cytokines, increase CTL activity

Th2 CD4 STAT6 GATA3 Tumour tolerance IL-4, IL-5, IL-13 cytokines, decrease CTL activity

Th17 STAT3 RORγt Tumour tolerance IL-17 cytokine

γδ T cells TCRγ/δ Tumour tolerance IL-4, IL-10, TGF-β cytokines and CTL activity

Regulatory T cell

Tregs CD4 CD25 FOXP3 Tumour tolerance IL-10, TGF-β cytokines, CTLA-4

CTL: Cytotoxic lymphocyte; IFN-γ: Interferon-γ; TNF-α: Tumour necrosis factor α; IL: Interleukin; TGF-β: Transforming growth factor β.

cells express high levels of CD62L and CCR7 and efficiently home to lymph nodes, 
whereas TEM cells lack these molecules and reside mainly in non-lymphoid peripheral 
tissues but are able to migrate rapidy in response to cytokine gradient. TCM and TEM 
subsets can also be identified along with a terminally differentiated CD8+ T subset that 
expresses CD45RA (TEMRA). This way, the TCM subset is classified as CD45RA- CD27high 
CCR7+ cells and TEM subset as CD45RA- CD27low CCR7- cells. In contrast, TEMRA subset 
can be identified as CD45RA+ CD27lo CCR7- cells, and naïve T cells as CD45RA+ CD27
high CCR7+ cells, but there are other methods of differentiating these sub-types[47,50].

A handful of other markers have been described to differentiate T cell populations 
during the effector-to-memory transition states. Increased expression of IL-7Rα 
(CD127) is functionally required for long-term survival and can be used to identify 
memory precursor CD8+ T cells. Other proteins co-expressing with CD127+ CD8+ T 
cells include Bcl-2, CD27, CXCR3, and CD28. Cells expressing these set of markers 
have the most remarkable capacity to develop into central memory CD8+ T cells (TCM), 
showing elevated ability to proliferate upon antigen stimulation, increased IL-2 
secretion, and self-renewal. Conversely, CD8+ T cells with increased expression of 
KLRG1, CD57 and decreased expression CD127, CD27, CXCR3, and CD28 are 
associated with effector or memory CD8+ T cells that display cytotoxicity, elevated 
IFN-γ production and short-life span. Therefore, KLRG1+ CD127- CD8+ T cells can be 
considered effector memory CD8+ T cells (TEM), at least in murine models, though 
human equivalent data is awaited[47,50].

Transcriptional factors promote the development and function of TEM and TCM cells. 
Expression of T-bet, Blimp1, ID2, and STAT4 is associated with TEM cells, while high 
expression of TCF1, BCL-6, ID3, and STAT3 is linked to the formation of TCM cells[49,
50]. Interesting, in B cells, Blimp-1 and BCL-6 are essential for the development of 
germinal centre B cells and long-lived plasma cell through reciprocally antagonising 
each other[51], suggesting that this set of transcription factors acts in a similar fashion, 
in the regulation of effector- memory T-cell transition. Moreover, Tcf7 and Lef1 
transcription factors are found in self-renewing multipotent CD8+ T cells known as 
memory stem cells[52].

T CELL EXHAUSTION
Exhausted T cells differ from other dysfunctional T cells, including anergic T cells and 
senescent T cells. Anergic T cells are induced by suboptimal stimulation showing cells 
with low proliferative capacity and minimal effector function. Senescent T cells initiate 
from repeated stimulation, resulting in cells with low proliferative capacity, low 
expression of inhibitory receptors but show high effector functions despite shortened 
telomeres. Differently, exhausted T cells result from persistent antigenic stimulation 
causing Tcells with low proliferative capacity, low to moderate effector functions and 
elevated expression of multiple inhibitory receptors[53].

In cancers such as PDAC, T cells that go through the activation process will later 
differentiate into memory-like cells and will ultimately become terminally differen-
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tiated exhausted T cells. Exhausted T cells result from persistent antigen exposure 
featuring cells with low proliferative capacity, increased apoptosis, loss of their 
cytotoxic function, and elevated expression of multiple inhibitory receptors also 
known as immune checkpoints such as PD-1, CTLA-4, T cell immunoglobulin and 
mucin-domain containing-3 (TIM-3), lymphocyte activation gene 3 (LAG-3), or T cell 
immunoreceptor with Ig and ITIM domains (TIGIT)[43,53]. Each inhibitory receptor 
binds to its ligand, typically expressed by APCs and tumour cells in the TME.

The surface receptor PD-1 (CD279) is the primary receptor involved in T cell 
inhibitory signalling. PD-1 has two ligands: PD-L1 (CD274) and PD-L2 (CD273) can be 
found on the surface of antigen-presenting, MDSCs, TAMs and cancer cells. IFN-γ is 
the main trigger for PD-L1 and PD-L2 upregulation, while induction of PD-1 
expression on T cells results from cell receptor (TCR) stimulation or secretion of the 
cytokines IL-2, IL-7, IL-15, IL-21, and TGF-β. Engagement of PD-L1 or PD-L2 with PD-
1 receptor on T cells, inhibits dephosphorylation of TCR signalling components, 
specifically CD28, resulting in decreased IL-2, IFN-γ, and TNF-α cytokine production, 
survival, proliferation and effector functions[54].

CTLA-4 (CD152) is a B7/CD28 family member that is constitutively expressed by 
Tregs. CTLA-4-mediated immunosuppression occurs by limiting signalling through 
the co-stimulatory receptor CD28 during antigen-presentation, by either binding or 
deleting CD80 and CD86 from APCs[55]. Thus, indirectly reducing T cell activation 
and immune responses to tumour antigens. Other T cell subsets such as CD4+ T cells 
can also upregulate this receptor upon activation[56]. LAG-3 exerts inhibitory effects 
on T cells through MHCII binding, which results in decreased T cell activation and 
cytotoxicity, and increased suppressive function in Tregs. In PDAC, upregulation of 
this receptor is observed in association with upregulation of both PD-1 and CTL-4[57].

The inhibitory receptor TIGIT compete with CD226 to bind the ligands CD112 and 
CD155 while Tim-3 binds to Galectin-9 and CEACAM1 proteins to inhibit T cell 
function[58]. Of note, upregulation of Tim-3 in patients with PDAC is correlated with 
decreased patient survival[57]. Transcription factors involved in the formation of 
dysfunctional T cells include T-bet, Eomes, Foxo1, Blimp-1, NFAT and IRF-4[53].

A recent study using multiplex immunohistochemistry imaging combined with 
single-RNA sequencing to evaluate T cell landscape and function in patients with 
pancreatic cancer, demonstrated that infiltrated CD8+ T cells displayed a senescent 
phenotype, identified by the expression of CD57+CD27-CD28- or CD45RA+ CD27-/Low

CD28-/Low or an exhausted phenotype with elevated expression of TIGIT+ and CD39+ 
markers alongside PD-1low/intermediate expression[30]. Senescent and exhausted T cells as 
well as Tregs were also identified within the CD4+ population. Additionally, intra-
tumoural Tregs exhibit highly suppressive phenotypes, highlighted by the expression 
of multiple (TIGIT, ICOS, CD39) inhibitory markers[30].

IMMUNOTHERAPY AND PANCREATIC CANCER
Strategies aiming to leverage the activity of CTLs or the reversal of T cell dysfunction 
are widespread and have shown clinical success across a variety of cancer[27,29,59]. 
However, efforts to translate immunotherapy to PDAC, have been met with 
substantial challenges. The presence of tumour-infiltrating lymphocytes (TILs) with 
effector and memory functions within the tumour microenvironment and the positive 
correlation between CD8+ T effector memory cells and patient survival highlight the 
significance of the T cell immune infiltrate in limiting cancer progression[48]. Hence, 
the lack of efficacy in existing immunotherapies reflects the challenging non-
immunogenic PDAC TME[11,38,48,60].

Chimeric antigen receptor (CAR) T cells or tumour vaccines alone have not 
demonstrated a survival benefit in PDAC tumours[11,35,48,61]. However, work is 
ongoing on demonstrating novel targetable antigens or switchable CAR T cells which 
get activated on reaching the tumour[62,63]. Although most infiltrated CD8+ T cells in 
the PDAC stroma display features of an exhausted phenotype, demonstrated by cell 
surface expression of multiple inhibitory receptors, immunotherapy with single-agent 
immune checkpoint blockade (ICB) has been disappointing. KPC mouse models did 
not show anti-tumour responses to either CTLA4, PD-1, PDL-1 monotherapy or CTL-4 
combined with PD-1/PDL-1 blockade[19,64]. Similarly, human clinical trials using ICB 
demonstrated insufficient clinical activity and minimal improvement on prognosis, 
with clinical benefit observed in only highly selected patients[27,39]. Equally, 
monotherapy with CTLA-4 antibodies and in combination with chemotherapy has not 
shown ideal clinical activity[59]. Furthermore, exciting avenues for targeting novel 



Goulart MR et al. T cell in PDAC

WJG https://www.wjgnet.com 7963 December 14, 2021 Volume 27 Issue 46

antigens such as CEACAM7 offers hope for CAR-T cell therapy[62,65,66].
The vast majority of trials targeted towards T cells in pancreatic cancer are centred 

around the use of immune inhibitory receptors against PD-1 and CTLA-4[67]. Most of 
these trials have enrolled patients with metastatic or borderline resectable pancreatic 
cancer and assessed the response to either single or double agent immunotherapy or 
combination therapy with chemotherapy/radiotherapy. The results regarding 
progression free survival or overall survival have been so far underwhelming[68]. In a 
meta-analysis on checkpoint inhibitors overall survival and progression-free survival 
showed no improvement in single agent therapy but a small number of studies on 
combination therapy have been more promising[69]. It is feasible that the limited 
tumor mutational burden of pancreatic cancer compared to immunotherapy 
responsive tumours, such as melanoma or non-small cell lung cancer, may be the key 
differentiating factor. The phase II KEYNOTE-185 study trying to assess the efficacy of 
pembrolizumab on patients with non-colorectal microsatellite unstable/mismatch 
repair deficient cancers enrolled 22 patients with pancreatic cancer, of which four 
patients showed response to treatment with increase in progression-free survival and 
median survival[70]. These results, although encouraging, demonstrate that there key 
barriers around identifying correct groups of patients that would benefit from T cell 
targeted therapies.

There are various explanations for ICB failure in PDAC tumours including low 
mutational burden and expression of neoantigens, minimal intra-tumoural infiltration 
of CD8+ T cells, expression of multiple inhibitory receptors in CD8+ T cells that 
infiltrate tumours, as well as decreased tumour and myeloid expression cell expression 
of PDL-1[31,57]. To improve PADC response to ICB, combined approaches have been 
investigated. Multi-agent immunotherapeutic protocols targeting multiple inhibitory 
receptors is a promising approach, and has proved more effective than single 
inhibitory receptor blockade in reversing dysfunctional CD8+ T cells PDAC[27,71]. In 
the same way, strategies with the goal to prime effector CD8+ T cells to increase their 
immunogenicity and responsiveness before the use of checkpoint inhibitor treatment 
represents an exciting opportunity in cancer immunotherapy[12,27,59,72,73]. 
Combinatory approaches utilising GM-CSF-secreting tumour cells vaccine (GVAX), to 
induce upregulation of PD-L1 expression into the PDAC TME, prior CTLA-4 and anti-
PD-1/PDL-1 blockade has shown promising results in PDAC patients[57,72], and a 
dual blockade targeting CXCR4 and PD-1 demonstrated improvement in T cell infilt-
ration with a decline in MDSCs[57].

Strategies with the co-stimulatory molecule agonist CD40 used to enhance APC 
capabilities of macrophages[74] combined with gemcitabine, PD-1 and CTL-4 ICB 
resulted in increased T-cell priming and infiltration in PDAC tumours[64,72]. 
Extraction and in vitro expansion of TILs from PDAC tumours also have been explored
[40] and the results demonstrated autologous T cell killing activity[75,76].

CONCLUSION
The PDAC tumour microenvironment is characterised by complex fibrotic stroma with 
substantial infiltration of tumour-promoting immunosuppressive cells and 
pronounced T cell exhaustion, favouring immune evasion that results in immuno-
therapeutic failures and poor clinical outcome. Therefore, understanding the 
complexity of PDAC immune landscape and the mechanisms involved in T cell 
dysfunction may contribute to identifying new immunotherapeutic strategies for 
treating PDAC and monitoring such response with novel technologies such as ctDNA 
to assess tumour lysis[77]. As such, unsuccessful immunotherapies could be reversed 
using combined approaches targeting multiple pathways that obstruct T cell anti-
tumour immunity along with other strategies to target stroma[78,79].

A variety of preclinical studies highlighting the influence of PDAC stromal 
components on T cell anti-tumour responses provided rationale for the development 
of clinical trials incorporating combined approaches to enhance T cell responses[80]. 
CXCL12 from cancer-associated fibroblasts synergizes with anti-PD-L1 blockade 
resulting in activation of T cells and tumour regression in mice[6,81]. Similarly, dual 
blockade of TGF-β and anti-PD1 resulted in increased T cell responses and tumour 
regression[82]. Moreover, targeting of myeloid cells with CSF1R in combination with 
PD-1 or CTLA-4 blockade[83] or focal adhesion kinases inhibitors has been shown to 
decrease infiltration of suppressive myeloid populations with concomitant activation 
of T cells, and improved survival in mice models[84].
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Abstract
The coronavirus disease 2019 (COVID-19) has caused one of the worst public 
health crises in modern history. Even though severe acute respiratory syndrome 
coronavirus 2 primarily affects the respiratory tract, gastrointestinal manifest-
ations are well described in literature. This review will discuss the epidemiology, 
virology, manifestations, immunosuppressant states, and lessons learned from 
COVID-19. Observations: At the time of writing, COVID-19 had infected more 
than 111 million people and caused over 2.5 million deaths worldwide. Multiple 
medical comorbidities including obesity, pre-existing liver condition and the use 
of proton pump inhibitor have been described as risk factor for severe COVID-19. 
COVID-19 most frequently causes diarrhea (12.4%), nausea/vomiting (9%) and 
elevation in liver enzymes (15%-20%). The current data does not suggest that 
patients on immunomodulators have a significantly increased risk of mortality 
from COVID-19. The current guidelines from American Gastroenterological 
Association and American Association for the Study of Liver Diseases do not 
recommend pre-emptive changes in patients on immunosuppression if the 
patients have not been infected with COVID-19. Conclusions and relevance: The 
COVID-19 pandemic has prompted a change in structure and shape of gastroen-
terology departmental activities. Endoscopy should be performed only when 
necessary and with strict protective measures. Online consultations in the form of 
telehealth services and home drug deliveries have revolutionized the field.
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Core Tip: The coronavirus disease 2019 (COVID-19) has caused one of the worst 
public health crises in modern history. Even though severe acute respiratory syndrome 
coronavirus 2 primarily affects the respiratory tract, gastrointestinal manifestations are 
well described in literature. This review will discuss the epidemiology, virology, 
manifestations, immunosuppressant states, and lessons learned from COVID-19.

Citation: Bhurwal A, Minacapelli CD, Orosz E, Gupta K, Tait C, Dalal I, Zhang C, Zhao E, 
Rustgi VK. COVID-19 status quo: Emphasis on gastrointestinal and liver manifestations. World 
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URL: https://www.wjgnet.com/1007-9327/full/v27/i46/7969.htm
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) is considered one of the fastest expanding 
pandemics since the Spanish flu of 1918, and one of the most impactful public health 
crises in modern history. As of February 2021, the coronavirus causing COVID-19, also 
known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), had 
infected more than 111 million people and caused over 2.5 million deaths worldwide, 
including 500000 in the United States[1].

It is hypothesized that SARS-CoV-2 originated from animal reservoirs and adapted 
to human-to-human transmission[2,3]. The first cases of severe pneumonia-like 
conditions were diagnosed in Wuhan, China at the end of 2019[4]. In February 2020, 
the international virus classification commission termed the novel coronavirus SARS-
CoV-2, and its clinical disease was termed COVID-19 by the World Health 
Organization (WHO) [5,6]. The case fatality ratio (CFR), defined as the proportion of 
individuals dying of a disease, was estimated to be up to 3%[7]. Till date, CFR remains 
the best tool to express the severity of COVID-19 infection among confirmed cases 
(Table 1). In addition to CFR, many other COVID-19 risk assessment tools have been 
developed that try to gauge the severity of the novel disease[8] within ethnically 
diverse populations[9].

SARS-CoV-2 pathogenesis manifests primarily as a respiratory viral syndrome 
causing symptoms such as cough, fever, general malaise, dyspnea, and respiratory 
distress, and in a proportion of cases causes severe pulmonary manifestations with 
respiratory failure and death[10]. SARS-CoV-2 propagates from the respiratory tract to 
other organs such as the gastrointestinal (GI) tract and liver[10-12].

Due to the availability of the genomic sequence of the viral RNA, scientists and 
researchers have been able to understand the SARS-CoV-2 virus and develop 
treatment strategies. This review will discuss the epidemiology, virology, manifest-
ations, immunosuppressant states, and lessons learned from COVID-19.

EPIDEMIOLOGY
The high degree of infectivity of the COVID-19 virus is attributed to its novelty in the 
human host. It can be can be measured by the basic reproduction number or R0, which 
is a statistical tool used to describe the contagiousness of a virus. It is estimated that 
the SARS-CoV-2 R0 is between 2 and 3, signifying that each infected person is likely to 
spread the infection to 2 to 3 additional people[13,14]. The secondary attack rate 
characterizes the contagiousness of a virus in the close contact setting, which considers 
how social behaviors may influence transmissibility[15,16]. Jing et al[17] estimated the 
secondary attack rate of COVID-19 to be 12.4% amongst close relatives and 17.1% 
amongst those who share the same residential address.

https://creativecommons.org/Licenses/by-nc/4.0/
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https://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i46/7969.htm
https://dx.doi.org/10.3748/wjg.v27.i46.7969


Bhurwal A et al.GI and liver COVID-19 status quo

WJG https://www.wjgnet.com 7971 December 14, 2021 Volume 27 Issue 46

Table 1 Calculated case fatality rate globally and regional according to World Health Organization reports

Region Cumulative confirmed cases Cumulative death cases CFR

Global 111762965 2479678 2.22%

Americas 49700102 1182591 2.38%

Europa 37974729 848644 2.23%

South East Asia 13415064 205814 1.53%

Eastern Mediterranean 6266689 142986 2.28%

Africa 2811106 71159 2.53%

Western Pacific 1594530 28471 1.79%

Estimated calculation with January 24, 2021 Data - World Health Organization Coronavirus (COVID-19) Dashboard, Available from: https://covid19.
who.int/. CFR: Case fatality ratio.

There are many medical comorbidities identified as risk factors for increased 
COVID-19 severity and mortality. In a summary report from China, pre-existing 
comorbid conditions increase fatality rate by 10.5% for cardiovascular disease, 7.3% for 
diabetes, 6.3% for chronic respiratory disease, 6.0% for hypertension, and 5.6% for 
cancer[18]. In a retrospective cohort study of 403 COVID-19 patients from a racially 
diverse, urban hospital, Rustgi et al[9] identified chronic kidney disease, hypertension, 
congestive heart failure, coronary artery disease, malignancy, dementia, cereb-
rovascular disease, seizures, and COPD to be associated with increased mortality. The 
centers for disease control (CDC) lists diabetes and BMI as conditions associated with 
increased risk of severe illness[19]. In an analysis of nearly 300000 COVID-19 cases in 
the United States, the mortality rate was 12 times as high among patients with 
reported comorbidities compared to those with none[20]. Understanding the 
significance of these risk factors can be vital when triaging and treating patients with 
COVID-19.

Few GI and liver-specific risk factors have also been identified. In a retrospective 
study of 2780 COVID-19 patients, Galiero et al[21] examined the effect of pre-existing 
liver disease (including NAFLD, NASH, and cirrhosis) on mortality. Patients with 
liver disease had a significantly higher risk of mortality. Another gastroenterology-
specific risk factor identified is the use of proton pump inhibitors (PPIs). Luxenburger 
et al[22] reported that in hospitalized patients with COVID-19, the use of a PPI 
significantly increased the risk of developing secondary infection (48.4% vs 20.0%, P ≤ 
0.001), ARDS (27.4% vs 12.2%, P = 0.02), and mortality (19.4% vs 5.6%, P = 0.01)[22]. 
One proposed mechanism is that PPI use suppresses gastric acid production leading to 
increased gastric microbiota which, in turn, can lead to micro-aspiration and 
subsequent bacterial colonization of the lung[23]. In addition, there is growing 
evidence that PPIs can also modulate immune responses by inhibiting neutrophil 
function with anti-inflammatory activity[24].

Age is another notable variable that affects mortality rates with older patients at 
much higher risk of death. One study in China showed that the mortality rate could be 
up to 3 times higher in patients who are 80 years or older[18]. Race and ethnicity have 
also been shown to affect mortality rates, though there is limited literature. Rustgi et al
[9] showed that White, Blacks, Asians, and Hispanics all have significantly different 
mortality rates[9]. In a meta-analysis of more than 3 million reported global cases, 
male patients compared to females had increased odds of ICU admission (OR, 2.84; 
95%CI: 2.06-3.92) and mortality (OR,1.39; 95%CI: 1.31-1.47)[25]. COVID-19 mortality 
rates also vary significantly by country. For example, France had a CFR of 15.2% 
whereas Korea had a CFR of 2.1%[26]. Unique delivery systems and healthcare 
infrastructure in these countries play a major role in influencing COVID-19 mortality.

VIROLOGY
SARS-CoV-2 is an enveloped, positive-sense, single-stranded RNA virus of the 
Coronaviridae family[2].  The coronaviruses can infect a wide range of vertebrates, 
including snakes, bats, pangolins, and humans. Sequence similarities with the bat and 
pangolin coronavirus virus RaTG13 strains suggest that the SARS-CoV-2 has a 

https://covid19.who.int/.
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zoonotic origin[2,3,27].
Human infection happens by aerosol droplets or carried on fomites.  Upon 

inhalation, the SARS-CoV-2 enters host respiratory cells via the angiotensin-converting 
enzyme 2 (ACE2) receptor and activating receptors such as the transmembrane 
protease serine 2 or cathepsin (Figure 1)[27,28]. Viral replication in the infected cells 
causes immune cells to proliferate and produce large amounts of cytokines and 
chemokines such as TNF-alpha, interferon-gamma, interleukin 6 (IL-6), IL-8, and IL-10 
(Figure 1)[28,29]. This process causes a cascade of inflammatory reactions with toxic 
damage to the lungs (Figure 2). These mechanisms have also been utilized as targets 
for therapy. After the initial focus on hydroxychloroquine, emphasis has more recently 
been on polymerase inhibitors (Remdesivir), binding agents such as convalescent 
plasma therapy and IL-6 inhibitors such as Tocilizumab[30,31]. Vaccines, such as 
mRNA-based (Pfizer-BioNTech, Moderna), adenovirus-based (AstraZeneca, Sputnik 
V, Convidicea, ZF2001), inactivated viral particles (CoronaVac, BBIBP-CorV, Covaxin, 
CoviVac), non-replicating viral vector (Janssen), and peptide (EpiVacCorona) 
(Figure 3) are areas of active evolution[30-33]. Adenovirus based intra-nasal COVID 
vaccines are currently undergoing evaluation via clinical trials. These vaccines with 
different mechanisms of action trigger immune responses and are of great benefit to 
systematically stop the COVID-19 pandemic[34].

GI symptoms such as diarrhea, nausea, vomiting, or abdominal pain have been 
reported in approximately 10%-15% of COVID-19 patients before, during or after 
clinical disease[28,35]. Stool samples from infected patients may test positive for the 
presence of SARS-CoV-2[36]. In vitro studies have demonstrated that enterocyte 
organoids may harbor and be capable of supporting SARS-CoV-2 replication[37]. In 
addition, in-vivo reports indicate that viral RNA is detectable by RT-PCR in biopsies 
from the esophagus, stomach, duodenum, and rectum[35]. These limited studies 
suggest that the SARS-CoV-2 virus can actively infect and replicate in the GI tract 
causing direct organ dysfunction.

The liver may suffer injury in 35%-56% of COVID-19 patients as shown by elevated 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl 
transpeptidase and/or bilirubin levels[12,38,39]. Interestingly, SARS-CoV-2 RNA 
sequences have been detected by RT-PCR in liver tissues of infected individuals, 
suggesting that hepatic injury may be related to direct viral infection[40]. Biopsy 
findings have demonstrated non-specific inflammatory changes such as hepatocyte 
swelling and steatosis, mild proliferation of hepatic sinusoid cells, hyperplasia of 
Kupffer cells and infiltration of lymphocytes[41-43]. SARS-CoV-2 injury in the liver 
may be mediated by high ACE-2 expression in liver cholangiocytes as well as TROP-2 
Liver progenitor cells[41].

Ischemia-perfusion injury has been reported as a complication of COVID-19 in both 
the GI and liver and has been more frequently observed in those COVID-19 patients 
admitted to intensive care units[44-46]. This injury may be due to coagulopathy, 
vasculopathy, hypoxia and shock caused by COVID-19 and thromboembolic events
[47-49]. Under these conditions, there is an increase in reactive oxygen species which, 
in turn, activate transcription factors and initiate the release of various pro-inflam-
matory factors that lead to tissue damage (Figure 2)[49,50].

GI MANIFESTATIONS
GI symptoms are common in COVID-19[51]. The most commonly reported GI 
manifestations are diarrhea, nausea, vomiting, and abdominal pain[52]. Loss of 
appetite and dysgeusia have also been described[53]. Viral particles have been isolated 
in fecal samples suggesting the possibility of fecal transmission of the virus[54]. A 
minority of patients with positive stool testing lacked GI symptoms suggesting 
asymptomatic carriage of disease[55]. These findings highlight the importance of fecal-
aerosol-mucosal transmission among individuals exposed to contaminated feces, 
including public toilets or areas with poor sanitation. This provides a concerning 
avenue for infectious spread in under-developed regions of the globe, including many 
regions in Africa and South Asia which lack comprehensive wastewater treatment 
facilities.  Disease control guidelines have emphasized effective management and 
disinfection of potentially contaminated feces in COVID19 patients, and aggressive 
vaccination programs in areas at higher risk for fecal-oral spread[43].

Initial case series from China revealed diarrhea as the most prevalent GI symptom, 
occurring in 2%-36% of cases, followed by nausea (1%-17%), vomiting (1%-6%), and 
abdominal pain (2%-6%)[56]. As the pandemic has spread, additional reviews and 
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Figure 1 Schematic representation of severe acute respiratory syndrome coronavirus 2 life cycle causing coronavirus disease 2019. 
Angiotensin-converting enzyme 2 receptors located on the cell surface of ciliated epithelial cells in the respiratory airways, and in type II pneumocytes in the alveoli, 
bind to virus spike proteins (I). The virus enters the cell body (II) and releases its RNA (III) using host cells to create new virus particles by replication of RNA and 
translation of polyproteins (IV).  New viral particles are assembled (V) and released by exocytosis (VI). Library of Science & Medical Illustrations were utilized in part 
to create this figure. https://creativecommons.org/licenses/by-nc-sa/4.0/.

meta-analyses have confirmed the prevalence of GI symptoms in other population 
groups, although much of the reported data remains from cohorts of Chinese patients. 
A large meta-analysis of 59254 patients predominantly from the Hubei province (75.8), 
showed that 9% of all patients experience GI symptoms (Table 2)[57]. A more recent 
meta-analysis by Tariq et al[52] focused specifically on GI manifestations of disease, 
including 12797 patients from 11 countries. Of the patients included, 12.4% reported 
diarrhea and 9% nausea and/or vomiting. Abdominal pain was also reported in 6.2% 
of patients. Comparative analysis by patient location revealed a significantly higher 
proportion of symptoms of diarrhea and nausea/vomiting in the non-China subgroup 
while loss of appetite was similar between groups.

Anosmia and ageusia are frequently reported with important implications. Ageusia 
was reported in 20% of patients in one recent review while the rates of anosmia varied 
greatly across studies from 22%-68%[53]. Anosmia and dysgeusia were more likely to 
be associated with concurrent nausea or loss of appetite (16.9 vs 6.5%, P = 0.006).

GI symptoms generally occur with modest frequency compared with respiratory 
symptoms and fever; however, there are a small number of patients who present with 
GI symptoms as the only manifestation of disease[58]. Among these patients with 
isolated symptoms, there is frequently a more delayed hospital presentation compared 
to respiratory symptoms (9.0 d vs 7.3 d)[59]. The American Gastroenterological 
Association (AGA) has recommended COVID-19 testing in patients with new onset GI 
symptoms as these may precede pulmonary symptoms[60]. Several studies have 
attempted to correlate GI symptoms with severity of disease and mortality with mixed 
results. A recent United States-based case-control series of 150 patients with GI 
symptoms did not demonstrate increased mortality, intubation, or hospital length of 
stay compared with controls who lacked GI symptoms[61]. This is in contrast to some 
initial series from China which linked digestive symptoms to longer length of stay
[62]. Further investigation into this area is needed.

https://creativecommons.org/licenses/by-nc-sa/4.0/
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Table 2 Gastrointestinal manifestations in coronavirus disease 2019

Ref. Number of subjects Diarrhea Nausea Vomiting1 Abdominal pain

Lin et al[35], 2020 95 24% 18% 4% 2%

Wong et al[56], 2020 2230 2%-36% 1%-17% 1%-6% 2%-6%

Tariq et al[52], 2020 12797 12% 9%1 9%1 6%

1Study presented "nausea and/or vomiting" as one statistic.

Figure 2 Overview of severe acute respiratory syndrome coronavirus 2 affecting multiple body systems directly or indirectly. Library of 
Science & Medical Illustrations were utilized in part to create BioNTech this figure. https://creativecommons.org/licenses/by-nc-sa/4.0/.

While critically ill patients still experience many of the same GI symptoms including 
diarrhea and vomiting, more severe complications noted have included bowel 
ischemia (3.8%), ileus (55.8%), and Ogilvie-like syndrome (1.9%), as demonstrated in 
one series of 141 COVID ICU patients(44). A recent review compared GI complications 
between critically ill patients with COVID and those with non-COVID ARDS and 
found that the COVID cohort developed more GI complications (74% vs 37%, P < 
0.001)[63]. While many symptoms have been identified, data describing the 
significance of the GI symptoms in predicting disease course and outcomes has been 
limited, variable, and sometimes contradictory.

COVID-19 AND LIVER MANIFESTATIONS 
COVID-19 infection has been shown to directly affect the liver and cause laboratory 
abnormalities via previously described mechanisms based on abundant ACE2 
receptors found on hepatocytes and cholangiocytes to directly enter cells and cause 
significant liver dysfunction and injury[55,63]. Hospitals in China reported abnormal 
liver enzymes in approximately 14%-76% of cases hospitalized for COVID-19[64,65]. 

https://creativecommons.org/licenses/by-nc-sa/4.0/
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Figure 3 Summary of authorized/approved coronavirus disease 2019 vaccines around the world and their mechanism. The immune response 
starts by antigen-presenting cells engulfing the virus and activating T-helper cells. These T-helper cells enable an immune response via B cells (antibodies) and 
Cytotoxic T cells to destroy virus-infected cells. Library of Science & Medical Illustrations were utilized in part to create this figure. https://creativecommons.
org/licenses/by-nc-sa/4.0/.

According to a systematic review and meta-analysis of 47 studies with 10890 total 
patients with COVID-19, approximately 15% to 20% were identified to have abnormal 
liver enzymes with a higher prevalence identified in studies performed outside of 
China (Table 3)[60].

Hospitalized patients found to have abnormal liver enzymes, may have also shown 
a higher likelihood of developing severe disease, as well as increased risk of intensive 
care admission and death[57]. This lack of data has recently prompted the AGA to 
recommend obtaining baseline liver enzymes and consider monitoring liver enzymes 
in patients throughout the course of their infection[60].

Treatments for COVID-19 have been associated with elevated liver enzymes and 
subsequent injury, most notably with remdesivir use. Remdesivir use in early trials 
and series was associated with 10%-50% of patients developing transient, mild to 
moderate (< 5 times upper limit or normal) elevations in AST and ALT within 5 da of 
therapy. Nine percent of patients in reported trials showed at least moderate 
elevations, but resolved with discontinuation and were not associated with clinically 
significant injury. Pharmacology guidelines recommend close monitoring of liver 
enzymes and early discontinuation of infusions if elevations rise > 10 times the upper 
limit of normal[66,67]. Dexamethasone remains a treatment for severe COVID-19 
infection. It should be acknowledged that prolonged use of corticosteroid therapy can 
cause hepatic steatosis as well as increase the risk of developing reactivation of latent 
infections, such as viral hepatitis B.

https://creativecommons.org/licenses/by-nc-sa/4.0/
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Table 3 Liver manifestations in coronavirus disease 2019

Ref. Number of subjects Abnormal LFTs (any) ALT AST Tbili

Lin et al[35], 2020 95 - 5% 4% 23%

Wang et al[38], 2020 105 56% 16% 9% 2%

Fan et al[39], 2020 148 37% 18% 22% 6%

Zhang et al[63], 2020 1628 14%-53% - - -

Cai et al[65], 2020 417 76% - - -

Sultan et al[60], 2020 10890 - 15% 15% 17%

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

COVID-19 AND IMMUNOSUPPRESSED STATES
Corticosteroids, immunomodulators (thiopurines, methotrexate) and biologic the-
rapies (such as anti-TNF agents) are frequently used to manage inflammatory bowel 
disease (IBD), liver transplant recipients and patients with autoimmune hepatitis[68]. 
These medications block the intracellular signals necessary for host immunity and are 
associated with high rates of viral and bacterial infections including pneumonia[69,
70]. Therefore, it is plausible that immunosuppressed patients would increase the risk 
of infection with SARS-CoV-2. However, it is also plausible that these medications 
reduce mortality in COVID-19 by blocking the cytokine storm of SARS-CoV-2[71]. 
Hence, how a gastroenterologist should handle immunosuppressive therapies in 
patients with suspected or confirmed COVID-19 is a challenging clinical question.

The SECURE-IBD (Surveillance Epidemiology of Coronavirus Under Research 
Exclusion – IBD) database consists of reported cases of COVID-19 in IBD patients[72]. 
The data suggests that the prevalence of severe COVID-19 is low in patients on 
immunomodulator therapy and biologic therapy; 25% needed hospitalization on 
immunomodulator monotherapy whereas 19% needed hospitalization while on anti-
TNF agents[73]. Fortunately, mortality rates were low with 2% in the immunomod-
ulator monotherapy group and 1% in the anti-TNF cohort[72]. Thus, the AGA 
recommends that IBD therapies be continued with a goal of maintaining remission and 
adjustment being made as necessary[74].

Similar to SECURE-IBD, SECURE-Cirrhosis (Surveillance Epidemiology of 
Coronavirus Under Research Exclusion - Cirrhosis) is a registry for all COVID-19 cases 
in patients with chronic liver disease as well as liver transplant recipients[75]. The data 
from this registry suggests that patients with chronic liver disease but without 
cirrhosis have a similar risk of mortality from COVID-19 as patients without liver 
disease. However, patients with cirrhosis have an increased risk with mortality of 32%
[75,76]. The data from the registry also suggests that liver transplantation was not 
associated with an increase in mortality with SARS-CoV-2 infection[77]. The American 
Association For The Study Of Liver Diseases (AASLD) recommends that anticipatory 
changes in immunosuppressive regimen should not be made for post-transplant 
patients and autoimmune patients without COVID-19[78]. In patients on immunosup-
pression, AASLD recommends lowering the dosages based on the general principles to 
manage infections in these patients[78].

In summary, the current data does not suggest that patients on immunomodulators 
have an increased risk of mortality from COVID-19. The current guidelines from AGA 
and AASLD do not recommend pre-emptive changes in patients on immunosup-
pression if the patients have not been infected with COVID-19. However, the dosages 
may be adjusted in patients with COVID-19 on the basis of general principles[74,78].

CONCLUSION
The WHO and CDC have developed ongoing recommendations to be followed during 
the COVID-19 pandemic. The mechanism of injury and cascade of events due to 
COVID-19 (Figure 2) have been studied in great detail. These have helped develop 
targets for therapy and vaccines. The current literature does not reveal that 
immunosuppressed patients are at higher risk of COVID-19 infection[74,78]. However, 
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the impact of the COVID-19 vaccine on specific organs such as liver and GI tract are 
still uncertain. Further research is necessary to evaluate the long-term effects of the 
vaccine in relation to GI tract. Despite lack of long-term data, patients and physicians 
are encouraged to get vaccinated as universal vaccination is of great societal and 
global benefit.

The pandemic has prompted a change in structure and shape of gastroenterology 
departmental activities. 27% of the centers in the United States and Canada had 
implemented routine endotracheal intubation for upper endoscopic procedures[79]. 
The reshaping has been aimed to address urgent and emergent needs of the 
community and decreasing patient exposures in the hospital. Most of the practices had 
altered coverage schedule for the physicians. Strict protective measures during 
endoscopic procedures such as gowns, gloves, face shields, N95 masks, hairnets, 
double gloves, shoe covers, have also been implemented[79]. The patients are screened 
at arrival for symptoms and exposures. During the pandemic, only highly urgent 
endoscopic procedures are being performed on COVID-19 patients[80]. Endoscopy 
should be performed only when necessary and in a negative pressure flow room for 
COVID-19 patients if such a room is available. Where a negative pressure flow room 
for COVID-19 is not possible, strict sanitation measures are recommended[80].

Online consultations in the form of telehealth services and home drug deliveries 
have been important. Virtual clinics have been started by majority of the institutions as 
chronic digestive diseases can be managed via online consultations. Approximately 
96% (70/73) of the practices had adopted telehealth as revealed in the survey of 62 U.S 
and 11 Canadian Centers in May 2020[80].

The evaluation of inpatients should be judicious to prevent unnecessary exposure of 
patients, hospital personnel to COVID-19. Clearly, society as well as healthcare 
delivery will continue to evolve and adapt for this and future crisis.
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Abstract
BACKGROUND 
Inflammatory bowel disease (IBD) affects millions of people worldwide and has 
emerged as a growing problem in industrialized nations. The lack of therapeutic 
targets has limited the treatment of IBD. Studies found that parasitic nematode 
infections can ameliorate clinical and experimental colitis. Our previous study 
found that rSj16, a 16-kDa secreted protein of Schistosoma japonicum produced by 
Escherichia coli, has protective effects on dextran sulfate sodium (DSS)-induced 
colitis in mice. Apoptosis is an important factor in the pathogenesis of colitis. 
However, it is not clear whether the effect of rSj16 on colitis is related to apoptosis.

AIM 
To investigate whether the protective effects of rSj16 on colitis is related to 
apoptosis and its mechanism.

METHODS 
In-vivo, colitis was induced by DSS. The severity of colitis was assessed. WB was 
used to detect the changes of apoptosis-related genes in colon tissues. Q-PCR was 
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used to detect the changes of miRNA-217-5p and HNF1B. In-vitro, WB was used 
to detect the changes of apoptosis-related genes in intestinal epithelial cells. 
TUNNEL staining and flow cytometry were used to detect cell apoptosis.

RESULTS 
rSj16 attenuates clinical activity in DSS-induced colitis mice. TUNNEL staining 
and WB results showed that apoptosis was increased in colon tissue after 
treatment with DSS, and the apoptosis of colon tissue was significantly reduced 
after treatment with rSj16. Compared with normal mice, the expression of miR-
217-5p was increased in colon tissue of DSS-induced colitis mice. In addition, the 
miR-217-5p target gene hnf1b was decreased after administration of DSS. After 
treatment with rSj16, the expression of miR-217-5p was decreased and the 
expression of HNF1B was increased compared with the DSS-treated group. When 
Etoposide was used in combination with miR-217-5p mimic on MODE-K cells, the 
expression of cleaved-Caspase-3 and Bax was increased, and Bcl-2 was decreased 
compared with only Etoposide treatment, the expression of HNF1B was 
significantly reduced, suggesting that miR-217-5p acts as a pro-apoptotic in colon 
epithelial cells and down-regulates the target gene hnf1b. After rSj16 adminis-
tration in MODE-K cells, miR-217-5p expression was significantly decreased, 
HNF1B expression was increased, and apoptosis was reduced.

CONCLUSION 
The protective effects of rSj16 on colitis is related to apoptosis and miRNA-217-5p 
may be a further target for therapeutic intervention against IBD.

Key Words: Schistosoma japonicum; rSj16; Inflammatory bowel disease; Apoptosis; 
miRNA-217-5p

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The lack of therapeutic targets has limited the treatment of inflammatory 
bowel disease (IBD). Parasitic nematode infections can ameliorate clinical and experi-
mental colitis. Our previous study found that rSj16, a 16-kDa secreted protein of 
Schistosoma japonicum produced by Escherichia coli, has protective effects on dextran 
sulfate sodium (DSS)-induced colitis in mice. We found that rSj16 can inhibit DSS-
induced apoptosis in the colons of mice with colitis. In addition, we found that the 
inhibitory effect of rSj16 on apoptosis was associated with decreased miR-217-5p, and 
that hepatocyte nuclear factor 1 beta was increased after treatment with rSj16. These 
results highlight a novel therapeutic target that may be used to treat IBD.

Citation: Zhang LC, Wu XY, Yang RB, Chen F, Liu JH, Hu YY, Wu ZD, Wang LF, Sun X. 
Recombinant protein Schistosoma japonicum-derived molecule attenuates dextran sulfate 
sodium-induced colitis by inhibiting miRNA-217-5p to alleviate apoptosis. World J 
Gastroenterol 2021; 27(46): 7982-7994
URL: https://www.wjgnet.com/1007-9327/full/v27/i46/7982.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i46.7982

INTRODUCTION
Inflammatory bowel disease (IBD) affects millions of people worldwide and has 
emerged as a growing problem in industrialized nations[1]. The two distinct forms of 
IBD, ulcerative colitis and Crohn’s disease, are characterized by intermittent, chronic 
or progressive inflammation[2]. The etiologies of both forms are multifactorial, 
including immunoregulatory factors, genetic susceptibility, environmental changes, 
and abnormalities of gut microbiota. Traditional treatments for IBD include 5-
aminosalicylic acid agents, steroids, and antimicrobials. However, as these drugs have 
limitations and many patients cannot achieve remission, a research focus in this field is 
to devise biological therapies for the treatment of IBD.
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Recent studies have demonstrated that helminth Schistosoma can protect against 
IBD. In a DSS-induced mouse colitis model, an attenuated inflammatory response was 
found in those infected with Schistosoma japonicum (S. japonicum)[3]. Schistosoma 
mansoni (S. mansoni) egg antigen has a beneficial modulatory effect in a DSS-induced 
mice colitis model[4]. In adult male mice with colitis, S. mansoni infection modulates 
the colitis mice immune system, suppressing colitis and limiting dysbiosis of intestinal 
microbiome[5]. Infection with S. mansoni also attenuates disease in rats with 
trinitrobenzene sulfonic acid (TNBS)-induced colitis[6]. Our previous study confirmed 
that exosomes derived from dendritic cells treated with S. japonicum soluble egg 
antigen attenuate DSS-induced colitis in mice[7]. Furthermore, we have also shown 
that rSj16 has protective effects on DSS-induced mouse colitis[8].

Apoptosis is an important factor in the pathogenesis of colitis. Abnormal apoptosis 
of intestinal epithelial cells (IECs) is frequently found in IBD[9,10]. IEC apoptosis 
results in disruption of intestinal barrier integrity, and may allow the infiltration of 
bacteria, triggering an inflammatory cascade[11]. Aberrant IEC apoptosis stimulates 
the production of tumor necrosis factor-alpha (TNF-α) and interferon gamma (IFN-γ), 
both of which further induce IEC apoptosis[12]. MicroRNAs are critical post-transcrip-
tional regulators of gene expression and key mediators of pathophysiology of inflam-
matory bowel disease (IBD)[13]. However, the molecular basis of IEC apoptosis in the 
pathogenesis of IBD remains unclear.

MicroRNAs (miRNAs) are small non-coding RNAs that are about 22 nucleotides 
long. MiRNAs negatively regulate gene expression at the post-transcriptional or 
translational level by complementary binding to the 3′-untranslated region(UTR). 
MiRNAs control genes involved in cellular processes such as inflammation, cell-cycle 
regulation, stress response, differentiation, apoptosis, and migration[14,15]. Studies 
have shown that miRNAs play an important role in IBD. For example, miR-301a 
promotes intestinal mucosal inflammation by inducing IL-17A and TNF-α in IBD[16]. 
MiR-31 is increased in colon tissues of patients with IBD, reduces inflammatory 
signaling and promotes colon regeneration[17]. Myeloid-derived miR-223 Limits 
intestinal inflammation by constraining the nlrp3 inflammasome[18]. Upregulation of 
miR-665 promotes apoptosis and colitis in inflammatory bowel disease by repressing 
the endoplasmic reticulum stress components XBP1 and ORMDL3[19]. In Shamran’s 
study, miR-217 may induce Sirt-1 and provide protection against intestinal inflam-
mation[20]. The hepatocyte nuclear factor (HNF) superfamily of transcription factors is 
essential for the development and maintenance of a variety of humans and mice 
tissues, and is further classified into four families, HNF1, FOXA, HNF4, and ONECUT, 
based on their functional domains. In gut, HNFs are expressed in IECs, which regulate 
a variety of physiological functions, including differentiation, barrier function, and 
metabolism[21]. Hepatic nuclear factor-4α (HNF4α) mRNA level was also downreg-
ulated in mouse model of ileitis (SAMP) compared with control mice[22]. Hepatocyte 
nuclear factor-1beta (HNF1B) is the most important liver-specific transcription factor, 
with responsibility for sequence-specific DNA binding. HNF1B is reportedly a target 
of miR-217, with a role in circ-TTBK2- and miR-217-mediated modulation of malignant 
glioma progression[23].

In this study, we investigate whether the protective effects of rSj16 on colitis is 
related to apoptosis and its mechanism. miRNA may function through regulating the 
expression of encoding genes in IBD[16]. We explore the relationship between rSj16, 
miR-217-5p and IBD, providing theoretical support for the clinical application of rSj16 
in the treatment of IBD.

MATERIALS AND METHODS
Animals and ethics
Male BALB/c mice (aged 6 wk, 18-20 g) were purchased from the Experimental 
Animal Center of Guangdong. All animal experimental procedures were approved by 
the Medical Research Ethics Committee of Sun Yat-sen University (SYSU-IACUC-
2019-B517) and conformed to the Chinese National Institute of Health Guide for the 
Care and Use of Laboratory Animals.

Induction and treatment of colitis
Recombinant protein (rSj16) was expressed and purified as described previously[8]. A 
total of 15 mice were randomly assigned to three groups. Acute colitis was induced by 
administering water with 3% (wt/vol) DSS (36–50 kDa; MP Biomedicals, Illkirch, 
France) to mice over a period of 7 d. The control mice (n = 5) received drinking water. 
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Over the same period, rSj16 was administered to the colitis mice (n = 5) via intraperi-
toneal (i.p.) injection (100 μg per mouse) on each day from 1 to 7. Control groups (n = 
5) received the same volume of vehicle (phosphate buffered saline; PBS) over the same 
time frame. The mice were fed standard mouse chow.

Clinical scoring
During treatment, mice were observed daily. Changes in body weight, occurrence of 
diarrhea and bleeding were recorded. Blood in the feces was determined using a 
Hemoccult assay kit (Nanjing Jiancheng Bio-engineering Institute, China). A clinical 
disease score (disease activity index, DAI) was evaluated based on weight loss, 
diarrhea, and bleeding as described previously[8].

Macroscopic assessment and histologic analysis
Mice were sacrificed on day 7. Colon length was measured, and the macroscopic 
scores of colons were assessed by an independent observer who was blinded to 
treatment status[7]. The colons were fixed in 4% formaldehyde and then embedded in 
paraffin. Colon sections were prepared and stained with hematoxylin and eosin (H & 
E). Histopathological scores were determined in a blinded fashion, according to the 
criteria described in our previous study.

Cell culture and treatment
Mouse intestinal epithelial cell line, MODE-K cells were purchased from the BeNa 
Culture Collection (BNCC, China). The cells were cultured with Dulbecco’s modified 
eagle medium (DMEM) (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% 
fetal bovine serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.), 100 IU/mL penicillin 
and 100 mg/mL streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.), incubated in 
a 5% CO2 environment at 37 °C. The cells were seeded one day prior to transfection in 
12-well cell culture plates. Cells were incubated in a serum-free medium for starvation 
overnight, then stimulated with miRNA mimic (Assay ID: MIMAT0000679) or mimic 
control (50 nM, Ruibo, Guangzhou, China) using RNAi MAX (Invitrogen, United 
States). MiRNA mimics are miRNAs that mimic endogenous miRNAs and can be 
synthesized by chemical synthesis to enhance the function of endogenous miRNAs.

Flow cytometry
MODE-K cells were seeded in 6-well plates and treated with mimic control, miRNA 
mimic, miRNA mimic + Etoposide (MedChemExpress, United States, 25 μM)[24], and 
miRNA mimic + Etoposide + rSj16 (4 μg/mL) for 48 h. Adherent and floating cells 
were collected and resuspended in 100 μl binding buffer. Each group of cells was 
stained with 2 μl Annexin-V FITC and propidium iodide (PI, BD Biosciences) at room 
temperature for 15 min. Samples were analyzed using a CytoFLEX S flow cytometer 
(Beckman Coulter, United States).

Western blot
MODE-K cells were homogenized with a protein extraction reagent buffer (RIPA; 
Beyotime Institute of Biotechnology) containing protease and phosphatase inhibitors. 
Protein concentration was measured using the bicinchoninic acid assay (Beyotime 
Institute of Biotechnology, China). Equal amounts of proteins were separated by 10% 
SDS-PAGE and transferred to a polyvinylidene fluoride blotting membrane (GE 
Healthcare Life Sciences, United Kingdom). The membrane was blocked by 10% milk. 
The membrane was incubated with a primary antibody (proteintech cleaved-Caspase3, 
Cat No. 19677-1-AP; Bax, Cat No. 50599-2-Ig; Bcl-2, Cat No. 12789-1-AP; HNF1B, Cat 
No. 12533-1-AP; GAPDH Sigma-Aldrich G9295) diluted 1:1,000 overnight at 4 °C, 
followed by incubation with the secondary antibody (ProteinTech Group, Inc.; anti-
mouse, cat. no. SA00001-1; anti-rabbit, cat. no. SA00001-2) diluted 1:2000 at room 
temperature for 2 h. Immunodetection was performed using enhanced chemilumin-
escence reagent (Thermo Fisher Scientific, Inc.) and visualized using chemilumin-
escence gel imaging system (Tanon-5200 Multi, Shanghai China). ImageJ (×64) 
software (National Institutes of Health) was used to quantify the results[25].

TUNEL staining method 
MODE-K cells treated with mimic control, miRNA mimic, miRNA mimic + Etoposide, 
and miRNA mimic + Etoposide + rSj16 were inoculated into 24-well plates for 48 h 
then fixed with 4% paraformaldehyde for 15 min at room temperature. Diluted 
TUNEL staining fluid (Beyotime Institute of Biotechnology) was added to cells and 
colon histological sections according to the manufacturer’s instructions. PBS was used 
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to wash cells, followed by DNA staining with DAPI at room temperature for 10 min, 
and the staining was observed using a Leica DMI4000B fluorescence microscope 
(magnification, ×10), positive cells were quantified by Image J software.

RNA extraction and quantitative reverse-transcription PCR
Total RNA was harvested using TRIzol according to manufacturer’s instructions, 
including MODE-K cells and 50 mg mouse colon tissue samples. Complementary 
DNA (cDNA) was synthesized from 1.0 μg of total RNA with oligo (dT) primers using 
a cDNA Synthesis Kit (Takara, Japan). The expression of mRNA and miRNA was 
determined using a SYBR Green Master Mix kit (Takara, Japan), primer sequences are 
shown in Table 1. GAPDH or U6 were used as an internal control, and the fold change 
was calculated by the 2-ΔΔCT method.

Dual-luciferase reporter assay
HEK 293T cells were transfected using the HNF1B UTR reporter plasmid together with 
miR-217-5p mimic or control mimic for 48 h using Lipofectamine® 3000 (Invitrogen; 
Thermo Fisher Scientific, Inc). Following this period, cells were lysed using the Dual-
Glo® Reagent (Dual-Glo® Luciferase Assay System; Promega Corporation). Renilla 
luciferase assay substrate and firefly luciferase detection reagent were added and 
luciferase activities were detected using the Infinite F500 Multimarker Analyser 
(TECAN, Austria) according to the manufacturer’s instructions. Renilla luciferase was 
used as an internal reference, with luciferase activity normalized to Renilla luciferase 
activity[26].

Statistical analysis
All data are expressed as means ± SD. Results were compared between the two groups 
using an unpaired two-sample t-test. Multiple comparisons between more than two 
groups were analysed by one-way ANOVA test or Kruskal–Wallis test (non-
parametric). The value of P < 0.05 was considered statistically significant.

RESULTS
rSj16 protects against acute DSS-induced colitis
As found in our previous study[8], after DSS administration, the mice lost weight over 
time. At the same time, the DAI of mice with colitis also increased with time. After 
treatment with rSj16, body weight loss and DAI were both significantly alleviated in 
mice with colitis (Figure 1A and B). Colon length was significantly reduced by 
application of DSS, and was restored after rSj16 treatment (Figure 1C and D). Mean 
colon macroscopic scores were significantly suppressed in DSS + rSj16 group 
compared with DSS + PBS group (Figure 1E). Additionally, H&E histopathology 
results showed that treatment with rSj16 significantly reduced inflammation 
(Figure 1F). Consistent with this, histopathological scores after treatment with rSj16 + 
DSS were significantly lower than after treatment with DSS + PBS (Figure 1G and 
Table 2).

rSj16 inhibit DSS induced apoptosis of colon epithelial cells
IEC apoptosis is increased in affected areas of IBD[27], leading to the disruption of 
intestinal barrier integrity that may allow bacteria to penetrate into the intestinal wall 
from the intestinal cavity and trigger an inflammatory cascade, including the 
production of pro-inflammatory cytokines, to remove the invading bacteria[28,29]. In 
the present study, to investigate the mechanism by which rSj16 alleviates DSS-induced 
acute colitis, 3% DSS was administered to mice daily for 7 d, and western blot was 
performed to detect the apoptosis of colon epithelial cells in mice. As shown in 
Figure 2A, the pro-apoptotic protein cleaved-Caspase-3 and Bax were increased, while 
the anti-apoptotic protein Bcl-2 was decreased after treatment with DSS + PBS 
compared with the Water + PBS, indicating that DSS can induce apoptosis of colon 
epithelial cells. In addition, pro-apoptotic Bax was decreased and anti-apoptotic 
protein Bcl-2 was increased after treatment with rSj16 + DSS compared with DSS + 
PBS. These results demonstrate that rSj16 may significantly inhibit DSS-induced colon 
epithelial cells apoptosis (Figure 2A). TUNEL staining, indicating apoptosis, was 
increased in colon tissue and the number of TUNEL positive cells decreased 
significantly after administration of rSj16 (Figure 2B).
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Table 1 Quantitative real time PCR primer sequences

Gene Forward (5’-3’) Reverse (5’-3’)
hnf1b CCCATCCTCAAAGAGCTCCA AGAGGTGGGATTGGTTCAGG

GAPDH(Mouse) ACTCCACTCACGGCAAATTC TCTCCATGGTGGTGAAGACA

miR-217-5p UACUGCAUCAGGAACUGACUGGA mRQ3' Primer (Takara, Kyoto, Japan)

U6 Takara, Kyoto, Japan Takara, Kyoto, Japan 

Table 2 Values of the evaluation indexes

Body weight loss on day 7 
(%) (mean ± SD)

DAI on day 7 
(mean ± SD)

Colon length 
(mean ± SD)

Macroscopic scores 
(mean ± SD)

Histopathological scores 
(mean ± SD) n

Water + 
PBS

125.30 ± 6.30 0.00 ± 0.00 9.70 ± 0.56 0.00 ± 0.00 0.00 ± 0.00 5

DSS + 
PBS

89.11 ± 8.02 5.20 ± 0.45 6.58 ± 0.48 7.8 ± 1.30 13.00 ± 2.55 5

DSS + 
rSj16

106.00 ± 5.97 1.40 ± 0.89 8.12 ± 0.35 3.20 ± 0.84 4.4 ± 1.14 5

DSS: Dextran sulfate sodium.

rSj16 inhibits the expression of miR-217-5p in the colon of mice with DSS-induced 
colitis 
Research has shown that down-regulation of miR-217-5p may reduce the apoptosis of 
cardiomyocyte derived cell lines[30]. We found that, compared with Water-treated 
mice, the expression of miR-217-5p was increased in colon tissue of mice with DSS-
induced colitis. In addition, the miR-217-5p target gene hnf1b was decreased after 
administration of DSS. After treatment with rSj16, the expression of miR-217-5p was 
decreased and the expression of hnf1b was increased compared with the DSS-treated 
group (Figure 3A and B). Pearson’s correlation coefficient analysis showed a negative 
correlation between miR-217-5p and HNF1B in in colon tissue of mice (r = -0.3463, P < 
0.05) (Figure 3C). Western blot results also indicated that HNF1B was decreased after 
DSS treatment, and was increased after rSj16 treatment compared with DSS-treated 
group (Figure 3D and E).

In order to verify whether miR-217-5p regulates the expression of HNF1B, we 
generated a luciferase reporter plasmid contained 3'- UTR of HNF1B and located on 
both sides of the binding site of miR-217-5p. Relative luciferase activity of the reporter 
containing the predicted miR-217-5p binding sites for 3′UTR of HNF1B mRNA 
transcript was significantly reduced when co-transfected with miR-217-5p mimic 
compared with a control mimic (Figure 3F). Studies have shown that miRNA-217-5p is 
closely related to apoptosis[24,31]. Etoposide (an apoptosis inducer) was used to 
induce the apoptosis of MODE-K, and qPCR results showed that increased miRNA-
217-5p expression, and decreased miR-217-5p target gene hnf1b expression in the 
process of apoptosis. However, rSj16 may inhibit the expression of miR-217-5p, and 
increase the expression of hnf1b (Figure 3G and H).

rSj16 anti-apoptotic action via regulation of miR-217-5p/HNF1B axis
We further verified the role of miR-217-5p in the process of apoptosis, and the 
mechanism of rSj16 in regulating apoptosis. Western blot showed that when Etoposide 
was used in combination with miR-217-5p mimic on MODE-K cells, the expression of 
cleaved-Caspase-3 and Bax was increased, and Bcl-2 was decreased compared with 
only Etoposide treatment, and the expression of HNF1B was significantly reduced. 
These results indicate that miR-217-5p acts as a pro-apoptotic in colon epithelial cells 
and down-regulates the target gene hnf1b. In addition, the expression of cleaved-
Caspase-3 and Bax was decreased, while Bcl-2 and HNF1B were increased in mice 
treated with Etoposide + miR-217-5p + rSj16 compared with Etoposide + miR-217-5p 
(Figure 4A and B). TUNEL staining of MODE-K after treatment of Etoposide, 
Etoposide + miR-217-5p, and Etoposide + miR-217-5p + rSj16, showed that the number 
of TUNEL positive cells increased with Etoposide + miR-217-5p and decreased after 
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Figure 1 rSj16 protects against acute dextran sulfate sodium-induced colitis. A: Daily changes in body weight [dextran sulfate sodium (DSS) + rSj16 
vs DSS + PBS]; B: Changes in DAI (DSS + rSj16 vs DSS + PBS); C and D: Colon lengths were measured and recorded; E: Macroscopic appearance of the colons; F: 
The histopathological changes in the colons were examined by H&E staining (20×); G: Histopathological scores of the colons were determined. DSS: Dextran Sulfate 
Sodium Salt. Statistical analysis was performed using one-way ANOVA. Data are presented as means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

treatment with rSj16 (Figure 4C and D). Flow cytometry results also showed that miR-
217-5p could obviously promote MODE -K apoptosis. However, rSj16 could signi-
ficantly inhibit MODE -K apoptosis induced by Etoposide and miR-217-5p. (Figure 4E 
and F).

DISCUSSION
IBD encompasses Crohn’s disease, ulcerative colitis and IBD-unclassified. Although 
newer treatments have increased the chances of remission, most IBD patients cannot 
maintain remission, and death is not an infrequent outcome of IBD[32,33]. Therefore, it 
is very important to explore the pathogenesis of IBD and to find effective therapeutic 
targets. We have found that rSj16 (a 16-kDa secreted protein of Schistosoma japonicum) 
has protective effects on DSS-induced mouse colitis. Body weight loss was alleviated 
in mice with colitis after treatment with rSj16. DAI (evaluated based on weight loss, 
diarrhea, and bleeding) also alleviated in colitis mice after treatment with rSj16. The 
results of colon length, mean colon macroscopic scores (assessed by hyperemia, wall 
thickening, ulceration, inflammation extension, and damage), H&E, and histopatho-
logical scores (based on extent of inflammation, neutrophil and lympho-histiocyte 
infiltration, crypt damage, crypt abscess formation, sub-mucosal edema, goblet cell 
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Figure 2 rSj16 inhibits dextran sulfate sodium induced apoptosis of colon epithelial cells. A: Western blot analysis for the expression of apoptosis 
relative proteins, including Bcl-2, Bax and cleaved-Caspase3; B: The apoptosis of colon tissue of mice treated with dextran sulfate sodium (DSS) + PBS and DSS + 
rSj16 was detected by TUNEL assay (20×), TUNEL positive cells were apoptotic cells, the number of TUNEL positive cells was quantified. TUNEL: Terminal 
deoxynucleotidyl transferase-mediated dUTP nick end labeling. Statistical analysis was performed using one-way ANOVA (A) and Kruskal–Wallis test (non-
parametric) (B). Data are presented as means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

loss, and reactive epithelial hyperplasia displayed) indicate that rSj16 protects against 
acute DSS-induced colitis.

Apoptosis is an important factor in the pathogenesis of colitis. DSS has been shown 
to initially cause damage in the colon by inhibition of proliferation and induction of 
apoptosis[34]. In the present study, we found significant apoptosis of colon epithelial 
cells after DSS administration in mice, and inhibition of the DSS-induced apoptosis 
after administration of rSj16. Therefore, we hypothesized that rSj16 alleviates DSS-
induced colitis, in part by regulating apoptosis.

In recent years, miRNAs have become the key biomarkers and novel therapeutic 
targets in IBD[16,35]. MiR-217-5p plays dual roles in regulating cell survival and 
apoptosis. Flum et al reported that miR-217-5p could induce apoptosis by regulating 
multiple target genes involved in the ERK-MAPK signaling pathway including PRKCI, 
BAG3, ITGAV, and MAPK1[24]. Gao et al indicated that upregulation of miR-217-5p 
significantly inhibited TGF-β1-induced proliferation, migration, extracellular matrix 
(ECM) deposition, and promoted apoptosis in airway smooth muscle cells[36]. 
However, Yi et al indicated that upregulation of miR-217-5p improved cell viability 
and attenuated cell apoptosis in SH-SY5Y cells subjected to oxygen–glucose 
deprivation/reperfusion[37]. The specific regulatory mechanism between miR-217-5p 
and apoptosis needs to be further studied. In our study, miRNA miR-217-5p was 
expressed at a high level in IBD mice colon tissues, and was decreased significantly 
following treatment with rSj16. After inducing MODE-K apoptosis, miR-217-5p 
expression was significantly increased, after rSj16 treatment, miR-217-5p expression 
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Figure 3 rSj16 can inhibit the expression of miR-217-5p in the colon of mice with dextran sulfate sodium-induced inflammatory bowel 
disease. A and B: Relative RNA expression of miR-217-5p and hnf1b in colon tissue of mice; data were normalized to levels detected in colon tissue of mice after 
treatment with Water and PBS (control) group; C: Pearson’s correlation coefficient analysis showed a negative correlation between miR-217-5p and HNF1B in colon 
tissue of mice (r = -0.3463, P < 0.05); D and E: Western blot was used to detect the expression of HNF1B in protein levels; F: The wild-type HNF1B -3′- untranslated 
region (UTR) was cloned into psi-CHECK-2 to predict the binding site of miR-217-5p in the 3′-UTR of hnf1b gene. Dual-luciferase reporter assay was performed on 
HEK 293Tcells transfected with HNF1B UTR reporter plasmid together with miR-217-5p mimic or control mimic; G and H MODE-K cells were treated with Etoposide 
or Etoposide + rSj16. The expression of miR-217-5p and hnf1b were determined using quantitative PCR. HNF1B: Hepatic nuclear factor-1beta. Statistical analysis 
was performed using one-way ANOVA (B and E) and Kruskal–Wallis test (non-parametric) (A), and unpaired two-sample t-test (F, G and H). Data are presented as 
means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

was significantly reduced. Therefore, we hypothesized that miR-217-5p is involved in 
the protective effects of rSj16 on colitis. Bcl-2, caspase-3, and Bax play key roles in cell 
apoptosis[38]. Caspase-3 is a marker of apoptosis because its activity is required for 
major apoptosis-related morphological and biochemical events, and its activation and 
function are regulated by the Bcl-2 family of proteins, among other molecules[39]. In 
the present study, after overexpression of miR-217-5p in MODE-K cells, cleaved-
Caspase-3 and Bax expression were increased, but Bcl-2 was reduced, suggesting that 
miR-217-5p plays a pro-apoptotic role in MODE-K cells. After rSj16 treatment, the 
miR-217-5p, cleaved- Caspase-3 and Bax expression were decreased, but Bcl-2 was 
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Figure 4 rSj16 have anti-apoptotic action by regulating the miR-217-5p/HNF1B axis. A and B: MODE-K cells were treated with Etoposide, Etoposide 
+ miR-217-5p, and Etoposide + miR-217-5p + rSj16. The expression of apoptosis relative proteins, including Bcl-2, Bax and cleaved-Caspase3 was analyzed by 
Western blotting; C and D: The apoptosis of MODE-K cells was detected by TUNEL assay after treatment with Etoposide + miR-217-5p, and Etoposide + miR-217-5p 
+ rSj16 (10×), TUNEL positive cells were apoptotic cells, the number of TUNEL positive cells was quantified; E and F: Flow cytometry analysis of MODE-K cells 
treated with Etoposide + miR-217-5p, and Etoposide + miR-217-5p + rSj16. Statistical analysis was performed using one-way ANOVA. PI: propidium iodide. Data are 
presented as means ± SD; aP < 0.05, bP < 0.01, cP < 0.001.

increased, indicating that rSj16 could reduce the apoptosis. Results showed that miR-
217-5p aggravated MODE-K cells apoptosis and rSj16 could significantly inhibit the 
apoptosis by inhibiting miRNA-217-5p expression.

MiRNAs exert pro-apoptotic functions by regulating the expression of target genes
[40]. hnf1b acts as an oncogene in various tumors, is overexpressed in human prostate 
cancer and could promote tumor cell proliferation[41]. Early deletion of HNF1B results 
in a decrease in the number of pancreatic multipotent progenitor cells due to reduced 
proliferation and increased apoptosis[42]. In our study, we found that hnf1b is the 
direct target gene of miR-217-5p. In the present study, we found that DSS may induce 
apoptosis of colon epithelial cells, with increased expression of miR-217-5p and 
decreased expression of its target gene hnf1b. We speculated that miR-217-5p/HNF1B 
was involved in DSS-induced apoptosis of colon epithelial cells. Subsequently, we 
induced apoptosis and overexpression of miR-217-5p in MODE-K cells. After 
treatment with rSj16, the expression of miR-217-5p in tissues and MODE-K cells was 
decreased, the expression of its target gene hnf1b was increased, and the apoptosis of 
MODE-K cells significantly reduced. The results suggested that miR-217-5p exerted 
pro-apoptotic functions by regulating expression of the target gene hnf1b. 

As for the limitations of the study, because rSj16 affects the progress of the disease 
through multiple pathways, we only explore one of them, suggesting that miR-217-
5p/HNF1B axis could be used as a potential target for the treatment of enteritis. In 
addition, rSj16 may attenuate IBD through other pathways which we didn’t make a 
comprehensive exposition, it is still worth exploring. Next, we will conduct a more 
comprehensive study on the treatment of IBD with rSj16, to provide more possibilities 
for the development of colitis drugs.



Zhang LC et al. rSj16 attenuates colitis by alleviating apoptosis

WJG https://www.wjgnet.com 7992 December 14, 2021 Volume 27 Issue 46

CONCLUSION
In conclusion, rSj16 attenuates IBD in mice by regulating the miR-217-5p/ HNF1B axis 
to reduce colon epithelial cell apoptosis. These data indicated that miR-217-5p and 
HNF1B may be potential biomarkers to improve the accuracy of IBD diagnosis and 
treatment, and that rSj16 may have potential for clinical drug development.
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Abstract
BACKGROUND 
Coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory 
syndrome coronavirus 2 virus most commonly presents with respiratory 
symptoms. While gastrointestinal (GI) manifestations either at presentation or 
during hospitalization are also common, their impact on clinical outcomes is 
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controversial. Some studies have described worse outcomes in COVID-19 patients 
with GI symptoms, while others have shown either no association or a protective 
effect. There is a need for consistent standards to describe GI symptoms in 
COVID-19 patients and to assess their effect on clinical outcomes, including 
mortality and disease severity.

AIM 
To investigate the prevalence of GI symptoms in hospitalized COVID-19 patients 
and their correlation with disease severity and clinical outcomes.

METHODS 
We retrospectively reviewed 601 consecutive adult COVID-19 patients requiring 
hospitalization between May 1-15, 2020. GI symptoms were recorded at admission 
and during hospitalization. Demographic, clinical, laboratory, and treatment data 
were retrieved. Clinical outcomes included all-cause mortality, disease severity at 
presentation, need for intensive care unit (ICU) admission, development of acute 
respiratory distress syndrome, and need for mechanical ventilation. Multivariate 
logistic regression model was used to identify independent predictors of the 
adverse outcomes.

RESULTS 
The prevalence of any GI symptom at admission was 27.1% and during hospital-
ization was 19.8%. The most common symptoms were nausea (98 patients), 
diarrhea (76 patients), vomiting (73 patients), and epigastric pain or discomfort 
(69 patients). There was no difference in the mortality between the two groups 
(6.21% vs 5.5%, P = 0.7). Patients with GI symptoms were more likely to have 
severe disease at presentation (33.13% vs 22.5%, P < 0.001) and prolonged hospital 
stay (15 d vs 14 d, P = 0.04). There was no difference in other clinical outcomes, 
including ICU admission, development of acute respiratory distress syndrome, or 
need for mechanical ventilation. Drugs associated with the development of GI 
symptoms during hospitalization were ribavirin (diarrhea 26.37% P < 0.001, 
anorexia 17.58%, P = 0.02), hydroxychloroquine (vomiting 28.52%, P = 0.009) and 
lopinavir/ritonavir (nausea 32.65% P = 0.049, vomiting 31.47% P = 0.004, and 
epigastric pain 12.65% P = 0.048). In the multivariate regression analysis, age > 65 
years was associated with increased mortality risk [odds ratio (OR) 7.53, 
confidence interval (CI): 3.09-18.29, P < 0.001], ICU admission (OR: 1.79, CI: 1.13-
2.83, P = 0.012), and need for mechanical ventilation (OR: 1.89, CI:1.94-2.99, P = 
0.007). Hypertension was an independent risk factor for ICU admission (OR: 1.82, 
CI:1.17-2.84, P = 0.008) and need for mechanical ventilation (OR: 1.66, CI: 1.05-
2.62, P = 0.028).

CONCLUSION 
Patients with GI symptoms are more likely to have severe disease at presentation; 
however, mortality and disease progression is not different between the two 
groups.

Key Words: COVID-19; Gastrointestinal manifestations; Mortality; Intensive care unit 
admission; Mechanical ventilation; Disease severity

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a high prevalence of gastrointestinal symptoms in coronavirus 
disease 2019 patients both at presentation and during hospitalization. Drugs are 
associated with the development of gastrointestinal symptoms during hospitalization. 
The presence of gastrointestinal symptoms in coronavirus disease 2019 patients is 
associated with disease severity at presentation but is not a predictor of mortality or 
disease progression.
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) infection presents most 
commonly as a respiratory illness with symptoms including fever, cough, and 
shortness of breath. Disease severity ranges from mild disease requiring no 
intervention to severe illness requiring intensive care unit (ICU) admission and 
mechanical ventilation[1,2]. While most studies have focused on respiratory manifest-
ations of coronavirus disease 2019 (COVID-19), extra-respiratory manifestations have 
also been described, including gastrointestinal (GI) symptoms and liver enzyme 
abnormalities[3,4]. The prevalence of GI symptoms in COVID-19 patients ranges from 
7% to 15%[5,6]. Fecal shedding of SARS-CoV-2 has been reported in 40.5%-48.1% of 
the patients[7,8]. The significant variation in the proportion of patients with GI 
symptoms among different studies might be related to geographical region[5] and 
whether symptoms were reported on admission or during hospitalization[3,9].

Diarrhea, nausea, vomiting, and abdominal pain are the most frequently reported 
GI symptoms[5,8]. The association between GI symptoms and adverse outcomes in 
patients with SARS-CoV-2 infection is controversial[8,10-13]. Some studies have 
shown an inverse correlation between GI symptoms and adverse outcomes, including 
mortality[10,11,14], while others have shown a direct correlation of GI symptoms with 
disease severity and adverse outcomes[8,12]. Still others, including a recent meta-
analysis, have shown that GI symptoms bear no association with adverse outcomes or 
mortality[13,15]. Studies are needed with consistent standards for describing GI 
symptoms and distinguishing between GI symptoms on admission vs symptoms that 
develop during the hospital stay to determine whether GI symptoms have correlation 
to disease severity.

The aim of our study was to evaluate the prevalence of GI symptoms in COVID-19 
patients at admission and during hospitalization and their association with adverse 
outcomes, including mortality.

MATERIALS AND METHODS
Study design and participants
We conducted a retrospective cohort study investigating the epidemiological and 
clinical characteristics and outcomes among consecutive adult patients with SARS-
CoV-2 infection who were admitted to one of the dedicated COVID-19 hospitals in the 
state of Qatar between May 1-15, 2020. SARS-CoV-2 infection was diagnosed by real-
time polymerase chain reaction assays Cobas SARS-CoV-2 Test (Roche Diagnostics, 
Rotkreuz, Switzerland) or TaqPath COVID-19 Combo Kit (Thermo Fisher Scientific, 
Waltham, MA, United States) on nasopharyngeal and throat swabs.

The severity of COVID-19 was defined according to the World Health Organization 
guidelines and categorized into five groups[16] (see Supplementary material, 
Appendix). Demographic, clinical, laboratory, treatment, and outcome data were 
retrieved from the electronic medical records. These included a complete blood count, 
renal function, electrolytes, coagulation profile, liver function tests, and other 
biochemical markers including creatine kinase, lactate dehydrogenase, C-reactive 
protein, troponin-T, serum lipase, amylase, procalcitonin, and ferritin. Microbiological 
investigations, including blood, respiratory, fecal, and urine cultures, were reviewed. 
Radiologic assessments included chest radiography on admission and subsequent 
chest computed tomography or abdomen ultrasound according to the patient’s clinical 
care needs. X-ray findings were recorded from the medical records and by examining 
the films.

Outcomes and definitions
The primary outcome was all-cause mortality during the hospitalization. Secondary 
outcomes included disease severity at admission, disease progression defined by 
admission to the ICU, development of acute respiratory distress syndrome, and need 
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for mechanical ventilation. Other outcomes included the development of septic shock 
and length of hospital stay. All outcomes were compared between those with and 
without GI symptoms at admission.

GI symptoms were defined by the presence of at least one of the following 
symptoms: nausea, vomiting, diarrhea, epigastric pain or discomfort, acid reflux, 
anorexia, or GI bleeding. GI symptoms were recorded on admission and during 
hospitalization to determine the influence of medical therapy and other external 
factors. Diarrhea was defined as the passing of loose stools > three times per day with 
a negative stool culture for routine bacterial pathogens. Diarrhea that developed 
during hospitalization was recorded only after recording negative stool culture and 
absence of Clostridium difficile infection. Liver enzyme abnormalities were classified 
into normal, borderline (< 2 × upper limit of normal), mild impairment (2–5 × 
elevation), moderate (5–10 × elevation), and severe (> 10 × upper limit of normal).

Travel history in the 3 mo before the presentation and exposure to a confirmed case 
were recorded. Acute respiratory distress syndrome and shock were defined per the 
World Health Organization guidelines for COVID-19.

Study oversight 
The study was approved by the Medical Research Center of Hamad Medical 
Corporation (MRC-01-20-631). Due to the retrospective design of the study, the 
requirement of informed consent was waived, and Institutional Review Board 
exemption was granted.

Statistical analysis
We summarized continuous variables using mean (standard deviation) and median 
(interquartile range) for normal and non-normally distributed data, respectively. 
Categorical variables were expressed as number (%) and compared using the Pearson's 
χ2 test or Fisher's exact test, as indicated. Univariate logistic regression analysis was 
used to identify the risk factors for adverse outcomes. All variables with a P value of < 
0.10 from univariate analysis were included in a multivariate logistic regression model 
with the forward method to identify independent predictors of the adverse outcomes. 
No adjustment for multiple testing was performed. A two-sided P value of < 0.05 was 
considered statistically significant. Statistical analyses were performed using Stata 
Statistical Software Stata/IC 16.1 (StataCorp LLC, College Station, TX, United States).

RESULTS
Demographic and epidemiological characteristics
We identified 601 adult patients hospitalized with confirmed SARS-CoV-2 infection 
during the study period. The mean age was 46.20 ± 13.66 years, and 85.4% were males. 
The clinical characteristics at presentation are shown in Table 1. Fever (79.7%), cough 
(75.7%), and shortness of breath (50.2%) were the most common presenting symptoms. 
Overall, 163 (27.1%) had at least one GI symptom at presentation. Patients without GI 
symptoms were more likely to have a cough (77.8% vs 68.7%, P = 0.02), while patients 
with GI symptoms had more fatigue (48.0% vs 19.0%, P < 0.001) and myalgias (38.7% 
vs 27.0%, P = 0.007). The patients with GI symptoms had a significantly longer 
duration of symptoms before the presentation (4.81 ± 2.51 vs 4.04 ± 2.51, P = 0.002) 
compared to patients without GI symptoms. There was no difference between the two 
groups regarding exposure to a sick contact, family clustering, and travel outside the 
country.

Patients with GI symptoms were more likely to have underlying chronic liver 
disease (1.2% vs 0.0%, P < 0.001), malignancy (2.5% vs 1.8%, P < 0.001), and 
immunosuppression (4.3% vs 3.0%, P < 0.001) but were less likely to have chronic lung 
conditions (4.9% vs 6.1%, P < 0.001). Severe disease at presentation was more frequent 
in the patients with GI symptoms compared with those without GI symptoms (33.1% 
vs 22.5%, P < 0.001). There was no statistically significant difference in the rest of the 
general demographics or other epidemiological parameters between the two groups. 
Of those 163 (27.1%) patients reporting at least one GI symptom at admission, the most 
common symptoms were nausea (98 patients), diarrhea (76 patients), vomiting (73 
patients), and epigastric pain or discomfort (69 patients) (Table 2).

Laboratory and radiological abnormalities
The laboratory parameters of the study participants are presented in Table 3. Alanine 
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Table 1 Demographic and epidemiological characteristics and presenting symptoms of coronavirus disease 2019 patients with and 
without gastrointestinal symptoms, n (%)

Characteristics Overall (n = 601) With GI (n = 163) Without GI (n = 438) P value

Age (yr) 46.20  13.66 46.45  13.76 46.12  13.64 0.728

Sex, male 513 (85.4) 136 (83.4) 377 (85.9) 0.515

BMI (kg/m2) 27.55 (24.90-31.00) 27.49 (24.40-30.60) 27.55 (24.90-31.00) 0.811

Duration of symptoms (d) 4.24  2.53 4.81  2.51 4.04  2.51 0.002a

Nationality 0.765

Qatar 67 (11.1) 17 (25.4) 50 (74.6)

India 127 (21.1) 27 (21.3) 100 (78.7)

Nepal 89 (14.8) 23 (25.8) 66 (74.2)

Bangladesh 105 (17.5) 33 (31.4) 72 (68.6)

Pakistan 48 (8.0) 14 (29.2) 43 (70.8)

Philippines 56 (9.3) 18 (32.1) 38 (67.9)

Arab countries 60 (9.9) 16 (26.7) 44 (73.3)

Others 49 (8.15) 15 (30.6) 34 (69.4)

Presenting symptoms

Fever 478 (79.7) 130 (79.7) 348 (79.1) 0.147

Cough 455 (75.7) 112 (68.7) 343 (77.8) 0.016a

Sputum 75 (12.5) 23 (14.1) 52 (11.8) 0.483

Shortness of breath 303 (50.2) 84 (51.5) 219 (49.7) 0.412

Sore throat 146 (24.3) 37 (22.7) 109 (24.7) 0.747

Nasal obstruction 51 (8.5) 18 (11.0) 33 (7.5) 0.359

Fatigue 163 (27.1) 79 (48.5) 84 (19.1) < 0.001a

Myalgia 182 (30.3) 63 (38.7) 119 (27.0) 0.007 a

Anosmia 303 (50.2) 86 (52.8) 217 (49.5) 0.424

Exposure history

Smoking 62 (10.1) 24 (14.9) 38 (8.7) 0.199

Ex-smoker 7 (1.2) 3 (1.9) 4 (0.9)

Alcohol 44 (7.3) 9 (5.6) 35 (8.3) 0.28

Travel history 43 (7.2) 9 (5.6) 34 (7.8) 0.456

Sick contact 142 (23.6) 34 (20.9) 108 (24.6) 0.533

Family cluster 27 (4.6) 10 (6.3) 17 (3.4) 0.477

Pre-existing conditions

No. of comorbid conditions 0.39

0 261 (43.4) 72 (43.6) 189 (43.0)

1-2 203 (33.8) 53 (32.1) 150 (32.2)

> 2 137 (22.8) 38 (24.9) 99 (22.1)

Diabetes mellitus 242 (40.3) 72 (44.2) 170 (38.6) 0.327

Hypertension 209 (34.6) 52 (31.9) 157 (35.6) 0.536

Coronary artery disease 46 (7.7) 6 (3.7) 40 (9.1) 0.622

Chronic kidney disease 47 (7.8) 12 (7.4) 35 (8.0) 0.882

Chronic liver disease 6 (1.0) 2 (1.2) 4 (0.9) < 0.001a
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Malignancy 12 (2.0) 4 (2.5) 8 (1.8) < 0.001a 

Lung disease 35 (5.8) 8 (4.9) 27 (6.1) < 0.001a

Immunosuppression 20 (3.3) 7 (4.3) 13 (3.0) < 0.001a

Disease severity at admission 0.0024a

Asymptomatic 48 (8.0) 2 (1.2) 46 (10.5)

Mild 109 (18.1) 32 (19.6) 77 (17.7)

Moderate 291 (48.4) 75 (46.0) 216 (49.1)

Severe 70 (11.6) 26 (15.9) 44 (10.0)

Critical 83 (13.8) 28 (17.2) 55 (12.5)

Severe–non severe 153(25.5) 54 (33.1) 99 (22.5) < 0.001a

aStatistically significant P value.
BMI: Body mass index; GI: Gastrointestinal.

Table 2 Frequency of gastrointestinal symptoms in coronavirus disease 2019 patients at admission and during hospital stay, n (%)

GI symptoms at admission (n = 601) Frequency During hospital stay (n = 438) Frequency

Diarrhea 76 (12.6) Diarrhea 42 (7.0)

Nausea 98 (16.2) Nausea 94 (15.6)

Vomiting 73 (12.1) Vomiting 87 (14.5)

Epigastric pain 69 (11.4) Epigastric pain 22 (3.6)

GERD 6 (1.0) GERD 2 (0.3)

Anorexia 66 (10.9) Anorexia 26 (4.3)

GI bleeding 4 (0.7) GI bleeding 6 (1.0)

Any GI symptoms 163 (27.1) Any GI symptoms 119 (19.8)

Any nausea, vomiting, diarrhea 140 (19.0)

GI: Gastrointestinal; GERD: Gastro-esophageal reflux disease.

aminotransferase levels were significantly higher in patients with GI symptoms (P = 
0.04). Overall, the proportion of patients with any liver test abnormality was higher in 
patients with GI symptoms, but the difference did not approach statistical significance.

All but 2 patients had a chest x-ray at presentation. A normal chest x-ray was 
observed in 23.5% of the patients, and bilateral lung infiltrates (54.6%) were the most 
common radiological abnormality at presentation.

Treatment and outcomes
The drug treatment received by the patients is summarized in Table 4. Hydroxy-
chloroquine (HCQ) (90.45%) and azithromycin (90.12%) were the most common drugs 
administered to the patients followed by broad-spectrum antibiotics other than 
azithromycin (82.60%). The drug treatment did not differ between the two groups 
except for broad-spectrum antibiotics, with patients having GI symptoms receiving 
more antibiotics (92.6% vs 78.9%, P = 0.000). We also divided the treatment regimen 
into six groups based on the different combinations of administered drugs. Group 1 
containing hydroxychloroquine plus azithromycin was the most frequently 
administered treatment combination. COVID-19 patients with GI symptoms received 
significantly more treatment combination 1 HCQ + azithromycin (92.0% vs 85.4%, P = 
0.039) and combination 2 HCQ + azithromycin + oseltamivir + antibiotics (78.5% vs 
69.2%, P = 0.024).

Overall, 34 patients (5.7%) died. Mortality was not different between patients with 
and without GI symptoms (6.2% vs 5.5%, P = 0.741). In addition, 260 (43.6%), 185 
(30.8%), and 130 (21.6%) patients needed ICU stay, mechanical ventilation, or 
developed shock, respectively. There was no statistically significant difference 
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Table 3 Laboratory and radiological findings of coronavirus disease 2019 patients with and without gastrointestinal symptoms, n (%)

Parameters Total With GI symptoms (n = 163) Without GI symptoms (n = 
438) P value

Hematological parameters

Hemoglobin gm/dL 14.0 (12.7-15.0) 13.9 (12.7-15.0) 14.0 (12.7-15.1) 0.590

Hematocrit 42.1 (39.0-45.2) 42.0 (38.7-45.0) 42.3 (39.1-45.3) 0.010

WBC (103/L) 6.3 (4.9-8.6) 6.2 (4.6-8.6) 6.4 (5.0-8.5) 0.595

Neutrophils (103/L) 4.3 (3.1-6.6) 4.4 (2.9-6.5) 4.3 (3.1-6.6) 0.617

Lymphocytes (103/L) 1.2 (0.8-1.6) 1.1 (0.8-1.6) 1.2 (0.8-1.6) 0.987

Eosinophils (103/L) 0 (0-0.02) 0 (0-0) 0 (0-0.05) 0.643

Monocytes (103/L) 0.4 (0.3-0.6) 0.4 (0.3-0.6) 0.4 (0.3-0.6) 0.919

Platelets (103/L) 211 (169-261) 202 (155-257) 215 (170-261) 0.961

Coagulation function

INR 1.1 (1.0-1.2) 1.1 (1.0-1.2) 1.1 (1.0-1.2) 0.486

Blood biochemistry

BUN (mmol/L) 4.0 (3.0-5.3) 3.8 (2.4-5.2) 4.1 (3.1-5.3) 0.758

Creatinine (mol/L) 85 (70-102) 86 (69-101) 84 (70-103) 0.407

Sodium (mmol/L) 136 (133-138) 135 (132-137) 136 (133-138) 0.225

ALT (U/L) 32 (22-51) 34 (22-56) 32 (22-49) 0.043a

AST (U/L) 37 (25-59) 42 (28-69) 36 (24-55) 0.116

ALK-P (U/L) 70 (57-88) 71 (58-88) 70 (57-89) 0.199

Bilirubin (mol/L) 9 (6-12) 8 (7-12) 9 (6-12) 0.438

Albumin (gm/L) 36 (31-39) 35 (30-38) 36 (32-39) 0.058

Glucose (mmol/L) 6.6 (5.4-9.0) 6.7 (5.5-9.0) 6.6 (5.4-9.0) 0.708

Lactate (mmol/L) 1.3 (1.0-1.8) 1.4 (1.1-1.9) 1.2 (1.1-1.8) 0.297

CK (U/L) 218 (72-481) 147 (84-518) 237 (68-477) 0.455

Amylase (U/L) 48 (25-124) 47 (23-119) 47 (28-109) 0.604

Lipase (U/L) 55 (35-129) 56 (35-152) 54 (36-103) 0.648

Troponin-T (ng/L) 10 (6-26) 10 (6-17) 11 (6-26) 0.296

LDH (U/L) 436 (305-559) 446 (337-578) 435 (302-547) 0.167

Infection-related biomarkers

CRP (mg/L) 55.3 (16.0-113.7) 55.5 (24.9-113.7) 55.3 (13.2-113.7) 0.614

Procalcitonin (ng/ml) 0.21 (0.10-0.68) 0.21 (0.10-0.50) 0.21 (0.10-0.70) 0.789

Ferritin (g/L) 659 (327-1229) 805 (450-1475) 618 (289-1154) 0.561

Liver injury at admission 0.059

None 272 (45.87) 65 (40.37) 207 (47.92)

Abnormality < 2 × ULN 218 (36.76) 61 (37.89) 157 (36.34)

Mild 85 (14.33) 30 (18.63) 55 (12.73)

Moderate 15 (2.53) 5 (3.11) 10 (2.31)

Severe 2 (0.34) 0 (0.00) 2 (0.46)

Liver injury during hospitalization 0.302

None 107 (19.60) 26 (16.56) 81 (20.88)

Abnormality < 2 × ULN 163 (29.91) 51 (32.48) 112 (28.87)
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Mild 2-5 × 171 (31.40) 44 (28.03) 127 (32.73)

Moderate 5-10 × 63 (11.56) 21 (13.38) 42 (10.82)

Severe > 10 × 41 (7.52) 15 (9.55) 26 (6.70)

Radiological findings

X-ray chest 0.286

Not done 2 (0.3) 0 (0.0) 2 (0.5)

Normal 141 (23.5) 35 (21.6) 107 (24.3)

Unilateral PNA 100 (16.6) 24 (14.8) 76 (17.2)

Bilateral PNA 328 (54.6) 96 (59.3) 232 (52.6)

Ground glass 29 (4.8) 7 (4.3) 22 (5.0)

WBC: White blood cells; BUN: Blood urea nitrogen; INR: International normalized ratio; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase, 
ALK-P: Alkaline phosphatase; CK: Creatine Kinase; LDH: Lactate dehydrogenase; CRP: C-reactive protein; ULN: Upper limit of normal; PNA: Pneumonia; 
GI: Gastrointestinal.

between the two groups. Seven (1.2%), 29 (4.8%), and 48 (8.0%) patients developed 
acute liver failure, renal failure requiring renal replacement therapy, and multiorgan 
failure, respectively, with no significant difference between the two groups. Patients 
with GI symptoms had a longer total hospital length of stay compared with patients 
without GI symptoms (15 d vs 14 d, P = 0.036).

GI symptoms during hospitalization
An additional 119 patients (19.8%) developed GI symptoms during hospitalization. 
Nausea (15.64%) and vomiting (14.48%) were the most commonly reported GI 
symptoms, followed by diarrhea (6.99%) and anorexia (4.32%) (Table 2). Regarding the 
treatment administered, use of HCQ was associated with vomiting (28.52%, P = 0.009), 
ribavirin use was associated with diarrhea (26.37%, P < 0.001) and anorexia (17.58%, P 
= 0.02), while the use of lopinavir/ritonavir was independently related to the 
development of nausea (32.65%, P = 0.05), vomiting (31.47%, P = 0.004), and epigastric 
pain (12.65%, P = 0.05) (Table 5).

The frequency of GI symptoms in different treatment combinations is shown in the 
Supplementary Table 1, along with significant P values. Specifically, treatment group 3 
had more chances of developing nausea and vomiting, while treatment groups 5 and 6 
had a significant association with anorexia.

Prediction of risk factors for severe/critical COVID-19 and adverse outcomes
In the multivariate regression analysis, age > 65 years was the only significant factor 
associated with increased mortality risk [adjusted odds ratio (aOR) 7.53, confidence 
interval (CI): 3.09-18.29, P < 0.001]. For disease severity at presentation, presence of GI 
symptoms (aOR: 1.66, CI: 1.09-2.52, P = 0.02), diabetes (aOR: 1.92, CI: 1.28-2.87, P = 
0.002), hypertension (aOR: 1.68, CI: 1.08-2.60, P = 0.02), and smoking (aOR: 1.62, CI: 
1.01-2.63, P = 0.05) were independent predictors in multivariate regression. Risk 
factors for ICU admission included age > 65 years (aOR: 1.79, CI: 1.13-2.83, P = 0.012), 
male sex (aOR: 1.82, CI: 1.05-3.15, P = 0.033) fever at admission (aOR: 2.14, CI: 1.24-
3.69, P = 0.006), shortness of breath (aOR: 2.90, CI: 1.99-4.24, P < 0.001), and 
hypertension (aOR: 1.82, CI: 1.17-2.84, P = 0.008). Risk factors for mechanical 
ventilation included age > 65 (aOR: 1.89, CI: 1.94-2.99, P = 0.007), male sex (aOR: 1.88, 
CI: 1.02-3.45, P = 0.043), vomiting (aOR: 2.03, CI: 1.10-3.75, P = 0.023), fever (aOR: 3.16, 
CI: 1.63-6.09, P < 0.001), shortness of breath (aOR: 2.36, CI: 1.57-3.55, P < 0.001), and 
hypertension (aOR: 1.66, CI: 1.05-2.62, P = 0.028) (Table 6). The univariate analysis of 
risk factors for severe coronavirus disease 2019 at presentation and clinical outcomes is 
shown in Supplementary Table 2.

DISCUSSION
COVID-19 disease caused by the novel coronavirus SARS-CoV-2 started in China in 
December 2019 and soon became pandemic, causing unprecedented global public 
health challenges. COVID-19 mainly presents with respiratory symptoms; however, GI 

http://f6publishing.blob.core.windows.net/a6020d14-3d08-43ec-bd8d-7ae37a399e2e/WJG-27-7995-supplementary-material.pdf
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Table 4 Clinical outcomes and treatment in coronavirus disease 2019 patients with and without gastrointestinal symptoms, n (%)

Total With GI symptoms n = 163 Without GI symptoms n = 
438 P value

Outcomes

ICU admission 260 (43.55) 78 (48.45) 182 (41.74) 0.143

ARDS 206 (34.30) 61 (38.12) 145 (33.30) 0.268

Shock 130 (21.60) 40 (25.00) 90 (20.64) 0.254

MOF 48 (8.00) 15 (9.32) 33 (7.59) 0.491

ALF 7 (1.20) 1 (0.62) 6 (1.38) 0.447

MV 185 (30.80) 55 (34.80) 130 (29.90) 0.252

ECMO 4 (0.70) 1 (0.62) 3 (0.69) 0.929

CRRT 29 (4.80) 6 (3.73) 23 (5.28) 0.610

Death 34 (5.70) 10 (6.21) 24 (5.50) 0.741

LOS (d) 15 (8-21) 15 (10-22) 14 (7-21) 0.036a

Treatment 

Azithromycin 538 (90.12) 151 (93.80) 387 (88.80) 0.068

HCQ 540 (90.45) 150 (93.20) 390 (89.40) 0.170

Chloroquine 38 (6.30) 7 (4.35) 31 (7.11) 0.388

Antibiotics 493 (82.6) 149 (92.6) 344 (78.9) < 0.001a

Steroids 248 (41.61) 67 (41.60) 181 (41.60) 0.831

IFN 62 (10.30) 21 (13.04) 41 (9.43) 0.368

RBV 91 (15.10) 31 (19.25) 60 (13.80) 0.097

Tocilizumab 236 (39.50) 66 (40.99) 170 (38.99) 0.657

Lopinavir/ritonavir 340 (56.6) 96 (59.6) 244 (56.0) 0.422

Oseltamivir 510 (85.43) 139 (86.30) 371 (85.09) 0.702

Darunavir 48 (8.0) 14 (8.7) 34 (7.8) 0.782

Treatment groups

Group 1 524 (87.2) 150 (92.0) 374 (85.4) 0.039a

Group 2 431 (71.7) 128 (78.5) 303 (69.2) 0.025a

Group 3 307 (51.1) 88 (54.0) 219 (50.0) 0.409

Group 4 181 (30.1) 50 (30.7) 131 (29.9) 0.920

Group 5 61 (10.1) 22 (13.5) 39 (8.9) 0.128

Group 6 56 (9.3) 20 (12.3) 36 (8.2) 0.155

aStatistically significant P value.
Group 1: Hydroxychloroquine + Azithromycin; Group 2: Hydroxychloroquine + Azithromycin + Oseltamivir + Antibiotics; Group 3: Hydroxychloroquine 
+ Azithromycin + Oseltamivir + Antibiotics + Lopinavir/ritonavir; Group 4: Hydroxychloroquine + Azithromycin + Oseltamivir + Antibiotics + 
Lopinavir/ritonavir + Steroids; Group 5: Hydroxychloroquine + Azithromycin + Oseltamivir + Antibiotics + Lopinavir/ritonavir + Steroids + 
Interferon/ribavirin; Group 6: Hydroxychloroquine + Azithromycin + Oseltamivir + Antibiotics + Lopinavir/ritonavir + Steroids + Interferon/ribavirin + 
Tocilizumab.
ARDS: Acute respiratory distress syndrome; MOF: Multiorgan failure; ALF: Acute liver failure; MV: Mechanical ventilation; ECMO: Extra-corporal 
membrane oxygenation; CRRT: Continuous renal replacement therapy; LOS: Length of stay; HCQ: Hydroxychloroquine; IFN: Interferon; RBV: Ribavirin; 
GI: Gastrointestinal; ICU: Intensive care unit.

manifestations were quickly recognized as frequent presenting symptoms. While 
numerous studies have reported GI symptoms in COVID-19 patients, the criteria of GI 
symptoms have been variable and inconsistent[3,4,11,17,18]. Furthermore, some 
studies reported symptoms at presentation only while others described anytime 
during illness.
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Table 5 Association of gastrointestinal symptoms with individual drugs, n (%)

Azithromycin (n 
= 538)

HCQ (n = 
540)

Antibiotics (n 
= 493)

Steroids (n 
= 248)

RBV (n = 
91)

Tocilizumab (n 
= 236)

L/r (n = 
340)

Oseltamivir (n 
= 510)

Diarrhea 78 (14.50) 79 (14.63) 70 (14.20) 37 (14.92) 24 (26.37)P 
< 0.001a

35 (14.83) 44 (12.94) 75 (14.71)

Nausea 160 (29.74) 165 (30.60) 147 (29.82) 74 (29.84) 26 (8.57) 66 (27.97) 111 (32.65)P 
= 0.049 a

153 (30.00)

Vomiting 148 (27.51) 154 (28.52)P 
= 0.009 a

135 (27.38) 68 (27.42) 22 (24.18) 64 (27.12) 107 (31.47)P 
= 0.004a

140 (27.45)

Epigastric 
pain

57 (10.59) 60 (11.11) 54 (10.95) 29 (11.69) 13 (14.29) 24 (10.17) 43 (12.65)P = 
0.048a

55 (10.78)

Anorexia 55 (10.22) 58 (10.74) 50 (10.14) 30 (12.10) 16 (17.58)P 
= 0.022a

28 (11.86) 41 (12.06) 56 (10.98)

Any GI 
symptoms

208 (38.66) 209 (38.70) 191 (38.74) 95 (38.31) 41 (45.05) 92 (38.98) 138 (40.59) 194 (38.04)

aStatistically significant P value.
HCQ: Hydroxychloroquine; RBV: Ribavirin; L/r: Lopinavir/ritonavir; GI: Gastrointestinal

In our cohort, 27% of the patients had at least one GI symptom at presentation. Our 
cohort has a similar prevalence of symptoms as reported in the different meta-analyses
[5,6,12,15], and slight variation can be attributed to different geographic locations and 
varied ethnic backgrounds and patients’ perceptions of the importance of symptoms. 
However, our study differentiated clearly between GI symptoms at presentation and 
those developing during hospitalization. GI symptoms at the time of presentation are 
more likely attributable to COVID-19 as most patients were not taking any 
medications before the hospitalization. In contrast, GI symptoms developing during 
hospitalization may be multifactorial, including nosocomial infection, drug-related 
side effects, or progression of COVID-19.

Numerous mechanisms have been proposed for the development of GI symptoms 
in COVID-19 patients. The entry of the SARS-CoV-2 virus into host cells depends on 
the interaction of the virus spike protein with the receptor angiotensin-converting 
enzyme 2 and priming of the spike protein by host cell transmembrane serine protease 
2[19,20]. Angiotensin-converting enzyme 2 and transmembrane serine protease 2 have 
been reported to be coexpressed in the GI tract, including esophageal upper epithelial 
and gland cells and absorptive enterocytes from the ileum and colon[19,20]. These 
enterocytes can be damaged, resulting in malabsorption and intestinal secretion 
abnormalities due to coronavirus or rotavirus infection[21,22]. It is, therefore, possible 
that GI manifestations in patients with COVID-19 might be associated with direct 
infection of enterocytes with the SARS-CoV-2 virus[19]. Elevated levels of fecal calpro-
tectin, an inflammatory marker secreted by infiltrated neutrophils, in the fecal samples 
of COVID-19 patients with diarrhea also support this hypothesis[20].

Gut dysbiosis has been proposed as another mechanism to explain GI symptoms in 
COVID-19 patients. It is characterized by an increase in the opportunistic pathogens 
and reduction of beneficial commensals and correlates with COVID-19 severity and 
fecal levels of SARS-CoV-2[23]. It has been shown that the gut microbial signature of 
COVID-19 patients is different from healthy controls[24]. Although the clinical 
significance of these findings is still uncertain, it is possible that gut microbiota 
composition plays a role in modulating the systemic immune response.

The two primary modes of transmission for SARS-CoV-2 are respiratory droplets 
and direct contact[25], while the possibility of aerosol transmission has been suggested 
as well[25]. The GI tract has recently been proposed as an alternative transmission 
route for SARS-CoV-2 infection in a non-human primate model[26], raising the 
possibility of potential fecal-oral spread of the disease in humans as well. However, 
our study did not show any significant correlation of GI symptoms in family clusters, 
thus arguing against the potential fecal-oral transmission of the virus. Studies have 
reported the SARS-CoV-2 RNA in fecal samples or rectal swabs and fecal shedding of 
the virus continues even after clearance of respiratory samples[8,27-29]. The risk of 
transmission secondary to this prolonged shedding is unknown and warrants further 
studies.
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Table 6 Multivariate analysis of risk factors for severe coronavirus disease 2019 at presentation and clinical outcomes, n (%)

Multivariate analysis

Risk factors Adjusted odds ratio P value

Death

Age > 65 yr 7.53 (3.09-18.29) < 0.001 

Disease severity at presentation

Hypertension 1.68 (1.08-2.60) 0.021

Diabetes mellitus 1.92 (1.28-2.87) 0.002

GI symptoms 1.66 (1.09-2.52) 0.017

Smoking 1.62 (1.01-2.63) 0.049

ICU admission

Age > 65 yr 1.79 (1.13-2.83) 0.012 

Sex 1.82 (1.05-3.15) 0.033 

Fever 2.14 (1.24-3.69) 0.006 

Shortness of breath 2.90 (1.99-4.24) < 0.001 

Hypertension 1.82 (1.17-2.84) 0.008

Mechanical ventilation

Age > 65 yr 1.89 (1.94-2.99) 0.007 

Sex 1.88 (1.02-3.45) 0.043 

Fever 3.16 (1.63-6.09) 0.001 

Shortness of breath 2.36 (1.57-3.55) < 0.001 

Hypertension 1.66 (1.05-2.62) 0.028

Vomiting 2.03 (1.10-3.75) 0.023

GI: Gastrointestinal; ICU: Intensive care unit.

COVID-19 patients with GI symptoms were more likely to have a longer duration of 
symptoms before diagnosis, more likely to have fatigue and myalgias, and less likely 
to have a cough. Lack of typical COVID symptoms (cough) and presence of atypical 
symptoms (GI symptoms) may result in delayed recognition and diagnosis of COVID-
19 patients. Our findings are in keeping with those reported earlier[6,14]. The 
increased prevalence of myalgias and fatigue has been previously reported as well[9] 
and may be a reflection of the increased inflammatory burden in these patients. 
Patients with GI symptoms were more likely to have underlying malignancy and 
chronic liver disease. This finding has also been reported in the literature[30] and 
warrants careful evaluation of GI symptoms in cancer patients.

The severity of disease at presentation seen in COVID-19 patients with GI 
symptoms could be related to increased inflammatory activity in the intestines 
contributing to the systemic inflammatory response and cytokine syndrome[22]. 
Cytokine release syndrome is considered a leading cause of severe pneumonia and 
even death during COVID-19 disease[31]. Higher plasma levels of both proinflam-
matory and anti-inflammatory cytokines interleukin (IL)-2, IL-6, IL-7, IL-10, IL-18, 
granulocyte-macrophage colony-stimulating factor, C-C motif chemokine ligand 2 
(also known as MCP1), tumor necrosis factor, and macrophage inflammatory protein 1
α have been detected in patients with severe disease compared to those with moderate 
disease[31,32]. The intestine produces high levels of IL-6 normally involved in crypt 
homeostasis[33] and can potentially contribute to the increased systemic IL-6 concen-
trations seen in COVID-19 patients with severe disease[32]. Similarly, the intestinal 
release of another proinflammatory cytokine, IL-18, can also contribute to disease 
severity and GI manifestations[34,35]. One recent study has shown downregulation of 
essential inflammatory genes in the small intestine and relative absence of inflam-
matory response in COVID-19 patients with GI symptoms[36]. These patients also had 
reduced levels of inflammatory proteins in circulation and reduced disease severity 
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and mortality, suggesting that gut inflammatory response has a potential role in 
modulating systemic immune reaction[36].

The new-onset GI symptoms during the hospitalization were most likely related to 
the use of several repurposed drugs, including hydroxychloroquine, ribavirin, and 
lopinavir/ritonavir. The GI side effects of these drugs have been reported in the 
literature and among COVID-19 patients in different clinical studies[37-39]. It must be 
noted that most of these therapies were administered during the first wave due to the 
lack of robust clinical evidence. Ribavirin, lopinavir/ritonavir, and hydroxy-
chloroquine have not shown significant efficacy over standard care/placebo in 
COVID-19 patients[40,41]. This, coupled with potential adverse effects, warrant 
against the routine use of these medicines for COVID-19 treatment.

Our study has several limitations. It was a retrospective design, and reporting bias 
might affect the accurate estimates. We did not evaluate the mechanism and 
pathogenesis of GI symptoms in our patients. We also did not report the fecal viral 
load as there was no validated test available during the study period.

The strengths of our study include large sample size, a multi-ethnic population 
representing a real-world cohort, well-defined inclusion criteria, clear definition of GI 
symptoms, and distinction of GI symptoms at admission from those developing 
during the hospitalization. We had clearly defined outcomes and estimated the 
severity of the disease at presentation and later disease progression. We used 
multivariate regression to identify the independent risk factors.

CONCLUSION
In this current retrospective cohort study conducted in Qatar on a population with 
diverse ethnic backgrounds, we found a high prevalence (27.1%) of at least one GI 
symptom at presentation among COVID-19 patients requiring hospitalization. The 
mortality and disease progression was not different in patients with or without GI 
symptoms at presentation. However, patients with GI symptoms were more likely to 
have the severe disease at presentation and longer length of stay in the hospital. 
Additionally, one-quarter of the patients developed new GI symptoms during hospital 
admission. The most common culprit drugs associated with new GI symptoms 
development were lopinavir/ritonavir, ribavirin, and hydroxychloroquine. The lack of 
efficacy of several repurposed drugs for COVID-19 coupled with side effect profile 
warrants against their routine use in clinical practice. Further studies are needed to 
elucidate the mechanism and importance of GI manifestations in COVID-19 patients. 
Long-term sequelae of GI manifestations in COVID-19 patients remains unknown and 
needs to be studied.

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal (GI) manifestations are present in 7%-15% of the patients with 
coronavirus disease 2019 (COVID-19). The association of GI manifestations with 
adverse clinical outcomes remains controversial, with some studies suggesting 
protective effects while others have reported adverse outcomes.

Research motivation
Previous studies reporting the association of GI symptoms with clinical outcomes in 
COVID-19 patients varied in determining the timing of symptoms development. We 
planned this study to clearly define GI symptoms in COVID-19 patients and 
distinguish between GI symptoms on admission and symptoms that develop during 
the hospital stay. We wanted to determine if there is any correlation of GI symptoms 
with disease severity and adverse clinical outcomes.

Research objectives
We aimed to determine the prevalence of GI symptoms in COVID-19 patients at 
admission and during hospitalization. We also aimed to study the correlation of GI 
symptoms with all-cause mortality, and disease severity at admission and disease 
progression during hospitalization defined by admission to the intensive care unit, 
development of acute respiratory distress syndrome, and need for mechanical 
ventilation.
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Research methods
We conducted a retrospective cohort study investigating the epidemiological and 
clinical characteristics and outcomes among 601 consecutive adult patients with SARS-
CoV-2 infection who were admitted to one of the dedicated COVID-19 hospitals in the 
state of Qatar between May 1-15, 2020. Clinical characteristics, laboratory parameters, 
treatment data, and disease outcome, including mortality, were compared between 
patients with and without GI symptoms. A multivariate logistic regression model with 
the forward method to identify independent predictors of the adverse outcomes.

Research results
The prevalence of any GI symptom at admission was 27.1% and during hospitalization 
was 19.8%. Nausea, vomiting, and diarrhea were the most common GI symptoms on 
presentation. There was no difference in mortality between the two groups (6.21% vs 
5.50%, P = 0.7). However, patients with GI symptoms were more likely to have severe 
disease at presentation (33.13% vs 22.50%, P < 0.001) and prolonged hospital stay (15 d 
vs 14 d, P = 0.04). Age > 65 years was the single risk factor associated with increased 
mortality on multivariate regression analysis.

Research conclusions
Patients with GI symptoms are more likely to have severe disease at presentation. 
However, there is no difference in mortality between patients with and without GI 
symptoms.

Research perspectives
Future studies are needed to elucidate the mechanism of GI symptoms development in 
COVID-19 patients. Long-term effects and follow-up of COVID-19 patients with GI 
symptoms are needed.

REFERENCES
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J, 
Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z, 
Jin Q, Wang J, Cao B. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet 2020; 395: 497-506 [PMID: 31986264 DOI: 10.1016/S0140-6736(20)30183-5]

1     

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, Du B, Li LJ, 
Zeng G, Yuen KY, Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, Peng 
YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye 
CJ, Zhu SY, Zhong NS; China Medical Treatment Expert Group for Covid-19. Clinical 
Characteristics of Coronavirus Disease 2019 in China. N Engl J Med 2020; 382: 1708-1720 [PMID: 
32109013 DOI: 10.1056/NEJMoa2002032]

2     

Lin L, Jiang X, Zhang Z, Huang S, Fang Z, Gu Z, Gao L, Shi H, Mai L, Liu Y, Lin X, Lai R, Yan Z, 
Li X, Shan H. Gastrointestinal symptoms of 95 cases with SARS-CoV-2 infection. Gut 2020; 69: 997-
1001 [PMID: 32241899 DOI: 10.1136/gutjnl-2020-321013]

3     

Jin X, Lian JS, Hu JH, Gao J, Zheng L, Zhang YM, Hao SR, Jia HY, Cai H, Zhang XL, Yu GD, Xu 
KJ, Wang XY, Gu JQ, Zhang SY, Ye CY, Jin CL, Lu YF, Yu X, Yu XP, Huang JR, Xu KL, Ni Q, Yu 
CB, Zhu B, Li YT, Liu J, Zhao H, Zhang X, Yu L, Guo YZ, Su JW, Tao JJ, Lang GJ, Wu XX, Wu 
WR, Qv TT, Xiang DR, Yi P, Shi D, Chen Y, Ren Y, Qiu YQ, Li LJ, Sheng J, Yang Y. 
Epidemiological, clinical and virological characteristics of 74 cases of coronavirus-infected disease 
2019 (COVID-19) with gastrointestinal symptoms. Gut 2020; 69: 1002-1009 [PMID: 32213556 DOI: 
10.1136/gutjnl-2020-320926]

4     

Sultan S, Altayar O, Siddique SM, Davitkov P, Feuerstein JD, Lim JK, Falck-Ytter Y, El-Serag HB; 
AGA Institute. AGA Institute Rapid Review of the Gastrointestinal and Liver Manifestations of 
COVID-19, Meta-Analysis of International Data, and Recommendations for the Consultative 
Management of Patients with COVID-19. Gastroenterology 2020; 159: 320-334. e27 [PMID: 
32407808 DOI: 10.1053/j.gastro.2020.05.001]

5     

Mao R, Qiu Y, He JS, Tan JY, Li XH, Liang J, Shen J, Zhu LR, Chen Y, Iacucci M, Ng SC, Ghosh S, 
Chen MH. Manifestations and prognosis of gastrointestinal and liver involvement in patients with 
COVID-19: a systematic review and meta-analysis. Lancet Gastroenterol Hepatol 2020; 5: 667-678 
[PMID: 32405603 DOI: 10.1016/S2468-1253(20)30126-6]

6     

Parasa S, Desai M, Thoguluva Chandrasekar V, Patel HK, Kennedy KF, Roesch T, Spadaccini M, 
Colombo M, Gabbiadini R, Artifon ELA, Repici A, Sharma P. Prevalence of Gastrointestinal 
Symptoms and Fecal Viral Shedding in Patients With Coronavirus Disease 2019: A Systematic 
Review and Meta-analysis. JAMA Netw Open 2020; 3: e2011335 [PMID: 32525549 DOI: 
10.1001/jamanetworkopen.2020.11335]

7     

Cheung KS, Hung IFN, Chan PPY, Lung KC, Tso E, Liu R, Ng YY, Chu MY, Chung TWH, Tam 8     

http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32241899
https://dx.doi.org/10.1136/gutjnl-2020-321013
http://www.ncbi.nlm.nih.gov/pubmed/32213556
https://dx.doi.org/10.1136/gutjnl-2020-320926
http://www.ncbi.nlm.nih.gov/pubmed/32407808
https://dx.doi.org/10.1053/j.gastro.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/32405603
https://dx.doi.org/10.1016/S2468-1253(20)30126-6
http://www.ncbi.nlm.nih.gov/pubmed/32525549
https://dx.doi.org/10.1001/jamanetworkopen.2020.11335


Khan MU et al. GI manifestations of COVID-19

WJG https://www.wjgnet.com 8008 December 14, 2021 Volume 27 Issue 46

AR, Yip CCY, Leung KH, Fung AY, Zhang RR, Lin Y, Cheng HM, Zhang AJX, To KKW, Chan 
KH, Yuen KY, Leung WK. Gastrointestinal Manifestations of SARS-CoV-2 Infection and Virus Load 
in Fecal Samples From a Hong Kong Cohort: Systematic Review and Meta-analysis. 
Gastroenterology 2020; 159: 81-95 [PMID: 32251668 DOI: 10.1053/j.gastro.2020.03.065]
Redd WD, Zhou JC, Hathorn KE, McCarty TR, Bazarbashi AN, Thompson CC, Shen L, Chan WW. 
Prevalence and Characteristics of Gastrointestinal Symptoms in Patients With Severe Acute 
Respiratory Syndrome Coronavirus 2 Infection in the United States: A Multicenter Cohort Study. 
Gastroenterology 2020; 159: 765-767. e2 [PMID: 32333911 DOI: 10.1053/j.gastro.2020.04.045]

9     

Hajifathalian K, Krisko T, Mehta A, Kumar S, Schwartz R, Fortune B, Sharaiha RZ; WCM-GI 
research group. Gastrointestinal and Hepatic Manifestations of 2019 Novel Coronavirus Disease in a 
Large Cohort of Infected Patients From New York: Clinical Implications. Gastroenterology 2020; 159
: 1137-1140. e2 [PMID: 32389667 DOI: 10.1053/j.gastro.2020.05.010]

10     

Aghemo A, Piovani D, Parigi TL, Brunetta E, Pugliese N, Vespa E, Omodei PD, Preatoni P, Lleo A, 
Repici A, Voza A, Cecconi M, Malesci A, Bonovas S, Danese S; Humanitas COVID-19 Task Force. 
COVID-19 Digestive System Involvement and Clinical Outcomes in a Large Academic Hospital in 
Milan, Italy. Clin Gastroenterol Hepatol 2020; 18: 2366-2368. e3 [PMID: 32437870 DOI: 
10.1016/j.cgh.2020.05.011]

11     

Wan Y, Li J, Shen L, Zou Y, Hou L, Zhu L, Faden HS, Tang Z, Shi M, Jiao N, Li Y, Cheng S, Huang 
Y, Wu D, Xu Z, Pan L, Zhu J, Yan G, Zhu R, Lan P. Enteric involvement in hospitalised patients with 
COVID-19 outside Wuhan. Lancet Gastroenterol Hepatol 2020; 5: 534-535 [PMID: 32304638 DOI: 
10.1016/S2468-1253(20)30118-7]

12     

Liu J, Cui M, Yang T, Yao P. Correlation between gastrointestinal symptoms and disease severity in 
patients with COVID-19: a systematic review and meta-analysis. BMJ Open Gastroenterol 2020; 7: 
e000437 [PMID: 32665397 DOI: 10.1136/bmjgast-2020-000437]

13     

Nobel YR, Phipps M, Zucker J, Lebwohl B, Wang TC, Sobieszczyk ME, Freedberg DE. 
Gastrointestinal Symptoms and Coronavirus Disease 2019: A Case-Control Study From the United 
States. Gastroenterology 2020; 159: 373-375. e2 [PMID: 32294477 DOI: 
10.1053/j.gastro.2020.04.017]

14     

Shehab M, Alrashed F, Shuaibi S, Alajmi D, Barkun A. Gastroenterological and hepatic 
manifestations of patients with COVID-19, prevalence, mortality by country, and intensive care 
admission rate: systematic review and meta-analysis. BMJ Open Gastroenterol 2021; 8: e000571 
[PMID: 33664052 DOI: 10.1136/bmjgast-2020-000571]

15     

World Health Organization.   COVID-19 Clinical management: living guidance. [cited 25 January 
2021]. Available from: https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-1

16     

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, Guan L, Wei Y, Li H, 
Wu X, Xu J, Tu S, Zhang Y, Chen H, Cao B. Clinical course and risk factors for mortality of adult 
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 2020; 395: 1054-
1062 [PMID: 32171076 DOI: 10.1016/S0140-6736(20)30566-3]

17     

Chen A, Agarwal A, Ravindran N, To C, Zhang T, Thuluvath PJ. Are Gastrointestinal Symptoms 
Specific for Coronavirus 2019 Infection? Gastroenterology 2020; 159: 1161-1163.e2 [PMID: 
32422209 DOI: 10.1053/j.gastro.2020.05.036]

18     

Zhan GF, Wang Y, Yang N, Luo AL, Li SY. Digestive system involvement of infections with SARS-
CoV-2 and other coronaviruses: Clinical manifestations and potential mechanisms. World J 
Gastroenterol 2021; 27: 561-575 [PMID: 33642829 DOI: 10.3748/wjg.v27.i7.561]

19     

Effenberger M, Grabherr F, Mayr L, Schwaerzler J, Nairz M, Seifert M, Hilbe R, Seiwald S, Scholl-
Buergi S, Fritsche G, Bellmann-Weiler R, Weiss G, Müller T, Adolph TE, Tilg H. Faecal calprotectin 
indicates intestinal inflammation in COVID-19. Gut 2020; 69: 1543-1544 [PMID: 32312790 DOI: 
10.1136/gutjnl-2020-321388]

20     

Crawford SE, Ramani S, Tate JE, Parashar UD, Svensson L, Hagbom M, Franco MA, Greenberg 
HB, O'Ryan M, Kang G, Desselberger U, Estes MK. Rotavirus infection. Nat Rev Dis Primers 2017; 
3: 17083 [PMID: 29119972 DOI: 10.1038/nrdp.2017.83]

21     

Glass RI, Parashar UD, Estes MK. Norovirus gastroenteritis. N Engl J Med 2009; 361: 1776-1785 
[PMID: 19864676 DOI: 10.1056/NEJMra0804575]

22     

Zuo T, Zhang F, Lui GCY, Yeoh YK, Li AYL, Zhan H, Wan Y, Chung ACK, Cheung CP, Chen N, 
Lai CKC, Chen Z, Tso EYK, Fung KSC, Chan V, Ling L, Joynt G, Hui DSC, Chan FKL, Chan PKS, 
Ng SC. Alterations in Gut Microbiota of Patients With COVID-19 During Time of Hospitalization. 
Gastroenterology 2020; 159: 944-955. e8 [PMID: 32442562 DOI: 10.1053/j.gastro.2020.05.048]

23     

Gu S, Chen Y, Wu Z, Gao H, Lv L, Guo F, Zhang X, Luo R, Huang C, Lu H, Zheng B, Zhang J, Yan 
R, Zhang H, Jiang H, Xu Q, Guo J, Gong Y, Tang L, Li L. Alterations of the Gut Microbiota in 
Patients With Coronavirus Disease 2019 or H1N1 Influenza. Clin Infect Dis 2020; 71: 2669-2678 
[PMID: 32497191 DOI: 10.1093/cid/ciaa709]

24     

Liu Y, Ning Z, Chen Y, Guo M, Liu Y, Gali NK, Sun L, Duan Y, Cai J, Westerdahl D, Liu X, Xu K, 
Ho KF, Kan H, Fu Q, Lan K. Aerodynamic analysis of SARS-CoV-2 in two Wuhan hospitals. Nature 
2020; 582: 557-560 [PMID: 32340022 DOI: 10.1038/s41586-020-2271-3]

25     

Jiao L, Li H, Xu J, Yang M, Ma C, Li J, Zhao S, Wang H, Yang Y, Yu W, Wang J, Yang J, Long H, 
Gao J, Ding K, Wu D, Kuang D, Zhao Y, Liu J, Lu S, Liu H, Peng X. The Gastrointestinal Tract Is an 
Alternative Route for SARS-CoV-2 Infection in a Nonhuman Primate Model. Gastroenterology 2021; 
160: 1647-1661 [PMID: 33307034 DOI: 10.1053/j.gastro.2020.12.001]

26     

Wu Y, Guo C, Tang L, Hong Z, Zhou J, Dong X, Yin H, Xiao Q, Tang Y, Qu X, Kuang L, Fang X, 27     

http://www.ncbi.nlm.nih.gov/pubmed/32251668
https://dx.doi.org/10.1053/j.gastro.2020.03.065
http://www.ncbi.nlm.nih.gov/pubmed/32333911
https://dx.doi.org/10.1053/j.gastro.2020.04.045
http://www.ncbi.nlm.nih.gov/pubmed/32389667
https://dx.doi.org/10.1053/j.gastro.2020.05.010
http://www.ncbi.nlm.nih.gov/pubmed/32437870
https://dx.doi.org/10.1016/j.cgh.2020.05.011
http://www.ncbi.nlm.nih.gov/pubmed/32304638
https://dx.doi.org/10.1016/S2468-1253(20)30118-7
http://www.ncbi.nlm.nih.gov/pubmed/32665397
https://dx.doi.org/10.1136/bmjgast-2020-000437
http://www.ncbi.nlm.nih.gov/pubmed/32294477
https://dx.doi.org/10.1053/j.gastro.2020.04.017
http://www.ncbi.nlm.nih.gov/pubmed/33664052
https://dx.doi.org/10.1136/bmjgast-2020-000571
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-1
http://www.ncbi.nlm.nih.gov/pubmed/32171076
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32422209
https://dx.doi.org/10.1053/j.gastro.2020.05.036
http://www.ncbi.nlm.nih.gov/pubmed/33642829
https://dx.doi.org/10.3748/wjg.v27.i7.561
http://www.ncbi.nlm.nih.gov/pubmed/32312790
https://dx.doi.org/10.1136/gutjnl-2020-321388
http://www.ncbi.nlm.nih.gov/pubmed/29119972
https://dx.doi.org/10.1038/nrdp.2017.83
http://www.ncbi.nlm.nih.gov/pubmed/19864676
https://dx.doi.org/10.1056/NEJMra0804575
http://www.ncbi.nlm.nih.gov/pubmed/32442562
https://dx.doi.org/10.1053/j.gastro.2020.05.048
http://www.ncbi.nlm.nih.gov/pubmed/32497191
https://dx.doi.org/10.1093/cid/ciaa709
http://www.ncbi.nlm.nih.gov/pubmed/32340022
https://dx.doi.org/10.1038/s41586-020-2271-3
http://www.ncbi.nlm.nih.gov/pubmed/33307034
https://dx.doi.org/10.1053/j.gastro.2020.12.001


Khan MU et al. GI manifestations of COVID-19

WJG https://www.wjgnet.com 8009 December 14, 2021 Volume 27 Issue 46

Mishra N, Lu J, Shan H, Jiang G, Huang X. Prolonged presence of SARS-CoV-2 viral RNA in faecal 
samples. Lancet Gastroenterol Hepatol 2020; 5: 434-435 [PMID: 32199469 DOI: 
10.1016/S2468-1253(20)30083-2]
Zheng S, Fan J, Yu F, Feng B, Lou B, Zou Q, Xie G, Lin S, Wang R, Yang X, Chen W, Wang Q, 
Zhang D, Liu Y, Gong R, Ma Z, Lu S, Xiao Y, Gu Y, Zhang J, Yao H, Xu K, Lu X, Wei G, Zhou J, 
Fang Q, Cai H, Qiu Y, Sheng J, Chen Y, Liang T. Viral load dynamics and disease severity in patients 
infected with SARS-CoV-2 in Zhejiang province, China, January-March 2020: retrospective cohort 
study. BMJ 2020; 369: m1443 [PMID: 32317267 DOI: 10.1136/bmj.m1443]

28     

Han C, Duan C, Zhang S, Spiegel B, Shi H, Wang W, Zhang L, Lin R, Liu J, Ding Z, Hou X. 
Digestive Symptoms in COVID-19 Patients With Mild Disease Severity: Clinical Presentation, Stool 
Viral RNA Testing, and Outcomes. Am J Gastroenterol 2020; 115: 916-923 [PMID: 32301761 DOI: 
10.14309/ajg.0000000000000664]

29     

Grover S, Redd WD, Zhou JC, Nije C, Wong D, Hathorn KE, McCarty TR, Bazarbashi AN, Shen L, 
Chan WW. High Prevalence of Gastrointestinal Manifestations of COVID-19 Infection in 
Hospitalized Patients With Cancer. J Clin Gastroenterol 2021; 55: 84-87 [PMID: 33116066 DOI: 
10.1097/MCG.0000000000001462]

30     

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ; HLH Across Speciality 
Collaboration, UK. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet 
2020; 395: 1033-1034 [PMID: 32192578 DOI: 10.1016/S0140-6736(20)30628-0]

31     

Lucas C, Wong P, Klein J, Castro TBR, Silva J, Sundaram M, Ellingson MK, Mao T, Oh JE, 
Israelow B, Takahashi T, Tokuyama M, Lu P, Venkataraman A, Park A, Mohanty S, Wang H, Wyllie 
AL, Vogels CBF, Earnest R, Lapidus S, Ott IM, Moore AJ, Muenker MC, Fournier JB, Campbell M, 
Odio CD, Casanovas-Massana A; Yale IMPACT Team, Herbst R, Shaw AC, Medzhitov R, Schulz 
WL, Grubaugh ND, Dela Cruz C, Farhadian S, Ko AI, Omer SB, Iwasaki A. Longitudinal analyses 
reveal immunological misfiring in severe COVID-19. Nature 2020; 584: 463-469 [PMID: 32717743 
DOI: 10.1038/s41586-020-2588-y]

32     

Jeffery V, Goldson AJ, Dainty JR, Chieppa M, Sobolewski A. IL-6 Signaling Regulates Small 
Intestinal Crypt Homeostasis. J Immunol 2017; 199: 304-311 [PMID: 28550196 DOI: 
10.4049/jimmunol.1600960]

33     

Guo M, Tao W, Flavell RA, Zhu S. Potential intestinal infection and faecal-oral transmission of 
SARS-CoV-2. Nat Rev Gastroenterol Hepatol 2021; 18: 269-283 [PMID: 33589829 DOI: 
10.1038/s41575-021-00416-6]

34     

Tao W, Zhang G, Wang X, Guo M, Zeng W, Xu Z, Cao D, Pan A, Wang Y, Zhang K, Ma X, Chen Z, 
Jin T, Liu L, Weng J, Zhu S. Analysis of the intestinal microbiota in COVID-19 patients and its 
correlation with the inflammatory factor IL-18. Med Microecol 2020; 5: 100023 [PMID: 34173452 
DOI: 10.1016/j.medmic.2020.100023]

35     

Livanos AE, Jha D, Cossarini F, Gonzalez-Reiche AS, Tokuyama M, Aydillo T, Parigi TL, Ladinsky 
MS, Ramos I, Dunleavy K, Lee B, Dixon RE, Chen ST, Martinez-Delgado G, Nagula S, Bruce EA, 
Ko HM, Glicksberg BS, Nadkarni G, Pujadas E, Reidy J, Naymagon S, Grinspan A, Ahmad J, 
Tankelevich M, Bram Y, Gordon R, Sharma K, Houldsworth J, Britton GJ, Chen-Liaw A, Spindler 
MP, Plitt T, Wang P, Cerutti A, Faith JJ, Colombel JF, Kenigsberg E, Argmann C, Merad M, Gnjatic 
S, Harpaz N, Danese S, Cordon-Cardo C, Rahman A, Schwartz RE, Kumta NA, Aghemo A, 
Bjorkman PJ, Petralia F, van Bakel H, Garcia-Sastre A, Mehandru S. Intestinal Host Response to 
SARS-CoV-2 Infection and COVID-19 Outcomes in Patients With Gastrointestinal Symptoms. 
Gastroenterology 2021; 160: 2435-2450. e34 [PMID: 33676971 DOI: 10.1053/j.gastro.2021.02.056]

36     

Bansal P, Goyal A, Cusick A 4th, Lahan S, Dhaliwal HS, Bhyan P, Bhattad PB, Aslam F, Ranka S, 
Dalia T, Chhabra L, Sanghavi D, Sonani B, Davis JM 3rd. Hydroxychloroquine: a comprehensive 
review and its controversial role in coronavirus disease 2019. Ann Med 2021; 53: 117-134 [PMID: 
33095083 DOI: 10.1080/07853890.2020.1839959]

37     

Hung IF, Lung KC, Tso EY, Liu R, Chung TW, Chu MY, Ng YY, Lo J, Chan J, Tam AR, Shum HP, 
Chan V, Wu AK, Sin KM, Leung WS, Law WL, Lung DC, Sin S, Yeung P, Yip CC, Zhang RR, Fung 
AY, Yan EY, Leung KH, Ip JD, Chu AW, Chan WM, Ng AC, Lee R, Fung K, Yeung A, Wu TC, 
Chan JW, Yan WW, Chan JF, Lie AK, Tsang OT, Cheng VC, Que TL, Lau CS, Chan KH, To KK, 
Yuen KY. Triple combination of interferon beta-1b, lopinavir-ritonavir, and ribavirin in the treatment 
of patients admitted to hospital with COVID-19: an open-label, randomised, phase 2 trial. Lancet 
2020; 395: 1695-1704 [PMID: 32401715 DOI: 10.1016/S0140-6736(20)31042-4]

38     

Sung H, Chang M, Saab S. Management of Hepatitis C Antiviral Therapy Adverse Effects. Curr 
Hepat Rep 2011; 10: 33-40 [PMID: 21423320 DOI: 10.1007/s11901-010-0078-7]

39     

Welte T, Ambrose LJ, Sibbring GC, Sheikh S, Müllerová H, Sabir I. Current evidence for COVID-19 
therapies: a systematic literature review. Eur Respir Rev 2021; 30 [PMID: 33731328 DOI: 
10.1183/16000617.0384-2020]

40     

Li H, Xiong N, Li C, Gong Y, Liu L, Yang H, Tan X, Jiang N, Zong Q, Wang J, Lu Z, Yin X. 
Efficacy of ribavirin and interferon-α therapy for hospitalized patients with COVID-19: A 
multicenter, retrospective cohort study. Int J Infect Dis 2021; 104: 641-648 [PMID: 33515771 DOI: 
10.1016/j.ijid.2021.01.055]

41     

http://www.ncbi.nlm.nih.gov/pubmed/32199469
https://dx.doi.org/10.1016/S2468-1253(20)30083-2
http://www.ncbi.nlm.nih.gov/pubmed/32317267
https://dx.doi.org/10.1136/bmj.m1443
http://www.ncbi.nlm.nih.gov/pubmed/32301761
https://dx.doi.org/10.14309/ajg.0000000000000664
http://www.ncbi.nlm.nih.gov/pubmed/33116066
https://dx.doi.org/10.1097/MCG.0000000000001462
http://www.ncbi.nlm.nih.gov/pubmed/32192578
https://dx.doi.org/10.1016/S0140-6736(20)30628-0
http://www.ncbi.nlm.nih.gov/pubmed/32717743
https://dx.doi.org/10.1038/s41586-020-2588-y
http://www.ncbi.nlm.nih.gov/pubmed/28550196
https://dx.doi.org/10.4049/jimmunol.1600960
http://www.ncbi.nlm.nih.gov/pubmed/33589829
https://dx.doi.org/10.1038/s41575-021-00416-6
http://www.ncbi.nlm.nih.gov/pubmed/34173452
https://dx.doi.org/10.1016/j.medmic.2020.100023
http://www.ncbi.nlm.nih.gov/pubmed/33676971
https://dx.doi.org/10.1053/j.gastro.2021.02.056
http://www.ncbi.nlm.nih.gov/pubmed/33095083
https://dx.doi.org/10.1080/07853890.2020.1839959
http://www.ncbi.nlm.nih.gov/pubmed/32401715
https://dx.doi.org/10.1016/S0140-6736(20)31042-4
http://www.ncbi.nlm.nih.gov/pubmed/21423320
https://dx.doi.org/10.1007/s11901-010-0078-7
http://www.ncbi.nlm.nih.gov/pubmed/33731328
https://dx.doi.org/10.1183/16000617.0384-2020
http://www.ncbi.nlm.nih.gov/pubmed/33515771
https://dx.doi.org/10.1016/j.ijid.2021.01.055


WJG https://www.wjgnet.com 8010 December 14, 2021 Volume 27 Issue 46

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2021 December 14; 27(46): 8010-8030

DOI: 10.3748/wjg.v27.i46.8010 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Life prognosis of sentinel node navigation surgery for early-stage 
gastric cancer: Outcome of lymphatic basin dissection

Shinichi Kinami, Naohiko Nakamura, Tomoharu Miyashita, Hidekazu Kitakata, Sachio Fushida, Takashi 
Fujimura, Yasuo Iida, Noriyuki Inaki, Toru Ito, Hiroyuki Takamura

ORCID number: Shinichi Kinami 
0000-0001-9867-3120; Naohiko 
Nakamura 0000-0002-5542-0163; 
Tomoharu Miyashita 0000-0002-3771-
0773; Hidekazu Kitakata 0000-0002-
2883-757X; Sachio Fushida 0000-
0001-5567-7383; Takashi Fujimura 
0000-0001-8652-0530; Yasuo Iida 
0000-0003-1113-2669; Noriyuki Inaki 
0000-0002-4241-5015; Toru Ito 0000-
0002-8048-955X; Hiroyuki Takamura 
0000-0001-9351-1309.

Author contributions: Kinami S 
was responsible for the scientific 
conception of the study and 
writing of the manuscript; Kinami 
S, Nakamura N, Miyashita T, 
Kitakata H, Fushida S, Fujimura T, 
and Ito T contributed to the 
surgery and data collection; Iida Y 
was responsible for the statistical 
analysis; Takamura H and Inaki N 
contributed to the drafting, editing, 
and critical revision of the 
manuscript; and all authors 
contributed to the approval of the 
final version of the manuscript.

Institutional review board 
statement: This study was 
approved by the ethics committee 
of Kanazawa University Hospital 
and Kanazawa Medical University 
(Trial Number R093, M288). ICG 
mapping was approved by the 
ethics committee of Kanazawa 
Medical University (Trial Number 

Shinichi Kinami, Naohiko Nakamura, Tomoharu Miyashita, Hiroyuki Takamura, Department of 
Surgical Oncology, Kanazawa Medical University, Kahoku 920-0293, Ishikawa, Japan

Hidekazu Kitakata, Toru Ito, Department of Gastroenterological Endoscopy, Kanazawa Medical 
University, Kahoku 920-0293, Ishikawa, Japan

Sachio Fushida, Noriyuki Inaki, Department of Gastrointestinal Surgery, Kanazawa University, 
Kanazawa 920-8641, Ishikawa, Japan

Takashi Fujimura, Department of Surgery, Toyama City Hospital, Toyama 939-8511, Toyama, 
Japan

Yasuo Iida, Department of Mathematics, Division of General Education, Kanazawa Medical 
University, Kahoku 920-0293, Ishikawa, Japan

Corresponding author: Shinichi Kinami, MD, PhD, Professor, Department of Surgical 
Oncology, Kanazawa Medical University, 1-1 Daigaku, Uchinada-machi, Kahoku 920-0293, 
Ishikawa, Japan. kinami@kanazawa-med.ac.jp

Abstract
BACKGROUND 
Lymphatic basin dissection is a sentinel node biopsy method that is specific for 
gastric cancer. In this method, the dyed lymphatic system is dissected en bloc, and 
sentinel nodes are identified at the back table (ex vivo). Even with lymphatic basin 
dissection, blood flow to the residual stomach can be preserved, and function-
preserving curative gastrectomy can be performed. The oncological safety of 
function-preserving curative gastrectomy combined with lymphatic basin 
dissection has not yet been fully investigated. We hypothesized that the 
oncological safety of sentinel node navigation surgery (SNNS) is not inferior to 
that of the guidelines.

AIM 
To investigate the life prognosis of SNNS for gastric cancer in comparison with 
guidelines surgery.

METHODS 
This was a retrospective cohort study. Patients were selected from gastric cancer 
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patients who underwent sentinel node biopsy from April 1999 to March 2016. 
Patients from April 1999 to August 2008 were from the Department of Surgery II, 
Kanazawa University Hospital, and patients from August 2009 to March 2016 
were from the Department of Surgical Oncology, Kanazawa Medical University 
Hospital. Patients who were diagnosed with gastric cancer, which was preoper-
atively diagnosed as superficial type (type 0), 5 cm or less in length, clinical T1-2 
and node negative, and underwent various gastrectomies guided by sentinel node 
navigation were retrospectively collected. The overall survival (OS) and relapse-
free survival (RFS) of these patients (SNNS group) were investigated. Patients 
with gastric cancer of the same stage and who underwent guidelines gastrectomy 
with standard nodal dissection were also selected as the control group.

RESULTS 
A total of 239 patients in the SNNS group and 423 patients in the control group 
were included. Pathological nodal metastasis was observed in 10.5% and 10.4% of 
the SNNS and control groups, respectively. The diagnostic abilities of sentinel 
node biopsy were 84% and 98.6% for sensitivity and accuracy, respectively. In the 
SNNS group, 81.6% of patients underwent modified gastrectomy or function-
preserving curative gastrectomy with lymphatic basin dissection, in which the 
extent of nodal dissection was further reduced compared to the guidelines. The 
OS rate in the SNNS group was 96.8% at 5 years and was significantly better than 
91.3% in the control group (P = 0.0014). The RFS rates were equal in both groups. 
After propensity score matching, there were 231 patients in both groups, and the 
cumulative recurrence rate was 0.43% at 5 years in the SNNS group and 1.30% in 
the control group, which was not statistically different.

CONCLUSION 
The oncological safety of patients who undergo gastrectomy guided by sentinel 
node navigation is not inferior to that of the guidelines surgery.

Key Words: Early gastric cancer; Sentinel node biopsy; Function preserving surgery; 
Lymph node dissection; Gastrectomy; Lymphatic basin dissection
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Core Tip: The oncological safety of 239 patients with early-stage gastric cancer who 
underwent sentinel node navigation surgery was investigated. In total, 81.6% of 
patients underwent modified gastrectomy or function-preserving curative gastrectomy 
with lymphatic basin dissection, and the extent of nodal dissection was reduced 
compared to the guidelines. The overall survival rate at 5 years was significantly better, 
and the cumulative recurrence rate was equal to that of the control group in original 
data sets and propensity score-matched comparisons. The oncological safety of patients 
undergoing gastrectomy guided by sentinel node navigation is not inferior to that of the 
guidelines surgery.

Citation: Kinami S, Nakamura N, Miyashita T, Kitakata H, Fushida S, Fujimura T, Iida Y, Inaki 
N, Ito T, Takamura H. Life prognosis of sentinel node navigation surgery for early-stage gastric 
cancer: Outcome of lymphatic basin dissection. World J Gastroenterol 2021; 27(46): 8010-
8030
URL: https://www.wjgnet.com/1007-9327/full/v27/i46/8010.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i46.8010

INTRODUCTION
The basic treatment for early gastric cancer not indicated for endoscopic submucosal 
dissection (ESD) is gastrectomy with lymph node dissection[1,2]. The range of prophy-
lactic lymphadenectomy is determined in the greatest common denominator based on 
past data of lymph node metastasis, because most metastases to regional lymph nodes 
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in early gastric cancer cannot be determined without pathological specimens. The 
Japanese Gastric Cancer Treatment Guidelines[3] recommends D1 + and D1 as the 
range of nodal dissection for cT1N0 cancer. D1 + requires sacrificial resection of most 
of the feeding arteries, resulting in the need for extensive gastrectomy. However, 
patients with nodal metastasis account for only approximately 20% of surgical patients 
with early gastric cancer. Excessive gastrectomy is performed in 80% of patients with 
early gastric cancer[4].

The preoperative diagnosis of lymph node metastasis is limited[5-11]. If lymph node 
metastasis can be diagnosed intraoperatively and node-negative patients can be distin-
guished, excessive dissection and extensive gastrectomy can be avoided. Currently, the 
most effective method for diagnosing lymph node metastasis is sentinel lymph node 
biopsy[12-27].

The sentinel lymph nodes of gastric cancer can be identified by administering a 
tracer with lymph-palatability to the submucosa using a gastroscopic injection needle 
and regarding the tracer-taking lymph nodes as sentinel nodes[14,15,24-26]. However, 
intraoperative pathological diagnosis of lymph node metastasis remains difficult[28]. 
Genetic diagnosis[29-33] is still in the research phase and, at present, we have to rely 
on intraoperative rapid frozen section diagnosis, but this method is accompanied by 
false negatives. Unlike breast cancer, reoperation for additional nodal dissection or 
additional radiation therapy is not acceptable in the case of gastric cancer. Therefore, a 
certain range of nodal dissection is necessary even in patients who are node negative 
by sentinel node biopsy. In view of these trends, Miwa[34] proposed lymphatic basin 
dissection, which is a sentinel node biopsy method specific for gastric cancer. In dye-
based sentinel node biopsy, the lymphatic system specific to gastric cancer is stained 
by a dye tracer that is administered to the stomach and drains into the lymphatic 
system. The lymphatic system is then dissected en bloc and sentinel nodes are 
identified at the back table (ex vivo) in this method. This method not only reduces the 
difficulty of sentinel node biopsy, but also serves to a certain extent as backup 
dissection to cover false negatives of rapid intraoperative diagnosis. Even with 
lymphatic basin dissection, blood flow to the residual stomach can be preserved and 
function-preserving curative gastrectomy can be performed instead of extensive 
gastrectomy (Figure 1)[4,35].

Lymphatic basin dissection has been evaluated as a certain sentinel lymph node 
biopsy for gastric cancer[4,15,36]. However, the oncological safety of function-
preserving curative gastrectomy combined with lymphatic basin dissection has not yet 
been fully investigated. In this study, we investigated the life prognosis of patients 
who underwent sentinel node navigation surgery (SNNS) for gastric cancer in 
comparison with standard surgery.

A prospective nation-wide study is currently undergoing in Japan to verify the 
oncological safety of the tailor-made surgical strategy guided by sentinel node 
navigation[37]. However, it is not a comparative study, and a control group has not 
been set due to difficulty in clinical circumference. In contrast, standard surgery 
performed at our facility complies with the Japanese guidelines has been performed as 
the routine medical treatment simultaneously and in parallel with the clinical trial of 
SNNS by the first author, which made it possible for us to compare the prognoses 
retrospectively. Therefore, we conducted this retrospective comparative study on 
patients who underwent SNNS and those who underwent the standard surgery 
performed as per the guidelines. The sentinel node biopsy is a diagnostic method for 
lymph node metastasis, and its applicability is determined based on the preoperative 
findings. To reproduce the findings of the prospective study, we selected patients with 
preoperative findings that were the same as those with indications for SNNS, and 
verified them using propensity score matching.

MATERIALS AND METHODS
This was a retrospective cohort study. Patients were selected from gastric cancer 
patients who underwent sentinel node biopsy by the first author (SK) from April 1999 
to March 2016. The inclusion criteria were as follows: Age between 20 and 85 years; 
American Society of Anesthesiologists physical status (ASA-PS) 1-2 and tolerance to 
general anesthesia and gastrectomy; superficial type (type 0); preoperative diagnosis 
of 5 cm or less in length; preoperative diagnosis of T1 or T2 (clinical T1-2); node-
negative preoperative diagnosis by X-computed tomography (CT); preoperative 
confirmation of adenocarcinoma by endoscopic biopsy; and reliable medical records. 
Conversely, patients with synchronous multiple advanced cancers in other organs, 
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Figure 1 Schemas of standard gastrectomy, modified gastrectomy due to guidelines, and the function-preserving curative gastrectomy 
with lymphatic basin dissection. The red circle indicates the tumor, the green colored area indicates the extent of lymph node dissection, and the orange area 
indicates the extent of gastrectomy. The extent of nodal dissection in standard gastrectomy and modified gastrectomy according to the guidelines was D1 +. In 
contrast, the extent of nodal dissection in lymphatic basin dissection was defined as D0. GL: Japanese gastric cancer treatment guidelines; DG: Distal gastrectomy; 
TG: Total gastrectomy; PPG: Pylorus-preserving gastrectomy; PG: Proximal gastrectomy; MPG: Mini-proximal gastrectomy; SG: Segmental gastrectomy; MDG: Mini-
distal gastrectomy; LR: Local resection.

with severe comorbidities, and those with an Eastern Cooperative Oncology Group 
Performance Status (ECOG PS) of 3 or higher were excluded. Patients from April 1999 
to August 2008 were from the Department of Surgery II, Kanazawa University 
Hospital, and patients from August 2009 to March 2016 were from the Department of 
Surgical Oncology, Kanazawa Medical University Hospital.

For patients in the control group, early gastric cancer patients who underwent 
gastrectomy without sentinel node biopsy were extracted at the same time in the 
Department of Surgery II, Kanazawa University Hospital, and Department of Surgical 
Oncology, Kanazawa Medical University Hospital. The inclusion and exclusion 
criteria were the same as those of patients with sentinel node biopsy. In these patients, 
the standard surgeries in accordance with the Japanese guidelines[3] were mainly 
applied without mapping. The choice between mapping and non-mapping patients 
was mainly determined by the surgeon in charge. However, at both Kanazawa 
University Hospital and Kanazawa Medical University Hospital, a limited number of 
surgeons with the same treatment strategies and the same surgical skills were in 
charge of the gastrectomies.

The sentinel node biopsy methods used at Kanazawa University Hospital were the 
blue dye method, RI colloid method, and the combination method of blue dye and RI 
colloid. The dye tracers were patent blue or Lymphazurin, and the RI colloid tracers 
were 99mTc-tin colloid or 99mTc-phytate, which were endoscopically administered into 
the submucosal layer at four points around the tumor. The RI colloid was admini-
stered at 0.5 mL per site the day before surgery, and the blue dye was administered 
intraoperatively at 0.2 mL per site. The lymphatic basins were defined as the 
lymphatic system that was stained within 20 min after dye injection. The blue nodes 
were defined as nodes stained blue, and hot nodes were defined as nodes with 
radioactivity of more than 10 counts per second by using the gamma probe (Navigator 
GPS, Tyco Health Care, Mansfield, United States), and these were regarded as the 
sentinel nodes[14,36].

The indocyanine green (ICG) fluorescence method was used in Kanazawa Medical 
University Hospital[26]. ICG was adjusted to 50 μg/mL and endoscopically 
administered at 0.5 mL per site to the submucosal layer at four points around the 
tumor the day before surgery. Intraoperatively, ICG fluorescence was observed using 
a photodynamic eye (PDE, Hamamatsu Photonics, Shizuoka, Japan). The lymphatic 
basins were defined as the lymphatic system that was detected with fluorescent 
lymphatics, and the obvious fluorescent nodes were regarded as sentinel nodes. 
According to a previous report[36], lymphatic basins were integrated into the five 
lymphatic areas, except for the lymphatic flow to the left paracardial lymph node (No. 
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2 Lymph node, #2). Each of these is called the lymphatic compartment and is classified 
into five basins: The left gastric artery basin (l-GA); right gastric artery basin (r-GA); 
left gastroepiploic artery basin; right gastroepiploic artery basin; and the posterior 
gastric artery basin (p-GA) (Figure 2A). Classifying the lymphatic flow to #2 is 
challenging because of the multidirectional flow to l-GA and No. 19 ahead, and the 
lymphatic flow to p-GA nearby. Therefore, it was excluded from the lymphatic 
compartment classification and handled separately.

Patients who underwent sentinel node biopsy were divided into two groups: The 
feasibility phase group and the clinical application phase group. For patients in the 
former group, sentinel node biopsy was performed to evaluate the diagnostic ability of 
nodal metastasis; therefore, standard gastrectomy with nodal dissection was 
performed, and sentinel node identification was also performed postoperatively on the 
resected specimen. In contrast, in the clinical application phase, function-preserving 
curative gastrectomy was performed using sentinel node biopsy as a guide[4,26]. First, 
sentinel node mapping was performed, followed by lymphatic basin dissection, ex vivo 
identification and biopsy of the sentinel nodes, and intraoperative rapid pathology. If 
the sentinel nodes were diagnosed as metastasis at rapid diagnosis, standard 
gastrectomy with nodal dissection up to D2 was performed; if the sentinel nodes were 
diagnosed as node negative, the extent of gastrectomy was reduced and function-
preserving curative gastrectomy, such as local resection (LR), segmental gastrectomy 
(SG), or proximal gastrectomy (PG) was performed according to the preserved blood 
flow (Figure 2B)[4]. This surgical strategy is generally called SNNS.

The patients were divided into two groups. Patients in the clinical application phase 
of sentinel node biopsy were designated as the study group (SNNS group). Patients 
who did not undergo sentinel node biopsy and those in the feasibility phase of sentinel 
node biopsy were defined as the control group. The control group consisted of patients 
who underwent guidelines gastrectomy, while the SNNS group consisted of patients 
who underwent tailor-made gastrectomy guided by sentinel node biopsy (Figure 3).

In this study, we examined and compared the prognosis of patients between the two 
groups. The prognosis of the patients at Kanazawa University Hospital was invest-
igated in 2013, and that of Kanazawa Medical University Hospital was investigated in 
2021. The prognosis was examined up to 10 years after initial gastrectomy, and the 
investigations included alive or dead, cause of death, presence or absence of 
recurrence, and the presence of newly detected metachronous multiple gastric cancer 
(MMGC) in the remnant stomach. Therefore, in this study, the prognosis up to 5 years 
was generally accurate, but some patients were censored because they did not reach 10 
years after surgery at the time of investigation. The causes of death other than gastric 
cancer recurrence were divided into other cancer deaths (including MMGC) and non-
cancer deaths from other diseases. The date of the confirmation of gastric cancer re-
currence was also investigated. For cancers found in the remnant stomach, we distin-
guished between local recurrence and MMGC, and the latter was not judged as gastric 
cancer recurrence because of its favorable prognosis. In this study, overall survival 
(OS) treated all-cause mortality as an event, and relapse-free survival (RFS) treated 
gastric cancer recurrence as an event. All descriptions were described in accordance 
with the 15th edition of the Japanese classification of gastric carcinoma[38]. In this 
article, distal gastrectomy (DG) and total gastrectomy (TG) were defined as standard 
gastrectomy, pylorus-preserving gastrectomy (PPG), and PG were defined as 
guidelines-modified gastrectomy, and mini-DG (MDG), mini-PG (MPG), SG, and LR 
were defined as function-preserving curative gastrectomy (Figure 1)[4]. The diagnosis 
of lymph node metastases was determined by hematoxylin and eosin staining of the 
permanent slide at the maximum plane. The tumor cells were considered to be 
metastatic regardless of the size of metastatic foci, so both isolated tumor cells and 
micrometastases were also considered metastases. The results of immunohisto-
chemical staining and genetic diagnosis were not considered in this study.

The chi-square test was used to compare the background factors of each group. 
Survival rates were compared by drawing survival curves using the Kaplan-Meier 
method and certified by using the log-rank test. Multivariate analysis of factors 
affecting survival was performed using Cox proportional hazards regression with a 
stepwise variable selection method. The Gray test was used to compare the cumulative 
incidence of recurrence, incidence of MMGC, other cancer-related deaths, and non-
cancer deaths from other diseases, and Fine-Gray proportional hazards regression was 
used for multivariate analysis. In addition to these comparisons, propensity score 
matching was performed to adjust for differences in background factors between the 
two groups. Propensity scores were calculated for the two groups by logistic 
regression analysis using age, sex, location, circumference, long axis of tumor, 
macroscopic type, preoperative diagnosis of depth of invasion, and preoperative 
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Figure 2 Lymphatic basins, lymphatic compartments, and the strategy of sentinel node navigation surgery. A: The lymphatic basins were 
defined as the lymphatic system that was detected with dyed or fluorescent lymphatics. The lymphatic basins were integrated into the five lymphatic areas. Each of 
these was called the lymphatic compartment and was classified into five basins; B: Algorithm for sentinel node navigation surgery for early gastric cancer. First, 
sentinel node mapping was performed, followed by lymphatic basin dissection, ex vivo identification and biopsy of the sentinel nodes, and intraoperative rapid 
pathology. If the sentinel nodes were diagnosed as metastasis at rapid diagnosis, standard gastrectomy with nodal dissection up to D2 was performed; if the sentinel 
nodes were diagnosed as node negative, the extent of gastrectomy was reduced and function-preserving curative gastrectomy, such as segmental gastrectomy or 
local resection, was applied. l-GA: Left gastric artery basin; r-GA: Right gastric artery basin; l-GEA: Left gastroepiploic artery basin; r-GEA: Right gastroepiploic artery 
basin; p-GA: Posterior gastric artery basin.

pathological diagnosis as variables. These variables were selected from among the 
factors that could affect the life prognosis and could be known preoperatively. To 
adjust for the covariates and estimate the causal effects, we used the nearest neighbor 
matching method with greedy matching and one-to-one matching with non-
restorative extraction. The caliper of the propensity score was calculated by 
multiplying the standard deviation of the recommended propensity score estimated 
value by 0.2, after logit conversion. The balance between the groups was evaluated 
using the standardized difference score.



Kinami S et al. Outcome of lymphatic basin dissection

WJG https://www.wjgnet.com 8016 December 14, 2021 Volume 27 Issue 46

Figure 3 Summary of enrolled patients. The control group consisted of patients who underwent guidelines gastrectomy with standard lymph node dissection, 
while the sentinel node navigation surgery (SNNS) group consisted of patients who underwent tailor-made gastrectomy guided by sentinel node biopsy. SNNS: 
Sentinel node navigation surgery; m-SNNS: Propensity score-matched sentinel node navigation surgery; m-control: Propensity score-matched control; ECOG: 
Eastern Cooperative Oncology Group; ASA PS: American Society of Anesthesiologists physical status.

All statistical analyses were performed using EZR (Saitama Medical Center, Jichi 
Medical University, Saitama, Japan), which is a graphical user interface for R (The R 
Foundation for Statistical Computing, Vienna, Austria). EZR is a modified version of R 
Commander designed to add statistical functions that are frequently used in biostat-
istics[39]. All statistical methods used in this study were reviewed by Yasuo Iida, 
Department of Mathematics, Division of General Education, Kanazawa Medical 
University.

This study was approved by the ethics committee of Kanazawa University Hospital 
and Kanazawa Medical University (Trial Number R093, M288) and registered with the 
University Hospital Medical Information Network Clinical Trials Registry (trial 
number UMIN000010154 and UMIN000023828). ICG mapping was approved by the 
ethics committee of Kanazawa Medical University (Trial Number M404 and 
jRCTs041180006 https://jrct.niph.go.jp/Latest-detail/iRCTs041180006).

This study was conducted in accordance with the Good Clinical Practice guidelines 
and the Declaration of Helsinki. All patients provided written informed consent for 
surgery and use of their data. Regarding data use in the retrospective study, the 
patients were allowed to opt out of the study at any time.

RESULTS
Characteristics of the patients
A total of 276 patients with sentinel node mapping and 386 patients who underwent 
sur-gery without mapping were collected. Of the sentinel lymph node mapping 
patients, 37 were in the feasibility phase and 239 were in the clinical application phase. 
Therefore, there were 239 patients in the SNNS group and 423 patients in the control 
group (Figure 3). The patient profiles are presented in Table 1. There were differences 
in age and histological type between the two groups. In the control group, 67.6% of the 
patients underwent standard surgery (TG, 5.4%; DG, 62.2%), and 26.7% of patients 
underwent guidelines-modified gastrectomy (PG, 12.1%; PPG, 14.6%). In contrast, only 
18.4% of the patients in the SNNS group underwent standard surgery, 14.2% 
underwent modified gastrectomy, and 67.4% underwent function-preserving curative 

https://jrct.niph.go.jp/Latest-detail/iRCTs041180006
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Table 1 Patient characteristics

n SNNS n = 239 Control n = 423 P value

Age Median (range) 64 (28-85) 67 (27-85) 0.004

Sex Male:Female 157:82 289:134 0.491

Location U:M:L 35:130:74 78:195:150 0.116

Circumference Less:Ant:Gre:Post 107:37:48:47 201:78:72:72 0.492

Macroscopic type Elevated:Depressed 62:177 108:315 0.926

Clinical T status (cT) 1a:1b:2 100:111:28 171:192:60 0.678

Clinical N status (cN) 0:1:2-3 239:0:0 423:0:0 1.000

Pathological diagnosis DF:UDF 130:109 289:134 < 0.001

Sentinel node mapping BD:RI:CM:ICG:None 39:6:135:59:0 2:1:13:21:386 < 0.001

Surgical procedure TG:DG:PG:PPG; SG:MDG:MPG:LR 3:41:24:10; 84:33:6:38 23:263:51:62; 8:4:1:11 < 0.001

Nodal dissection D0:D1(1 +):D2 174:42:23 45:191:187 < 0.001

Long axis (mm) Median (range) 22 (2-65) 25 (4-87) 0.265

Pathological T (pT) 1a:1b:2:3-4 129:92:10:8 218:145:39:21 0.065

Pathological N (pN) 0:1:2-3 214:13:12 379:34:10 0.072

Recurrent cases 1 8

SNNS: Sentinel node navigation surgery group; DF: Differentiated type; UDF: Undifferentiated type; BD: Blue dye mapping; RI: Radioisotope colloid 
mapping; CM: Dye and RI combination mapping; ICG: Indocyanine green fluorescence mapping; TG: Total gastrectomy; DG: Distal gastrectomy; PG: 
Proximal gastrectomy; PPG: Pylorus-preserving gastrectomy; SG: Segmental gastrectomy; MDG: Mini-distal gastrectomy; MPG: Mini-proximal 
gastrectomy; LR: Local resection.

gastrectomy (SG, 35.1%; MDG, 13.8%; MPG, 2.5%; LR, 15.9%), in which the extent of 
resection was reduced further than that recommended by the guidelines.

All patients in this study were preoperatively diagnosed as node negative by X-CT, 
but pathological nodal metastasis was observed in 10.5% (25 patients) in the SNNS 
group and 10.4% in the control group. Table 2 lists the 25 patients in the SNNS group.

Recurrence of gastric cancer and results of sentinel node biopsy
Two patients in the control group died after surgery (hospital death); one was due to 
aspiration pneumonia and the other was due to peritonitis from idiopathic colon 
perforation. In contrast, no in-hospital deaths were observed in the SNNS group. 
Gastric cancer recurrence was observed in one patient in the SNNS group and eight 
patients in the control group. The recurrent patient in the SNNS group is displayed as 
No. 16 in Table 2. He was diagnosed as node-positive intraoperatively by sentinel 
node biopsy, and DG D2 was performed. Although postoperative adjuvant 
chemotherapy with S1 was administered, the patient died of lymph node metastasis 
53.2 mo later. The type of recurrence in eight patients in the control group were four of 
lymph node recurrence, two of liver metastasis, one of lung metastasis, and one 
patient of local recurrence.

Of the 276 patients with sentinel node mapping, 37 patients in the feasibility phase 
had no lymph node metastasis. In contrast, of the 239 patients in the clinical app-
lication phase, 25 patients had lymph node metastasis (Table 2). Of these 25 patients, 
21 (No. 1-21) were diagnosed as positive for metastasis intraoperatively by sentinel 
node biopsy, and 4 (No. 22-25) were false negative. The diagnostic ability of sentinel 
node biopsy in this study was calculated to be 84% (21/25) for sensitivity, 100% for 
specificity, 100% for positive predictive value, 98.4% (251/255) for negative predictive 
value, and 98.6% (272/276) for accuracy. The reasons for false negatives were misdia-
gnosis of frozen section diagnosis in three patients (No. 22-24) and macroscopic lymph 
node metastasis, which was not able to take up tracer in one patient (No. 25). The 
diagnosis of metastasis in the later patient was easy due to intraoperative findings. 
Twenty-one patients who were diagnosed as node-positive by sentinel node biopsy 
during surgery underwent standard gastrectomy with D1 + or D2. On the other hand, 
two of the false-negative patients with rapid diagnosis underwent SG but were 
followed up without additional dissection. One patient died of pancreatic cancer (No. 
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Table 2 List of 25 patients of lymph node metastasis in the sentinel node navigation surgery group

No. LOC MAC LA cT cN sN MP LB INDSN OP D PD pT MS NS MLB MOB NNS MRSC PROG1

1 M 0 IIa + 
IIc

20 1b 0 0 ICG l-GA TP DG 2 tub2 sm2 #3 #7 4 #7 - 1 82.3 Alive

2 M 0 IIc 25 1b 0 0 CM l-GA TP DG 2 por1 sm2 #3 1 - - 0 71.4 Alive

3 U 0 IIc 25 1b 0 0 ICG l-GA TP PG 1 + tub2 mp #1 #3 2 #1 - 1 56.1 Trauma

4 M 0 IIa + 
IIc

40 2 0 0 ICG l-GA TP DG 2 tub2 ss #3 1 - - 0 63.7 Alive

5 M 0 IIc + 
IIb

40 1b 0 0 ICG l-GA TP DG 2 tub2 mp #3 1 - - 0 80.4 Alive

6 U 0 IIc 45 1b 0 0 CM l-GA TP PG 1 + sig m #1 #7 2 - - 0 69.2 Alive

7 L 0 IIc + 
IIb

45 2 0 1 CM l-GA TP DG 2 por2 ss #3 2 #3 - 1 67.7 Alive

8 L 0 IIc + 
III

40 2 0 2 ICG r-GEA TP DG 2 tub2 mp #4d 2 #4d 
#6

#7 5 72.1 Alive

9 L 0 IIa 55 2 0 1 ICG l-GA, 
r-GA

TP DG 1 + tub1 sm1 #5 1 - - 0 67.7 Alive

10 L 0 IIa + 
IIc

20 1b 0 0 ICG l-GA, 
r-GEA

TP DG 2 tub2 sm2 #3 
#4d 
#6

4 #6 - 1 62.0 Alive

11 M 0 IIc + 
III

25 2 0 0 BD l-GA, 
r-GEA

TP DG 2 por2 ss #4d 2 - - 0 120.0 Alive

12 M 0 IIa + 
IIc

25 1b 0 0 ICG l-GA, 
r-GEA

TP DG 1 + tub2 sm2 #3 #7 
#4d

4 - - 0 59.5 CVD

13 M 0 I 32 1b 0 0 CM l-GA, 
r-GEA

TP TG 2 tub2 sm2 #3 
#4d

5 - - 0 64.7 Alive

14 M 0 IIc + 
IIb

37 1b 0 0 CM l-GA, 
r-GEA

TP DG 2 por2 m #3 3 - - 0 61.9 Alive

15 M 0 I 55 1a 0 0 ICG l-GA, 
r-GEA

TP DG 2 por2 mp #4d 1 #3 
#4d

- 4 69.8 Alive

16 M 0 IIc + 
III

30 2 0 1 BD l-GA, 
r-GEA

TP DG 2 por2 se #1 #3 
#4d

3 #4d - 2 53.2 LNR

17 U 0 IIa + 
IIc

11 1a 0 0 CM l-GA, 
l-
GEA, 
p-GA

TP PG 1 + por1 sm2 #11d 1 #7 - 1 84.3 Alive

18 U 0 IIc 33 1b 0 0 CM l-GA, 
l-
GEA, 
p-GA

TP PG 1 + tub2 mp #1 1 - - 0 62.9 Alive

19 U 0 IIc 55 2 0 0 CM l-GA, 
r-
GEA, 
r-GEA

TP TG 2 por2 sm2 #1 #3 
#4d 
#10

4 #1 - 1 65.2 Alive

20 M 0 IIc 40 2 0 0 ICG l-GA, 
r-GA, 
r-GEA

TP DG 1+ tub2 sm1 #3 1 - - 0 89.6 Alive

21 L 0 IIa + 
IIc

24 1b 0 2 CM l-GA, 
r-GA, 
r-GEA

TP DG 2 por1 sm2 #8a 1 #3 - 1 72.6 Alive

22 M 0 IIc 20 1b 0 0 ICG l-GA, 
r-GEA

FN (FD) SG 0 por2 sm2 (#4d) 1 #4d - 1 61.2 Alive

23 M 0 IIc + 
III

23 2 0 0 CM l-GA, 
r-GEA

FN (FD) SG 0 tub2 mp (#3) 1 #3 - 2 75.8 PK

24 L 0 IIc 45 1b 0 0 RI l-GA, 
r-GA, 
r-GEA

FN (FD) DG 2 por2 m (#5) 1 - - 0 66.8 Alive
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25 L 0 I 25 1b 0 1 CM l-GA, 
r-GA, 
r-GEA

FN 
(LM)

DG 2 tub2 sm2 - 0 #4d - 1 63.6 Alive

1“PROG” column indicates whether the patients are alive at the time of recent survival confirmation, recurrent status of gastric cancer, or the cause of 
death.
SNNS: Sentinel node navigation surgery; LOC: Location; MAC: Macroscopic type; LA: Size of long axis (mm); cT: Clinical T status; cN: Clinical N status; 
sN: Surgical N status; MP; Mapping procedures; ICG: Indocyanine green fluorescence mapping; CM: Combination mapping; BD: Blue dye mapping; RI: 
Radioactive colloid mapping; LB: Distributions of lymphatic basins; l-GA: Left gastric artery basin; r-GA: Right gastric artery basin; r-GEA: Right 
gastroepiploic artery basin; l-GEA: Left gastroepiploic artery basin; p-GA: Posterior gastric artery basin; INDSN: Intraoperative nodal diagnosis by sentinel 
node biopsy; TP: True positive diagnosis for nodal metastasis; FN (FD): False-negative diagnosis because of frozen section diagnosis; FN (LM): False 
negative because of obvious macroscopic nodal metastasis; OP: Surgical procedures; DG: Distal gastrectomy; PG: Proximal gastrectomy; TG: Total 
gastrectomy; SG: Segmental gastrectomy; D: Degree of nodal dissection; PD: Dominant pathological diagnosis; pT: Pathological T status; MS: Metastastic 
stations of sentinel nodes; NS: Numerical numbers of metastatic sentinel nodes; MLB: Metastatic stations of not sentinel nodes inside the lymphatic basins; 
MOB: Metastatic stations of not sentinel nodes outside the basins; NNS: Numerical numbers of metastatic nodes of not sentinel nodes; MRSC: Months to 
recent survival confirmation; PROG: Prognosis, recurrent status or cause of death; CVD: Cerebrovascular disease; LNR: Lymph nodal recurrence; PK: 
Pancreas cancer.

23), while the other survived for 5 years without recurrence (No. 22). As for the 
remaining two patients, DG D2 was performed because one had macroscopic lymph 
node metastasis (No. 25) and the other was suspected from intraoperative findings to 
be advanced gastric cancer with serosal exposure (No. 24). However, No. 24 was 
pathologically a mucosal cancer. These patients survived for five years without 
recurrence.

Therefore, there were no recurrences in the 218 patients diagnosed as node negative 
by sentinel node biopsy (214 true negative + four false negative). Of these 218 patients, 
only 11 underwent standard surgery (DG or TG with D1 + or D2). A total of 190 
patients underwent modified gastrectomy or function-preserving curative gastrectomy 
with reduction of the resection area, and 17 underwent gastrectomy with reduction of 
the nodal dissection.

Of the 25 patients with nodal metastasis in the SNNS group, 11 had metastasis to 
only the sentinel nodes, 12 had non-sentinel metastatic nodes other than the sentinel 
nodes, but they remained within the lymphatic basin, and one was a false-negative 
patient with macroscopic metastasis as described above, with only one metastatic 
node. Only one patient had a metastatic node outside the lymphatic basin (No. 8). In 
this patient, macroscopic metastasis was found intraoperatively, and the final 
pathological diagnosis was fT2(MP)N3a (#4d, 6, 7). The patient was alive 6 years after 
surgery without any sign of recurrence.

MMGC of the remnant stomach
After surgery, the residual stomach was followed up with periodic endoscopic 
examinations, and MMGCs were found in 21 patients. Table 3 shows a list of interval 
times until the diagnosis of MMGC and treatment details. Of the 21 patients, 5 were in 
the SNNS group and 16 were in the control group. Four patients in the SNNS group 
(80%) and eight in the control group (50%) underwent ESD; therefore, their remnant 
stomachs were preserved. In contrast, five patients in the control group required TG, 
and one patient was unresectable. The cumulative incidence of MMGC is shown in 
Figure 4, and there was no difference in the incidence of MMGC between the two 
groups.

Life prognosis of patients in the SNNS group
The OS of all the patients in this study is shown in Figure 5A. The 5-year survival rates 
were 92.7% and the 10-year survival rate was 83.2%, respectively. The results of 
univariate and multivariate analyses for factors affecting OS are shown in Table 4, 
which shows that OS was affected by age, sex, macroscopic type, size, and path-
ological nodal status, as well as by the SNNS group. The OS of the SNNS group was 
significantly better than that of the control group (Figure 5B).

RFS in the SNNS group was 99.6% at both 5 and 10 years, and the RFS in the control 
group was 98.1% at both 5 and 10 years. Since there were a small number of recurrent 
patients and these recurrences competed with other cancer deaths and non-cancer 
deaths from other diseases, the evaluation of RFS was difficult and should be 
examined by cumulative incidence. Figure 6 shows a graph of the cumulative 
incidence, including other cancer deaths and non-cancer deaths from other diseases. 
The cumulative incidence of non-cancer deaths from other diseases was lower in the 
SNNS group than in the control group, and a significant difference was observed in 
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Table 3 Profiles of metachronous multiple remnant gastric cancer patients

No. Group ISP Treatment MTMC Curability1 MRSC PROG2

1 SNNS SG DG 50.5 Curative 75.6 Pneumonia

2 SNNS SG ESD 60.2 Curative 114.9 Alive

3 SNNS SG ESD 22.9 Curative 79.9 Alive

4 SNNS MPG ESD 13.6 Curative 76.3 Alive

5 SNNS LR ESD 30.7 Curative 73.1 Alive

6 SNNS DG TG 43.6 Curative 62.9 Alive

7 Control DG TG 19.5 Curative 63.6 Alive

8 Control DG TG 17.2 Curative 97.4 Alive

9 Control DG ESD 44.3 Curative 55.5 AID

10 Control DG ESD 220.4 Curative 240.0 Alive

11 Control DG ESD 40.6 Curative 120.0 Alive

12 Control PG UR 74.3 UR 120.0 Alive

13 Control PG TG 76.8 Curative 120.0 Alive

14 Control PG ESD 18.5 Curative 120.0 Alive

15 Control PG ESD 28.2 Curative 120.0 Alive

16 Control PPG TG 50.8 Curative 120.0 Alive

17 Control PPG DG 85.0 Curative 116.2 Alive

18 Control PPG ESD 77.1 Curative 118.5 Alive

19 Control PPG ESD 22.0 Curative 98.2 Alive

20 Control LR DG 7.6 Cure 42.8 CVD

21 Control LR ESD 64.2 Cure 85.7 Alive

1“Curability” column indicates whether treatment for metachronous multiple remnant gastric cancers was curative or not. All but one unresectable patient 
could be resected radically, and there were no recurrences of metachronous gastric cancer. One unresectable patient was alive with metachronous cancer 10 
years after the initial surgery.
2“PROG” column indicates whether the patients are alive at the time of recent survival confirmation, or the cause of death.
ISP: Initial surgical procedure; SG: Segmental gastrectomy; MPG: Mini-proximal gastrectomy; LR: Local resection; DG: Distal gastrectomy; PG: Proximal 
gastrectomy; PPG: Pylorus-preserving gastrectomy; ESD: Endoscopic submucosal dissection; TG: Total gastrectomy; UR: Unresectable; MTMC: Months to 
treat metachronous gastric cancer; MRSC: Months to recent survival confirmation; PROG: Prognosis or cause of death; AID: Autoimmune disease; CVD: 
Cerebrovascular disease; SNNS: Sentinel node navigation surgery.

the Gray test. Table 5 shows the results of the multivariate analysis using the Fine-
Gray proportional hazard regression test. Age and the SNNS group were independent 
factors significantly affecting non-cancer deaths from other diseases, while age and 
macroscopic type were factors that significantly affected other cancer deaths, and pN 
was the only factor affecting gastric cancer recurrence.

Evaluation of life prognosis by propensity score matching
In the SNNS group, the gastric cancer recurrences might be comparable, and the 
number of non-cancer deaths from other diseases might be less than that in the control 
group. However, caution should be exercised when interpreting the results because of 
the significant difference in age distribution between the two groups. We re-examined 
the comparison of life prognosis using the propensity score matching method. 
Propensity score matching was performed for the two groups using the preoperatively 
recognizable items of age, sex, tumor location, macroscopic type, preoperative T factor, 
and pathological diagnosis. We added the long axis of the tumor to the items because 
size is an important factor affecting prognosis. The characteristics of the two groups 
after propensity score matching (m-SNNS and m-control groups) are shown in Table 6. 
There were 231 patients in both groups, and the backgrounds of the two groups 
became uniform. The distributions of the other factors were also examined after 
matching. There was no significant difference in pathological depth of invasion or 
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Table 4 Univariate and multivariate analysis for the factors affected to the overall survival

Multivariate2

Factors vs Univariate1 (Log-rank P)
Hazard ratio 95%CI P value

Age < 0.0001 1.092 1.064-1.120 < 0.0001

Sex Male:Female 0.0009 1.815 1.099-2.998 0.0199

Location 0.0978

Circumference 0.301

Macroscopic type Elevated:Depressed < 0.0001 1.678 1.131-2.490 0.0101

Clinical T status 0.632

Pathological type Diff.:Undiff. 0.0001

Long axis (mm) < 00001 0.9815 0.965-0.998 0.0287

Pathological N status 0.0033 1.785 1.288-2.473 0.0005

SNNS SNNS:Control 0.0014 0.4892 0.298-0.802 0.0046

1The log-rank test was used for the univariate analysis of overall survival.
2The Cox proportional hazards regression model was used for multivariate analysis of overall survival.
SNNS: Sentinel node navigation surgery; diff.: Differentiated; Undiff.: Undifferentiated; CI: Confidential interval.

Table 5 Multivariate analysis for the factors affected to the cumulative incidence of causes of death or recurrences

Non-cancer deaths Other cancers Gastric cancer recurrence
Factors

HR 95%CI P value HR 95%CI P value HR 95%CI P value

Age 1.101 1.064-1.140 < 0.0001 1.064 1.026-1.103 0.0008 0.992 0.894-1.101 0.88

Sex 1.533 0.823-2.855 0.18 2.126 0.863-5.239 0.1 3.213 0.592-17.43 0.18

Location 1.259 0.890-1.782 0.19 0.9636 0.637-1.457 0.86 1.472 0.482-4.502 0.5

Circumference 1.037 0.798-1.349 0.78 1.184 0.875-1.602 0.27 1.943 0.732-5.158 0.18

Macroscopic type 1.303 0.752-2.256 0.35 2.322 1.241-4.346 0.0084 1.083 0.136-8.636 0.94

Clinical T status 0.9053 0.584-1.403 0.66 0.8587 0.481-1.535 0.61 1.542 0.662-3.595 0.32

Pathological type 1.509 0.762-2.990 0.24 0.5908 0.211-1.657 0.32 1.27 0.165-9.786 0.82

Long axis 0.9802 0.958-1.003 0.086 0.9874 0.958-1.017 0.4 0.9468 0.867-1.034 0.22

Pathological N status 1.263 0.683-2.337 0.46 1.353 0.751-2.440 0.31 5.252 2.043-13.50 0.00058

SNNS 0.4438 0.230-0.855 0.015 0.7224 0.338-1.542 0.4 0.1859 0.030-1.166 0.072

SNNS: Sentinel node navigation surgery; HR: Hazard ratio; CI: Confidence interval.

pathological nodal status, although there was a natural difference in the distribution of 
sentinel node mapping and surgical techniques, and there were three cases of 
recurrence in the control group compared to one case in the SNNS group.

Figure 7 shows a graph of OS and the cumulative incidence of death or recurrence 
after matching. OS in the SNNS group was significantly better than that in the control 
group. The cumulative recurrence rate in the SNNS group was 0.43% at both 5 and 10 
years, and in the control group was 1.30% at both 5 and 10 years, which was not 
statistically different. In contrast, the cumulative incidence of non-cancer deaths from 
other diseases was 2.6% at 5 years and 8.6% at 10 years in the SNNS group, and 5.7% 
at 5 years and 15.5% at 10 years in the control group. In the SNNS group, the 
cumulative incidence of non-cancer deaths from other diseases tended to be lower 
than that in the control group (P = 0.089).

Accuracy of preoperative diagnosis
Although all patients were preoperatively diagnosed with a long axis of 5 cm or less, 
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Table 6 Patient characteristics after propensity score matching

n m-SNNS n = 231 m-control n = 231 P value

Age Median (range) 64 (29-85) 64 (27-85) 0.473

Sex Male:Female 152:79 147:84 0.697

Location U:M:L 34:125:72 37:119:75 0.843

Circumference Less:Ant:Gre:Post 106:37:45:43 103:40:46:42 0.980

Macroscopic type Elevated:Depressed 57:174 57:174 1.000

Clinical T status (cT) 1a:1b:2 98:105:28 88:108:35 0.528

Clinical N status (cN) 0:1:2-3 231:0:0 231:0:0 1.000

Pathological diagnosis DF:UDF 130:101 126:105 0.779

Long axis (mm) Median (range) 23 (2-65) 25 (4-87) 0.547

Sentinel node mapping BD:RI:CM:ICG:None 38:5:132:56:0 1:1:8:15:206 < 0.001

Surgical procedure TG:DG:PG:PPG; SG:MDG:MPG:LR 3:40:23:10; 80:31:6:37 14:147:25:32; 4:4:0:5 < 0.001

Nodal dissection D0:D1(1+):D2 169:39:23 23:97:111 < 0.001

Pathological T (pT) 1a:1b:2:3-4 125:89:10:7 126:72:20:13 0.075

Pathological N (pN) 0:1:2-3 206:13:12 213:13:5 0.251

Recurrent cases 1 3

m-SNNS: Matched sentinel node navigation surgery group; m-control: Matched control group; DF: Differentiated type; UDF: Undifferentiated type; BD: 
Blue dye mapping; RI: Radioisotope colloid mapping; CM: Dye and RI combination mapping; ICG: Indocyanine green fluorescence mapping; TG: Total 
gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy; PPG: Pylorus-preserving gastrectomy; SG: Segmental gastrectomy; MDG: Mini-distal 
gastrectomy; MPG: Mini-proximal gastrectomy; LR: Local resection.

Figure 4 Cumulative incidence of metachronous multiple gastric cancer in the remnant stomach. There was no difference in the incidence of 
metachronous multiple gastric cancer between the SNNS and control groups. SNNS: sentinel node navigation surgery.

19 patients had a pathological diagnosis larger than 5 cm: Eight patients (3.3%) in the 
SNNS group and 11 (2.6%) in the control group. All 19 patients had a preoperative 
diagnosis of sN0, but four had pN1 and two had pN2. There were no recurrences in 
these 19 patients.
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Figure 5 Overall survival curve. A: The overall survival of all patients; B: Comparison of overall survival between the sentinel node navigation surgery (SNNS) 
and control groups. The overall survival of the SNNS group was significantly better than the control group. SNNS: Sentinel node navigation surgery; OS: Overall 
survival.

Figure 6 Cumulative incidence of gastric cancer recurrence or reason for death. A: Control group; B: Sentinel node navigation surgery (SNNS) group. 
The cumulative incidence of gastric cancer recurrence and other cancer-related deaths was almost equal between the two groups; in contrast, that of non-cancer 
deaths from other diseases was lower in the SNNS group than in the control group. SNNS: Sentinel node navigation surgery.

DISCUSSION
In both original data sets and propensity score-matched comparisons, the OS rate and 
RFS rate of patients who underwent gastrectomy guided by sentinel node navigation 
were not inferior to those of standard gastrectomy. In addition, there was no difference 
in the cumulative incidence of MMGC between the two groups.

Postgastrectomy syndrome (PGS) is a serious drawback after curative gastrectomy 
for gastric cancer[40-45], and occurs in a certain percentage of patients after standard 
gastrectomy. Currently, the most common approach for early gastric cancer is laparo-
scopic gastrectomy (D1 +) worldwide, especially in East Asian countries. Nevertheless, 
the occurrence rate of PGS and the quality of life (QoL) of patients after laparoscopic 
gastrectomy after 1 year is similar to that of patients after open gastrectomy[46-51]. To 
alleviate this, SNNS is a promising treatment strategy for function-preserving curative 
gastrectomy[4,14-27]. It has been reported that the PGS and QoL of function-
preserving curative gastrectomy were less than those of standard gastrectomy[52-61]. 
However, there are two concerns that must be addressed before SNNS can be applied 
in clinical practice. One is that reducing the extent of nodal dissection may com-
promise curability. Another concern is whether preserving a large portion of the 
stomach will have any disadvantages, especially for an increase in the number of 
MMGCs of the remnant stomach.

In this study, we investigated the treatment outcome of SNNS from the viewpoint of 
life prognosis in comparison with the guidelines surgical strategy. In both the original 
data sets and propensity score-matched comparisons, the OS and RFS of the SNNS 
group were not inferior to those of the control group. This result supports the 
hypothesis that the oncological safety of the SNNS group is not inferior to that of the 
guidelines. Since this is a retrospective study, it is difficult to judge whether the life 
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Figure 7 Comparisons of overall survival and cumulative incidence between the two groups after propensity score matching. A: Overall 
survival curves; B: Cumulative incidence curves of gastric cancer recurrence or the reason for death. The overall survival of the sentinel node navigation surgery 
(SNNS) group was significantly better than that of the control group. The cumulative recurrence of non-cancer deaths from other diseases in the SNNS group tended 
to be lower than that in the control group. SNNS: Sentinel node navigation surgery; m-SNNS: Propensity score-matched sentinel node navigation surgery; m-control: 
Propensity score-matched control; OS: Overall survival.

prognosis of the SNNS group is equivalent to that of the control group based on our 
results. A prospective non-inferiority trial is needed to make this scientific judgment. 
A prospective study is currently ongoing by the Japanese Society for SNNS[37]. In the 
protocol of this study, the expected 5-year recurrence-free survival rate was set at 98%, 
the non-inferiority margin was set at 10%, and the expected number of patients with 
sentinel node navigation was set to 225. The number of patients in the SNNS group in 
our study was 239 and, even after propensity score matching, 231 patients exceeded 
the number of patients in this prospective study. The result of life prognosis of the 
SNNS group in our study was one recurrent patient and 99.6% of RFS at both 5 and 10 
years, comparable to conventional surgery. Extrapolating from these results, it seems 
that the curability of the SNNS could be proved to some extent. In addition, in the 
multivariate analysis, the only significant factor affecting gastric cancer recurrence was 
pN status, not SNNS grouping. In other words, the concern that reducing the extent of 
dissection may compromise curative outcomes would be unfounded.

The OS of the SNNS group was better than that of the control group in both 
comparisons of the original data sets and propensity score-matched groups. There was 
little difference in RFS between the two groups, and there was no significant difference 
in other cancer deaths. It was considered that the reason for this difference in OS 
would be the non-cancer deaths from other diseases. In multivariate analysis, the 
significant factors affecting non-cancer deaths were age and SNNS grouping. In the 
prospensity score-matched comparison, age was adjusted between the two groups, 
and a significantly better trend for non-cancer deaths was observed in the SNNS 
group. There is a possibility that keeping the gastrectomy area small leads to the 
maintenance of food volume, dietary habits, and nutritional status and has the effect of 
suppressing non-cancer death. However, this idea tends to be too advanced, and it 
may be reasonable to interpret that the survival outcome of patients with SNNS is not 
inferior to that of standard surgery.

In this study, we distinguished between MMGCs and local recurrence of gastric 
cancer. One patient with local recurrence of the oral stump was observed in the control 
group, whereas no local recurrence was observed in the SNNS group. This recurrent 
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patient was unresectable, underwent chemoradiotherapy, and died due to distant 
metastasis. Meanwhile, MMGC in the remnant stomach was observed in six patients in 
the SNNS group and 15 in the control group. One of these patients was unresectable 
and died after 10 years. However, all other MMGC patients were curatively resectable 
by gastrectomy or ESD, and there were no recurrent deaths from MMGC during the 
study period. Although it is sometimes difficult to distinguish between local recur-
rence and MMGC, we distinguished these two situations because of the favorable 
outcome of MMGC. A randomized prospective clinical trial of SNNS for gastric cancer 
was conducted in South Korea[27,62-65], and an interim analysis was recently re-
ported at the American Society of Clinical Oncology (ASCO) annual meeting[63]. They 
reported that they failed to prove the non-inferiority of RFS in the SNNS group, but 
they did not strictly distinguish between MMGC and local recurrence. The MMGC 
and local recurrence should be clearly distinguished.

There was no difference in the cumulative incidence of MMGC[66-69] between the 
two groups in this study. Therefore, it was speculated that there is not much concern 
for whether MMGCs increase as the area of the remnant gastric mucosa increases. 
However, we cannot conclude with this result that there is no need to worry about the 
increased risk of MMGC in SNNS. Yaguchi et al[70] followed the prognosis of 50 
SNNS cases and reported that MMGC occurred in 8% of cases. Kinami et al[71] 
conducted a national questionnaire survey and reported that the risk of MMGC 
increases as the area of the remnant stomach increases. The reason for this discrepancy 
between the present study and previous reports is unclear. Considering the natural 
history of early gastric cancer, most MMGC cases may have been caused by misdia-
gnosis at the time of initial endoscopy. The patients in the SNNS group had more 
detailed endoscopy than those in the control group to exclude multiple gastric cancers, 
which may be related to selection bias. However, in the study by Kinami et al[71], 
many MMGCs in surgeries with a large remaining gastric mucosal area were resected 
by ESD, and it was concluded that there is no need to hesitate to perform function-
preserving surgery because of the increased risk of MMGC. The results of the present 
study also suggest that there is no need to forgo the adoption of SNNS due to concerns 
about MMGC.

Through this study, the problems of SNNS became apparent, that is, the pre-
operative diagnostic ability. The precise diagnosis of early gastric cancer is difficult, 
not only in the depth of invasion but also in the lateral margin. All patients had a 
preoperative diagnosis of ≤ 5 cm along the long axis; however, 2.8% of the patients 
were found to have more than 5 cm in the postoperative specimens, including one 
patient of 87 mm. Six (31.6%) patients > 50 mm had lymph node metastasis. Misdia-
gnosis of size not only entails a positive margin, but also increases the possibility of 
lymph node metastasis. It was suggested that the accuracy of preoperative diagnosis, 
especially accurate extent diagnosis, must be ensured in order to safely perform SNNS.

Standard surgical treatment for early gastric cancer is standard gastrectomy D1 +[1-
4]. However, 72.8% of patients in the SNNS group had D0. All SNNS patients under-
went lymphatic basin dissection. This result may be interpreted as follows: Early 
gastric cancer patients do not necessarily require nodal dissection up to D1 +; and in 
the patients who were node negative, the reduction of the dissection area to the 
lymphatic basin did not affect the prognosis. On the other hand, 96% (24/25) of nodal 
metastatic patients in the SNNS group had metastases only within the lymphatic 
basin; the patient who had nodal metastases that was spread outside the basin was the 
only one with advanced gastric cancer with macroscopic metastases that could be 
easily diagnosed intraoperatively. On the other hand, one patient in the SNNS group 
had nodal recurrence despite being judged to be positive for metastasis during surgery 
and changed to D2, and recurrence may not have been avoided even if standard 
treatment was applied initially. Considering these facts, it may be possible to reduce 
the extent of nodal dissection to only the lymphatic basin for all patients with cT1N0 
less than 5 cm in the future.

This study has some limitations. This was a retrospective study. It is possible that 
there was a selection bias in the SNNS group. Another problem is that the study was 
conducted over a long period of time. The diagnostic and therapeutic techniques have 
advanced during this period, and this may have affected the prognosis of patients and 
the incidence of MMGC. In addition, there were no QoL data of the SNNS group in 
this study. A nationwide multicenter prospective study is essential to correctly 
determine the prognosis, rate of non-cancer deaths from other diseases, and QoL 
assessment data. The results of a Japanese study[37] are awaited.
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CONCLUSION
In both original data sets and propensity score-matched comparisons, OS and RFS of 
patients who underwent gastrectomy guided by sentinel node navigation were not 
inferior to those of standard gastrectomy. In addition, there was no difference in the 
cumulative incidence of MMGC between the two groups. The oncological safety of 
SNNS is not inferior to that of the guidelines. This study also indicates the possibility 
of reducing the extent of nodal dissection to only the lymphatic basin for all patients 
with cT1N0 less than 5 cm in the future.

ARTICLE HIGHLIGHTS
Research background
If early gastric cancer patients who are negative for lymph node metastasis can be 
diagnosed intraoperatively, excessive nodal dissection and extensive gastrectomy can 
be avoided. Currently, the most effective method for diagnosing lymph node 
metastasis is sentinel node biopsy. Lymphatic basin dissection is a sentinel node 
biopsy method that is specific for gastric cancer. The dyed lymphatic system was 
dissected en bloc and sentinel nodes were identified at the back table (ex vivo) using this 
method. This method not only reduces the difficulty of sentinel node biopsy, but also 
serves to a certain extent as backup dissection. Even with lymphatic basin dissection, 
blood flow to the residual stomach can be preserved and function-preserving curative 
gastrectomy can be performed, such as segmental gastrectomy and local resection.

Research motivation
The oncological safety of function-preserving curative gastrectomy combined with 
lymphatic basin dissection has not yet been fully investigated.

Research objectives
This study aimed to investigate the life prognosis of patients with early gastric cancer 
who underwent sentinel node navigation surgery (SNNS) in comparison with 
standard guideline surgery.

Research methods
Gastric cancer patients were retrospectively collected. The inclusion criteria were as 
follows: Superficial type (type 0); preoperative diagnosis of 5 cm or less in length; 
clinical T1-2; and node-negative on X-computed tomography. The patients underwent 
SNNS. First, sentinel node mapping was performed, followed by lymphatic basin 
dissection and rapid intraoperative pathology. If the sentinel nodes were diagnosed as 
metastasic at rapid diagnosis, standard gastrectomy with nodal dissection up to D2 
was performed; if the sentinel nodes were diagnosed as node-negative, the extent of 
gastrectomy was reduced, and function-preserving curative gastrectomy was 
performed. The life prognosis and cumulative incidence of metachronous multiple 
gastric cancer (MMGC) were investigated. Patients with the same inclusion criteria 
and who underwent standard gastrectomy and guideline lymph node dissection with 
or without sentinel node biopsy were selected as the control group.

Research results
There were 239 patients in the SNNS group and 423 patients in the control group. All 
patients were diagnosed as node-negative preoperatively, but pathological nodal 
metastasis was observed in 10.5% of patients in the SNNS group and 10.4% in the 
control group. The diagnostic ability of sentinel node biopsy in this study was 84% and 
98.6% for sensitivity and accuracy, respectively. In the SNNS group, 18.4% of patients 
underwent standard surgery, 14.2% had modified gastrectomy, and 67.4% had 
function-preserving curative gastrectomy, in which the extent of resection was further 
reduced than that recommended by the guidelines. The overall survival (OS) rate in 
the SNNS group was 96.8% at 5 years and was significantly better than 91.3% in the 
control group (P = 0.0014). The relapse-free survival (RFS) rate in the SNNS group was 
99.6% at 5 years and 98.1% in the control group. After propensity score matching, 
there were 231 patients in both groups, and the OS in the SNNS group remained 
significantly better than that in the control group (P = 0.030). The cumulative recur-
rence rate in the SNNS group was 0.43% in 5 years and 1.30% in the control group, 
which was not statistically different. There was no difference in the incidence of 
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MMGC between the SNNS group (1.7% at 5-years) and the control group (2.3% at 5-
years).

Research conclusions
In both original data sets and propensity score-matched comparisons, the OS rate and 
RFS rate of patients who underwent gastrectomy guided by sentinel node navigation 
were not inferior to those of standard gastrectomy. In addition, there was no difference 
in the cumulative incidence of MMGC between the two groups.

Research perspectives
The oncological safety of sentinel node navigation surgery for early-stage gastric 
cancer is not inferior to that of the guideline. This study also indicates the possibility of 
reducing the extent of nodal dissection to only the lymphatic basin for all patients with 
cT1N0 less than 5 cm in the future.
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supported by Dankook University Research Fund (R201600314).
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Abstract
Prevailing evidence declares that Helicobacter pylori (H. pylori) eradication therapy 
could shift precancerous gastric conditions (PGC) and positively confines gastric 
cancer (GC) risk during long-term endoscopic follow-up. Nonetheless, there is a 
yet unsolved controversy regarding the best-individualized surveillance strategies 
following H. pylori eradication, based on malignant risk stratification. This last 
dispute is due to the uncertainty of contemporary evidence and the role of H. 
pylori inflammatory changes in underestimating PGC at the index endoscopy. 
However, the current state of the art suggests that it is reasonable that high-
quality endoscopy with histological assessment for the most accurate diagnosis of 
PGC may be delayed in selected high-risk patients without alarm signs for 
malignancy, following the eradication of H. pylori. Notwithstanding, these aspects 
need to be further examined in the next future to establish and optimize the most 
beneficial and cost-effective strategies for recognizing and managing H. pylori-
positive patients with PGC in the short- and long-term follow-up. Accordingly, 
additional studies are yet required to sharpen the hazard stratification of patients 
with the greatest chance of GC evolution, also recognizing the evolving racial, 
ethnic, immigration factors and the necessity of novel biomarkers to limit GC 
development or accomplish a diagnosis of malignancy at an early stage.

Key Words: Helicobacter pylori; Endoscopic surveillance; Atrophic gastritis; Intestinal 
metaplasia; Dysplasia; Gastric cancer
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Core Tip: Prevailing evidence affirms that Helicobacter pylori (H. pylori) eradication 
therapy could shift precancerous gastric conditions and positively confines gastric 
cancer risk during long-term endoscopic follow-up. Nonetheless, there is a yet 
unsolved dispute concerning the most useful individualized surveillance strategies 
following H. pylori eradication, based on malignant risk stratification. These aspects 
should be examined in the next future to establish and optimize the most cost-effective 
strategies for recognizing and managing H. pylori-positive patients with precancerous 
gastric conditions in the short- and long-term follow-up. Accordingly, new studies are 
required to sharpen the hazard stratification of patients with the greatest chance of 
progressing into gastric cancer.
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TO THE EDITOR
We read with great interest the review of Weng et al[1], pointing out the most recent 
literature supporting the impact of Helicobacter pylori (H. pylori) on the gastric mucosa 
alterations. Specifically, the authors assumed that, despite some controversy, current 
evidence suggests that H. pylori eradication treatment could reverse atrophic gastritis 
(AG) and intestinal metaplasia (IM) and favorably limits the appearance of gastric 
cancer (GC), particularly in long-term surveillance[1].

However, there is still unresolved debate regarding the best-individualized follow-
up strategies, based on malignant risk stratification, due to uncertainty of current 
evidence and the role of H. pylori inflammatory changes in underestimating IM 
extension and dysplastic lesions at the index endoscopy (Table 1)[2-12].

In a recent article focused on the crucial role of high-resolution endoscopy with 
narrow-band imaging (NBI) for the optimal detection of IM, Dinis-Ribeiro M et al[13] 
criticized the recent U.S. guidelines that discourage short-interval endoscopic sur-
veillance of patients with IM[14]. They supported and elaborated on the rationale 
behind the suggested 3-year-interval endoscopic surveillance of high-risk subjects with 
more extensive IM[13,14], for detecting early gastric neoplasia that, due to dismal 
prognosis of GC and increased aging of the population, can improve patient’s survival
[14]. Additionally, they stated that “The majority of patients with gastric IM, those who 
during high-quality endoscopy were shown to have IM of limited severity and extent, confined 
to the antrum, and have a negative family history for GC do not require surveillance”[13]. 
Notwithstanding, maybe this affirmation seems to neglect genetic/epigenetic/racial 
factors, personal habits and underlying comorbidity roles (i.e., alcohol consumption, 
smoking, autoimmune and metabolic diseases) that can hold distinctive malignant 
potential, theoretically affecting subsequent endoscopic surveillance.

Notably, a recent prospective cohort study[12], including 85 Italian patients with H. 
pylori-related active gastritis, undergoing upper gastrointestinal endoscopy 6 mo 
following eradication therapy, demonstrated that high-resolution endoscopy with NBI 
doubled the rate of identifying histological low-grade dysplasia (LGD) missed at pre-
treatment endoscopy, in a high-risk subgroup which had extensive atrophy and IM at 
baseline. In over 40% of patients, visible gastric lesions with LGD were found 
following H. pylori eradication was not identified at their first pre-treatment end-
oscopy, thus suggesting that inflammatory changes associated with active H. pylori 
infection hinder the correct detection of gastric LGD lesions[12].

Of interest, in cases of indefinite gastric dysplasia, or with “not visible” dysplasia 
diagnosed randomly throughout the stomach without endoscopic evidence of visible 
lesions, the prevailing guidelines recommend a necessary endoscopic reassessment 
using high-resolution endoscopy with NBI to rule out dysplasia on missed visible 
lesions[12,15].

Moreover, some authors consider high-resolution surveillance endoscopy with NBI 
as “sufficient for a diagnosis of extensive IM or premalignant stomach even without biopsy 
sampling”[13]. There is an established association between the endoscopic grading of 
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Table 1 Characteristics of patients included in the eleven selected studies applying endoscopic surveillance shorter than two years for the evaluation of precancerous gastric conditions following Helicobacter 
pylori eradication

van der Hulst 
RW et al[2], 
1997

Tucci A et al
[3], 1998

Sung JJ et al
[4], 2000

Annibale B et al
[5], 2000

Ohkusa T et 
al[6], 2001

Oda Y et al[7], 
2004

Annibale B et al
[8], 2002

Yamada T et 
al[9], 2003

Iacopini F et al
[10], 2003

Wambura C et al
[11], 2004 Panarese et al[12], 2020

Study Prospective Retrospective Prospective, 
randomized, 
placebo 
controlled trial

Observational, 
prospective study

Single-blind, 
uncontrolled 
prospective 
trial

Retrospective Retrospective Retrospective Observational, 
prospective study

Observational, 
prospective study

Observational, prospective 
study

Country Netherlands Italy China Italy Japan Japan Italy Japan Italy Japan Italy

Mean age, yr 49.2 50 51 (Median) 48.7 54 51 46 (Median) 52.6 55 51.2 56.1

Male, % 54 50 49.5 14.3 73 89.8 22.5 64.4 75 74.7 37.6

Overlap AAG NA 0 NA 48.6 NA NA 55 NA NA NA 26.3

Mean follow-
up, mo

12 12 12 6-12 12-15 1-2 6-12 22 12 12 6

Total, n 106 10 226 25 115 59 40 87 40 107 85

Resolution of 
gastric 
acute/chronic 
inflammation 
in the antrum n 
(%)

S 10/10 (100) S 25/25 (100) NA S S S S S 81/85 (95.3)

Resolution of 
gastric 
acute/chronic 
inflammation 
in the corpus, n 
(%)

S NA S 25/25 (100) NA S S S S S 81/85 (85.3)

Resolution of 
gastric 
acute/chronic 
inflammation 
in the fundus n 
(%)

NA 10/10 (100) NA NA NA NA NA NA NA NA NA

Improvement 
of AG in the 
antrum, n (%)

NS NS NS NS 34/38 (89) NS NS NS NS S NS

Improvement 
of AG in the 
corpus, n (%)

NS NA NS NS 34/38 (89) NS 8/40 (20) AG 
reversed

S NA S NS
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Improvement 
of AG in the 
fundus, n (%)

NA S NA NA NA NA NA S NA NA NA

Improvement 
of IM in the 
antrum, n (%)

NS S S NS 28/46 (61) NS NS NS NS NS NS

Improvement 
of IM in the 
corpus, n (%)

NS NA NS NS 28/46 (61) NS NS NS NA S NS

Improvement 
of IM in the 
fundus, n (%)

NA NS NA NA NA NA NA NA NA S NA

ECL pattern 
regression, n 
(%)

NA NA NA 8/15 (53.3) 
patients with AG 
in the body (12 
mo after curing H. 
pylori)

NA NA NA NA NA NA 36/39 (92.3)

LGD 
regression (or 
progression), n 
(%)

NA NA NA 1/1 (100) 
regression in a 
patient with AG 
in the body (12 
mo after curing H. 
pylori)

NA NA NA NA NA NA The proportion of patients 
with histological diagnosis of 
LGD on random biopsies did 
not significantly change after 
H. pylori eradication [15 (17.6) 
vs 9 (10.6)]; the detection of 
LGD on visible lesions 
significantly increased after 
H. pylori eradication [0 (0) vs 
19 (22.3)]

Conclusions The usefulness 
of H. pylori 
eradication to 
regress 
precancerous 
lesions 
following 12 
mo follow-up 
is uncertain

The natural 
history of AG 
can be 
modified by 
the eradication 
of H.pylori

At 12 mo, H. 
pylori 
eradication 
can block the 
histological 
progression of 
gastric mucosa 
alterations

H. pylori infection 
may be cured in 
patients with AG 
in the body with a 
partial reversing 
of its adverse 
outcomes on acid 
secretion and 
body ECL cell 
hyperplasia

After 
successful H. 
pylori 
eradication, 
precancerous 
lesions 
improved in 
most patients

After H. pylori 
eradication, 
neutrophil 
infiltration in 
the gastric 
mucosa 
improved 
relatively soon, 
while AG and 
IM did not 
display such 
tendency

In patients with AG 
of the body and H. 
pylori infection, the 
assessment of 
histological data 
after eradication is 
essential. In 
patients with 
maintaining body 
atrophy after H. 
pylori elimination, 
there is no 
association with the 
reversal of body 
atrophy, even at 
long-term 
surveillance

AG in the 
corpus can be 
improved after 
12 mo 
following H. 
pylori 
eradication

H. pylori positive 
patients with AG, 
the overall 
oxidative damage 
of the gastric 
mucosa is more 
severe than that in 
H. pylori positive 
patients with 
nonatrophic 
gastritis

Eradication of H. 
pylori may decrease 
the risk of GC, due 
to the importance of 
H. pylori infection in 
the contributory 
role of gastritis in 
COX-2 expression 
and the dissociation 
between the 
processes of 
regression in 
gastritis and the 
reduction in COX-2

HR-WLE with NBI can be 
more reliable in diagnosing 
LGD on visible lesions after 
H. pylori elimination, 
presumably due to the 
removal of the underlying 
confounding effects of 
inflammatory and mucosal 
lymphoproliferative changes 
induced by H. pylori 
chronically active infection. 
Aged patients and those with 
autoimmune diseases 
(especially AAG) could be at 
higher risk for H. pylori 
persistent infection

AAG: Autoimmune gastritis; AG: Atrophic gastritis; IM: Intestinal metaplasia; ECL: Enterochromaffin-like cell; LGD: Low-grade dysplasia; H. pylori: Helicobacter pylori; NA: Not available; NS: Not significant; S: Significant improvement; 
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HR-WLE: High-resolution wight light endoscopy; NBI: Narrow band imaging.

gastric intestinal-metaplasia (EGGIM) and operative link on gastritis/intestinal-
metaplasia assessment (OLGIM) stages in the assessment of the presence/extent of IM
[12,13], and EGGIM stages ≥ 5 with OLGIM III/IV predicts early GC risk[12,13], al-
though its reproducibility needs to be further confirmed in larger prospective studies 
as also expressed in the U.S. guidelines[14].

Nevertheless, even if feasible as a surveillance program in specialized referral 
centers, this strategy may not be widely applicable in endoscopy units that do not have 
access to such technologies. A targeted bioptic mapping seems more adequate for 
identifying mucosal gastric areas at risk of malignant transformation[12], despite the 
existing risk of overestimating OLGIM in patients with mild/focal IM. Concomitant H. 
pylori-related gastritis may limit the accuracy of EGGIM classification at the time of the 
initial endoscopy.

Advanced histological atrophy stages, even after H. pylori eradication, carry the 
highest risk for developing gastric neoplasia[12-15]. Nevertheless, recent long-term 
cohort studies from Eastern countries reported late development of GC during 5-14 
years monitoring also in patients with none/mild gastric atrophy or antral IM, irre-
spectively of H. pylori eradication[12,16,17].

Notably, even with a high-resolution endoscope, if morphological changes do not 
appear, genetic and epigenetic changes in epithelial cells cannot be detected[18]. 
Specifically, epigenetic alterations (i.e., aberrant DNA methylation), accumulate in 
cancers and also in normal-appearing tissues surrounding cancers[18]. Indeed, cross-
sectional studies prove that aberrant methylation levels in normal tissues may be 
associated with cancer risk, particularly in chronic inflammation-associated cancers. 
Additionally, the relationship between miR-124a-3 DNA methylation abnormalities 
and similar trends for EMX1 and NKX6-1, have been judged extremely relevant 
predictors of developing authentic metachronous GCs[18].

Therefore, it is reasonable that high-quality endoscopy with histological assessment 
for the most accurate diagnosis of PGC[12] may be delayed, in selected high-risk 
patients who are symptomatic but have no alarm hallmarks for malignancy, after 
eradication of H. pylori diagnosed according to prior results of non-invasive tests had 
been achieved and serological autoimmunity biomarkers had been performed (e.g., 
autoimmune AG-AAG), rather than applying the prevailing guidelines suggestion of 
operating targeted biopsies at initial endoscopy for histological estimation and determ-
ination of H. pylori status[12]. Such an approach is likely to enhance the PGC detection 
rate, especially for dysplastic lesions, reducing the confounding effect of H. pylori-
related gastritis or AAG, and complies with the European guidelines[15], which 
recommend immediate high-quality endoscopy after the diagnosis of dysplasia with-
out endoscopically visible lesions[12,15].
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Therefore, we believe that further large prospective multicenter studies are still 
needed to identify additional risk factors of gastric malignancy development.

Moreover, multiple and evolving racial, ethnic, and immigration factors, may affect 
the risk of gastric neoplasia[19,20], calling also for the necessity of novel biomarkers 
for tailoring surveillance strategies to different patients.

These aspects should be considered in the next future to better define and optimize 
cost-effective strategies for identifying and managing H. pylori-positive patients with 
PGC in the short- and long-term follow-up.
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