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Abstract
Since the 1970s, non-selective beta-blockers (NSBB) have been used to prevent
variceal upper bleeding in advanced cirrhotic patients. However, several recent
studies have raised the doubt about the benefit of NSBB in end-stage cirrhotic
patients. In fact, they suggested a detrimental effect in these patients that even
reduced survival. All of these studies have been assembled to compose the
“window therapy hypothesis”, in which NSBB would have traditional indication
to be initiated to prevent variceal upper bleeding; however, treatment should be
stopped (or not be initiated) in patients with end-stage cirrhosis. NSBB would
reduce the cardiac reserve of these patients, worsening systemic perfusion and
prognosis. However, it should be emphasized that these studies present
important bias issues, and their results also suggested that diuretic treatment
may also be behind the effects observed. In this opinion review, we changed the
point of view from NSBB to diuretic treatment, based on a physiopathogenic
approach of circulatory parameters of cirrhotic patients studied, and based on
diuretic effect in blood pressure lowering and in other hypervolemic disease, as
heart failure. We suggest a “diuretic window hypothesis”, composed by an open
window in hypervolemic phase, an attention window when patient present in a
normal plasma volume phase, and a closed window during the plasma
hypovolemic phase.
Key words: Cirrhosis; Non-selective beta-blockers; Diuretic; Window hypothesis;
Baveno; Cardiac output
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The “window therapy hypothesis” for non-selective beta-blocker treatment was
consolidated based on weak evidence. Nevertheless, it has helped to change clinical
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practice and the Baveno consensus about portal hypertension. In this opinion review, we
detail the studies assembled to compose the hypothesis, demonstrating that another factor
could be behind results and outcomes observed, the diuretic treatment factor. After
careful analysis of the evidence, we suggest the “diuretic window hypothesis”.

Citation: Brito-Azevedo A. Diuretic window hypothesis in cirrhosis: Changing the point of
view. World J Gastroenterol 2019; 25(26): 3283-3290
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3283.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3283

INTRODUCTION
Cirrhosis exhibits a complex hemodynamic behavior that changes through different
stages. Hyperdynamic circulation characterized by increased cardiac output (CO) and
decreased systemic vascular resistance is well described in advanced cirrhosis and
recently, a systemic inflammatory pattern seems to assume a central role in the
pathogenesis of circulatory dysfunction[1,2].
Recent studies correlated changes in cardiac function as detrimental in systemic
hemodynamics, leading to poor prognosis in cirrhosis[3-5]. Therefore, non-selective
beta-blockers (NSBB) have been suggested to have probable deleterious effects in endstage cirrhosis. Krag et al[6] suggested the existence of a “therapeutic window” for the
use of NSBB in cirrhosis. They postulated that NSBB treatment in end-stage cirrhosis
promotes an important decrease in cardiac index (CI), reducing the cardiac
compensatory reserve to maintain blood pressure, compromising organ perfusion. It
should be emphasized, however, that studies supporting the “window hypothesis”
did not explore a possible and important bias in results, the diuretic effect in
hemodynamics (Table 1).

EVIDENCE ANALYSIS
In 2003, Ruiz-del-Arbol et al[3] published the first important study that supported
“window hypothesis”. The aim was to investigate circulatory dysfunction in patients
with spontaneous bacterial peritonitis. The authors concluded that the incidence of
renal failure in these patients was caused by a decrease in CO. Although the authors
excluded patients in “excessive diuretic treatment”, baseline characteristics should be
analyzed carefully. The group that developed renal injury presented higher baseline
blood urea nitrogen (BUN) levels, with a BUN/creatinine ratio of 28:1, suggesting the
presence of prerenal injury by hypovolemia a priori[7]. Also noteworthy, the group that
developed renal injury was primarily composed by more advanced patients, reflected
by higher Bb levels (> 4 mg/dL). Regarding the suggestion made in the study that
renal failure is a consequence of decreased CO, some aspects should be mentioned:
the decrease in CO was to values that were still in the normal range, and therefore, it
is improbable that this change would be implicated in renal injury per se. Moreover, if
CO decreases, there would be an expected increase in pulmonary pressures.
However, the authors noted that pulmonary pressures were not affected despite the
decrease in CO, suggesting a decrease in venous return. This is an important
observation because baseline characteristics suggest the presence of prerenal injury by
hypovolemia in these patients. Therefore, we should examine whether a decrease in
CO could be a consequence of central hypovolemia in these patients. Would a diuretic
effect present?
The second study that contributed to the “therapeutic window” hypothesis aimed
to evaluate hemodynamic status before and after hepatorenal syndrome (HRS). They
concluded that HRS results from decreased CO in the setting of arterial vasodilation[4].
However, it should be emphasized the worst basal renal function of group that
evolved with HRS, adding an important bias to conclusions. In addition, even though
the authors discontinued diuretics prior to the study, the hemodynamic values of the
HRS group are characteristic of hypovolemia since they presented not only lower CO,
but also lower pulmonary pressures and lower stroke volume. Indeed, according to
parameters explaining different shock patterns, central hypovolemia must be strongly
suggested when pulmonary pressures and stroke volume are low[8]. Would a diuretic
effect still present?
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Table 1 Non-selective beta-blockers “window therapy” hypothesis-studies analyses

Ruiz-del-Arbol et al[3], 2003

Aims

Conclusions

Diuretic effect analysis

Observations

To investigate the
pathogenesis of circulatory
dysfunction in SBP and to
assess whether impaired
circulatory function is
associated with increased
portal pressure

SBP patients frequently
develop progressive
impairment in systemic
hemodynamics, leading to
severe renal and hepatic
failure, aggravation of portal
hypertension,
encephalopathy, and death.

Not Performed

The group that developed
renal injury presented with:
Decreased liver function;
BUN/creatinine ratio of
almost 40:1, suggesting the
presence of pre-renal injury
by hypovolemia.
The suggestion that renal
failure would be caused by a
decrease in CO has some
critical aspects:
CO decreased, but remained
in the normal range, not
explaining a renal failure per
se.
If a decrease in CO directly
causes renal failure, an
increase in pulmonary
pressure is expected but was
not observed, suggesting a
reduction in plasma volume –
diuretic effect?

Ruiz-del-Arbol et al[4], 2005

To investigate circulatory
function in cirrhosis before
and after the development of
hepatorenal syndrome

Hepatorenal syndrome is the Not performed
result of decreased cardiac
output in the setting of severe
arterial vasodilation

The group developing HRS
(old criteria of 1996)
presented:
Decreased basal renal
function
Hemodynamic values were
characteristics of
hypovolemia: low CO, but
also low pulmonary
pressures with low stroke
volume. Diuretic effect?

Krag et al[5], 2009

To investigate the
relationship between cardiac
and renal function in patients
with cirrhosis and ascites and
the impact of cardiac systolic
function on survival

Development of renal failure Not performed
and poor outcome in patients
with advanced cirrhosis and
ascites seem to be related to a
cardiac systolic dysfunction

Cardiac index by gated
myocardial perfusion
imaging with an extreme low
value of 1.5 L/min/m2 as cutoff.
Body surface area needed to
calculate CI with the Dubois
formula, which contains
weight, overestimated by
ascites, resulting in lower CI.
A CI less than 2.2 L/min/m2
is defined as cardiogenic
shock, turning the 1.5
L/min/m2 cut-off into an
underestimation or defining a
very severe heart failure
group.
The group with lower CI was
using 30 mg more furosemide
and had higher creatinine
levels, with 50% already
presenting HRS-2 at baseline,
compromising any survival
analysis.

Sersté et al[10], 2010
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To evaluate the effect of the
administration of betablockers on long-term
survival in patients with
cirrhosis and refractory
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Treatment with beta-blockers Not performed
is associated with poor
survival in patients with
refractory ascites. These
results suggest that betablockers should be
contraindicated in these
patients
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There were 70% of patients
with intractable ascites by
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inclusion. There is no
description about NSBB use
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The independent variables
with higher HR to predict
death were hyponatremia
and renal injury, which could
be related to diuretic use.
Diuretic use was not included
in the analyzed model.
Sersté et al[11], 2011

To investigate the incidence
of PICD before and after
discontinuation of betablockers in patients with
cirrhosis and refractory
ascites. A self control crossover study

The use of beta-blockers may Not performed
be associated with a high risk
of PICD in patients with
cirrhosis and refractory
ascites

Small number of patients.
Ten patients with refractory
ascites, six were diureticresistant ascites. No
information about diuretic
dosage during the
assessment.

BUN: Blood urea nitrogen; CI: Cardiac index; CO: Cardiac output; HR: Hazard ratio; HRS: Hepatorenal syndrome; NSBB: Non-selective beta-blockers;
PICD: Paracentesis-induced circulatory dysfunction; SBP: Spontaneous bacterial peritonitis.

The third study included in the “therapeutic window” hypothesis aimed to
investigate the relationship between cardiac and renal function in patients with
cirrhosis and ascites and the impact of cardiac systolic function on survival. They
concluded that development of renal failure and poor outcome in patients with
advanced cirrhosis and ascites are related to cardiac systolic dysfunction [5] . To
perform the study, authors estimated CI by gated myocardial perfusion imaging. The
first concern is regarding the body surface area (BSA) formula used to calculate CI.
Authors adopted the DuBois formula, described as follows: BSA = (Weight0.425 ×
Height0.725) × 0.007184, and CI was calculated as follows: CI = CO/Body surface.
However, all patients included in the study had ascites, which increased their weight,
therefore overestimating BSA, leading to an underestimation of CI (BSA is inversely
correlated to CI). Based on this methodology, high volume ascites results in low CI,
already compromising any conclusion since patients with refractory ascites (high
volume ascites) present a well-known worse prognosis. Nevertheless, authors
pragmatically adopted a value of 1.5 L/min/m2 as a cut-off. However, this value is
below the cut-off value used to diagnosis cardiogenic shock (2.2 L/min/m 2 ) [9] ,
reflecting the influence of “ascites weight” in the results. Actually, considering these
aspects, a more accurate conclusion for this study is that patients with more ascites
develop more renal failure and decreased survival, and these are already well-known
outcomes. Notably, patients with CI < 1.5 L/min/m 2 were using 30 mg more
furosemide[5].
Sersté et al[10] performed an important study that significantly contributed to the
“therapeutic window”. They evaluated the effect of NSBB administration on longterm survival in patients with cirrhosis and refractory ascites. The authors concluded
that use of beta-blockers is associated with poor survival in patients with refractory
ascites. They suggest that beta-blockers should be contraindicated in these patients.
However, there were 14% more Child-Pugh C patients in the NSBB group, presenting
a lower sodium value and higher bilirubin level. Moreover, all patients had
esophageal varices in the NSBB group, compared to only 4% in the group without
NSBB. These aspects conferred an important bias, since the NSBB group was
evidently more severe than the other group. It must also be emphasized that 70% of
total patients included in the study had intractable ascites, i.e., with probable diureticinduced renal injury, and there was no information about NSBB use among these
patients. Regression analysis demonstrated that the most important independent
variables that predicted death were hyponatremia and renal injury, and both could be
related to diuretic treatment, with higher hazard ratios (HR 7.07 and 3.07,
respectively) than NSBB use (HR 2.61). Therefore, we should consider the presence of
a potential harmful diuretic treatment in these patients[10].
Another study aimed to evaluate the incidence of paracentesis-induced circulatory
dysfunction (PICD) before and after discontinuation of beta-blockers in patients with
cirrhosis and refractory ascites. It was a small study that included only ten patients,
and six had diuretic-resistant ascites. They observed a higher incidence of PICD in
paracentesis performed during NSBB treatment. However, there is no information
about diuretic dosage in each assessment, compromising the interpretation of results
since renin activation also occurs by hypovolemia[11].
In contrast to the “therapeutic window” hypothesis, there were important studies
that demonstrated a beneficial role of BBNS in advanced cirrhosis. Leithead et al[12]
aimed to determine whether NSBB use was a risk factor for mortality in patients with
end-stage cirrhosis and ascites awaiting liver transplantation. They evaluated 322
patients with ascites awaiting liver transplantation. To reduce the probability of
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selection bias, they repeated the analysis in a cohort of NSBB and non-NSBB
propensity risk score-matched patients. Matching patients by propensity risk score is
a recognized method of controlling for selection bias. They concluded that NSBB in
patients with ascites and refractory ascites listed for liver transplantation are not
detrimental, but instead are associated with reduced waitlist death[12].
Another important study included patients from the CANONIC study. It was a
prospective and observational study that aimed to evaluate whether ongoing use of
NSBBs reduced 28-d mortality in acute-on-chronic liver failure patients. Among the
patients included, 164 (47%) received NSBB treatment. The results demonstrated a
reduction in 28-d mortality among patients receiving NSBBs (24.4%) compared to
patients without NSBB treatment (34.1%)[13].
There is also “real-life” evidence about the importance of NSBB in advanced
cirrhosis, as demonstrated in the study by Bossen et al[14] that included 1198 cirrhotic
patients with ascites. NSBB treatment did not increase mortality [HR 0.92 (0.72-1.18)].
Among 559 patients undergoing NSBB treatment, 29% discontinued treatment. It is
noteworthy that the discontinuation correlated to increased mortality, with an HR of
5.13 (2.28-11.55).
In contrast to the study by Ferrarese et al[15] that suggested increased incidence of
PICD in patients with refractory ascites and NSBB, recent evidence has suggested that
NSBB introduction does not increase PICD incidence. It should be also considered
that NSBB has been implicated in beneficial non-hemodynamic effects in cirrhosis. An
anti-inflammatory role was observed in outpatients using propranolol, which also
improved the endothelial dysfunction that occurs during end-stage cirrhosis[16,17].
There is evidence that propranolol reduces intestinal bacterial translocation, reducing
the incidence of spontaneous bacterial peritonitis[18-20].
Taken together, it is clear that these studies do not support the hypothesis that
NSBB is detrimental to organ perfusion and prognosis in advanced cirrhosis.
Moreover, studies on the “window hypothesis” that included hemodynamic
measurements support a possible diuretic effect, as parameters are consistent with
hypovolemia. However, since the study by Krag et al[6] suggested the existence of a
“window” for NSBB treatment in cirrhosis, clinical practices have been changed,
mostly due to new recommendations by the Baveno VI consensus regarding the use of
NSBBs in advanced cirrhosis. The consensus recommended that NSBB be
reduced/discontinued if patients with refractory ascites develops any of following
events: (1) Systolic blood pressure < 90 mmHg; (2) Hyponatremia (< 130 mEq/L); or
(3) Acute kidney injury[21]. Considering the studies previously discussed, evidence for
a deleterious effect of NSBB in patients with refractory ascites is not well defined;
instead, the hemodynamic parameters seem to describe a deleterious diuretic effect,
not only in these patients with refractory ascites, but also in other end-stage cirrhotic
patients.
Systolic blood pressure is highly influenced by furosemide treatment, as demonstrated in a systematic review aimed to evaluate the blood pressure-lowering
efficacy of loop diuretics for primary hypertension. The total number of patients
included 262 patients in loop diuretic use versus 198 in the placebo group. They
observed a significant mean reduction in systolic blood pressure, -7.92 (95%
confidence interval: -10.40, -5.44) mmHg, with I2 = 0.0% and test for overall effect: Z =
6.26 (P < 0.00001)[22].
Another interesting study evaluated the effect of furosemide on elderly patients
with heart failure (HF). One outcome was postprandial hypotension that occurs in the
context of blood flow deviation to splanchnic circulation, a similar condition to portal
hypertension in cirrhotic patients. The authors observed a significant reduction in
systolic blood pressure in the postprandial period after furosemide administration[23].
While we often ignore the prognostic effect size of diuretic treatment in hepatology,
the diuretic effect is well described in HF studies, another hypervolemic disease such
as cirrhosis, but with obviously marked reduced cardiac reserve.
Dini et al[24] evaluated the effect of furosemide on patients with compensated and
decompensated HF, totaling 400 outpatients. The authors observed that a normalized
furosemide dose was a major determinant of prognosis in patients with chronic HF
but without ongoing signs and symptoms, suggesting a possible negative interaction
of this drug in clinically stable patients. The authors further suggest that it is more
difficult to identify the hypervolemic state in stable patients, putting them at higher
risk of a deleterious diuretic effect.
Because results suggest a deleterious effect, it would be interesting to consider a
“diuretic window” treatment hypothesis (Figure 1), maintaining NSBB during all
disease stages until more clear evidence emerges about a harmful effect. Patients
should have indicated diuretics during ascites formation. At this stage, cirrhotic
patients present a hypervolemic status, and diuretics should be administered to
reduce ascites and edema. During the hypervolemic phase, cirrhotic patients usually
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have an inflammatory profile with peripheral vasodilation, leading to reninangiotensin-aldosterone system hyperactivation with sodium reabsorption. At this
initial stage, there is no reduction in plasma volume. The attention window should be
open when central volemia reverts to initial stages during diuretic treatment, since
loss of plasma volume could lead to an increasing risk of hypoperfusion, despite a
global hypervolemic status, in which part of the plasma volume is “trapped” inside
splanchnic vessels. The window to diuretic treatment must be closed when central
volemia is reduced due to an increased risk of hypoperfusion and worsening
prognosis. The studies that evaluated hemodynamic status and prognosis in cirrhosis
demonstrated parameters compatible with reduced central volemia in patients with
the worst outcomes[3,4]. Indeed, in stable HF patients, this evidence is more clearly
demonstrated.

CONCLUSION
Easy and reliable tools should be developed to accurately assess central volemia in
cirrhosis. Currently, echocardiographic parameters could be used at the time of
diuretic dosage adjustment associated with clinical evaluation to identify the attention
window. Prospective studies must be performed to evaluate the role of diuretic
treatment in cirrhosis, considering the complex hemodynamic behavior during
disease course. It should be reinforced that strong evidence is generated by
randomized controlled trials, but also by detailed reanalysis of previous studies.
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Figure 1

Figure 1 Proposed diuretic window hypothesis.
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Abstract
Solid organ transplantation (SOT) is the best treatment option for end-stage organ
disease. Newer immunosuppressive agents have reduced the incidence of graft
rejection but have increased the risk of infection, particularly due to the
reactivation of latent infections due to opportunistic agents such as Mycobacterium
tuberculosis. Active tuberculosis (TB) after SOT is a significant cause of morbidity
and mortality. Most cases of posttransplant TB are secondary to reactivation of
latent tuberculosis infection (LTBI) due to the effects of long-term
immunosuppressive therapy. Risk minimization strategies have been developed
to diagnose LTBI and initiate treatment prior to transplantation. Isoniazid with
vitamin B6 supplementation is the treatment of choice. However, liver
transplantation (LT) candidates and recipients have an increased risk of
isoniazid-induced liver toxicity, leading to lower treatment completion rates than
in other SOT populations. Fluoroquinolones (FQs) exhibit good in vitro
antimycobacterial activity and a lower risk of drug-induced liver injury than
isoniazid. In the present review, we highlight the disease burden posed by
posttransplant TB and summarize the emerging clinical evidence supporting the
use of FQs for the treatment of LTBI in LT recipients and candidates.
Key words: Fluoroquinolones; Mycobacterium tuberculosis; Latent tuberculosis infection;
Liver transplantation; Drug-induced liver graft injury
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Active tuberculosis after solid organ transplantation, particularly after liver
transplantation, has a dismal outcome. This review focuses on the burden of active
tuberculosis after liver transplantation and summarizes the most recent data concerning
the use of isoniazid for the treatment of latent tuberculosis infection in liver transplant
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recipients and candidates. In addition, we review the most relevant clinical experience in
the use of fluoroquinolones as an alternative approach with a favorable safety profile for
the treatment of latent tuberculosis infection in the liver transplant setting.
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INTRODUCTION
Solid organ transplantation (SOT) is the best treatment option for end-stage organ
disease. New immunosuppressive agents have reduced the incidence of acute graft
rejection but have increased the risk of infection and the development of de novo
malignancies in the long term[1-4]. Prophylactic and preemptive treatment strategies
have been especially effective in diminishing the incidence of donor and recipientderived infections as well as the frequency of most opportunistic infections (OI) in the
first six months after transplantation. However, the incidence of active tuberculosis
(TB), one of the most concerning OIs after SOT, is still significant. A study that
prospectively analyzed the online database of the Spanish Network of Infection in
Transplantation (RESITRA) found that Mycobacterium tuberculosis (M. tuberculosis) was
responsible for almost a quarter of the cases of OI diagnosed after the sixth month
posttransplantation[5]. Cases of disseminated TB were not infrequent.
In this review, we focus on the importance of TB after liver transplantation (LT).
We also discuss the most important strategies for the prevention of M. tuberculosis
reactivation in LT recipients, particularly the role that fluoroquinolones (FQs) could
play in the treatment of latent tuberculosis infection (LTBI) in LT candidates and
recipients.

THE BURDEN OF M. TUBERCULOSIS AFTER LT
Active TB poses important challenges to clinicians who attend SOT recipients[6], with
an incidence that can vary significantly-from 0.35% to 15%-depending on the
prevalence of TB in a specific region or country and the type of SOT performed. A
prospective study that included 16 transplant centers of the Spanish Network for
Research in Infectious Diseases (REIPI) reported that LT recipients were at particular
risk and had the third highest incidence rate, with 541 cases per 100000 transplant
recipients per year, much higher than the rates in recipients of similar SOTs, such as
kidney transplant (KT) and heart transplant (HT) recipients, which were 358 and
255/100000 patients per year, respectively[7].
Pulmonary TB (PTB) is the most frequently presenting type of M. tuberculosis
infection after LT[8,9]. The risk for extrapulmonary (EPTB) or disseminated TB (DTB) is
also higher than that observed in the general population; these conditions have an
incidence rate of up to 33% among all patients[10,11]. In these cases, patients tend to
complain only of fever or unspecific constitutional symptoms, without any other
accompanying signs[6,12]; thus, clinicians should always consider this disease and have
a high index of suspicion for active TB [13] . Active TB treatment after LT is also
problematic. The incidence of isoniazid-induced hepatotoxicity after LT is increased
when isoniazid is combined with rifampicin[14], and accordant histological changes can
be found in up to 83% of treated LT recipients [15] . Interactions with immunosuppressive drugs can also favor allograft rejection; rifampicin, a potent inducer of the
cytochrome P450 enzyme system, can reduce the blood levels of most immunosuppressants used in daily practice[15,16].
A number of studies have exhaustively addressed active TB in the LT setting. Abad
et al[17], who reviewed 187 MEDLINE, EMBASE, and OVID publications, thoroughly
described a total of 2082 cases of TB in SOT recipients, including 253 cases after LT. In
this specific population, the relative frequency and median interval from transplantation to presentation of PTB, EPTB and DTB were 36.51%, 36.51% and 26.91%
and 4, 9, and 48 mo, respectively. The liver allograft was involved in 30.0% of
recipients in whom M. tuberculosis was isolated outside the pulmonary system, and
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3.51% experienced allograft dysfunction or loss. Notably, 27.5% of LT recipients
developed anti-TB drug-induced hepatoxicity, which was a higher percentage than in
the overall cohort (19.56%). A systematic review and meta-analysis of TB after LT
identified 139 cases of active TB. Most patients were diagnosed with EPTB (67%), and
in 26, there was allograft involvement[18]. TB drug therapy was stopped or changed in
35% of the patients, mostly due to hepatoxicity (80%)[18]. Póvoas et al[19] described 8
cases of active TB after LT diagnosed in a transplant unit located in Lisbon, Portugal,
over a five-year span. The incidence rates of PTB, EPTB and DTB were 37.5%, 37.5%
and 25.0%, respectively. Liver allograft involvement was identified in 1 patient. Most
cases were diagnosed more than 12 mo after transplantation. All patients received a
four-drug treatment regimen, and one patient developed mild to moderate cholestasis
that did not require therapy discontinuation[19].
The mortality rate of TB after LT can be as high as 50%, 20.31%, and 37.5%,
respectively of the published studies[9,17,19].
TB can be secondary to reactivation of a latent infection or due to a new infection
after transplantation, which can be acquired in the community or the healthcare
environment or can be donor-derived [12,17] . However, the most common way of
developing active TB disease after LT is by reactivation of a latent infection upon the
initiation of immunosuppressive therapy [17] . For this reason, in recent years, an
important effort has been made to diagnose and treat LTBI in all SOT candidates,
including LT candidates.

TREATMENT OF LTBI IN LT
LTBI can be defined as an infection by viable M. tuberculosis microorganisms that are
resting in a dormant state [20] . The LT candidate or recipient must have no signs,
symptoms or radiographic findings of active TB disease[20].
Although a discussion concerning the controversies about the best method of
diagnosing LTBI is beyond the scope of this article, all LT candidates should be
screened for LTBI (Table 1). Screening requires collection of an exhaustive clinical
history, a careful physical examination, a tuberculin skin test (TST) and/or
tuberculosis interferon-γ release assay (IGRA), and a chest radiograph[21]. Isoniazid
(2.5 to 5 mg/kg per day, without exceeding 300 mg/day) plus vitamin B6 (25 to 50
mg/day) for 9 mo is the traditional treatment of choice for LTBI in the SOT
population[20,22,23] (Table 1). Treatment should ideally be started before LT, although in
candidates with advanced end-stage liver disease, current clinical guidelines
recommend different LTBI treatments until liver function is stable after LT [22,23] .
Another alternative to isoniazid is rifampicin for 4 months, although such a regimen
should be restricted to the pretransplant period due to the risk of drug interactions
with immunosuppressive agents. Combination treatment with isoniazid/rifampicin
for 3 to 4 months carries an important cumulative risk of fulminant hepatitis and
should not be prescribed to patients with liver disease [22] . Two recent studies
describing the experience with a 12-wk course of once-weekly directly observed
therapy (DOT) with isoniazid plus rifapentine included 8 and 7 LT candidates[24,25] and
reported adequate tolerance and a relatively high completion rate. However, data are
still scarce, and future multicenter prospective studies are warranted to confirm the
safety of this treatment regimen and to identify the most suitable LT candidates.
Thus, LTBI treatment in LT candidates or recipients is especially difficult. Isoniazid
is usually poorly tolerated, and it has been suggested that drug-induced hepatitis can
occur in up to 6%-20% of LT recipients[26]. In the RESITRA study, only 29.6% of LT
patients with a TST positivity actually received treatment, a rate substantially lower
than that observed in the overall cohort of SOT recipients (mean of 43.5%)[7]. A recent
European survey performed in 55 transplant programs from 19 countries reported
that the rate of LTBI treatment prescription was significantly lower for LT candidates
than for other SOT candidates (38% vs 73%, respectively)[27]. A retrospective Canadian
study that compared the tolerability of LTBI treatment in 23 LT candidates and 24 LT
recipients against 130 non-liver SOT candidates plus 23 non-LT SOT recipients
concluded that the completion rate of LTBI therapy with isoniazid and/or rifampicin
was significantly lower in LT candidates or recipients than in non-LT candidates and
recipients [36.1% vs 73.9%, respectively; odds ratio (OR) = 0.20; P < 0.001][28]. Therapy
discontinuation due to liver enzyme elevation was also more frequent in LT
candidates and recipients than in non-LT candidates and recipients (28.3% vs 3.5%;
OR = 10.48; P value < 0.001)[28]. A study that included 15 LT recipients diagnosed with
LTBI and treated with 300 mg of daily isoniazid plus 50 mg of pyridoxine for six
months reported that 53% of patients required premature discontinuation of the
therapy[29]. The most important side effects were thrombocytopenia, hepatotoxicity,
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Table 1 Risk factors and indications of latent tuberculosis infection treatment in the liver transplant setting (adapted from Meije et al[20]
and Bosh et al[22])
Risk factors include:
Residence in a high-endemicity area
Age greater than 50 years
Homelessness or incarceration
Personal or donor history of TB
Diabetes mellitus, malnutrition, HIV infection, end-stage liver disease
Chest radiography or CT scan showing abnormalities
Intensification of immunosuppression for rejection; use of everolimus, sirolimus and T-cell-depleting antibodies
LTBI treatment should be prescribed to candidates with compensated cirrhosis or to recipients with normal liver allograft function and at least one of the
following criteria:
TST (initial or after a booster effect) with an induration of ≥ 5 mm1
Positive IGRA result1
Recent change in the TST result
Personal or donor history of untreated or incorrectly treated TB
History of contact with a smear-positive TB patient
Residual TB lesions in an untreated patient

1

Only if the candidate or the recipient has not been previously treated for latent tuberculosis infection or active tuberculosis. CT: Computed tomography;
HIV: Human immunodeficiency virus; IGRA: Interferon-γ release assay; LTBI: Latent tuberculosis infection; TB: Tuberculosis; TST: Tuberculin skin test.

rejection, and tacrolimus toxicity. All patients had started LTBI treatment within the
first six months after transplantation. A similar South Korean study reported that the
incidence rate of isoniazid-induced hepatotoxicity was significantly lower in LT
recipients with an aspartate aminotransferase (AST) level lower than 50 than in those
with an AST level higher than 50[30]. The authors of both studies suggested deferring
LTBI treatment until liver allograft function was stable, avoiding its prescription in
the early post-LT period[29,30]. However, this delay could lead to an increased risk of TB
reactivation, as most cases of active TB are diagnosed within the first months after
transplantation[6,8,12]. Moreover, in candidates already receiving isoniazid-based LTBI
treatment regimen, therapy must be stopped at the time of LT and resumed only
when the allograft is stabilized[22], delaying the end of treatment.

EXPERIENCE WITH FQs FOR THE TREATMENT OF LTBI IN
LT
Most data for LTBI treated with FQ-based regimens are derived from preventive
therapy of multidrug resistant TB cases. Levofloxacin and moxifloxacin have been
shown to exhibit good in vitro activity against TB[31,32]. In addition, in these series,
levofloxacin and moxifloxacin appeared to be well tolerated and cost-effective[33,34],
with treatment completion rates as high as 83% and 100% [ 3 5 ] . FQs, such as
levofloxacin, also have a lower hepatotoxic potential than other anti-TB drugs[36].
However, it must be remembered that serious side effects are associated with FQs,
such as QT interval prolongation[37], tenosynovitis[38] and an increased risk of aortic
aneurysm and dissection[39], which is a theoretical concern in long-term therapeutic
regimens. Data regarding the risk of rhegmatogenous retinal detachment are still
under debate due to contradictions in the published data [40,41] . Furthermore, the
European Medicines Agency (EMA) recently issued a warning regarding the risk of
hepatotoxicity associated with moxifloxacin, recommending close follow-up during
treatment.
In the LT setting, FQs have been used particularly as part of isoniazid- or rifampinsparing regimens prescribed to recipients diagnosed with active TB. Lee et al [42]
described nine LT recipients diagnosed with active TB and treated with a therapeutic
regimen that principally included ethambutol, cycloserine and a FQ (levofloxacin in 6,
moxifloxacin in 1 and ofloxacin in 2 recipients). All nine patients successfully
completed treatment and did not experience any apparent FQ-associated side effects.
Several case reports of LT recipients treated with a therapeutic regimen that included
levofloxacin[43,44] or moxifloxacin[45] have also been published. FQs were administered
for periods ranging from 2 mo to 18 mo. No cases of FQ-induced adverse effects were
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reported.
Regrettably, data concerning the use of FQs in LT for LTBI treatment are still scarce
and mostly based on retrospective single-center studies with a small series of patients
(Table 2). To date, only one prospective multicenter randomized study has compared
the efﬁcacy and safety of levoﬂoxacin (500 mg daily for 9 mo) initiated before
transplantation to isoniazid (300 mg every day for 9 mo) initiated between 3 and 6
months after transplantation[46]. Isoniazid was started only when liver function was
considered stable, i.e., when the transaminase, alkaline phosphatase, and bilirubin
levels did not exceed twice the upper limit of normal. The primary efﬁcacy endpoint
was the number of patients who developed tuberculosis at 18 mo after transplantation, whereas the secondary aim was to determine whether adverse events
limited the efﬁcacy of levoﬂoxacin. The study was active between January 2012 and
February 2014, when a safety analysis resulted in suspension of the trial. Notably, 6 of
the 33 candidates (18.2%) in the levofloxacin arm developed tenosynovitis, which
required stopping the drug, and 6.1% were diagnosed with severe hepatotoxicity,
which resolved after discontinuing the antibiotic. Tenosynovitis occurred from 14 to
133 days after the start of prophylaxis. The authors concluded that levofloxacin was
associated with an unacceptably high incidence of tenosynovitis in LT candidates.
However, it should be mentioned that only 18 of the 31 LT recipients in the isoniazid
arm (58.1%) actually began prophylaxis, and only 10 (32.2%) completed the 9-month
treatment course [46] . Hepatotoxicity, which was observed in 38.9% of patients
receiving isoniazid, was the most common adverse event associated with this drug.
No cases of TB were diagnosed during follow-up.
Since the publication of the RESITRA cohort study, several small single-center
reports have been published (Table 2). Tien et al[47] described an experience with 44 LT
candidates treated for LTBI, including 25 patients who received FQ (17, levoﬂoxacin;
and 8, moxiﬂoxacin). Adverse events were described in 14 of the 25 (56%) treated
patients, including 4 (16%) with musculoskeletal symptoms that ranged from diffuse
joint pain to unilateral tendinopathy. One patient required permanent FQ
discontinuation, whereas the remaining 3 patients were able to complete the 9-mo
treatment after temporary suspension of the drug. The incidence of adverse events
leading to permanent discontinuation significantly differed among the drugs, From
8% for FQ to 33% and 40% for rifampicin and isoniazid, respectively[47]. The same
authors also described 6 LT recipients who received FQs after transplantation for
LTBI. Although one recipient presented joint pain, he was able to complete treatment.
No cases of FQ-induced hepatotoxicity prior to or after transplantation were reported,
and none of these patients developed TB during follow-up[47]. Grim et al[48] published a
retrospective study that focused on the tolerability and completion of LTBI treatment
in SOT candidates. Of the 129 patients included, 30 were LT and 8 were LT/kidney
transplant candidates, and 8 (21.0%) received moxifloxacin. Although much data are
lacking, in this particular group, there were no early discontinuations of the drug, and
at least 2 patients (25.0%) completed treatment (data for the other 6 candidates
concerning the end of treatment was not retrieved). Sgarabotto et al[49] reported an
experience with 35 LT recipients who received a combination course of levofloxacin
and ethambutol from posttransplant day 1 until hospital discharge and three times
weekly for 1 year thereafter. Four patients (11.4%) developed side events that
required treatment cessation. Interestingly, during follow-up, TB was diagnosed in 2
patients (5.7%); one had discontinued LTBI treatment due to drug-induced side
effects[49]. Anecdotally, a combination of levofloxacin and pyrazinamide for MDR TB
prophylaxis prescribed to 57 SOT recipients, including 3 LT patients, resulted in a
high incidence of side effects (approximately 1.4 events/patient) with very limited
tolerability[50].

CONCLUSION
Active TB is a serious OI after SOT, particularly after LT. Treatment is difficult due to
the increased risk of drug-induced liver allograft injury, fulminant hepatic failure and
rejection. Most centers either do not prescribe or delay the start of LTBI treatment, as
it seems reasonable to consider therapy with isoniazid only in patients with
compensated cirrhosis or good liver allograft function and in whom hepatotoxicity
can be closely monitored. FQs, which have good anti-TB activity and appear to be less
hepatotoxic than isoniazid, could be an alternative for LTBI treatment in the LT
setting. Data in some points are small and conflicting, with the rate of permanent
withdrawal of the FQ due to side effects ranging from 6% to 33% of all treated
patients. More studies are necessary to determine which patients could have the
greatest benefit from this therapeutic regimen as well as to compare the tolerability
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Table 2 Reported fluoroquinolone-induced adverse events and outcomes associated with treatment of latent mycobacterium
tuberculosis infection in liver transplantation

Type of
patients

Author
[ref.]

Treatment
prescribed

n (%)

Musculoskeletal (joint
pain,
tendinopathy)

Gastrointestinal
(diarrhea,
vomiting)

Constitutional
(fatigue,
malaise)

C. difficileHepatotoxiassociated
city
diarrhea

Permanent
withdrawal
of FQ

Completed
treatment

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

1

TorreCisneros et
al[46]

33 LT
candidates

Levofloxacin

6 (18.2)

3 (9.0)

0 (0.0)

2 (6.1)

1 (3.0)

11 (33.0)

18 (54.5)

Tien et al[47]

25 LT
Levofloxacin
candidates
or
and 6
moxifloxacin
additional LT
recipients

5 (16.1)

4 (12.9)

4 (12.9)

0 (0.0)

2 (6.4)

2 (6.4)2

21 (67.7)

Grim et al[48] 8 LT and
LT/KT
candidates

Moxifloxacin

NA

NA

NA

NA

NA

NA

2 (25)3

Sgarabotto et 35 LT
al[49]
recipients

Levofloxacin
plus
ethambutol

NA

NA

NA

NA

NA

4 (11.4)4

NA

1

Fluoroquinolone treatment was primarily stopped due to tenosynovitis (5 patients [45.4%]) and hepatotoxicity [2 patients (18.2%)].
Treatment was withdrawn due to tenosynovitis [1 patient (50.0%)] and severe constitutional symptoms [1 patient (50.0%)].
Data not available on the other 6 patients.
4
Prophylaxis was stopped due to tenosynovitis [2 patients (50.0%)], hepatotoxicity [one patient (25.0%)], and transient optical neuritis [one recipient
(25.0%)]. FQ: Fluoroquinolone; KT: Kidney transplant; LT: Liver transplant; NA: Data not available.
2
3

and side effects of levofloxacin vs moxifloxacin and the risk of multidrug-resistant
gram-negative bacterial selection. These studies would also allow us to determine the
real efficacy of FQs in preventing LTBI in the LT setting.
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Abstract
Reactivation of hepatitis B virus (HBV) replication is characterized by increased
HBV-DNA serum values of about 1 log or by HBV DNA turning positive if
previously undetectable in serum, possibly associated with liver damage and
seldom life-threatening. Due to HBV reactivation, hepatitis B surface antigen
(HBsAg)-negative/anti-HBc-positive subjects may revert to HBsAg-positive. In
patients with hemo-lymphoproliferative disease, the frequency of HBV
reactivation depends on the type of lymphoproliferative disorder, the
individual's HBV serological status and the potency and duration of
immunosuppression. In particular, it occurs in 10%-50% of the HBsAg-positive
and in 2%-25% of the HBsAg- negative/anti-HBc-positive, the highest incidences
being registered in patients receiving rituximab-based therapy. HBV reactivation
can be prevented by accurate screening of patients at risk and by a
pharmacological prophylaxis with anti-HBV nucleo(t)sides starting 2-3 wk before
the beginning of immunosuppressive treatment and covering the entire period of
administration of immunosuppressive drugs and a long subsequent period, the
duration of which depends substantially on the degree of immunodepression
achieved. Patients with significant HBV replication before immunosuppressive
therapy should receive anti-HBV nucleo(t)sides as a long-term (may be life-long)
treatment. This review article is mainly directed to doctors engaged every day in
the treatment of patients with onco-lymphoproliferative diseases, so that they can
broaden their knowledge on HBV infection and on its reactivation induced by the
drugs with high immunosuppressive potential that they use in the care of their
patients.
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Hepatitis B virus prophylasis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepatitis B virus (HBV) reactivation frequently exerts a negative impact on the
outcome of patients with hemo-lymphoproliferative disorders both by liver injury, at
times severe, and a premature delay or termination of immunosuppressive treatments.
Patients at risk should be identified by screening of HBV serum markers before
immunosuppressive therapy is started. The use of HBV nucle(t)side analogues, as
treatment or prophylaxis, is effective in limiting the frequency and intensity of the
damage caused. Antivirals should be administered 2-3 wk before starting
immunosuppressive treatment, for the entire immunosuppressive period and during posttreatment follow-up, the length of which depends on the intensity of immunosuppression
reached.

Citation: Sagnelli C, Pisaturo M, Calò F, Martini S, Sagnelli E, Coppola N. Reactivation of
hepatitis B virus infection in patients with hemo-lymphoproliferative diseases, and its
prevention. World J Gastroenterol 2019; 25(26): 3299-3312
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3299.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3299

INTRODUCTION
Although universal hepatitis B virus (HBV) vaccination has been successfully applied
worldwide and effective drugs for a long-term suppression of HBV have been
extensively applied, chronic HBV infection remains a serious health problem in most
countries because of the large number of subjects with chronic HBV infection living in
most of the nations. Two billion people worldwide had contact with HBV (overt or
occult HBV infection), and nearly 240 million people had chronically HBV infected[1].
While for individuals with overt HBV infection [hepatitis B surface antigen (HBsAg)positive] there are well-standardized clinical and therapeutic strategies. In occult HBV
infection patients (HBsAg-negative, anti-HBc negative and HBV-DNA positive) these
strategies are not so well defined[2-10].
HBV reactivation, a phenomenon characterized by increased HBV-DNA serum
values of about 1 log or by HBV DNA turning positive if previously undetectable in
serum, mostly occurs in a context of temporary or permanent immunosuppression.
HBV reactivation in patients with occult HBV infection may also determine a
reappearance of HBsAg in serum, possibly associated with an acute hepatic
exacerbation characterized by an elevation in liver enzymes above the normal values
and seldom by increased bilirubin levels[11].
Clinical conditions leading to HBV reactivation are human immunodeficiency virus
infection and the immunosuppression induced by drugs used for autoimmune
diseases, neoplastic diseases and organ transplants[12]. Noteworthy, HBV reactivation
most frequently develops in patients with serious hematologic disorders
characterized by a worse prognosis[13]. The reported percentage of subjects with HBV
reactivation ranges between 2% in Europe to over 10% in eastern Asia, estimates,
however, are approximate, depending on the frequency of the different clinical
situations in which the phenomenon occurs[14].

HBV INFECTION: PIVOTAL CONCEPTS
HBV infection is responsible for a variety of clinical forms. It begins as acute hepatitis
that evolves in healing in most cases, but in a minority of cases it progresses to chronic
forms, such as an inactive carrier state, chronic hepatitis and liver cirrhosis, the last
one potentially leading to hepatocellular carcinoma (HCC)[15]. HBV is a DNA virus
enveloped double-stranded virus belonging to the hepadnaviridae family that infects
hepatocytes, and its DNA may be detected also in mononuclear cells[16]. HBV has no
direct cytotoxic activity, but it induces hepatocyte necrosis through an immunepathogenetic mechanism that includes the cytolytic action of cytotoxic T cells presensitized to viral antigens[17,18].
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Ten HBV genotypes (A-J) have so far been identified, some of which further subclassified in sub-genotypes. These genotypes have epidemiological value since
differently distributed worldwide[19-43], but their clinical impact has not been fully
elucidated.
In 2015, the World Health Organization estimated 257 million people, are living
with chronic HBV infection worldwide. HBV endemicity is usually represented by the
prevalence of HBsAg chronic carriers in the general population in a defined
geographical area. Three levels of endemicity have been defined: (1) High endemicity
with an HBsAg prevalence over 8%, observed in some countries in sub-Saharan Africa
and eastern Asia; (2) Intermediate endemicity with HBsAg levels between 2%-8%
observed in most Mediterranean countries, in several countries in the Middle East and
in some countries in South America; (3) Low endemicity with an HBsAg prevalence
lower than 2% observed in the United States of America, Canada and western
Europe[31,24].
In geographical areas with high endemicity, HBV infection is prevalently spread
from mother to child at birth and between siblings in early childhood[44,45], whereas in
areas at low endemicity, unsafe sexual habits and sharing of contaminated needles,
especially among injection drug users, are the major routes of transmission [46] .
Universal HBV vaccination of new born babies have resulted in a dramatic,
progressive reduction in HBV transmission in all countries where this prophylactic
procedure has been applied[28].
The outcome of HBV infection is age-dependent. Once acquired, HBV infection
causes symptomatic acute hepatitis in approximately 1% of perinatal infections, in
10% of infections in early childhood (1-5 years), in 30% of children aged more than 5
years and in most infected adults. Fulminant hepatitis develops in 0.1%-0.6% of acute
hepatitis cases and is more frequent in young adults; mortality from fulminant
hepatitis B is approximately 70%. HBV infection progresses to chronicity with a
frequency inversely related to the age at HBV acquisition, approximately 80%-90% in
babies infected perinatally, in about 30% in children aged less than 6 and in less than
5% in adults[47].
Patients recovering from acute hepatitis B become HBsAg negative but a covalently
closed circular DNA (cccDNA) persists in the hepatocytes and anti-HBc in serum;
many of them become anti-HBs positive and are protected from eventual HBV
reinfection. For most patients with chronic HBV infection, the clinical presentation
progressively varies from a chronic HBsAg carrier state with no evidence of liver
disease, to chronic hepatitis (first HBeAg-positive and then HBeAg-negative), and
finally to liver cirrhosis (compensated in a first phase and therefore decompensated),
with or without HCC[48,49]. Recently, the guidelines of the European Association of
Study of the Liver have simplified this classification by identifying 4 phases: (1)
HBeAg-positive infection (the old “immune-tolerant phase”); (2) HBeAg-positive
chronic hepatitis (the old “immune-reactive phase”); (3) HBeAg-negative infection
(the old “immune-control phase”); (4) HBeAg-negative chronic hepatitis (the old
“immune-escape phase”)[50]. A virological condition called “resolved HBV infection”
has also been identified, characterized by a low HBV-DNA level in liver tissue and
possibly in serum in HBsAg-negative subjects, conceptually overlapping the
definition of occult HBV infection[51-56]. For epidemiological studies and in clinical
practice, the presence of anti-HBc in serum has been used by several researchers as a
surrogate marker of hepatocytic integrated HBV DNA and cccDNA, given the
objective difficulty of obtaining a liver biopsy in HBsAg negative/anti-HBc positive
subjects in good clinical conditions
HBV is considered an oncogenic virus, but its carcinogenic action is the result of its
interaction with the presence of cirrhosis and with the host immune system[7,9,10,57-64]. In
the absence of specific treatments, HBsAg positive cirrhotic patients develop HCC at a
rate of about 2% per year in western countries and 3% in eastern countries [49] .
Antiviral therapy has dramatically changed the outcome of HBV patients[62] since it
may prevent the progression of chronic hepatitis B to the advanced stages of liver
fibrosis, cirrhosis and, in nearly half of cirrhotic patients to HCC[50].
Interferons (IFNs) and nucleos(t)ide analogues (NAs) are used to treat chronic HBV
infection. Among IFNs, pegylated IFN has a more convenient dosing schedule and
improved efficacy, but the nucleo(t)side analogues entecavir (ETV), tenofovir
disoproxil fumarate (TDF), and tenofovir alafenamide (TAF) are commonly preferred
because less frequently induce severe adverse reactions, have a high barrier to
antiviral resistance and almost always provide a steady suppression of viral
replication[50]. At present, the treatment endpoint is the reduction of the disease to an
inactive stage, with HBeAg loss if previously detectable, HBV DNA undetectable or at
a low level in serum and normal liver enzymes, a clinical condition associated with a
remarkable improvement even in cirrhotic patients that may prevent the development
of HCC in nearly half of the cases [27,63] . However, both IFN and nucleo(t)side
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treatments do not eradicate HBV infection because HBV DNA persists in hepatocytes
in an integrated form and as cccDNA and a reactivation of viral replication may occur
once treatment has been discontinued. Future treatments, already under study,
consider the combined use of antivirals directed against new targets and possibly
immunomodulatory drugs[65].

VIROLOGIC AND CLINICAL CHARACTERISTICS OF OCCULT
HBV INFECTION
Patients with occult HBV infection showed HBsAg negativity and anti-HBc positive,
at times associated with the antibody to surface antigen (anti-HBs), HBV DNA
undetectable or detectable at very low levels in serum and normal liver enzymes;
HBV DNA, however, persists within the hepatocytes as cccDNA and integrated
DNA [66] , whose active replication is inhibited by innate and adaptive immune
responses (HBV-specific T-cell and neutralizing antibodies). Such inhibition is unable
to eradicate all forms of HBV DNA and an HBV reservoir persists in the liver tissue.
A reduction in the immune-mediated control of HBV replication in these reservoirs,
due to any cause, may favor the reactivation of HBV replication[67,68], which may
induce an acute exacerbation of chronic HBV infection both in patients with HBsAg
positivity (≥ 2 log10 rise in the HBV-DNA level) and in those with occult HBV
infection who, in this case may revert to HBsAg-positive. This acute exacerbation is
characterized by an increase in liver damage highlighted by an increase in ALT or
aspartate aminotransferase (AST) ≥ 3-times the baseline serum values, which in its
severe forms is accompanied by jaundice and may progress to severe hepatic failure if
effective treatment is delayed. This event may lead to rapid life-threatening liver
decompensation requiring urgent liver transplantation to prevent a fatal outcome.
This critical clinical condition could simply be prevented by adopting a therapeutic
prophylaxis with an effective nucleo(t)side against HBV, in which case the use of
effective immunosuppressive drugs for neoplastic or hematological diseases is
foreseen.
If HBV reactivation for some reason is not prevented, effective antiviral therapy
should immediately be administered to reduce, if still in time, the entity of the
associated clinical events through a pharmacologic control of HBV replication; this
can lead, in cases with a favorable prognosis, to a gradual reduction in the levels of
serum HBV-DNA, a progressive return of liver enzymes to the baseline values and a
gradual recovery of the liver lesions[11]. Accordingly, HBV reactivation may occur
years after hematopoietic stem cell transplantation (HSCT) due to low immune
reconstitution [69] . Therefore, pharmacological prevention of HBV-reactivation
prophylaxis must start within the recommended times, can be very long-lasting and
require an accurate long-term surveillance.

RISK FACTORS
The risk factors of HBV reactivation concern either the patients, HBV, the underlying
disease or the immunosuppressive regimen.

Patient
Male sex and more than 50 years old are risk factor for HBV reactivation. Yeo et al[70] in
600 cancer positive HBsAg patients who underwent chemotherapy, found an
incidence almost 3-times higher in men than in women. It has also been observed that
older patients are more likely to have HBsAg positivity, persistent levels of HBVDNA in serum and cccDNA in the liver, a virological condition increasing the risk of
HBV reactivation[71].

Virus
As mentioned above, factors associated with HBV reactivation include HBsAg
positivity, HBeAg positivity and high levels of HBV DNA before the onset of
pharmacological immuno-suppression [72] . In contrast, the presence of anti-HBs
antibodies has been shown to protect against reactivation, although the antibody titer
necessary to achieve this effect is unknown[73].

Underlying diseases
As regards the magnitude of risk factors for HBV reactivation associated with the
underlying disease, the data are not so clear because it is difficult to distinguish the
contribution of the individual disease from that of the treatment used. In a recent

WJG

https://www.wjgnet.com

3302

July 14, 2019

Volume 25

Issue 26

Sagnelli C et al. HBV reactivation in hemo-lymphoproliferative diseases

study of 1962 patients with hematological malignancies in Taiwan, the authors noted
similar incidences of HBV reactivation among patients with various types of
hematological cancer[74].
Lymphoma is the most common underlying disease favoring HBV reactivation[75],
possibly because HBsAg-negative patients with non-Hodgkin lymphoma (NHL)
frequently present a direct HBV infection of lymphocytes, chronic antigenic
stimulation and associated B-cell proliferation. Onco-hematological patients
undergoing immunosuppression with aggressive chemotherapy or HBV reactivation[51].
In fact, the risk of reactivation is estimated at around 10%-50% for HBsAg-positive
patients undergoing chemotherapy [76,77] , while different percentages have been
reported in HBsAg negative/anti-HBc positive patients and in inactive HBV carriers,
from 2% to 41.5% [68,78-82] , Consequently, it is mandatory to identify the hematooncological patients at risk of reactivation who need antiviral treatment, either in
prophylaxis or as pre-emptive therapy. In fact, various guidelines[51,76,83], controlled
clinical trials[84,85] and meta-analyses[86,87] have shown that in patients undergoing
cancer chemotherapy, nucleo(t)side analogs reduce the incidence of HBV reactivation
and the frequency of associated hepatitis and death for liver failure[88].
Allogeneic autologous HSCT is another eventuality characterized by a high risk for
HBV reactivation. Published data are still limited, but a study on 32 HBsAg-positive
patients with NHL undergoing high-dose chemotherapy and autologous HSCT
reported a symptomatic acute exacerbation in 50% of cases[89]. In patients with occult
HBV infection the risk could be lower, because in allogeneic HSCT, donor vaccination
including that against HBV can result in the transfer of immunity against infectious
antigens, thus reducing the risk of HBV reactivation[90]. Finally, the development of
graft-vs-host disease significantly increases the risk of HBV reactivation due to the
immunosuppression therapy administered and to the delay in the reconstitution of
the immune system[91].

Immunosuppressive regimens
The risk of HBV reactivation has been graded in relation to the different
immunosuppressive treatments as follows: (1) High risk: Greater than 10%
reactivation (rituximab and other anti-CD20-directed monoclonal antibodies;
doxorubicin and other drugs of systemic cancer chemotherapy); (2) Moderate risk:
Between 1%-10% (imatinib, ibrutinib and other tyrosine kinase inhibitors;
corticosteroids at a daily dose of ≥ 20 mg for ≥ 4 wk); (3) Low risk: Less than 1%
(azathioprine, methotrexate and other traditional immunosuppressive agents;
corticosteroids for ≤ 4 wk).

RISK FACTORS FOR HBV REACTIVATION IN DIFFERENT
IMMUNOSUPPRESSIVE REGIMENS
Cancer chemotherapy
A study on patients with lymphoma treated with different chemotherapy regimens
reported HBV reactivation in 48% of 27 HBsAg-positive patients and in 4% of 51
HBsAg-negative/anti-HBc-positive[82]. It has also been reported that this reactivation
occurred more frequently in patients receiving anthracycline-derived
chemotherapeutic drugs, such as doxorubicin and epirubicin, than in those treated
with other chemo-therapy regimens[92].

Corticosteroids
The evidence that corticosteroids may enhance HBV replication was first reported by
Sagnelli et al[93] in 1980 and subsequently confirmed in several other investigations.
More recently a glucocorticoid-responsive-transcription regulatory element has been
identified in HBV genome which, up-regulated by corticosteroids, may induce
increased viral replication and a direct suppressive effect on cytotoxic T cells involved
in HBV control[94]. Corticosteroids are often associated with other chemotherapy
agents in patients with hemato-oncologic disorders, with an additive deleterious
effect. To better understand the role of corticosteroids in such associations, 50 NHL
patients with HBsAg-positive underwent chemotherapy regimens had an higher
incidence of HBV acute exacerbation than patients treed with with corticosteroid[95].

Monoclonal antibodies
Treatment of onco-hematologic diseases with monoclonal antibodies in patients with
overt or occult HBV infection is associated with the risk of viral reactivation, which
may induce severe or fatal hepatic failure[96]. This risk is particularly high when
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HBsAg-positive patients are treated with anti CD20 antibodies, such as rituximab,
ofatumumab and obinutuzumab, commonly used to treat B-cell malignancies due to
the effective elimination of B cells from blood, lymphatic system and bone marrow,
which may induce HBV reactivation in 16.9% of treated cases with rituximab[97].
Patients with occult HBV infection have a lesser risk of HBV reactivation, which
occurs in about 8% of cases[98]. In this context, subjects with occult HBV infection
positive with anti-HBc and anti-HBs show a reduced risk of HBV reactivation, due to
a protective role of anti-HBs[99]. HBV-reactivation occurring more than two years after
the use of rituximab.
Alemtuzumab, a monoclonal antibody against CD52 used for refractory chronic
lymphocytic leukemia (CLL) caused reverse HBsAg seroconversion and symptomatic
reactivation in patients with occult HBV infection[100]. This event was observed even
for newer monoclonal antibodies, namely mogamulizumab, a treatment for T-cell
lymphoma, and brentuximab vedotin, used to treat Hodgkin’s lymphoma[101,102]. Also
Daratumumab, a monoclonal antibody against CD38, over-expressed in B-cell
hematologic malignancies, may have the same potential effect, but no reports have
emerged to date to this regard

New drugs
Attention should be paid to the risk of HBV reactivation in the new treatment
regimens for multiple myeloma and CLL, since published data on the topic are scanty.
Tyrosine kinase inhibitors such as imatinib and nilotinib are used for effective
immunosuppressive action, which, however, implies the possibility of HBV
reactivation[103].
Idelalisib (PI3K tyrosine kinase inhibitor), brutinib (bruton tyrosine kinase
inhibitor) used to treat CLL and certain NHLs, have been found to be responsible for
cases of HBV reactivation. Similar observations have been made for ruxolitinib
(inhibitor of Janus-activated kinases-JAK) used to treat myelofibrosism, and for
bortezomib (proteasome inhibitor) in multiple myeloma[104,105].
Venetoclax, a small molecule inhibitor of BCL-2 used in refractory cases of CLL
may have a potential risk of HBV reactivation, but no case has been signaled to date.
The same consideration also applies to azacitidine and decitabine, hypomethylating
agents used to treat acute myeloid leukemia.
It has also been suggested that treatment of cancer with antibody immune
checkpoint inhibitors (anti-CTLA4 tremelumab and ipilimumab; anti-PD-L1:
Nivolumab and pembrolizumab; PD-L1: durvalumab, atezolizumab and avelumab) is
a risk factor for HBV reactivation, to be prevented by anti-HBV prophylaxis[67,106-109].

MANAGEMENT OF HBV REACTIVATION IN AN ONCOHEMATOLOGICAL SETTING
Nucleo(t)side analogues should be administered to all patients with a high/moderate
risk of HBV reactivation undergoing immunosuppressive therapy, as therapy to the
HBsAg-positive (regardless of HBV DNA levels) and as prophylaxis to HBsAgnegative and anti-HBc-positive cases[51,88]. The risk of HBV reactivation is associated
with HBV serological status (HBsAg positivity or HBsAg negativity and anti-HBc
positivity with/without anti-HBs positivity) and with the immunosuppression level
obtained with the drug administered (Table 1).
As in clinical practice, patients with HBsAg-positivity and serum HBV DNA ≥ 2000
IU/ml and increased ALT serum values (active carriers) should start long-term
antiviral therapy with NAs, namely ETV, TDF or TAF, according to international
guidelines[67,107]. Inactive HBsAg carriers with HBV DNA < 2000 IU/mL, normal ALT
and AST and no sign of liver cirrhosis are at risk of HBV reactivation under
immunosuppressive therapy and should receive a prophylaxis with ETV, TDF or
TAF, drugs with a high genetic barrier to resistance. Although effective for the
prevention of HBV reactivation, lamivudine is not indicated in the last two settings
mentioned because of its low genetic barrier to viral resistance and to a residual risk
of HBV reactivation in approximately 10% of cases treated[51].
In fact, Huang et al[108], in a randomized controlled trial, comparing the efficacy of
ETV versus LAM in prophylaxis the reactivation of HBV infection in diffuse large Bcell lymphoma patients with HBsAg-positivity undergone R-CHOP chemotherapy
(rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone) observed that
ETV is more effective than LAM, reducing the risk of HBV reactivation (6.6% vs 30%),
HBV-related hepatitis (0% vs 13.3%), and chemotherapy discontinuation (1.6% vs
18.3%).
While there is agreement in the literature on the fact that all HBsAg-positive
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Table 1 Incidence of hepatitis B virus replication in hemo-lymphoproliferative diseases and related management, according to hepatitis
B virus markers and type of immunosuppressive regimens
Incidence of HBVr in the absence of HBV
prophylaxis
Drug classes

Drugs

Monoclonal antibody

Rituximab

Management of HBVr

HBsAg-positive (%)

HBsAgnegative/HBcAbpositive (%)

HBsAg- positive

HBsAgnegative/HBcAbpositive

High: 30-60

High: > 10

ETV

LMV

Ofatumumab

TDF

Obinutuzumab

TAF

Alemtuzumab
Anthracycline
chemotherapy

Doxorubicin

High: 15-30

Tyrosine kinase
inhibitors

Imatinib, Nilotinib

Moderate: 1-10

Epirubicin
Daunorubicin

ETV

LMV

TDF
TAF
Moderate: 1-10

Moderate: 1-10

Dasatinib

ETV

LMV

TDF

Bosutinib
Ponatinib
Proteasome inhibitors

TAF

Bortezomib

Moderate: 1-10

Moderate: 1-10

Carfilzomib

LMV

TDF

Ixazomib
Inhibitors of cytokine

ETV

TAF

Mogamulizumab

Moderate: 1-10

Moderate: 1-10

ETV

LMV

TDF
TAF
Corticosteroids

High/moderate dose of
prednisone

High: > 10

Moderate: 1-10

ETV

LMV

TDF
TAF

HBV: Hepatitis B virus; HBVr: Hepatitis B virus replication; HbsAg: Hepatitis B surface antigen; HbcAb: Hepatitis B core antibodies; ETV: Entecavir; TDF:
Tenofovir; TAF: Tenofovir alafenamide; LMV: Lamivudine.

patients undergoing immunosuppressive therapy should be assigned to pharmacologic therapy or prophylaxis, in the case of HBsAg-negative/hepatitis B core
antibodies-positive patients two strategies have been adopted to prevent HBV
reactivation: prophylaxis or pre-emptive antiviral therapy. Also, the international
guidelines are divided on the type of management for these latter patients (Figure 1).
For example, for rituximab-based therapy, routine prophylactic antiviral therapy is
recommended by several guidelines[51,107,109,110]. However, it is advisable for HBsAgnegative/anti-HBc-positive patients with HBV-DNA levels detectable before starting
immunosuppressive therapy to use the same prophylactic regimen (with ETV, TDF or
TAF) adopted for HBsAg-positive patients[111]. Lamivudine may be used only for
antiviral prophylaxis in non-viremic patients with resolved HBV infection[112]. In fact, a
meta-analysis of five randomized controlled trials comparing lamivudine prophylaxis
to the pre-emptive strategy (treatment at the beginning of viral reactivation)[80,84,85,97,113-115] showed that antiviral prophylaxis is more effective. Thus, the preemptive strategy could be used only in cases at a very low risk of HBV reactivation,
and, consequently, it should not be used in an onco-hematologic setting, where
patients are treated with combination chemotherapies conferring a high risk of HBV
reactivation.
It is commonly accepted that an antiviral regimen should be started 2-3 wk before
immunosuppressive treatment and that it should last throughout the whole
immunosuppressive treatment and, thereafter, throughout the whole prophylaxis;
periodical controls including physical examination, serum liver enzymes, HBsAg and
HBV DNA should be performed at a 3-monthly interval[116].
The correct duration of pharmacological prophylaxis remains controversial. Of
course, antiviral therapy should not be discontinued in patients with chronic hepatitis
B or cirrhosis, regardless of the duration of chemotherapy. In inactive carriers,
antiviral prophylaxis should cover the entire period of immunosuppressive treatment
and an additional period of 12-18 mo after the discontinuation of the immuno-
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Figure 1

Figure 1 Management of hepatitis B virus reactivation. A: Management of hepatitis B virus (HBV) reactivation in
hepatitis B surface antigen (HBsAg) positive patients with HBV DNA < 2000 UI/mL and normal alanine
aminotransferase (ALT); B: Management of HBV reactivation in HBsAg negative/hepatitis B core antibodies positive
patients. 1HBsAg, HBV DNA and ALT determination at a 3-mo interval; 2In patients treated with rituximab or other
cell-depleting agents, the anti-HBV prophylaxis should be continued for up to 2 years after the last dose of drug. HBV:
Hepatitis B virus; HBVr: Hepatitis B virus replication; HbsAg: Hepatitis B surface antigen; HbcAb: Hepatitis B core
antibodies; ETV: Entecavir; TDF: Tenofovir; TAF: Tenofovir alafenamide; LMV: Lamivudine; ALT: Alanine
aminotransferase.

suppressive regimen, to be extended to 24 mo if chemotherapy had included
rituximab or other anti-CD20 antibodies[51]. The rationale for this extension is that
immune recovery may be delayed due to deep immunodepression exerted by
rituximab or its analogues[67,117]. In fact, Yamada et al[118] described a case of HBV
reactivation emerging over the third year after the discontinuation of R-CHOP
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therapy; in this case HBV-DNA monitoring had been stopped 18 months after
chemotherapy was discontinued. The same authors also reviewed the literature data
on the topic and concluded that an advanced age, lymphoid malignancies, multiple
courses of rituximab-containing therapies were all common features in cases of late
reactivation.
In patients with resolved HBV infection, lamivudine prophylaxis should cover the
entire period of immunosuppressive treatment and, thereafter, an additional period of
18-24 mo as delayed episodes of HBV reactivation have been reported[51,76,119]. In fact,
Marrone et al [119] described HBV reactivation in 3 (4%) of 68 patients with oncohematological disease (two with CLL and one with Waldenstrom’s disease) occurring
1-7 mo after discontinuation of lamivudine prophylaxis that had covered the whole
period of immunosuppressive treatment and a subsequent 18 mo after.
Particular attention should be paid to the recipients of HSCT, a condition involving
much deeper immunological suppression, for whom the duration of antiviral therapy
has not yet been established. In these cases, HBV reactivation occurred years after the
transplant, as in the anecdotal case of a patient who was anti-HBs-positive at baseline
and had HBV reactivation 4 years after transplantation[120]. For this special population
the duration of a long-term antiviral therapy has not yet been established by the
international guidelines and, in the meantime, lifelong treatment may be wiser[116].
Overall, the most suitable duration of monitoring for early identification of HBV
reactivation after antiviral withdrawal remains partially undefined, depending on
several factors, among which the degree of immunosuppression that predominates.
Therefore, it is prudent that this decision be reserved for skilled clinicians who will
use international guidelines, results from specialized literature and clinical and
laboratory data obtained during the entire period of observation.

CONCLUSION
Reactivation of HBV replication has a negative impact on the clinical course of
patients with hemo-lymphoproliferative malignancies, because of its significant
morbidity and its potential to induce a worse prognosis, or even a fatality. However,
no shared effective solution has been decided worldwide to date, nor has a uniform
standard of screening, treatment or prevention been established. Given the efficacy of
nucle(t)side analogues against HBV, administered as treatment or prophylaxis is
reported for the patients at risk. All patients should be evaueted for serum HBsAg,
anti-HBc antibody, HBV DNA and liver enzymes before any immunosuppressive
therapy is initiated. In recent years, national and international guidelines have
recommended HBV screening before starting chemotherapy. The risk posed by
individual treatment regimens should be carefully assessed to establish the need for
antiviral prophylaxis or treatment and the duration of antiviral drug administration.
For the patients identified as requiring antiviral treatment or prophylaxis, anti HBV
nucleoside/nucleotide analogues with a high genetic barrier to viral resistance is
recommended, especially for those at a high risk of HBV reactivation and when longterm immunosuppressive treatment is planned.
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Abstract
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with
surgically altered anatomy must be performed by a highly experienced
endoscopist. The challenges are accessing the afferent limb in different types of
reconstruction, cannulating a papilla with a reverse orientation, and performing
therapeutic interventions with uncommon endoscopic accessories. The
development of endoscopic techniques has led to higher success rates in this
group of patients. Device-assisted ERCP is the endoscopic procedure of choice for
high success rates in short-limb reconstruction; however, these success rate is
lower in long-limb reconstruction. ERCP assisted by endoscopic ultrasonography
is now popular because it can be performed independent of the limb length;
however, it must be performed by a highly experienced and skilled endoscopist.
Stent deployment and small stone removal can be performed immediately after
ERCP assisted by endoscopic ultrasonography, but the second session is needed
for other difficult procedures such as cholangioscopy-guided electrohydraulic
lithotripsy. Laparoscopic-assisted ERCP has an almost 100% success rate in longlimb reconstruction because of the use of a conventional side-view
duodenoscope, which is compatible with standard accessories. This requires
cooperation between the surgeon and endoscopist and is suitable in urgent
situations requiring concomitant cholecystectomy. This review focuses on the
advantages, disadvantages, and outcomes of various procedures that are suitable
in different situations and reconstruction types. Emerging new techniques and
their outcomes are also discussed.
Key words: : Endoscopic retrograde cholangiopancreatography; Surgically altered
anatomy; Endoscopic retrograde cholangiopancreatography in Billroth II; Endoscopic
retrograde cholangiopancreatography post-Whipple; Endoscopic ultrasonography-guided
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Core tip: Endoscopic retrograde cholangiopancreatography (ERCP) in patients with
surgically altered anatomy is really challenging and requires a well-experienced
endoscopist. Understanding the type of surgery, length of the afferent limb, type of
endoscope used with choice of proper approach (peroral or transgastric), and compatible
ERCP accessories with various endoscopic types are the keys to success. A conventional
endoscope and device-assisted enteroscope-assisted ERCP are recommend for short-limb
reconstruction with/without a native papilla, while device-assisted enteroscope-assisted
ERCP, ERCP assisted by endoscopic ultrasonography, and especially laparoscopicERCP are highly recommended for long-limb reconstruction, such as Roux-en-Y gastric
bypass with concomitant cholecystectomy.
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World J Gastroenterol 2019; 25(26): 3313-3333
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with surgically
altered anatomy is challenging because of the availability of many alternative
techniques with good outcome for different types of reconstruction and the relatively
small number of cases. A standard technique, however, has not been established. All
available procedures require a surgeon with extensive experience performing ERCP in
patients with normal anatomy to increase the technical and clinical success rates in
patients with altered anatomy. The three main challenges in performing these
procedures are how to access the afferent limb and reach the ampulla or
biliopancreatoenteric anastomosis in different types of altered anatomy, how to
cannulate the bile duct or pancreatic duct in the new anatomical orientation after
surgery, and how to perform diagnostic and therapeutic interventions. The optimal
endoscopic technique for accessing the afferent limb and reaching the biliopancreatoenteric anastomosis depends on the postoperative reconstruction type;
therefore, a review of the operative records is the first step. The challenges associated
with this step include limited endoscopic maneuverability caused by the angulation of
the anastomosis, difficult identification of the entrance of the afferent limb,
determination of how to correct endoscopic looping, and management of postoperative adhesion. Successful cannulation depends on access to the papilla,
availability of endoscopic accessories, adequate expertise of the endoscopist, and
effective papillary and therapeutic interventions. In this review, we discuss the
advantages, disadvantages, and outcomes of procedures that are suitable in different
situations and for different reconstruction types. We also discuss emerging new
techniques and their outcomes.

First step: Knowledge of reconstruction types for surgically altered anatomy
An understanding of the different types of postoperative reconstruction anatomy is
important to determine the easiest way to access the afferent limb and reach the target
(native papilla or biliopancreatoenteric anastomosis), choose the most appropriate
endoscopic technique, and prevent postoperative complications, which trend to be
higher than normal anatomy. Common postoperative reconstruction procedures are
shown in Figures 1-5. One of the two major types of reconstruction is short afferent
limb reconstruction with or without an intact papilla, in which the distance from the
anastomosis to the native papilla or anastomosis is usually ≤ 50 cm. The success rate
of access to the afferent limb is high even when performed with a conventional
duodenoscope, gastroscope, pediatric colonoscope, or device-assisted enteroscope
(DAE). Therefore, the major challenge lies in cannulation. The second major type of
reconstruction is long afferent limb reconstruction, in which the afferent limb length
may reach > 100, > 150, or even > 200 cm. This type of reconstruction is preserved for
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bariatric surgery to exclude the passage of food. The major challenge in this type of
reconstruction is accessing the afferent limb and reaching the papilla, which has a low
success rate when using a conventional endoscope.
Short afferent limb reconstruction with intact major papilla: Esophagectomy with
gastric pull-up (Billroth I gastrectomy) does not involve substantial alteration of the
afferent limb length; thus, ERCP can be performed with a conventional side-view
duodenoscope. However, cannulation may be difficult because the anatomy is too
straight and short, resulting in a very close space between the scope and papilla.
Billroth II gastrectomy is a common procedure for treatment of gastric cancer and
ulcer perforation. Various types of reconstruction can be performed, as shown in
Figure 1. Each reconstruction technique involves a different length of and entry site
for the afferent limb. In the antiperistaltic type, the afferent limb entry site is located
near the lesser curvature (Figure 1A). In the isoperistaltic type, the entry site is located
near the greater curvature (Figure 1B). The length of the afferent limb is
approximately 30-40 cm in both techniques. In retrocolic reconstruction, however, the
afferent limb is shorter than that in antecolic reconstruction, in which the afferent limb
is approximately 50-80 cm (Figure 1C and D). Roux-en-Y reconstruction involves a
long afferent limb of approximately 40-80 cm (Figure 1E). Braun anastomosis is a
modified operation to reduce bile reflux into the stomach, but it provides a more
confusing endoscopic view of the entry site to access the afferent limb (Figure 1F).
Short afferent limb reconstructions with bilio-pancreatoenteric anastomosis:
Pancreaticoduodenectomy (Whipple’s operation) also has various reconstruction
techniques (Figure 2). In the endoscopic view, the afferent limb entry site is commonly
located at the 10 o’clock position relative to the gastrojejunostomy or duodenojejunostomy anastomosis. For Braun anastomosis (Figure 2C), the endoscopic
view can involve either two-limb entry (side-to-end) or three-limb entry (side-to-side),
depending on the type of anastomosis. To identify the correct afferent limb, the
surgeon should follow the bile-containing limb, the scar at the anastomosis, or the
direction of peristalsis or go straight to the middle entrance in Braun anastomosis[1].
Long afferent limb reconstructions with or without major papilla: In bariatric
surgery, Roux-en-Y gastric bypass (RYGB) involves a long afferent limb of > 100, >
150, or even > 200 cm (Figure 3A). Such patients are at risk of developing biliary
complications from postoperative formation of gallstones due to rapid weight loss
with low incidence of these complications (7%-8%)[2]. The therapeutic success rate of
peroral endoscopic ERCP is very low (59%) using either a pediatric colonoscope or
device-assisted ERCP because of adhesion formation, angulation of the jejunojejunal
anastomosis, and figure-eight looping of the scope [3,4] . New and challenging
techniques in the performance of ERCP are endoscopic ultrasonography (EUS)guided biliary drainage (EUS-BD) and laparoscopic-assisted transgastric ERCP (LAERCP), which have high success rates of 80%-100%[5-7].
Liver transplantation in adults is usually performed in duct-to-duct or Roux-en-Y
hepaticojejunostomy reconstruction with an intact stomach. No special caution is
required in duct-to-duct reconstruction because no stomach or small bowel resection
is performed; however, Roux-en-Y reconstruction involves a long afferent limb, as in
RYGB (Figure 3B).
To insert the endoscope faster and more accurately in patients after a reconstruction, one must understand the post-surgery anatomy very well.

Second step: Selection of optimal endoscope type for different types of reconstruction anatomy
Conventional duodenoscope, gastroscope, or colonoscope: The length of the afferent
limb is important in selection of the endoscope. In Billroth II reconstruction with a
short afferent limb, intubation is successfully achieved in most cases (62.5%-100%)
with a conventional side-view duodenoscope or forward-view gastroscope with or
without cap-fitting to fix the bowel wall; these should be the first-choice endoscopes
(Table 1). The route of intubation to reach the entry site into the afferent limb differs
depending on the reconstruction technique, as previously described. A higher
perforation rate is associated with use of a duodenoscope because of limited
visualization, difficulty controlling the scope, and the need to apply more pressure to
overcome looping. In contrast, while the forward-view endoscope provides better
visualization, cannulation is difficult due to the tangential view to the papilla. In one
study, the success rate increased from 88.6%-92.5% by use of a cap fitted at the tip of
the scope[8]. As shown in Table 2, Wang et al[8] and Bove et al[9] reported that the main
reasons for intubation failure caused by the afferent limb are extension of the limb too
far beyond the scope and the sharp angulation of the afferent limb. The success rate of
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Figure 1

Figure 1 Billroth II gastrectomy and variations of reconstruction. A: Antiperistaltic type. The entry of the afferent limb is located near the lesser curvature; B:
Isoperistaltic type. The entry site is located near the greater curvature; C: Retrocolic reconstruction. The afferent limb is shorter than that in antecolic reconstruction; D:
Antecolic reconstruction. The afferent limb is significantly longer than that in retrocolic reconstruction; E: Roux-en-Y reconstruction involves the longest limb among all
Billroth II gastrectomy techniques; F: Braun jejunojejunostomy anastomosis creates a confusing endoscopic view to reach the afferent limb.

gastroscopy, duodenoscopy, and colonoscopy for intubation is 84.6%, 62.5%, and
93.5%, respectively. Shah et al[10] reported a high success rate of deeper insertion by
changing the patient’s position to the left lateral decubitus or supine position. In
Billroth II reconstruction without Braun anastomosis, the papilla can be reached in >
80% of cases by conventional duodenoscopy or gastroscopy. In Billroth II reconstruction with Braun anastomosis, however, the success rate ranges from 29%-90%,
and the failure rate is increased[1,11]. Using a conventional duodenoscope, the scope to
the entry site should be at the middle entrance of the Braun anastomosis[1]. For Rouxen-Y reconstruction, entering the afferent limb of the Y anastomosis is much more
difficult because of the longer afferent limb length, sharper angulation, and more
severe adhesion.
The most common indications for ERCP after Whipple’s operation are elimination
of common bile duct (CBD) stones and resolution of anastomotic strictures[12]. Hence,
the DAE is more frequently used. Moreover, the endoscopist should have a high level
of experience in manipulating the scope to overcome the adhesions and angulation of
the anastomosis and thus reach the afferent limb. Wu et al [13] reported a 90.5%
intubation success rate using a duodenoscope with retrieval balloon-assisted
enterography, which is more complicated than use of a DAE.
Device-assisted endoscopy (DAE): A double-balloon enteroscope (DBE), singleballoon enteroscope (SBE), and rotational or spiral enteroscope (SE) can increase
ERCP success rate in patients with surgically altered anatomy depending on
reconstruction type, limb length, en-doscopist’s familiarity, and available therapeutic
accessories.
DAE-assisted ERCP provides satisfactory outcomes with an intubation success rate
of 40%-100% (Tables 2-4). Table 5 compares the characteristics of each type of scope.
The main objective of the balloon is to pleat the small bowel into the overtube and
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Figure 2

Figure 2 Various reconstructions of pancreaticoduodenectomy (Whipple’s procedure). A: Conventional
Whipple’s procedure; The afferent limb is near the lesser curve; B: Pylorus-preserving pancreaticoduodenectomy; C:
Braun anastomosis may create a confusing endoscopic view.

stabilize the scope. DBE-assisted ERCP is characterized by a long and short type
comprising two separate inflatable balloons at the tip of the scope and overtube. The
DBE can advance deeper into the small bowel by alternating inflation-deflation and
reduction-advancement of the endoscope and overtube. The advantages are deeper
insertion to the papilla (even in Roux-en-Y reconstruction and RYGB) and overcoming
the sharp angulation because of the balloon at the tip, forward-view visualization, and
scope stability provided by the overtube. The limitations are formation of looping
because of the long length, which can soften the scope shaft; restriction of
maneuverability by adhesions; limitation of orientation relative to the papilla; and
lack of an elevator, making cannulation more difficult than with a conventional sideview duodenoscope. A long DBE has a 200 cm working length, which is not
compatible with commercial ERCP accessories. Thus, a short DBE was developed, but
the use of standard accessories for therapeutic intervention is still limited (e.g.,
metallic and plastic stents limited to ≤ 7 Fr) because of the 2.8-mm working channel. A
short DBE with a 3.2-mm channel is now available in Japan. The overall success rate
of DBE with various reconstruction types ranges from 70%-100% (Table 2). The short
DBE insertion success rate in Billroth II gastrectomy is 90%-100% (Table 2). No reports
have described the use of a long DBE in Billroth II reconstruction because a
conventional endoscope can be successfully used in most cases (Table 1). The
exceptions are Roux-en-Y and Braun anastomosis of Billroth II reconstruction, in
which the longer afferent limb requires use of a DAE. The most successful afferent
limb intubation by a DBE is achieved in Billroth II reconstruction (100%), then
Whipple’s procedure and total gastrectomy (95%-100%), and finally hepaticojejunostomy (80%-100%) (Table 2). The lowest success is achieved in RYGB and
after liver transplantation (80%-90%). A few reports have compared long- and shorttype DBEs, Itoi et al[14] reported a significant difference in the mean time to reach the
papilla between long and short DBEs (64.8 ± 24.7 and 29.0 ± 19.2 min, respectively).
After a long DBE has reached the ampulla, the endoscopist must change to a
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Figure 3

Figure 3 Other types of reconstruction. A: Roux-en-Y gastric bypass; B: Hepaticojejunostomy in liver transplant,
pancreaticobiliary maljunction, or bile duct cancer.

significant difference in the insertion success rate between a long and short DBE, but
insertion tended to be easier with a short DBE because of better maneuverability,
application of more pressure during insertion, and greater compatibility with
therapeutic accessories.
The SBE has a single inflatable balloon at the tip of the overtube, and the hookshaped tip makes it easier to pass the sharply angulated anastomosis. The principle of
SBE is an alternating cycle of advancement-reduction of the scope to pleat the small
bowel into the overtube and achieve deeper insertion. The success and complication
rates of SBE-ERCP are shown in Table 3. The overall success rate of SBE is 80%-100%
(long, 80%-100%; short, 85%-100%). Use of a long SBE seems to be more successful in
Roux-en-Y reconstruction and RYGB because of the insufficient length of the short
SBE; however, Iwai et al[16] reported a higher success rate with a short than long SBE in
Roux-en-Y reconstruction (92% and 84%, respectively) and no significant difference in
reaching the blind end, the mean time to reaching the blind end, diagnostic success
rate, therapeutic success rate, or complication rate between long and short SBEs.
A few published articles compared long and short SBEs, but no significant
difference in the insertion success rate was found between the two endoscopes[17,18].
The disadvantages of the long SBE are the long length of the scope, which is
incompatible with conventional ERCP accessories. The 2.8-mm working channel also
limits therapeutic intervention accessories. The short SBE is more convenient because
of its easier maneuverability and its 152 cm length, which is compatible with many
ERCP accessories. It larger working channel (3.2 mm) allows for use of small metallic
and plastic stents, conventional wire-guided devices, and the water jet function,
which is very useful to maintain the operative field and manage bleeding. The newest
second-generation short SBE has a passive bending section that allows for deeper and
smoother advancement; thus, the short SBE may be the first choice for ERCP in
patients with altered anatomy. Additionally, a few studies have shown no significant
difference in the success and complication rates between the DBE and SBE. De Koning
et al[18] reported an overall ERCP success rate of 73% for DBE and 75% for SBE, with no
significant difference. Katanuma and Isayama [15] also reported no significant
difference between DBE and SBE insertion success rates in Billroth II reconstruction;
however, the DBE tended to have a lower success rate in hepaticojejunostomy but a
higher success rate in Roux-en-Y reconstruction compared with the SBE (94.7% and
85.1%, respectively). This because the SBE has a slightly softer overtube system that
makes insertion into the deeper part slightly more difficult; additionally, most
endoscopists are more familiar with the DBE than SBE. Abu Dayyeh[19] also noted no
significant difference in the mean procedure time between the two endoscopes, but
the SBE was more cost-effective and less technically demanding.
The SE is characterized by a rotating overtube for gripping and pleating the small
bowel onto the endoscope and advancing the scope into the lumen. Clockwise
advancement of the rotating overtube is performed while the scope is pushed in for
deeper insertion. The spiral overtube provides straighter and more stable
manipulation, but this stiffness may cause difficult insertion and complications in
cases of severe adhesion. The overall success rate of afferent limb intubation varies
widely (40%-90%) because few studies have been published (Table 4). DBE- and SBEassisted ERCP are more popular than SE-assisted ERCP because of greater familiarity
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Figure 4

Figure 4 Technique to identify afferent limb. A: Intraluminal indigo carmine injection; B: CO2 insufflation guidance.

in manipulating the scope; thus, the SE is the second choice for RYGB or Roux-en-Y
reconstruction. Lennon et al[20] reported a low diagnostic success rate of only 40.0%
and 48.3% for the SE and SBE, respectively, but a high therapeutic yield of 87.5% for
the SE only in intubated cases and 100% for the SBE with no statistical difference in
Roux-en-Y reconstruction (Table 4). Ali et al[21] performed a large single-center study
of SE-assisted ERCP in RYGB and long-limb Roux-en-Y reconstruction. The overall
success rate of reaching the papilla was 86%, and the median procedure time was 189
min, but the procedures were performed by highly experienced endoscopists in a
tertiary center hospital. Zouhairi et al[22] and Wagh et al[23] also reported a high SE
access rate of any type of reconstruction of 76.2% and 77.0%, respectively. Clearly, SEassisted ERCP is feasible and safe, especially in RYGB and Roux-en-Y reconstruction,
despite the fact that the success rate seems to be lower than that of the DBE and SBE.
DBE, SBE, and SE are compared in Table 6. In a large United States multicenter
study, Shah et al[10] reported 74%, 69%, and 72% rates of successful access to the papilla
or biliopancreatic anastomosis using a DBE, SBE, and SE, respectively, in long-limb
Roux-en-Y reconstruction; no significant difference was found among the three
endoscopes. The reasons for failure were sharp angulation and an inability to identify
the afferent limb from the jejunojejunostomy anastomosis; these reasons did not
depend on the scope type. Skinner et al[24] also compared the DBE, SBE, and SE success
rates in various reconstructions and found the highest success rate in Billroth II
reconstruction (96%) and the lowest in RYGB (80%) of any type endoscope used.
The multibending backward-oblique-viewing duodenoscope (M-D scope) and the
multibending forward-viewing endoscope (M-scope) both have two bending parts to
upward of distal and downward of proximal shaft to create a swan neck shape of the
distal tips to facilitate an en face position of the papilla, which is beneficial for
cannulation. Imazu et al[25] reported that the first M-D scope created a “look-up” view
to the papilla while stabilizing the proper distance between the scope and papilla.
This benefit is clear in Billroth I reconstruction, which involves a straight anatomy and
close proximity to the papilla. The first-generation M-D scope is difficult to insert
because of the insufficient stiffness of the scope shaft; thus, the second-generation MD scope was developed to increase the shaft stiffness, resulting in a high overall
success rate of 100%[26]. The M-D scope helps to correct the papilla position by the
swan neck tip shape with an overall success rate of 100%[27]. Koo et al[26] proposed that
the advantage of the M-scope for Billroth II reconstruction is that the papilla is more
easily reached due to the forward view, and the success rate of papilla cannulation
with a side-view endoscope with swan neck tip was 92.9%. Thus, the major advantage
of the M-D scope and M-scope is obtained in cases of difficult cannulation; access to
the afferent limb may be similar to other forward-view endoscopes. However, the MD scope and M-scope are not adequate for Roux-en-Y reconstruction or pediatric
patients because of their short length and poor maneuverability.
Short type SBE is very convenient and easier to control because short type does not
cause much looping on insertion. It is also compatible with basic commerciallyavailable ERCP equipment that are important for treatment procedures.
Adjunctive technique to facilitate insertion into correct direction of afferent limb:
Many adjunctive techniques have been developed to enhance the success rate of
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Table 1 Success rates of conventional duodenoscope and forward-view endoscope in Billroth II operation

Ref.

Endoscope type

Operation type

Success rate of
afferent loop
intubation, %

Success rate of
cannulation, %

Complication rate, %

Jang et al[44]

Conventional side-view
duodenoscope

Billroth II

100

100

0

Bove et al[9]

Conventional side-view
duodenoscope

Billroth II

86.7

93.8

2.7

Cicek et al[11]

Conventional side-view
duodenoscope

Billroth II

86.4

88.2

10.2

Wu et al[13]

Conventional side-view
duodenoscope

Billroth II

90.5

88.6

12.5

Kim and Kim[67]

Conventional side-view
duodenoscope

Billroth II

100

100

4

Park et al[68]

Conventional side-view
duodenoscope

Billroth II

86.8

92.3

3.6

Wang et al[8]

Conventional side-view
duodenoscope

Billroth II

62.5

100

10.3

Forward-view
gastroscope Standard
colonoscope

Billroth II

84.6

81.8

Billroth II

93.5

91.2

Cap-fitted forward-view Billroth II
gastroscope/ without
cap

92.5/88.6

91.1

3

Park et al[38]

Cap-fitted forward-view Billroth II
gastroscope

100

100

10

Lin et al[69]

Forward-view
gastroscope

76.8

81.4

0

Billroth II

DBE: Double balloon enteroscope; RYGB: Roux-en-Y gastric bypass.

intubation into the afferent limb and reach the papilla or bilioenteric or pancreatoenteric anastomosis with various endoscope types. The afferent limb can be
recognized by the bile-containing limb and antiperistalsis motility. The Roux-en-Y
anastomosis can be identified by scar tissue and must be crossed to enter the correct
limb, and an adjunctive technique should be added to increase the insertability[16,28,29].
Yano et al[28] reported an 80% success rate of identifying the afferent limb in Roux-en-Y
reconstruction by intraluminal indigo carmine injection in the second part of the
duodenum (Figure 4A). Peristalsis moves the dye to the efferent limb, and slight
reflux into the afferent limb allows for identification of the afferent limb. The roux
limb usually has a sharp angulation, making a side-view duodenoscope difficult to
use; a forward-view enteroscope is more beneficial. The bilioenteric anastomosis is
always seen before the pancreatoenteric anastomosis, which is located 10 cm ahead[3].
Iwai et al [16] reported the usefulness of CO 2 insufflation at the anastomosis if
radiographs confirm the scope position in the correct afferent limb and blind end
expansion in the right upper quadrant. (Figure 4B) In our experience, CO2 insufflation
is the easiest and quickest way to assess whether we are in the correct limb.

Third step: Cannulation to native papilla or biliopancreatoenteric anastomosis
Improved endoscope insertion is a major factor of the 90%-100% success rate; if
insertion to the afferent limb is successful, the cannulation is always successful (Tables
1-4). Kato et al[30] reported a similar cannulation success rate of 60%-100% among all
reconstruction types which is as same as normal anatomy patients. However,
questions remain regarding how the native papilla or biliopancreatoenteric
anastomosis can be identified and cannulated. The position of the native papilla in
surgically altered anatomy differs greatly from that in the normal anatomy.
Cannulation success rates in patients with a native papilla are lower than those in
patients with a biliopancreatic anastomosis because of the sphincter muscle. Knowing
the position of the working channel in the endoscopic view of each endoscope type is
important to rotate the papilla into the proper en face view position; if the papilla
cannot be adjusted to the proper view, cannulation may be difficult. Native papilla
cannulation in Billroth II reconstruction is much more difficult because the papilla is
in the reverse orientation; the forward-view endoscope thus shows a tangential,
oblique, and inverted papilla. The use of a catheter oriented straight out from the
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Table 2 Success rate of long and short double-balloon enteroscope-assisted endoscopic retrograde cholangiopancreatography in
surgical altered anatomy

Ref.

Endoscope type

Operation type

Successful of
afferent loop
intubation, %

Successful of
cannulation, %

Complication, %

Shah et al[10]

Long DBE

Overall

71

88

NA

RYGB

87

67

NA

non-RYGB

58

58

NA

Roux-en-Y
reconstruction

75

NA

NA

Hepaticojejunostomy

80

NA

NA

Billroth II

100

NA

NA

Roux-en-Y
reconstruction

97.1

NA

NA

Hepaticojejunostomy

87.5

NA

NA

Billroth II

100

NA

NA

Whipple

95.7

NA

NA

Liver transplantation

88.9

NA

NA

Overall

97

98

5

Billroth II

100

100

NA

Total gastrectomy

95

96

NA

Whipple

100

100

NA

Katanuma et al[15]

Long DBE

Short DBE

Shimatani et al[70]

Short DBE

Cheng et al[71]

DBE

Billroth II

95

87

6.5

Osoegawa et al[35]

Short DBE

Overall

96

89

3.5

Billroth II

95

89

NA

Roux-en-Y
reconstruction

96

88

NA

Whipple

100

100

NA

[24]

Skinner et al

Long DBE

RYGB

82

NA

NA

Siddiqui et al[72]

Short DBE

Overall

81

90

8.8

RYGB

82

91

NA

Billroth II

100

100

NA

Whipple

95

84

NA

Hepaticojejunostomy

100

100

NA

Overall

97.7

96.4

10.6

Roux-en-Y
reconstruction

97

97

NA

Whipple

100

98

NA

Billroth II

96.2

100

NA

Hepaticojejunostomy

100

NA

7

Shimatani et al[73]

[49]

Mizukawa et al

Short DBE

Short DBE

DBE: Double balloon enteroscope; RYGB: Roux-en-Y gastric bypass.

working channel is better. Ishii et al[31] reported a J-turn technique that advanced the
scope into the inferior duodenal angle, moving it to a retroflex position to facilitate
cannulation in Roux-en-Y reconstruction with a short distance from the papilla in the
tangential direction; however, caution is needed because of the risk of perforation.
Okabe et al[32] proposed that a softer single-lumen catheter is suitable for the native
papilla, while a stiffer double-/triple-lumen catheter is suitable for anastomosis
cannulation because of the larger opening.
Other catheters, such as the sphincterotome, Soehendra Billroth II sphincterotome,
and rotating-tip catheters, are used when the axis of the bile duct does not allow a
straight catheter to fit. For a long DBE and long SBE, a prototype catheter, standard
long catheter, or endoscopic nasobiliary drainage (ENBD) tube can be used for
cannulation. The biliopancreatoenteric anastomosis is usually easy to identify and
cannulate except in patients with scarring stenosis. This can be located by intermittent
bile flow from the opening, but it may be more difficult to identify the pinhole-like
anastomosis is cases of stenosis. Thus, administration of contrast media followed by
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Table 3 Success rates of long and short single-balloon enteroscope-assisted endoscopic retrograde cholangiopancreatography in
surgically altered anatomy
Success rate of
afferent
loopIntubation, %

Success rate of
cannulation, %

Complication rate, %

RYGB,
hepaticojejunostomy,
and Whipple

80.9

61.7

6.5

Long SBE

RYGB,
hepaticojejunostomy,
and Whipple

87.5

78.57

NA

Long SBE

Total and distal
72.7
gastrectomy with Roux87.5
en-Y reconstruction

85.7

2.4

RYGB

73

59

Non-RYGB

65

61

Long SBE

Overall

100

88

0

Abu Dayyeh et al

Long SBE

Overall

80.9

69.4

NA

Lee et al[78]

Long SBE

Long-limb Roux-en-Y
reconstruction

69

60

NA

Itokawa et al[17]

Long SBE and short SBE Hepaticojejunostomy

1.6

Ref.

Endoscope type

Operation type

Inamdar et al[74]

Long and short SBE

Trindade et al[75]

Obana et al[76]

Short SBE
Shah et al[10]

Long SBE

Kurzynske et al[77]
[19]

71.4

92.9

100

Whipple

82.4

96

12

Wang et al[40]

Long SBE

Billroth II,
hepaticojejunostomy,
Whipple, and Roux-enY reconstruction

92.3

90

12.5

Kawamura et al[79]

Long SBE

Roux-en-Y gastrectomy

91.7

58.3

2.2

Iwai et al[16]

Short SBE

Billroth II

90

89

0

Roux-en-Y
reconstruction

92

88

11.5

Billroth II

88

86

14.3

Roux-en-Y gastrectomy

91

90

21.1

Hepaticojejunostomy

100

100

0

Overall

92.6

81.8

12

Billroth II

100

95

NA

Whipple

97.5

75.9

NA

Roux-en-Y gastrectomy

95.6

88.9

NA

Hepaticojejunostomy

81.4

79.7

NA

Yamauchi et al[80]

Yane et al[81]

Short SBE

Short SBE

SBE: Single balloon enteroscope; RYGB: Roux-en-Y gastric bypass.

fluoroscopy can identify the anastomosis in about 67% of cases[33], and CO2 inflation
can identify the anastomosis by the presence of aerobilia on radiography.
In cases of severe stricture, Tsutsumi et al[33] reported successful use of a Soehendra
stent retriever for dilating the strictured anastomosis in two patients. Wang et al[8]
proposed the endoscopic exchange technique when cannulation by a forward-view
endoscope failed. After reaching the papilla, a guidewire was placed in the afferent
limb, the forward-view endoscope was then removed, and the side-view
duodenoscope was advanced over the guidewire. Itoi et al[34] also reported exchange to
a side-view duodenoscope while leaving the overtube in place with a 77% clinical
success rate. Although cannulation in native papillae seems to be more difficult,
Osoegawa et al[35] reported no significant difference in the cannulation rate among
Roux-en-Y total gastrectomy, Billroth II reconstruction, and the Whipple procedure
when a DAE reached the blind end. Skinner et al [24] also reported no significant
difference in the cannulation rate for native papillae and biliopancreatoenteric
anastomosis (90% and 92%, respectively) or among the DBE, SBE, and SE (85%, 87%
and 90%, respectively).
In another study, although a significantly higher cannulation rate was observed
when using the side-view duodenoscope than the forward-view endoscope (87% and
68%, respectively), the perforation rate was lower with the forward-view
endoscope[36]. In cases of difficult or failed cannulation, a rendezvous technique after
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Table 4 Success rates of spiral enteroscope-assisted endoscopic retrograde cholangiopancreatography in surgically altered anatomy
Success rate of afferent
loop intubation, %

Success rate of
cannulation, %

Complication rate, %

RYGB and other Roux-en-Y
reconstruction

40

87.5

3.5

Ali et al[21]

RYGB and other Roux-en-Y
reconstruction

86

100

0

Zouhairi et al[22]

RYGB, Billroth II, and
hepaticojejunostomy

76.2

81.3

23.8

Shah[82]

RYGB, hepaticojejunostomy,
Whipple, and postgastrectomy

88

79

12.4

Wagh et al[23]

RYGB, Whipple, Billroth II,
and hepaticojejunostomy

77

67

0

Ref.

Operation type

Lennon et al[20]

RYGB: Roux-en-Y gastric bypass.

percutaneous transhepatic biliary drainage (PTBD), which requires a dilated
intrahepatic duct, can facilitate the cannulation. If the intrahepatic duct is not dilated,
safe performance of the percutaneous transgallbladder rendezvous technique can be
challenging[29,37]. Application of a cap at the tip of the forward-view endoscope (capfitted tip) can decrease endoscope slippage from the bowel wall during reduction of
looping by mucosal suction, ensuring adequate visibility when insertion is estimated
to be 2 mm from the bowel wall, stabilizing the scope, and maintaining a proper
distance between the scope and papilla to facilitate successful cannulation [38] . If
insertion is still difficult due to looping or a long scope length, passing a biopsy
forceps or guidewire into the endoscope channel can increase the stiffness and
decrease the floppiness of the scope, thereby facilitating successful insertion[39]. Wang
et al[40] reported that passage of a long guidewire or long retrieval balloon into the
afferent limb can facilitate scope insertion with an overall therapeutic success rate of
90%.
Cannulation with a forward-view endoscope is more difficult than side-view but if
you can rotate the papilla to the en face view with the endoscope working channel it
will be easier. For example, a short type SBE working channel is located at 7 o’clock,
so you have to position the ampulla at 7 o’clock.

Fourth step: Papillary intervention
Papillary intervention is important and performed prior to stone extraction or other
therapeutic procedures. A common technique is endoscopic sphincterotomy (EST),
but in cases of surgically altered anatomy, it is difficult to keep the EST knife in the
proper direction and control limit size of cutting because of the reverse position of the
papilla, difficult scope maneuverability, and improper accessories. Many techniques
can facilitate easier EST, such as use of an S-shaped sphincterotome, rotatable
sphincterotome, push-type sphincterotome, and needle-knife sphincterotomy (either
free-hand or over a biliary stent). The DBE working channel is located at the 6 to 7
o’clock position, and the papilla needs to be brought to the 6 o’clock position for safe
fixation. Conversely, the SBE working channel is located at 8 to 9 o’clock, making it
more difficult to fix the papilla; additionally, the cutting should be directed toward 5o’clock. If EST is too high-risk, endoscopic papillary balloon dilatation is the first
option because of its low risk of bleeding and perforation. This technique is suitable
for small and multiple CBD stones because of the small balloon diameter (6-8 mm)[41].
For large and multiple CBD stones, endoscopic papillary large balloon dilatation
(EPLBD) (diameter, 12-18 mm) has a satisfactory success rate even when not
combined with EST, and there is no significant difference in post-ERCP pancreatitis.
The main reason for performing EPLBD is to avoid additional therapeutic procedures
for stone extraction. The stone clearance rate by EPLBD alone is high (Table 7); thus,
EPLBD alone and EST plus EPLBD both have a higher therapeutic success rate than
EST alone. Teoh et al[42] reported equal efficacy for removal of bile duct stones between
EST alone and EST followed by EPLBD, which decreased the bleeding and perforation
rates in the EPLBD group. In their systematic review, Kim et al[43] found that the
overall success rate was 96.5% in EST with EPLBD and 97.2% in EPLBD alone with no
significant difference. EPLBD alone is effective and safe for stone removal after
Billroth II reconstruction with a first-session success rate of 92.5%[44]. EPLBD can be
used alone for papillary intervention to decrease EST-related complications such as
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Table 5 Characteristics of enteroscope types used for endoscopic retrograde cholangiopancreatography
Long DBE

Long DBE

Long SBE

Short DBE

Short SBE

Short DBE

EN-450T5, 2004

EN-580T, 2013

SIF-Q260, 2007

EI-530B, 2011

SIF-H290S, 2017

EN-530T, 2016

View of direction

Forward

Forward

Forward

Forward

Forward

Forward

Working length in mm

2000

2000

2000

1520

1520

1520

Total length in mm

2300

2300

2305

1820

1840

1820

Working channel diameter in mm

2.8

3.2

2.8

2.8

3.2

3.2

Outer diameter in mm

9.4

9.4

9.2

9.4

9.2

9.4

Angle of view

140º

140º

120º

140º

120º

140º

Water jet channel

No

No

No

No

Yes

No

Passive bending part

No

No

No

No

Yes

No

Scope type, release year

DBE: Double balloon enteroscope; SBE: Single balloon enteroscope.

bleeding and perforation, but caution is still needed because of possible post-ERCP
pancreatitis.
Laser lithotripsy, electrohydraulic lithotripsy under direct cholangioscopy, and
extracorporeal shockwave lithotripsy can be used to remove difficult stones.
Yamauchi et al[45] reported successful peroral direct cholangioscopy (PDCS) using a
short SBE with a free-hand technique, guidewire, and large balloon anchoring and
deflation in Roux-en-Y anastomosis for difficult-to-treat bile duct stones. Bile duct
insertion by large balloon anchoring and deflation is very useful with a bile duct
diameter of > 12 mm to prevent bile duct laceration or perforation. PDCS can improve
the complete stone clearance rate from 90.1%-97.6% in the transpapillary approach
and from 77.3%-100% in the transanastomotic approach without severe complications[46]. Matsumoto et al[46] reported an 85.7% success rate of stone removal by
PDCS with replacement of the DBE by an ultraslim endoscope and leaving the balloon
overtube in place during hepaticojejunostomy anastomosis without serious
complications. The detection rate of residual stones by PDCS was 41.7%. Thus, PDCS
can achieve complete stone clearance and reduce the stone recurrence rate. Air
embolism, which might be fatal, can be avoided by using CO2 insufflation during the
procedure.
One study of the treatment of stones in hepaticojejunostomy between percutaneous
transhepatic cholangioscopy (PTCS) and PDCS using a short DBE showed that the 1-,
2-, and 3-year stone-free rates were 100%, 73%, and 64% for PTCS and 85%, 65%, and
59% for PDCS, respectively; however, PDCS had a lower adverse event rate (10% vs
45% in PTCS) [47] . PDCS has a lower infection rate and less hemobilia, biloma
formation, and pain; additionally, the incidence of pancreatitis is very low (0.0%8.3%). PTCS is a more difficult technique because of the anatomy of the hepatic
confluence and contraindications in patients with ascites and coagulopathy.
The rate of postoperative bilioenteric anastomosis stricture can reach 12.5% at 2
years[48], and the rate of hepaticojejunostomy anastomosis stenosis can reach 3%-4% at
2.3-4.1 years after conventional pancreaticoduodenectomy or pylorus-preserving
pancreaticoduodenectomy [ 3 1 ] Endoscopic balloon dilatation for this benign
anastomosis stricture is an important and challenging procedure. Mizukawa et al[49]
reported that the 1-, 2-, and 3-year cumulative anastomosis patency rates after
endoscopic balloon dilatation (6-8 mm) by a short DBE were 73%, 55%, and 49%,
respectively, which do not represent a good outcome despite a high technical success
rate (100%); however, it is difficult to predict which patients will develop a recurrent
stenosis. Tsutsumi et al[33] also reported successful dilation of severe bilioenteric
anastomosis stricture by a 7-Fr Soehendra stent retriever over the guidewire by a
short DBE. The Soehendra stent retriever can dilate severe and tight strictures over the
guidewire, and a dilation catheter can subsequently pass and achieve sufficient
dilation. Kamei et al [48] reported treatment of hepaticojejunostomy anastomosis
stricture following living-donor liver transplantation by balloon dilatation with a
DBE, and the success rate was 78%. Compared to percutaneous dilatation and stent
placement, the success rate was 72%-80%, which is similar to endoscopic treatment
and a highly effective short-term outcome. For pancreaticojejunostomy anastomosis
following Whipple’s operation, pancreatitis usually occurs if a stenosis is present.
Transient edema can occur after dilation but can be corrected by applying a 5- to 10-Fr
pancreatic duct stent.
Endoscopic treatment of malignant biliary obstruction in patients with surgically
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Table 6 Success rates of double balloon enteroscope, single balloon enteroscope, and spiral enteroscope in surgically altered anatomy
Ref.

Operation type

DBE

SBE

SE

Overall

P value

Shah et al[10]

RYGB, hepaticojejunostomy, post-gastrectomy and Whipple

74%

69%

72%

71%

0.722

Skinner et al[24]

RYGB, Whipple, hepaticojejunostomy and Billroth II

89%

82%

72%

74%

NA

Lennon et al[20]

Roux-en-Y reconstruction

NA

100%

87.5%

93.8%

1

Long-limb surgical bypass

74%

69%

72%

71%

0.887

[83]

Shah et al

DBE: Double balloon enteroscope; SBE: Single balloon enteroscope; SE: Spiral enteroscope; RYGB: Roux-en-Y gastric bypass.

altered anatomy is much more difficult. Yamauchi et al[50] reported a 100% technical
success rate and 92% functional success rate with placement of an 8.5-Fr uncovered
self-expandable metal stent (SEMS) for malignant biliary obstruction in altered
anatomy by a short SBE, and the median time to recurrence of obstruction was 247
days. Comparison of the patency of metallic stent types showed that recurrent
obstruction was longer in covered metallic stents[51]. Direct cholangioscopy has an
important role in clinical investigation, and tissue biopsy of intraductal biliary
carcinoma by DBE was reportedly successful after choledochojejunostomy[52]. Lenze et
al[52] compared the rate of treatment failure between malignant obstruction and benign
stricture in patients with altered anatomy by an SBE and found that malignant biliary
obstruction had a significantly higher failure rate than benign stricture (84.2% and
14.2%, respectively). Cases of failure can be successfully treated by PTCS and surgical
intervention. Thus, malignant obstruction can be successfully treated by endoscopic
SEMS placement with effective short-term outcomes and a longer time to recurrence
of obstruction using covered type SEMS[50,53].
EST plus EPLBD has a stone clearance rate and less complications, such as
perforation or bleeding, and this intervention is not much more difficult to perform
once you can cannulate the bile duct. PDCS is useful in cases with difficult-to-treat
bile duct stones because it can detect retained stones in real time. However, this
procedure requires advanced endoscopy skills.
Recently advanced techniques for ERCP in surgically altered anatomy: The difficulty of performing ERCP in altered anatomy, especially with a very long limb as in
RYGB and Roux-enY reconstruction, has resulted in the adaptation and development
of many endoscopic and surgical techniques. Failed cases of DAE-assisted ERCP are
treated by PTBD, which has a high risk of skin infection, pain, difficult home care,
decreased quality of life, and impaired enterohepatic bile circulation. Many
publications have described EUS-guided ERCP, endoscopic gastropexy or
gastrostomy ERCP, and LA-ERCP (Figure 5)[54-57].
Three main access techniques are used in EUS-guided biliary-pancreatic ERCP or
interventions in patients with altered anatomy: the EUS-guided rendezvous
technique, EUS-guided anterograde drainage, and EUS-guided transmural drainage.
Good outcomes are attained by experienced surgeons in high-volume centers[54].
Because a high level of technical experience is required, EUS-guided ERCP should be
reserved for patients with long (> 100 cm) or very long (> 150 cm) limbs for which
conventional or DAE-assisted ERCP has failed. The anterograde or rendezvous
technique may be initiated in patients with bile duct stones and failed cannulation to
the native papilla or a strictured biliopancreatoenteric anastomosis. Table 8 summarizes the efficacy of EUS-guided ERCP and shows a high technical success rate of
75%-100% and high clinical success rate of 70%-100% with a complication rate of 10%20%, but the complications can be managed conservatively.
Ngamruengphong et al[55] reported EUS-guided creation of a transgastric fistula
from the gastric pouch or jejunum to the excluded stomach in RYGB followed by use
of lumen-apposing metal stents (LAMSs). A conventional duodenoscope could then
be advanced perorally via this stent. After successful ERCP, the stent was removed
and the fistula was closed by over-the-scope clips or endoscopic suturing. A point of
caution in this technique is the risk of perforation due to stent dislodgment into the
abdominal wall and patency of the transgastric fistula with weight regain. The
authors reported technical and clinical success rates of 100%, and the fistula closed in
92% of cases by endoscopic procedures without weight regain. LAMS dislodgement
occurred in two patients and was managed by stent repositioning.
Hosmer et al [57] also reported a 100% technical success rate of EUS-guided
hepaticogastrostomy (EUS-HGS) with antegrade clearance of bile duct stones in Rouxen-Y reconstruction, which is more suitable when urgent drainage is needed because
of a single session, with no risk of stent dislodgment and no risk of patent fistula
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Table 7 Success rates of stone removal in Billroth II reconstruction in different ampullary interventions
Ref.

Number of
patients

Ampullary
intervention

First session
success rate, %

Overall success
rate, %

Complication

Park et al[38]

10

Cap-fitted forwardview endoscope

EST

30

100

0

Kim et al[41]

9

Side-view
endoscope

EST + EPLBD

55.5

89

0

Choi et al[84]

26

End-view and sideview endoscope

EST + EPLBD

76.9

100

0

Itoi et al[85]

11

End-view endoscope EST + EPLBD

100

100

0

[86]

13

Cap-fitted forwardview endoscope

EPBD

66.6

100

23

77

DBE

EPLBD

75

100

4

40

Side-view
endoscope

EPLBD

92.5

100

15

Lee et al

Cheng et al[71]
[44]

Jang et al

Endoscope used

EST: Endoscopic sphincterotomy; EPLBD: Endoscopic papillary large balloon dilatation.

induced by weight regain. A retrospective review from four academic centers
reported a 72% clinical success rate of EUS-guided antegrade bile duct stone removal
in patients with altered anatomy; failure was due to insufficient bile duct dilatation.
This EUS-guided antegrade procedure can be performed in the same session, while
PTBD must be performed in two sessions by a radiologist and endoscopist[58]. EUSguided antegrade removal of bile duct stones seems to be the first option for small bile
duct stones, while DAE-assisted ERCP should be used for large bile duct stones if
possible. Compared with the EUS-rendezvous technique, this may be easier and faster
because the endoscope does not need to pass the long afferent limb for papillary
intervention. Iwashita et al[58] suggested that puncture from segment 2 allows for
easier manipulation of the guidewire and pushing of the balloon to treat bile duct
stones because the segment 2 route to the ampulla is relatively straighter than the
segment 3 route. However, the segment 2 route causes transesophageal puncture,
which might introduce bile leakage into the thorax. Segment 3 puncture may
therefore be safer despite the fact that the guidewire passage is slightly more difficult.
EUS-HGS can resolve a benign bilioenteric anastomosis stricture with antegrade
dilatation of the anastomosis with technical and clinical success rates of 100% but a
dilatation success rate of only 57% because of failure to pass the guidewire through
the strictured part. However, the clinical success rate can be increased to 100% by
persistent hepaticogastrostomy [59] . This EUS-HGS dilatation is suitable when
transpapillary access is impossible.
In malignant obstruction, EUS-guided transmural drainage is preferred because the
procedure can be repeated with a conventional endoscope. Iwashita et al[60] reported a
95% clinical and technical success rate of EUS-guided antegrade biliary stenting by an
uncovered metal stent for malignant obstruction in surgically altered anatomy with a
20% rate of adverse events that could be resolved by conservative management.
Surgical bypass and EUS-guided drainage for malignant distal biliary obstruction
show no differences in technical success, clinical success, quality of life, or survival[54].
Khashab et al[61] found that EUS-BD had a significantly higher technical success rate
than DAE-assisted ERCP in patients with surgically altered upper gastrointestinal
anatomy (98.0% and 65.3%, respectively). Clinical success was significantly higher in
EUS-BD than ERCP (88.0% and 59.1%, respectively). EUS-BD was not dependent on
the length of the surgical limb and allowed placement of larger metallic stents than
DAE-assisted ERCP.
An international multicenter study compared EUS-guided gastrogastrostomyassisted ERCP with LAMSs and enteroscopy-assisted ERCP in RYGB and found that
the technical success rate was superior in EUS-guided gastrogastrostomy-assisted
ERCP (100% vs 60%) with similar adverse event rates[62]. In a rare report of pancreatic
duct drainage (PDD) by EUS, Chen et al [63] found that EUS-guided PDD had a
significantly higher technical success rate than ERP after Whipple’s operation (92.5%
and 20.0%, respectively). Although EUS-PDD had a higher adverse event rate than
ERP (35.0% and 2.9%, respectively), all complications were successfully managed
conservatively. Another proposed EUS technique is EUS-guided gastropexy, which
has the advantages of a single procedural session and no need to wait for maturation
of the gastrostomy or fistula because of performance of gastropexy. This technique
may be suitable for urgent situations[64].
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Figure 5

Figure 5 Endoscopic EUS-guided ERCP and laparoscopic-assisted ERCP in Roux-en-Y gastric bypass. A: EUS-guided transgastric fistula by luminal-apposing
metallic stents; B: EUS-guided jejunogastrostomy stent with conventional ERCP; C: EUS-directed transgastric ERCP for Roux-en-Y reconstruction; D: EUS-guided
sutured gastropexy for transgastric ERCP; E: Laparoscopic-assisted ERCP. ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Ultrasonography.

The EUS-HGS is a rescue procedure when you cannot access the papilla by other
techniques, but it requires advance endoscopic skill. Puncturing on intrahepatic bile
duct in segment 3 is safer compared to segment 2 because the working area is far from
the esophagus and the thoracic cavity, but the down side is the difficulty in passing
the guide wire due to the angulation.
LA-ERCP has important roles in long-limb reconstruction (> 150 or > 200 cm) or
failed DAE-assisted ERCP and EUS-guided ERCP. The LA-ERCP procedure starts by
placing standard laparoscopic ports in three to four locations and connecting a
hanging suture from the anterior wall of the greater curvature to the abdominal wall,
then creating a gastrostomy between this suture. A 15- to 18-mm port is placed in the
gastronomy site, and ERCP is performed by a conventional side-view duodenoscope
via this port. After completion of the procedure, the port is removed and the defect is
closed by a suture or stapler (Figure 5E). LA-ERCP is the first choice in patients with
long limbs who require concomitant cholecystectomy in some institutions because
standard RYGB does not include concomitant cholecystectomy in all cases due to the
low incidence (only 7%-8%) of gallstone symptoms from postoperative rapid weight
loss[2]. Table 9 shows that the laparoscopic and endoscopic procedure in LA-ERCP has
a high success rate of 90%-100%, while the laparoscopic complication rate (e.g., port
size infection and hernia) widely ranges from 1%-20%, and the endoscopic
complication rate (e.g., bleeding and pancreatitis) ranges from 1%-8%. Schreiner et al[3]
reported that LA-ERCP had a higher papilla identification rate, cannulation rate, and
therapeutic success rate when compared with DAE-assisted ERCP (100% vs 72%,
100% vs 59%, and 100% vs 59%, respectively) because a limb length of > 150 cm is
associated with a high failure rate of DAE-assisted ERCP. Thus, LA-ERCP is suitable
in cases involving concomitant cholecystectomy, urgency, long-limb reconstruction,
and failure of other ERCP techniques.
Limitations of LA-ERCP include the need for coordination among the surgeons,
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Table 8 Efficacy of endoscopic ultrasonography-guided endoscopic retrograde cholangiopancreatography in surgically altered anatomy
Ref.

Method

Patients, n

One- or two- stage Technical success Clinical success
ERCP
rate, %
rate, %

Complication rate,
%

Bukhari et al[62]

EUS-GG-ERCP
(LAMS)

30

One 26.7%

EUS-guided HGS

9

Iwashita et al

EUS-AG for BDS

Iwashita et al[60]

EUS-guided
antegrade stent

Khashab et al[61]

Hosmer et al[57]
[58]

[56]

Imai et al

100

100

10

One

100

NA

11

29

One

79

72

17

20

Two

95

95

20

EUS-guided BD

49

Two

98

88

20

EUS-guided HGS

42

Two

97.6

90.2

NA

Two 73.3%

Endoscopic ultrasonography-guided biliary drainage included the rendezvous technique, direct transmural ostomy formation (hepatogastrostomy,
hepatoduodenostomy, hepatojejunostomy), and antegrade stenting. HGS: Hepatogastrostomy; EUS: Endoscopic ultrasonography; ERCP: Endoscopic
retrograde cholangiopancreatography; EUS-BD: Endoscopic ultrasonography-guided biliary drainage; LAMS: Lumen-apposing metal stent.

anesthesiologists, and operative room and the high risk of operative complications. As
shown in Table 9, however, this is a highly successful procedure with few complications that can be managed conservatively. In this laparoscopic technique, the
endoscope is more difficult to manipulate via the port because the shaft is outside the
patient. Hence, the laparoscopic port in gastrostomy should be inserted pointing
toward the pylorus[65]. Gastrostomy closure after ERCP is not complicated; sutures or
surgical staples can be used without leakage. Unplanned events and complications
such as bleeding and incomplete stone removal require repeating LA-ERCP without
retaining the previous gastrostomy tube, making the procedure much more difficult
because of adhesions from the previous operation.
Transgastric ERCP in RYGB involves the performance of ERCP by a conventional
side-view duodenoscope through the gastrostomy tract. The access route to the
excluded stomach may involve percutaneous, endoscopic, or surgical (laparoscopic or
open) placement of the gastrostomy. Banerjee et al[66] reported a 100% gastric access
rate and 98.5% duct cannulation rate with a 14.0% adverse event rate compared with a
60%-70% success rate of DAE-assisted ERCP. This can be performed in one or two
stages by waiting for gastrostomy tract maturation and upsizing for 4 to 6 wk to avoid
perforation, bleeding, or dislodgment of the gastrostomy tube. Therefore, this
technique is suitable in patients with large stones requiring a large sphincterotomy or
additional intervention through a conventional duodenoscope, while DAE-assisted
ERCP requires only a single stage and can be advantageous in more urgent cases.
Table 10 summarizes the efficacy of ERCP methods, including DAE-assisted, EUSguide biliary access, and LA-ERCP, in patients with surgically altered anatomy to
help endoscopists decide method of choice.

CONCLUSION
ERCP in patients with surgically altered anatomy requires high technical expertise
and familiarity with the endoscope. An understanding of the type of surgery, length
of the afferent limb, type of endoscope used with choice of proper approach (peroral
or transgastric), and compatible ERCP accessories with various endoscopic types are
the keys to success. A conventional endoscope and DAE-assisted ERCP are
recommended for short-limb reconstruction with/without a native papilla, while
DAE-assisted ERCP, EUS-guided ERCP, and especially LA-ERCP are highly
recommended for long-limb reconstruction, such as RYGB with concomitant
cholecystectomy.
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Table 9 Outcome of laparoscopic-assisted endoscopic retrograde cholangiopancreatography in patients undergoing Roux-en-Y gastric
bypass

Ref.

Patients, n

Laparoscopic Endoscopic Simultaneous
One- or twosuccess rate, success rate, cholecystecstage ERCP
%
%
tomy, %

Median
Laparoscopic Endoscopic
hospital stay complication complication
in d
rate, %
rate, %

Habenichts
Yancey et al[7]

16

100

94

31

One

3.7

0

7.6

Snauwaert et
al[2]

23

91.3

100

56.5

One

2.8

0

0

Paranandi et
al[65]

7

100

100

0

One

2

1

1

579

98

98

21

One

2

10

7

Abbas et al[6]
[3]

Schreiner et al

24

100

100

0

One

1.67

8.3

NA

Bowman et al[5] 11

100

100

0

One

3.4

18.2

0

Saleem et al[54]

100

100

0

One

2

0

0

15

ERCP: Endoscopic retrograde cholangiopancreatography.

Table 10 Summarized efficacy of endoscopic retrograde cholangiopancreatography methods in surgically altered anatomy
DAE-assisted ERCP

EUS-guided biliary access

Laparoscopic-assisted ERCP

Cholangiography success rate

70%-90%

95%-100%

95%-100%

Invasiveness

Minimal

Moderate

High

Skill requirement

Moderate

High

Moderate Cooperate with surgeon

Complication rate

0%-20%

10%-20%

0%-10%

Small stones

Easy

Easy

Easy

Large stones

Easy

Fair

Easy

Malignant stenosis drainage

Fair

Easy

Fair

Bile duct stone removal

DAE: Device-assisted enteroscope; EUS: Endoscopic ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography.
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Abstract
Choledochal cysts (CCs) are rare bile duct dilatations, intra-and/or extrahepatic,
and have higher prevalence in the Asian population compared to Western
populations. Most of the current literature on CC disease originates from Asia
where these entities are most prevalent. They are thought to arise from an
anomalous pancreaticobiliary junction, which are congenital anomalies between
pancreatic and bile ducts. Some similarities in presentation between Eastern and
Western patients exist such as female predominance, however, contemporary
studies suggest that Asian patients may be more symptomatic on presentation.
Even though CC disease presents with an increased malignant risk reported to be
more than 10% after the second decade of life in Asian patients, this risk may be
overstated in Western populations. Despite this difference in cancer risk,
management guidelines for all patients with CC are based predominantly on
observations reported from Asia where it is recommended that all CCs should be
excised out of concern for the presence or development of biliary tract cancer.
Key words: Choledochal cyst; Cholangiocarcinoma; Asian populations; Western
populations; Anomalous pancreaticobiliary junction
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Choledochal cysts (CCs) are rare, predominantly occurring in Asian
populations. While current global guidelines for their management are based on studies
on Asian populations, there may be relevant differences between Western and Asian
populations. For example, the risk of malignancy in Western populations may be lower
than that reported in Asian populations. Although studies on CC disease in Western
populations have been conducted, further evidence is still needed to properly elucidate
this disease in the West and design appropriate clinical guidelines. Continued efforts in
this regard are paramount, especially with the evolving field of hepatobiliary surgery that
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INTRODUCTION
Choledochal cysts (CCs), congenital dilatations of the biliary tree that may be either
extrahepatic and/or intrahepatic, are uncommon with an incidence that ranges from 1
in 100000-150000 live births in Western populations, to 1 in 1000 in some Asian
populations[1-7]. Most of what is known about CCs comes from Asia[2,6,8-10], although
there have been a few large Western cohorts reported[2,6,11-13]. Some clinicians postulate
that CC disease in the West is different from CC disease in the East and different
management strategies should be employed. Therefore, we present an overview of
CC disease in the West and East noting the similarities and differences in
presentation, diagnosis, and management.

ETIOLOGY AND PATHOPHYSIOLOGY
CCs are typically classified according to the Todani classification, modified from the
Alonso-Lej classification[14-16]. This classification outlines five types of CCs: Type I, the
most common, described as a solitary extrahepatic cyst; type II is an extrahepatic
supraduodenal diverticulum; type III CC is an intraduodenal cyst, which is
sometimes referred to as a choledochocele; type IV is comprised of both extrahepatic
and intrahepatic cysts; and type V, comprised of multiple intrahepatic cysts, and often
referred to as Caroli’s disease[5,16] (Figure 1A-E and Table 1). In both Eastern and
Western populations, type I CCs have been noted to be most common, ranging from
65%-84% in Eastern cohorts and 67%-73% in Western cohorts. Type IV CCs are the
next most common with 6%-30% in the East compared to 18%-19% in Western cohorts
(Table 2).
The similar distribution in CC types between Eastern and Western cohorts is likely
related to the similar etiology of CCs. Babbitt’s theory is the most commonly proposed
theory and states that CCs result from an anomalous pancreaticobiliary junction
(APBJ) where the pancreatic duct and the bile duct connect 1-2 cm proximal to the
sphincter of Oddi[3,4,17-22]. The clinical entity of APBJ has become widely accepted to be
etiologic in the pathogenesis of biliary carcinogenesis in patients with CC[8,11,23-25].
There are several proposed classifications for APBJ, but one common classification is
the simplified Komi’s classification, so-called Association Française de Chirurgie
classification that includes three subtypes: Type I (C–P type), type II (P–C type), and
type III (complex type) with ‘‘anse-de-seau’’ (Figure 2A-C)[22].
The long common channel associated with APBJ facilitates reflux of pancreatic juice
into the biliary tree, causing increased pressure and possible proteolysis within the
CBD culminating in ductal dilation[4,26]. High amylase levels have been noted in CC
bile, adding evidence to this theory[27]. This reflux of pancreatic juices also leads to
biliary tree inflammation, epithelial breakdown, mucosal dysplasia, and, potentially,
malignancy[21,27]. Furthermore, it has been suggested that the inflammation and bile
duct breakdown are exacerbated by high trypsinogen and phospholipase A2 levels in
bile of patients with CCs[28]. However, some authors have questioned this theory
because an APBJ is found in only 50%-80% cases of CCs, there is no pancreatic juice
reflux in antenatally detected CCs, and neonatal acini do not secrete sufficient
pancreatic enzymes[29]. Animal studies suggest that obstruction of the distal CBD may
contribute to the development of CCs, particularly sphincter of Oddi dysfunction,
which also causes pancreatic juice reflux into the biliary system[30]. Kusunoki et al[31]
proposed a pure congenital theory in which fewer ganglion cells are seen in distal
CBD in patients with CCs resulting in proximal dilation in the same manner as
achalasia of the esophagus or Hirschsprung’s disease[1,31].
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Table 1 Classification of choledochal cysts according to the Todani classification
Todani classification
Type I

Solitary extrahepatic cyst

Type II

Extrahepatic supraduodenal diverticulum

Type III

Intraduodenal cyst

Type IV

Both extrahepatic and intrahepatic cysts

Type V

Multiple intrahepatic cysts

CLINICAL PRESENTATION AND DIAGNOSIS
The demographics and clinical presentation of CC are similar between Eastern and
Western populations, especially the female to male preponderance, ranging from 4:1
to 3:1[1,2,6]. Most CCs are diagnosed in children, although about 25% are discovered in
adults[1]. In adults, the presentation is usually nonspecific and vague, with nonspecific abdominal pain being the most common symptom[1], but when the symptoms
are more specific, they are typically acute biliary tract and/or pancreatic in nature[2].
While some patients present with the classic triad of symptoms, abdominal pain,
palpable abdominal mass, and jaundice, it is observed in only 25% of adults, although
85% of children have at least two features of this classic triad[4,6,32]. Furthermore, recent
literature suggests increased rates of CC disease in adults[2,7]. While the trend in
common presentation symptoms may be similar between the East and West, the
literature suggests that associated biliary conditions such as cholecystitis, cholangitis,
and choledocholithiasis may be more prevalent in Eastern patients on presentation[24,25]
(Table 2). Indeed, further investigation is necessary to delineate if this is a true
difference between the two populations.
CC disease can be diagnosed using imaging modalities such as ultrasound,
computed tomography (CT), magnetic resonance cholangiopancreatography (MRCP),
endoscopic retrograde cholangiopancreatography (ERCP), and endoscopic
ultrasonography, with MRCP and ERCP considered the diagnostic methods of
choice[6]. MRCP has been reported to have a 90%-100% sensitivity for detecting CCs[33].
However, MRCP has a much lower sensitivity for delineating the pancreatic duct and
common pancreaticobiliary channel of only 46%, which is lower when compared with
CT cholangiopancreatography which has a reported sensitivity of 64%[33]. With recent
advances in cross-sectional imaging, more asymptomatic cases are being discovered
incidentally[2,6]. Though current practice on imaging and diagnosis is similar across
continents, Asian patients are marginally more symptomatic on presentation; 88%91% of Asian patients present with symptoms compared to 72%-85% of Western
patients. Various reasons may account for this including potential difference in the
use of imaging modalities in clinical practice between the East and West, such as
difference in CC disease presentation or selection bias in various studies.

MALIGNANT RISK
CC disease is associated with various complications including obstructive jaundice,
symptomatic choledocholithiasis, pancreatitis, cholangitis, spontaneous cyst rupture,
secondary biliary cirrhosis, and cholangiocarcinoma[1]. Of particular concern is the
increased risk of malignancy[6,18,34,35], which varies from 2.5% to 17.5%, with some
reports as high as 21%[13,36-39]. Malignant risk in Western cohorts is likely overstated;
the risk of malignancy may be higher in Eastern cohorts compared to Western
cohorts, particularly in adults (Table 2). This high malignant risk in Asian cohorts has
been the main driver for the current approach to CC disease management.
The risk of malignancy increases with age, reported to be lowest in the first decade
of life at 0.7% and exceeding 10% after the second decade of life, suggesting that early
diagnosis and treatment lead to a more favorable outcome[1,36,40]. Some studies have
noted malignancy in up to 50% of patients with CC over the age of 60 years[24,25]. Not
only is malignancy associated with age, but CC type. Todani et al[16] observed that of
the patients who develop biliary malignancy, 68% occurred in type I, 5% in type II,
1.6% in type III, 21% in type IV, and 6% in type V CCs[16]. Additionally, the malignant
risk due to the presence of an APBJ has been well established in both Western and
Eastern patients. At our institution, we have observed a 4-fold increase in malignancy
in patients with CC and an APBJ when compared to those with CC without an
APBJ[41]. Imazu et al[29] showed that regurgitation and stasis of pancreatic fluid into the
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Figure 1

Figure 1 Magnetic resonance cholangiopancreatography and endoscopic retrograde cholangiopancreatography demonstrating choledochal cyst types. A:
Type I choledochal cyst (CC) on endoscopic retrograde cholangiopancreatography; B: Type II CC on magnetic resonance cholangiopancreatography (MRCP); C:
Type III CC on MRCP; D: Type IV CC on MRCP; E: Type V CC on MRCP. CC: Choledochal cyst; MRCP: Magnetic resonance cholangiopancreatography.

biliary system not only cause inflammation, but lead to carcinogenesis. Histologic
findings by Katabi et al[42] further corroborate Imazu et al’s[29] findings that biliary
cancer due to CC disease is a progression from inflammation, to dysplasia,
metaplasia, and finally malignancy.
A small subset of patients, from 0.7%-3%, develop cholangiocarcinoma after
surgical resection, notably in patients with type I and IV cysts[11,15,24,41]. This indicates
that the risk of malignancy does not return to baseline after CC resection in this group
of patients[11,42]. The etiology behind these delayed malignancies remains unclear.
Incomplete resection of the cyst or a field defect within the biliary epithelium leading
to an increased inherent susceptibility have been suggested as possible etiologies for
this persistent cancer risk[36,40]. Liu et al[40] observed a 33.3% risk of malignancy in
patients with incomplete cyst resection compared with 6% after complete cyst
resection. Many studies, both Western and Eastern, do not have follow-up intervals
long enough to detect this persistent risk since it can take more than 3 decades to
manifest. Some have therefore suggested careful postoperative lifelong follow-up,
especially in cases where there is a high suspicion for incomplete resection[24,43,44]. The
utility of life-long follow-up in Western patients where recurrence rates are reportedly
as low as 0-3% has yet to be determined.
Malignancy in CC disease takes the form of both gallbladder and bile duct cancers.
Lee et al[24] reported biliary tract malignancies in 9.9% of CCs, of which 50% were
cholangiocarcinoma and 44% gallbladder carcinoma. A large-scale survey of 2561
patients with CC in Japan showed that in those patients who had cancer, 62.3% had
gallbladder cancer, 32.1% had bile duct cancer, and 4.7% had both, which is similar to
other reports[1,34]. Of note, gallbladder carcinoma is found in 5% of CC disease patients
with APBJ[45], usually in patients in their sixth or seventh decade of life, when adult
cohorts are investigated[4]. Thus, it is perceived that the likelihood of the development
of both bile duct cancer and gallbladder cancer increases in patients with CC and
APBJ, whereas there is a significant predilection for gallbladder cancer in APBJ
patients without CC[18,20,46-48].

MANAGEMENT
The demographics of the population being treated must be taken into consideration
when managing CC disease. While Western populations present a mix of racial

WJG

https://www.wjgnet.com

3337

July 14, 2019

Volume 25

Issue 26

Baison GN et al. Review of choledochal cysts

Table 2 Summary data for the five largest Western studies compared to the five largest Eastern studies, specifically investigating the
presentation and management of choledochal cyst disease in the last 20 years
Western

Eastern

Aggregate

Baison
et al
Shi et
(unpubli [8]
al
shed
data)

She et
al[9]

Woon et He et
al[10]
al[25]

Lee et
al[24]

Aggrega Aggrega
-te East -te West

Moslim
et al[6]

Edil et
al[2]

Soares
et al[11]

Singha
m et
al[12]

Singlecenter
or
multicenter

Single

Single

Multiple

Single

Single

Multiple

Single

Single

Single

Multiple

3Single2Multi

4Single1Multi

Total
number

67

92

394

70

103

108

83

32

214

808

32-808

67-394

Adults

78%

79%

66%

73%

100%

84%

0%

100%

-

100%

0-100%

66%100%

Study
period

1984 2014

1976-2006 1972-2014 1985-2002 1998-2018 1980-2000 1978-2008 1991-2005 1968-2013 1990-2007 1968-2013 1972-2018

APBJ

-

-

8%
(cancer
patients
only)

-

57.3%

93.4%

-

-

81.2%

71.4%

71.4%93.4%

Female:
Male
ratio

4:01

9:01

3.2:1

4.2:1

4.7:1

3.7:1

2.6:1

3.5:1

3.7:1

3.8:1

2.6:1-3.8:1 3.2:1-9:1

Age (yr)

46 (55.634.3)

-

45 (SD
15.2)

-

44.53 (18- 27.8 (374)
68)

4 (0-16)

41 (18-74) 36.2 (178)

42 (18-82) 4-42

Symptomatic

72%

-

84.5%

-

83%

-

-

91%

98%

88%

88%-91% 72%-85%

Abdominal pain
only

51%

91%

61%

88%

44%

57%

47%

91%

78%

75%

47%-91% 44%-91%

Pancreatitis
(recurrent)

-

31%

19%

-

9%

-

22%

-

13%

-

13%-22% 9%-31%

Cholelithiasis

-

58%

-

-

8%

-

-

-

22%

-

22 --

Jaundice

15%

34%

19%

39%

6%

71%

42%

41%

25%

21%

21%-71% 6%-39%

Cholecystitis

-

-

-

-

6%

-

-

-

28%

-

28% --

6 --

Cholangitis
(recurrent)

-

-

-

-

3%

56%

-

-

-

-

56% --

3 --

Choledocholithiasis

-

-

-

-

3%

-

-

-

29%

28%

28%-29% 3 --

Weight
loss,
Bloating

-

8%

-

-

2%

-

-

-

-

-

---

2%-8%

Other

-

2%

-

-

2%

-

-

9%

-

-

9% --

2%-2%

Acute
pancreatitis

13%

-

-

-

1%

-

-

-

-

-

---

1%-13%

Fever/
chills

-

26%

-

39%

-

57%

-

34%

19%

-

19%-57% 26%-39%

Nausea/ vomiting

47%

-

63%

-

-

31%

38%

-

-

31%-38% 47%-63%

Abdom- inal mass

-

-

-

-

-

22%

25%

4%

-

4%-25%

---

Classic
triad

-

-

-

-

-

-

2%

13%

-

-

2%-13%

---

73%

67%

70%

33%

71%

69%

68%

84%

65%

68%

65%-84% 67%-73%

Presentation

CC type I
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II

1.5%

7%

5%

6%

3%

-

5%

6%

1.4%

0.9%

0.9%-6%

3%-7%

III

-

4%

2%

2%

5%

0.9%

3%

-

0.5%

0.5%

0.5%-3%

2%-5%

IV

13.4%

19%

18%

55%

18%

22%

19%

6%

25%

30%

6%-30%

18%-19%

V

12%

2%

4.9%

4%

4%

5.60%

5%

3%

8%

0.7%

0.7%-8%

2%-12%

Prior
cholecystectomy

-

38%

32%

-

28%

-

-

3%

31%

7%

3%-31%

28%-38%

Surgery

100%

100%

98.9%

100%

70%

100%

90%

84%

92%

100%

84%100%

70%100%

On
presentation

7.5%

5.4%

3%

7.8%

7%

17%

0%

3%

5%

10%

0-17%

3-8%

On
followup/recurrence

1.5%

3.2%

3.30%

-

0%

10%

0%

0%

2.3%

3%

0-10%

0-3%

7.5%

7.6%

4.50%

0%

2%

9%

0%

0%

6%

4%

0-9%

0-8%

Biliary
Malignancy

Overall
mortality

SD: Standard deviation; CC: Choledochal cyst; APBJ: Anomalous pancreaticobiliary junction.

diversity, Eastern cohorts are almost exclusive of Asian descent. The effect of race on
the natural history of CC has not been fully explored. Our institution’s experience
with CC disease suggests that presentation and malignant risk may be different
between Asian and Caucasian patients, with malignant risk being higher in Asian
patients[41]. Therefore, it is essential to further understand the risks posed by CC
disease in Western patients in order to design appropriate management guidelines as
it may represent a separate entity in the West compared to Eastern patients.
Currently, practice guidelines are based almost exclusively on data derived from
the Asian literature. At present, there is no conclusive evidence to suggest that there is
over-treatment of Western patients by using Asian guidelines, but the lower
malignant risk in these patients necessitates further investigation into Western
treatment outcomes. Current evidence suggests similar efficacy in treatment options
between the East and West, however, this remains an area of limited data. This
continues to evolve, especially as minimally invasive techniques are now being
adopted for CC disease management[49-52]. More multi-institutional studies such as the
one by Soares et al [11] and ideally international registries are needed to further
understand CC disease in the West and devise management protocols.
The current standard of care for most CCs is complete excision of the cyst,
specifically, resection from the bifurcation of lobar [4,6] hepatic ducts into the
parenchyma of the pancreas near the junction of the pancreatic duct[1,3,20], coupled with
cholecystectomy. Biliary tract continuity can be restored either by means of Roux-en-Y
hepaticojejunostomy (HJ), hepaticoduodenostomy (HD), or jejunal interposition HD[6].
However, this approach does not take into consideration various types of CC.
Management should be tailored to the type of CC and the presence or absence of
APBJ. Furthermore, advocating for resection in all patients may potentially be overly
aggressive therapy, especially in Western patients where the risk of malignancy
appears to be potentially overstated.
Surgical resection has been espoused to be the ideal strategy for type I CCs. There
may, however, be a subset of patients in Western cohorts who are at low risk for
developing cancer, in whom long term surveillance as opposed to surgical resection
be considered. This includes patients who are asymptomatic, have undergone
previous cholecystectomy, are older with medical comorbidity, and have no APBJ
since their risk of malignancy appears to be quite low. However, there are no reports
of patients managed by long term observation. Hence, long term risk of cancer and
other biliary complications in such patients is currently unknown. Until such data
become available, excision of all type I CC should be recommended to all Western as
well as Eastern patients who can tolerate a major operation and are willing to do so.
Type II CCs are very rare and can be managed by simple excision. Usually these
cysts are ligated at the neck and excised without the need for bile duct
reconstruction[17]. However, occasionally extrahepatic bile duct excision is necessary.
This is sometimes encountered in patients where associated inflammation causes
intimate adhesion of the diverticulum to the extra- or intrahepatic biliary tree,
depending on disease location, leading to technical challenges in liberating the
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Figure 2

Figure 2 Magnetic resonance cholangiopancreatography and/or endoscopic retrograde cholangiopancreatography showing anomalous pancreaticobiliary
junction types. A: P-C anomalous pancreaticobiliary junction (APBJ) from endoscopic retrograde cholangiopancreatography; B: Complex APBJ from intraoperative
cholangiogram (IOC); C: C-P APBJ from IOC. Arrows point to junction with common channel. IOC: Intraoperative cholangiogram; APBJ: Anomalous pancreaticobiliary
junction.

diverticulum from the bile duct[5].
Type III CCs, sometimes referred to as choledochoceles, are discrete from other CC
diseases and their origin has been long debated[6,53]. One hypothesis is that these cysts
may originate from a rudimentary inferior embryonic bud of the ampulla of Vater, or
an acquired anomaly as a result of sphincter of Oddi dysfunction or obstruction[53];
thus, choledochoceles may not represent a true form of CC. Most patients with type
III CCs present to interventional gastroenterologists rather than surgeons. Type III
CCs were historically treated via transduodenal excision and sphincteroplasty.
Currently endoscopic sphincterotomy with cyst de-roofing is regarded as the
treatment of choice for type III cysts[54,55]. Regardless, these patients should undergo
periodic endoscopic surveillance since malignancy has occasionally been reported in
choledochoceles[17].
Management, especially the operative approach, in type IV CC remains controversial. Visser et al[13] suggested excising the extrahepatic component of the cyst
alone with concomitant HJ. However, hepatic resection in patients with unilobar
disease [1] and liver transplantation in patients with bilobar disease should be
considered, especially in patients with extensive intrahepatic dilation associated with
complications, such as stones, cholangitis, or biliary cirrhosis[13,56,57]. We have found
that for most patients, extrahepatic resection has been sufficient, although we concur
that hepatic resection and transplantation should remain as tools in the surgeon’s
armamentarium when dealing with type IV CCs.
The management of type V CCs (Caroli’s disease) is complex and requires a multidisciplinary approach that includes endoscopy, interventional radiology, and surgery.
Surgical treatment options include segmental or lobar hepatic resection and liver
transplantation depending on the extent of the disease and presence of impaired
hepatic function[6]. When the intrahepatic CC disease is localized without congenital
hepatic fibrosis, segmental hepatectomy should be considered[58]. Percutaneous or
endoscopic drainage and stents are used for palliative therapy. For diffuse disease
with life-threatening complications, liver transplantation is the most viable option[1].

CONCLUSION
CC disease has a distinct presentation in the Eastern population yet shares some
commonality with Western patients. However, some reported differences in
presentation, malignancy risk, and patient demographics between Western and
Eastern populations should spur further investigation into CC disease in Western
patients to understand this disease and tailor management guidelines to Western
populations. For now, the management of CC disease continues to be driven by the
Asian literature. Large multi-institutional studies in the West with decades of followup are necessary to better understand the natural history of CC disease , and in
particular the risk of biliary tract cancer, in Western patients.
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Abstract
Gastroduodenal disease (GDD) was initially thought to be uncommon in Africa.
Amongst others, lack of access to optimal health infrastructure and suspicion of
conventional medicine resulted in the reported prevalence of GDD being
significantly lower than that in other areas of the world. Following the increasing
availability of flexible upper gastro-intestinal endoscopy, it has now become
apparent that GDD, especially peptic ulcer disease (PUD), is prevalent across the
continent of Africa. Recognised risk factors for gastric cancer (GCA) include
Helicobater pylori (H. pylori), diet, Epstein-Barr virus infection and industrial
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chemical exposure, while those for PUD are H. pylori, non-steroidal antiinflammatory drug (NSAID)-use, smoking and alcohol consumption. Of these, H.
pylori is generally accepted to be causally related to the development of atrophic
gastritis (AG), intestinal metaplasia (IM), PUD and distal GCA. Here, we perform
a systematic review of the patterns of GDD across Africa obtained with
endoscopy, and complement the analysis with new data obtained on premalignant gastric his-topathological lesions in Accra, Ghana which was
compared with previous data from Maputo, Mozambique. As there is a general
lack of structured cohort studies in Africa, we also considered endoscopy-based
hospital or tertiary centre studies of symptomatic individuals. In Africa, there is
considerable heterogeneity in the prevalence of PUD with no clear geographical
patterns. Furthermore, there are differences in PUD within-country despite
universally endemic H. pylori infection. PUD is not uncommon in Africa. Most of
the African tertiary-centre studies had higher prevalence of PUD when compared
with similar studies in western countries. An additional intriguing observation is
a recent, ongoing decline in PUD in some African countries where H. pylori
infection is still high. One possible reason for the high, sustained prevalence of
PUD may be the significant use of NSAIDs in local or over-the-counter
preparations. The prevalence of AG and IM, were similar or modestly higher
over rates in western countries but lower than those seen in Asia. . In our new
data, sampling of 136 patients in Accra detected evidence of pre-malignant
lesions (AG and/or IM) in 20 individuals (14.7%). Likewise, the prevalence of
pre-malignant lesions, in a sample of 109 patients from Maputo, were 8.3% AG
and 8.3% IM. While H. pylori is endemic in Africa, the observed prevalence for
GCA is rather low. However, cancer data is drawn from country cancer registries
that are not comprehensive due to considerable variation in the availability of
efficient local cancer reporting systems, diagnostic health facilities and expertise.
Validation of cases and their source as well as specificity of outcome definitions
are not explicit in most studies further contributing to uncertainty about the
precise incidence rates of GCA on the continent. We conclude that evidence is
still lacking to support (or not) the African enigma theory due to inconsistencies
in the data that indicate a particularly low incidence of GDD in African countries.
Key words: Gastroduodenal; Peptic ulcer; Gastric cancer; Africa; Pre-malignant; Atrophy;
Intestinal metaplasia; Duodenal ulcer; Gastric ulcer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Peptic ulcer disease (PUD) is not uncommon in Africa. There is considerable
heterogeneity in its prevalence with no clear geographical patterns. There are further
differences in PUD within-country despite endemic Helicobater pylori infection. Most
African tertiary-centre studies have higher prevalence of PUD when compared with
western countries. One possible reason for its sustained prevalence is the significant use
of non-steroidal anti-inflammatory drugs in local preparations. The prevalence of
atrophic gastritis and intestinal metaplasia were similar or modestly higher over western
countries but lower than those seen in Asia. Contrastingly, a comparatively low
prevalence for gastric cancer is usually observed in African centres, although these rates
might be underestimated.

Citation: Archampong TN, Asmah RH, Richards CJ, Martin VJ, Bayliss CD, Botão E, David
L, Beleza S, Carrilho C. Gastro-duodenal disease in Africa: Literature review and clinical data
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URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3344.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3344

INTRODUCTION
Gastroduodenal disease (GDD) was initially thought to be uncommon in Africa
because of the lack of clinical data and the reported rarity of peptic ulcer surgery[1].
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Suspicion of conventional medicine was also considered commonplace in some
regions of Africa[2]. For instance, a study on the prevalence of dyspepsia in rural
Northeastern Nigeria demonstrated that over 50% of dyspeptic patients sought
medical help mainly from traditional healers[2]. These observations and tendancies are
thought to have resulted in the reported prevalence of peptic ulcer disease (PUD) and
gastric cancer (GCA) in Africa being significantly lower than that in other areas of the
world[3].
The standard of care for diagnosis of PUD is typically through upper gastrointestinal (GI) endoscopy with biopsy of any mucosal abnormality, including
abnormal ulceration or polypoid lesion, a procedure that is also required for
histopathological diagnosis of GCA. Imaging with computed tomography (CT),
magnetic resonance imaging and endoscopic ultrasound, where available, are
additional procedures to stage cancer for prognostic purposes. In most African
countries, patients present at late disease stages because of the lack of universal access
to optimal health infrastructure and varying culturally-influenced health seeking
behaviour [2,4] . This subsequently leads to a variety of empirical therapies for
symptomatic individuals further delaying definitive diagnosis, and thereby
contributing to the observed low prevalence of GDD in some areas[1,5]. Following the
increasing availability of flexible upper GI endoscopy over recent years, it has now
become apparent that GDD is prevalent across the continent of Africa[1,3]. Currently, in
Ghana, there are endoscopic services and CT scan facilities in tertiary medical centres
but not at most regional or district hospitals. The same situation is observed in
Mozambique, where endoscopy services and CT scan is only available in the four
central hospitals of the country. Despite some resources, there is still a lot to be done
in improving healthcare coverage for many patients with GDD. His-tological data on
GCA is scarce in Africa, yet there is significant data being reported on
histopathological lesions which are risk factors for development of GCA, such as
atrophic gastritis (AG) and intestinal metaplasia (IM)[4].
Recognised risk factors for GCA include Helicobater pylori (H. pylori), diet, lifestyle
preferences, Epstein-Barr virus and industrial chemical exposure[6], while those for
PUD are H. pylori, non-steroidal anti-inflammatory drug (NSAID)-use, smoking and
alcohol consumption[7]. Of these, H. pylori infection is generally accepted to be causally
related to the development of AG, IM and gastric and duodenal ulceration as well as
distal GCA[8,9]. The majority of patients with duodenal ulcer (DU) are infected with H.
pylori. Distal GCA is strongly associated with lifelong H. pylori infection and relative
socio-economic deprivation[10]. Proximal GCA has rather been linked to smoking,
gastro-oesophageal reflux disease, obesity and medium-high socio-economic status[10].
Although infection is universally associated with gastritis, the development into a
broad spectrum of clinical and endoscopic outcomes is dependent on a number of
factors, including the susceptibility of the host, the virulence of the infecting strain,
and environmental co-factors[11]. In Africa the association of H. pylori infection with
GDD is rather complex; the infection has a high prevalence across the continent (80%95%) irrespective of the period of birth[12]. However, there appears to be a low overall
incidence of GCA, a situation that is known as the African enigma[10]. There is also a
variable distribution of incidence of GDD in Africa which does not necessarily mirror
the prevalence of H. pylori. For instance, in Western Africa, the prevalence of DU has
been reported to be lower in the northern savannah in comparison with the coastal
areas. Both regions have similar prevalence of H. pylori infection[13,14]. In addition, the
lack of population-based longitudinal studies also makes it difficult to evaluate the
strength of association of GDD with risk factors like H. pylori in Africa.
This review analyses the patterns of incidence of PUD, gastric histopathological
lesions and GCA in Africa. We compare patterns of GDD obtained with endoscopy
with new data obtained on pre-malignant gastric histopathological lesions in Accra
Ghana and Maputo Mozambique; data in Accra, Ghana are newly presented in this
review and lend support to the discussion on the concept of the H. pylori African
enigma.

SOURCES
We performed a literature review using the online databases PubMed and African
Journals online. Articles were considered if they had “gastro-duodenal disease”,
“peptic ulcer”, “gastric cancer” and “Africa” or “an African country” as keywords in
the search. In relation to the histopathology, another search was made using “premalignant lesions”, “gastric atrophy” and “intestinal metaplasia” as keywords. We
did not identify purposely structured cohort studies to establish incidence of GDD
and therefore studies were eligible for further analysis if they were endoscopy-based
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hospital or tertiary center studies of symptomatic or dyspeptic individuals referred
for evaluation. The references and abstracts were checked to determine if they were
eligible and to ensure they were comparable.

METHODS
Symptomatic individuals undergoing upper gastrointestinal endoscopy based on
clinical need were consecutively recruited at the Korle-Bu Teaching Hospital, the
major tertiary centre in Accra. Patients’ symptoms and endoscopic diagnoses were
captured with the study questionnaire after informed consent. The H. pylori status of
patients was determined by performing a rapid urease test (i.e., Campylobacter-Like
Organism test) on gastric antral biopsy samples. Samples from the antrum, corpus
and incisura angularis, as required by the updated Sydney system, were placed in
separate specimen containers containing 10% formalin solution at endoscopy. H.
pylori was identified by haematoxylin and eosin and warthin-starry staining and
histologic gastritis was determined according to the updated Sydney system in the
Histopathology Department, Leicester Royal Infirmary, Leicester, United Kingdom. A
sample was defined as being positive for H. pylori if a PCR product was obtained for
either a housekeeping gene (ureI, yhpC, ppA)[15,16] or glmM[17] as previously described.
Molecular studies were performed in the Department of Genetics, University of
Leicester, United Kingdom.

PATTERNS OF PEPTIC ULCER DISEASE IN AFRICA
In Africa, there is considerable heterogeneity in the prevalence of DU and gastric ulcer
(GU) across the regions of the continent with no clear geographical pattern of PUD
incidence (Table 1). Furthermore, there are differences in peptic ulcer incidence
within-country despite universally endemic H. pylori infection. In Ghana, KomfoAnokye Teaching Hospital, Kumasi, which serves the central-northern regions, has a
lower incidence of PUD in comparison with Korle-Bu Teaching Hospital, Accra,
which serves the Southern regions of Ghana, (Accra: DU 19.6% vs Kumasi: DU 3%)[18].
Two studies in Nigeria had discordant PUD incidence: In Ibadan, Southern Nigeria,
DU incidence was 2.3% relative to GU 9.3%, while Northern Nigeria had higher DU
incidence 6.8% but lower GU incidence 2.7% [19,20] . On the contrary, two separate
tertiary health centres in Kenya, Nakuru and Nairobi, had similar DU incidence but
different GU incidence (Nairobi: GU 8.5%, DU 9.8%; Nakuru: GU 1.9% DU 9.5%)[21].
We realize that these differences might be related with study characteristics such as
age and gender distribution of the study population; or with intrinsic features related
with study design[22]. However, mean age and sex differences were modest and did
not reliably predict prevalence of PUD across these studies. For instance, a relatively
low mean age was associated with both elevated and decreased PUD prevalence (e.g.,
compare Accra, Ghana with Nakuru, Kenya, Table 1). Similarly, male populations had
both higher and lower prevalence of PUD (e.g. compare Accra, Uganda with Mbarara,
Uganda; Table 1). Most of the African tertiary-center studies had higher prevalence of
PUD when compared with similar studies in western countries such as the United
States[23], Netherlands[24] and Italy[25], but the latter studies had considerably larger
sample sizes (Table 1). Additionally, it is also worth noting that hospital-based
endoscopic studies with relatively small sample sizes in Africa are more likely to
suffer selection bias with more advanced clinical presentations[26]. Nevertheless, in an
unselected community study in Lusaka, Zambia [27] , PUD was comparable in
prevalence to other western countries (Table 1).
Globally, PUD incidence has decreased over recent decades. This has been
demonstrated by several population-based prospective studies in Europe
(Netherlands[28], Spain[29], Belgium[30], United Kingdom[31]), North America (United
States[32]) and Asia (India[33], Hong Kong[34], Taiwan[35]). Time trend prospective studies
are however scarce in Africa. A retrospective descriptive study reported on patients
who underwent upper GI endoscopy in the endoscopy unit of Obafemi Awolowo
University Teaching Hospital, Ile-Ife, Nigeria, between January 2000 and December
2010[36]. Over the study period, 292 patients (15.8%) were diagnosed with DU. The
prevalence of DU for 2000-2004 was 22.9% (n = 211 patients) compared with 9.2% (n =
81) for 2005-2010 (P < 0.001)[36]. These prevalence rates were much lower than the
38.7% reported by Ndububa et al[37] for the years 1992-1999 at the same institution. In
Uganda, two separate cross-sectional studies also showed reduction in DU prevalence
from 18% in 2005[38] to 3.8% in 2014[39].
Overall, the data shows that the incidence of PUD has declined in many countries.
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Table 1 Patterns of incidence of peptic ulcer disease in hospital-based endoscopic studies of dyspeptic patients
Males
Country

Year(s) of study

Females

Mean age (yr)

Incidence rate (%)
n

n (%)

n (%)

DU

GU

Total

Ibadan, Nigeria[19]

2008-2009

49.2 ± 13.8

39 (45.3)

47 (54.7)

86

2.3

9.3

11.6

Northern Nigeria[17]

2012

49.5 ± 15

68 (46)

80 (54)

148

6.8

2.7

9.5

Mbarara, Uganda[39]

2014-2015

53.5 ± 17.8

110 (59.8)

74 (40.2)

184

3.8

7.6

11.4

Accra, Ghana

1995-2002

43.7 ± 10.6

3777 (54.1)

3200 (45.9)

6977

19.6

5.0

24.6

Kumasi, Ghana[18]

2006-2011

-

1337 (43)

1773 (57)

3110

3.0

4.7

7.7

Nairobi, Kenya[21]

2011-2013

47.0

1368 (43.5)

1779 (56.5)

3147

9.8

8.5

18.3

Nakuru, Kenya[21]

2011-2013

42.0

1372 (46.7)

1564 (53.3)

2936

9.5

1.9

11.4

Kilimanjaro, Tanzania

2009-2010

Median: 48.0

99 (47.6)

109 (52.4)

208

18.3

5.8

24.1

Lusaka, Zambia[27]

1999-2002

-

79 (35.7)

142 (64.3)

221

3.1

0.5

3.6

Rotterdam, Netherlands[24]

1996-2005

55.6 ± 17.9

9222 (46.1)

10,784 (53.9)

20006

3.5

2.4

5.9

Rome, Italy

2005-2007

Median: 62.5

-

-

11148

1.8

0.9

2.7

United States[23]

1996-2005

-

-

-

6438

-

-

1.5-3.0

[75]

[76]

[25]

DU: Duodenal ulcer; GU: Gastric ulcer.

Most likely this phenomenon is a result of the decrease in H. pylori infection,
particularly in Western populations[40]. However, it is unclear the reasons for the
decline in some African countries where H. pylori infection rates are still high.
Management of PUD has improved substantially due to implementation of therapies
for H. pylori and the introduction of proton pump inhibitors (PPIs) which are
increasingly accessible globally. The continued occurrence of PUD is increasingly due,
at least in part, to the widespread use of low-dose aspirin and NSAIDs, especially in
Western countries and among older patients [37,40] . A cross-sectional study of 242
dyspeptic patients in Accra, Ghana, evaluated the endoscopic spectrum of disease at a
major tertiary centre[3]. A third (32.6%) of the study patients had a history of NSAIDuse, especially as ingredients in local over-the-counter medicinal/herbal
preparations[3]. In this study in Accra, there was an increased prevalence of DU in H.
pylori-infected patients taking NSAIDs[3]. NSAID-use may therefore contribute to the
varying PUD prevalence between and within countries in a H. pylori endemic
continent such as Africa.

GASTRIC HISTOPATHOLOGY IN DYSPEPTIC PATIENTS
Gastric atrophy is an established risk factor for GCA[41]. Additionally, the risk of GCA
increases with a greater extent and higher degree of AG[42]. Further studies suggest
that IM is also a risk factor for GCA[43,44]. Pre-malignant lesions, AG and IM, are not
uncommon in tertiary center studies of symptomatic patients undergoing endoscopy
in Africa. Excluding the 2007 study in Kenya by Kalebi et al[4], which detected an AG
rate of 57%, most hospital-based endoscopic studies have shown prevalence rates of
AG of 5%-38% and for IM of 4%-32% across populations in sub-Saharan Africa (Table
2). These values were either similar to or had a modestly higher prevalence as
compared to rates in western countries (e.g., Sweden, Finland or United States) but
lower than those seen in Asia (Korea, China) (Table 2).

Gastric histopathology in Accra, Ghana and Maputo, Mozambique: A comparative
analysis
The updated Sydney system of classification of gastritis emphasizes the importance of
combining topographical, morphological and aetiological information into a scheme
that helps to generate reproducible and clinically useful information[45]. It includes
biopsies at the antrum[2], body[2] and incisura angularis[1]. Two such H. pylori studies in
Africa comprehensively evaluated gastric histopathology and its relationship with H.
pylori infection and gastric diseases (Table 3). The first was a prospective descriptive
study conducted at the Maputo Central Hospital, Mozambique that estimated the
prevalence of H. pylori, chronic gastritis and IM in 109 consecutive dyspeptic patients
who were eligible for upper GI endoscopy between 2005 and 2006[46]. The second was
a new study at the Korle-Bu Teaching Hospital (KBTH), Accra, during which clinical
and histopathological assessments were performed on 136 dyspeptic patients referred

WJG

https://www.wjgnet.com

3348

July 14, 2019

Volume 25

Issue 26

Archampong TN et al. Gastro-duodenal disease in Africa

Table 2 Hospital-based endoscopic studies of pre-malignant lesions
Country

Study population

n

Gastric atrophy frequency Intestinal metaplasia
(%)
frequency (%)

Cote d’Ivoire, Attia et al[77],
2001

Dyspeptic patients

137

-

19

Sudan, El-Mahdi et al[78],
1998

Dyspeptic H. pylori infected
patients

78

37

4

Egypt, Abdel-Wahab et al[79], DU patients
1996

43

-

26

Gambia, Campbell et al[80],
2001

Dyspeptic patients

45

10

12

Uganda, Wabinga et al[81],
2005

Dyspeptic patients

114

17

7

Kenya, Kalebi et al[82], 2007

Dyspeptic patients

71

57

11

Nigeria, Ndububa et al[83],
2007

DU and GC patients

115

-

32 GC

Jos, Nigeria, Tanko et al[52],
2008

Dyspeptic patients

100

38

28

Nigeria, Badmos et al[84],
2009

Dyspeptic patients

1047

5

9

Tunisia, Jmaa et al[85], 2010

Dyspeptic patients

352

35

11

Ilorin, Nigeria, Badmos et
al[86], 2010

Dyspeptic patients

57

32

9

Maputo, Mozambique
Carrilho et al[46], 2009

Dyspeptic patients

109

8.3

8.3

United States, Almouradi et
al[87], 2013

Symptomatic individuals

437

-

15.01

Finland, Eriksson et al[88],
2008

Symptomatic individuals

505

-

18.8 (antrum)

Sweden, Borch et al[89], 2000

Symptomatic individuals

501

9.41

Korea, Kim et al[90], 2008.

Symptomatic individuals

713

42.7 (antrum)

42.5 (antrum)

38.1 (body)

32.7 (body)

[91]

China, Zou et al

, 2011

Japan, Sakitani et al[47], 2011

16 DU

7.1 (body)

1

Symptomatic individuals

1,022

63.8

Symptomatic individuals

1395

-

17.2 (antrum)
10.8 (body)

1

Prevalence of gastric atrophy or intestinal metaplasia in the antrum and/or body. DU: Duodenal ulcer; GU: Gastric ulcer; H. pylori: Helicobater pylori.

for upper GI endoscopy at the major tertiary centre between 2015 and 2016. The
results of this latter study and comparisons with the Mozambique dataset are
presented here.
Overall, the commonest histologic diagnosis in both centres was chronic
inflammation (i.e., 84.6% in Accra and 90.8% in Mozambique) irrespective of location
in the stomach [46] . Chronic infiltrates were detected in more than twice as many
patients as opposed to active inflammation with neutrophilic activity, (Figure 1). Of
the 136 patients sampled in Accra, 20 (14.7%) had evidence of pre-malignant lesions
(atrophy and/or IM). The majority showed mild gastric atrophy 6/9 (66.7%; T1 score)
or IM 10/16 (62.5%; M1 score), respectively, (see Table 4 for the overview data and
Figure 2 for an exemple of the tissue staining). Likewise, the prevalence of premalignant lesions, in a sample of 109 patients from Maputo, were 8.3% AG and 8.3%
IM. Most of which were located distally, in the antrum or incisura angularis[46], as seen
in KBTH, Accra. A study in Japan evaluated for gastric histopathological differences
between antrum and body in 1395 patients, in a country where endoscopy is very
accessible to patients due to high incidence of GCA [47] . This study reported the
prevalence of IM as 17.2% and 10.8% in antrum and body respectively. IM in this
Japanese study was considerably higher than that seen in Accra, Maputo and most
African tertiary centre studies (Table 2) where gastric pathology may be rather overrepresented. Interestingly, in Finland, an European country with low H. pylori
prevalence and GCA incidence, IM in the body, 7.1%, was higher than that seen in
Accra and Maputo. Overall, there was a higher prevalence of IM in the gastric body of
Japanese samples as compared to the Accra, Maputo and Finland samples. This is
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Table 3 Gastric histopathological lesions at the Korle Bu Teaching Hospital, Accra, Ghana and
Maputo Central Hospital, Mozambique
Accra, Ghana

Maputo, Mozambique

Total

136

109

Median age (yr)

52

37

Sex

n (%)

n (%)

Female

61 (44.9)

74 (67.9)

Male

75 (55.1)

35 (32.1)

54.4%

62.4%

93.3%

92.6%

n (%)

n (%)

Antrum

47 (34.6)

57 (53.8)

Incisura

45 (37.2)

58 (54.2)

Body

40 (29.9)

21 (31.3)

n (%)

n (%)

Antrum

115 (84.6)

100 (94.4)

Incisura

97 (80.2)

99 (92.5)

Body

97 (72.4)

57 (85.1)

n (%)

n (%)

antral-predominant

51 (37.5)

54 (49.5)

Pangastritis (antrum and body)

70 (51.5)

45 (41.3)

n (%)

n (%)

Antrum

5 (3.7)

2 (2.5)

Incisura

7 (5.8)

6 (6.2)

Body

3 (2.2)

1 (1.5)

n (%)

n (%)

Antrum

10 (7.3)

4 (3.8)

Incisura

6 (5.0)

7 (6.5)

Body

1 (0.7)

0 (0.0)

Pre-malignant lesions

n (%)

n (%)

Gastric atrophy and/or intestinal metaplasia

20 (14.7)

15 (13.8)

H. pylori prevalence:
Histology
H. pylori prevalence:
PCR
Active inflammation

Chronic inflammation

Pattern of gastritis

Gastric atrophy

Intestinal metaplasia

H. pylori: Helicobater pylori.

important as IM in the gastric body has been identified as an independent risk factor
for GCA following multi-variate analysis[47].
The prevalence of H. pylori in the sampled patients by histopathology in Accra was
54.4% with 74 out of 136 patients infected (see Table 3; and Figure 3 for a
representative histopathological sample); whereas 93.3% had molecular evidence of
H. pylori by PCR. Comparably, H. pylori was identified in 68 out of 109 cases (62.4%)
based on histological assessment but 92.6% when assessed by PCR in the
Mozambique study[46]. Furthermore, H. pylori was significantly more frequent when
chronic inflammatory infiltrate, neutrophilic activity or degenerative surface epithelial
damage were observed, regardless of the anatomic location[46]. It has been shown that
H. pylori detection by histopathology may be more difficult in situations where the
cellular environment may not be conducive for bacterial growth and/or when the
bacterial load is very low. PCR is more sensitive as the grade of atrophy and/or IM
progress toward malignancy [ 4 8 ] . Moreover, the accuracy of histopathology
identification of H. pylori is affected by PPI and antibiotic use, which were not an
exclusion criteria for these studies[49,50].
In Accra, demographically, patients with either gastric atrophy or IM were
comparable but patients with pre-malignant lesions were more likely to be older than
50 years and male. However, no statistically significant differences were observed for
the presence of IM and glandular atrophy according to H. pylori colonization in either
Ghana or Mozambique[46]. In this histopathology study 3 (2.9%) patients had GCA in
Accra with none represented in the Maputo study of 109 individuals. However, a
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Figure 1

Figure 1 Chronic gastritis affecting the mucosa of the gastric antrum (Haematoxylin and eosin stain;
Magnification × 100).

recent study from Mozambique reported a prevalence of 1.5% from Maputo Central
Hospital [51] . These low prevalence rates were comparable to similarly designed
hospital-based studies in Nigeria (3.0%)[52] and Uganda (3.0%)[53].
Both studies (Accra and Maputo) demonstrated similar topographical distribution
of H. pylori gastritis with antral involvement being the most common. In KBTH,
Accra, antral gastritis was present in 89% (antral-predominant gastritis 37.5%, pangastritis (antrum and body) 51.5%, normal histology 11.0%). Chronic inflammation,
lymphoid follicles, and neutrophilic activity were more frequent and of increased
severity in the antrum and incisura than in the corpus[46]. There was no demonstrable
significant relationship between the pattern of histologic gastritis and clinical gastricduodenal disease. In general, the topographic distribution of acute H. pylori infection
has been associated with specific gastro-duodenal phenotypes[54]. Infection of the
antrum stimulates gastrin release which leads to increased acid production from
parietal cells, resident mainly in the body[54]. This results in an elevated duodenal acid
load, gastric metaplasia and subsequent duodenal ulceration[55]. On the other hand,
patients with GU or GCA, have inflammation involving acid-secreting parietal cells of
the body evolving with gastric atrophy and hypochlorhydria [56] . Essentially, an
increase in acid secretion limits H. pylori gastritis to the antrum, increasing the risk of
DU disease while a reduction in acid secretion allows more proximal inflammation
and increases the risk of AG, GU, and GCA. Gastritis and atrophy negatively
influence acid secretion[57]. Of note, both histopathologic studies demonstrate that
antral inflammation was more common than body-gastritis in most infected
individuals. As antral inflammation is known to be negatively associated with
GCA[58], the high antral inflammation may explain the low prevalence of GCA in these
populations.

GEOGRAPHICAL DISTRIBUTION OF GASTRIC CANCER
ACROSS SUB-SAHARAN AFRICA
GCA remains an important cancer worldwide and was estimated to be responsible for
over 1000000 new cases in 2018 and an estimated 783000 deaths, i.e., approximately 1
in every 12 deaths globally [59] . Consequentially it is the fifth most frequently
diagnosed cancer and the third leading cause of cancer mortality[59]. Age-standardized
incidence rates are significantly elevated in Eastern Asia (45.3 per 100000
persons/year), when compared with rates in Northern America (7.6 per 100000
persons/year) and Northern Europe (9.3 per 100000 persons/year)[59]. These relatively
low incidence rates are comparable to those seen across many regions of Africa (Table
5). The cumulative incidence rate up to and including an age of 74 years, expressed as
a percentage of cancers of the stomach in sub-Saharan-Africa was 0.46% whereas the
comparable worldwide rate was 1.39%[60].
About 24000 new cases of stomach cancer and 22000 deaths were estimated to have
occurred in 2002 in Africa, with three quarters (18000 new cases) occurring in subSaharan Africa[60]. The national cancer registries with the highest recorded cumulative
incidence rates are Harare (Zimbabwe), Bamako (Mali), Kenya, Réunion (France),
Rwanda and Uganda[60] (Table 5).
The significant decline in the incidence of non-cardia GCA in developed countries
is an established phenomenon which is associated with improvements in food
preservation and a decline in transmission of and infection by H. pylori[61]. On the
contrary, no decrease was noted in rates of histologically diagnosed cases in South
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Figure 2

Figure 2 Gastric antral mucosa showing atrophy, intestinal metaplasia and mild chronic inflammation
(Haematoxylin and eosin stain; Magnification × 100).

Africa between 1986 and 1995[60]. There is also no indication that the incidence of
stomach cancer is declining in Africa; time trends for the cancer registries in Kampala
(Uganda)[62], Harare (Zimbabwe)[63], and Bamako (Mali)[60] indicate little or no change
in incidence during the past 20 years[60]. Notwithstanding, similar concerns remain
about the data as encountered in the trends of PUD. In addition to late presentation
and selection bias, cancer data in Africa is obtained from GLOBOCAN which is
subsequently drawn from country cancer registries [4,26] . Such registries are not
comprehensive due to considerable variation in the availability of efficient local
cancer reporting systems or databases, essential diagnostic health equipment
(endoscopy, histopathology, imaging) and expertise[26]. Validation of cases and their
source as well as specificity of outcome definitions are not explicit in most studies
further contributing to uncertainty about the precise incidence rates of GCA on the
continent[4,22].

THE HELICOBACTER PYLORI AFRICAN ENIGMA
Helicobacter pylori infection is endemic in Africa, however GDD prevalence is
reportedly low especially for GCA[64]. This phenomenon is referred to as the “African
enigma”-a high prevalence of H. pylori with an apparently low incidence of GCA[13].
The concept was challenged based on the potential problems with the data upon
which the theory was based. For example, in Africa, we cannot ignore major
difficulties in access to healthcare, endoscopy and radiological examinations, all of
which are deemed to have reduced the likelihood of a diagnosis of PUD and GCA[1].
On the contrary, patients with other common cancers such as oesophageal and
cervical cancer are represented in hospitals in Africa so it remains curious why GCA
patients would selectively not seek care[65].
Bacterial virulence has been studied to determine disease specific associations
which might explain differences in GDD incidence across populations. Several studies
in Africa have demonstrated that most H. pylori infections are of the virulent type as
they were predominantly cagA and vacA s1 positive[66-68], therefore factors other than
H. pylori virulence are likely of major importance in sub-Saharan Africa.
Environmental factors are essential in modulating H. pylori responses as well. There
is a dietary component, with foods high in salt and low fruit intake increasing GCA
risk. Both alcohol consumption and active tobacco smoking are also established risk
factors[69,70]. Regular consumption of fresh fruits and vegetables seems to delay the
onset of AG[71,72]. Further, co-infection of mice with Heligosomoides polygyrus, an extracellular mouse parasite, and Helicobacter felis has been shown to alter the immune
response with down-regulation of Th1 dependent IgG2a serum antibody response to
a greater extent than the Th2 dependent IgG1 antibody response leading to a
reduction in H. pylori-induced gastric atrophy[73]. This suggests that other common
infections in Africa might, likewise, affect the outcome of H. pylori infection.
Differences in GCA rates between African countries and other parts of the world may
accordingly be related to differences in intake of particular food, possibly co-existing
infections or composition of gut microbiota. As with other infections, the natural
history of H. pylori infection is determined by a range of microbe, host and
environmental co-factors[74].
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Table 4 Severity of atrophic gastritis and intestinal metaplasia at the Korle Bu Teaching
Hospital, Accra, Ghana (n = 136), as per updated Sydney system
Atrophy (n = 9)

Metaplasia (n = 16)

Grade

n (%)

Grade

n (%)

T1

6 (66.7)

M1

10 (62.5)

T2

2 (22.2)

M2

5 (31.3)

T3

1 (11.1)

M3

1 (6.2)

CONCLUSION
PUD and pre-malignant lesions are not uncommon in Africa when compared with the
West despite contrasting H. pylori prevalence. However, lack of cohort studies drawn
from the general population make accurate evaluation of incidence of GDD in Africa
elusive. Additionally, the lack of a temporal relationship with incidence of risk
factors, such as H. pylori infection, prevents an assessment of the strength of such
risks. Tertiary center studies are heterogenous between and within-countries, subject
to selection bias and may not be generalizable to the wider population. Therefore,
longitudinal studies are required to elucidate how a myriad of environmental factors
and gut microbiota (e.g., helminthic infections) act synergistically with host and H.
pylori in expression of gastro-duodenal phenotype in African countries. Evidence is
still lacking to support (or not) the African enigma theory, due to this theory being
based on inconsistent data that indicate a particularly low incidence of GDD in
African countries.
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Table 5 Age-Standardized Incidence rates of gastric cancer in sub-Saharan Africa[60]

Region

Age-standardized incidence rate (per 100000 personyears)

Years of study

Males

Total

Females

Central Africa
Congo, Brazzaville

2009-2013

2.0

1.5

3.5

Ethiopia, Addis Ababa

2012-2013

3.0

2.2

5.2

Kenya, Eldoret

2008-2011

9.8

7.9

17.7

Kenya, Nairobi

2007-2011

9.2

9.7

18.9

Malawi, Blantyre

2009-2010

4.4

3.5

7.9

Mozambique, Beira

2009-2013

0.8

0.4

1.2

Uganda, Kampala

2008-2012

6.4

3.3

9.7

Zimbabwe, Bulawayo

2011-2013

4.8

5.7

10.5

Zimbabwe, Harare

2010-2012

18.7

16.3

35.0

France Reunion

2011

16.8

6.3

23.1

Mauritius

2010-2012

7.0

3.2

10.2

Seychelles

2009-2012

3.7

3.2

6.9

Botswana

2005-2008

1.1

0.4

1.5

Namibia

2009

5.0

2.0

7.0

South Africa, National

2007

4.0

1.8

5.8

South Africa, East Cape

2008-2012

1.4

0.8

2.2

Benin, Cotonou

2013-2015

11.3

2.4

13.7

Cote D’Ivoire, Abidjan

2012-2013

2.8

2.8

5.6

The Gambia

2007-2011

2.2

0.8

3.0

Guinea, Conakry

2001-2010

4.7

2.8

7.5

Mali, Bamako

2010-2014

19.1

15.3

34.4

Niger, Niamey

2006-2009

2.2

1.6

3.8

Nigeria, Abuja

2013

4.4

2.2

6.6

Nigeria, Calabar

2009-2013

0.7

1.4

2.1

Nigeria, Ibadan

2006-2009

2.8

1.3

4.1

East Africa, Mainland

East Africa, Islands

Southern Africa

Western Africa

Figure 3

Figure 3 Helicobacter pylori infection. The organisms are indicated with arrows (Warthin-Starry stain; Magnification × 400).
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Abstract
Aptamers are a class of single oligonucleotide molecules (DNA or RNA) that are
screened from random DNA or RNA oligonucleotide chain libraries by the
systemic evolution of ligands by exponential enrichment technology. The selected
aptamers are capable of specifically binding to different targeting molecules,
which is achieved by the three-dimensional structure of aptamers. Aptamers are
similar in function to monoclonal antibodies, and therefore, they are also referred
to as "chemical antibodies". Due to their high affinity and specificity and low
immunogenicity, aptamers are topics of intense interest in today's biological
targeting research especially in tumor research. They not only have high potential
for clinical advances in tumor targeting detection but also are highly promising
as targeted tumor drug carriers for use in tumor therapy. Various experimental
studies have shown that aptamer-based diagnostic and therapeutic methods for
liver cancer have great potential for application. This paper summarizes the
structure, characteristics, and screening methods of aptamers and reviews the
recent research progress on nucleic acid aptamers in the targeted diagnosis and
treatment of liver cancer.
Key words: Aptamer; Systemic evolution of ligands by exponential enrichment; Liver
cancer; Outlook
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: For liver cancer, conventional diagnostic methods have low sensitivity,
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therapeutic drugs have great side effects, and tumor monitoring is difficult, which limit
the diagnosis and treatment of liver cancer. However, the diagnosis and treatment of
liver cancer based on aptamers have great application prospects. This review describes
the screening of aptamers and reviews the recent advances on aptamers in the targeted
diagnosis and treatment of liver cancer.
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25(26): 3359-3369
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3359.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3359

INTRODUCTION
Tumors are one of the leading causes of human death worldwide. With the
development of society, the population has increased, and the risk of tumors has also
greatly increased. Tumor diagnosis and treatment have become an issue of intense
concern. Liver cancer is a common malignant tumor, and its diagnosis and treatment
are the research focus of many scholars.
Aptamer refers to a type of single oligonucleotide molecule (DNA or RNA) that is
screened and enriched from a library of random single-stranded oligonucleotide
sequences constructed in vitro, and aptamers can specifically bind to target molecules,
such as small molecules, proteins, and even whole cells[1-3]. In 1990, Ellington et al[4]
and Tuerk et al [5] screened for a random oligonucleotide that binds to T4 DNA
polymerase with high affinity and specificity and confirmed the ability of this
oligonucleotide sequence to bind to the target. The identified oligonucleotide was
referred to as an aptamer, and the screening method was named systematic evolution
of ligands by exponential enrichment (SELEX). The first aptamer drug, pegaptanib
sodium (trade name: Macugen), was approved by the United States Food and Drug
Administration in 2004 and is used to treat age-related macular degeneration[6]. Now,
scientists have acquired a variety of aptamers screened using the SELEX technology,
which have a special three-dimensional structure that can bind different target
molecules[7,8]. The more detailed explanation for aptamers is given below.

APTAMERS
Structure and function of aptamers
An aptamer is a specific three-dimensional structure formed by the folding of a singlestranded nucleic acid molecule. The binding of an aptamer to the target molecule is
achieved by its own special three-dimensional structure, with features such as
hairpins, internal loops, bulges, pseudoknots, and G-tetramers[9]. The factors by which
an aptamer binds to the target molecule are the complementary effects of the
geometric shape, the interactions of aromatic ring overlap, the electrostatic
interactions of the charged groups, the bases of the nucleic acid aptamer, the van der
Waals forces, and the hydrogen bonds. Targets that can be bound include small
molecules, proteins, cells, and even entire tissues. Proteins are the most numerous
targets[10,11].

DNA and RNA aptamers
Both DNA and RNA aptamers can produce similar specificities and affinities, but
each has its own distinct advantages. The primary difference between DNA and RNA
lies in the sugar. The GH bond of deoxyribose in DNA has low reactivity and a stable
structure, making it better able to resist the action of enzymes. The ribose in RNA is
more reactive and less stable than deoxyribose, and double-stranded regions of RNA
can stimulate the immune system via the Toll-like receptor. An RNA aptamer
obtained from an RNA oligonucleotide chain library using the SELEX method needs
to be modified for improved stability[12].
In the early stages, many researchers were more likely to screen for RNA aptamers
because they have more diverse stereoscopic three-dimensional structures than DNA
and higher affinity for targets [13] . However, in-depth studies of aptamers have
presented increasing evidence that DNA aptamers are superior to RNA aptamers in
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application. For example, DNA aptamers have better structural stability and are easy
to screen. Therefore, an increasing number of researchers are now more inclined to
explore DNA aptamers, and in 2013, it was reported that more than 85% of aptamers
were obtained from DNA oligonucleotide libraries[14].

SELEX METHOD FOR SCREENING APTAMERS
Basic principles of SELEX technology
The SELEX technology combines multiple fields, such as molecular biology,
bioinformatics, and materials science, to develop aptamers for a variety of targets[15]. A
large number (approximately 1014-15) of random DNA or RNA oligonucleotide chains
are first synthesized, and then multiple screening and enrichment cycles are
performed to select oligonucleotide chains from this library that can bind target
molecules with high specificity and high affinity. New base sequences will appear
during the screening process, and as the cycle progresses, the specificity and affinity
with which the selected oligonucleotide strand binds the target molecule will
gradually increase. The final oligonucleotide chain has the highest specificity and
affinity for the target molecule and is referred to as the aptamer of the specific target
molecule[16,17].

Establishment of a random oligonucleotide chain library
As a raw material, the oligonucleotide chain for aptamer screening is fixed at both
ends and random in the middle. The random sequences can specifically bind to the
target molecule, and the fixed sequences can be used for amplification and screening.
Screening of DNA or RNA aptamers starts with synthesis of random DNA or RNA
oligonucleotide chain libraries.
The first step in building a library is to design fixed sequences at both ends of the
oligonucleotide chain, which are usually 20-30 nucleotides in length. The fixed
sequences generally contain primer binding sites and restriction endonuclease
binding sites required for PCR amplification, while binding sites containing RNA
polymerase are needed when preparing RNA aptamers. The transcribed RNA
sequences must also be able to bind to reverse transcriptase[18]. In designing the
intermediate sequences, attention should be paid to length. Short chains are easier to
design and fabricate and less expensive, but if the sequence is too short, it cannot form
secondary structures that specifically and stably bind to target molecules, or there are
not enough secondary structures in the library for screening. As the length of the
intermediate sequence increases, the capacity of the library increases, but increasing
the length of the intermediate sequence beyond a certain threshold will not
significantly increase the number of unique stereo structures available for screening.
Generally, the length of the intermediate sequence is 30-50 nucleotides, which can
theoretically form approximately 1014-1024 random oligonucleotide chains. The stereo
structure formed by this number of nucleotides is sufficient to bind a target
molecule [19] . After the sequence design is completed, a large number of DNA
oligonucleotide chains with random sequences in the middle can be synthesized with
a DNA synthesizer, and a DNA oligonucleotide chain library can be established.

Selection and enrichment of aptamers
After establishment of a DNA oligonucleotide chain library, it is necessary to screen
for and enrich oligonucleotide chains that can bind to target molecules with high
specificity and affinity. Mature screening techniques include magnetic bead
separation [20] , high-speed centrifugation, affinity chromatography [21] , capillary
electrophoresis[22], and nitrocellulose membrane filtration[23]. For example, studies have
shown that a target aptamer can be obtained in only four cycles of capillary
electrophoresis SELEX[24].
On the basis of traditional screening methods, many screening methods have been
developed, such as counter SELEX[25], subtractive SELEX[26], photo SELEX[27], and
negative SELEX[28], which can improve the selectivity of aptamers. Blended SELEX[29],
complex targeting SELEX[30], expression cassette SELEX[31], and toggle SELEX[32] can
improve the universality of aptamers. In addition, automated SELEX[33], non-SELEX[34],
and FluMag SELEX [35] can shorten the screening cycle. Methods for combining
different pools, such as tailored SELEX[36] and genomic SELEX[37], can increase the
likelihood of screening for aptamers of interest. At present, cell-based screening (cellSELEX) is widely used[38] (Figure 1).
To shorten the screening process, the following screening methods have been
developed. Multiple GO-SELEX employs graphene oxide (GO) for screening. This
method is simple, fast, and high throughput, and thus reduces the screening cost and
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Figure 1

Figure 1 Schematic diagram of cell systemic evolution of ligands by exponential enrichment strategy. The
target cells are used to screen and enrich the selection pools, and clonal sequencing is performed to obtain the
required aptamers. SELEX: Systemic evolution of ligands by exponential enrichment.

shortens the screening time[39]. Single-walled carbon nanotube-assisted cell-SELEX
(SWCNT-assisted cell-SELEX) requires only six rounds of screening compared with
the 15 rounds necessary in standard cell-SELEX and has a high screening efficiency[40].
On-chip cell-SELEX, which incorporates microfluidic chips into the cell-SELEX
process, requires only five rounds of screening, greatly shortening the screening
process [41] . Sequence-constructive SELEX modifies the sequence of aptamers to
improve the affinity and specificity for the targets[42]. Furthermore, Hi-Fi SELEX is a
protocol for rapid and efficient DNA aptamer selection[43].
The general procedures for screening and enrichment of DNA aptamers are as
follows: in the first round of screening, target molecules are used to screen DNA
oligonucleotide chain libraries and the oligonucleotide chain DNA is amplified via
PCR; in the second round of screening, the amplified products are rescreened and the
DNA is amplified via PCR; after 8-16 repeated rounds of screening, flow cytometry
and clonal sequencing are performed to obtain the required high specificity and high
affinity aptamers[15]. However, depending on the SELEX method used, the number of
screening and enrichment rounds will vary. In most cases, too many rounds will
waste consumable reagents without significantly improving the screening rate.
However, too few rounds may not identify the best aptamers or impurities. The
appropriate number of screening rounds is generally the number at which the affinity
does not continue to increase. Because of the low fidelity of the polymerase used in
SELEX, each screening enrichment cycle may produce variants, and thus, the
screening enrichment cycles actually increase the capacity of oligonucleotide chain
libraries. In addition to the effect of screening enrichment, the number of cycles
needed for screening enrichment is one of the criteria for evaluating the advantages
and disadvantages of screening enrichment methods. Many of the methods
mentioned above are optimized in terms of the number of cycles.

Base sequencing, characterization, and molecular structure modification of
aptamers
Screening of enriched aptamers requires base sequencing to obtain well-defined base
sequences. Then, structural analysis and characterization of these screened aptamers
need to be performed, to assess factors such as specificity, affinity, and stability.
The chemical synthesis of aptamers is more stable than antibodies. However,
despite their high stability and tolerance to temperature, pH range, and some organic
solvents, aptamers can be readily degraded or removed by the kidneys in vivo.
Because of the limited interaction between natural base pairs and drugs, in vivo use
requires prolonging the survival time of aptamers under physiological conditions,
that is, optimizing the structure of aptamers. Conventional optimization methods
include the following: (1) Substituting a natural nucleotide for a nucleotide modified
with a group to avoid degradation of the nucleic acid[44]; (2) Chemically synthesizing a
mirror image sequence of the selected aptamers with high plasma and serum stability
to enhance the stability of aptamers to make them have significant therapeutic
potential [45] ; (3) Modifying aptamers with locked nucleic acids to enhance their
ribozyme resistance. Methylene-linked 2'-oxygen and 4'-carbon in carbohydrate
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residues have strong ability to hybridize with nucleic acid molecules and are not
easily degraded by enzymes[46]; and (4) Covalently attaching PEG or cholesterol to
aptamers, prolonging their residence time in the human body and reducing renal
filtration rate [47,48] . The half-life of survival of aptamers in human physiological
environment can be extended from a few minutes to several hours by one or more of
the above methods, and aptamers with modifiable properties are superior to
antibodies or polypeptides in the diagnosis and treatment of tumor diseases.

CHARACTERISTICS OF APTAMERS AND COMPARISON
WITH MONOCLONAL ANTIBODIES
Characteristics of aptamers
Aptamers have many advantages, such as high affinity and specificity, a wide range
of action, small size, good stability, low cost, and easy synthesis and screening
compared with traditional immunological and chemical recognition molecules, and
aptamers have shown broad application prospects in the diagnosis and treatment of
diseases[49].

Comparison of aptamers and monoclonal antibodies
There are some similarities between aptamers and monoclonal antibodies (mAbs). In
terms of function, both aptamers and mAbs can bind target molecules with high
specificity and affinity. In terms of application, both aptamers and mAbs can be used
in medical research and in clinical diagnosis and treatment; therefore, aptamers are
known as "chemical antibodies". Compared with mAbs, aptamers do not exhibit
immunogenicity or antigenicity and do not cause a related immune response or
immune rejection in the human body. This property makes aptamers reusable for the
same patient in the diagnosis and treatment of clinical diseases[50].

APPLICATION OF APTAMERS IN THE TARGETED
DIAGNOSIS OF LIVER CANCER
The early stage of tumorigenesis may present no symptoms, leading to tumors in the
middle and late stages before symptoms are identified, which hinders the treatment of
tumors. However, tumor markers already exist in the early stage of tumorigenesis,
which is of great significance for the early diagnosis and treatment of tumors. The
main difficulty in the early diagnosis of tumors is the identification of the
characteristics of tumors and tumor cells. Tumor markers are important molecules in
the diagnosis and treatment of tumors. They can target whole tumors or tumor cells.
Fluorescence imaging of tumors and cells can diagnose tumors and monitor their
treatment. Due to the high specificity and affinity of aptamers, a goal currently
attracting intense interest is to screen for aptamers as tumor markers and apply them
to the targeted diagnosis of tumors. Aptamers have become potential probe molecules
for targeted diagnosis of liver cancer, and their application in vitro and in vivo of liver
cancer can improve detection specificity and sensitivity[51] (Figure 2).

Aptamers for in vitro detection of liver cancer
In recent years, with the in-depth study of aptamers, increasing numbers of liver
cancer detection methods based on aptamers have been developed to provide
different in vitro detection methods for the diagnosis of liver cancer (Table 1).
The aptamer-nanoparticle system (Apt-NP) formed by the conjugation of liver
cancer-related aptamers and nanoparticles, can be used for the diagnosis of liver
cancer. Recently, Hu et al [52] labeled HepG2 cells with biotin-conjugated TLS11a
aptamer (Bio-TLS11a)., and then co-incubated with streptavidin-conjugated
fluorescent silica nanoparticles (SA-FSNPs). HepG2 cells were detected in vitro by the
interaction between biotin and streptavidin. Hu et al[52] pointed out that these SAFSNPs can specifically and sensitively detect aptamer-labeled HepG2 cells and show
no obvious toxic effects, showing the good application prospect of this method for
liver cancer cells and other types of cancer cells.
With the deeper research on nano-molecules, more and more nano-molecules have
been discovered and used together with aptamers for targeted detection of liver
cancer cells. Wang et al[53] established a new method for detecting circulating tumor
cells (CTCs) in hepatocellular carcinoma (HCC). They combined the aptamer of the
carbohydrate sialic acid Lewis X with a hydroxyapatite/chitosan (HA/CTS) nanofilm
to form the CTC-BioTChip platform, which effectively captures and identifies HCC
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Figure 2 Schematic diagram of aptamer targeting to liver cancer. The aptamers bind to the surface of the liver
cancer cells with high specificity and high affinity after incubation with the liver cancer cells. After the aptamers are
injected into the mouse model through the tail vein, they specifically bind to the liver cancer tissue site.

CTCs. A small amount of aflatoxin B1 can cause liver cancer to occur. Joo et al[54]
developed a rapid method for the determination of aflatoxin B1 (AFB1) based on GO
and fluorescein imide modified AFB1-specific aptamer. When the aptamer binds to
AFB1, the conformation of the aptamer changes and interacts with GO such that the
fluorescence intensity is reduced or even quenched.
In the past few years, the potential role of quantum dots in fluorescence imaging
has gradually attracted the attention and research of more scholars. QD-labeled
aptamers are also a new strategy for detecting liver cancer cells. It has been found that
the SL2-B aptamer labeled with QDs can specifically recognize HepG2 cells and be
taken up by HepG2 cells, and the results can be detected by fluorescence microscopy.
Moreover, as the incubation time of HepG2 cells with the conjugate increased, it also
showed potential antiproliferative activity against HepG2 cells[55]. This technique of
QDs labeling aptamers provides a new strategy for in vitro detection and research of
liver cancer.
Dickkopf-1 (DKK1) has potential application value for the early diagnosis of HCC.
Zhou et al[56] obtained two kinds of aptamers that recognize DKK1, one is slow-off
aptamer, and the experimental results show that it can be used for aptamer-based
ELISA assay, while another fast-off aptamer is more suitable for flow cytometry and
spot-blot. In addition, the combination of molecular beacons[57], which have stem-ring
structures and contain fluorescent and quenching agents, and fluorescent dyes[58] with
aptamers targeting tumors has also been proven to be useful for detecting or imaging
tumors. This provides more potential methods for in vitro detection of liver cancer.

Aptamers for in vivo imaging of liver cancer
In vivo imaging is still a common method for the clinical diagnosis of tumors.
Techniques include magnetic resonance imaging (MRI), ultrasound molecular
imaging, computed tomography (CT), and fluorescence molecular tomography,
which have been verified in small rodents[59]. Nowadays, due to the extremely high
incidence of liver cancer and the increasingly intensive research on aptamer, the
application of various aptamer-based contrast agents, probes, and fluorescent groups
to in vivo oncology imaging has become the research topic of numerous scholars
(Table 2).
MRI is a non-invasive tumor diagnosis technique. To improve the diagnostic
efficacy of MRI, Yan et al[60] obtained an aptamer capable of binding to endoglin
(CD105) with high specificity by SELEX. This aptamer is conjugated to paramagnetic
and fluorophore on the G5 dendrimer to form a targeted nanoprobe that can be used
to detect tiny HCCs. Zhong et al[61] developed a nanoprobe targeting CD105 for MRI
by the use of aptamer-modified magnetic carboxymethyl chitosan, which can improve
the early diagnosis of HCC. In addition, Zhao et al [62] prepared a targeted MRI
molecular probe based on ultrasmall superparamagnetic iron oxide (USPIO) mediated
by phosphatidylinositol-3 (GPC3) aptamer. The probe was verified in xenograft mice,
and the experimental results confirmed the targeted imaging effect of the probe on
HCC expressing GPC3.
Various studies have shown that aptamers have great potential advantages in the
targeted diagnosis of liver cancer, but this application is still in its infancy. For some
malignant tumors with a low expression rate of tumor markers, further exploration is
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Table 1 Current literature summary of aptamers for in vitro detection of liver cancer
First author

Year

Aptamer

Target

System for detection Method for detection

Hu et al[51]

2017

TLS11a

HepG2 cells

Bio-TLS11a and SAFSNPs

Fluorescence
Microscopy

Wang et al[52]

2016

sLex-AP

CTCs

CTC-BioT Chip

Fluorescence
Microscopy

Joo et al[53]

2017

AFB1-Apt

AFB1

FAM modified AFB1Apt and GO

Fluorescence
Microscopy

Kaur et al[54]

2019

SL2-B

HepG2 cells

QDs labeled SL2-B

Fluorescence
Microscopy

Zhou et al[55]

2019

Slow-off aptamer
DKK1 protein
(TD10); fast-off aptamer

5′ amino C6 modified
TD10-based ELISA; 5′
FAM labeled fast-off
aptamer

ELISA (TD10); dot blot
and flow cytometry
(fast-off aptamer)

still needed[63].

APPLICATION OF APTAMERS IN TARGETED THERAPY OF
LIVER CANCER
In addition to acting as therapeutic agents, aptamers can also be used as targeting
agents to conjugate with antitumor drugs, oligonucleotides, or nanocarriers for
targeted tumor therapy. A drug delivery system based on aptamers has many
advantages. It can not only significantly improve the pharmacokinetic properties of
drugs in vivo, but also can reduce toxic and side effects to some extent certain due
targeting properties. Because aptamers are small (nanosized) molecules, the whole
drug delivery system can effectively penetrate all levels of blood vessels into the
tumor site[64].
The traditional methods of liver cancer therapy have poor targeting, inefficient
drug delivery, poor efficacy, and severe side effects, which together present great
challenges in the therapy of liver cancer. The targeted therapy of liver cancer is now
the focus of scientists' research. Currently, aptamers have been widely studied and
applied in various fields because of their characteristics. Modified aptamers have been
applied to the treatment of liver cancer, improving the efficiency of treatment and
greatly reducing the side effects of drug treatment [65] . Aptamers can be used as
therapeutic agents to intervene in the treatment of liver cancer. They can also be
conjugated with antineoplastic drugs, oligonucleotides, or nanocarriers for the
treatment of tumors, such as chemotherapy, gene therapy, immune therapy,
radiotherapy, and phototherapy[66] (Table 3).
Hu et al[67] constructed a bispecific system using the hepatoma cells-specific aptamer
TLS11a and anti-CD3, which mediates T cell activation, targets cytotoxic T cells to the
liver cancer site, and thus enhances the anti-tumor effect. The experimental results
show that TLS11a/CD3 can connect hepatoma cells and T cells, avoiding the
occurrence of immune escape and mediating the lysis of hepatoma cells and the
release of cytokines, and the released cytokines can continue to enhance anti-tumor
effects. This aptamer-based bispecific system provides a new technology platform for
targeted immunotherapy of liver cancer.
The recombinant adenovirus carrying the PTEN gene (Ad5-PTEN) is an effective
anti-tumor agent, but its application is greatly limited due to its poor stability and
toxic effects to normal tissues. To overcome the application limitations of Ad5-PTEN,
Xiao et al [68] formed a novel gene delivery system, EPAP, by linking EpDT3, an
aptamer that specifically binds to epithelial cell adhesion molecule (EpCAM), to AdPTEN. The results show that EPAP is non-toxic to normal cells and tissues, can target
and inhibit EpCAM-positive hepatoma cells, enhance anti-tumor activity, and
improve the gene therapy efficiency of liver cancer.
Today, mesoporous silica nanoparticles (MSNs) are a potential therapeutic
platform for cancer therapy. MSNs are a good nano-drug delivery platform because of
its good stability, high load, high biocompatibility, adjustable pore size, and
protection against inactivation or degradation of the incorporated drug[69]. Babaei et
al[70] developed a PEGylated MSN system capable of targeting EpCAM and controlling
the release of 5-fluorouracil. First, the authors loaded 5-fluorouracil into mesoporous
silica, hybridized with gold nanoparticles to its outer surface, PEGylated, and then
conjugated with EpCAM aptamer, and the resulting complex can be used for HCC
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Table 2 Current literature summary of aptamers for in vivo imaging of liver cancer
First author

Year

Aptamer

Type of tumor

Probe for detection

Method for detection

Yan et al[59]

2018

CD105-Apt

Tiny HCC

Conjugated CD105-Apt
to paramagnetic and
fluorophore on the G5
dendrimer

MRI

Zhong et al[60]

2019

mEND

HCC

mEND-Fe O @CMCS

MRI

Zhao et al[61]

2018

AP613-1

HCC expressing GPC3

Apt-USPIO

MRI

2017

EpCAM-Apt

HCC

EpCAM-PEG-Au@Si-5FU NPs

CT

[69]

Babaei et al

Apt: Aptamer; HCC: Hepatocellular carcinoma; MRI: Magnetic resonance imaging; CT: Computed tomography; USPIO: Ultrasmall superparamagnetic
iron oxide.

treatment. This system has potential application prospects in the targeted therapy of
early liver cancer. In addition, it can also be used for CT imaging.
Black Phosphorus Quantum Dots (BPQDs) have a unique photocatalytic activity
and have potential applications in photodynamic therapy, but the application of
BPQD is limited due to the instability of the tumor microenvironment. To solve this
problem, Lan et al[71] constructed a nanostructure based on the TLS11a aptamer. Lan et
al [71] synthesized BPQDs/Pt hybrid mesoporous silica (BMSF@Pt), and then
conjugated the TLS11a aptamer to BMSF@Pt to form Apt-MBMSF@Pt nanostructure.
This structure can specifically target to HCC cells, killing HCC cells by selfcompensation of oxygen, enhancing photodynamic efficacy, and providing a new
method for targeted therapy of HCC.
MiRNA-195 (miR195) is a potent gene drug that inhibits vascular endothelial
growth factor (VEGF), and some studies have demonstrated the inhibitory effect of
miR195 in HCC[72]. Liu et al[73] conjugated histidine-modified disulfide cross-linked
stearyl polyarginine peptide (H3R5) to cell penetrating peptide-modified aptamer,
ST21, which is capable of specifically binding to HCC cells. Then, under the action of
PEG, miR195 and Fasudil were loaded to the conjugation. Finally, a nano-system,
Fasudil
ST21-H 3 R 5 -PEG miR195 , based on ST21-H 3 R 5 -PEG was constructed. The results
showed that FasudilST21-H3R5-PEGmiR195 has a strong ROCK2 blocking effect and VEGF
silencing effect, showing a higher anti-tumor effect, and has great application
prospects for targeted therapy of HCC.
Liposomes are complex structures composed of cholesterol and phospholipids that
can contain hydrophilic and lipophilic drugs and reduce the cytotoxicity of drugs.
Liposomes are very effective drug nanocarriers. Cabazitaxel is a broad-spectrum
antineoplastic drug, but its clinical adverse reactions hinder its use. Cheng et al[74]
modified capsaicin liposomes with a TLS1c aptamer targeting MEAR cells and
demonstrated the highly specific targeting ability and strong antitumor effect of this
complex on MEAR cells. This drug delivery system is also an effective potential
therapeutic strategy. Nanoparticles, polymer micelles, and biomimetic nanocarriers
can also be used as drug carriers to construct drug delivery systems, providing
potential for the further development of targeted therapy for liver cancer[75].

CONCLUSION
In conclusion, the diagnosis and treatment of liver cancer developed on the basis of
aptamer solve the problems of low diagnostic sensitivity, large side effects of
anticancer drugs, and difficulty in tumor monitoring. Various experimental results
have confirmed the great potential of these strategies in the clinical application to liver
cancer, and provide good scientific evidence for the clinical application of aptamers in
liver cancer.
As “chemical antibodies”, aptamers have been considered an important research
direction in the targeted diagnosis and treatment of tumors. With the continuous
development of aptamers with different targeting sites, the application of aptamers
with different targeting sites has become increasingly extensive. Aptamers have been
modified and applied to various aspects of targeting research for liver cancer. With
the development of different detection methods and treatment methods based on
aptamers, aptamers will continue to develop in the clinical application of liver cancer,
and finally realize early diagnosis and treatment of liver cancer.
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Table 3 Current literature summary on the application of aptamers in targeted therapy for liver cancer
First author

Year

Aptamer

Target

System for therapy

Function

Hu et al

2018

TLS11a

H22 cells

TLS11a/CD3

Immunity therapy

Xiao et al[67]

2017

EpDT3

EpCAM-positive cells HepG2

EpDT3-PEG-Ad5-PTEN (EPAP)

Gene therapy

Babaei et al

2017

EpCAM-Apt

EpCAM-positive cells HepG2

EpCAM-PEG-Au@Si-5-FU NPs

Chemotherapy

Lan et al[70]

2019

TLS11a

HepG2 cells

Apt-BMSF@Pt

Phototherapy

Liu et al[72]

2016

ST21

SK-Hep-1 cells

Fasudil

Chemotherapy and gene therapy

Cheng et al[73]

2019

TLS1c

MEAR cells

BioTL Cab/lipo

Chemotherapy

[66]

[69]

ST21-H3R5-PEG miR195
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Abstract
BACKGROUND
The treatment of difficult common bile duct stones (CBDS) remains a big
challenge around the world. Biliary stenting is a widely accepted rescue method
in patients with failed stone extraction under endoscopic retrograde
cholangiopancreatography. Fully covered self-expanding metal stent (FCSEMS)
has gained increasing attention in the management of difficult CBDS.
AIM
To manufacture a drug-eluting FCSEMS, which can achieve controlled release of
stone-dissolving agents and speed up the dissolution of CBDS.
METHODS
Customized covered nitinol stents were adopted. Sodium cholate (SC) and
disodium ethylene diamine tetraacetic acid (EDTA disodium, EDTA for short)
were used as stone-dissolving agents. Three different types of drug-eluting stents
were manufactured by dip coating (Stent I), coaxial electrospinning (Stent II), and
dip coating combined with electrospinning (Stent III), respectively. The drugrelease behavior and stone-dissolving efficacy of these stents were evaluated in
vitro to sort out the best manufacturing method. And the selected stonedissolving stents were further put into porcine CBD to evaluate their biosecurity.
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RESULTS
Stent I and Stent II had obvious burst release of drugs in the first 5 d while Stent
III presented controlled and sustainable drug release for 30 d. In still buffer, the
final stone mass-loss rate of each group was 5.19% ± 0.69% for naked FCSEMS,
20.37% ± 2.13% for Stent I, 24.57% ± 1.45% for Stent II, and 33.72% ± 0.67% for
Stent III. In flowing bile, the final stone mass-loss rate of each group was 5.87% ±
0.25% for naked FCSEMS, 6.36% ± 0.48% for Stent I, 6.38% ± 0.37% for Stent II,
and 8.15% ± 0.27% for Stent III. Stent III caused the most stone mass-loss no
matter in still buffer or in flowing bile, which was significantly higher than those
of other groups (P < 0.05). In vivo, Stent III made no difference from naked
FCSEMS in serological analysis (P > 0.05) and histopathological examination (P >
0.05).
CONCLUSION
The novel SC and EDTA-eluting FCSEMS is efficient in diminishing CBDS in
vitro. When conventional endoscopic techniques fail to remove difficult CBDS, SC
and EDTA-eluting FCSEMS implantation may be considered a promising
alternative.
Key words: Common bile duct stone; Drug-eluting stent; Fully covered self-expanding
metal stent; Electrospinning; Nanofiber film
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The idea of delivering stone-dissolving agents to the location of common bile
duct stones (CBDS) via biliary stent is first introduced by our research group. Based on
our previous work and updated progress in the endoscopic field, we have further
modified our previous version and present a brand-new stone-dissolving fully covered
self-expanding metal stent, which is expected to serve as an alternative in the
management of difficult CBDS.

Citation: Huang C, Cai XB, Guo LL, Qi XS, Gao Q, Wan XJ. Drug-eluting fully covered selfexpanding metal stent for dissolution of bile duct stones in vitro. World J Gastroenterol 2019;
25(26): 3370-3379
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3370.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3370

INTRODUCTION
Biliary stenting is a widely accepted rescue method in patients with failed stone
extraction under endoscopic retrograde cholangiopancreatography (ERCP) and
plastic biliary stents are commonly used around the world[1,2]. It is worth noting that
fully covered self-expanding metal stents (FCSEMS) have been used in the
management of difficult common bile duct stones (CBDS) and have gained
satisfactory clinical outcome[3-7]. In the research of Garcia-Cano’s group[3], FCSEMS
implantation was adopted after an ERCP session without complete CBDS extraction.
Successful biliary drainage was obtained in all 29 cases. After a median of 199.5 d of
follow-up, FCSEMS was removed in 16 patients with a complete CBDS extraction in
15 (93.7%) cases. Another research reported that after 6.4-wk FCSEMS insertion, stent
patency rate was 100% (36/36) and success rate of first attempt to clear CBDS was
80.6% (29/36)[4].
Both sodium cholate (SC) and disodium ethylene diamine tetraacetic acid (EDTA)
have been found to be able to dissolve biliary stones[8-11]. In our previous studies, we
have developed a drug-eluting plastic stent (PS) by the method of dip coating, which
is able to release EDTA and SC, and the novel stent has been proved to effectively
dissolve CBDS ex vivo and in a live porcine CBDS model[12,13]. But we also observed
that the drug-loaded coating outside the PS might fall off during application, which
could weaken the stone-dissolving effect of the stent. We have tried coaxial
electrospinning, one method to produce drug-loaded nanofiber film, instead of dip
coating to manufacture drug-loaded stent; however, burst release of drug became
another issue and the stone-dissolving effect was barely satisfactory[14].
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Sustainable drug release and unobstructed bile drainage are desired in stonedissolving stents. In this study, we aimed to modify our stone-dissolving stents. PS
was replaced by FCSEMS since FCSEMS can provide more effective drainage and is
becoming a promising alternative in the bridge therapy for difficult CBDS. And a new
method of manufacturing drug-loaded stent was tested to overcome the problem of
coating falling off and burst release of drug.

MATERIALS AND METHODS
Preparation of drug-eluting stents
Customized nitinol stents (Micro-Tech Co., Ltd., Nanjing, China), which are 2 cm
long, 6 mm wide at the proximal end, 5 mm wide at the waist, and 4 mm wide at the
distal end and covered with silicone membrane, were used in this study (Figure 1A).
Polycaprolactone (PCL) was adopted as drug carrier and 100 mg SC and EDTA at a
molar ratio of 1:1 were loaded on stents. Three different types of SC and EDTAeluting stents were manufactured by dip coating, coaxial electrospinning, or dip
coating combined with electrospinning, which were assigned as Stent I, Stent II, and
Stent III, respectively (Figure 1A). Naked nitinol stent served as a control. By dip
coating, naked nitinol stents were immersed in mixed solution of PCL and SC and
EDTA, and air dried in fuming cupboard. Then, the above-mentioned steps were
repeated for several times until the stents reached the expected drug-loading. The
steps of coaxial electrospinning was the same as we described in our previous
study[14]. For dip coating combined with electrospinning, after dip coating, another
super-thin layer of PCL was coated outside the drug-loaded stents by electrospinning.
Every drug-eluting stent was weighed before and after they were coated. The mass of
coating (mg) was calculated as mass of coated FCSEMS (mg) – mass of naked
FCSEMS (mg), and the drug-loading efficiency (%) was calculated as drug
loading/coating mass × 100%.

Drug release in vitro
Three kinds of drug-eluting stents loaded with 100 mg SC and EDTA and naked
nitinol stents (stents without drugs) were immersed in 10 mL phosphate-buffered
saline (PBS, 0.01 M, pH 7.4) in 15 mL tubes (n = 6 in each group). All the tubes were
placed in a shaker incubator at an oscillator frequency of 60 rpm at 37 °C. After
predetermined incubation time of 1, 2, 3, 4, 5, 10, 15, 20, 25, or 30 d, 1 mL of the buffer
in each tube was collected and replaced with 1 mL of fresh PBS. The collected buffer
was measured by high-performance liquid chromatography (HPLC) to figure out how
much SC and EDTA were released into PBS. Cumulative drug release percentage (%)
was calculated as actual drug release/drug loading capacity × 100%.

Dissolution of biliary stone in still buffer in vitro
CBDS were obtained from patients with choledocholithiasis who underwent
choledocholithotomy at Shanghai General Hospital, and informed consent was
obtained from all patients. The collected stones were rinsed with saline and then airdried for one month. CBDS (mass in 100 mg) together with one of four FCSEMS were
placed into 10 mL PBS in 15 mL tubes (n = 6 in each group) and the PBS in each tube
was changed daily. All the tubes were also placed in a shaker incubator at an
oscillator frequency of 60 rpm at 37 °C. Stone-dissolving efficacy of drug-eluting
stents was assessed by calculating mass loss ratio of stones at predetermined
incubation time of 1, 2, 3, 4, 5, 10, 15, 20, 25, or 30 d. The stones were dried in a
homeothermal dryer at 60 °C for 24 h before they were weighed. Weight loss ratio (%)
was calculated as [(original weight – residual weight)/original weight] × 100%.

Dissolution of biliary stone in flowing bile in vitro
In order to mimic the biological environment in the CBD with bile flow, we collected
some computed tomography and MRCP images of patients with CBDS and made an
in vitro human-scale simulated CBD as bile perfusion model with the help of 3Dprinting (Figure 1B). Human bile was obtained from patients who underwent
endoscopic nasobiliary drainage. One stent and one CBDS (mass in 100 mg) were put
into the CBD model together and a total of 1000 mL of human bile was perfused into
each CBD model every day (Figure 1C, n = 6 in each group). After 5, 10, 15, 20, 25, or
30 d of bile perfusion, mass loss ratio of stones in each group was calculated as
described above.

Biosecurity of SC/EDTA-eluting FCSEMS in vivo
All experimental procedures were approved by the Animal Care and Use Committee
of Shanghai Jiaotong University School of Medicine. A total of 10 male miniature pigs
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Figure 1 Pictures of stents and common bile duct model. A: Picture of covered nitinol stent and drug-eluting stents manufactured by dip coating, coaxial
electrospinning, and dip coating combined with electrospinning (a: Covered nitinol stent without drug load; b: Drug-eluting stent manufactured by dip coating; c: Drugeluting stent manufactured by coaxial electrospinning; d: Drug-eluting stent manufactured by dip coating combined with electrospinning); B: In vitro common bile duct
(CBD) model manufactured by 3D printing technology (a: Front view; b: Lateral view; c: Back view, one stent and one stone can be put inside the model through the
hole on the back); C: Picture illustrating dissolution of biliary stone in flowing bile in bile perfusion model. One stent and one CBD stone (mass in 100 mg) were put into
the CBD model together and a total of 1000 mL human bile was perfused into each CBD model every day, that is, 1000 mL human bile will flow through the stent and
stone every day. In this way, we get to know whether our stent can exert the stone-dissolving effect in flowing bile. CBD: Common bile duct; CBDS: Common bile duct
stone.

aged 1-2 years and weighing 15-20 kg were included in the study and randomly
assigned to two groups (n = 5 each). The animals were acclimatized to laboratory
conditions (23 °C, 12 h/12 h light/dark, 50% humidity, ad libitum access to food and
water) for 2 wk prior to experimentation. Naked FCSEMS and Stent III were involved
in this part. The porcine CBD was partially ligated for one week via laparoscopy and
one stent was put into the dilated porcine CBD above the papilla through open
surgery (Figure 2). All the procedures were conducted under general anesthesia.
Serum samples were collected before stent insertion, 15 and 30 d after stent insertion
and tested. After 1-mo follow-up, all the animals were sacrificed. Specimens,
including the gallbladder, CBD, duodenal wall, liver, and kidney were collected.
Hematoxylin and eosin (HE) staining was conducted on all the specimens for
histopathological examination. And two senior pathologists helped read the HE slides
and grade the severity of inflammation on a scale from mild (+), moderate (++) to
severe (+++), according to the numbers and range of infiltrated inflammatory cells.

Statistical analysis
Statistical analyses were performed using SAS 8e (SAS Institute, Cary, NC, United
States). Data are presented as the mean ± standard deviation (SD). Student’s t-test was
used to compare continuous quantitative data between two groups and difference
among multiple groups was detected by analysis of variance (ANOVA). For ranked
data, rank sum test was applied. P < 0.05 was considered statistically significant.

RESULTS
Characteristics of the SC and EDTA-eluting FCSEMS
All the drug-eluting FCSEMS possessed a smooth surface and good patency (Figure
1A). In terms of coating mass and thickness, there was a significant difference among
the three groups (P < 0.05). As shown in Table 1, with the same drug loading and
drug-loaded material, the average coating mass and thickness of Stent II were both
greater than those of Stent I and Stent III (P < 0.05), while there was no significant
difference between Stent I and Stent III (P > 0.05). The drug-loading efficiency was
much lower in Stent II than in another two groups. In other words, given the same
coating mass, Stent II had the least drug loading capacity.

Drug release behavior
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Figure 2

Figure 2 Key steps to put stent into porcine common bile duct. A: The porcine common bile duct (CBD) was
partially ligated via laparoscopy; B: The porcine CBD was dilated after one-week ligation; C: Naked fully covered selfexpanding metal stent or Stent III was put into the porcine CBD through choledochotomy. To avoid stent migration,
stents were sewed on the CBD walls with special care when closing the CBD and the ligation was removed
thereafter; D: After the animals were sacrificed, all the stents were still in the bile duct without migration. CBD:
Common bile duct.

Release behaviors of SC and EDTA-eluting FCSEMS and naked FCSEMS are
presented in Figure 3A. Naked FCSEMS were not loaded with drugs, so neither SC
nor EDTA was detected. In terms of Stent I, the cumulative release of SC and EDTA
reached 46.50% ± 2.50% of the total loaded drug on day 1, 76.72% ± 1.30% on day 5,
and 80.12% ± 1.80% on day 15; however, no more drugs were released thereafter. In
terms of Stent II, the cumulative release of SC and EDTA reached 65.20% ± 2.38% of
the total loaded drug on day 1 and 76.51% ± 1.97% on day 5, then no more drugs were
released. By contrast, Stent III only released 11.29% ± 1.88% of the total loaded drug
on day 1, 45.21% ± 2.77% on day 5, and 80.14% ± 1.86% on day 30. In sum, Stent I and
Stent II had obvious burst release of drugs while Stent III presented controlled drug
release as we expected.

Stone dissolution in still buffer
The dissolution curve is showed in Figure 3B. Naked FCSEMS only caused a little loss
of stone mass (5.19% ± 0.69%) at the end of observation, which might be due to the
dissolution of bile pigments of stones into the buffer. Stone mass-loss rate of Stent I
reached 9.74% ± 1.14% on day 1, which gradually increased to 20.37% ± 2.13% on day
5; however, no more mass loss was seen thereafter. The situation was similar in Stent
II. Stone mass loss was detected only in the first 5 d and the maximum stone mass-loss
rate of Stent II was 24.57% ± 1.45%. As to Stent III, stone mass-loss rate on day 1 only
reached 4.11% ± 1.67%, and stone mass loss in the first five days was lower than those
of Stent I and Stent II. However, stone mass loss of Stent III gradually increased in the
next 25 d and come to a final stone mass-loss rate of 33.72% ± 0.67%. In terms of final
stone mass-loss rate, there were differences among the three groups (P < 0.05). The
final stone mass-loss rate of Stent III was significantly higher than those of Stent I and
Stent II (P < 0.05), and there existed no difference between Stent I and Stent II. In other
words, with the same drug loading, Stent III possessed the best stone-dissolving effect
in still buffer.

Stone dissolution in flowing bile
Stone mass loss could be observed throughout the whole experiment in all the groups
(Figure 3C). In the first 5 d, naked FCSEMS gained 2.61% ± 0.58% of stone mass loss,
while Stent I, Stent II, and Stent III gained 3.32% ± 0.62%, 3.47% ± 0.83%, and 2.82% ±
0.37%, respectively. The stone mass loss ratio of naked FCSEMS was statistically
lower than those of Stent I and Stent II (P < 0.05), but similar to that of Stent III (P >
0.05). However, there existed no difference in stone mass loss ratio between any two
of Stent I, Stent II, and Stent III. At the end of observation, the stone mass loss ratio of
naked FCSEMS, Stent I, Stent II, and Stent III was 5.87% ± 0.25%, 6.36% ± 0.48%, 6.38%
± 0.37%, and 8.15% ± 0.27%, respectively. The final stone mass loss ratio of naked
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Table 1 Parameters of drug-eluting stents manufactured by three different methods (mean ± SD)

Stent I (n = 6)

Drug-loaded material

Drug load (mg)

Coating mass (mg)

Coating thickness (mm)

Drug-loading efficiency (%)

PCL

50

49.78 ± 0.09b

0.48 ± 0.05b

50

f

Stent II (n = 6)

PCL

50

74.98 ± 0.12

0.79 ± 0.05f

33.3

Stent III (n = 6)

PCL

50

50.01 ± 0.11

0.57 ± 0.03

50

PCL: Polycaprolactone. Stent I vs Stent II, aP < 0.05,
b
P < 0.01; Stent I vs Stent III, cP < 0.05, dP < 0.01; Stent II vs Stent III, eP < 0.05,
f
P < 0.01.

FCSEMS was lower than those of the other three groups (naked FCSEMS vs Stent I, P
< 0.05; naked FCSEMS vs Stent II, P < 0.01; naked FCSEMS vs Stent III, P < 0.01). Stent
I and Stent II had similar stone mass loss ratio (P > 0.05), both of which were
remarkably lower than that of Stent III (P < 0.01).

Serological analysis and histopathological examination
In view of better stone-dissolving effect in flowing bile, Stent III was included in the
animal experiment and naked FCSEMS acted as a control. Since we failed to place one
stent together with one stone into porcine CBD through choledochotomy due to high
mortality of miniature pigs (3/3) in our preliminary experiment, only the stents were
placed into CBD in this study. All animals survived well after the stent placement.
Comparing all the observed serological indicators (listed in Table 2) between the two
groups, there were no difference before nor after the stent placement (P > 0.05 for all);
comparing all the indicators before and after the stent placement in the same group,
no difference was observed in both groups (P > 0.05 for all).
HE staining demonstrated that the gallbladder in both groups presented mild to
moderate inflammatory cell infiltration and the CBD in both groups had mild to
severe inflammatory cell infiltration. No necrosis or fibrosis was seen in the
gallbladder and CBD. The inflammatory response rankings of the gallbladder and
CBD in both groups are listed in Table 3, and there existed no statistical difference
between the two groups (P > 0.05). Besides, the duodenal wall, liver, and kidney were
normal in both groups (Figure 4).

DISCUSSION
The treatment of difficult CBDS remains a big challenge around the world. The idea of
delivering stone-dissolving agents to the location of CBDS via biliary stent is first
introduced by our research group. Based on our previous work and updated progress
in the endoscopic field, we presented a brand-new stone-dissolving FCSEMS.

Choice of stents
The primary goal of stent implantation in patients with CBDS is to release biliary
obstruction. In this study, stone mass loss in flowing bile was observed throughout
the whole experiment in all four groups, which indicated that unobstructed bile duct
with flowing bile might contribute to the dissolution of CBDS. PS are usually
deployed across the duodenal papilla and the incidence of duodenobiliary reflux is
not rare, leading to recurrent choledocholithiasis and bile infection. Limited drainage
lumen and biliary infection make PS clogged easily[15,16] so that PS needs to be replaced
periodically. Compared with PS, FCSEMS have several advantages as follows. First,
FCSEMS have a bigger inner diameter, providing larger drainage volume and
decreasing the possibility of stent occlusion. Second, FCSEMS with a retrieval lasso
can be put above the duodenal papilla without disturbing the physiological function
of the Oddi’s sphincter, thus reducing the chance of biliary infection caused by
duodenal-biliary reflux [6,17] . What is more, the self-expanding performance and
flexibility of nitinol stents allow larger contact area between stent and stone(s), which
might increase the friction between them and speed up the disintegration of CBDS,
thus facilitating later bile duct clearance. The research of Kwon et al[18] also suggested
that stents with a wide contact surface with the stones were clinically more effective in
reducing the stone size. In short, we presumed that FCSEMS exceed PS in maintaining
fluent bile flow and disintegrating CBDS. Unfortunately, this idea cannot be verified
in this study and no one has made a comparison between PS and FCSEMS in the
management of CBDS yet. It is also worth noting that when the FCSEMS is put
entirely in the CBD, there exists the problem of stent migration[4]. Risks related to
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Figure 3 Drug release behavior and stone-dissolving efficacy of different stents. A: Drug release curves of three types of drug-eluting stents and stents without
drug load; B: Stone mass loss curves of three types of drug-eluting stents and stents without drug load in still buffer; C: Stone mass loss curves of three types of drugeluting stents and stents without drug load in flowing bile. Naked fully covered self-expanding metal stent vs Stent III, aP < 0.05, bP < 0.01; Stent I vs Stent III, cP <
0.05, dP < 0.01; Stent II vs Stent III, eP < 0.05, fP < 0.01.

FCSEMS insertion above the papilla need to be further evaluated.

Choice of manufacture method
Stent I and Stent II had most of their drugs released in the first 5 d, and stone mass
loss in still buffer was only detected in the first 5 d. Stent III performed continuous
and steady release of drugs for 30 d, and stone mass loss in still buffer gradually
increased with time. What is more, Stent III gained the highest stone mass-loss rate
among all the groups in flowing bile. It is not difficult to draw the conclusion that
better stone-dissolving outcome is related to the sustainable drug release.
Another super-thin layer of PCL was the only difference between Stent I and Stent
III, therefore, we deemed that this layer of PCL contributed to the controlled drug
release. Another compact layer of PCL means that drug molecules have a longer way
to go to get into the water surrounding the stent, in other words, the release of drugs
slows down to some extent. Comparing with burst drug release, gradual release of
drugs in each day let the CBDS have more contact time with the drugs, and the
litholytic effect accumulates day by day.
With the same drug loading, the drug-loaded coating of Stent I and Stent III was
thinner, which made Stent I and Stent III lighter and more practical. As set forth,
drug-loaded stent manufactured by dip coating had the problem of coating falling off,
however, this phenomenon was not observed on Stent I. And we believe that one
well-knit layer of PCL by electrospinning could prevent this potential trouble. And
the further in vivo experiment demonstrated that Stent III as well as naked FCSEMS
was characterized with good biosecurity in mini-pigs.
The present study was subject to several limitations. First, the stones in this study
were obtained from human CBD, however, we did not tell cholesterol stones,
pigmented stones, or mixed stones apart. If we want to figure out the composition of
one specific stone, this stone needs to be grinded down into fine power and be tested,
which made the stone classification impossible before all the experiments. Second, we
failed to place one stent together with one stone into porcine CBD through
choledochotomy due to high mortality of miniature pigs (3/3) in our preliminary
experiment and only the stents were placed into CBD in this study. The disintegration
of stone caused by mechanical friction between FCSEMS and stone could not be fully
evaluated.
In conclusion, EDTA and SC-eluting stent can speed up the disintegration of CBDS
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Table 2 Serology of experimental animals before and after stent placement (mean ± SD)
Naked FCSEMS (n = 6)

Stent III (n = 6)

Day 0

Day 15

Day 30

Day 0

Day 15

Day 30

ALT (U/L)

33.06 ± 7.31

29.93 ± 8.22

32.10 ± 5.97

33.16 ± 6.14

30.50 ± 3.41

35.66 ± 5.51

AST (U/L)

29.60 ± 3.82

34.86 ± 7.28

34.66 ± 8.73

48.64 ± 18.81

28.06 ± 4.00

29.37 ± 3.33

Alb (g/L)

30.80 ± 5.33

31.50 ± 6.07

32.56 ± 5.43

32.44 ± 5.37

34.6 ± 0.81

34.54 ± 6.26

TBIL (umol/L)

1.32 ± 0.38

1.95 ± 0.54

1.80 ± 0.37

1.68 ± 0.26

2.14 ± 0.65

1.74 ± 0.55

TBA (umol/L)

16.43 ± 7.24

16.83 ± 9.50

13.30 ± 3.55

16.56 ± 8.58

9.21 ± 1.90

16.90 ± 9.35

γ-GT (U/L)

44.04 ± 9.29

41.36 ± 3.59

42.62 ± 7.18

47.40 ± 7.60

42.38 ± 3.74

41.16 ± 9.57

ALP (U/L)

167.02 ± 42.32

138.33 ± 47.60

144.12 ± 40.23

158.4 ± 60.56

124.20 ± 31.39

163.00 ± 28.91

Cre (umol/L)

47.90 ± 12.16

46.06 ± 9.27

48.00 ± 13.94

39.12 ± 12.96

49.72 ± 10.50

60.02 ± 19.71

Ca (mmol/L)

2.89 ± 0.28

2.57 ± 0.01

2.86 ± 0.33

2.60 ± 0.52

2.75 ± 0.53

2.81 ± 0.29

Mg (mmol/L)

1.01 ± 0.08

0.93 ± 0.06

1.14 ± 0.27

1.28 ± 0.21

1.00 ± 0.22

1.04 ± 0.25

FCSEMS: Fully covered self-expanding metal stent; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; TBA: Total bile
acids; γ-GT: γ-glutamine transaminase; Alb: Albumin; ALP: Alkaline phosphatase; Cre: Creatinine.

in vitro and it works better when the drugs are controlled released. Given the
successful application of FCSEMS in the management of difficult CBDS, the
combination of controlled EDTA and SC release and FCSEMS might be a promising
alternative.
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Table 3 Classification of inflammation in different tissues after stent placement
Gallbladder

CBD

Naked FCSEMS

Stent III

Naked FCSEMS

Stent III

(n = 5)

(n = 5)

(n = 5)

(n = 5)

-

0

0

0

0

+

2

3

1

1

++

3

2

3

2

+++

0

0

1

2

Z-value

0.48

-0.34

P-value

0.36

0.65

CBD: Common bile duct; FCSEMS: Fully covered self-expanding metal stent. Mild (+), moderate (++), and severe (+++).

Figure 4

Figure 4 Pictures of hematoxylin and eosin staining of gallbladder, common bile duct, duodenum, liver, and kidney tissues after 30-d placement of naked
fully covered self-expanding metal stent or Stent III in the porcine common bile duct (100-fold magnification).

ARTICLE HIGHLIGHTS
Research background
The treatment of difficult common bile duct stones (CBDS) remains a big challenge around the
world and there is no consensus on the management of difficult CBDS.

Research motivation
In our previous studies, we have developed a drug-eluting plastic stent (PS) which is able to
release disodium ethylene diamine tetraacetic acid (EDTA) and sodium cholate (SC), and the
stent has been proved to effectively dissolve CBDS ex vivo and in a live porcine CBDS model.
However, there are several shortcomings in our previous version, thus we aimed to modify our
stone-dissolving stents in this study.

Research objectives
This study aimed to manufacture a drug-eluting metal stent, which can achieve controlled
release of stone-dissolving agents and speed up the dissolution of CBDS, thus providing a
promising alternative for the management of difficult CBDS.

Research methods
In this study, three different methods were used to manufacture the drug-eluting stents. The
drug-release behavior and stone-dissolving efficacy of these stents was evaluated in vitro to sort
out the best manufacturing method. And the selected stone-dissolving stents were further put
into porcine CBD to evaluate their biosecurity.

Research results
We found that the stent manufactured by dip coating combined with electrospinning was
characterized by sustainable drug release, better stone-dissolving efficacy, and good biosecurity.
However, we failed to establish the CBDS model in miniature pigs and the disintegration of
stone caused by mechanical friction between fully covered self-expanding metal stent (FCSEMS)
and stone could not be fully evaluated.

Research conclusions
The novel SC and EDTA-eluting FCSEMS is efficient in diminishing CBDS in vitro and is
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characterized by good biosecurity. The idea of delivering stone-dissolving agents to the location
of CBDS via biliary stent is feasible. When conventional endoscopic techniques fail to remove
difficult CBDS, SC and EDTA-eluting FCSEMS implantation may be considered a promising
alternative.

Research perspectives
In the future research, a live porcine CBDS model needs to be established so that the
disintegration of stone caused by mechanical friction between FCSEMS and stone could be fully
evaluated. And we can compare which stent works better in disintegrating CBDS, PS, or
FCSEMS.
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Abstract
BACKGROUND
Bile duct cancer is characterized by fast metastasis and invasion and has been
regarded as one of the most aggressive tumors due to the absence of effective
diagnosis at an early stage. Therefore, it is in the urgent demand to explore novel
diagnostic approaches and therapeutic strategies for bile duct cancer to improve
patient survival. Raddeanin A (RA) is extracted from the anemone raddeana
regel and has been demonstrated to play antitumor roles in various cancers.
AIM
To investigate the effects of RA treatment on bile duct cancer cells.
METHODS
In this study, four cholangiocarcinoma cell lines (RBE, LIPF155C, LIPF178C, and
LICCF) treated with RA were used to test the cell viability. The RA-associated cell
functional analysis, 5-fluorouracil (5-Fu) effectiveness as well as cell cycle- and
apoptosis-related protein expression were investigated.
RESULTS
RA reduced cell viability in a dose-dependent pattern in four cell lines, and the
migration and colony formation abilities were also impaired by RA in RBE and
LIPF155C cell lines. RA sensitized cell lines to 5-Fu treatment and enhanced the
effects of 5-Fu in cholangiocarcinoma. Also, RA decreased protein expression of
Wee1, while the combinational effect of RA and 5-Fu decreased protein
expressions of cyclooxygenase-2, B cell lymphoma 2, and Wee1 but increased
protein levels of Bax, cyclin D1, and cyclin E.
CONCLUSION
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Taken together, the results suggest that RA acts as an anti-cancer agent and
enhancer of 5-Fu in bile duct cancer cells via regulating multiple cell cycle and
apoptosis-related proteins. This finding provides novel clues to exploring a novel
antitumor drug for bile duct cancer.
Key words: Bile duct cancer; Raddeanin A; 5-fluorouracil; Cell cycle; Apoptosis
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Core tip: We report that raddeanin A (RA) reduced cell viability, migration, and colony
formation abilities in cholangiocarcinoma cells and enhanced the antitumor effect of 5Fu in cholangiocarcinoma cells. This study also demonstrated that the anticancer effects
of RA were associated with apoptosis-related proteins Bax and B cell lymphoma 2 as
well as cell cycle-related proteins Wee1, cyclin D1, cyclin E, and cyclooxygenase-2.
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INTRODUCTION
Bile duct cancer (cholangiocarcinoma) is characterized by fast metastasis and invasion
and, more importantly, the absence of effective diagnosis at an early stage[1], and it
thus has been regarded as one of the most aggressive tumors that occur in bile duct
epithelial cells [2] . To date, although surgical resection is one of the few curative
treatments for bile duct cancer, the patients are often diagnosed at the advanced stage
and have lost the chance of surgical resection at diagnosis[3]. In addition, the 5-year
survival rate and effective therapeutic level for bile duct cancer have not greatly
improved in recent years [3] . Therefore, it is in the urgent need to explore novel
diagnostic approaches and therapeutic strategies for bile duct cancer to improve
patient survival.
Raddeanin A (RA), an active triterpenoid saponin, is extracted from the anemone
raddeana regel that is a traditional medicinal herb in Chinese medicine [4] . An
increasing amount of evidence has demonstrated that RA plays a cytotoxic role in
facilitating apoptosis of tumor cells and suppressing their proliferation, migration,
and invasion[5], thus exhibiting anticancer effects on various cancer types. In gastric
cancer, RA results in tumor cell apoptosis via regulating the molecules involved in the
caspase-cascade pathway, such as B cell lymphoma 2 (Bcl-2) family[4]. Also, RA has
been demonstrated to cause apoptosis in a concentration-dependent pattern in
colorectal cancer cells via mechanisms associated with suppressing NF-κB and
activated Wnt/β-catenin signaling in colorectal cancer cells [6] . Furthermore, the
PI3K/AKT/mTOR pathway is involved in the RA-induced apoptosis in breast cancer
cells[7]. Collectively, RA-associated apoptosis in various types of cancer cells display a
cancer type-dependent pattern, suggesting the necessity of proapoptotic effect of RA
in cholangiocarcinoma cells.
Malignant tumor formation is a highly complicated process, involving a series of
carcinogens, tumor promotion, apoptosis, and metastatic process[8]. Cyclooxygenase-2
(Cox-2), a cyclooxygenase enzyme, catalyzes the first step of prostanoids synthesis[9].
Cox-2 is highly expressed in cancer and stroma cells during tumor progression and
displays anti-apoptosis roles in tumor cells[10]. In addition, a group of factors that are
essential for the regulation of the cell cycle have been demonstrated to be closely
related to malignancies. For example, aberrant overexpression of cyclins D1 and E,
two members of the cyclin family[11], contributes to carcinogenesis and malignant
progression due to the dysfunction of the cell cycle[12,13]. Wee1 is essential for G2 cell
cycle checkpoint in response to DNA damage and repair[14] and overexpressed Wee1
has been linked to a number of cancers, such as carcinoma[15] and glioblastoma[16].
Furthermore, apoptosis has been shown to be closely related to a series of cancers[17],
in which the mitochondrial-related proteins bcl-2 and Bax are highly involved in the
regulation of mitochondrial membrane properties, leading to activation of subsequent
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pathways of apoptosis[18,19].
Currently, 5-fluorouracil (5-Fu) is one of the most common chemotherapeutic
compounds for cancer treatment[20]. The resistance to chemotherapy is a primary
challenge for cancer treatment[21]. Thus, any approach or compound that can sensitize
5-Fu-resistant cells would be beneficial to cancer patients. Given its potential anticancer effect, the objective of this study was to investigate the effects of RA treatment
on bile duct cancer cells including related chemotherapy resistance as well as the
underlying mechanisms. This study also aimed to provide clues to the application of
RA for the therapy of bile duct cancer.

MATERIALS AND METHODS
Cell lines
Cholangiocarcinoma cell lines (RBE, LIPF155C, LIPF178C, and LICCF) were
purchased from the cell back of China Center for Type Culture Collection (CCTCC at
Wuhan University). The normal intrahepatic biliary epithelial cell line HIBEpiC was
obtained from the ATCC (Manassas, VA, United States).

Viability assay
The ATPlite assay (Perkin Elmer, United States) was applied to evaluate cell viability
according to the manufacturer’s instructions (n = 3 independent experiments). Cells
were seeded in 96-well plates (Corning-Costar, United States) and cultured for 24h.
RA at doses ranging from 0 to 160 μg/mL was applied to treat the cells for 24 h. Cell
viability was evaluated using a microplate reader (BioRad, United States).

Migration and invasion assays
Wound-healing migration and Transwell invasion assays were used to test migratory
cell ability in RBE and LIPF155C cell lines (n = 3 independent experiments). The
assays were performed as previously reported[22].

Clonogenic assay
The clonogenic assay was performed to test colony formation ability in RBE and
LIPF155C cell lines (n = 3 independent experiments). RBE and LIPF155C cells (70%
confluence) were treated transiently with metformin (0.5mM). Cells were then
detached and seeded in 6-well plates (600 cells/well) (Corning-Costar, United States)
in drug-free media. Fresh media (25%) were added every three days. Cell colony was
stained with cristal violet and the number of colonies was counted ten days later.

Hoechst staining assay
Hoechst staining assay was performed to test cell apoptosis (n = 3 independent
experiments). The assay was performed as previously reported[23]. Hoechst (Sigma,
United States) stained cells were visualized by fluorescence microscopy (Olympus,
Japan).

Western blot analysis
Cell protein was isolated by using the cell lysis buffer (Beyotime Institute of Biotechnology, China). Western blot analysis was performed as previously reported[22].
The primary antibodies for Cox-2, Bcl-2, Bax, GAPDH, cyclin D1, cyclin E, and Wee1
were obtained from Santa Cruz Biotechnology (United States). Quantification of
optical density was evaluated using Uvitec Alliance software (Eppendorf, Germany)
(n = 3 independent experiments).

Statistical analysis
Data are expressed as the mean ± standard error of the mean and analyzed via SPSS
19.0 (SPSS Inc, United States). The two-group comparison was performed by twotailed t-tests and multiple comparisons were analyzed by ANOVA and the post-hoc
Tukey test. In this study, statistical significance was set at P < 0.05.

RESULTS
Viability of cholangiocarcinoma cell lines treated with RA
RA at doses ranging from 0-160 μg/mL was applied for 24 h to test the cell viability of
four cholangiocarcinoma cell lines (RBE, LIPF155C, LIPF178C, and LICCF) and one
normal intrahepatic biliary epithelial cell line (HIBEpiC) via the ATPlite assay. RA was
found to reduce cell viability in a dose-dependent pattern (Figure 1A). The half-
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maximal effective concentration (EC50) and the half-maximal lethal concentration
(LC50) for each line were also evaluated (Figure 1B). EC50 and LC50 ranges in the
four tumoral cell lines were 50.95-64.76 μg/mL and 34.65-49.47 μg/mL, respectively,
while HIBEpiC showed higher values of EC50 (79.52 μg/mL) and LC50 (63.17
μg/mL) compared with those of tumoral cell lines, indicating that the RA does that
reduced cell viability of tumoral cell lines were not toxic for the normal cell line.

Functional analysis for cholangiocarcinoma cell lines treated with RA
Based on the results from the cell viability assay, RA at a dose of 13 μg/mL that
reduced about 25% cell viability was chosen to use in subsequent experiments. The
wound healing (Figure 2A-D) and Transwell migration (Figure 3A) assays were
conducted to test the migration ability of the two cholangiocarcinoma cell lines RBE
and LIPF155C. The results revealed that the migration ability of both lines was
impaired by 13 μg/mL RA. In addition, clonogenic assay results indicated that RA
reduced colony formation capability of the two cholangiocarcinoma cell lines (Figure
3B).

Effects of RA on 5-Fu effectiveness in cholangiocarcinoma cell lines
Chemoresistance is currently one of the major issues for therapy of bile duct cancer.
Thus, the effects of RA on 5-Fu effectiveness were evaluated by using the combination
of RA (13 μg/mL) and different increasing doses of 5-Fu, a common proapoptotic
compound, in RBE and LIPF155C lines. RA was found to sensitize both tumoral cell
lines (Figure 4A and B), namely, greatly reduced the EC50 (about 2-fold) and LC50
(more than 3-fold) (Figure 4C). Clonogenic assays revealed that 5-Fu displayed more
potent roles to reduce cell colony formation compared with RA; however, RA was
able to enhance such inhibitory effect of 5-Fu in both cell lines compared with the
effect of using 5-FU alone (Figure 4D and E).

Effects of RA on 5-Fu-resistant cell line RBE/5-Fu
Hoechst staining assay was performed to evaluate the effects of RA on 5-Fu-resistant
cell line RBE/5-Fu (Figure 5A and B). RBE/5-Fu (50 μmol/L) cells were treated with
13 μg/mL RA and the results suggested that either RA or 5-Fu promoted cell death.
Furthermore, the effects of the combination of both were more potent than those of
each one.

Effects of RA on cell cycle- and apoptosis-related protein expression
The RBE cell line was treated with 13 μg/mL RA for 48 h and cell cycle- and
apoptosis-related protein expression was detected by Western blot (Figure 6A-D).
Compared with the control group, RA treatment only decreased Wee1 protein level
while 5-Fu treatment alone reduced Cox-2 and Bcl-2 expression and increased Bax
and cyclin D1 protein expression. RA treatment combined with 5-Fu decreased
protein expression of Cox-2, Bcl-2, and Wee1 whereas increased protein levels of Bax,
cyclin D1, and cyclin E. 5-Fu treatment was associated with a lower protein level of
Cox-2 and higher Wee1 expression compared with the effect of RA.

DISCUSSION
As a malignant cancer of the biliary tract, there are still limited precise diagnosis and
effective therapy for bile duct cancer[24], although the incidence and mortality rates of
bile duct cancer are increasing in recent years[25]. Therefore, there is an urgent demand
to seek a novel strategy to improve diagnostic efficiency and therapeutic effect. RA
has been demonstrated to play cytotoxic roles in various tumor cell lines via initiating
apoptosis and impairing the cell cycle[6]. In our study, the cell viability, migration, and
colony formation abilities in four cholangiocarcinoma cell lines were significantly
reduced by RA treatment. Also, RA was found to sensitize the 5-Fu treated tumoral
cell lines as well as facilitate apoptosis of 5-Fu-resistant cell line. Further Western blot
results revealed that Wee1 expression level was dampened by RA (13 μg/mL)
treatment and that the combinational effects of RA (13 μg/mL) and 5-Fu (35 μM) were
associated with a group of cell cycle- and apoptosis-related factors. The results
collectively suggest that the anti-bile duct cancer effects of RA may involve a series of
regulatory mechanisms on the cell proliferation and apoptosis.
Wee1, a member of the family of protein kinases, is related to the regulation of G2
checkpoint in response to DNA damage[26,27]. Increasing evidence in recent years
demonstrates that the overexpression of Wee1 kinase is associated with various
malignancies, such as breast cancer[28], hepatocellular carcinoma[15], and malignant
melanoma[16]. In this study, RA treatment was found to be related to decreased Wee1
protein level in RBE cell line, which indicates that the effects of RA potentially relies
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Figure 1

Figure 1 Effects of raddeanin A on cholangiocarcinoma cell lines (n = 3 independent experiments). A: Increasing concentrations of raddeanin A (RA) were
administered to cholangiocarcinoma cell lines for 24 h before being analyzed by the ATPlite assay. The percentage cell viability normalized to control is shown and
data are expressed as the mean ± standard deviation; B: The half-maximal effective concentration and the half-maximal lethal concentration values for
cholangiocarcinoma cell lines treated with RA. RA: Raddeanin A; EC50: Half-maximal effective concentration; LC50: Half-maximal lethal concentration.

on the Wee1-dependent mechanism. Downregulation of Wee1 has been reported to
contribute to the apoptosis of ovarian tumor [29] and neuroblastoma cells [30] . In
particular, the checkpoint in the cell cycle is an important self-check mechanism to
terminate the cell cycle process in response to DNA damage[27]. Despite DNA damage,
the down-regulated Wee1 expression in tumor cells plays essential roles in maintaining cell proliferation via halting cell cycle arrest, thereby facilitating apoptosis and
mitotic arrest during mitosis[27,31]. Collectively, RA-induced decreased cell viability and
impaired cell functions in our study may result from the activation of Wee1 signaling
that triggers apoptosis of cholangiocarcinoma cells.
5-Fu is a worldwide used chemotherapeutic treatment for many tumors, such as
ovarian, breast, pancreatic, and colorectal cancers[32]. It has been well-documented that
5-Fu generates DNA damage through breaking DNA double-strand structure[33] and
exerts anticancer effects via suppression of thymidylate synthase [34] . However,
increasing reports revealed that the drug resistance has been becoming a significant
limitation to the clinical application of 5-Fu in cancer treatment[34], which was also
observed in cholangiocarcinoma [35,36] . In this study, the results suggest that RA
sensitized cholangiocarcinoma cell lines and also enhanced the anti-cancer effects of 5Fu. Furthermore, the combinational effects of RA and 5-Fu were found to be
associated with alterations of a group of the cell cycle and apoptosis protein
expression, such as decreased expression of Cox-2, Bcl-2, and Wee1 and increased
levels of Bax, cyclin D1, and cyclin E.
As an important inducible enzyme, Cox-2 has been demonstrated to be involved in
angiogenesis and tumorigenesis[37]. Cox-2 expression can be activated by various
factors, such as mitogens, oncogenes, as well as carcinogens [38] . Selective Cox-2
inhibitors, for example, rofecoxib and celecoxib, are capable of suppressing
established tumor growth and preventing tumorigenesis[37,39]. The down-regulated
expression of Cox-2 induced by the combinational treatment in this study suggests
that cox-2 may play key roles in the inhibition of cholangiocarcinoma cell growth.
Mitochondrial apoptosis pathway is an important programmed cell death
pathway[40] and involves a great number of morphological changes and pathological
alterations, including cancers[41,42]. Activation of the mitochondrial apoptotic pathway
causes alterations of mitochondrial membrane properties through the Bcl-2 family,
including translocation of Bax and suppression of Bcl-2. Thus, Bax/bcl-2 ratio is
widely used as a predictive marker for evaluation of cancer therapy[43,44]. In this study,
RA treatment in cholangiocarcinoma cell lines is associated with increased Bax/Bcl-2
ratio, namely, increased Bax and decreased bcl-2 level, which is consistent with the
findings from previous studies [4,45] . The results indicate that the mitochondrial
apoptosis pathway may be involved in the anti-tumor effects of RA in bile duct
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Figure 2

Figure 2 Wound healing assay of RBE and LIPF155C cell lines treated with raddeanin A (13 µg/mL) (n = 3 independent experiments). A and C: The
percentage of wound width normalized to the controls is shown and data are expressed as the mean ± standard deviation. Unique letters shared by the bars suggest
significant differences between groups and P < 0.05 was regarded to be statistically significant; B and D: Representative histograms for the percentage of wound
width.

cancer.
In addition to apoptosis, the cell cycle was also found to be related to the effects of
RA on the cholangiocarcinoma cell lines in this study. It is well-studied that cell cycle
progression is associated with sophisticated molecular and cellular cascades[46] and
participates in the development of various types of cancer[27]. During these processes,
the cyclin family and their catalytic subunits cyclin-dependent kinases form a series of
molecular complexes in every phase of the cell cycle to regulate this complicated cell
cycle progression[27]. The cyclin D-Cdk4/6-cyclin E-Cdk2 signaling pathway plays an
essential role in G1-S transition and the response to DNA damage[47,48]. Some evidence
reveals that increased cyclins E and D1 protein levels are highly related to the
initiation of apoptosis and sensitization to radiation in tumor cells[49,50], suggesting that
increased cyclin E and D1 may act as proapoptotic factors in cholangiocarcinoma cells
simultaneously treated with RA and 5-Fu.
In conclusion, our results suggest that RA treatment causes increased apoptosis and
impaired cell functions in cholangiocarcinoma cell lines via a Wee1-dependent
mechanism and that RA is an enhancer of 5-Fu in bile duct cancer through activating
multiple cell cycle and apoptosis-related factors, such as Cox-2, Bax, Bcl-2, and cyclins
E/D1. These findings together indicate that RA is a potential novel therapeutic
treatment for bile duct cancer.
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Figure 3

Figure 3 Transwell migration and clonogenic assays of RBE and LIPF155C cell lines treated with raddeanin (13 µg/mL) (n = 3 independent experiments). A:
The percentage of migration cells normalized to the controls are shown and data are expressed as the mean ± standard deviation. Unique letters shared by the bars
suggest significant differences between groups and P < 0.05 was regarded to be statistically significant; B: Representative histograms for cell colony formation.
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Figure 4

Figure 4 Effects of raddeanin A on 5-fluorouracil effectiveness in RBE and LIPF155C cell lines. A and B: RBE and LIPF155C cell lines treated with either
control or raddeanin A (13 μg/mL) in combination with increasing doses of 5-Fu; C: The half-maximal effective concentration (EC50) and half-maximal lethal
concentration values for RBE and LIPF155C cell lines; D and E: The cell colony formation ability in RBE and LIPF155C cell lines. Unique letters shared by the bars
suggest significant differences between groups and P < 0.05 was regarded to be statistically significant. 5-Fu: 5-fluorouracil.
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Figure 5

Figure 5 Effects of raddeanin A on 5-fluorouracil cell line RBE/5-Fu. A: Representative graphs for apoptotic RBE/5-Fu cells treated with 13 μg/mL raddeanin A; B:
The percentage of apoptotic cells is shown and data are expressed as the mean ± standard deviation. Unique letters shared by the bars suggest significant
differences between groups and P < 0.05 was regarded to be statistically significant. 5-Fu: 5-fluorouracil.
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Figure 6

Figure 6 Effects of raddeanin A on cell cycle- and apoptosis-related protein expression in RBE cell line treated with 13 μg/mL raddeanin A for 48 h. A and
B: Apoptosis-related protein expression detected by Western blot; C and D: Cell cycle-related protein expression detected by Western blot. Data are expressed as the
mean ± standard deviation. Unique letters shared by the bars suggest significant differences between groups and P < 0.05 was regarded to be statistically significant.
RA: Raddeanin A; 5-Fu: 5-fluorouracil; COX-2: Cyclooxygenase-2.

ARTICLE HIGHLIGHTS
Research background
Bile duct cancer is characterized by fast metastasis and invasion and has been thought of as
aggressive cancer due to the lack of effective diagnosis at an early stage. The 5-year survival rate
of bile duct cancer has not substantially improved in clinical practice. In addition, it is reported
that 5-fluorouracil (5-Fu) has been widely applied in treatments for various cancers, achieving a
great therapeutic effect. Furthermore, raddeanin A (RA) plays essential proapoptotic roles in
various types of tumor cells.

Research motivation
Exploring and developing effective diagnostic ways and therapies for bile duct cancer is greatly
urgent for both basic science and clinical management.

Research objectives
The objective of this study was to determine the effects of RA on bile duct cancer cells and the
underlying mechanisms.

Research methods
In this study, RA at different concentrations was administered to four cholangiocarcinoma cell
lines (RBE, LIPF155C, LIPF178C, and LICCF). Cell viability, Wound-healing migration,
Transwell invasion, and Hoechst staining assays were performed to evaluate cell activities.
Western blot analysis was performed to the apoptosis-related pathway.

Research results
RA inhibited cell viability in a dose-dependent pattern in the four cell lines. In RBE and
LIPF155C cell lines, the migration and colony formation abilities were impaired by RA. Also, RA
sensitized cell lines to 5-Fu treatment, promoting the effects of 5-Fu in cholangiocarcinoma cell
lines. The role of RA was associated with reduced Wee1 expression. Furthermore, the
combinational effect of RA and 5-Fu led to the inhibition of cyclooxygenase-2, B cell lymphoma
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2, and Wee1 as well as the elevation of Bax, cyclin D1, and cyclin E.

Research conclusions
RA administration could effectively regulate apoptosis and cell functions in cholangiocarcinoma
cell lines in a Wee1-dependent pattern and promote the effect of 5-Fu in bile duct cancer.
Collectively, RA is a promising treatment for bile duct cancer.

Research perspectives
This study was aimed to provide clues to the application of RA for the therapy of bile duct
cancer.
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Abstract
BACKGROUND
DNA methylation, acknowledged as a key modification in the field of
epigenetics, regulates gene expression at the transcriptional level. Aberrant
methylation in DNA regulatory regions could upregulate oncogenes and
downregulate tumor suppressor genes without changing the sequences.
However, studies of methylation in the control of gene expression are still
inadequate. In the present research, we performed bioinformatics analysis to
clarify the function of methylation and supply candidate methylation-related
biomarkers and drivers for colon cancer.
AIM
To identify and analyze methylation-regulated differentially expressed genes
(MeDEGs) in colon cancer by bioinformatics analysis.
METHODS
We downloaded RNA expression profiles, Illumina Human Methylation 450K
BeadChip data, and clinical data of colon cancer from The Cancer Genome Atlas
project. MeDEGs were identified by analyzing the gene expression and
methylation levels using the edgeR and limma package in R software. Gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed in the DAVID database and KEGG
Orthology-Based Annotation System 3.0, respectively. We then conducted
Kaplan–Meier survival analysis to explore the relationship between methylation
and expression and prognosis. Gene set enrichment analysis (GSEA) and
investigation of protein-protein interactions (PPI) were performed to clarify the
function of prognosis-related genes.
RESULTS
A total of 5 up-regulated and 81 down-regulated genes were identified as

https://www.wjgnet.com

3392

July 14, 2019

Volume 25

Issue 26

Liang Y et al. Identification of methylation-regulated differentially expressed genes

Received: March 14, 2019
Peer-review started: March 14, 2019
First decision: April 30, 2019
Revised: May 9, 2019
Accepted: May 31, 2019
Article in press: June 1, 2019
Published online: July 14, 2019
P-Reviewer: Bordonaro M, Kim TI,
Linnebacher M, Ogino S
S-Editor: Yan JP
L-Editor: Wang TQ
E-Editor: Zhang YL

MeDEGs. GO and KEGG pathway analyses indicated that MeDEGs were
enriched in multiple cancer-related terms. Furthermore, Kaplan–Meier survival
analysis showed that the prognosis was negatively associated with the
methylation status of glial cell-derived neurotrophic factor (GDNF) and reelin
(RELN). In PPI networks, GDNF and RELN interact with neural cell adhesion
molecule 1. Besides, GDNF can interact with GDNF family receptor alpha
(GFRA1), GFRA2, GFRA3, and RET. RELN can interact with RAFAH1B1,
disabled homolog 1, very low-density lipoprotein receptor, lipoprotein receptorrelated protein 8, and NMDA 2B. Based on GSEA, hypermethylation of GDNF
and RELN were both significantly associated with pathways including “RNA
degradation,” “ribosome,” “mismatch repair,” “cell cycle” and “base excision
repair.”
CONCLUSION
Aberrant DNA methylation plays an important role in colon cancer progression.
MeDEGs that are associated with the overall survival of patients may be potential
targets in tumor diagnosis and treatment.
Key words: Colon cancer; Bioinformatics analysis; The Cancer Genome Atlas project;
DNA methylation; Methylation-regulated differentially expressed genes; Overall survival
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We acquired high-throughput data from The Cancer Genome Atlas database
and identified 5 up-regulated and 81 down-regulated methylation-regulated differentially
expressed gene (MeDEGs). Then, we performed gene ontology and Kyoto Encyclopedia
of Genes and Genomes pathway analyses to clarify the function of MeDEGs.
Furthermore, methylation status and expression of glial cell-derived neurotrophic factor
and reelin were found to be associated with overall survival. Our study revealed that
methylation is critical in colon cancer development and the prognosis-related MeDEGs
are worth exploring further.

Citation: Liang Y, Zhang C, Dai DQ. Identification of differentially expressed genes regulated
by methylation in colon cancer based on bioinformatics analysis. World J Gastroenterol
2019; 25(26): 3392-3407
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3392.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3392

INTRODUCTION
Global cancer statistics for 185 countries reported that there were 1091601 new cases
and 551269 deaths from colon cancer in 2018. The incidence and mortality were both
ranked fourth worldwide [1] . Epidemiological studies have confirmed that the
occurrence of colon cancer is related to multiple factors including smoking, alcohol
abuse, insufficient activity, and high-fat food [2] . Although surgery-based comprehensive treatment is considered an effective treatment, a large number of patients
still die from postoperative recurrence and metastasis[3]. Hence, research into specific
biomarkers and therapeutic pathways is still of great value for improving patient
prognosis.
Accumulating studies indicate that epigenetic modifications could promote the
initiation and progression of colon cancer via multiple signaling pathways[4]. DNA
methylation has been discovered and verified as a critical modification in the field of
epigenetics. Numerous oncogenes and cancer-suppressor genes exhibit irregular
expression, which is due to aberrant cytosine-phosphate-guanine (CpG)-island
methylation in DNA regulatory regions rather than changes in the sequences[5]. For
instance, the anti-oncogene ZNF350 undergoes epigenetic silencing due to
hypermethylation of three sites in the promoter [6] . However, studies of DNA
methylation in the individual genes remain inadequate. Identification of methylationregulated differentially expressed genes (MeDEGs) based on high-throughput data
will be of profound significance for clarifying the role of methylation and identifying
candidate directions for future research.

WJG

https://www.wjgnet.com

3393

July 14, 2019

Volume 25

Issue 26

Liang Y et al. Identification of methylation-regulated differentially expressed genes

In recent years, with the development of gene-sequencing platforms, accumulating
differentially expressed genes (DEGs) and epigenetic alterations have been revealed
by bioinformatic analysis. For instance, Naumov et al[7] applied an Illumina Human
Methylation 450K BeadChip to detect DNA methylation profiles in colorectal cancer
tissues and colon tissues from cancer-free donors. As a result, 10342 hypermethylated
and 5325 hypomethylated CpG sites were identified. Dumenil et al[8] further indicated
that the Illumina Human Methylation 450K BeadChip could be utilized to detect and
obtain high quality data from paraffin-embedded tissues. Multiple studies have
shown that the Illumina Methylation 450K BeadChip has important application value
in methylation research. Almost 450000 methylation sites and 96% of the CpG islands
can be detected using the Illumina Human Methylation 450K BeadChip platform[9].
However, there is still a lack of conjoint analysis of colon cancer methylation and
studies on the correlation between methylation and patient prognosis in large cohorts.
In the present research, we downloaded in silico data and clinical data of colon
cancer from The Cancer Genome Atlas (TCGA, http://cancergenome.nih.gov)
project [10] . MeDEGs were identified and related enrichment analysis was then
performed. Moreover, we analyzed the correlation between the methylation status
and overall survival of colon cancer patients. Protein-protein interaction (PPI)
networks were constructed and gene set enrichment analysis (GSEA) of prognosisrelated MeDEGs was further performed.

MATERIALS AND METHODS
Sample collection
We downloaded colon cancer RNA expression profiles and clinical data from TCGA
using the Genomic Data Commons Data Transfer Tool 1.3.0[10]. Up to December 2018,
the public database included the expression profiles of 473 colon cancer tissues and 41
normal tissues (level 3) derived by RNA-seq. A total of 314 tumor tissues and 37
normal tissues had also been analyzed in the Illumina Human Methylation 450K
BeadChip platform, and we also downloaded homologous methylation profiles from
TCGA database. As 303 tumor tissues and 19 normal tissues were analyzed using
both platforms, we merged the methylation and expression data together for
correlation analysis. Based on the guidelines released by the National Cancer Institute
in December 2015 (https://cancergenome.nih.gov/publications/publication
guidelines), our research did not require the approval of an ethics committee.

Identification of MeDEGs
We constructed an RNA matrix and methylation data matrix containing the
expression and methylation profiles using PERL software. Then, the coding gene IDs
were converted to gene names based on information in the Ensembl database (Homo
sapiens) (http://asia.ensembl.org/index.html). DEGs were identified with the edgeR
package in R software with a threshold log2 fold change (FC) > 2.0 and P < 0.01.
Moreover, differentially methylated genes (DMGs) were identified using the limma
package with a threshold log2 FC > 1.0 and P < 0.01. Additionally, we analyzed the
correlation between gene expression and methylation data through Spearman’s
correlation analysis. The upregulated-hypomethylated and downregulatedhypermethylated genes were identified as MeDEGs when they satisfied the cut-off
criteria including correlation coefficient < -0.3 and P < 0.01. A volcano plot and heat
map were drawn using R software.

In silico functional analysis of MeDEGs
To explore the function of the MeDEGs in colon cancer carcinogenesis and
progression, gene ontology (GO)[11] enrichment analysis was performed using the
DAVID database (https://david.ncifcrf.gov/). The GO enrichment analysis included
three categories: cellular component, molecular function, and biological process.
Furthermore, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways[12] were
analyzed using KEGG Orthology-Based Annotation System 3.0 (http://koba
s.cbi.pku.edu.cn/). Differences with P < 0.05 were regarded as statistically significant.

Association analysis between MeDEGs and patient prognosis
We divided the 314 colon cancer patients into two groups according to the median
methylation value of the MeDEGs. Moreover, the patients were also divided into a
hypermethylation and low-expression MeDEG (Hyper-LG) group and a
hypomethylation and high-expression MeDEG (Hypo-HG) group according to the
median value of methylation and expression of MeDEGs. Comparison of the overall
survival between the two groups was then analyzed. Kaplan–Meier’s method and the
log-rank test were performed to assess survival rate. Differences with P < 0.05 were
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regarded as statistically significant.

GSEA and PPI network construction of prognosis-related MeDEGs
GSEA of prognosis-related MeDEGs was performed using GSEA 3.0 software with
gene set c2 (cp.kegg.v.6.2.symbols.gmt). High throughput RNA expression of 303
colon cancer genes from TCGA were utilized as the dataset. Each sample was defined
as either “H” or “L,” depending on whether it was greater than the median
methylation value of prognosis-related MeDEGs or not. The number and type of
permutations was set at “1000” and “phenotype,” respectively. An enrichment score >
0.4 and P < 0.05 were regarded as statistically significant.
PPI analysis was conducted to reveal the molecular mechanisms of the prognosisrelated MeDEGs in colon cancer. We utilized the STRING protein database 11.0
(http://string-db.org/) to construct the PPI networks. An interaction score > 0.4 was
regarded as the cut-off criterion.

RESULTS
Identification of MeDEGs in colon cancer
First, we identified 1205 up-regulated and 892 down-regulated DEGs from 473 colon
cancer and 41 normal tissues. The DEGs are shown as a volcano plot in Figure 1A.
Second, 997 hypermethylated and 637 hypomethylated DMGs were identified from
314 colon cancer and 37 normal tissues. The heat map of the top 50 DMGs is shown in
Figure 1B. Third, 514 genes were identified that showed a negative correlation
between methylation and expression value. Finally, 5 up-regulated and 81 downregulated MeDEGs were identified that met the above three conditions. The Venn
diagram and MeDEGs list are shown in Figure 2. The top 10 MeDEGs with the highest
Spearman’s correlation coefficients are shown in Figure 3.

Functional enrichment analyses of MeDEGs
To further investigate the function of MeDEGs in colon cancer, we subjected the 86
MeDEGs to GO and KEGG pathway analyses using DAVID 6.8. The enrichment
analyses of GO are summarized in Table 1. A total of 13 biological processes, 5 cellular
components, and 8 molecular functions were enriched among the MeDEGs. As for
biological process and molecular function, “positive regulation of neuron
differentiation” and “transcription factor binding” were the most enriched terms in
the respective categories. KEGG pathway enrichment analysis suggested that
MeDEGs predominantly participate in cancer-related pathways including
“transcriptional misregulation in cancer”, “cAMP signal pathway”, and “cGMP-PKG
signaling pathway” (Table 2).

MeDEGs related to the prognosis of colon cancer patients
We performed a Kaplan–Meier curve analysis to identify the MeDEGs related to
overall survival of colon cancer patients. First, we analyzed the relationship between
MeDEG methylation value and prognosis. The Kaplan–Meier curves showed that
hypermethylation of glial cell-derived neurotrophic factor (GDNF) and reelin (RELN)
were negatively correlated with overall survival (Figure 4A and B). Next, we further
compared the prognosis of the above two MeDEGs between the Hyper-LG group and
the Hypo-HG group. The results showed that Hyper-LGs were significantly related to
poor survival of patients (Figure 4C and D). The expression, methylation data, and
Spearman’s correlation analyses of GDNF and RELN are shown in Figure 5.

GSEA and PPI network construction of GDNF and RELN
To clarify the biological function of GDNF and RELN methylation status, the effects of
GDNF and RELN methylation status on KEGG pathways were analyzed using GSEA
3.0 software. The top ten GSEA results of GDNF and RELN are shown in Figure 6.
Ultimately, hypermethylation of GDNF and RELN was both significantly associated
with cancer-related pathways including “ribosome”, “RNA degradation”, “mismatch
repair”, “cell cycle”, and “base excision repair”. More interestingly, the “ribosome”
pathway was identified as the most significantly associated with GDNF and RELN
methylation data.
Furthermore, we constructed PPI networks of GDNF and RELN using the STRING
protein database. The PPI enrichment P-value was 1.74 × 10-5 (Figure 7). The results
revealed that GDNF and RELN interact with neural cell adhesion molecule 1.
Moreover, GDNF can interact with several proteins including GDNF family receptor
alpha (GFRA)-1, -2, and -3 and the proto-oncogene tyrosine-protein kinase receptor
(RET). Additionally, RELN can interact with low-density lipoprotein receptor-related
protein 8, glutamate receptor ionotropic, NMDA 2B, disabled homolog 1, very low-
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Figure 1

Figure 1 Differentially expressed genes and differentially methylated genes identified from The Cancer Genome Atlas project database. A: Volcano plot of
differentially expressed genes between colon cancer and normal tissues [log2 fold change (FC) > 2, P < 0.01]. Red dots represent up-regulated genes and green dots
represent down-regulated genes. Black dots represent the genes with a fold-change in expression of <2; B: Heat map of the top 50 differentially methylated genes
(DMGs) (log2 FC > 1, P < 0.01). The left vertical axis shows clusters of DMGs and right vertical axis represents gene names. Red represents hypermethylated genes
and green represents hypomethylated genes. DMGs: Differentially methylated genes; FC: Fold change.

density lipoprotein receptor, and platelet-activating factor acetylhydrolase IB subunit
alpha.

DISCUSSION
Molecular pathological epidemiology (MPE), integrating molecular pathology and
data science, can use tumor markers as surrogate of disease pathologies and help
precision medicine. MPE deeply studies environmental exposures, intermediate
variables, and molecular changes in cancer[13-15]. DNA methylation has been widely
recognized as an important cancer-related biomarker and potential therapeutic
target [16,17] in MPE. Previous studies mainly focused on the correlation between
individual genes and methylation, so there was a lack of systematic analysis of DNA
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Figure 2

Figure 2 Identification of methylation-regulated differentially expressed genes. A: A total of five genes were identified as methylation-regulated differentially
expressed genes (MeDEGs) by taking the intersection of three gene sets (hypomethylation, up-regulation, and negative correlation); B: A total of 81 genes were
identified as MeDEGs by taking the intersection of three gene sets (hypermethylation, down-regulation, and negative correlation). MeDEGs: Methylation-regulated
differentially expressed genes.

methylation in colon cancer. Thus, identification and analysis of MeDEGs in large
cohorts of colon cancer patients are urgently required, providing potential directions
and targets for future research.
In the present research, we identified a total of 5 up-regulated and 81 downregulated MeDEGs by integrating DEGs, DMGs, and the results of Spearman’s
correlation analysis. Among the 86 MeDEGs we report in this article, some of them
have been confirmed to be regulated by methylation in previous research. For
instance, the promoter of forkhead box D3 (FOXD3) has been reported to be
hypermethylated in colon cancer and FOXD3 expression could be restored by
treatment with 5-azacytidine[18,19]. The promoter methylation status of protocadherin
10 was related to disease-free survival and overall survival of colorectal patients,
suggesting that it could be utilized as a biomarker for patients and to facilitate
treatment decisions in colorectal cancer[20-22]. However, the methylation regulation
mechanisms of the majority of MeDEGs have not been revealed and need to be
further studied.
We further performed functional enrichment analysis to clarify the role of
methylation in colon cancer. In biological process enrichment of GO, as many as 12
terms were related to the regulation of transcription. Therefore, we speculated that
transcription factors regulated by methylation can further regulate the transcription of
cancer-related genes and thus affect the occurrence and development of cancer.
Aberrant cell proliferation is regarded as the distinguishing feature of cancer cells as
opposed to normal cells. The term “negative regulation of cell proliferation” was
enriched, meaning that multiple cancer suppressor genes were down-regulated by
promoter hypermethylation. As shown in Table 1, MeDEGs including FEZ family zinc
finger protein 1 (FEZF1), T-box transcription factor 5 (TBX5), secreted frizzled-related
protein 5 (SFRP5), RAS-like estrogen regulated growth inhibitor (RERG), ripply
transcriptional repressor 3 (RIPPLY3), and pancreatic and duodenal homeobox 1
(PDX1) were involved. Among them, TBX5[23], SFRP5[24,25], RERG[26-28], and PDX1[29] have
been reported to be regulated by methylation in colon cancer, while FEZF1 and
RIPPLY3 have not been reported. Bone morphogenetic proteins (BMPs), which form
part of the transforming growth factor β signaling pathway, can promote colon cancer
cell migration and invasion [30,31] . Moreover, methylation of BMP3 [32,33] and NK2
homeobox 5[34] promoters has been revealed as an independent biomarker for colon
cancer. However, apart from colon cancer, there have been no reports on the role of
CHRDL1 promoter region methylation in tumors[35]. KEGG pathway analysis has
further clarified the function of MeDEGs. The “cAMP signaling pathway” has been
indicated as one of the most critical mechanisms in regulating colon cancer cell
apoptosis[36-38]. The term “transcriptional misregulation in cancer” is consistent with
the GO enrichment results. Babykutty et al[39] indicated that “cGMP-PKG signaling
pathway” could promote colon cancer cell migration and invasion by upregulating
matrix metalloprotein 2/9.
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Figure 3

Figure 3 The methylation-regulated differentially expressed genes with the top 10 correlation coefficients. Spearman’s correlation analysis was performed
between methylation (horizontal axis) and expression (vertical axis) of methylation-regulated differentially expressed genes. Spearman’s correlation coefficient and Pvalues are shown in each plot.

Moreover, we identified the methylation status of GDNF and RELN which was
associated with clinical prognosis. GDNF is a neurotrophic factor which could
guarantee the function of neuron in nervous systems[40]. According to TCGA database,
GDNF is downregulated in colon cancer tissues. Interestingly, recent research
indicated that GDNF promotes colon cancer cell proliferation and migration[41,42]. Luo
et al[43] reported that GDNF was only detected in normal colon mucosa. Moreover,
GDNF blocked apoptosis and suppression of anchorage-independent growth effects
mediated by RET (rearranged during transfection). However, there has been no study
on the correlation between GDNF methylation and the prognosis of colon cancer.
RELN has been reported to play a critical role in maintaining epithelial cell ho-
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Table 1 Gene ontology enrichment analysis of methylation-regulated differentially expressed genes associated with colon cancer
Category

Term

Gene name

P-value

BP

GO:0045666-positive regulation of
neuron differentiation

FEZF1, VWC2, NAP1L2, NKX2-5,
BRINP3

4.08E-04

BP

GO:0007268-chemical synaptic
transmission

DRD5, NOVA1, GRIA4, KCNA1,
SNAP91, NPY, HTR7

7.08E-04

BP

GO:0006366-transcription from RNA
polymerase II promoter

HAND1, FEV, PAX2, POU3F4, NKX2- 2.01E-03
5, IRF4, HAND2, PDX1, FOXF2

BP

GO:0045944-positive regulation of
transcription from RNA polymerase
II promoter

HAND1, NR5A2, TBX5, PAX2,
GDNF, NKX2-5, FOXD3, GALR1,
IRF4, HAND2, PDX1, FOXF2

4.04E-03

BP

GO:0030154-cell differentiation

FEV, TLL1, COL19A1, NKX2-5,
CHRDL1, SFRP5, SIM2, INA

4.52E-03

BP

GO:0045893-positive regulation of
transcription, DNA-templated

FEZF1, NR5A2, TBX5, PAX2, NKX25, IRF4, HAND2, FOXF2

8.06E-03

BP

GO:0007189-adenylate cyclaseADRB3, DRD5, GALR1
activating G-protein coupled receptor
signaling pathway

2.10E-02

BP

GO:0051891-positive regulation of
cardioblast differentiation

TBX5, NKX2-5

2.21E-02

BP

GO:0043433-negative regulation of
sequence-specific DNA binding
transcription factor activity

HAND1, SFRP5, HAND2

2.95E-02

BP

GO:0003337-mesenchymal to
epithelial transition involved in
metanephros morphogenesis

PAX2, GDNF

3.09E-02

BP

GO:0018108-peptidyl-tyrosine
phosphorylation

EPHA7, EPHA6, RELN, EPHA5

3.11E-02

BP

GO:0008285-negative regulation of
cell proliferation

FEZF1, TBX5, SFRP5, RERG,
RIPPLY3, PDX1

3.20E-02

BP

GO:0000122-negative regulation of
transcription from RNA polymerase
II promoter

FEZF1, HAND1, NKX2-5, SIM2,
RIPPLY3, DUSP26, FOXD3, PDX1

4.15E-02

BP

GO:0030509-BMP signaling pathway

BMP3, NKX2-5, CHRDL1

4.54E-02

CC

GO:0030425-dendrite

EPHA7, RELN, GRIA4, KCNA1,
BRINP3, EPHA5, HTR7

4.25E-03

CC

GO:0090575-RNA polymerase II
transcription factor complex

HAND1, NR5A2, NKX2-5

9.87E-03

CC

GO:0005578-proteinaceous
extracellular matrix

RELN, COL19A1, CCBE1, EMILIN3,
SPOCK3

3.40E-02

CC

GO:0044224-juxtaparanode region of
axon

KCNA1, EPB41L3

4.46E-02

CC

GO:0005887-integral component of
plasma membrane

JAM2, EPHA7, CALY, EPHA6,
ADRB3, DRD5, GPR88, TMEM130,
KCNA1, GALR1, EPHA5, HTR7

4.77E-02

MF

GO:0008134-transcription factor
binding

HAND1, TBX5, PAX2, NKX2-5, IRF4, 1.43E-04
HAND2, PDX1, FOXF2

MF

GO:0003700-transcription factor
activity, sequence-specific DNA
binding

DMRTA1, FEV, NR5A2, TBX5,
POU3F4, NKX2-5, RXRG, SIM2,
FOXD3, IRF4, PDX1, FOXF2

1.49E-03

MF

GO:0000977-RNA polymerase II
regulatory region sequence-specific
DNA binding

TBX5, POU3F4, RXRG, FOXD3,
HAND2, FOXF2

1.50E-03

MF

GO:0043565-sequence-specific DNA
binding

FEV, NR5A2, TBX5, NKX2-5, RXRG,
IRX6, IRF4, FOXF2

4.74E-03

MF

GO:0044212-transcription regulatory
region DNA binding

HAND1, NR5A2, PAX2, NKX2-5,
HAND2

1.07E-02

MF

GO:0046982-protein
heterodimerization activity

JAM2, HAND1, NKX2-5, SIM2,
HAND2, PDX1, KHDRBS2

1.10E-02

MF

GO:0000978-RNA polymerase II core FEZF1, HAND1, NR5A2, NKX2-5,
promoter proximal region sequence- IRF4, PDX1
specific DNA binding

1.41E-02

MF

GO:0005004-GPI-linked ephrin
receptor activity

2.79E-02
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BP: Biological process; CC: Cellular component; MF: Molecular function.

meostasis and protecting the colon from pathological processes [44] . Furthermore,
RELN is epigenetically regulated by methylation in gastric cancer [45] , pancreatic
cancer[46], hepatocellular cancer[47], and myeloma[48]. However, the methylation state
and function of RELN in colon cancer are still controversial.
Next, we performed GSEA to clarify the function of GDNF and RELN in KEGG
pathways. The “ribosome” pathway is the most significantly enriched, which has
been confirmed as an important mechanism in colon cancer development. For
instance, precursor 45s ribosomal RNA (pre-45s rRNA) is up-regulated in colon
cancer tissues and cell lines, and is associated with the prognosis of tumor patients.
Pre-45s rRNA could promote cancer cell proliferation by inhibiting P53 by interfering
in the interaction between murine double minute 2 (MDM2) and ribosomal protein
L11 (RPL11)[49]. P73 is a p53 family tumor suppressor, which is promoted by RPL26
through direct binding to the 3’-UTR region. Furthermore, RPL26 maintains the
protein stability of P73 by interacting with MDM2[50]. The “mismatch repair” and
“base excision repair” pathways are primary mechanisms in DNA lesion repair and
microsatellite instability in colon cancer[51]. Moreover, microsatellite-instability has
been demonstrated to frequently occur in the hypermethylated cases. For instance,
MLH1 (DNA mismatch repair protein Mlh1) methylation is a frequent molecular
event and is closely linked to tumor invasion in veins and microsatelliteinstability[52,53]. Moreover, “base excision repair” capacity[54] and “cell cycle”[55] pathway
are also the critical mechanism in colon cancer progression. From the above, the
methylation state and function of GDNF and RELN should be better elucidated and
replicated in a larger validation cohort.
In conclusion, we identified MeDEGs by analyzing the expression profiles and
methylation data of colon cancer samples from TCGA database. Functional
enrichment analyses further confirmed the role of MeDEGs in colon cancer. Moreover,
we revealed that GDNF and RELN are related to overall survival. GSEA and PPI
networks further clarified the function of prognosis-related MeDEGs. Our study
deepens the understanding of methylation and provides novel therapeutic targets and
prognosis-related biomarkers for further research.
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Table 2 Kyoto encyclopedia of genes and genomes pathway analysis of methylation-regulated differentially expressed genes associated
with colon cancer
Pathway ID

Description

Gene name

P-value

hsa04970

Salivary secretion

CST2, ADRB3, ATP1B2, PRKG2

2.80e-04

hsa04923

Regulation of lipolysis in adipocytes

NPY, ADRB3, PRKG2

1.12e-03

hsa04080

Neuroactive ligand-receptor interaction

GRIA4, ADRB3, DRD5, GALR1, HTR7

2.59e-03

hsa04024

cAMP signaling pathway

NPY, GRIA4, DRD5, ATP1B2

4.95e-03

hsa04728

Dopaminergic synapse

GRIA4, DRD5, CALY

9.85e-03

hsa04978

Mineral absorption

MT1E, ATP1B2

1.41e-02

hsa05202

Transcriptional misregulation in cancer

FEZ, RXRG

2.05e-02

hsa04022

cGMP-PKG signaling pathway

ADRB3, ATP1B2, PRKG2

2.12e-02

hsa04360

Axon guidance

EPHA7, EPHA5, EPHA6

2.28e-02

hsa04020

Calcium signaling pathway

ADRB3, DRD5, HTR7

2.31e-02

Figure 4

Figure 4 Kaplan-Meier curves for the methylation and methylation-expression of glial cell-derived neurotrophic factor and reelin. A and B: Glial cell-derived
neurotrophic factor (GDNF) and reelin (RELN) were ranked by the median of methylation and then scored for each colon cancer patient in accordance with high- or
low-level methylation value; C and D: GDNF and RELN were ranked by the median of methylation and expression and then scored for each colon cancer patient in
accordance with high- or low-level methylation value and high or low-level expression value. The horizontal axis represents the overall survival time and the vertical
axis represents survival function. Hyper-LGs: Hypermethylation and low expression methylation-regulated differentially expressed genes; Hypo-HGs: Hypomethylation
and high expression methylation-regulated differentially expressed genes; GDNF: Glial cell-derived neurotrophic factor; RELN: Reelin.
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Figure 5

Figure 5 The expression, methylation status, and Spearman’s correlation analysis of glial cell-derived neurotrophic factor and reelin. A: The Cancer
Genome Atlas (TCGA) database was utilized to analyze the expression and methylation status of glial cell-derived neurotrophic factor and the correlation between
them; B: The TCGA database was utilized to analyze the expression and methylation status of reelin and the correlation between them. aP < 0.01. GDNF: Glial cellderived neurotrophic factor; RELN: Reelin; TCGA: The Cancer Genome Atlas.
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Figure 6

Figure 6 Gene set enrichment analysis of glial cell-derived neurotrophic factor and reelin. A: Gene set enrichment analysis (GSEA) of glial cell-derived
neurotrophic factor (GDNF); B: GSEA of reelin (RELN). GSEA of GDNF and RELN showing that hypermethylation of GDNF and RELN were enriched in multiple
cancer-related pathways. GDNF: Glial cell-derived neurotrophic factor; RELN: Reelin; GSEA: Gene set enrichment analysis; KEGG: Kyoto Encyclopedia of Genes and
Genomes.
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Figure 7

Figure 7 Protein–protein interactions of glial cell-derived neurotrophic factor and reelin. The STRING protein database was utilized to analyze the proteinprotein interactions of glial cell-derived neurotrophic factor and reelin.

ARTICLE HIGHLIGHTS
Research background
Accumulating evidence has indicated that DNA methylation modification is a reversible process
of gene regulation in epigenetics. However, studies of methylation in the individual genes and
pathways are still insufficient. In the present research, we conducted a conjoint analysis of
correlation between methylation and gene expression and patient prognosis in large cohorts
based on the Illumina Methylation 450K BeadChip.

Research motivation
DNA methylation modification has been considered as a potential therapeutic target and
biomarker that may improve the prognosis of colon cancer. Therefore, identification and analysis
of methylation-regulated differentially expressed genes (MeDEGs) will be of great significant.

Research objectives
In our study, we aimed to conduct bioinformatics analysis to identify MeDEGs and prognosisrelated MeDEGs in colon cancer. Functional enrichment analysis was performed to clarify the
function of MeDEGs. Furthermore, our study elucidated the potential mechanisms of prognosisrelated MeDEGs.

Research methods
We downloaded RNA expression profiles, Illumina Human Methylation 450K BeadChip data,
and clinical data of colon cancer from The Cancer Genome Atlas project. Differentially expressed
genes and differentially methylated genes were identified using with the “edgeR” package and
the “limma” package in R software. Then, we performed Spearman’s correlation analysis to
clarify the relationship between methylation and expression. The in silico function of MeDEGs
was further analyzed in the DAVID database and Kyoto Encyclopedia of Genes and Genomes
(KEGG) Orthology-Based Annotation System 3.0, respectively. The relationship between
methylation and expression and overall survival was revealed through a Kaplan–Meier curve
test. Gene set enrichment analysis (GSEA) and investigation of protein-protein interactions were
performed to clarify the function of prognosis-related genes.

Research results
We identified a total of 5 up-regulated and 81 down-regulated MeDEGs that satisfied the
conditions. Gene ontology analysis indicated that the enrichment terms are mainly associated
with transcription regulation. According to KEGG pathway analysis, three cancer-related
pathways were involved by MeDEGs. Hypermethylation of glial cell-derived neurotrophic factor
(GDNF) and reelin (RELN) was negatively correlated with overall survival. Based on GSEA,
hypermethylation of GDNF and RELN was both significantly associated with pathways
including “RNA degradation,” “ribosome,” “mismatch repair,” “cell cycle”, and “base excision
repair.”

Research conclusions
In conclusion, we provide a new and reliable pathway to identify MeDEGs based on Illumina
Human Methylation 450K BeadChip. Methylation plays a critical role in regulating cancerrelated gene expression, especially tumor-suppressor genes. Our study provides an in-depth
understanding of methylation. Furthermore, the prognosis-related MeDEGs may be potential
biomarkers and therapeutic targets in colon cancer.

Research perspectives
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The application of high-throughput platform will provide great support for the precision
medicine in cancer. We will conduct more studies to reveal the function of the prognosis-related
MeDEGs and establish a valid and reliable high-throughput analysis system in the future.
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Abstract
BACKGROUND
Different histological growth patterns (HGPs) of colorectal carcinoma (CRC) liver
metastasis are associated with patients’ prognosis and response to antiangiogenic
therapy. However, the relationship between HGPs of liver metastasis and
clinicopathological and genomic characteristics of primary cancer has not been
well established.
AIM
To assess whether certain clinicopathological and genomic features of primary
CRC could predict the HGPs of liver metastasis.
METHODS
A total of 29 patients with paired resections of both primary CRC and liver
metastasis were divided into two groups: A (15 cases with desmoplastic liver
metastasis) and B (14 cases with replacement liver metastasis). Clinical
information was obtained from patients’ charts. Mismatch repair proteins,
BRAFV600E, and PD-L1 were evaluated by immunohistochemistry. Five cases
were selected randomly from each group for whole exome sequencing (WES)
analysis.
RESULTS
In the primary tumor, expanding growth pattern, low tumor budding score

https://www.wjgnet.com

3408

July 14, 2019

Volume 25

Issue 26

Wu JB et al. Colorectal adenocarcinoma liver metastasis
authors declare no conflict of
interest related to the article.

Data sharing statement: No
additional data are available.

Open-Access: This is an openaccess article that was selected by
an in-house editor and fully peerreviewed by external reviewers. It
is distributed in accordance with
the Creative Commons Attribution
Non Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

(TBS), and Crohn’s disease-like response (CDR) were associated with
desmoplastic liver metastasis and better overall survival, whereas infiltrating
growth pattern alone of primary carcinoma could predict the replacement liver
metastasis and worse overall survival (P < 0.05). On WES analysis, primary
carcinoma with desmoplastic liver metastasis showed mutations in APC (4/5);
TP53 (3/5); KRAS, PIK3CA, and FAT4 (2/5); BRCA-1, BRCA2, BRAF, and
DNAH5 (1/5), whereas primary carcinoma with replacement liver metastasis
showed mutations in APC and TP53 (3/5); KRAS, FAT4, DNH5, SMAD, ERBB2,
ERBB3, LRP1, and SDK1 (1/5).
CONCLUSION
The HGPs, TBS, and CDR of primary CRC as well as the presence of specific
genetic mutations such as those in PIK3CA could be used to predict the HGPs of
liver metastasis, response to therapy, and patients’ prognosis.
Key words: Colorectal carcinoma; Liver metastasis; Histologic growth pattern;
Clinicopathological characteristics; Whole exome sequencing
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Core tip: Different histological growth patterns (HGPs) of colorectal carcinoma (CRC)
liver metastasis are associated with patients’ prognosis and response to antiangiogenic
therapy. The aim of our study was to assess whether certain clinicopathological and
genomic features of primary CRC could predict the HGPs of liver metastasis. We found
that the HGPs, tumor budding score, and Crohn’s disease-like response of primary CRC
as well as the presence of specific genetic mutations such as those in PIK3CA could be
used to predict the HGPs of liver metastasis, response to therapy, and patients’
prognosis.
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INTRODUCTION
Colorectal carcinoma (CRC) is the third and second most commonly diagnosed cancer
in men and women, respectively, with an estimated global incidence of 1.4 million
new cases, and 693900 deaths in the world every year[1]. The prognosis after curative
resection depends entirely on the development of metastasis, especially liver
metastasis. At the time of diagnosis, 25% of patients with CRC had liver metastases
(CRCLMs) and another 50% of patients without initial liver metastases had liver
metastasis during follow-up[2]. Metastatic CRC is one of the leading causes of cancerrelated deaths worldwide[3].
According to the international consensus guidelines for scoring the histological
growth patterns (HGPs) of liver metastasis[4], CRCLMs present with distinct HGPs,
including desmoplastic, pushing, replacement, and two rarer HGPs (sinusoidal and
portal HGPs). The HGPs are defined based on the distinct interfaces between cancer
cells and adjacent normal liver parenchyma. Importantly, the HGPs of liver
metastases were shown to have prognostic and predictive value by some retrospective
studies. Several studies showed that patients with desmoplastic liver metastasis had a
longer recurrence free survival than patients with non-desmoplastic liver metastasis[5,6]. They attributed the poorer survival in patients with non-desmoplastic
growth pattern to the higher recurrence rate. Frentzas et al[7] confirmed that CRC with
replacement liver metastasis did not respond well to bevacizumab treatment, due to
the fact that these tumors utilize vessel co-option instead of angiogenesis. On the
other hand, desmoplastic liver metastasis, which relies on sprouting angiogenesis for
its blood supply, showed a better response to bevacizumab. They proposed that the
HGPs of CRCLMs could be used as a predictive biomarker for anti-angiogenic
therapy.
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It is natural to expect that the HGP and other clinicopathological characteristics of
primary cancer may have biological, predictive, and important prognostic
information. However, the relationship between HGPs of liver metastasis and
clinicopathological characteristics of primary cancer have not been well established. In
the study of Rajaganeshan et al [8] , 69.2% of primary expanding CRCs developed
capsulated liver metastases, whereas only 17.2% of infiltrating primary CRCs
developed a capsulated phenotype (P < 0.001). Although almost all liver metastases
from breast cancer adopt a replacement growth pattern, CRCLMs may present
different HGPs[7,9]. Furthermore, the underlying genetic abnormalities and molecular
pathways that drive the distinct HGPs remain unknown. In this study, we first
analyzed the clinicopathological features of CRC patients with two distinct pattern of
liver metastases. We then studied the genomic differences of primary CRCs between
these two groups using whole exome sequencing analysis. Our study will provide
new insights into the primary tumor in terms of their value in predicting the growth
pattern of liver metastasis, response to antiangiogenic therapy, and patients’
prognosis.

MATERIALS AND METHODS
Patients
With the approval of McGill University Health Center Research Ethics Board (No. 11196-HGP), formalin-fixed, paraffin-embedded tissue blocks of matched primary CRC
and liver metastases from 29 patients were obtained from the archives (2012-2017) of
the Department of Pathology, McGill University Health Center. The primary cases
were divided into two groups according to HGPs of matched CRCLMs: A (15 cases
with matched CRCLMs showing desmoplastic growth pattern [DGP]) and B (14 cases
with matched CRCLMs showing replacement growth pattern [RGP]). Tumor tissues
of primary CRCs from five randomly selected cases in each group and their matched
normal large intestinal mucosa were collected for whole exome sequencing. Clinical
variables including age, gender, serum carcinoembryonic antigen (CEA) level, and
survival data were obtained from patients’ health records. Pathological characteristics
of the primary colorectal tumor including localization, size, gross configuration,
histologic grade, tumor depth, lymph node metastasis, tumor budding score (TBS),
tumor deposit, lymphovascular invasion, and perineural invasion were retrieved
from patients’ pathology reports.

Evaluation of HGPs of primary and metastatic CRC
For each case, two pathologists (Gao ZH and Wu JB ) reviewed at least three slides
stained with hematoxylin and eosin (H&E) under a light microscope (BX45, Olympus,
Tokyo, Japan). Discrepancies of HGPs were resolved by reevaluation and discussion
in a multi-head microscope setting.
The HGPs of liver metastasis were evaluated according to the international
consensus on the HGPs of liver metastasis[4]. In the DGP, the metastatic cancer cells
are separated from the liver tissue by a band of desmoplastic tissue. In the RGP,
cancer cells form cell plates that are continuous with the hepatocyte plates. The
invasive front of the primary cancers were classified as either expanding growth
pattern (EGP) or infiltrating growth pattern (IGP) based on the predominant
morphology, as defined by Jass et al[10], where the expanding type had been described
as the pushing growth type of adenocarcinoma, whereas the infiltrating type had been
described as the wide spread streaming form of adenocarcinoma (Figure 1A-D).

Evaluation of peri-tumoral inflammatory cell band (ICB) and Crohn’s disease-like
response (CDR) in primary CRC
The tumor-normal tissue interface was assessed for the degree of ICB and the
presence or absence of CDR in H&E stained serial sections (Figure 1E-I). If ICB is
present in less than 10% area of the tumor-normal tissue interface, the case was
categorized as negative ICB; if between 10% and 50%, the case was categorized with
low grade ICB; if ICB was observed in 50% or more of the tumor-normal tissue
interface, the case was categorized with high grade ICB. CDR was defined as dense
lymphoid aggregates, with or without germinal centers present at the mucosalsubmucosal junction, or in the deeper aspects of the bowl wall, including the
subserosal adipose tissue (“Crohn’s rosary”)[11].

Immunohistochemistry
All 29 formalin-fixed, paraffin-embedded colorectal tumor tissues and one normal
intestinal tissue were used for tissue microarray construction, as previously described

WJG

https://www.wjgnet.com

3410

July 14, 2019

Volume 25

Issue 26

Wu JB et al. Colorectal adenocarcinoma liver metastasis
Figure 1

Figure 1 Representative histological images of the growth pattern of primary colorectal carcinoma and liver
metastasis. A: Primary colorectal carcinoma (CRC) with an expanding growth pattern where the tumor gland pushes
the surrounding stroma with a sharper dividing interface (arrows show expanding growth pattern); B: Liver metastasis
with a desmoplastic growth pattern showing a stroma band separating the tumor with the surrounding liver
parenchyma (arrows show desmoplastic growth pattern), the same case as A; C: Primary CRC with an infiltrating
growth pattern where streams of tumor cells permeate into the stroma with an irregular interface (arrows show
infiltrating growth pattern); D: Liver metastasis with a replacement growth pattern showing tumors cells in direct
contact with hepatocytes and grow into the liver cell plate (arrows show replacement growth pattern), the same case
as C; E: Negative inflammatory cell band (ICB) negative. There is no lymphocyte infiltration at the tumor-normal
tissue interface, as arrows show; F: Low grade ICB. Lymphocyte infiltration is present in less than 50% tumor-normal
tissue interface, as arrows show; G: High grade ICB. Lymphocyte infiltration is present in more than 50% tumornormal tissue interface, as arrows show; H: Positive Crohn’s disease-like response (CDR) showing lymphoid
aggregates at the deeper aspects of the bowl wall (arrows show aggregated lymphoid tissue); I: Positive CDR
showing lymphoid aggregates at the mucosal-submucosal junction (arrows show aggregated lymphoid tissue).

by Zhang et al[12]. Three 1.5 mm representative punches were included from each
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tumor tissue.
Automated immunohistochemistry (IHC) was performed on 3-μm-thick TMA
slides using a Ventana benchmark machine according to the manufacturer’s
instructions (Ventana Medical Systems, Inc., Tucson, AZ, United States). The
following commercially available antibodies were used in the IHC: MLH1 [clone
ES05, 1:100, Dako (Glostrup, Denmark)], MSH2 (clone FE11, 1:100, Dako), MSH6
(clone EP49, 1:100, Dako), PMS2 (clone EP51, 1:100, Dako), programmed death
receptor ligand-1 (PDL1) [clone ES05, SP263, VENTANA (Roche, United States)], and
BRAFV600E [clone VE1, 1:100, Abcam (Cambridge, United Kingdom)]. On-slide
positive and negative controls were used and the expected reaction was confirmed.
The IHC slides were evaluated independently by two gastrointestinal pathologists
blindly using images of full slides obtained with a digital slide scanner (Aperio
ScanScope AT Turbo, Leica microsystem, Concord, ON, Canada) and analyzed using
the Aperio Image Analyzer. Deletion of MLH1, MSH2, MSH6, or PMS2 in cancerous
tissues was defined as the absence of detectable nuclear staining of tumor cells. BRAF
V600E staining was considered positive if the cytoplasmic staining was similar to the
positive control in each batch. It was determined that any isolated nuclear staining
was negative. In line with Zoroquiain et al [13] , we defined PDL1 positivity by a
threshold of 5% of tumor cells with strong cytoplasmic expression and membraneaccentuation or single membrane pattern. The expression of negative or equivocal
protein expression detected in TMA was validated by IHC staining on the
corresponding large tumor sections of the resection specimen using the same protocol.

Whole exome sequencing
Formalin-fixed, paraffin-embedded tumor tissue blocks and matched normal blocks
were microdissected to remove residual normal tissue and enhance neoplastic
cellularity. The DNA was extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen,
Netherlands) according to the manufacturer’s protocol. The DNA concentration was
determined using a Qubit 2.0 Fluorimeter (Invitrogen, Carlsbad, CA, United States).
After DNA extraction, we obtained 282 to 6480 ng of DNA per lesion from 10 CRCs
and matched normal tissues.
Whole exome sequencing was performed at McGill University and Genome
Quebec Innovation Center. The gDNA library was prepared using a TruSeq DNA
Sample Preparation Kit (Illumina) according to the manufacturer’s instructions,
followed by sequencing on an Illumina HiSeq, as previously described[14]. As shown in
Figure 2, the raw DNA sequences were aligned, trimmed, and duplicates flagged to
the NCBI human genome build 38 version 93, using Isaac aligner (Version: Isaac04.18.01.19)[15]. Structural variant (SV) analysis calls were generated using Manta
(version manta-1.4.0)[16]. Small variants [single nucleotide variant (SNV) and small
indels] in germline and somatic variations in tumor/normal sample pairs were
achieved using Strelka (Version: strelka-2.9.0)[17]. Copy number variant (CNV) calls
were generated using Canvas (Version: Canvas/1.11.0/) with the tumor-normalenrichment workflow[18]. The callers share output, and therefore there is no double
counting of calls. Manta and Strelka were run with Python (Version: 2.7.14).
Annotation of the resulting calls was done with the Ensembl Variant Effect Predictor
(VEP) using version 93.3 in a Perl (Version 5.22.4) environment[19]. Fastp (version
0.19.4) was used to collect QC metrics of the raw reads[20].
Sequencing result analyses and figures were prepared in the R statistical software
suite (version 3.5.1) using standard R functions in custom code[21]. Circlize (version
0.4.4) was used to generate the Circos plots[22]. GGplot2 (version 3.0.0) was used to
generate the heat maps. Custom R code was developed and run in RStudio (Version:
1.1.453).

Statistical analysis
Statistical analyses were performed using Prism 7.00 statistical program (GraphPad,
2015, San Diego, CA, United States); P < 0.05 was considered statistically significant.
The statistical review of the study was performed by a biomedical statistician.
Comparison of clinicopathological features and immunohistochemical staining results
between groups was performed using the t-test, Wilcoxon Signed rank test, and
Fisher’s exact test. Survival analysis was performed using the Kaplan-Meier method
and the log-rank test. Sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated to assess the prediction capacity of
histologic features and genomic alternations of primary CRC for the growth patterns
of liver metastasis.

RESULTS
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Figure 2

Figure 2 Work flow of whole exome sequencing bioinformatics analysis. SV: Structural variant; CNV: Copy number variant.

Clinical parameters
The clinical characteristics of the study population are shown in Table 1. The
statistical comparison of the clinicopathological characteristics between Group A and
Group B is shown in Table 2. Cases 1 to 15 belong to Group A, and cases 16 to 29
belong to Group B. With respect to age and gender, no significant differences were
identified between Group A and Group B. The mean serum CEA level in Group B
(46.9 μg/L) was noticeably higher than that in Group A (15.5 μg/L), although not
statistically significant.
The mean length of follow-up for all patients was 36.8 mo (95%CI: 30.81-42.85 mo).
Seventy-nine percent (23/29) patients were alive on completion of the study. There
was no death in group A. Five cases were alive with liver, bone, or lung metastasis,
the remaining 10 cases were alive without evidence of tumor recurrence or metastasis.
In group B, however, 6 cases died of liver, lung, or brain metastasis and the remaining
8 cases had no evidence for tumor recurrence or metastasis. The length time for liver
metastasis was calculated from the date of diagnosis of the primary CRC to the date of
diagnosis of liver metastasis. The disease-free survival (DFS) was defined as the time
from CRCLM resection to recurrence, or to the date of censoring in October, 2018,
when the patient had no signs or symptoms of tumor recurrence or metastasis.
Overall survival (OS) was calculated from the date of diagnosis of the primary
carcinoma to the date of death, or to the date of censoring of live patients in October,
2018. With respect to the length time of liver metastasis and the DFS, there were no
significant differences between Group A and Group B (Figure 3A and B, P > 0.05).
However, OS was significantly longer in Group A than Group B (Figure 3C, P =
0.0337).

Pathological features
Among 29 cases, 37.9% (11/29) of the primary cancers were EGP and 62.1% (18/19)
were IGP. Primary CRC with an EGP were more likely to have desmoplastic
phenotype liver metastasis (81.8% vs 33.3%, P < 0.05). On the other hand, primary
cancers with an IGP were significantly more likely to form replacement pattern liver
metastasis (66.7% vs 18.2 %, P < 0.05)
TBS and tumor deposit were evaluated according to the American Joint Committee
on Cancer (AJCC) Cancer Staging Manual (Eight Edition). Most of TBS was low
(66.7%, 10/15) in Group A, and intermediate or high in group B (71.4%, 10/14). CDR
was identified in 46.7% (7/15) of cases in Group A, and only in 7.1% (1/14) in Group
B. There was no significant difference between Group A and Group B regarding
tumor location, size, gross configuration, histologic grade, tumor depth, lymph node
metastasis, tumor deposit, lymphovascular invasion, perineural invasion, or peritumoral ICB. With respect to TBS and CDR, there was significant higher TBS in Group
B than in Group A (P < 0.05) and significantly more CDR in Group A than in Group B
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Table 1 Main clinical demographics and histological growth patterns in patients with colorectal carcinoma and liver metastasis in the
study

Case No.

Liver
metastasis
growth
pattern

Primary
colorectal
growth
pattern

Tumor
budding
score

Crohn's
disease-like
appearance

Liver
metastasis
(mo)

Follow-up
(mo)

1

DGP

EGP

L

+

16

2

DGP

IGP

M

-

3

DGP

IGP

H

4

DGP

EGP

5

DGP

6

Prognosis

Major
mutations

57

Alive without
tumor

APC, KRAS,
BRCA2

6

25

Alive with bone NA
metastasis

-

46

52

Alive with liver NA
metastasis

M

+

25

33

Alive with liver APC, KRAS,
metastasis
PIK3CA,
BRCA1

EGP

L

+

39

46

Alive without
tumor

DGP

IGP

L

-

8

33

Alive with liver NA
metastasis

7

DGP

IGP

L

+

25

32

Alive without
tumor

NA

8

DGP

EGP

L

-

6

44

Alive with
tubular
adenoma

APC, TP53,
PIK3CA

9

DGP

EGP

L

-

12

28

Alive without
tumor

NA

10

DGP

EGP

L

+

7

21

Alive without
tumor

NA

11

DGP

EGP

L

-

7

16

Alive without
tumor

APC, TP53,
FAT4, BRAF

12

DGP

IGP

M

+

5

25

Alive without
tumor

NA

13

DGP

IGP

L

+

6

42

Alive without
tumor

NA

14

DGP

EGP

M

-

38

54

Alive with lung NA
metastasis

15

DGP

EGP

L

-

17

20

Alive without
tumor

TP53, DNAH5,
FAT4

16

RGP

IGP

H

-

2

17

Alive without
tumor

DNAH5,
KRAS, FAT4

17

RGP

IGP

H

-

5

72

Alive without
tumor

NA

18

RGP

IGP

H

-

16

63

Died of liver
metastasis

NA

19

RGP

IGP

L

-

9

35

Alive without
tumor

NA

20

RGP

IGP

H

-

25

58

Alive without
tumor

NA

21

RGP

EGP

L

-

6

23

Alive without
tumor

NA

22

RGP

IGP

M

-

28

48

Alive without
tumor

APC, TP53,
SMAD4

23

RGP

IGP

H

-

40

60

Alive without
tumor

APC, CTNNB1

24

RGP

IGP

M

-

6

17

Died of liver
metastasis

NA

25

RGP

IGP

M

-

6

33

Died of liver
metastasis

APC, TP53,
KRAS, ERBB2,
ERBB3

26

RGP

EGP

L

+

7

41

Died of liver
metastasis

NA

27

RGP

IGP

H

-

5

35

Died of brain
metastasis

NA
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28

RGP

IGP

L

-

27

32

Died of liver
metastasis

NA

29

RGP

IGP

H

-

3

12

Alive without
tumor

TP53, LRP2,
SDK1

DGP: Desmoplastic growth pattern; EGP: Expanding growth pattern; IGP: Infiltrating growth pattern; RGP: Replacement growth pattern; L: Low; M:
Intermediate; H: High; NA: Not available.

(P < 0.05).
Interestingly, as shown in Figure 4, we observed that the EGP of primary cancer
could be divided into four subtypes: (1) Ordinary expanding, where the tumor gland
pushes the stroma and forms a sharp dividing line at the interface; (2) Mucinous
expanding, where pools of tumor epithelium containing mucin pushes the stroma and
forms a sharp dividing line at the interface; (3) Cribriform expanding, where the
tumor gland at the invasive front forms a round cribriform structure, and there is a
clear dividing line between the tumor and the surrounding stroma; and (4)
Micropapillary expanding, where the tumor cells at the invasive front form
micropapillary architecture, and there is a clear dividing line between the tumor and
the surrounding stroma. On the other hand, infiltrating growth pattern could be
divided into two subtypes: (1) Ordinary infiltrating, where tumor cells infiltrate to the
stroma and connect to the original tumor mass; and (2) Skip infiltrating, where there
is a gap (>0.5 cm) of non-neoplastic tissue between the main tumor bulk and the
invasive front.
As shown in Figure 5, there was no significant differences between the two groups
in the tumor cell expression of MLH1, MSH2, MSH6, PMS2, BRAFV600E, or PDL1.
Interestingly, the three MSI deficiency cases were all MSH2 protein deficient.

Value of selected pathological features in predicting the HGPs of CRCLMs
EGP, low TBS score, and positive CDR in the primary tumor were shown to have
predictive value for the DGPs of CRCLMs. As shown in Table 3, HGP + TBS + CDR is
the most sensitive and has the highest negative predictive value, whereas CDR alone
is the most specific and has the highest positive predictive value.
IGP, high or intermediate TBS score, and negative CDR were shown to have
predictive value for the RGP of CRCLMs. As shown in Table 3, CDR alone or
combined with HGP and TBS are the most sensitive; TBS alone is the most specific;
HGP or TBS has the highest PPV, whereas CDR has the highest NPV. When
combining HGP, TBS, and CDR, although the sensitivity is 92.9%, the specificity is
only 20.0%.

Whole-exome sequencing
Hierarchical clustering of Groups A and B based on SNV and indels is shown in
Figure 6A, and frequency of SNV or indels in Group A and Group B is shown in
Figure 6B. There was no statistical difference between the two groups in SNV or
indels. However, our whole-exome sequencing revealed 14 major gene mutations, as
shown in Table 1 and Figure 7. The most prevalent major mutation occurred in the
APC gene, which occurred in 80% (4/5) of Group A cases and 60% (3/5) cases of
Group B, followed by TP53 and KRAS mutations. Both Group A and Group B had the
same frequency of TP53 and DNAH5 mutations. Interestingly, PIK3CA mutations
were showed in 40% (2/5) cases of Group A but no one case in Group B, similarly, the
mutations of BRCA1, BRCA2, and BRAF were only observed in Group A, and the
mutations of SMAD, ERBB2, ERBB3, LRP2, and SDK1 were identified only in Group
B, each in one patient.

DISCUSSION
Colorectal adenocarcinoma liver metastasis has been categorized into three growth
patterns: desmoplastic, pushing, and replacement, each of which has characteristic
morphological features[4]. Using this classification, Van den Eynden et al[6] reported
that the pushing pattern was an independent predictor of poor survival. In contrast,
Nielsen et al showed that patients with an RGP had a death risk 2 to 2.5 times higher
than patients with a pushing growth pattern or mixed growth pattern, and almost 4
times more than patients with a DGP[5]. According to Eefsen et al[3], similar findings in
chemonaive patients and patients receiving neoadjuvant therapy were identified.
Histologically differentiating DGP and invasive growth pattern were more clearly cut
with almost no interobserver discrepancies and the clinical relevance was more
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Table 2 Association between clinicopathological characteristics and growth patterns
Characteristic

Group A

Group B

P-value

Male

9

10

0.6999

Female

6

4

Mean ± SD

67.5 ± 9.6

62.3 ± 13.6

Median

67

60.5

Range

50-82

43-82

Serum CEA level

Mean ± SD

15.5 ± 25.2

46.9 ± 148.7

(μg/L)

Median

3.7

5.65

Range

0.9-88.0

1.1-563.2

Cecum

3

3

Ascending

2

0

Transverse

1

1

Descending

1

0

Sigmoid

2

3

Rectum

6

7

Mean ± SD

4.2 ± 1.3

4.3 ± 2.4

Median

4.6

4

Range

2.0-6.0

2.0-11.0

Exophytic

7

7

Endophytic

8

5

N/A

0

2

G1

5

7

G2

8

7

G3

2

0

T1

0

0

T2

0

0

T3

9

10

T4

6

4

Positive

9

10

Negative

6

4

High

1

7

Intermediate

4

3

Low

10

4

Negative

0

0

Positive

3

4

Negative

12

10

Positive

11

12

Negative

4

2

Positive

10

12

Negative

5

2

Negative

5

4

Low grade

8

6

High grade

2

4

Positive

7

1

Negative

8

13

EGP

9

2

IGP

6

12

Sex

Age

Localization

Size (cm)

Configuration

Histologic grade

Tumor depth

Lymph node metastasis

Tumor budding score (TBS)

Tumor deposits

Lymphovascular invasion

Perineural invasion

Peri-tumoral inflammatory cell band

Crohn’s disease-like response

Histologic growth pattern

0.2774

0.3823

0.6621

0.5814

0.2643

0.3060

0.6999

0.6999

0.0275

0.6817

0.6513

0.3898

0.5974

0.0352

0.0209

SD: Standard deviation; CEA: Carcinoembryonic antigen; NA: Not available; EGP: Expanding growth
pattern; IGP: Infiltrating growth pattern.

obvious[4]. For these reasons, only those CRCLMs with well-defined desmoplastic or
replacement growth patterns were enrolled in this study.
Our results demonstrated that expanding CRCs tend to develop desmoplastic liver
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Figure 3

Figure 3 Kaplan-Meier curves for colorectal cancer liver metastasis between two groups. A: Comparison of length time of liver metastasis, showing no
significant difference; B: Comparison of disease-free survival, showing no significant difference; C: Comparison of overall survival, showing a statistically significant
difference (P = 0.0337).

metastasis, whereas infiltrating CRCs tended to develop replacement liver metastasis,
which is consistent with previous findings of Rajaganeshan et al[8]. Our study also
confirmed that patients with expanding primary cancers had a significant longer OS
than those with infiltrating primary tumors, which is in line with the previously
reported findings of Cianchi et al[23], Nystrom et al[24], and Pinheiro et al[25]. Therefore,
the growth pattern of primary CRC could, to a certain extent, predict the growth
pattern of CRCLMs and patients’ prognosis.
During our study, we identified four subtypes of primary expanding CRC and two
subtypes of primary infiltrating cancers. Awareness of these morphological variations
is critical in order to appropriately subclassify the primary CRCs. Zoning on the
epithelial-stromal interface, we found that the infiltrating CRC had higher TBS,
whereas the expanding cancer was more prone to form CDR. Our observation is in
keeping with the previous report on the prognostic value of TBS and CDR of primary
CRC [26-29] . To the best of our knowledge, this study is the first comprehensive
morphological sub-classification of the growth patterns of primary CRCs in
association with clinical follow-up data and corresponding HGPs of CRCLMs.
Using a standard formula, we analyzed the sensitivity, specificity, PPV, and NPV of
selected pathological characteristics (HGP, TBS, and CDR) in predicting the HGPs of
CRCLMs. Our results indicated that combined EGP, low TBS, and positive CDR of
primary cancer could be used to predict the DGP of CRCLMs, whereas IGP alone of
primary cancer could be the best to predict the RGP of CRCLMs. Once validated by
larger set of cases, these parameters have the potential for clinical application.
The prognostic value of immunohistochemical markers such as microsatellite
instability (MSI), BRAF V600E mutation, and PD-L1 expression has been reported[30-33].
However, there were no studies on the association between the expression of these
IHC markers and the HGPs of CRC. Our study did not reveal any significant
differences in the tumor cell expression of these IHC markers between the two
groups.
It is reasonable to expect that the genomic makeup of the primary CRC plays an
important role in determining the HGP of CRCLMs. However, to the best of our
knowledge, there has been no report on the specific genomic drivers of the primary
tumor that determine the specific growth pattern of liver metastasis. If the growth
patterns of liver metastasis could be predicted based on the molecular biomarkers
present in the primary CRC and each of the growth patterns could be associated with
a different underlying biology, this could have important implications in the
stratification of patients for the oncological treatment[34]. We compared the mutation
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Figure 4

Figure 4 Subtypes of histologic growth pattern of primary colorectal carcinoma. A: Ordinary expanding, where
the tumor gland pushes the stroma and forms a sharp dividing line at the interface; B: Mucinous expanding, where
pools of tumor epithelium containing mucin pushes the stroma and forms a sharp dividing line at the interface; C:
Cribriform expanding, where the tumor gland at the invasive front forms a round cribriform structure and there is a
clear dividing line between the tumor and the surrounding stroma; D: Micropapillary expanding, where the tumor cells
at the invasive front forms micropapillary architecture and there is a clear dividing line between the tumor and the
surrounding stroma; E: Ordinary infiltrating, where tumor cells infiltrate to the stroma and connect to the original tumor
mass; F: Skip infiltrating, where there is a gap (>0.5 cm) of non-neoplastic tissue between the main tumor bulk and
the invasive front.

rate of genes related to metastasis (WNA5A, TIMP1, MMP-1, MMP-2, COX-2, and
HIF-1α), angiogenesis (VEGF, TGF, EGF, and TNF), epithelial-mesenchymal transition
(E-cadherin, FGF, P63, and FOXC2), oncogenes (C-myc, K-ras, and Bcl-2), tumor
suppressor genes (p53, APC, and NGX6), and other genes, such as Survivin and
CIAPIN1, between the two groups [35-39] . The only gene that stands out is phosphoinositide-3-kinase, catalytic, alpha polypeptide (PIK3CA), which was present in
40% of tumors with desmoplastic group pattern in the CRCLMs. PIK3CA is an
essential element of the signaling pathway of phosphatidylinositol-3 kinase (PIK3)
downstream of EGFR. The PIK3CA mutation activates the PIK3 signaling pathway,
improves cell proliferation, and ultimately leads to carcinogenesis[40]. It is associated
with angiogenesis as it is essential in endothelial cell migration during vascular
development through vascular endothelial growth factor-A (VEGFA) signaling,
possibly by regulating RhoA activity [41] . The significantly higher expression of
PIK13CA in primary CRC with desmoplastic liver metastasis indicates that metastasis
can become vascularized through sprouting angiogenesis, in a process stimulated by
VEGFA. In addition to PIK3CA, we also found that BRCA-1, BRCA-2, and BRAF
genes were present only in primary CRC with desmoplastic liver metastasis, and
SMAD, ERBB-2, ERBB-3, LRP2, and SDK1 genes were present only in CRCs with
invasive liver metastasis. Once these findings are validated with a larger set of cases,
these growth pattern-related genomic abnormalities could become new targets for
precision therapy.
Although the existence of two invasive phenotypes (expanding or infiltrating) in
CRC is now well recognized and their prognostic implications proven, the biological
mechanisms for their existence remain unexplained. It is unclear why some tumors
cause a desmoplastic and angiogenic response while others adopt the replacement
growth pattern and acquire nutrition through vessel co-option. In addition to the
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Figure 5

Figure 5 Representative immunohistochemical images. A: Positive staining for MLH1; B: Positive staining for
MSH2; C: Positive staining for MSH6; D: Positive staining for PMS2; E: Positive staining for MLH2; F: Negative
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staining for MSH2; G: Positive staining for MSH6; H: Positive staining for PMS2; I: Positive staining for BRAF V600E;
J: Negative staining for BRAF V600E; K: Positive staining for PD-L1; L: Negative staining for PD-L1. A-D is the same
case; E-H is the same case.

biology of primary tumor cells, the surrounding liver microenvironment may also
play a role in determining the growth pattern or dependence of angiogenesis. One
possible explanation for the desmoplastic or replacement liver metastasis is that these
HGPs summarize the different responses of the liver to injury [4] . Fibrosis in the
desmoplastic liver metastasis may be mediated by the same biological mechanisms
which drive liver fibrosis in response to an injury[42]. In addition, replacement HGP is
similar to liver regeneration because cancer cells replace liver cells in the same way
that new liver cells replace old liver cells during liver regeneration [43] . Another
explanation is that the different tumor growth patterns are related to differential gene
expression, which may be a driving factor for HGP. Sakariassen et al[44] investigated
that vessel co-opting glioblastomas (GBMs) upregulated gene expression associated
with fetal development and cell motility, whereas angiogenic GBMs had higher
angiogenic regulatory factors, such as VEGF and angiopoetin-2 expression. In the
present study, mutation of the PIK3CA gene was present only in the primary CRC
with desmoplastic CRCLMs, which further validated its role as a marker for sprouting
angiogenesis and a potential target for anti-angiogenic gene therapy.
In summary, primary CRCs with an EGP have a better OS than those with an IGP.
Expanding CRCs tend to develop desmoplastic liver metastasis, whereas infiltrating
cancers tend to develop replacement liver metastasis. Combined HGP, TBS, and CDR
of primary CRC could be used to predict the HGPs of liver metastasis. Up to 40% of
primary CRCs with an EGP showed PIK3CA gene mutations in contrast to 0% of
primary CRCs with an IGP. These genomic differences, if validated in a larger cohort
of cases, have the potential to become not only clinically applicable diagnostic and
prognostic biomarkers but also therapeutic targets of genomic engineering.
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Table 3 Value of selected pathological characteristics in predicting the histological growth patterns of colorectal carcinoma liver
metastasis
Pathological characteristic

Value

Group A

Group B

HGP

SE% (CI)

60.0 (35.8-80.2)

85.7 (60.1-97.5)

SF% (CI)

85.7 (60.1-97.5)

60.0 (35.8-80.2)

PPV% (CI)

81.8 (52.3-96.8)

66.7 (43.8-83.7)

NPV% (CI)

66.7 (43.8-83.7)

81.8 (52.3-96.8)

SE% (CI)

66.7 (41.7-84.8)

71.4 (45,4-88.3)

SF% (CI)

71.4 (45,4-88.3)

66.7 (41.7-84.8)

PPV% (CI)

71.4 (45.4-88.3)

66.7 (41.7-84.8)

NPV% (CI)

66.7 (41.7-84.8)

71.4 (45.4-88.3)

SE% (CI)

46.7 (24.8-69.9)

92.9 (68.5-99.6)

SF% (CI)

92.9 (68.5-99.6)

46.7 (24.8-69.9)

PPV% (CI)

87.5 (52.9-99.4)

61.9 (40.9-79.3)

NPV% (CI)

61.9 (40.9-79.3)

87.5 (52.9-99.4)

SE% (CI)

80.0 (54.8-93.0)

85.7 (60.1-97.5)

SF% (CI)

71.4 (45.4-88.3)

46.7 (24.8-69.9)

PPV% (CI)

75.0 (50.5-89.8)

60.0 (38.7-78.1)

NPV% (CI)

76.9 (49.7-91.8)

77.8 (45.3-96.1)

SE% (CI)

80.0 (54.8-93.0)

92.9 (68.5-99.6)

SF% (CI)

85.7 (60.1-97.5)

26.7 (10.9-52.0)

PPV% (CI)

85.7 (60.1-97.6)

54.2 (35.1-72.1)

NPV% (CI)

80.0 (54.8-93.0)

80.0 (37.6-99.0)

SE% (CI)

80.0 (54.8-93.0)

92.9 (68.5-99.6)

SF% (CI)

71.4 (45.4-88.3)

33.3 (15.2-58.3)

PPV% (CI)

75.0 (50.5-89.8)

56.5 (36.8-74.4)

NPV% (CI)

76.9 (49.7-91.8)

83.3 (43.7-99.2)

SE% (CI)

86.7 (62.1-97.6)

92.9 (68.5-99.6)

SF% (CI)

71.4 (45.4-88.3)

20.0 (7.0-45.2)

PPV% (CI)

76.5 (52.7-90.4)

52.0 (33.5-70.0)

NPV% (CI)

83.3 (55.2-97.0)

75.0 (30.1-98.7)

TBS

CDR

HGP + TBS

HGP + CDR

TBS + CDR

HGP + TBS + CDR

HGP: Histological growth pattern; 95%CI: 95% confidence interval; SE: Sensitivity; SF: Specificity; PPV: Positive predictive value; NPV: Negative predictive
value; TBS: Tumor budding score; CDA: Crohn’s disease-like appearance.
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Figure 6

Figure 6 Whole exome sequencing analysis. A: Hierarchical clustering of Groups A and B based on single nucleotide variant (SNV) and indels, showing no
significant difference between the two groups. B: Frequency of SNV or indels in Group A and Group B, showing no significant difference between the two groups.
SNV: Single nucleotide variant.
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Figure 7

Figure 7 Comparison of the major mutations between Group A and Group B. Fourteen major gene mutations were identified. PIK3CA, BRCA1, BRCA2, and
BRAF mutations were only observed in Group A, and SMAD, ERBB2, ERBB3, LRP2, and SDK1 mutations were identified only in Group B.

ARTICLE HIGHLIGHTS
Research background
Different histological growth patterns (HGPs) of colorectal carcinoma (CRC) liver metastasis are
associated with patients’ prognosis and response to antiangiogenic therapy.

Research motivation
Through studying the relationship between the different HGPs of liver metastasis and
clinicopathological and genomic characteristics of primary cancer, we aimed to evaluate whether
certain clinicopathological and genomic features of primary CRC could predict the HGPs of liver
metastasis

Research objective
To understand the biology of the primary CRCs in association with different HGPs of liver
metastasis, and to identify histological and biology markers in the primary tumor that could
predict the HGPs of liver metastasis.

Research methods
A total of 29 patients with paired resections of both primary CRC and liver metastasis were
divided into two groups: A (15 cases with desmoplastic liver metastasis) and B (14 cases with
replacement liver metastasis). Clinical information was obtained from patients’ charts. Mismatch
repair proteins, BRAFV600E, and PD-L1 were evaluated by immunohistochemistry. Five cases
from each group were randomly selected for WES analysis.

Research results
In the primary tumor, expanding growth pattern, low tumor budding score (TBS), and Crohn’s
disease-like response (CDR) were associated with desmoplastic liver metastasis and better
overall survival, whereas infiltrating growth pattern alone of primary carcinoma could predict
the replacement liver metastasis and worse overall survival (P < 0.05). On WES analysis, primary
carcinoma with desmoplastic liver metastasis showed mutations in APC (4/5); TP53 (3/5);
KRAS, PIK3CA, and FAT4 (2/5); BRCA-1, BRCA2, BRAF, and DNAH5 (1/5), whereas primary
carcinoma with replacement liver metastasis showed mutations in APC and TP53 (3/5); KRAS,
FAT4, DNH5, SMAD, ERBB2, ERBB3, LRP1, and SDK1 (1/5).

Research conclusion
The primary CRCs with an expanding growth pattern have a better overall survival that those
with an infiltrating growth pattern. Expanding CRCs tend to develop desmoplastic liver
metastasis, whereas infiltrating cancers tend to develop replacement liver metastasis. Combined
HGP, TBS, and CDR of primary CRC could be used to predict the HGPs of liver metastasis. Up
to 40% of primary CRCs with an expanding growth pattern show PIK3CA gene mutations in
contrast to 0% of primary CRCs with an invasive growth pattern.

Research perspectives
Multicenter collaborative studies with a larger number of patients and prospective studies to
assess the predictive value of the clinicopathological features of primary CRC on the HGPs of its
liver metastasis could help to further validate our results. These genomic differences between the
two groups of primary CRC, if validated in a larger cohort of case, have the potential to become
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not only clinically applicable diagnostic and prognostic biomarkers but also therapeutic targets
of genomic engineering.
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Abstract
BACKGROUND
In patients with cirrhosis, hepatic encephalopathy (HE) indicates a poor
prognosis despite the use of artificial liver and liver transplantation, presenting as
frequent hospitalizations and increased mortality rate.
AIM
To determine predictors of early readmission and mid-term mortality in cirrhotic
patients discharged after the resolution of HE.
METHODS
From January to February 2018, 213 patients were enrolled in this observational
study assessing all the successive patients with cirrhosis discharged from
Department of Gastroenterology and Department of Infectious and Liver
Diseases, Second Affiliated Hospital of Chongqing Medical University after the
resolution of HE. The patients were followed for 6 mo. For each subject,
demographic, clinical, and laboratory variables were assessed at the time of
diagnosis of HE, during hospital stay, at discharge, and during follow-up. The
primary endpoints were incidence of early readmission and mid-term mortality.
RESULTS
During follow-up, 65 (31%) patients experienced an early readmission.
International normalized ratio (INR) [odds ratio (OR) = 2.40; P = 0.003) at
discharge independently predicted early readmission. The incidence of early
readmission was significantly higher in patients with an INR > 1.62 at discharge
than in those with an INR ≤ 1.62 (44% vs 19%; P < 0.001). Model for End-stage
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Liver Disease (MELD) score (OR = 1.11; P = 0.048) at discharge proved to be an
independent predictor of early readmission caused by HE. Hemoglobin (OR =
0.97; P = 0.005) at discharge proved to be an independent predictor of non-early
readmission. During 6 months of follow-up, 34 (16%) patients died. Artificial
liver use (hazard ratio = 6.67; P = 0.021) during the first hospitalization
independently predicted mid-term mortality.

Manuscript source: Unsolicited

CONCLUSION
INR could be applied to identify fragile cirrhotic patients, MELD score could be
used to predict early relapse of HE, and anemia is a potential target for
preventing early readmission.
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INTRODUCTION
A high percentage of cirrhotic patients experience readmissions within 30 d after
discharge[1]. Early readmission (30-d) indicates a lower survival rate for at least one
year following initial hospitalization when taking account of other factors associated
with mortality in cirrhotic patients[2]. The major causes of hospital readmissions are
complications of this disease, such as upper gastrointestinal (GI) bleeding,
spontaneous peritonitis, fluid and electrolyte imbalance, and hepatic encephalopathy
(HE). In a multistate, population-based cohort study, HE was found to be most
strongly associated with early readmission[1]. HE is an important feature of liver
failure, and it is one of the common causes of emergency medical care. Once HE
occurs in patients with chronic liver disease, the prognosis is very poor, with a 1-year
survival rate of less than 50% and a 3-year survival rate of less than 25%. Liver
transplantation should be considered for patients suffering from HE, particularly
those who have suffered it twice in the past 6 mo, in case of no complications that
hinder surgery [3] . However, “transplantation might not be feasible owing to
contraindications or organ shortage”[4]; for one thing, the muscle volume usually
decreases rapidly in patients who have HE with persistent or frequent relapse, and
survival is not easy even for those who have experienced liver transplantation for
another[5]. In addition, patients with HE may seek an artificial liver support system,
which can reduce plasma ammonia, inflammatory cytokines, bilirubin, and other
toxins[6], providing the liver with a chance of recovery and avoiding liver transplantation, or allowing patients to wait for transplantation. Nevertheless, three
systematic reviews showed that artificial liver system has no significant effect on
mortality of patients who have acute liver failure, and seven randomized controlled
trials revealed that it does not increase survival rate. Apart from these, the system
itself is both expensive and resource-consuming[7]. Taking all this into account, the
final conclusion could be that close surveillance of cirrhotic patients with a high
incidence of early readmission is compulsory, especially for those who suffer from HE
during the first admission. Previous studies were not found to describe this specific
cohort, thus leading us to conduct a prospective study to determine predictors of 30-d
readmission in patients with cirrhosis after the resolution of HE.
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MATERIALS AND METHODS
Patients
The study was carried out by assessing all the successive patients with cirrhosis
discharged from Department of Gastroenterology and Department of Infectious and
Liver Diseases, Second Affiliated Hospital of Chongqing Medical University from
January to February 2018 after hospitalization for HE. Patients were included if they
were diagnosed with liver cirrhosis based on clinical, radiological, and endoscopic
data, diagnosed with HE during the first hospitalization, and aged at least 18 years
but not older than 80 years old. Patients were excluded if they met any of the
following criteria: (1) Had active malignant tumors (except hepatocellular carcinoma
[HCC] within the Milan criteria) or a previous malignancy with a negative follow-up
period of less than five years; (2) Had acute liver failure without underlying liver
cirrhosis; (3) Had chronic obstructive pulmonary disease of Global Initiative for
Chronic Obstructive Lung Disease (GOLD) stage ≥ 2; (4) Had chronic heart failure of
New York Heart Association (NYHA) classification ≥ 2; (5) Had serious mental
disorders; (6) Had hematological system diseases; (7) Had warfarin intake or received
vitamin K therapy; (8) Died during the first hospital stay; and (9) Had HIV infection.
This study was performed according to the recommendations of the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) Statement and
registered at http://www.chictr.org.cn (ChiCTR1800014275) (Supplementary
Material, which contains study data of this study). The study protocol conformed to
the provisions of the Declaration of Helsinki and was approved by the Ethics
Committee of Second Affiliated Hospital of Chongqing Medical University, and
informed consent was obtained from all patients.

Study design
Patients were admitted to hospital because of HE or other complications of liver
cirrhosis. After confirming HE and obtaining informed consent, we screened patients
during hospitalization. At this stage, demographic and clinical parameters (especially
incentives and grading of HE) were collected. Occurrence of acute-on-chronic liver
failure (ACLF), acute kidney injury (AKI), or hepatorenal syndrome (HRS) during
hospitalization was also recorded. Treatments for HE were administered according to
the international guideline (mainly including lactulose, rifaximin, and aspartate
ornithine)[8]. The treatment of underlying conditions (including liver cirrhosis, liver
failure, and HCC) was also based on the associated international guidelines [9,10] .
Artificial liver (MARS system) was used according to the guideline from the European
Association for the Study of the Liver[9]. The decision that a patient can be discharged
was made by the attending physicians based on clinical and laboratory parameters.
Patients who survived the first hospitalization were enrolled in the study, and their
clinical parameters (especially the course of anti-HE treatment and discharge with
medications to prevent HE) were collected; meantime, laboratory parameters were
reassessed. After being discharged, patients were routinely followed for six months or
until death or liver transplantation. During follow-up, data concerning other hospital
admissions were collected in the study charts and data about daily medication were
recorded in a form (see Supplementary Material, which contains a record of the daily
medication of included patients after discharge). If patients did not participate in the
visit, the patients, family members, or the attending physicians would receive a
telephone call. In this study, “early readmission” was defined as unplanned, urgent
readmission within 30 d from discharge. Hospitalizations due to programmed
procedures (such as programmed endoscopy examination or programmed endoscopic
surgery) were not considered readmissions. The data on the causes of readmissions
were recorded. Furthermore, death and causes of death were recorded during the sixmonth follow-up. For each subject, demographic, clinical, and laboratory variables
were assessed at the time of diagnosis of HE, during hospital stay, at discharge, and
during follow-up. All authors had no access to information that could identify
individual participants during or after data collection.

Diagnostic criteria and definitions
HE was diagnosed according to the American Association for the Study of Liver
Diseases (AASLD) practice guideline[8].
Comorbidity was defined as diabetes, hypertension, or chronic kidney disease.
HRS and ACLF were determined based on the European Association for the Study
of the Liver (EASL) practice guideline[9]. AKI was determined based on the Kidney
Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Acute
Kidney Injury[11].

Statistical analysis
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The major endpoints were the incidence of early readmission (30 d) and mid-term
mortality (6 mo). Patients lost to visit immediately after discharge were excluded from
the analysis. We reported patient characteristics as the mean and standard deviation
or frequency and percentage. We used the t-test for comparing continuous variables
and the χ2 test for comparing categorical variables. A univariate analysis was carried
out to assess variables associated with early readmission. The significant (P < 0.1)
variables identified in the univariate analysis were then included in logistic regression
analysis to determine the independent predictors of early readmission and generate
odds ratios for each independent predictor.
The Kaplan–Meier method was used to plot the survival curves and the log rank
test was used to compare them. A univariate analysis was carried out to assess
variables associated with mid-term mortality, and the significant variables (P < 0.1)
identified in the univariate analysis were included in Cox regression analysis to
determine the independent predictors of mid-term mortality and generate hazard
ratios for each independent predictor.
All tests were two-sided, and P < 0.05 was considered significant. All statistical
analyses were performed with SPSS 19.0 (SPSS, Chicago, IL, United States). The
statistical methods of this study were reviewed by Jian Gao, who is not only the
corresponding author of this manuscript, but also a biomedical statistician.

RESULTS
Study population
A total of 260 patients with cirrhosis discharged after an episode of HE were enrolled.
Forty-seven patients were excluded from the study because of loss to visit
immediately after discharge, and finally we included 213 patients in the cohort. All
patients showed good compliance with medication.
The baseline characteristics of the patients are summarized in Tables 1 and 2. The
mean age was 57 ± 11 years and the majority were male (72%). HE without obvious
incentive was the most common condition, followed by that caused by a high protein
diet and infection (54, 22%, and 8%, respectively). These HE cases were graded as
degree I in 139 (65%) patients, degree II in 49 (23%), and degree IV in just 4 (2.0%). In
terms of treatments for HE, lactulose combined with aspartate ornithine was mostly
used in 139 (65%) patients, and lactulose combined with rifaximin and aspartate
ornithine as well as white vinegar enema combined with aspartate ornithine was least
used, in just 1 (0.5%) patient. Among all the patients, 68 (32%) developed
comorbidities, mainly including diabetes in 52 (24%) patients, hypertension in 24
(11%), and CKD in 6 (3%), and the mean Charlson comorbidity score was 3.6 ± 1.2 for
all. During hospitalization, 0.5% of patients met the AKI criteria, 2% met the HRS
criteria, and 4% met the ACLF criteria. Furthermore, 27 (13%) patients progressed to
liver cancer by this hospitalization. At discharge, the average Model for End-stage
Liver Disease (MELD) score was 12.9 ± 5.8, the average hospital stay was 16 ± 13 d,
and the average course of anti-HE treatment was 11 ± 8 d. In addition, most patients
(61%) were discharged with medications to prevent HE.

Early readmission
Sixty-five (31%) patients experienced a readmission within 30 days from discharge.
Causes of readmissions included HE (n = 32), GI bleeding (n = 12), ascites (n = 6),
infections (n = 6), abdominal distention (n = 4), edema of both lower extremities (n =
3), severe hepatitis (n = 1), and hepatic injury (n = 1).
Tables 1 and 2 show a comparison between groups readmitted and not readmitted.
Patients readmitted early were more likely to have ascites (17% vs 7%; P = 0.022) at
discharge than those not. Meantime, they had lower levels of prothrombin activity
(PTA) (47% vs 55%; P = 0.001) and hemoglobin (Hb) (85 g/L vs 95 g/L; P = 0.001) and
higher levels of international normalized ratio (INR) (1.9 vs 1.6; P = 0.001) at discharge
than those not readmitted. There was no significant difference between the two
groups in age; sex; cause of cirrhosis; comorbidity (diabetes, CKD, or hypertension);
Charlson comorbidity score; albumin, total bilirubin; white blood cells (WBC),
platelets; serum sodium, potassium, or creatinine; presence of HRS, AKI, ACLF, or
liver cancer, MELD score; length of hospital stay; incentive, degree, or treatment of
HE; anti-HE treatment course; artificial liver use or prevention of HE with medications after discharge.
In the multivariate analysis, we found that INR (OR = 2.40; P = 0.003; Table 3) at
discharge independently predicted early readmission. The incidence of early
readmission was significantly higher in patients with an INR > 1.62 at discharge than
in those with an INR ≤ 1.62 (44% vs 19%; P < 0.001; Figure 1). Meanwhile, hemoglobin
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Table 1 Characteristics of whole population and comparison between patients readmitted early or not
Whole population

Readmitted

Non-readmitted

(n = 213)

(n = 65)

(n = 148)

Age (yr), mean (SD)

57 (11)

56 (11)

57 (10)

0.536

Gender (male)

153 (72)

44 (68)

109 (74)

0.374

Variable

P-value

Etiology, n (%)

0.946

HBV

116 (54)

37 (57)

79 (53)

HCV

13 (6)

4 (6)

9 (6)

Alcohol

34 (16)

9 (14)

25 (17)

Other

50 (23)

15 (23)

35 (24)

Comorbidity, n (%)

68 (32)

15 (23)

53 (36)

0.066

Diabetes, n (%)

52 (24)

12 (18)

40 (27)

0.180

Chronic kidney disease, n (%)

6 (3)

1 (2)

5 (3)

0.455

Hypertension, n (%)

24 (11)

5 (8)

19 (13)

0.274

Charlson comorbidity score, mean (SD)

3.6 (1.2)

3.6 (1.3)

3.6 (1.2)

0.936

Albumin (g/L), mean (SD)1

30 (4)

30 (3)

30 (4)

0.454

Total bilirubin (μmol/L), mean (SD)1

48 (58)

57 (75)

44 (48)

0.214

WBC (×10 /L), mean (SD)

3.8 (2.0)

3.9 (1.8)

3.8 (2.1)

0.895

Serum sodium (mmol/L), mean (SD)1

139.0 (4.6)

138.0 (3.5)

139.0 (5.0)

0.576

Serum potassium (mmol/L), mean (SD)1

3.9 (0.5)

3.9 (0.5)

3.9 (0.5)

0.786

SCr (μmol/L), mean (SD)1

85 (95)

95 (157)

80 (45)

0.441

PTA (%), mean (SD)

52 (17)

47 (17)

55 (16)

0.001

INR, mean (SD)1

1.7 (0.5)

1.9 (0.6)

1.6 (0.5)

0.001

Hb (g/L), mean (SD)1

92 (20)

85 (15)

95 (21)

0.001

PLT (×10 /L), mean (SD)

87 (68)

94 (71)

84 (67)

0.350

Ascites, n (%)1

21 (10)

11 (17)

10 (7)

0.022

HRS during hospital stay, n (%)1

4 (2)

2 (3)

2 (1)

0.393

AKI during hospital stay, n (%)1

1 (0.5)

0 (0)

1 (0.7)

0.507

ACLF during hospital stay, n (%)

9 (4)

2 (3)

7 (5)

0.581

MELD score, mean (SD)1

12.9 (5.8)

12.7 (5.2)

13.0 (6.0)

0.719

Length of hospital stay (d), mean (SD)1

16 (13)

15 (13)

16 (13)

0.646

Artificial liver use, n (%)1

4 (2)

2 (3)

2 (1)

0.393

Anti-HE treatment course (d), mean (SD)

11 (8)

12 (9)

10 (7)

0.159

Preventing HE with medications post discharge, n (%)

130 (61)

40 (62)

90 (61)

0.920

Progression to HCC, n (%)

27 (13)

8 (12)

19 (13)

0.915

9

1

1

9

1

1

1

1

Variables collected at discharge. ACLF: Acute-on-chronic liver failure; AKI: Acute kidney injury; HBV: Hepatitis B virus; HCV: Hepatitis C virus; Hb:
Hemoglobin; HRS: Hepatorenal syndrome; HE: Hepatic encephalopathy; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD:
Model for End-stage Liver Disease; PTA: Prothrombin activity; PLT: Platelets; SCr: Serum creatinine; WBC: White blood cells.

(OR = 0.97; P = 0.005; Table 3) was found to be an independent predictor of nonreadmission within 30 d.
Among 65 patients, 33 (51%) were readmitted early because of HE. MELD score at
discharge proved to be an independent predictor of early readmission when HE was
considered the only cause (OR = 1.11; P = 0.048; Table 3).

Survival analysis
During 6 months of follow-up, 34 (16%) patients died, and 179 (84%) survived. No
one received a liver transplant or was lost to follow-up. Causes of death were GI
bleeding (n = 12), terminal liver failure (n = 4), respiratory and circulatory failure (n =
4), HE (n = 3), multiple organ failure (n = 3), ACLF (n = 2), and one each for advanced
HCC, terminal renal failure, hemorrhagic shock, sepsis, septic shock, and unknown.
Tables 4 and 5 show a comparison of characteristics between survivors and nonsurvivors within 6 months from discharge. Non-survivors had lower levels of serum
sodium than survivors at 6 mo. AKI more frequently occurred in patients who died
than in those who survived at 6 mo. Similar to the previous results, levels of INR were
significantly higher in non-survivors than in survivors at 6 mo (2.0 vs 1.7; P = 0.012),
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Table 2 Characteristics of hepatic encephalopathy in whole population and comparison
between patients readmitted early or not, n (%)
Whole population

Readmitted

Non-readmitted

(n = 213)

(n = 65)

(n = 148)

Variable

P-value
0.645

Incentives of HE
No obvious incentive

114 (54)

35 (54)

79 (53)

High protein diet

47 (22)

12 (18)

35 (24)

Infection

16 (8)

6 (9)

10 (7)

GI bleeding

15 (7)

7 (11)

8 (5)

Electrolyte disturbances

3 (1)

1 (2)

2 (1)

Other

18 (8)

4 (6)

14 (9)
0.341

Degree of HE
I

139 (65)

39 (60)

100 (68)

II

49 (23)

15 (23)

34 (23)

III

21 (10)

10 (15)

11 (7)

IV

4 (2.0)

1 (2.0)

3 (2.0)

L + AO

139 (65)

48 (74)

91 (62)

L + R + AO

1 (0.5)

0 (0)

1 (0.7)

L

2 (0.9)

1 (1.5)

1 (0.7)

WVE + AO

1 (0.5)

0 (0)

1 (0.7)

AO

61 (29)

15 (23)

46 (31)

Nothing

3 (1.4)

0 (0)

3 (2.0)

L + AO + WVE

6 (2.8)

1 (1.5)

5 (3.4)

0.523

Treatment for HE

AO: Aspartate ornithine; GI: Gastrointestinal; HE: Hepatic encephalopathy; L: Lactulose; R: Rifaximin; WVE:
White vinegar enema.

whereas levels of hemoglobin were significantly lower in non-survivors than in
survivors at 6 mo (84 g/L vs 94 g/L; P = 0.007). Finally, events that progressed to
HCC and early readmission more frequently occurred among patients who died than
in those who survived at 6 months.
In the multivariate analysis, we also found that artificial liver use (HR = 6.67; P =
0.021; Table 6, Figure 2) during the first hospitalization independently predicted
mortality by 6 months.
In addition, there was no significant difference in survival rates between the two
stratified groups when INR with a cut-off value of 1.62 was considered, probably
because the sample size was insufficient (58.7% vs 41.3%; P = 0.117).

DISCUSSION
In this well-designed cohort, we found that INR independently predicted early
readmission in patients with cirrhosis after an episode of HE. Increased INR is very
common in patients with cirrhosis, especially in those with decompensated cirrhosis,
and it was mentioned in a previous study that INR appeared to be a promising
prognostic indicator of ACLF for assessment in the future studies[12]. Although not an
ACLF cohort, the present finding verified conjecture of previous researchers to some
extent in that patients who have decompensated liver cirrhosis often overlap with
those who have ACLF. Remarkably, increased INR was stronger than all of the other
parameters when all the readmissions were considered, and MELD score was the only
predictor when HE was considered the only cause of readmission. These findings lead
to potential explanations.
HE, GI bleeding, infections, ascites, hypoalbuminemia, abdominal distention,
severe hepatitis, and hepatic injury were the causes of readmission in the cohort.
Some complications reflect insufficiency of liver function reserve, whereas others
reflect portal hypertension. From the perspective of pathophysiology, it is well known
that elevated INR indirectly reflects the deficiency of liver function reserve in patients
with decompensated cirrhosis except in those who take warfarin, and is also a
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Figure 1

Figure 1 Probability to be readmitted within 30 d from discharge according to international normalized ratio
at discharge. INR: International normalized ratio.

predictor of variceal bleeding[13], which means that elevated INR is associated with
significant portal hypertension. In addition, the levels of hemoglobin, WBC count, and
platelet count were significantly lower in patients whose INR was more than 1.62 at
discharge (P < 0.001, P < 0.001, P < 0.001, respectively), suggesting that patients whose
liver function reserve remains less have more serious hypersplenism, which is caused
by portal hypertension. Therefore, elevated INR may indicate portal hypertension.
Liver dysfunction and portal hypertension are two major pathophysiological features
of decompensated cirrhosis, and elevated INR may reflect the above two features.
This interpretation makes it possible to apply the INR to identification of patients
with a high incidence of early readmission to improve their prognosis. In the
guideline, INR level greater than or equal to 1.5 is one of the diagnostic criteria for all
types of liver failure[14] and the cut-off value of 1.5 is calculated from data with large
sample size; while most of our patients (59.6%) had an INR level greater than or equal
to 1.5, which should be considered the diagnosis of chronic liver failure or ACLF.
Meantime, the cut-off value of 1.62 in this study, which is slightly above the classical
cut-off value of 1.5 in liver failure, was figured out from data with limited sample
size, thus leading to a narrowing of the range (>1.62 vs ≥1.5). Of note, patients with
chronic liver failure or ACLF are more fragile than others among patients with
cirrhosis, especially the latter, whose short-term outcome is rather poor (high 28-d
mortality) [9] . Similarly to our finding, Shalimar et al [15] in 2015 mentioned that
aggressive correction of coagulopathy must be undertaken to achieve an INR < 1.7 in
controlling HE. Therefore, an INR value of 1.62 could be used to stratify cirrhotic
patients who need close monitoring to prevent or reduce liver-related readmission.
However, further evaluation of this finding is required in future clinical controlled
trials, with primary endpoints such as 30-d and 3-mo hospital readmission rates and
30-d and 6-mo mortality rates.
In our cohort, MELD score at discharge was found to be the only predictor of
readmission caused by HE. It is well known that MELD score can effectively predict
short- and medium-term mortality in end-stage liver disease[16,17]. Although we did not
find a significant correlation between readmission caused by HE and six-month
mortality (r = -0.078, P = 0.535), the study by Scaglione et al[2] has already highlighted
that an early readmission to hospital independently predicts mortality in patients
with decompensated cirrhosis for at least one year following the first hospitalization.
Therefore, MELD score at discharge could probably predict early readmission
precipitated by HE. Further, the relationship between MELD score and early
readmission because of HE should be verified in clinical controlled trials.
Hemoglobin, we found, was a protective factor of readmission, which means that
low values of hemoglobin increase the rate of readmission. This finding is not difficult
to understand. Similarly, anemia was found to predict ACLF independently in
patients with cirrhosis[18], and ACLF is an independent predictor of early readmission
in cirrhotic patients [19] . In terms of mechanism, “anemia may reduce peripheral
oxygen delivery, directly and/or by further impairing the macrovascular function,
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Table 3 Multivariate analysis of readmission at 30 d
Variable

OR

95%CI

P-value

Hb at discharge

0.97

0.96-0.99

0.005

INR at discharge

2.40

1.36-4.26

0.003

MELD score1

1.11

1.00-1.24

0.048

1

When hepatic encephalopathy was considered the only cause of readmission. CI: Conﬁdence interval; Hb:
Hemoglobin; INR: International normalized ratio; MELD: Model for End-stage Liver Disease; OR: Odds ratio.

thus favoring the development of liver failure”[16]. Accordingly, anemia is a potential
target for preventing early readmission.
In addition, we found that artificial liver use during the first hospitalization
independently predicted 6-month mortality. This finding is not completely new. In
fact, previous studies have revealed that artificial liver does not increase survival
rate[7]. Further, patients who use artificial liver are in a state of acute liver failure or
ACLF, presenting as “acute exacerbation in liver function, multiple organ failure, and
high short-term mortality”[20]. Thus, this indicator may be a predictor of 6-month
mortality. However, we must recognize that the results of our study do not imply a
cause-effect relationship between artificial liver use and increased 6-month mortality
rate. In fact, artificial liver use may just be a marker of disease severity. In addition,
the sample size of artificial liver use was insufficient (2 in the non-survival group vs 2
in the survival group), leading this finding to be further validated in larger sample
trials.
In conclusion, INR could be applied to identify fragile patients with cirrhosis who
develop HE to improve their outcomes, and MELD score could be used to predict
early relapse of HE. The efficacy of these strategies in lowering early readmission rate
when surveilling fragile patients should be verified in clinical trials. However, expect
for patients with anemia, how those patients with an elevated INR and MELD score
can be prevented from readmission remains a question that needs to be answered in
future studies.
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Table 4 Characteristics of survivors and non-survivors at 6 mo1
Survivors

Non-survivors

(n = 179)

(n = 34)

Age (yr), mean (SD)

57 (11)

57 (11)

0.927

Gender (male), n (%)

130 (73)

23 (68)

0.554

HBV

95 (53)

21 (62)

HCV

12 (7)

1 (3)

Alcohol

29 (16)

5 (15)

Other

43 (24)

7 (21)

Comorbidity, n (%)

61 (34)

7 (21)

0.122

Diabetes, n (%)

46 (26)

6 (18)

0.316

Chronic kidney disease, n (%)

4 (21)

2 (6)

0.239

Hypertension, n (%)

21 (12)

3 (9)

0.623

Charlson comorbidity score, mean (SD)

3.6 (1.2)

3.8 (1.3)

0.286

Albumin (g/L), mean (SD)2

30 (4)

30 (4)

0.204

Total bilirubin (μmol/L), mean (SD)

42 (44)

76 (100)

0.061

WBC (×109/L), mean (SD)2

3.8 (1.9)

4.0 (2.5)

0.546

Serum sodium (mmol/L), mean (SD)2

139 (5)

137 (3)

0.017

Serum potassium (mmol/L), mean (SD)2

3.9 (0.5)

3.9 (0.5)

0.677

SCr (μmol/L), mean (SD)

82 (97)

98 (79)

0.390

PTA (%), mean (SD)2

53 (16)

47 (19)

0.068

INR, mean (SD)2

1.7 (0.4)

2.0 (0.8)

0.012

Hb (g/L), mean (SD)

94 (20)

84 (18)

0.007

PLT (×109/L), mean (SD)2

87 (67)

88 (73)

0.937

Ascites, n (%)2

16 (9)

5 (15)

0.301

HRS during hospital stay, n (%)2

2 (1)

2 (6)

0.061

AKI during hospital stay, n (%)

2

0 (0)

1 (3)

0.021

ACLF during hospital stay, n (%)2

7 (4)

2 (6)

0.600

MELD score, mean (SD)2

13 (6)

12 (6)

0.006

Length of hospital stay (d), mean (SD)2

15.8 (13.0)

17.0 (12.5)

0.621

Artificial liver use, n (%)

2 (1)

2 (6)

0.061

Anti-HE treatment course (d), mean (SD)2

11 (8)

10 (6)

0.646

Preventing HE with medications post discharge, n (%)

112 (63)

18 (53)

0.291

Progression to HCC, n (%)

18 (10)

9 (26)

0.008

Early readmission, n (%)

47 (26)

18 (53)

0.002

Variable

P-value

Etiology, n (%)

0.743

2

2

2

2

1

Patients lost to follow-up or transplanted were excluded from this analysis;
Variables collected at discharge. ACLF: Acute-on-chronic liver failure; AKI: Acute kidney injury; HBV: Hepatitis B virus; HCV: Hepatitis C virus; Hb:
Hemoglobin; HRS: Hepatorenal syndrome; HE: Hepatic encephalopathy; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD:
Model for End-stage Liver Disease; PTA: Prothrombin activity; PLT: Platelets; SCr: Serum creatinine; WBC: White blood cells.
2
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Table 5 Characteristics of hepatic encephalopathy between survivors and non-survivors at 6 mo, n (%)
Survivors

Non-survivors

(n = 179)

(n = 34)

No obvious incentive

92 (51)

22 (65)

High protein diet

40 (22)

7 (21)

Infection

15 (8)

1 (3)

GI bleeding

13 (7)

2 (6)

Electrolyte disturbances

3 (2)

0 (0)

Other

16 (9)

2 (6)

I

116 (65)

23 (68)

II

42 (23)

7 (21)

III

18 (10)

3 (9)

IV

3 (1.6)

1 (2.9)

Variable

P-value
0.689

Incentive of HE

0.935

Degree of HE

0.329

Treatment for HE
L + AO

116 (65)

23 (68)

L + R + AO

1 (0.6)

0 (0)

L

2 (1.1)

0 (0)

WVE + AO

1 (0.6)

0 (0)

AO

53 (30)

8 (23)

Nothing

1 (0.6)

2 (5.9)

L + AO + WVE

5 (2.8)

1 (2.9)

AO: Aspartate ornithine; GI: Gastrointestinal; HE: Hepatic encephalopathy; L: Lactulose; R: Rifaximin; WVE: White vinegar enema.

Table 6 Multivariate analysis of mortality at 6 mo
Variable

HR

95%CI

P-value

Artificial liver use

6.67

1.33-33.49

0.021

CI: Confidence interval; HR: Hazard ratio.

Figure 2

Figure 2 Probability of survival at 6 mo according to whether to use artificial liver during first hospitalization.
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ARTICLE HIGHLIGHTS
Research Background
Among cirrhotic patients, hepatic encephalopathy (HE) indicates a poor prognosis despite the
use of artificial liver and liver transplantation, presenting as frequent hospitalizations and
increased mortality rate.

Research motivation
The aim of this study was to determine predictors of early readmission and mid-term mortality
in patients with cirrhosis after an episode of HE, which may contribute to early recognition of
fragile cirrhotic patients.

Research objectives
To determine predictors of early readmission and mid-term mortality in patients with cirrhosis
after an episode of HE to provide theoretical support for the management of cirrhotic patients.

Research methods
This is an observational study, and the total follow-up time was 6 mo. The primary endpoints
were the incidence of early readmission (30 d) and mid-term mortality (6 mo). For each subject,
demographic, clinical, and laboratory variables were assessed at the time of diagnosis of HE,
during hospital stay, at discharge, and during follow-up.

Research results
International normalized ratio (INR) level at discharge predicted early readmission in cirrhotic
patients after the resolution of HE and Model for End-stage Liver Disease score at discharge
predicted early readmission caused by HE in these patients. Meanwhile, hemoglobin level at
discharge predicted early non-readmission in these patients. Finally, artificial liver use during
the first hospitalization independently predicted mid-term mortality.

Research conclusions
INR could be applied to identify fragile cirrhotic patients, Model for End-stage Liver Disease
score could be used to predict early relapse of HE, and anemia is a potential target for
preventing early readmission.

Research perspectives
Further controlled trials are needed to verify the efficacy of these strategies in lowering early
readmission rate when surveilling fragile cirrhotic patients. Expect for patients with anemia,
how those patients with an elevated INR and MELD score can be prevented from readmission
remains a question that needs to be answered in future studies.
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Abstract
BACKGROUND
Neoplasms arising in the esophagus may coexist with other solid organ or
gastrointestinal tract neoplasms in 6% to 15% of patients. Resection of both
tumors synchronously or in a staged procedure provides the best chances for
long-term survival. Synchronous resection of both esophageal and second
primary malignancy may be feasible in a subset of patients; however, literature
on this topic remains rather scarce.
AIM
To analyze the operative techniques employed in esophageal resections
combined with gastric, pancreatic, lung, colorectal, kidney and liver resections
and define postoperative outcomes in each case.
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METHODS
We conducted a systematic review according to PRISMA guidelines. We searched
the Medline database for cases of patients with esophageal tumors coexisting
with a second primary tumor located in another organ that underwent
synchronous resection of both neoplasms. All English language articles deemed
eligible for inclusion were accessed in full text. Exclusion criteria included: (1)
Hematological malignancies; (2) Head/neck/pharyngeal neoplasms; (3) Second
primary neoplasms in the esophagus or the gastroesophageal junction; (4) Second
primary neoplasms not surgically excised; and (5) Preclinical studies. Data
regarding the operative strategy employed, perioperative outcomes and longterm outcomes were extracted and analyzed using descriptive statistics.
RESULTS
The systematic literature search yielded 23 eligible studies incorporating a total of
117 patients. Of these patients, 71% had a second primary neoplasm in the
stomach. Those who underwent total gastrectomy had a reconstruction using
either a colonic (n = 23) or a jejunal (n = 3) conduit while for those who
underwent gastric preserving resections (i.e., non-anatomic/wedge/distal
gastrectomies) a conventional gastric pull-up was employed. Likewise, in cases of
patients who underwent esophagectomy combined with
pancreaticoduodenectomy (15% of the cohort), the decision to preserve part of
the stomach or not dictated the reconstruction method (whether by a gastric pullup or a colonic/jejunal limb). For the remaining patients with coexisting
lung/colorectal/kidney/liver neoplasms (14% of the entire patient population)
the types of resections and operative techniques employed were identical to those
used when treating each malignancy separately.
CONCLUSION
Despite the poor quality of available evidence and the great interstudy
heterogeneity, combined procedures may be feasible with acceptable safety and
satisfactory oncologic outcomes on individual basis.
Key words: Esophagectomy; Esophageal neoplasm; Second primary; Multiple primary;
Concurrent neoplasms; Management
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Esophageal neoplasms manifesting synchronously with other neoplasms of the
gastrointestinal tract or solid organs are a unique challenge for the surgeon
contemplating their combined resection. Concerns arise about whether patients can
tolerate the substantial surgical burden to be exerted on them. Furthermore, the type of
esophagectomy required or the choice of conduit for reconstruction when the stomach is
to be excised as part of the procedure further complicate the decision-making process.
By summing and analyzing existing literature on the topic we aim to determine the best
surgical approach depending on the location of the second primary tumor, evaluate the
perioperative safety of these procedures and clarify their oncologic outcomes.

Citation: Papaconstantinou D, Tsilimigras DI, Moris D, Michalinos A, Mastoraki A, Mpaili E,
Hasemaki N, Bakopoulos A, Filippou D, Schizas D. Synchronous resection of esophageal
cancer and other organ malignancies: A systematic review. World J Gastroenterol 2019;
25(26): 3438-3449
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3438.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3438

INTRODUCTION
Esophageal cancer manifesting as either squamous cell carcinoma or adenocarcinoma
affects more than 450000 people worldwide and shows an increasing incidence rate
over the years[1-4]. Despite innovations in the surgical management of gastrointestinal
tract (GI) malignancies, esophageal cancer prognosis remains dismal with 5-year
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survival rates ranging from 10% to 20%[1,5-7]. Surgery is the mainstay of treatment for
esophageal cancer cases amenable to resection[8,9], and represents the best choice for
“cure”[10]. Patients with esophageal cancer may present with simultaneous primary
malignancies in other organs, such as the stomach, colon, pancreas, liver, kidney and
lungs with an estimated incidence of approximately 6%-15%[11-15]. Evidence suggests
that this phenomenon may be related to the shared risk factors between esophageal
and other GI tract or solid organ malignancies[7,16,17]. Due to their aggressive biologic
behavior[18], esophageal carcinomas usually determine survival in these particular
patients.
Synchronous resection of both esophageal and second primary malignancy may be
feasible in a subset of patients. Although isolated cases have been previously
reported, the literature on this topic remains rather scarce. In that context, the
objective of this study was to summarize and critically evaluate all available evidence
regarding the safety and feasibility of synchronous resection of esophageal carcinoma
manifesting simultaneously with another primary organ malignancy. Specifically, we
sought to analyze the operative interventions and outcomes of patients undergoing
such extensive procedures.

MATERIALS AND METHODS
Data source and literature screening
A systematic literature search was performed utilizing Medline/PubMed database
until December 2018. This systematic review adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. The
following MESH terms were used in various combinations along with Boolean
operators (AND, OR, NOT): “Esophageal neoplasms”, “Neoplasms second primary”,
“Esophagectomy”, “Neoplasms multiple primary”, “adenocarcinoma”, “squamous
cell carcinoma”, “synchronous” and “surgery”. Two independent authors (DP, DS)
meticulously searched for potentially eligible articles retrieved after applying the
initial search algorithm. Disagreements were resolved by consensus with a third
author (DIT). References of the included studies were manually assessed to detect any
missing study.

Inclusion/exclusion criteria and outcomes of interest
Studies were considered eligible if all of the following criteria were met: (1) Data
reported on patients with primary esophageal cancer concurrent with a second
primary neoplasm originating from an organ other than the esophagus; (2) Both
neoplasms were treated with surgical excision. Exclusion criteria included: (1)
Hematological malignancies; (2) Head/neck/pharyngeal neoplasms; (3) Second
primary neoplasms in the esophagus or the gastroesophageal junction; (4) Second
primary neoplasms not surgically excised; (5) Preclinical; and (6) Non-English studies.
In case of overlapping population, only the latest or the most informative studies
were included in the final analysis. The main outcomes of interest were the surgical
strategy employed in the management of both esophageal and concurrent primary
non-esophageal neoplasms as well as the related postoperative outcomes. Descriptive
statistics are employed for data presentation.

Definitions
During pooled data assessment, we used the following definitions: (1) Transthoracic
esophagectomy (TTE) incorporates all esophagectomy procedures employing a
thoracotomy (namely Transthoracic Two-field Esophagectomy and Transthoracic
Three-field Esophagectomy); (2) Non-anatomic gastric resection refers to gastric
preserving gastrectomy other than total/subtotal/distal gastrectomy; (3) Anterior
resection refers to resection of either the sigmoid colon or the upper part of the
rectum.

RESULTS
Study and patient characteristics
The flowchart of the search strategy is depicted in Figure 1. In brief, the initial search
yielded 417 results of which a total of 24 studies met the aforementioned inclusion/exclusion criteria[19-42] and thus were included in the analysis. Eligible studies
were published between 1994 and 2015. Among them, 6 were single center
retrospective studies[19,21,26,36,38,39], while the remaining 18 were case reports or caseseries[20,22-25,27-35,37,40-42]. A total of 117 patients with esophageal malignancies coexisting
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with other primary malignancies were identified. Patient demographics were
reported on 44 patients, of which, 37 (84%) were reported to be males and 7 (16%)
females. The mean patient age was 59.1 years. Data on the location and histology of
the esophageal tumors as well as the coexisting primary tumors are presented in
Table 1.

Coexisting primary malignancies
Stomach: A total of 85 patients (71% of the entire cohort) had concurrent neoplasms of
the esophagus and the stomach. Histology of gastric cancer yielded adenocarcinomas
in 75 patients and gastrointestinal stromal tumors (GISTs) in the remaining 10
patients. Regarding the type of esophagectomy employed, 83 patients underwent a
TTE, one patient underwent a transhiatal esophagectomy (THE) while another one
underwent esophagectomy via a thoracoabdominal approach. In the same patient
group, 26 total gastrectomies were reported, followed by a reconstruction using either
a colonic conduit (n = 23) or a jejunal (n = 3) limb. The remaining 59 patients
underwent gastrectomies that preserved part of the stomach, such as non-anatomic
gastric resections (n = 53), distal gastric resection (n = 2) or underwent tumor excision
by endoscopic submucosal dissection (n = 4). In each of these patients the stomach
was utilized as a conduit for restoration of gastrointestinal continuity after
esophagectomy. Preoperative diagnosis of the second primary neoplasm was
available in 91% of the patients. A single minor (Clavien-Dindo II) anastomotic leak
was observed; however, 4 cases of perioperative mortality were encountered (Table
2). A two-stage procedure was employed in one patient. During the follow-up period,
43 deaths were recorded (Table 3), of which 35 were attributed to esophageal cancer
recurrence and 8 to gastric carcinoma recurrence. Median patient follow-up (as
reported in 5 out of 8 total studies) was 15 mo.
Pancreas/ampulla of Vater: A total of 6 patients (5% of the entire cohort) presented
with a second primary malignancy in the pancreas or ampullary region. Four cases of
pancreatic or ampullary adenocarcinomas were documented, while the remaining
two cases consisted of a neuroendocrine carcinoma and a small cell carcinoma. In this
subgroup of patients (Table 2), treatment consisted of 4 TTEs and 2 THEs.
Furthermore, 4 patients underwent a pancreaticoduodenectomy (Whipple’s
procedure) followed by restitution of gastrointestinal continuity using either a colonic
(n = 2) conduit or a jejunal (n = 2) limb. The remaining 2 patients received a pylorus
preserving pancreaticoduodenectomy with subsequent reconstruction by means of an
esophagogastrostomy (n = 1) or a colonic conduit (n = 1). There was one case of an
esophageal anastomotic leak and one Grade B (according to the ISGPS definition)
pancreatic fistula with no reported perioperative deaths. A two-stage procedure was
employed in two patients. Preoperative diagnosis of the pancreatic and periampullary
tumors was available in all cases. Follow-up monitoring of these patients was
available in 4 out of 6 studies and was significant for a single death due to recurrent
ampullary neoplasia (Table 3). Median follow-up was reported to be 12.5 mo.
Lung: A total of 18 patients (15% of the entire cohort) were preoperatively diagnosed
with a second primary malignancy of the lung. All patients were treated with a TTE.
In addition, lung directed therapies consisted of lobectomies (n = 12), segmentectomies (n = 2), bilobectomies (n = 2) and pneumonectomy (n = 1). A two-stage
procedure was employed in two patients. There was one recorded case of
postoperative mortality and two anastomotic leaks (Table 2). A median follow-up
period of 10 mo is specified for 3 patients, while a cumulative 11% 5-year survival rate
was reported for 12 patients.
Colon/rectum: Only two patients (1% of the analytic cohort) had a second primary
colorectal malignancy. The surgical approach for these cases was a TTE combined
with sigmoidectomy (n = 1) and an unspecified esophagectomy, combined with an
anterior rectal resection (n = 1). A two-stage procedure was employed in one patient.
The diagnosis of both malignancies was made preoperatively in both patients. After a
median follow-up period of 9 mo both patients were reported to be in good health
with no signs of disease recurrence.
Kidney: A total of 5 patients (5% of the analytic cohort) had a kidney neoplasm
coexisting with an esophageal cancer. Radical nephrectomy (n = 3) combined with
either a THE (n = 1) or a TTE (n = 4) were employed; preoperative diagnosis was
available in every case. Two cases of postoperative anastomotic leak were described in
these studies (Table 2). A two-stage procedure was employed in one patient. Followup data were available for 3 patients, which revealed no deaths or recurrences after a
median 34 mo.

WJG

https://www.wjgnet.com

3441

July 14, 2019

Volume 25

Issue 26

Papaconstantinou D et al. Second neoplasia concurrent with esophageal cancer

Table 1 Summary of included studies
Author

Year

Number of
patients

Esophageal tumor Esophageal tumor Second primary
location
histology
tumor location

Second primary
tumor histology

Kato et al[26]

1994

71

Upper (n = 4),

N/A

Stomach (n = 71)

Adenocarcinoma

Middle (n = 46),
Lower (n = 21)
[24]

Isohata et al

2008

1

Double tumor
(lower and middle)

Adenocarcinoma

Stomach

Adenocarcinoma

Songping et al[40]

2013

1

Middle

SCC

Stomach

Adenocarcinoma

Kanda et al[42]

2011

1

Middle

SCC

Stomach

Adenocarcinoma

Zhou et al

2013

1

Lower

SCC

Stomach

Adenocarcinoma
and GIST

I H et al[38]

2013

4

Middle (n = 3),

SCC

Stomach

Adenocarcinoma

Chan et al[36]

2013

5

Proximal (n = 1),

SCC (n = 1),

Stomach

GIST

Middle (n = 1),

Adenocarcinoma (n
= 4)

[41]

Lower (n = 1)

Lower (n = 3)
[37]

2014

1

Middle

SCC

Stomach and
Ampulla of Vater

Adenocarcinoma
and small cell
carcinoma

Mafune et al[31]

1995

1

Lower

SCC

Ampulla of Vater

Adenocarcinoma

Fukaya et al

[29]

Kurosaki et al

2000

1

Middle

SCC

Pancreatic Head

Adenocarcinoma

Jayaprakash et al[25] 2009

1

GEJ

Adenocarcinoma

Ampulla of Vater

Adenocarcinoma

Kim et al[27]

2011

1

Lower

Adenocarcinoma

Pancreatic Head

Adenocarcinoma

Gyorki et al

2011

1

Middle

Adenocarcinoma

Pancreatic Head

Neuroendocrine
carcinoma

Fekete et al[21]

1994

12

N/A

SCC

Lung

N/A

Lindeman et al[30]

2007

1

Middle

SCC

Lung

SCC

2008

2

Middle (n = 1),

SCC

Lung

Adenocarcinoma

SCC

Lung

SCC (n = 1),
Adenocarcinoma (n
= 2)

[22]

[23]

Ishii et al

Lower (n = 1)
Wang et al[39]

2012

3

Middle (n = 1),
Lower (n = 2)

Motoori et al[32]

2001

1

Middle

SCC

Rectum

Adenocarcinoma

Akiyama et al[35]

2015

1

Middle

SCC

Colon & Liver

Adenocarcinoma
and HCC

Kobayashi et al[28]

2000

2

Middle (n = 1),

SCC

Kidney

Clear cell carcinoma

Lower (n = 1)
Liano et al[20]

2007

1

Lower

SCC

Kidney

Clear cell carcinoma

De Hingh et al

2007

1

N/A

Adenocarcinoma

Kidney

Renal cell carcinoma

Vilcea et al[34]

2010

1

Middle

SCC

Kidney

Urothelial

Nagahama et al[33]

1996

2

Middle (n = 2)

SCC

Liver

HCC

[19]

N/A: Non-available; SCC: Squamous cell carcinoma; HCC: Hepatocellular carcinoma; GIST: Gastrointestinal stromal tumors.

Liver: Three patients (2% of the entire cohort) had esophageal carcinoma concurrent
with hepatocellular carcinoma. These patients underwent TTE, combined with either
a posterior sectionectomy (n = 2) or a liver segmentectomy (n = 1). No anastomotic
leaks or postoperative mortality was reported; diagnoses of concurrent malignancies
were made preoperatively (Table 2). A two-stage procedure was employed in a single
patient. A median follow-up period of 17 mo was reported with one case of death due
to recurrence of esophageal carcinoma (Table 3).

DISCUSSION
Coexisting primary neoplasms of the esophagus and other organs present a unique
oncologic challenge that complicates surgical decision-making due to the lack of
practice guidelines. Suzuki et al[43] postulated that synchronous resection of such
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Figure 1

Figure 1 Flow chart of studies selection.

neoplasms does indeed provide a benefit to survival but despite this initial report,
evidence regarding the management of such patients remains rather scarce, as yet.
The current study is important because we sought to critically evaluate the existing
literature on the surgical approaches and operative outcomes of patients diagnosed
with synchronous primary neoplasms. By employing a systematic search of the
literature, we identified a total of 117 patients with concurrent neoplasms in the
stomach, pancreas, ampulla of Vater, lung, colon/rectum, kidney and liver.
Collectively, the data suggested that synchronous resection was safe, feasible and
associated with low perioperative mortality (stomach: 4/84, lung: 1/18, pancreas: 0/6,
colon/rectum: 0/2, kidney: 0/5, liver: 0/3). In addition, long-term outcomes of such
patients were shown to be determined by the natural history of the esophageal
malignancy when synchronous gastric, lung, colorectal, renal and liver cancers were
encountered. In contrast, pancreatic cancer may be the main determinant of patient
long-term survival when presenting simultaneously with esophageal carcinomas.
The majority of the patient pools (72%) had a second primary neoplasm located in
the stomach which was histologically defined as adenocarcinoma in 75 cases and as
GIST in 10 cases. A TTE combined with total gastrectomy was performed in 26
patients[26,37]. Gastrointestinal reconstruction for these patients was performed using
either a colonic conduit (n = 23)[26,37] or a jejunal limb (n = 3)[26]. No anastomotic leaks
were reported for these patients, however one patient died in the postoperative
period[26] due to unspecified complications. These procedures, although complex,
present a viable solution with acceptable long-term outcomes in cases where the
stomach in its entirety needs be removed [44,45] . It should be noted that these
procedures, in addition to being technically demanding for the surgeon, exert a
substantial impact on the physiology of the patient. To overcome this obstacle, nonanatomic gastric resections (i.e., partial or wedge resections) combined with either a
transthoracic (n = 57) or a transhiatal (n = 1) esophagectomy were usually
employed[24,26,36,41], followed by a reconstruction utilizing a conventional gastric pullup. Interestingly, the 46 patients presented in the study by Kato et al[26] underwent
gastric preserving gastrectomies despite the probability of a compromised oncologic
outcome. In the same study, a comparison of surgical outcomes between patients
undergoing total gastrectomy versus patients undergoing a gastric preserving
procedure seemed to favor the gastric preserving group, while maintaining
comparable long-term survival outcomes between the two groups[26]. Nevertheless,
the patient baseline tumor characteristics differed significantly between the compared
groups and consequently the results of this study should be interpreted with caution.
Three further studies[38,40,42] presented outcomes of patients treated with either distal
gastrectomy[40,42] or endoscopic mucosal dissection of early gastric cancer[38]. Both
approaches were safe and sufficient from an oncologic perspective for the specific
subsets of patients in which they were applied. Finally, six patients were diagnosed
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Table 2 Characteristics of patients undergoing simultaneous resection of esophageal and other organ neoplasms
Second primary tumor in stomach
Type of surgery
Author

Kato et al[26]

Isohata et al[24]

Number of
cases

Age (mean)

n = 71

64

Esophageal
substitute

Esophagus

Stomach

TTE (n = 70)

Non-anatomic
resection (n = 46)

THE (n = 1)

Total gastrectomy Colon (n = 22)
(n = 25)
Jejunum (n = 3)

Stomach (n = 46)

Anastomotic
leaks

Perioperative
deaths

N/A

n=3
n=1

n=1

70

TTE (n = 1)

Non-anatomic
resection (n = 1)

Stomach (n = 1)

n=0

n=0

Songping et al[40] n = 1

65

TAB (n = 1)

Distal
gastrectomy (n =
1)

Stomach (n = 1)

n=0

n=0

Kanda et al[42]

n=1

57

TTE (n = 1)

Distal
gastrectomy (n =
1)

Stomach (n = 1)

n=1

n=0

Zhou et al[41]

n=1

77

TTE (n = 1)

Non-anatomic
resection (n = 1)

Stomach (n = 1)

N/A

N/A

I H et al[38]

n=4

65

TTE (n = 4)

ESD (n = 4)

Stomach (n = 4)

n=0

n=0

Chan et al

n=5

69

TTE (n = 5)

Non-anatomic
resection (n = 5)

Stomach (n = 5)

N/A

n=0

1

n=1

69

TTE (n = 1)

Total gastrectomy Colon (n = 1)
(n = 1)

n = 12

n=0

Esophagus

Pancreas
/ampullary

Esophageal
substitute

[36]

Fukaya et al[37]

Second primary tumor in pancreas/ampulla of Vater

Mafune et al[31]

n=1

64

TTE (n = 1)

PD (n = 1)

Colon (n = 1)

n=1

n=0

Kurosaki et al[29] n = 1

72

THE (n = 1)

PPPD (n = 1)

Stomach (n = 1)

n=0

n=0

Jayaprakash et
al[25]

n=1

62

TTE (n = 1)

PD (n = 1)

Jejunum (n = 1)

n=0

n=0

Kim et al[27]

n=1

65

THE (n = 1)

PD (n = 1)

Jejunum (n = 1)

n=0

n=0

1

n=1

58

TTE (n = 1)

PPPD (n = 1)

Colon (n = 1)

N/A

N/A

1

n=1

69

TTE (n = 1)

PD (n = 1)

Colon (n = 1)

n=1

n=0

Esophagus

Lung

Esophageal
substitute

TTE (n = 12)

Pneumonectomy
(n = 1)

Stomach (n = 12)

n=1

n=1

Gyorki et al[22]
Fukaya et al[37]

Second primary tumor in lung

Fekete et al[21]

n = 12

N/A

Bilobectomy (n =
1)
Lobectomy (n = 9)
Segmentectomy
(n = 1)
Lindeman et
al[30]

n=1

60

TTE (n = 1)

Lobectomy (n = 1) Stomach (n = 1)

n=0

n=0

1

Ishii et al[23]

n=2

57

TTE (n = 2)

Segmentectomy
(n = 1)

Stomach (n = 2)

n=1

n=0

Wang et al[39]

n=3

65

TTE (n = 3)

Bilobectomy (n =
1)

Stomach (n = 3)

n=0

n=0

Lobectomy (n = 2)
Second primary tumor in colon/rectum

Motoori et al[32]

Esophagus

Colon/rectum

Esophageal
substitute

n=1

75

N/A

AR (n = 1)

N/A

N/A

N/A

Akiyama et al[35] n = 1

73

TTE (n = 1)

AR (n = 1)

Stomach (n = 1)

n=0

n=0

Esophagus

Kidney

Esophageal
substitute

1

Second primary tumor in kidney
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Kobayashi et
al[28]

n=2

61

TTE (n = 2)

Nephrectomy (n
= 2)

Stomach (n = 2)

n=1

n=0

Liano et al[20]

n=1

64

TTE (n = 1)

Nephrectomy (n
= 1)

Stomach (n = 1)

n=0

n=0

De Hingh et al[19] n = 1

69

THE (n = 1)

Nephrectomy (n
= 1)

Stomach (n = 1)

n=0

n=0

1

56

TTE (n = 1)

Nephrectomy (n
= 1)

Stomach (n = 1)

n=1

n=0

Esophagus

Liver

Esophageal
substitute

Vilcea et al[34]

n=1

Second primary tumor in liver

Nagahama et
al[33]

n=2

75

TTE (n = 2)

Right posterior
sectionectomy (n
= 2)

Stomach (n = 2)

n=0

n=0

Akiyama et al[35] n = 1

73

TTE (n = 1)

Bisegmentectomy Stomach (n = 1)
(n = 1)

n=0

n=0

1

1

Patients undergoing a two-stage procedure;
Anastomotic leak from pancreaticojejunal anastomosis. TTE: Transthoracic esophagectomy; THE: Transhiatal esophagectomy; TAB: Thoracoabdominal
esophagectomy; PD: Pancreaticoduodenectomy; PPPD: Pylorus preserving pancreaticoduodenectomy; AR: Anterior resection; ESD: Endoscopic
submucosal dissection.
2

with GISTs removed by means of a gastric wedge resection, a procedure that is
considered sufficient for these particular neoplasms, taking into account their low
malignant potential[36,41]. When a total gastrectomy is mandated, both the colon and
the jejunum should be considered reasonable choices for reconstruction, however the
surgical team needs to weigh the oncologic advantages against any possible
impediment on the patient’s long term quality of life[44,46,47].
Regarding the six patients that were diagnosed with simultaneous esophageal and
pancreatic or ampullary malignancies, the choice of esophageal substitute depended
on two factors; the need for total gastrectomy (as is the case with concomitant gastric
tumors)[37] and the preservation or not of an adequate blood supply to the remnant
stomach. Specifically, the preservation of the gastroduodenal artery and its
gastroepiploic tributaries is a prerequisite for utilizing the stomach as an esophageal
substitute[29]. When the gastroduodenal artery was sacrificed, reconstruction with
either a colonic conduit[22,31] or a jejunum limb[25,27] was deemed reasonable, in a similar
fashion as in cases of simultaneous esophageal and gastric resections. No patient
deaths were reported, although two anastomotic leaks were identified, one from a
pancreaticojejunal anastomosis[37] and one from a case in which colonic interposition
was used for reconstruction[31].
Eighteen patients were identified having esophageal and lung primary
malignancies. For these patients, a transthoracic approach was mandatory in order to
address both tumors simultaneously. The choice of side for the thoracotomy was
dictated by the side of the lung neoplasia (no bilateral thoracotomies were reported)
and gastrointestinal restitution was performed using a gastric conduit. According to
the presented data, a left thoracic approach (instead of the standard right
thoracotomy), combined with a cervical and abdominal incision might be adequate
for excising both concurrent neoplasms and their respective lymphatic basins[39].
Despite the extensive dissection taking place in the thoracic cavity, only one case of a
perioperative death[21] and two cases of anastomotic leaks[21,23] were encountered (Table
2). For the remaining 11 patients with concurrent esophageal and colorectal/kidney/
liver neoplasms, the operative technique employed was identical to the one used
when treating each malignancy separately. Perioperative mortality was equally low to
the previously discussed subgroups of patients, with no deaths being reported and
two anastomotic leaks occurring in patients undergoing simultaneous esophagectomy
and nephrectomy[28,34].
In order to mitigate the detrimental consequences of a long operative procedure
and decrease the devastating consequences of a potential anastomotic leak, several
authors opted for a two-staged operative procedure in which GI restitution was
accomplished several days after the initial excision stage[22,23,34,35,37]. Establishing the
diagnosis of concurrent second primary malignancies before esophageal surgery was
possible for the majority of treated patients in our study (113 patients, 96% of the
patient pool) thus facilitating the preoperative planning of a combined procedure.
Lastly, a major concern when performing simultaneous combined procedures for
malignancies is the oncologic long-term outcome. Long term follow-up was available
in 16 studies[20,23-26,28-33,35-38,42] (Table 3). In the subgroup of patients with identified gastric
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Table 3 Postoperative deaths from tumor recurrences (Follow-up period ranged from 8 mo to 7 years)

Author

Number of patients

Death from esophageal recurrence (%)

Death
fromsecond
primary
recurrence
(%)

Second primary in stomach
Kato et al[26]

n = 71

n = 32 (45)

n = 8 (11)

Isohata et al[24]

n=1

n=0

n=0

I H et al[38]

n=4

n = 1 (25)

n=0

Chan et al

n=5

n = 2 (40)

n=0

Fukaya et al[37]

n=1

n=0

n = 01

Kanda et al

n=1

n=0

n=0

Total

n = 83

n = 35 (42)

n = 8 (10)

[36]

[42]

Second primary in pancreas/ampulla of Vater
Mafune et al[31]

n=1

n=0

n=0

Kurosaki et al[29]

n=1

n=0

n=0

Jayaprakash et al

n=1

n=0

n=0

Fukaya et al[37]

n=1

n=0

n = 1 (100)1

Total

n=4

n=0

n = 1 (25)

Lindeman et al[30]

n=1

n=0

n=0

Ishii et al[23]

n=2

n=0

n=0

Total

n=3

n=0

n=0

[25]

Second primary in lung

Second primary in colon/rectum
Motoori et al[32]

n=1

n=0

n=0

Akiyama et al[35]

n=1

n=0

n=0

Total

n=2

n=0

n=0

Kobayashi et al[28]

n=2

n=0

n=0

Liano et al[20]

n=1

n=0

n=0

Total

n=3

n=0

n=0

Nagahama et al[33]

n=2

n = 1 (50)

n=0

Akiyama et al[35]

n=1

n=0

n=0

Total

n=3

n = 1 (33)

n=0

Second primary in kidney

Second primary in liver

1

Recurrence and death from ampullary carcinoma.

second primary neoplasms, out of a total of 85 patients, 34 patients died of esophageal
cancer recurrence while 8 died of second primary neoplasm recurrence. The observed
lower mortality due to gastric neoplasm recurrences is in part due to the inclusion of
GISTs in the analysis. Despite this fact, individual studies demonstrate that
esophageal neoplasms are associated with a higher malignant potential than gastric
neoplasms[26,36,43], which is often translated to death before gastric cancer relapses.
Pooled analysis of the 4 patients with pancreatic and ampullary tumors revealed one
case of death from ampullary cancer recurrence, with no deaths attributed to
esophageal cancer recurrence. Similarly, esophageal cancer recurrence was the
primary cause of death in one of three patients with concurrent neoplasms of the
esophagus and liver. No mortality from recurrences was observed in the patients with
second primaries found in the lungs, colon/rectum or kidneys.
Utilization of pre-operative and post-operative chemotherapy and radiotherapy
was poorly defined in the included studies. Nonetheless, given the aggressive nature
of esophageal cancers[43], such patients should be treated in a multidisciplinary setting.
The current study had several limitations. First, the small study sample prevents us
from drawing accurate and reproducible conclusions regarding the oncologic
outcomes of these patients. Second, the considerable interstudy heterogeneity, the
inconsistently reported oncologic and surgical outcomes and tumor staging present
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major limitations in the generalizability of the included results.
In conclusion, data from this systematic review suggested that synchronous
resection of esophageal and other primary solid organ malignancy was safe,
technically feasible and was associated with acceptable perioperative mortality rates,
on individual basis. However, emphasis should be given to the poor quality of the
available evidence and the several important limitations of the included studies.
Future, well-designed, larger cohort studies will be critical in identifying the optimal
therapeutic strategy for patients with synchronous esophageal and organ
malignancies.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer is well known for its lethality and poor prognosis when treated with
modalities other than surgery. Esophageal cancer shares many risk factors with other
gastrointestinal tract and solid organ neoplasms, a fact which explains why the malignancies
may coexist with other tumors of the stomach, colon, liver, pancreas, lung and kidney. This
phenomenon is both rare and underreported and when encountered by a treating physician it
creates confusion and uncertainty as to what treatment course should be employed, given the
lack of relevant practice guidelines. In the present study, by employing a systematic literature
review protocol, we sought to elucidate the role of surgical therapy is these patients, the
operative techniques applicable in each case and the perioperative and postoperative outcomes
that are to be expected.

Reasearch motivation
Summing all available studies concerning patients with coexisting neoplasms of the esophagus
and other organs will hopefuly guide patient care and emphasize the need of better and more
accurate reporting of such patients.

Research objectives
To identify the operative approaches utilized when synchronously treating neoplasms of the
esophagus and the stomach/pancreas/lung/colon/rectum/liver/kidney, their perioperative
safety and postoperative outcomes.

Reaseach methods
We systematically reviewed all existing literature for studies including patients with esophageal
cancer and a second primary neoplasm. Studies that included patients who exhibited a second
primary neoplasm in an organ other than the head and neck region were included in the
analysis. Afterwards, we extracted information pertaining to the intricacies of the operative
technique employed, anastomotic leaks, perioperative deaths and neoplasm recurrences.

Research results
A total of 23 eligible studies were identified incorporating 117 patients. Eighty five patients had a
second primary neoplassm in the stomach and underwent a total gastrectomy (n = 26) with
subsequent reconstruction using a colonic (n = 23) or a jejunal (n = 3) conduit or a gastric
preserving resection (n = 59) in which a gastric pull-up was used for reconstruction. One
anastomotic leak and 4 deaths were recorded in this patient group, whilst follow-up revealed 35
esophageal cancer recurrences and 8 gastric cancer recurrences. Patients that underwent a
combined esophagectomy and whipple procedure (n = 6) were reconstructed either by means of
a gastric pull-up (n = 1) or a colon/jejunum conduit (n = 5), with 2 anastomotic leaks recorded
and no perioperative deaths. Two cases of pancreatic/ampullary carcinoma recurrence were
encountered during follow-up. Finaly, the remaining patients (n = 26) with second primary
neoplasms in the lung, colon/rectum, kidney and liver had resections identical to those
employed in treating each of these neoplasms seperately. Four anastomotic leaks and one case of
perioperative mortality were reported. Follow-up was notable only for one case of esophageal
cancer recurrence.

Research conclusions
The present systematic review supports the safety, efficacy and applicability of combined
resections, although the poor quality of included studies limits the strength and generalizability
of the results.

Research perspectives
Patients with concurrent esophageal and second primary organ neoplasms are a unique category
of patients whose survival depends on quick and decisive surgical action. The lack of surgical
and oncologic guidelines is therefore a major impediment in treating these unlucky patients.
Better reporting of surgical outcomes in a uniform manner may pave the way for future reseach
that will eventually help establish clear-cut clinical protocols and optimize therapeutic strategies.

REFERENCES

WJG

https://www.wjgnet.com

3447

July 14, 2019

Volume 25

Issue 26

Papaconstantinou D et al. Second neoplasia concurrent with esophageal cancer
1
2
3
4
5

6
7

8

9

10
11

12

13

14

15
16

17
18
19

20
21

22

23
24

25

26

27

28

29

30

WJG

https://www.wjgnet.com

Malhotra GK, Yanala U, Ravipati A, Follet M, Vijayakumar M, Are C. Global trends in esophageal
cancer. J Surg Oncol 2017; 115: 564-579 [PMID: 28320055 DOI: 10.1002/jso.24592]
Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal carcinoma. Lancet 2013; 381: 400-412
[PMID: 23374478 DOI: 10.1016/S0140-6736(12)60643-6]
Zhang Y. Epidemiology of esophageal cancer. World J Gastroenterol 2013; 19: 5598-5606 [PMID:
24039351 DOI: 10.3748/wjg.v19.i34.5598]
Arnold M, Soerjomataram I, Ferlay J, Forman D. Global incidence of oesophageal cancer by histological
subtype in 2012. Gut 2015; 64: 381-387 [PMID: 25320104 DOI: 10.1136/gutjnl-2014-308124]
Njei B, McCarty TR, Birk JW. Trends in esophageal cancer survival in United States adults from 1973 to
2009: A SEER database analysis. J Gastroenterol Hepatol 2016; 31: 1141-1146 [PMID: 26749521 DOI:
10.1111/jgh.13289]
Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ. Cancer statistics, 2008. CA Cancer J Clin
2008; 58: 71-96 [PMID: 18287387 DOI: 10.3322/CA.2007.0010]
Domper Arnal MJ, Ferrández Arenas Á, Lanas Arbeloa Á. Esophageal cancer: Risk factors, screening
and endoscopic treatment in Western and Eastern countries. World J Gastroenterol 2015; 21: 7933-7943
[PMID: 26185366 DOI: 10.3748/wjg.v21.i26.7933]
Polednak AP. Trends in survival for both histologic types of esophageal cancer in US surveillance,
epidemiology and end results areas. Int J Cancer 2003; 105: 98-100 [PMID: 12672037 DOI:
10.1002/ijc.11029]
Hua Z, Zheng X, Xue H, Wang J, Yao J. Long-term trends and survival analysis of esophageal and gastric
cancer in Yangzhong, 1991-2013. PLoS One 2017; 12: e0173896 [PMID: 28288195 DOI:
10.1371/journal.pone.0173896]
Sohda M, Kuwano H. Current Status and Future Prospects for Esophageal Cancer Treatment. Ann Thorac
Cardiovasc Surg 2017; 23: 1-11 [PMID: 28003586 DOI: 10.5761/atcs.ra.16-00162]
Koide N, Adachi W, Koike S, Watanabe H, Yazawa K, Amano J. Synchronous gastric tumors associated
with esophageal cancer: A retrospective study of twenty-four patients. Am J Gastroenterol 1998; 93: 758762 [PMID: 9625123 DOI: 10.1111/j.1572-0241.1998.220_a.x]
Lee JS, Ahn JY, Choi KD, Song HJ, Kim YH, Lee GH, Jung HY, Ryu JS, Kim SB, Kim JH, Park SI, Cho
KJ, Kim JH. Synchronous second primary cancers in patients with squamous esophageal cancer: Clinical
features and survival outcome. Korean J Intern Med 2016; 31: 253-259 [PMID: 26864297 DOI:
10.3904/kjim.2014.182]
Nagasawa S, Onda M, Sasajima K, Takubo K, Miyashita M. Multiple primary malignant neoplasms in
patients with esophageal cancer. Dis Esophagus 2000; 13: 226-230 [PMID: 11206637 DOI:
10.1046/j.1442-2050.2000.00116.x]
Poon RT, Law SY, Chu KM, Branicki FJ, Wong J. Multiple primary cancers in esophageal squamous cell
carcinoma: Incidence and implications. Ann Thorac Surg 1998; 65: 1529-1534 [PMID: 9647053 DOI:
10.1016/S0003-4975(98)00177-5]
Tepperman BS, Fitzpatrick PJ. Second respiratory and upper digestive tract cancers after oral cancer.
Lancet 1981; 2: 547-549 [PMID: 6116001 DOI: 10.1016/S0140-6736(81)90938-7]
Chuang SC, Scelo G, Tonita JM, Tamaro S, Jonasson JG, Kliewer EV, Hemminki K, Weiderpass E,
Pukkala E, Tracey E, Friis S, Pompe-Kirn V, Brewster DH, Martos C, Chia KS, Boffetta P, Brennan P,
Hashibe M. Risk of second primary cancer among patients with head and neck cancers: A pooled analysis
of 13 cancer registries. Int J Cancer 2008; 123: 2390-2396 [PMID: 18729183 DOI: 10.1002/ijc.23798]
Gandini S, Botteri E, Iodice S, Boniol M, Lowenfels AB, Maisonneuve P, Boyle P. Tobacco smoking and
cancer: A meta-analysis. Int J Cancer 2008; 122: 155-164 [PMID: 17893872 DOI: 10.1002/ijc.23033]
Abbas G, Krasna M. Overview of esophageal cancer. Ann Cardiothorac Surg 2017; 6: 131-136 [PMID:
28447001 DOI: 10.21037/acs.2017.03.03]
de Hingh IH, van Berge Henegouwen MI, Laguna Pes MP, Busch OR, van Lanschot JJ. Synchronous
esophageal and renal cell carcinoma: Incidence and possible treatment strategies. Dig Surg 2008; 25: 27-31
[PMID: 18292658 DOI: 10.1159/000117820]
Díaz de Liaño A, Moras N, Ciga MA, Oteiza F, Ortiz H. Simultaneous presentation of oesophageal and
renal cancer. Clin Transl Oncol 2007; 9: 195-197 [PMID: 17403632 DOI: 10.1007/s12094-007-0035-2]
Fékété F, Sauvanet A, Kaisserian G, Jauffret B, Zouari K, Berthoux L, Flejou JF. Associated primary
esophageal and lung carcinoma: A study of 39 patients. Ann Thorac Surg 1994; 58: 837-842 [PMID:
7524458 DOI: 10.1016/0003-4975(94)90763-3]
Gyorki DE, Clarke NE, Hii MW, Banting SW, Cade RJ. Management of synchronous tumours of the
oesophagus and pancreatic head: A novel approach. Ann R Coll Surg Engl 2011; 93: e111-e113 [PMID:
21929904 DOI: 10.1308/147870811X591675]
Ishii H, Sato H, Tsubosa Y, Kondo H. Treatment of double carcinoma of the esophagus and lung. Gen
Thorac Cardiovasc Surg 2008; 56: 126-130 [PMID: 18340512 DOI: 10.1007/s11748-007-0200-0]
Isohata N, Naritaka Y, Shimakawa T, Asaka S, Katsube T, Konno S, Murayama M, Shiozawa S,
Yoshimatsu K, Aiba M, Ide H, Ogawa K. Occult lung cancer incidentally found during surgery for
esophageal and gastric cancer: A case report. Anticancer Res 2008; 28: 1841-1847 [PMID: 18630469 DOI:
10.1245/s10434-008-9849-6]
Jayaprakash N, O'Kelly F, Lim KT, Reynolds JV. Management of synchronous adenocarcinoma of the
esophago-gastric junction and ampulla of Vater: Case report of a surgically challenging condition. Patient
Saf Surg 2009; 3: 23 [PMID: 19785744 DOI: 10.1186/1754-9493-3-23]
Kato H, Tachimori Y, Watanabe H, Mizobuchi S, Igaki H, Yamaguchi H, Ochiai A. Esophageal
carcinoma simultaneously associated with gastric carcinoma: Analysis of clinicopathologic features and
treatments. J Surg Oncol 1994; 56: 122-127 [PMID: 8007677 DOI: 10.1002/jso.2930560216]
Kim JY, Hanasono MM, Fleming JB, Berry MD, Hofstetter WL. Combined esophagectomy and
pancreaticoduodenectomy: Expanded indication for supercharged jejunal interposition. J Gastrointest Surg
2011; 15: 1893-1895 [PMID: 21541769 DOI: 10.1007/s11605-011-1551-5]
Kobayashi S, Kabuto T, Doki Y, Yamada T, Miyashiro I, Murata K, Hiratsuka M, Kameyama M,
Ohigashi H, Sasaki Y, Ishikawa O, Imaoka S. Synchronous esophageal and renal cell carcinoma. Dis
Esophagus 2000; 13: 305-310 [PMID: 11284979 DOI: 10.1046/j.1442-2050.2000.00125.x]
Kurosaki I, Hatakeyama K, Nihei K, Suzuki T, Tsukada K. Thoracic esophagectomy combined with
pylorus-preserving pancreatoduodenectomy in a one-stage procedure: Report of a case. Surg Today 2000;
30: 168-172 [PMID: 10664342 DOI: 10.1007/s005950050036]
Lindenmann J, Matzi V, Maier A, Smolle-Juettner FM. Transthoracic esophagectomy and lobectomy
performed in a patient with synchronous lung cancer and combined esophageal cancer and esophageal

3448

July 14, 2019

Volume 25

Issue 26

Papaconstantinou D et al. Second neoplasia concurrent with esophageal cancer

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

WJG

https://www.wjgnet.com

leiomyosarcoma. Eur J Cardiothorac Surg 2007; 31: 322-324 [PMID: 17161608 DOI:
10.1016/j.ejcts.2006.11.013]
Mafune K, Tanaka Y, Ma YY, Takubo K. Synchronous cancers of the esophagus and the ampulla of Vater
after distal gastrectomy: Successful removal of the esophagus, gastric remnant, duodenum, and pancreatic
head. J Surg Oncol 1995; 60: 277-281 [PMID: 8551739 DOI: 10.1002/jso.2930600412]
Motoori M, Tsujinaka T, Kobayashi K, Fujitani K, Kikkawa N. Synchronous rectal and esophageal cancer
associated with prurigo chronica multiformis: Report of a case. Surg Today 2001; 31: 1087-1090 [PMID:
11827189 DOI: 10.1007/s595-001-8063-2]
Nagahama T, Goseki N, Kato S, Maruyama M, Endo M. Esophageal carcinoma and coexisting
hepatocellular carcinoma resected simultaneously. Arch Surg 1996; 131: 208-210 [PMID: 8611080 DOI:
10.1001/archsurg.1996.01430140098024]
Vilcea ID, Vasile I, Tomescu P, Mirea C, Vilcea AM, Stoica L, Mesina C, Dumitrescu T, Cheie M,
Enache MA. Synchronous squamous esophageal carcinoma and urothelial renal cancer. Chirurgia (Bucur)
2010; 105: 843-847 [PMID: 21351703 DOI: 10.1007/s00104-009-1865-y]
Akiyama Y, Iwaya T, Konosu M, Shioi Y, Endo F, Katagiri H, Nitta H, Kimura T, Otsuka K, Koeda K,
Kashiwaba M, Mizuno M, Kimura Y, Sasaki A. Curative two-stage resection for synchronous triple
cancers of the esophagus, colon, and liver: Report of a case. Int J Surg Case Rep 2015; 13: 1-4 [PMID:
26074482 DOI: 10.1016/j.ijscr.2015.05.032]
Chan CH, Cools-Lartigue J, Marcus VA, Feldman LS, Ferri LE. The impact of incidental gastrointestinal
stromal tumours on patients undergoing resection of upper gastrointestinal neoplasms. Can J Surg 2012;
55: 366-370 [PMID: 22992402 DOI: 10.1503/cjs.009111]
Fukaya M, Abe T, Yokoyama Y, Itatsu K, Nagino M. Two-stage operation for synchronous triple primary
cancer of the esophagus, stomach, and ampulla of Vater: Report of a case. Surg Today 2014; 44: 967-971
[PMID: 23504004 DOI: 10.1007/s00595-013-0549-x]
I H, Kim GH, Park DY, Kim YD, Lee BE, Ryu DY, Kim DU, Song GA. Management of gastric epithelial
neoplasia in patients requiring esophagectomy for esophageal cancer. Dis Esophagus 2013; 26: 603-608
[PMID: 23237403 DOI: 10.1111/dote.12010]
Wang XX, Liu TL, Wang P, Li J. Is surgical treatment of cancer of the gastric cardia or esophagus
associated with a concurrent major pulmonary operation feasible? One center's experience. Chin Med J
(Engl) 2012; 125: 193-196 [PMID: 22340544]
Xie S, Huang J, Kang G, Fan G, Wang W. Surgical treatment of synchronous gastric and esophageal
carcinoma: Case report and review of literature. Thorac Cardiovasc Surg Rep 2013; 2: 35-37 [PMID:
25360410 DOI: 10.1055/s-0033-1351357]
Zhou Y, Wu XD, Shi Q, Jia J. Coexistence of gastrointestinal stromal tumor, esophageal and gastric cardia
carcinomas. World J Gastroenterol 2013; 19: 2005-2008 [PMID: 23569349 DOI:
10.3748/wjg.v19.i12.2005]
Kanda T, Sato Y, Yajima K, Kosugi S, Matsuki A, Ishikawa T, Bamba T, Umezu H, Suzuki T,
Hatakeyama K. Pedunculated gastric tube interposition in an esophageal cancer patient with prepyloric
adenocarcinoma. World J Gastrointest Oncol 2011; 3: 75-78 [PMID: 21603033 DOI:
10.4251/wjgo.v3.i5.75]
Suzuki S, Nishimaki T, Suzuki T, Kanda T, Nakagawa S, Hatakeyama K. Outcomes of simultaneous
resection of synchronous esophageal and extraesophageal carcinomas. J Am Coll Surg 2002; 195: 23-29
[PMID: 12113541 DOI: 10.1016/S1072-7515(02)01147-X]
Greene CL, DeMeester SR, Augustin F, Worrell SG, Oh DS, Hagen JA, DeMeester TR. Long-term
quality of life and alimentary satisfaction after esophagectomy with colon interposition. Ann Thorac Surg
2014; 98: 1713-9; discussion 1719-20 [PMID: 25258155 DOI: 10.1016/j.athoracsur.2014.06.088]
Irino T, Tsekrekos A, Coppola A, Scandavini CM, Shetye A, Lundell L, Rouvelas I. Long-term functional
outcomes after replacement of the esophagus with gastric, colonic, or jejunal conduits: A systematic
literature review. Dis Esophagus 2017; 30: 1-11 [PMID: 28881882 DOI: 10.1093/dote/dox083]
Mine S, Udagawa H, Tsutsumi K, Kinoshita Y, Ueno M, Ehara K, Haruta S. Colon interposition after
esophagectomy with extended lymphadenectomy for esophageal cancer. Ann Thorac Surg 2009; 88: 16471653 [PMID: 19853126 DOI: 10.1016/j.athoracsur.2009.05.081]
Saito S, Nakamura M, Hosoya Y, Kitayama J, Lefor AK, Sata N. Postoperative quality of life and
dysfunction in patients after combined total gastrectomy and esophagectomy. Ann Med Surg (Lond) 2017;
22: 34-38 [PMID: 28948022 DOI: 10.1016/j.amsu.2017.08.016]

3449

July 14, 2019

Volume 25

Issue 26

World Journal of
Gastroenterology

WJ G

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

World J Gastroenterol 2019 July 14; 25(26): 3450-3467

DOI: 10.3748/wjg.v25.i26.3450

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

META-ANALYSIS

Genetic testing vs microforceps biopsy in pancreatic cysts:
Systematic review and meta-analysis
Sandra Faias, Luisa Pereira, Ângelo Luís, Paula Chaves, Marília Cravo
ORCID number: Sandra Faias
(0000-0002-3358-7288); Luísa Pereira
(0000-0002-9068-4607); Ângelo Luís
(0000-0003-0712-6522); Paula Chaves
(0000-0002-0732-2059); Marília
Cravo (0000-0001-8309-4599).

Author contributions: All authors
have contributed to the study
concept and design; Faias S,
Pereira L and Luís Â acquired and
interpreted the data and drafted
the manuscript, under the
supervision of all senior authors;
Chaves P and Cravo M critically
revised the manuscript; and all
authors approved the final version
of the manuscript.

Conflict-of-interest statement: The
authors have no conflict of interest
to disclose.

PRISMA 2009 Checklist statement:
The authors have read the PRISMA
2009 Checklist, and the manuscript
was prepared and revised
according to the PRISMA 2009
Checklist.

Sandra Faias, Department of Gastroenterology, Instituto Português de Oncologia de Lisboa de
Francisco Gentil, EPE, Lisboa 1099-023, Portugal
Sandra Faias, Paula Chaves, Faculdade de Ciências da Saúde, Universidade da Beira Interior,
Covilhã 6200-506, Portugal
Sandra Faias, Luisa Pereira, Ângelo Luís, GRUBI-Grupo de Revisões Sistemáticas,
Universidade da Beira Interior, Covilhã 6200-506, Portugal
Luisa Pereira, Centro de Matemática e Aplicações (CMA-UBI), Universidade da Beira Interior,
Covilhã 6200-506, Portugal
Ângelo Luís, Centro de Investigação em Ciências da Saúde (CICS-UBI), Universidade da Beira
Interior, Covilhã 6200-506, Portugal
Paula Chaves, Department of Pathology, Instituto Português de Oncologia de Lisboa de
Francisco Gentil, EPE, Lisboa 1099-023, Portugal
Marília Cravo, Department of Gastroenterology, Hospital Beatriz Ângelo, Loures 2674-514,
Portugal
Marília Cravo, Faculdade de Medicina, Universidade de Lisboa, Lisboa 1099-023, Portugal
Corresponding author: Sandra Faias, MD, Attending Doctor, Research Fellow, Department of
Gastroenterology, Instituto Português de Oncologia de Lisboa de Francisco Gentil, EPE,
Lisboa 1099-023, Portugal. sfaias@ipolisboa.min-saude.pt
Telephone: +351-914310209
Fax: +351-217229855

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

WJG

Abstract
BACKGROUND
Carcinoembryonic antigen (CEA) and cytology in pancreatic cystic fluid are
suboptimal for evaluation of pancreatic cystic neoplasms. Genetic testing and
microforceps biopsy are promising tools for pre-operative diagnostic
improvement but comparative performance of both methods is unknown.
AIM
To compare the accuracy of genetic testing and microforceps biopsy in pancreatic
cysts referred for surgery.
METHODS
We performed a literature search in Medline, Scopus, and Web of Science for
studies evaluating genetic testing of cystic fluid and microforceps biopsy of
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pancreatic cysts, with endoscopic ultrasound with fine-needle aspiration (EUSFNA) prior to surgery and surgical pathology as reference standard for diagnosis.
We evaluated the diagnostic accuracy for: 1- benign cysts; 2- mucinous low-risk
cysts; 3- high-risk cysts, and the diagnostic yield and rate of correctly identified
cysts with microforceps biopsy and molecular analysis. We also assessed
publication bias, heterogeneity, and study quality.
RESULTS
Eight studies, including 1206 patients, of which 203 (17%) referred for surgery
who met the inclusion criteria were analyzed in the systematic review, and seven
studies were included in the meta-analysis. Genetic testing and microforceps
biopsies were identical for diagnosis of benign cysts. Molecular analysis was
superior for diagnosis of both low and high-risk mucinous cysts, with
sensitivities of 0.89 (95%CI: 0.79-0.95) and 0.57 (95%CI: 0.42-0.71), specificities of
0.88 (95%CI: 0.75-0.95) and 0.88 (95%CI: 0.80-0.93) and AUC of 0.9555 and 0.92,
respectively. The diagnostic yield was higher in microforceps biopsies than in
genetic analysis (0.73 vs 0.54, respectively) but the rates of correctly identified
cysts were identical (0.73 with 95%CI: 0.62-0.82 vs 0.71 with 95%CI: 0.49-0.86,
respectively).
CONCLUSION
Genetic testing and microforceps biopsies are useful second tests, with identical
results in benign pancreatic cysts. Genetic analysis performs better for low- and
high-risk cysts but has lower diagnostic yield.
Key words: Pancreatic cysts; Endoscopic ultrasound; Endoscopic ultrasound with fineneedle aspiration; Genetic testing; Microforceps biopsy; Molecular analysis; KRAS;
Carcinoembryonic antigen; Cytology
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: With the increasing diagnosis of asymptomatic pre-malignant pancreatic cysts,
there is a growing need for accurate and affordable diagnostic tests. The goal is to detect
and resect early malignancy, while avoiding unnecessary follow-up in benign cysts and
surgery in low-risk cysts. Genetic testing is promising, but with current diagnostic
limitations, significant costs, logistic difficulties in preserving material for future
analysis, and technical complexity, its generalized use seems difficult. If microforceps
biopsy proves in larger studies to be safe and to allow correct diagnosis, it may be
immediately implemented, because the endoscopic procedure is standard, and histology
is widespread in clinics.

Citation: Faias S, Pereira L, Luís Â, Chaves P, Cravo M. Genetic testing vs microforceps
biopsy in pancreatic cysts: Systematic review and meta-analysis. World J Gastroenterol 2019;
25(26): 3450-3467
URL: https://www.wjgnet.com/1007-9327/full/v25/i26/3450.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i26.3450

INTRODUCTION
Pancreatic cystic neoplasms (PCNs) are on the rise in clinics due to an ageing
population and the increase in routine use of high-quality abdominal imaging[1]. PCNs
are generally classified into two main groups: mucinous cystic neoplasms (MCNs)
and non-mucinous cystic neoplasms (NMCN). MCNs include intraductal papillary
mucinous neoplasms (IPMNs) and mucinous cystadenomas, which are precursor
lesions of pancreatic carcinoma, and may be low-risk (pre-malignant with low or
intermediate-grade atypia) or high-risk: pre-malignant with high-grade atypia (HGA)
or malignant, including adenocarcinomas secondarily cystic. NMCNs include serous
cystadenomas and inflammatory cysts (pseudocysts), mostly benign cysts, but may
include some rare lesions, considered high-risk as cystic neuroendocrine tumors
(cNETs), and acinar cell cystadenomas (ACCs). The heterogeneity in malignant
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potential, increased frequency, and significant morbidity and mortality of surgical
treatment, makes pre-operative diagnosis of PCNs essential for management. The
treatment options for PCNs encompass surgery or conservative surveillance for
MCNs, according to malignancy risk, or no further evaluation for most NMCNs.
The differentiation between MCNs and NMCNs is critical, because a misdiagnosis
of a MCN can lead to a missed opportunity to treat pancreatic cancer in an early stage
and a misdiagnosis of NMCN can result in unnecessary surgery or surveillance with
associated morbidity, costs, and negative impact on quality of life.
Currently, morphologic characterization of PCNs and pancreatic cystic fluid (PCF)
analysis for carcinoembryonic Antigen (CEA) and cytology are central in diagnosis. A
CEA level ≥ 192 ng/mL is the most accurate diagnostic test for MCNs and cytology is
highly specific for malignancy[2], but with suboptimal results in large studies with
surgical pathology as the gold standard[3]. In fact, a significant part of these lesions
remains indeterminate and incorrect pre-operative diagnosis occurs in one third of
patients[4,5], making new reliable diagnostic tools urgently needed.
In the last decade numerous studies have shown that genetic analysis of aspirates
obtained by EUS-FNA provided a better characterization of PCNs than CEA and
cytology[6-14]. Next-generation sequencing (NGS) is a very sensitive technique for
detection of genetic mutations that allows the rapid detection of mutations in predefined panels of cancer genes, even in samples with limited DNA content, such as
PCF. NGS requires storage, infrastructure, data processing, and expert personnel.
Moreover, to be cost-effective, large numbers of samples need to be processed,
making it applicable only in large centralized laboratories. These reasons make the
implementation of NGS in clinical practice still a matter of debate.
The clinical need of better diagnostic tests in PCNs has recently led to the
development of a through-the-needle miniature biopsy device for use during EUSFNA[15,16]. The Moray micro forceps biopsy (MFB) device (US Endoscopy, Mentor,
Ohio) is disposable and can pass through a standard 19-gauge EUS-FNA needle that
is already used routinely. It allows tissue sampling from the cyst wall, septa or mural
nodules and the obtention of a histological evaluation of the epithelial architecture
and subepithelial stroma[17]. Adding to the high technical success and excellent safety
profile[18,19], the new device has shown to improve the diagnostic accuracy of specific
cyst subtypes [20,21] . Another major advantage of MFB is the simultaneous tissue
sampling and PCF acquisition, with just an additional histologic analysis that follows
standard definitions and is already routine in clinics.
The aim of this systematic review and meta-analysis is to evaluate the diagnostic
performance of molecular analysis (MA) and MFB and find the most robust additional
diagnostic technique in PCNs, in the pre-operative setting.

MATERIALS AND METHODS
This systematic review and meta-analysis is conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis of Diagnostic
Test Accuracy Studies, the PRISMA-DTA Statement[22], and the protocol is registered
at PROSPERO (CRD42018111910).

Literature search and study selection
A comprehensive search of databases, including Medline, Scopus, and Web of
Science, for the past 8 years (January 1st, 2010 to July 31st, 2018) and restricted to
human studies was performed. No language restrictions were applied. The following
search terms were used in two independent searches: “pancreas”, “cyst”, “molecular”,
“analysis”; and “micro”, “forceps”, “microforceps”, “biopsy”. A search of related
articles was performed, adding additional studies. Duplicate articles, reviews, trials
including other kinds of neoplasms, and trials with molecular markers not compliant
with the defined inclusion criteria were removed. The references of all selected
studies were hand-searched for additional articles.
Inclusion criteria: Published studies were included in the meta-analysis if they
analyzed: (1) Patients with symptomatic or incidental pancreatic cysts with a
definitive surgical pathology diagnosis; (2) Genetic mutations performed with high
sensitive techniques, such as NGS in PCF obtained by EUS-FNA prior to surgery; (3)
At least four genetic mutations, including KRAS, GNAS, VHL, and at least another
genetic mutation representative of aggressive neoplasms (PIK3CA, TP53, SMAD4,
PTEN, CDKN2A); (4) PCNs evaluated by EUS-FNA with MFB for diagnosis; and (5)
Surgical pathology specimens with available data.
Exclusion criteria: (1) Studies of MA with fewer than the four genetic mutations
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previously defined; (2) Studies involving solid pancreatic lesions; (3) Studies using
PCF not obtained by EUS-FNA; (4) Reviews, case reports, case series with fewer than
five patients, letters to editor, exploratory studies, and papers published only in
abstract form; (5) Studies with cytology and clinical surveillance as standard of
diagnosis. Two authors (SF and AL) independently judged study eligibility and
disagreements were resolved by consensus.
Histological criteria: We classified the PCNs of the included studies into three main
groups: (1) High-risk cysts (adenocarcinoma or high grade dysplasia in IPMNs and
MCNs, secondarily cystic adenocarcinomas, cNETs, and ACCs; (2) Low-risk
mucinous cysts (IPMNs and MCNs with intermediate or low-grade dysplasia); and (3)
Benign cysts (SCAs, pseudocysts, and other rare cysts (RCs) included in some articles,
as retention cysts, lymphoepithelial cysts, epidermoid cysts, squamoid cysts).
Tests under investigation: The index tests were: (1) MA of PCF; and (2) MFB of
PCNs, including cyst wall, septs, and nodules. A diagnosis of cNET or ACC does not
warrant a malignancy diagnosis, but surgery is recommended in surgically fit
patients. Due to a recommendation of identical treatment to malignant and mucinous
high-risk cysts, for the purpose of analysis in this study, each one of these diagnoses
was classified as a high-risk cyst.

Data extraction
After study selection, two authors (SF and AL) extracted and registered the data from
each study onto a standardized worksheet. Disagreements were discussed and
reviewed by a third author (LP). The data retrieved were: first author, publication
year, study period and design (prospective or retrospective), reference for diagnosis,
sample size (all patients included in the study), technical success, adverse events,
diagnostic yield, surgical cohort (number of patients with a surgical pathology
specimen), cyst size, cyst location, specific cyst types, number of high-risk cysts,
mucinous low-risk and benign cysts diagnosed by MA and MFB comparing to
surgical pathology specimens. In the MFB studies, technical success was defined as
the ability to puncture the cysts and perform the biopsies; and the diagnostic yield
was defined as the ratio between the number of patients included in the study and the
patients in whom enough material allowed the acquisition of a histopathologic
diagnosis. In the MA group, diagnostic yield was defined as a ratio between the
number of patients included in the study and the number of patients with DNA
available to perform molecular analysis in PCF.

Outcomes
The primary outcomes of this study were the data to obtain the accuracies of MA and
MFB for the diagnosis of PCNs, including high-risk cysts, mucinous low-risk cysts,
and benign cysts. Secondary outcomes were the diagnostic yield of genetic testing and
MFB and the number of cysts correctly identified for each of the tests studied.

Quality analysis
Methodological quality of included primary studies was assessed by two authors (SF
and AL) using the modified QUADAS-2 tool [23] . The PRISMA-DTA Statement
recommendations were used for reporting this systematic review[22,24].

Statistical analysis and data synthesis
The reference standard was a surgical pathology specimen that allowed the
classification of PCNs into three defined groups of diagnosis: high-risk cysts,
mucinous low-risk cysts, and benign cysts. This resulted in a two-by-three table with
correct and incorrect test results in each of the three referenced groups, for each of the
tests analyzed, MA and histology were obtained by MFB.
To calculate tests’ accuracy and to reflect on the categories that are useful in clinical
practice and that guide management, we constructed two-by-two tables, considering
three definitions of “relevant” cysts: (1) High-risk cysts – proven malignant cysts,
IPMNs, and MCNs with HGA, cNETs, ACCs; Non-High-risk cysts – all cysts except
those proven to be high-risk. (2) Low-risk mucinous cysts – proven mucinous low-risk
cysts; High-risk cysts – all except those proven to be mucinous low-risk or benign.
And (3) Non-benign cysts – all cysts except those proven to be benign; Benign cysts –
proven benign cysts.
The ability of the tests to discriminate “relevant” and “non-relevant” cysts using
the three definitions of “relevant cysts” was evaluated and the accuracy of the two
tests was compared.
The data of the two-by-two tables were used to calculate sensitivity and specificity
for each study. We present individual study results graphically by plotting the
estimates of sensitivity and specificity (and their 95% confidence intervals (CI)) in
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both forest plots and on the summary receiver operating characteristic (sROC) curve
plots. The area under the curve (AUC) is equal to 1 for a perfect test and 0.5 for a
completely uninformative test. The AUC is equal to the probability that if a pair of
relevant and non-relevant cysts is selected at random, the relevant cyst will have a
higher test result than the non-relevant cyst. Pooled estimates of the sensitivity and
specificity were obtained by the DerSimonian-Laird method (random effect model) to
incorporate variation among studies, when data are heterogeneous. Otherwise, we
used the Mantel-Haenszel method (fixed effect model).
Heterogeneity was investigated in the first instance through visual examination of
forest plots of sensitivities and specificities and through visual examination of the
ROC plot of the raw data. Last, we used statistical tests, including chi-square and
Cochran-Q to evaluate if the differences across the studies were greater than expected
by chance alone. A low P value suggests presence of heterogeneity. In addition to
these statistics we used the statistic I2 of Higgins, which has been proposed as a
measure to quantify the amount of heterogeneity[25,26]. The scale of I2 has a range of 0 to
100% and values on the order of 25%, 50% and 75% are considered low, moderate,
and high heterogeneity, respectively.
Another goal of this work was to obtain, for each of the tests, the correctly
identified cyst rate and the diagnostic yield in predicting a histopathologic diagnosis.
We used Comprehensive Meta-Analysis software (Version 2.0) for assessment of
diagnostic yield of the tests and Meta-DiSc (version 1.4 – Meta-Analysis of Diagnostic
and screening tests[27] ) to obtain the accuracy of each of the tests.

RESULTS
Systematic Review
Our search revealed 16 study titles and abstracts for MFB and 264 titles for MA. In
Figure 1A and B are described the selection process of the articles included in this
study. After all steps, eight studies were considered suitable for qualitative and seven
for quantitative analysis. We excluded 20 full-text articles after review, because they
were case series of two patients[16] (n = 1), exploratory or pilot studies[28,29] (n = 2), no
information of mutation status was available[30] (n = 1), pancreatic cystic fluid was
obtained during surgery[31] (n = 1), insufficient or absent data of cysts with surgical
pathology diagnoses[12,32,33] (n = 3), and mutations only of KRAS and/or GNAS[14,34-44] (n
= 12).
Of the eight studies that met the inclusion criteria, design was retrospective in six
and prospective in two, all were published from 2015 to 2018. These eight studies
included a total of 1206 patients, of which 203 (17%) underwent surgical resection and
a surgical pathology specimen was available as reference standard and included in
the analysis. We excluded all patients with cytology and clinical follow-up data, but
for whom a surgical pathology specimen was not available. The characteristics of the
studies, surgical pathology diagnoses, and MA and MFB results are presented in
Tables 1[32,45-47] and 2[18-21].
Quality assessment and publication bias: Methodological quality of primary studies
included was assessed by two authors (SF and AL) using the modified QUADAS-2
tool[23], which evaluates the quality of articles for systematic reviews of diagnostic
accuracy studies in four domains, including patient selection, index test, reference
standard, and flow and timing, for risk of bias and applicability concerns. Results are
presented in Figure 2, which was sketched with templates available at
www.quadas.org. The studies included in this review all showed a “low-risk”
classification as the index tests (MA and MFB) and the reference standard (surgical
pathology specimen) were reliable and mentioned in all studies. However, a “highrisk” of selection bias was demonstrated in patient selection (neither random nor
sequential patients included in several studies) and in flow and timing because only a
small proportion of the patients evaluated in all studies, except one, were included in
the analysis. In fact, most patients were excluded in all studies as the inclusion criteria
requiring surgical pathology as diagnostic reference were not met. Applicability
concerns in patient selection were also significant in all studies, because the subgroup
of PCNs referred for surgery is more often malignant than PCNs on surveillance,
which would also be targeted with this review. Because of this bias, there may be an
overestimation of both the sensitivity of the index tests, due to a more severe
spectrum of PCNs that are referred for surgery, and the positive predictive value
(PPV) for diagnosis of high-risk cysts, due to an increased prevalence of malignant
cysts in a surgical cohort of PCNs.
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Figure 1

Figure 1 Flowchart with identification of eligible studies. A: Molecular analysis; B: Microforceps biopsy.

Molecular analysis: Four articles were included in the meta-analysis for diagnostic
accuracy of MA. For each of the three definitions of relevant cyst, forest plots of
sensitivity and specificity with heterogeneous denoted are shown in Figure 3.
The three criteria to define “relevant cysts” resulted in a different range of the
specificity and sensitivity of the studies included as shown in Figure 3. For diagnosis
of the subgroup with high-risk and low-risk mucinous cysts that require intervention
(either surgery or surveillance) comparing to benign cysts the pooled sensitivity was
0.75 (95%CI: 0.66-0.83) and the pooled specificity was 0.72 (95%CI: 0.56-0.85) for MA.
In the subgroup of high-risk cysts that require surgery, comparing to other cysts
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Figure 2 Quality assessment of the studies using QUADAS-2. A: Tabular presentation of risk bias for each study; B: Graphical display of bias.

requiring conservative management, the sensitivity was 0.57 (95%CI: 0.42-0.71) with a
specificity of 0.88 (95%CI: 0.80-0.93). In the subgroup of low-risk mucinous cysts
comparing to high-risk, the pooled sensitivity was 0.89 (95%CI: 0.79-0.95) and the
pooled specificity was 0.88 (95%CI: 0.75-0.95).
Figure 4 displays the sROC curves of MA, showing the sensitivity of the individual
articles mapped on the vertical scale, 1-specificity on the horizontal scale, with the
summary (sensitivity, 1-specificity) point marked, as well as the summary ROC curve
and the confidence region for the summary (sensitivity, 1-specificity) points. The area
under the sROC curve was 0.7706 (SE: 0.0927) in non-benign cysts, 0.9248 (SE: 0.0691)
in high-risk cysts, and 0.9555 (SE: 0.0293) in mucinous low-risk cysts. The results of
the studies had greater variation in non-benign cysts as shown by the wide confidence
region.
In the four studies, 566 patients had DNA available to perform MA in PCF. Pooled
analysis (Figure 5) showed a diagnostic yield of 54.3% (95%CI: 49.8%-58.7%; I2 =
39.605%; test for heterogeneity P = 0.174).
By considering the classification of cysts by specific type (IPMNs, MCNs, cNETs,
SCAs, pseudocysts, ACCs, and other RCs), MA identified correctly 73.1% of cysts
(95%CI: 61.6%-82.2%; I2 = 37.381%; test for heterogeneity P = 0.203) (Figure 5).
Micro forceps biopsy: Four articles were included in the meta-analysis for diagnostic
accuracy of histology obtained using MFB. Figure 6 shows the forest plots of
sensitivity and specificity for the three subgroups of relevant cysts. The forest plots for
MFB show variable specificities within the papers, from 0 to 1, which can be due to
the small numbers of patients with the target condition in some studies.
For each of the three subgroups there exists a low heterogeneity in sensitivity (I2 =
0%, I2 = 21.4%, I2 = 0%) and specificity (I2 = 0%, I2 = 0%, I2 = 21.4%), therefore fixed
effect models were used. As presented in Figure 6, in the first subgroup the pooled
sensitivity was 0.73 (95%CI: 0.50-0.89) and the pooled specificity was 0.88 (95%CI:
0.28-1.00). In the second subgroup sensitivity was 0.81 (95%CI: 0.46-0.98) with a
specificity of 0.77 (95%CI: 0.50-0.94) and in the last subgroup the pooled sensitivity
was 0.64 (95%CI: 0.33-0.88) and the pooled specificity was 0.81 (95%CI: 0.46-0.98).
The results were plotted as a symmetrical sROC curve (Figure 4). The area under
the sROC curve was 0.7640 (SE: 0.1261) in the first subgroup, 0.8154 (SE: 0.098) in the
second subgroup, and 0.7509 (SE: 0.1277) in the last subgroup.
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Figure 3 Forest plots of the studies included for molecular analysis. In parentheses are the 95% confidence intervals (CI) of the sensitivity and specificity. The
figure shows the estimated sensitivity and specificity of the study (red circle) and its 95% CI (blue horizontal line). The area of the circle reflects the weight that the
study contributes to the meta-analysis.

By pooling the data of the four studies that investigated the use of MFB to obtain a
histopathologic diagnosis, we obtained a diagnostic yield of 73.1% (95%CI: 61.4%82.2%; I2 = 47.774%; test for heterogeneity P = 0.125) (Figure 5).
By considering the outcome “specific cyst type” diagnosis, MFB correctly identified
70.7% of the cysts (95%CI: 49.4%-85.6%; I2 = 0%; test for heterogeneity P = 0.056)
(Figure 5).

DISCUSSION
In this meta-analysis we analyzed two different but promising tests to diagnose PCNs
– molecular analysis and microforceps biopsy. To our knowledge this is the first study
of this nature, and it included 1206 patients with PCNs of which 1058 underwent MA
and 148 MFB. All patients had the index tests performed in PCF obtained preoperatively, exclusively with NGS for MA and the Moray micro forceps biopsy device
(US Endoscopy, Mentor, Ohio) used for MFB. We analyzed 203 cysts, 178 evaluated
with MA and 25 with MFB, all referred for surgery, and with a surgical pathology
specimen used as reference standard for diagnosis.
In this comparative analysis we included all studies, without restriction to simultaneous evaluation of both tests, because only one of such studies has been
published[20]. This study, which includes 48 patients but only 10 surgical pathology
specimens, showed identical results for MA and MFB in low-risk and high-risk cyst
diagnosis, but higher specific cyst type diagnosis for MFB.
The data from the seven studies included in the meta-analysis, although with
limited number of patients, particularly for MFB, suggests that MA is more accurate
than MFB for diagnosis of PCNs, including high-risk and low-risk lesions. MA has
superior accuracy to discriminate high-risk cysts from other PCNs and low-risk from
high-risk neoplastic cysts. MA performance was considered excellent with AUC
values of 0.92 and of 0.96 for high-risk and low-risk neoplastic lesions, respectively, as
compared to MFB, which showed a fair or good performance, with an AUC of 0.81
and 0.75, respectively for the same lesions (Figure 4). The specificity of MA is good
(0.88) but it has a low sensitivity (only 0.57) for high-risk cysts. This may be explained
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Figure 4

Figure 4 Summary receiver operating characteristics plots. ROC: Receiver operating characteristic curve; AUC: Area under the curve; SE: Standard error.

by technical issues, by low prevalence of relevant genetic mutations in malignant
PCNs, or by mutations not included in the current NGS panels. The sensitivity and
specificity are high (0.89 and 0.88, respectively) for MA when comparing low-risk to
high-risk cysts, which reflects the genetic nature of pancreatic carcinogenesis with
cumulative mutations from benign to malignant cysts[48].
For discriminating benign cysts from both low-risk and high-risk cysts, the
performance of MA and MFB was identical and fair according to AUC values of 0.77
and 0.76, respectively. This non-superiority of MA in the diagnosis of benign cysts in
this meta-analysis may be due to technique-inherent issues and/or underrepresentation of benign cysts in surgical series. In fact, “no genetic mutation” is
considered a false negative result in most benign rare cysts, but some of these lesions
(retention cysts, etc.) have no diagnostic genetic mutations. On the contrary, the most
frequent benign cysts, SCAs, harbor a VHL mutation, exclusively present in these
benign lesions and allowing for discarding a malignant lesion. In the MA studies, one
third of rare benign cysts were classified as false negative results, due to absence of
characteristic mutations (Table 1). Another example of PCN that is not amenable to a
MA diagnosis with current genetic panels is cNET, also reducing the accuracy of MA
for diagnosis of high-risk cysts. The sensitivities were identical for MA and MFB (0.75
and 0.72), but the latter had higher specificity (0.73 and 0.88, respectively). Limited
tissue sampling with MFB can explain the reduced sensitivity with robust specificity.
As MA depends on denuded DNA in suspension in PCF, no sampling error is
expected, which may explain its greater accuracy in neoplastic cysts, comparing to
MFB.
Concerning secondary outcomes, even with the limitations of tissue sampling
inherent to MFB, this meta-analysis showed that the diagnostic yield of MFB was
superior to MA with rates of correctly identified cyst identical with MA and MFB
(Tables 1 and 2). In fact, the definition of diagnostic yield, which for MA was
“detection of genetic mutations”, may have led to a falsely low value due to the
presence of some rare types of benign cysts (retention cysts, lymphoepithelial cysts,
epidermoid cysts, squamous cysts in two studies[46,47]) that have no characteristic
diagnostic genetic mutations.
In clinical practice, patient symptoms, cyst imaging features, CEA, and cytology of
PCF are required for diagnosis and decision for either treatment or surveillance
according to cyst types[49]. PCF analysis, including CEA to distinguish mucinous from
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Figure 5

Figure 5 Forest plots of molecular analysis and microforceps biopsies on the secondary outcomes of this meta-analysis.

non-mucinous cysts and cytology to select those that harbor HGA or early pancreatic
carcinoma and require surgical treatment, have suboptimal accuracies[3], due to scant
cellularity and limited PCF volume. In this context, additional diagnostic tests are
necessary to improve cyst classification and refine clinical decision. DNA markers
require limited amounts of PCF, increasing the diagnostic yield[32,45,50,51], but with
considerable technical complexity and costs. In fact, in routine clinical practice a major
pitfall for PCNs diagnosis is the limited volume of PCF obtained, precluding routine
pre-operative testing. As DNA analysis requires less volume of PCF, it may become
an alternative test in these circumstances. This major advantage of molecular analysis
was not possible to evaluate in this meta-analysis, because the volume of cystic fluid
obtained in pancreatic cysts was not available in most studies analyzed.
As MA continues to evolve, questions remain about its accuracy, how it influences
patient management, and in what order the analysis should be performed to better
support clinical decisions. Previous studies[49] have shown that DNA testing combined
with clinical features increased PCNs diagnosis compared to either alone. With
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Figure 6

Figure 6 Forest plots of the included studies for microforceps biopsies. In parentheses are the 95% confidence intervals (CI) of the sensitivity and specificity.
The figure shows the estimated sensitivity and specificity of the study (red circle) and its 95%CI (blue horizontal line). The area of the circle reflects the weight that the
study contributes to the meta-analysis.

multiple recent advances in biomarkers, molecular genetics will probably prove to be
useful in the management of PCNs[52]. In a previous meta-analysis, pre-operative
cytology of PCNs has shown low sensitivity for diagnosis[53], endorsing additional
tests to improve diagnosis. Another meta-analysis of diagnostic accuracy of EUS-FNA
with CEA and cytology analysis in differentiating mucinous cysts has demonstrated
to be accurate to confirm the diagnosis but performed poorly in excluding it[54]. The
role of KRAS as individual screening test has been analyzed before[55] with poor
accuracy and added benefit coming from a combined approach with cytology. A
recently published meta-analysis supporting KRAS, GNAS, and RNF43 mutations as
diagnostic markers of IPMNs [56] used different methods for mutation detection,
different tumor materials, and clinicopathologic data as reference standard for
diagnosis, which may limit its clinical application in evaluation of PCNs with
mutational analysis performed only in PCF.
In this scenario, new markers are needed for PCNs stratification, and in our metaanalysis both MA and MFB have acceptable diagnostic accuracies. The two largest
studies of MA[46,47] showed higher accuracy for diagnosis, which underscores the role
of technical aspects of PCF collection, storage, and laboratory analysis for improved
accuracy with this technique.
On the other hand, MFB provides tissue fragments for routine histological
evaluation, without additional PCF required other than for standard analysis. The
technical feasibility of through-the-needle microforceps biopsies revealed to be
excellent, even in cysts located in the pancreatic head, despite the required 19-gauge
caliber of the EUS-FNA needle. Another potential advantage of MFB is to allow the
diagnosis of histologic subtypes of IPMNs, which can potentially be used for risk
stratification[57], but still requires further validation.

Strengths and limitations
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We applied strict exclusion criteria, with all analyzed patients having a surgical
pathology specimen as the reference standard for diagnosis, because histopathology is
the gold standard for diagnosis of neoplasia. Another major strength of this metaanalysis is having identical lesions (size and location) analyzed in both groups. These
important strengths provide a more realistic accuracy estimate of the tests evaluated.
In previous studies of cytology including both surgical pathology and clinical followup[54] as reference standard, pooled sensitivities were 12% higher than in studies with
exclusive surgical pathology[55] as reference standard in the diagnosis of mucinous
cysts, with test accuracy overestimation. Finally, the pooled results have low
heterogeneity.
The quality of a systematic review depends on the quality of studies included, and
our quality assessment of patient selection regarding the risk of bias and applicability
was high. As sensitivity and specificity are sensitive to study design and influenced
by the spectrum of disease, sample collection, and processing, there may be a risk of
bias and the results, although correct, their interpretation may be inaccurate.
Moreover, there was incomplete reporting in one primary study, having no separate
information on specific cyst type, mucinous or malignant cyst diagnosis[32], and the
study was excluded from quantitative analysis. Although one study was excluded
from the meta-analysis, MA with three studies included more patients (953, of whom
only 153 in the surgical cohort) than the group of MFB with four studies but fewer
patients (148, with only 25 in the surgical cohort). This can represent a surgical
selection bias for both tests studied. Moreover, MFB studies were all retrospective,
with small sample size, without pathology diagnosis for most benign and premalignant cysts, and non-consecutive patients that were selected on endoscopist
discretion, which may have led to bias. Another limitation is the time between the
index tests and the reference standard, because the final diagnosis could have been
made at different time intervals from the tests. If the time between index tests and
reference standard is too long, the true disease status of the patient may have changed
by the time the reference standard was assessed. Aditionally, the different number of
malignant cysts per study, particularly in the MA group, may have led to part of the
heterogeneity in sensitivity and specificity. Finally, as MA does not increase the risks
of standard EUS-FNA (the analysis is performed in remnant cystic fluid after standard
diagnosis) we did not perform a safety analysis of MFB, but the four studies analyzed
described only rare non-severe adverse events.

Future perspectives
With the increasing diagnosis of asymptomatic PCNs, most with potential for
malignancy, there is a growing need to find accurate and affordable tests for
diagnosis. The goal of management of patients with pancreatic cysts is to detect and
resect cysts before progression of malignancy, while avoiding unnecessary follow-up
procedures in benign cysts and surgery in low-risk PCNs.
Biomarkers of malignancy are promising, but clinicians should be aware of their
current diagnostic performance limitations and type of lesions identified. In addition
to significant costs, logistic difficulties in preserving material for future molecular
analysis in busy general hospitals, and the technical complexity of the test, the
generalized use of MA seems difficult in clinical practice. On the other hand, if MFB
proves in larger studies to be safe and to allow tissue acquisition and gives the
histological criteria needed for a correct diagnosis of PCNs, it may be immediately
implemented in clinics, because the endoscopic procedure is standard, and histology
is already a widespread procedure in clinics. MFB may be especially useful for benign
lesions, for which both surgery and surveillance are unnecessary, representing a
considerable burden in pancreas clinics due to current diagnostic limitations[58].
For MA to become relevant in routine clinical care in the future, its role in early
cancer diagnosis and its prognostic value in PCNs requiring periodic surveillance
must be confirmed. Also, for successful massive implementation, it is required to
develop as an universal, highly accurate, first line test with clinical impact in cyst
diagnosis, prognosis, and patient management. MA, both in PCF and peripheral
blood, for standard analysis of multiple simultaneous biomarkers, allowing noninvasive diagnosis and risk stratification of these lesions[59] would be valuable. For the
present time, MA and MFB can only be recommended as complementary or as second
line tests in case CEA and cytology of PCF are non-diagnostic. For both tests, large
multicenter validation studies are still missing.

CONCLUSION
Our study confirms the diagnostic value of both MA and MFB, with higher diagnostic
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accuracy of MA than MFB for both low-risk and high-risk mucinous cysts. Genetic
analysis should not be replaced by MFB in this context. Clinicians should be aware of
the higher accuracy of MA for the diagnosis of malignant and high-risk cysts.

ARTICLE HIGHLIGHTS
Research background
Carcinoembryonic antigen (CEA) and cytology of pancreatic cystic fluid (PCF) obtained preoperatively with endoscopic ultrasound with fine-needle aspiration (EUS-FNA) are suboptimal
for diagnostic evaluation of pancreatic cystic neoplasms. Genetic testing of PCF and
microforceps biopsy obtained by EUS-FNA are promising tools for pre-operative diagnostic
improvement. The comparative performance of both methods has not been previously studied.

Research motivation
In the last decade numerous studies have shown that genetic analysis of aspirates obtained by
EUS-FNA provided a better characterization of pancreatic cysts than standard CEA and
cytology. Next-generation sequencing (NGS) is a very sensitive technique for detection of genetic
mutations in pre-defined panels of cancer genes, even in samples with limited DNA content,
such as PCF. NGS requires storage, infrastructure, data processing, expert personnel, and large
numbers of samples need to be cost-effective. These reasons make the implementation of NGS in
clinical practice still a matter of debate. The clinical need of better diagnostic tests in pancreatic
cysts led to the development of a through-the-needle miniature biopsy device for use during
EUS-FNA. The Moray micro forceps biopsy device (US Endoscopy, Mentor, Ohio) is disposable
and can pass through a standard 19-gauge EUS-FNA needle that is already used routinely. It
allows tissue sampling from the cyst wall, septa or mural nodules and the obtention of a
histological evaluation of the epithelial architecture and subepithelial stroma, with improved
pancreatic cyst diagnosis.

Research objectives
To compare the diagnostic accuracy of genetic testing and microforceps in the diagnosis of
pancreatic cystic neoplasms referred for surgery.

Research methods
We performed a literature search in Medline, Scopus, and Web of Science for studies evaluating
genetic testing of cystic fluid and microforceps biopsy of pancreatic cysts, with EUS-FNA prior
to surgery. We used surgical pathology as reference standard for diagnosis. We evaluated the
diagnostic accuracy for: benign cysts; mucinous low-risk cysts; high-risk cysts; the diagnostic
yield; and rate of correctly identified cysts with microforceps biopsy and molecular analysis.

Research results
Eight studies, including 1206 patients, of which 203 (17%) referred for surgery who met the
inclusion criteria were analyzed in the systematic review, and seven studies were included in the
meta-analysis. Genetic testing and microforceps biopsies were identical for diagnosis of benign
cysts. Molecular analysis was superior for diagnosis of both low and high-risk mucinous cysts.
The diagnostic yield was higher in microforceps biopsies than in genetic analysis, but the rates of
correctly identified cyst types were identical.

Research conclusions
This study underlines the diagnostic value of both MA and MFB, with higher diagnostic
accuracy of MA than MFB for both low-risk and high-risk mucinous cysts. Genetic analysis
should not be replaced by MFB in this context. However, MA has higher accuracy in the
diagnosis of malignant and high-risk cysts.

Research perspectives
For the present time, MA and MFB can only be recommended as complementary or as second
line tests in case CEA and cytology of PCF are non-diagnostic. In the future, for MA to become
relevant in routine clinical care, its role must be confirmed, in order to become a first line test
with clinical impact in cyst diagnosis, prognosis, and patient management. MA, both in PCF and
peripheral blood, for multiple simultaneous biomarkers and non-invasive diagnosis and risk
stratification would be valuable. If MFB proves in larger studies to be safe and to allow a correct
diagnosis of pancreatic cysts, it may be immediately implemented in clinics. MFB may be
especially useful for benign lesions, for which both surgery and surveillance are unnecessary,
with uncertain diagnosis due to current diagnostic limitations. For both tests, larger validation
studies are missing.
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