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Abstract
Symptoms of gastroenteropancreatic located neuroendocrine neoplasms (GEPNENs) are often related to food intake and manifest as abdominal pain or
diarrhoea which can influence patients nutritional status. Malnutrition is
common in cancer patients and influences quality of life, treatment options and
survival but is also present in up to 40% of patients with GEP-NENs. As part of
malnutrition there are often deficiencies in fat-soluble vitamins, mainly vitamin
D. Little knowledge exists on trace elements. Several factors influence the
development of malnutrition such as size and localisation of the primary tumour
as well as metastases, side effects from treatment but also hormone production of
the tumour itself. One of the main influencing factors leading to malnutrition is
diarrhoea which leads to dehydration and electrolyte disturbances. Treatment of
diarrhoea should be guided by its cause. Screening for malnutrition should be
part of routine care in every GEP-NEN patient. Multidisciplinary treatment
including dietician support is necessary for all malnourished patients with GEPNENs.
Key words: Neuroendocrine neoplasm; Nutrition; Malnutrition; Vitamin deficiency;
Diarrhoea; Steatorrhoea
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Core tip: Patients with gastroenteropancreatic located neuroendocrine neoplasms have a
high risk on malnutrition and vitamin deficiency. Multidisciplinary treatment focussing
on diarrhoea and nutritional status is warranted.
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INTRODUCTION
Neuroendocrine neoplasms (NENs) are rare neoplasms arising from cells of the
diffuse neuroendocrine system. NENs commonly arise from the gastroenteropancreatic (GEP) or bronchial tract[1]. The incidence of NENs is growing worldwide[2-4].
Based on recent analysis of the United States SEER database this has arisen since 1973
from 1.03 to 6.98 per 100000 in 2012[2]. In the United Kingdom similar growth in
incidence has been demonstrated from 3.9 per 100000 in 2001 to 8.8 per 100000 in
2015[5]. NENs are classified based on the World Health Organisation (WHO) 2010
classification, based on morphological criteria and proliferative activity (Ki-67 index
or mitotic count). The grades are G1 Ki-67: < 2% and mitotic count < 2/10 mm2, G2 Ki67: 3%-20% or mitotic count 2-20/mm2 neuroendocrine tumours (NETs) and G3 Ki-67:
> 20% neuroendocrine carcinoma (NECs) [6] . In 2016 the WHO has updated this
classification for pancreatic neoplasms and differentiates G3 NETs from small- or
large cell NECs[7]. NENs are difficult to diagnose and have metastasized in around
50% of cases at diagnosis[8]. GEP-NENs may present a heterogenous clinical behaviour
but many well differentiated tumours (G1-G3) are indolent or slow growing with a 5
year survival which can be up to 50%-70% [2,9] . Well differentiated NETs can be
functional, secreting hormones [the most common is carcinoid syndrome (CS)], or
non-functioning[10].
Surgical removal of the primary tumour is the preferred treatment where it is
possible but it can also be considered in metastatic disease and this may have survival
benefits for some sites [11,12] . In the metastasized setting long-acting somatostatin
analogues are often the first line of treatment in cases with positive somatostatin
receptor imaging[10]. Due to the position of the tumour within the GEP tract, patients
with GEP-NENs can experience gastrointestinal (GI) symptoms like bloating,
diarrhoea, abdominal pain and weight loss. Treatments for GEP-NENs can also have
side effects such as diarrhoea or steatorrhea. These factors can influence the weight,
nutritional and vitamin status of patients with GEP-NENs. Malnutrition influences
quality of life but also reduces tolerance to anti-cancer therapy and reduces survival
in patients with cancer[13,14]. Currently the nutritional and vitamin status is a neglected
area in patients with GEP-NENs[15].
This review will discuss the current knowledge regarding nutritional, vitamin and
trace element status in patients with GEP-NENs and factors contributing to
malnutrition. One of the main influencing factors is diarrhoea and we will discuss
ways to analyse the causes of diarrhoea as well as treatment modalities. We will
comment on any means of improving nutritional status.

NUTRITIONAL STATUS DEFINITION MALNUTRITION
Nutritional status can be measured based on anthropometric data [weight, height,
body mass index (BMI)], biochemical markers like serum proteins (albumin or
transferrin) or body composition measures [16] . There are several definitions for
malnutrition from the literature and health care organisations. The WHO, National
Health Service and European Society of clinical nutrition and metabolism (ESPEN)
nutrition in cancer guideline uses definitions based on intake and metabolic
effects[13,17,18]. The American Society for Parenteral and Enteral Nutrition and ESPEN
guidelines on malnutrition include definitions based on BMI, unintentional weight
loss and loss of body composition parameters such as fat-free mass or muscle
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mass[19,20].
In patients with cancer as part of their disease and malnutrition a syndrome called
cancer cachexia can develop. This is defined as weight loss > 5% in past 6 mo without
starvation or weight loss < 2% and BMI < 20 kg/m 2 or weight loss > 2% and
sarcopenia (defined as appendicular skeletal muscle index males < 7.26 kg/m2 and
females < 5.45 kg/m2)[14]. Malnutrition can exist even in the absence of weight loss.
These broad definitions can be difficult to measure objectively.

MALNUTRITION IN PATIENTS WITH GEP-NENs
Several recent studies show 30%-50% of patients visiting an oncology clinic for the
first time are malnourished[21-23], but not every clinician is aware of this phenomenon.
Caccialanza et al[24] performed a survey among all Italian oncologists and only 28% of
oncologists reported performing nutritional assessments (based on weight loss, BMI,
screening tools or intake) as part of their routine care. About 40% of the oncologists
within this survey denied the use of available specialist nutrition teams. A recent
abstract from Lim et al[25] reports that less than 50% of patients in NEN clinic had their
weight measured, and BMI was available in only 14% of these patients. Forty-three
percent of all NEN patients within an outpatient clinic in Denmark were reported to
have weight loss at some point during their disease. This is significantly more
common in patients with GEP-NENs compared to patients with bronchial NENs or
unknown primary[26].
There are several studies reporting malnutrition in NEN at first or follow up visits
which are summarized in Table 1. The range of reported malnutrition is 4.9%-38%[26,27].
One study reports no malnourished patients[15] whereas the TELECAST study, a
prospective study on diarrhoea, reports 58% of patients with a NET and CS to have
metabolic and nutritional disorders[28]. The studies in Table 1 report on different
patient populations. Borre et al[26] included only 70% GEP-NEN patients, Maasberg et
al [29] included 77% GEP-NEN patients while Qureshi et al [30] and Robbins et al [27]
included only GEP-NEN patients. The patient populations underwent different forms
of therapy. The patients in the Qureshi et al[30] and Robbins et al[27] groups had previous
surgery in 60% of cases versus 48% in the Borre et al[26] group. Somatostatin analogues
were administered in 30% of patients within the Robbins et al[27] group, 41.6% within
the Qureshi et al[30] group and 50% in the Maasberg et al[29] and Borre et al[26] groups.
Thirty percent of patients within the Maasberg et al [29] group were treated with
systemic chemotherapy (this percentage was unknown for the other groups).
The type of tumours differs within the above-mentioned groups. The Borre et al[26],
Robbins et al[27] and Qureshi et al[30] groups report 60%-70% G1 tumours versus 32% G1
tumours in the Maasberg et al[29] group. Robbins et al[27] mentions 37.5% of patients to
have functional symptoms (diarrhoea and or hot flushes) whereas Maasberg et al[29]
mentions 24.1% of patients to have these. The studies reporting on malnutrition used
different screening methods. The malnutrition universal screening tool, nutritional
risk screening, subjective global assessment are clinical tools based on BMI, weight
loss, dietary intake and severity of illness. The international classification of diseases 9
scores were used in 1 study [31] . Currently a universal screening method for
malnutrition in patients with GEP-NENs is lacking. Due to different screening
methods, patient selection and different stage of NEN, the published data are too
heterogenous to compare.

EFFECTS OF MALNUTRITION ON OUTCOMES
Some studies have reported the correlation of malnutrition to outcomes in terms of
response to treatment, length of hospital stay or survival. Maasberg et al[29] reports on
the nutritional status of NEN inpatients admitted for staging examinations or
therapeutic interventions. Malnourished patients had a longer length of hospital stay
compared to well-nourished patients (8 vs 4 d). The survival of malnourished patients
was shorter although the malnourished patient group was comprised of a high
percentage of NECs.
Glazer et al[31] identified 22096 patients with an abdominal NEN within the national
inpatient sample database. In this group malnutrition was associated with a higher
inpatient complication rate of 15% compared to 10% in well-nourished patients.
Obesity was associated with lower inpatient mortality rates while malnutrition was
associated with higher inpatient mortality rates. Ekeblad et al [32] reported being
underweight at diagnosis (BMI < 20kg/m2) of a pancreatic NEN was related to a
poorer prognosis. Marrache et al[33] studied 67 patients with liver metastasis from a
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Table 1 Summary of available studies regarding malnutrition in patients with gastroenteropancreatic neuroendocrine neoplasms
Author
Qureshi et al[30]

No patients

Patient groups

Score used

Malnutrition definition

161

All GEP-NEN outpatients

MUST

MUST ≥ 1

Results

BMI ≤ 20

MUST 1: 9.8%

9.9%

MUST ≥ 2: 7.7%
Robbins et al[27]

183

All GEP-NEN outpatients

MUST

MUST ≥ 1

Borre et al[26]

186

All NEN outpatients

NRS

NRS ≥ 3

NRS ≥ 3: 38%

12%

Maasberg et al[29]

203

NEN inpatients (177)

SGA and NRS

SGA B or C

SGA B or C: 21%

N/A

Gallo et al[15]

37

All NEN outpatients

BMI

No malnourished patients

0

Glazer et al[31]

22096

Abdominal NEN

ICD-9 codes

8% malnourished

N/A

MUST 1: 8.7%

4.9%

MUST ≥ 2: 4.9%

NEN outpatients (26)

NRS ≥ 3

NRS ≥ 3: 25%

Summary of studies reporting malnutrition, used screening tool, cut-off for malnutrition, results and body mass index scores in patients with
gastroenteropancreatic neuroendocrine neoplasms. GEP-NEN: Gastroenteropancreatic neuroendocrine neoplasms; MUST: Malnutrition universal
screening tool; NRS: Nutritional risk screening; SGA: Subjective global assessment; BMI: Body mass index; ICD: International classification of diseases.

NEN undergoing transarterial chemoembolization and found that the BMI was a
factor predicting tumour response and associated with delayed progression.

FAT SOLUBLE VITAMIN STATUS IN PATIENTS WITH GEPNENs
Vitamin status can be considered as part of nutritional status. Two studies report on
the status of fat-soluble vitamins in patients with NEN. Fiebrich et al[34] analysed the
fat soluble vitamin status of 35 patients with metastatic small intestinal NEN on
treatment with somatostatin analogues for at least 18 mo. Eighty percent of patients
showed abnormally low levels of at least 1 fat soluble vitamin and 32% of patients
showed multiple deficiencies. Vitamin deficiencies measured in plasma were reported
in 9% of patients for vitamin A, 31% for vitamin D, 14% vitamin E and 69% vitamin
K1. In 12% of patients vitamin K1 deficiency resulted in prolonged prothrombin time.
Increased stool frequency was not associated with lower vitamin levels. De Hosson et
al[35] described 15 patients with a NET that had been on a somatostatin analogue for
more than 6 mo. Nine out of fifteen patients had vitamin deficiencies (vitamin A, D, E,
K, B12 and B3) and after 10 wk of nutritional intervention and supplementation 7
patients still had deficient vitamin levels.

VITAMIN D STATUS IN PATIENTS WITH GEP-NENs
Vitamin D status has received increasing attention in cancer patients and it is
suggested it may play a possible role in the development of different types of
tumours[36]. Vitamin D deficiency (defined as 25 OH vitamin D levels ≤ 20 ng/mL) is
described in between 46% and 81% of patients with NENs [27,36-38] . The study
populations reporting on the prevalence of vitamin D deficiency could not be
compared directly since Motylewska et al[37] included GEP-NENs as well as lung
NENs and other NENs, Lind et al [38] included only small intestine NENs while
Massironi et al[36] and Robbins et al[27] included all GEP-NENs.
Two studies included the vitamin D status of healthy volunteers. Motylewska et
al[37] reported a vitamin D deficiency of 89% in healthy volunteers. Massironi et al[36]
found significantly higher vitamin D level (median 23.9 ng/mL) in healthy volunteers
compared to GEP-NEN patients (median 12.9 ng/mL). One study describes the
overall and progression free survival (OS and PFS) in 138 GEP-NEN patients and
found a negative correlation between low vitamin D levels and OS and PFS. Vitamin
D supplementation improved the OS in patients with vitamin D deficiency compared
to patients with vitamin D deficiency without supplementation.
Vitamin D supplementation with over-the-counter vitamin D preparations
improves the vitamin D levels in most GEP-NEN patients. Robbins et al[27] showed a
decrease in numbers of patients with vitamin D deficiency from 66.8% at baseline to
44.4% after 1 and 2 years of starting supplementation, although supplementation of
vitamin D had not normalised the level in all patients. Lind et al[38] showed only 28%
of small intestine NEN patients on oral vitamin D supplementation to be vitamin D
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deficient as compared to 46% of patients without supplementation. Vitamin D
supplementation does improve the bone mineral density in patients with small
intestine NEN. Lind et al[38] describes 2 cohorts of 25 patients with a small intestinal
NEN who all had prior surgery. Within the first cohort baseline vitamin D levels and
dual-energy x-ray absorptiometry (DEXA) scan were performed. The second cohort
was advised to take oral substitution of vitamins and minerals. After 6-15 mo vitamin
D levels were measured and a DEXA scan was performed. The DEXA scan results
showed low bone density in 76%, osteoporosis in 32% and osteopenia in 44% for the
first cohort and respective values of 26%, 24% and 36% in the second cohort.

VITAMIN B3/NIACIN STATUS IN PATIENTS WITH GEPNENs
Tryptophan is a precursor of serotonin. In healthy individuals only 1% of tryptophan
will be used to make serotonin. In patients with NETs and CS up to 60% of
tryptophan is used for serotonin production leading to tryptophan deficiency.
Pellagra as a result of tryptophan deficiency with symptoms of dermatitis, diarrhoea
and dementia can develop in about 5% of patients with CS[39-41].
Shah et al[42] analysed the niacin levels in blood of 36 patients with CS, 32 patients
with a carcinoid tumour but without CS and 24 non-carcinoid patients (patients with
pancreatic NEN, other cancers, GI diseases and healthy volunteers). With a cut-off
level of 130, 28% of patients (10/36) with CS were niacin deficient and 12.5% (4/32)
without CS compared to none in the non-carcinoid patients. Serotonin and tryptophan
levels were measured: in patients with increased serotonin levels a decreased niacin
and tryptophan level was observed.
Bouma et al[43] identified 42 patients with serotonin producing NEN [based on 5hydroxyindolacetic acid (5-HIAA) > 3.8 mmol/mol creatinine and/or platelet
serotonin > 5.4 nmol/109 platelets] and low tryptophan levels (< 40 umol/L) and/or
pellagra-like symptoms. Urine N1-NM (N1-Methylnicotinamide) levels were
measured prior and after starting niacin supplementation. Forty five percent of
patients showed low N1-NM levels and after starting niacin supplementation all urine
levels normalised. 5-HIAA levels showed a negative correlation with niacin status,
but the 5-HIAA level did not correlate with the plasma tryptophan level. In view of
the difficulties measuring niacin, nicotinamide should be prescribed if pellagra is
suspected.

TRACE ELEMENTS IN PATIENTS WITH GEP-NENs
Malnutrition can also result in low levels of trace elements, like cobalt, copper,
fluorine, iodine, selenium and zinc. In patients with cancer low levels of selenium and
zinc were described and could affect wound healing, cause depressive symptoms and
compromise the immune response[13,44]. Little is known about other trace elements. The
role of trace elements in patients with NENs is unknown. One study exists evaluating
the selenium level of patients with NENs having peptide receptor radionuclide
therapy (PRRT) treatment. Four wk prior to PRRT 5 out of 21 included patients
showed normal selenium levels. Four wk after PRRT 18 patients showed significant
decrease in selenium levels[45]. There may be significant issues with blood selenium
levels which may not represent whole body stores of selenium.

FACTORS INFLUENCING MALNUTRITION
In patients with NENs several factors can contribute to the development of
malnutrition as summarized in Figure 1. In cancer patients the protein, carbohydrate
and lipid metabolism are altered resulting in increased metabolic resting rate, insulin
resistance, lipolysis and proteolysis. This can lead to weight loss as a sign of
malnutrition[13]. If this process continues, cancer cachexia as a result of decreased
energy intake and increased total body energy expenditure (TEE), can develop[14].
Tumour metabolism and inflammation increase the TEE cytokines and factors in
animal models involved are for example IL-6, IL-1, TNF-α, IFN-γ, Leukaemia
inhibitor γ factor, GDF15, TWEAK, TRAF, oncostatin M, TNFSF12 and PGE2. Patient
data regarding these cytokines and factors are lacking[46]. In patients with pancreatic
adenocarcinoma elevated C-reactive protein levels are a marker for cachexia and
predict poor prognosis[47]. Little knowledge regarding the development of cachexia
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and prognosis exists in patients with GEP-NENs. Due to the slow growing nature of
GEP-NENs the risk of developing cachexia may be reduced[29]. In patients with NET
and CS, diarrhoea as a result of excessive hormone secretion also contributes to
malnutrition[48-51]. Several foods containing high levels of amines such as mature
cheese or chocolate may provoke symptoms in these patients. They tend to avoid
these foods which can contribute to decreased nutritional intake[49,52]. Small intestine
NENs can cause strictures or retroperitoneal fibrosis in the GI tract resulting in
symptoms such as bowel obstruction, influencing patients’ food intake and nutritional
status[53,54].
Uncontrolled diarrhoea leads to dehydration, electrolyte abnormalities, vitamin
deficiencies and thus influence malnutrition[55]. Surgical treatment of a GEP-NEN can
result in diarrhoea for several reasons. Loss of absorptive surface after small bowel or
Whipple’s resection can lead to diarrhoea and malabsorption. In cases of small bowel
resection when < 200 cm small bowel remains, short bowel syndrome with inability to
maintain fluid- and nutritional status can develop[15,53,56]. Another cause is removal of a
part of the terminal ileum which can result in vitamin B12 deficiency and bile acid
malabsorption leading to diarrhoea[48,53,55,57]. A third cause is following small intestine
or Whipple’s resection, bacterial overgrowth can develop resulting in diarrhoea with
malabsorption and maldigestion as well as malabsorption of fat soluble
vitamins[48,53,55,58]. Resection of small or large bowel as well as Whipple’s resection can
also influence the bowel transit time with diarrhoea and possible malnutrition as a
result[15,49].
Treatment with somatostatin analogues can result in malnutrition for several
reasons. Diarrhoea is one of the most commonly reported side effects due to
decreased duodenal absorption of carbohydrates and triglycerides[59,60]. In addition
decreased pancreatic enzyme release in response to a meal is seen as an effect from
somatostatin analogues resulting in pancreatic exocrine insufficiency with steatorrhea
and malnutrition[15,55,57]. Chemotherapy can lead to malnutrition due to its side effects
such as loss of taste, oral problems, diarrhoea, nausea and vomiting[13,15,49].

ANALYSING CAUSES OF DIARRHOEA
Diarrhoea is an important factor contributing to malnutrition in patients with GEPNENs as summarized in Figure 1. Figure 2 summarizes diagnostic approaches to
diarrhoea. CS is prevalent is 20% of patients with NETs[61]. CS is a clinical diagnosis
with symptoms of diarrhoea (80% of patients), hot flushes (50%-85% of patients) and
wheezing (10%-20% of patients) often in the presence of liver metastasis [48,62,63] .
Twenty-four h urine collection for 5-HIAA, a breakdown product of serotonin, has a
sensitivity and specificity around 90% for small intestine NENs[64]. Certain serotoninrich foods (bananas, avocados, plums, eggplant, tomatoes, plantain, pineapples, kiwis
and nuts) and medications (analgesic acetaminophen, cough syrups and warfarin) can
increase urinary 5-HIAA levels and should be avoided 24 h before and during
specimen collection.
In case of previous surgery on either small intestine or pancreas, diarrhoea could be
caused by bile acid malabsorption, short bowel syndrome, bacterial overgrowth or
pancreatic exocrine insufficiency. A Selenium homotaurocholic acid conjugated with
taurine (SeHCAT) scan is the gold standard for diagnosing bile acid malabsorption
with a sensitivity 100% and specificity 89%[65]. A capsule containing radiolabelled
SeHCAT is ingested and after 1-3 h and after 7 d a gamma scan is performed to
measure the SeHCAT retention in the body. Levels of 10%-15% retention are mild, <
10% as moderate and < 5% severe bile acid malabsorption[66,67]. A study in 57 patients
with GEP-NENs showed 80% of patients with bile acid malabsorption[68].
Following small intestine resection, a short bowel syndrome can develop and this is
usually the case when < 200 cm small bowel remains [69,70] . Adaptation in the
postoperative period over 1-2 years is possible[70]. No data exists on the prevalence of
short bowel syndrome in patients with GEP-NENs. Small bowel bacterial overgrowth
develops in the case of blind small bowel loops or strictures. A gold standard for the
diagnosis of small bowel bacterial overgrowth is lacking. Quantitative culture of
jejunal aspirate is frequently described but is an invasive procedure with upper
endoscopy and lacks a sterile environment to obtain a culture[71]. Hydrogen breath
tests are a widely used alternative for diagnosing small bowel bacterial overgrowth
with a sensitivity of 63% and specificity 83% compared to a jejunal culture[72,73]. In the
earlier mentioned study with 57 patients with GEP-NENs 62% of patients were
diagnosed with bacterial overgrowth[68].
Partially or total resection of the pancreas leads to decreased synthetic capacity of
pancreatic enzymes resulting in pancreatic exocrine insufficiency[74,75]. Faecal elastase

WJG

https://www.wjgnet.com

1176

March 14, 2019

Volume 25

Issue 10

Clement DS et al. Malnutrition in patients with neuroendocrine neoplasms
Figure 1

Figure 1 Factors influencing malnutrition in patients with gastroenteropancreatic neuroendocrine neoplasms. Summary of factors influencing the
development of malnutrition in patients with gastroenteropancreatic neuroendocrine neoplasms.

can be measured as a marker for pancreatic exocrine insufficiency with a cut-off < 200
μg/g stool. In patients with chronic pancreatitis the sensitivity of faecal elastase
diagnosing pancreatic exocrine insufficiency is 63%-100% with a specificity of 83%93%[76-78]. In patients with GEP-NENs there is controversy about the role of faecal
elastase. In a study of 57 patients with GEP-NENs only 17% of patients had a low
faecal elastase despite symptoms of steatorrhoea[68]. Chaudhry et al[79] described 32
patients with GEP-NENs (27 small intestine, 5 pancreas and 7 other) on treatment
with a somatostatin analogue and 82% of patients had symptoms of steatorrhoea but
the faecal elastase was low in only 6 patients. The sensitivity of faecal elastase in this
study was only 15.4%. Another study on 50 patients with a metastatic NEN (n = 30
small intestine, n = 11 pancreas, n = 6 lung or n = 3 other) on somatostatin analogue
treatment the faecal elastase was a good marker for pancreatic exocrine insufficiency
although faecal samples were not available from all patients[80]. Faecal elastase could
be a useful marker to diagnose pancreatic exocrine insufficiency although data in
small groups of patients with NENs are conflicting.
Steatorrhoea could be one of the side effects of treatment with somatostatin
analogues due to the inhibition of pancreatic exocrine secretion[81,82]. A recent study on
50 patients starting with a somatostatin analogue showed that 24% developed
pancreatic exocrine insufficiency after a median of 2.9 mo, although the study lacks
data about previous surgery and altered anatomy of the GI tract[80].

TREATMENT OPTIONS
Malnutrition should be treated according to its causes as summarised in Figure 2. In
patients with diarrhoea due to CS, treatment should be to try to reduce hormone
levels[48]. A first step should be to optimise the dose of long acting somatostatin
analogues, and this could be achieved by increasing the dose, shortening the interval
or adding a short acting dose[83-85]. Another step could be palliative debulking surgery
or liver directed therapy with chemoembolization of the hepatic artery, radiofrequency ablation/microwave ablation or selective intra-hepatic radio-embolization
to lower the tumour burden and reduce hormone production [ 8 6 , 8 7 ] . Clinical
(symptomatic) responses after liver directed therapy are reported in up to 75%[88-91].
Recently telotristat ethyl, an oral inhibitor of tryptophan decarboxylase, has become
available for symptomatic patients for whom monotreatment with somatostatin
analogues not enough is to control diarrhoea. The TELESTAR trial was a phase III
double blind placebo-controlled trial in 135 patients with CS (defined as > 4 bowel
movements a day) were randomized to receive 250 mg telotristat ethyl tablet, 500 mg
telotristat ethyl tablet or placebo three times daily for 12 wk. There was a statistically
significant reduction in bowel movements in 42%-44% of patients (250 mg or 500 mg)
compared to 20% reduction in placebo patients after 12 wk. A significant reduction in
urine-5 HIAA level and improvement in quality of life scores was seen [92] . A
companion trial (TELECAST) looking at 126 patients with CS and less than 4 bowel
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Figure 2

Figure 2 Approach to patients with diarrhoea. Summary of causes of diarrhoea in patients with gastroenteropancreatic neuroendocrine neoplasms, how to analyse
and treatment advise. 1Optimise SSA’s: Increase dose, shorten interval or add short acting dose; 2Advise loperamide: Increasing dose 2-4-8 mg 4 times a day, up to
12-24 mg 4 times a day in short bowel syndrome; 3Advise codeine: 15-60 mg 4 times a day; Advise PERT: 1 × 25000 units of lipase per small meal 2 × 25000 units
lipase per large meal, titrate up may need > 80000 units per large meal. SSA’s: Somatostatin analogue’s; SeHCAT: Selenium homotaurocholic acid conjugated with
taurine; BOD: Twice a day; PERT: Pancreatic enzyme replacement therapy.

motions a day and with either loose stools or daily > 2 flushing episodes or abdominal
pain or nausea in > 20% of days or 5-HIAA urine levels above normal limits were
randomised to telotristat ethyl 250 mg, 500 mg or placebo for 12 wk. This trial showed
good safety data and classified 40% of patients on telotristat ethyl as durable
responders[28].
Another study published by Weickert et al[93], investigated the details of 120 patients
participating in the TELESTAR trial and telotristat ethyl’s effect on nutritional status
after 12 wk of treatment. Weight gain and improvement in nutritional markers as
albumin, cholesterol levels and triglycerides were seen in patients on telotristat ethyl
but not in patients on placebo. In two small studies with 11 and 14 patients with small
intestine NENs, liver metastases and CS there were reports of the positive effect of
ondansetron reducing diarrhoea[94,95]. If a SeHCAT shows bile acid malabsorption,
treatment with bile acid binding resins is advised. In patients with bile acid
malabsorption without NEN a response to colesevelam is reported in 50%-96% of
cases[66,67,96].
Short bowel syndrome should ideally managed by a dedicated multidisciplinary
team due its prolonged course and intensive fluid and nutritional management[69].
Medical treatment includes proton pump inhibitors to reduce gastric acid production
in the maximum dose of 40 mg twice daily. Loperamide is the cornerstone of
treatment to reduce small bowel mobility. A starting dose of 2 mg 4 times a day
(breakfast, lunch, diner, bedtime) is advised. This can be increased to 8 mg 4 times a
day but in case of short bowel up to 12-24 mg 4 times a day. Codeine phosphate is less
effective than loperamide but can be combined with loperamide to reduce small
bowel mobility. Doses starting with 15 mg 4 times a day gradually increasing up to 60
mg 4 times a day are advised. Octreotide 50-200 μg subcutaneously twice daily can be
tried for 3-5 d to reduce diarrhoea but many patients with NENs are already receiving
treatment with long acting somatostatin analogues. In addition intravenous fluids and
total parenteral nutrition (TPN) can be necessary[70,97].
Small bacterial overgrowth should be treated with antibiotics but there are no
guidelines as to which antibiotic is preferable. Broad spectrum antibiotics which affect
enteric aerobes and anaerobes are used and rifaximin may be preferable since it is not
absorbed (although not licensed for this indication)[71,98].
Pancreatic exocrine insufficiency as result of pancreatic surgery or a side effect of
somatostatin analogue treatment should be treated with pancreatic enzyme
replacement. The dose of pancreatic enzymes needs to be individually adjusted based
on dietary fat intake[99]. This would be ideally managed by a specialized dietician. A
suggestion for a starting dose could be 25000 units lipase (or equivalent) with a snack
and 2 × 25000 units lipase (or equivalent) with a large meal. This could gradually be
increased to 1-2 × 400000 units lipase with a small meal and 120000 units lipase with a
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large meal. If symptoms persist compliance and timing of ingestion of pancreatic
enzymes should be checked. Acid reduction using proton pump inhibitors may also
help to increase efficacy of supplements[99,100].
A more common side effect from somatostatin analogues can be diarrhoea[101,102].
These side effects often occur for 2-3 d after the injection but can occur daily and
decrease 6-12 mo after starting[103]. A first step in treatment can be loperamide 2-4 mg 4
times a day and can be increased to 8 mg 4 times a day[104,105]. Codeine can be added 15
mg 4 times a day and gradually increased to 60 mg 4 times a day[104,105]. In cases of
steatorrhoea pancreatic enzyme replacement therapy as described above can be
started.
Malnutrition should also be treated with nutritional support to increase body
weight. Several authors advise to include a dietician specialised in NENs to be part of
the multidisciplinary team[49,53]. No systematic guidelines for nutritional support exist
in patients with NENs. The American carcinoid cancer foundation published a
nutritional guideline in 2000 and updated version in 2009[106]. This guideline, intended
for patients, advises all patients to increase protein intake to restrict carbohydrate
servings (fruit, vegetables and whole grains) to 5-10 portions/day, moderate to low
fat intake (25%-30% of daily calories) and eat a variety of foods. In patients with CS,
foods provoking symptoms containing high levels of amines are advised to be
avoided. Examples of foods with high levels of amines are: Mature cheeses (cheddar,
camembert, stilton), alcohol beverages, smoked/salted or pickled fish or meat, liver,
caffeine containing drinks, chocolate, nuts, bananas, avocado, raspberries[106].
The ESPEN guideline on nutrition[13] in cancer recommends a total energy intake
ranging between 25-30 kcal/kg/day with a protein intake of 1 g/kg/day but ideally
1.5 g/kg/day. If oral nutrition remains inadequate despite interventions, enteral
nutrition is the first choice. Only in the case of severe intestinal insufficiency
(radiation enteritis, short bowel syndrome, peritoneal carcinomatosis or chylothorax)
should parenteral nutrition (TPN) be considered. The role of parenteral nutrition in
patients with cancer is controversial. Economics, traditions and ethical issues will
differ between countries. In some countries feeding of palliative cases is essential.
These countries tend to report survival benefits for TPN and in selected cases TPN
improves quality of life[107-112]. There are risks of life- threatening catheter infections
and septicaemia in the use of TPN[70]. There is one case report on the use of TPN in a
patient with a NEN[113] . The decision to start enteral nutrition should be made by the
multidisciplinary team if malnutrition is not improving with maximal oral and
medical support for 3-6 mo. The decision on starting TPN should only be made in
highly selected cases.

RECOMMENDATIONS
Screen patients with GEP-NENs for malnutrition every clinic visit (weight, BMI and
nutrition screening tool). Screen patients with GEP-NENs on treatment with
somatostatin analogues for fat soluble vitamin deficiencies once a year and start
supplementation. Screen patients with GEP-NENs and previous small bowel surgery,
without treatment somatostatin analogues once a year for fat soluble vitamin
deficiencies and start supplementation. Data is lacking on screening of trace elements.
In patients with diarrhoea try to analyse the cause and base the treatment on its cause.
A patient with GEP-NENs and malnutrition (BMI < 18.5 kg/m2 or > 5% weight loss in
3 mo) could benefit from dietician input.

CONCLUSION
There are multiple definitions of malnutrition and not all suitable for use in clinical
practice. Although the definition of malnutrition is not clearly defined, up to 40% of
patients with GEP-NENs are malnourished. Malnutrition is associated with longer
hospital stay, higher complication rate and lower response on treatment in a few
small studies. As part of the nutritional status fat soluble vitamin deficiencies are
often present in patients with GEP-NENs. Supplementation does not normalise
vitamin levels in every patient. The influence of vitamin deficiencies on survival is
less clear. Several factors may influence the nutritional status and diarrhoea is the
main one. Diarrhoea can have multiple causes in patients with GEP-NENs and
requires systematic investigation and treatment. Multidisciplinary care with a
dietician is necessary for every malnourished patient with GEP-NENs.
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Abstract
There is overwhelming evidence that functional gastrointestinal disorders
(FGIDs) are associated with specific mechanisms that constitute important targets
for personalized treatment. There are specific mechanisms in patients presenting
with functional upper gastrointestinal symptoms (UGI Sx). Among patients with
UGI Sx, approximately equal proportions (25%) of patients have delayed gastric
emptying (GE), reduced gastric accommodation (GA), both impaired GE and GA,
or neither, presumably due to increased gastric or duodenal sensitivity.
Treatments targeted to the underlying pathophysiology utilize prokinetics,
gastric relaxants, or central neuromodulators. Similarly, specific mechanisms in
patients presenting with functional lower gastrointestinal symptoms, especially
with diarrhea or constipation, are recognized, including at least 30% of patients
with functional constipation pelvic floor dyssynergia and 5% has colonic inertia
(with neural or interstitial cells of Cajal loss in myenteric plexus); 25% of patients
with diarrhea-predominant irritable bowel syndrome (IBSD) has evidence of bile
acid diarrhea; and, depending on ethnicity, a varying proportion of patients has
disaccharidase deficiency, and less often sucrose-isomaltase deficiency. Among
patients with predominant pain or bloating, the role of fermentable
oligosaccharides, disaccharides, monosaccharides and polyols should be
considered. Personalization is applied through pharmacogenomics related to
drug pharmacokinetics, specifically the role of CYP2D6, 2C19 and 3A4 in the use
of drugs for treatment of patients with FGIDs. Single mutations or multiple
genetic variants are relatively rare, with limited impact to date on the
understanding or treatment of FGIDs. The role of mucosal gene expression in
FGIDs, particularly in IBS-D, is the subject of ongoing research. In summary, the
time for personalization of FGIDs, based on deep phenotyping, is here;
pharmacogenomics is relevant in the use of central neuromodulators. There is
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still unclear impact of the role of genetics in the management of FGIDs.
Key words: Gastrointestinal symptoms; Gastric emptying; Gastric accommodation;
Diarrhea; Constipation; Irritable bowel syndrome; Bile acid diarrhea; Phenotypes;
Pharmacogenomics; Prokinetics; Neuromodulators
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Functional gastrointestinal disorders (FGIDs) are associated with mechanisms
that constitute important targets for personalized treatment. Patients with upper
gastrointestinal (GI) symptoms may have delayed gastric emptying (GE), reduced gastric
accommodation (GA), both impaired GE and GA, or neither. Treatments targeted to the
underlying pathophysiology utilize prokinetics, gastric relaxants, or central
neuromodulators. Patients with functional lower GI symptoms may have constipationpredominant irritable bowel syndrome, pelvic floor dyssynergia, colonic inertia,
diarrhea-predominant irritable bowel syndrome, bile acid diarrhea, or disaccharidase or
sucrose-isomaltase deficiency. Personalization is applied through pharmacogenomics
related to drug pharmacokinetics, specifically the role of CYP2D6, 2C19 and 3A4. The
time for personalized treatments of FGIDs is here.

Citation: Wang XJ, Camilleri M. Personalized medicine in functional gastrointestinal
disorders: Understanding pathogenesis to increase diagnostic and treatment efficacy. World J
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INTRODUCTION
Functional gastrointestinal disorders (FGIDs) encompass a group of gastrointestinal
(GI) conditions characterized by chronic or recurrent GI symptoms without
biochemical or structural abnormalities[1]. The most widely known of the FGIDs
include functional dyspepsia and irritable bowel syndrome (IBS), with other
conditions such as functional constipation, abdominal bloating, and functional
abdominal pain syndrome being increasingly recognized. FGIDs are highly prevalent,
with IBS reported in about 10%-15% of the North America population, and with some
studies showing up to 20% prevalence[2]. Similar prevalence rates (7.0%-20.4%) are
reported for functional dyspepsia[3]. While the diseases are generally grouped based
on focal primary digestive symptoms (i.e., functional dyspepsia based on upper GI
symptoms), it is important to note that the intestinal tract functions as a unit, and
disorders in a specific segment can produce symptoms in a separate area, for example,
constipation leading to delayed gastric emptying[4]. Table 1 provides a summary of the
disease phenotypes, characterized by the symptoms and pathophysiology, as well as
their diagnosis and treatment. Table 2 summarizes pharmacological treatments
(current or in development) for indications based on accurate phenotyping of GI
disorders.
While these conditions generally do not contribute to mortality, they cause
significant morbidity and often lead to extensive, often repetitive, diagnostic workups, incurring significant cost, as well as frustration for both patient and provider.
Evaluation of a teaching hospital gastroenterology clinic showed that 34.9% of new
patient referrals in a two-year period had a diagnosis of a FGID[5]. Preliminary data
from our group show that patients undergo an average of three endoscopic
procedures and 1.2 cross-sectional imaging tests [computed tomography (CT),
magnetic resonance imaging (MRI) of abdomen and pelvis] prior to receiving a
diagnosis of bile acid diarrhea. A large systematic review reported that up to 70%-80%
of patients undergoing endoscopy for dyspepsia would be diagnosed with functional
dyspepsia[6]. Similarly, in patients who met Rome I criteria for IBS, structural disease
was found in only 2% by colonoscopy[7], suggesting that testing for FGIDs is over
utilized.
Despite the prevalence of these conditions, diagnosis and management remain
challenging due to their heterogenous nature. However, with improved diagnostic
tools and increased understanding of the specific pathophysiologic mechanisms
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Table 1 Commonly encountered gastrointestinal diseases and their phenotypic presentations (symptoms and pathophysiology) and
management principles
Treatment options or
selections

Disease phenotype

Symptoms

Pathophysiology

Diagnosis

Functional dyspepsia

Postprandial fullness, early
satiety; Epigastric pain,
epigastric burning

Alterations in gastric
emptying and/or gastric
accommodation

Gastric emptying study;
Gastric accommodation
studies (SPECT, MR imaging)

Reduced GE and/or GA →
prokinetic or gastric
relaxants; Normal GE and
GA → central pain modulator

Outlet dysfunction
constipation

Constipation, abdominal pain

Pelvic floor dyssynergia

Anorectal manometry with
balloon expulsion test; MR
defecography

Pelvic floor rehabilitation
with biofeedback training

Slow transit constipation

Constipation, abdominal pain

Decreased colonic motility

Colon transit studies with
radiopaque markers or
scintigraphy or wireless
motility capsule

Prokinetic agents; Secretory +
stimulant laxatives; Total
colectomy with ileo-rectal
anastomosis

Bile acid diarrhea

Diarrhea; Abdominal pain

Increased bile acid synthesis/ Total fecal bile acids; Fecal
decreased bile acid
bile acid composition; Serum
absorption
7-α-hydroxy-4-cholesten-3one

Bile acid binders

GE: Gastric emptying; GA: Gastric accommodation; SPECT: Single-photon emission computed tomography; MR: Magnetic resonance.

underlying these conditions, it is possible to identify specific mechanisms among
patients presenting with the same symptom complexes in the different categories of
FGIDs, allowing for tailored therapy with increased chances of success.
This review proposes an individualized approach to the management of FGIDs:
understanding mechanisms that result in patients’ symptoms, utilizing appropriate
diagnostic testing, and choosing targeted therapies to provide personalized care in the
management of the FGID. Four decades ago, there was a plea to move towards
positive symptom-based diagnosis of IBS; this led to profuse criteria for diverse
symptom complexes, and the criteria have been revised and refined almost every
decade since then[8]. As more specific diagnoses are identified, these disorders could
be identified as specific diagnoses instead of being bundled under the “umbrella”
diagnosis of FGIDs. For this review, we will follow the current convention of
grouping these disorders as “functional” GI disorders, but we will also document
specific phenotypes that call for specific, targeted treatments.
Understanding the pathophysiological mechanisms causing FGIDs and developing
valid clinical diagnostic tests are the first steps in the process of positive disease
diagnosis, moving these disorders from diagnoses of exclusion after extensive or
limited evaluations to rule out organic diseases[9]. With increased recognition of the
importance of peripheral mechanisms in the etiopathogenesis of IBS, there is a
renaissance[10,11] in the field of FGIDs, which should lead from a hit-or-miss approach
for symptom relief to the targeted, personalized treatment based on specific diagnosis
and pharmacogenomics.

GASTRIC DYSFUNCTIONS AS A BASIS FOR TREATMENT
IN FUNCTIONAL DYSPEPSIA
Functional dyspepsia is defined by Rome IV criteria as any combination of
postprandial fullness, early satiety, epigastric pain, and epigastric burning occurring
at least three days per week over the last three months, with an onset of at least six
months prior to evaluation[12]. In the absence of alarm symptoms and signs, treatment
can be initiated empirically without endoscopic evaluation. Functional dyspepsia is
further subdivided into postprandial distress syndrome and epigastric pain
syndrome, depending on whether the symptoms are associated with meal ingestion.
Most patients have been treated with or tried anti-acid secretory medications by the
time they see a gastroenterologist. The empiric choice follows a “hunch”, a perception
by the clinician of the underlying cause of the patient’s symptoms. Indeed, it may be
feasible to select a prokinetic for postprandial distress or a central neuromodulator for
epigastric pain syndrome.
While there are many proposed mechanisms for the pathophysiology of functional
dyspepsia, alterations in gastric function, as measured by gastric emptying (GE) and
gastric accommodation (GA), have been correlated with symptoms and are potential
targets for treatment. Among 1287 patients who underwent GE and GA studies,
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Table 2 Pharmacological treatments (current or in-development) for indications based on accurate phenotyping of gastrointestinal
disorders
Mechanism of
action

Indication

Typical doses

Relamorelin

Synthetic ghrelin
analog

Diabetic gastroparesis

Acotiamide

Acetylcholinesterase
inhibitor

Colesevelam

Bile acid
sequestrants

Drug

Phases of trials
completed

Study design

Important results

10 µg b.i.d. SQ

Phase 2 (Phase 3 ongoing); Multicenter,
randomized, doubleblind, placebocontrolled, parallelgroup study; 2 wk
single-blind, placebo
run-in[18]

Diabetic
gastroparesis
patients (n = 393);
Placebo (n = 104) vs
relamorelin [10 µg (n
= 98), 30 µg (n =
109), 100 µg (n = 82)]
twice daily × 12 wk

Symptoms of
diabetic
gastroparesis (but
not vomiting
frequency)
significantly
reduced vs placebo
in all relamorelin
groups; Significant
acceleration of GE
from baseline vs
placebo; Doserelated worsening of
glycemic control in
relamorelin arm[18]

Functional
dyspepsia

100 mg t.i.d.

Phase 3 Multicenter,
single arm, open
label safety trial[66]

Functional
Dyspepsia patients
(n = 207);
Acotiamide three
times daily × 1 yr

Improved
postprandial
fullness, early
satiation, quality of
life, work
productivity; No
significant adverse
effects[66]

BAD

625-1875mg b.i.d.

Colestipol

BAD

Prucalopride

5-HT4 receptor
agonist

Tegaserod

Alosetron

5 g daily initially, +
FDA approved for
5 g/ mo increase up
primary
to 30 g daily
hypercholesterolemi
a

CC

1 mg (> 65 yr); 2 mg
(< 65 yr) q.d.

IBS-C and CC

2 or 6mg bid

IBS-D

0.5-1.0 mg b.i.d.

5-HT3 receptor
antagonist

FDA approved for
IBS-D with prior
Increased fecal total
DM2 and
evidence of
bile acid, and
hyperlipidemia;
increased bile acid
deoxycholic acid
Single center,
synthesis/excretion
excretion by
unblinded single- (n = 12): colesevelam sequestration by BA
dose trial in IBS with 1875 mg twice daily
binder; Increased
BAD[67]
× 10 d
serum C4; More
solid stool
consistency[67]

FDA approved;
Multiple Phase 3:
multicenter,
randomized,
placebo-controlled,
parallel group
trials[69]

No large trials for
primary therapy in
treatment of bile
acid diarrhea[68]

Can consider in
those who do not
tolerate colesevelam
or cholestyramine[68]

Chronic constipation Significant increase
patients (n = 620);
in patients with
Placebo vs
three or more
prucalopride 2 mg
spontaneous,
vs prucalopride 4
complete bowel
mg
movements/week
with 2 mg
prucalopride vs
placebo NNT = 5[69]

FDA approved for
9242 patients in 11
Relative risk of
patients with low
trials (3 only
symptoms persisting
cardiovascular risk;
females, 8 studies
= 0.85% (95%CI:
Multiple phase 3
with constipation
0.80-0.90, I2 = 57%);
and 4 trials with
predominant
NNT = 10[70]
several; Systematic patients); Tegaserod
reviews and Meta0.5-12 mg twice
analyses showing
daily for 4 to 20 wk
[70]
consistent efficacy
FDA approved;
Multiple phase 3
and 4 trials with
several; Systematic
reviews and Metaanalyses showing
consistent efficacy[70]

4987 IBS patients in
Relative risk of
8 trials (5 with only symptoms persisting
female participants); = 0.79; (95%CI: 0.69Alosetron (dose
0.90, I2 = 85%) NNT
range studied 0.1 to
= 8[70]
8 mg) twice daily
compared to placebo

BAD: Bile acid diarrhea; CC: Chronic constipation; IBS: Irritable bowel syndrome; IBS-C: IBS-constipation; IBS-D: IBS-diarrhea; FDA: Food and Drug
Administration; DM2: Type 2 diabetes mellitus; GE: Gastric emptying; NNT: Number needed to treat; CI: Confidence interval.

patients with delayed GE had more frequent nausea, vomiting, and weight loss, and
less frequent bloating. Nausea, vomiting, and belching symptoms were significantly
different among patients with normal, increased, or decreased GA. Vomiting was
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more prevalent in patients with both abnormal GA and GE[13]. A meta-analysis of 25
studies showed significant associations between altered GE and nausea, vomiting,
abdominal pain, and early satiety in patients presenting with upper GI symptoms[14].
Importantly, a review of the current literature showed significant heterogeneity in GE
and GA testing, with significant differences observed in the relationship of delayed
GE with upper GI symptoms between studies that used optimal versus suboptimal
methods. GE and GA testing should be conducted with appropriate meal and testing
length in order to ensure accurate results[15].
In patients with functional dyspepsia with altered GE and/or GA, treatments such
as prokinetic medications or gastric relaxants, respectively, may be beneficial in
symptom management. Conversely, in patients with upper GI symptoms, but no
alteration in gastric functions, central pain modulators such as tricyclic
antidepressants (nortriptyline, amitriptyline), a combination antidepressant that acts
by antagonizing adrenergic α2-autoreceptors and α2-heteroreceptors as well as by
blocking 5-HT2 and 5-HT3 receptors (mirtazapine), or an α2δ ligand (Pregabalin) may
be more beneficial as initial therapy to treat duodenal hypersensitivity. It is important
to note that these medications, particularly mirtazapine, also impact gastric function[16]
and may provide relief by addressing underlying dysfunction as well as pain
modulation.
However, there is a dearth of evidence from large phase 3 trials in the literature
assessing this pathophysiology-centered approach in functional dyspepsia and a lack
of effective treatments. The best proof-of-principle comes from phase 2 studies of
relamorelin, albeit in patients with diabetes with gastroparesis, whose GE and
symptoms improved[17,18], and from studies with acotiamide in less than 40 patients
which showed concordant results between GA and symptoms[19].

MECHANISMS AND TREATMENTS OF FUNCTIONAL
LOWER GI DISORDERS
Functional lower GI disorders include diarrhea-IBS (IBS-D), IBS-constipation (IBS-C),
or IBS-mixed, as well as the overlapping disorders of functional diarrhea and
functional constipation. The important distinguishing factor between IBS and the
functional bowel alterations according to Rome IV criteria is the presence of pain
associated with alteration of bowel habits with IBS diagnosis, that is, the presence of
pain with alteration of bowel movements and relief of pain with defecation[20]. These
“umbrella diagnoses” can be further characterized by mechanism or pathophysiology,
leading to targeted treatment.

Outlet dysfunction constipation, colonic inertia and overlap with lower FGIDs with
constipation
It is recognized that, among patients with lower FGIDs and constipation, at least 30%
suffer from pelvic floor dyssynergia, causing outlet dysfunction constipation, and 5%
from colonic inertia (with neural or ICC loss in myenteric plexus), causing slow transit
constipation. Importantly, up to 50% of patients with outlet dysfunction constipation
have slow transit constipation as a result of the evacuation disorder[21]. Therefore, the
diagnostic assessment should begin with anorectal testing, including digital rectal
exam, anorectal manometry and balloon expulsion testing. A digital rectal exam,
performed by an experienced clinician, can correctly identify features such as high
anal sphincter tone and paradoxical contraction of the pelvic floor that is associated
with abnormal anal relaxation or abnormal rectoanal pressure differential. The
balloon expulsion time of 60 seconds has a low sensitivity for identifying rectal
evacuation disorder[22] . If, on digital rectal exam, there is concern about mucosal
intussusception, pelvic organ prolapse, or descending perineum syndrome[23] which is
increasingly recognized in Ehlers-Danlos syndrome [ 2 4 ] , magnetic resonance
defecography can be pursued to evaluate the rectal region during active evacuation[25].
If anorectal evaluation is normal, evaluation for slow transit constipation can be
considered, utilizing radiopaque markers, colonic transit scintigraphy, or wireless
motility capsules[26].
In patients who show abnormal parameters on anorectal manometry or with failure
to pass a rectal balloon in 60 s, treatment of pelvic dyssynergia should be undertaken
with pelvic floor rehabilitation. The benefit of pelvic floor rehabilitation largely lies in
biofeedback training, in which patients are taught to control their pelvic floor muscles
and anal sphincters to reverse maladaptive learning including paradoxical
movements or relax high pressures, depending on the manometric abnormality.
Biofeedback training has been reported to improve more than 60% of patients with
constipation due to pelvic floor dyssynergia; patients who used digital maneuvers

WJG

https://www.wjgnet.com

1189

March 14, 2019

Volume 25

Issue 10

Wang XJ et al. Personalized medicine in FGIDs

and those with lower baseline levels of bowel satisfaction were more likely to have
treatment success[27]. Home-based biofeedback retraining has been as effective as
office-based retraining[28], which was previously shown to be superior to diet, exercise,
and laxatives as standard therapy for constipation[29].
In patients with slow colonic motility alone who are refractory to treatment with
laxatives, further testing can be undertaken with colonic manometry and barostat
studies to evaluate colonic motor activity, including meal-induced gastrocolonic
response and response to stimulant laxatives and cholinesterase inhibitors
(neostigmine) [30,31] . If there is evidence of colonic motor activity in response to
physiological and pharmacological stimuli, treatment with the oral cholinesterase
inhibitor, pyridostigmine, can be considered[32]. Recently, the selective serotonin-4 (5HT4) receptor agonist, prucalopride, which stimulates colonic peristalsis and enhances
bowel motility, received FDA approval and can be considered in patients with
evidence of reduced colonic motility. If there is no evidence of normal motor activity
and no response to stimulation with neostigmine or supervised therapeutic trial,
laparoscopic colectomy with ileorectal anastomosis can be considered.

Bile acid diarrhea
While bile acid diarrhea is usually recognized in patients with ileal disease or ileal
resection, recent studies have documented that between 25% and 50% of patients with
functional diarrhea or IBS-D have bile acid diarrhea, and have symptom improvement
on bile acid sequestrants[33]. In primary or idiopathic bile acid malabsorption, also
known as type 2 bile acid malabsorption, there is an increased fecal load of bile acids
in the absence of ileal or other structural gastrointestinal diseases. While the etiology
of the increase is unclear, the prevailing theories include a deficiency in feedback
inhibition of bile acid synthesis by fibroblast growth factor (FGF)-19 causing excess
hepatic production due to reduced ileal enterocyte mRNA expression[34], or genetic
variants in the hepatocyte receptor or associated protein (KLB and FGFR4)[35] that are
activated by FGF-19 to reduce CYP7A1, the rate-limiting enzyme in the synthesis of
bile acids. These bile acids act in the colon to increase colonic mucosal permeability,
water secretion, mucus production, and to accelerate colonic motility[36].
To assess patients for bile acid diarrhea, fecal bile acid load can be evaluated
directly by measurement of total and individual fecal bile acids, with excretion of >
2337 μmol per 48 h or > 10% primary bile acids (chenodeoxycholic acid, deoxycholic
acid) as an indication of bile acid malabsorption. Mild elevations in total bile acids
should be interpreted with caution, as increased colonic transit may lead to reduced
passive absorption of bile acids in the colon and an increase in the fecal levels[37]. If
available, serum C4 (7-alpha-hydroxy-4-cholesten-3-one) is a simple blood test
measuring bile acid synthesis, with a sensitivity of 90% and specificity of 79% for the
diagnosis of bile acid malabsorption[38]. This test should be performed on a fasting
serum sample collected in the morning before 10:00 a.m., due to diurnal variability.
If diagnosed, bile acid diarrhea can be treated with intraluminal bile acid binders,
cholestyramine and colestipol, though evidence of efficacy comes mainly from openlabel studies. These intraluminal bile acid binders have shown benefit in bowel
symptoms and global symptoms in the treatment of patients with IBSD with evidence
of bile acid malabsorption, but are limited by their poor palatability. Colesevelam is
better tolerated and has shown efficacy in improvement in stool consistency, but its
use may be limited by cost[36].

Disaccharidase malabsorption
Worldwide, about 65% of adults lose the ability to digest lactose, with ethnically
determined prevalence ranging from less than 10% in Northern Europeans to over
90% in East Asians[39]. In the absence of adequate lactase at the intestinal brush-border,
lactose is unable to be cleaved to monosaccharides (glucose and galactose) and, thus,
it reaches the colon unabsorbed. In the colon, lactose is broken down by commensal
bacteria, producing hydrogen gas and symptoms of abdominal pain, distension,
borborygmi, flatus, and diarrhea[40]. Lactase deficiency can be evaluated with a simple
hydrogen breath test following lactose load. While this diagnosis is commonly
known, studies have found that symptoms in up to 25.8% of patients diagnosed with
IBS-D were related to lactose deficiency, and 52% of patients were unaware of
symptoms association with lactose ingestion[41]. Once diagnosed, most patients are
able to tolerate lactose intake equivalent to 240 mL of milk without symptoms,
particularly, if ingested in divided amounts rather than a single dose[42]. Otherwise,
dietary avoidance or the use of digestive aids can provide adequate symptom control.
While sucrose-isomaltase deficiency is an uncommon congenital condition, the
diagnosis is often not recognized, and children can present with unexplained signs
and symptoms which persist into adulthood. Similar to undigested lactose, arrival of
these non-absorbed disaccharides in the colon can lead to gas fermentation by
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bacteria, as well as osmotic diarrhea. Malabsorbed sugars, such as fructose and
lactose, lead to clusters of gastrointestinal symptoms, rather than symptoms typically
associated with brain dysfunction [43] . Other uncommon genetic carbohydrate
intolerances include glucose-galactose malabsorption. These conditions can be severe
enough to cause failure to thrive and malnutrition in children, but tolerance can
improve as the children age. In patients with prolonged history of symptoms,
particularly if related to meals, diagnostic evaluation can be pursued with
disaccharidase activity assays on proximal small bowel biopsies[44].

Abdominal pain, bloating and the low fermentable oligosaccharides, disaccharides,
monosaccharides and polyol diet
Among patients with predominant pain or bloating, the role of fermentable
oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) may be
considered. As above, lactase insufficiency should first be evaluated prior to
implementing the nutritionally-restrictive full low-FODMAP diet. Biologically,
humans are unable to enzymatically cleave the fructose-fructose bonds needed to
break down the oligosaccharides which compose fructans and galactans. Polyols, or
sugar alcohols, are also incompletely absorbed and can reach the colon intact. These
components can be fermented similar to undigested lactose and cause osmotic
diarrhea, leading to symptoms of IBS-D. Monosaccharides and disaccharides are
generally absorbed by brush border transporters and enzymes, and, in the absence of
congenital deficiencies above, should not cause significant GI distress.
Once a low FODMAP diet is implemented, if symptoms are controlled, dietary
components should be slowly reintroduced as tolerated in order to allow patients a
larger variety of nutritional sources and improved quality of life. If symptoms
continue to be uncontrolled or if patients manifest other features, concern for chronic
pain syndrome and central neuromodulators would be indicated. Dietary fiber
supplementation may be beneficial for patients with IBS-C or chronic constipation. In
addition, prebiotics, ingredients unable to be digested by the human intestinal tract
but that support the growth of intestinal microbiota, may play a role in improvement
of the gut microbiome[45,46]. Conversely, ultra-processed foods may be associated with
a higher risk of IBS[47]. Dietary fibers, as well as prebiotics, are often empirically
utilized, and it is unclear whether phenotyping can identify the best candidates for
these therapies.

Brain-gut permeability-microbiome interactions
An authoritative review in 2014 opined that it was unclear whether IBS symptoms are
caused by alterations in brain signaling from the intestine to the microbiota or
primary disruption of the microbiota, and whether they are involved in altered
interactions between the brain and intestine during development[48]. Recent data
support these interactions in part through increased intestinal permeability. This
interaction likely underlies the strong association between FGIDs and psychological
disorders, with up to 50%-94% of IBS patients carrying diagnoses of general anxiety
disorder or major depression[49]. De Palma et al. showed that engraftment of fecal
microbiota from IBS patients into germ-free mice led to development of not only
increased GI transit and gut barrier dysfunction, but also anxiety-like behavior
compared to those receiving fecal microbiota from control patients[50]. In addition to
central neuromodulators, patients with concomitant psychological disorders may
benefit from cognitive behavior therapy or hypnotherapy[51].
Studies in vitro of permeability of colonic mucosa [52] from patients with IBS
suggested that there is increased paracellular permeability to 51Cr-EDTA; these data
confirm a significant literature documenting increased intestinal or colonic
permeability in IBS using orally administered probe molecules, principally
saccharides[53]. Bednarska et al[52] also showed increased transcellular permeability to
live bacteria. Gaps among terminal ileal epithelial cells in IBS or among duodenal cells
have also been documented in response to food allergens[54,55]. These data may provide
the rationale for bacteria or their toxins impacting brain function, as demonstrated
through correlations of permeability and brain structure and function [56] . A
probiotic[57], B. infantis M-63, has seemed to be effective in improving mental health in
patients who developed IBS after floods, and this may be due to restoration of
microbial balance and the gut-brain axis.
Fecal microbiota transplantation has also been explored as a potential treatment of
FGIDs, particularly IBS, with the intent of restoring the microbiome to a healthy
state[58]. Further studies are needed to help determine the appropriate goal of the
microbiota change and the composition of “healthy gut” microbiota. Rigorous trials
need to be conducted to evaluate the safety of these transplants for use in FGIDs,
which generally carry low mortality risk, as well as to evaluate the long-term
durability of results.
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For this field to advance, we require further validated measurements of
permeability that are applicable noninvasively in clinical practice as an essential first
step, followed by provision of evidence that interventions (dietary, probiotic,
microbial transplant, or pharmacological) can restore barrier function to normal. At
present, none of the three dimensions (intestinal permeability, microbiome or brain
imaging) is applicable in the personalized medicine arena.

THE “-OMICS” AND PRECISION MEDICINE
Pharmacogenomics and drug pharmacokinetics
Pharmacogenomics evaluates the impact of changes in an individual patient’s genetic
code on drug metabolism or on a therapeutic target. Genetic differences in drug
metabolism can lead to increased or decreased response to a standard dose of
medication in different patients and may lead to unintended toxicity or poor
response, respectively. The cytochrome p (CYP) 450 enzymes are responsible for
phase I metabolism of numerous drugs, and genetic variations in several of these
enzymes have been implicated in response to treatment in FGIDs.
Central pain modulators, including the tricyclic antidepressants and the selective
serotonin reuptake inhibitors (SSRIs), are frequently used to treat pain in patients
with FGIDs. These drugs are metabolized by the CYP2D6 enzyme, which has more
than 100 genetic variations that determine functionality of the enzymes. The number
of functional CYP2D6 genes was shown to correlate with nortriptyline metabolism[59],
but the clinical implications of this observation are still unproven in clinical trials or
practice, except in individual patients.
CYP2C19 is responsible for inactivation of proton pump inhibitors, as well as the H2
receptor antagonist, cimetidine. Increased activity variants of CYP2C19 can lead to
poor response to proton pump inhibitors (PPIs) in patients with functional dyspepsia.
In these cases, rabeprazole should be considered, as it is metabolized through the
CYP3A4 system. The CYP3A4 system is also responsible for the metabolism of
alosetron, a 5HT3 receptor antagonist used in treatment of IBS-D. Decreased activity
variants of CYP3A4 or concomitant use of benzodiazepines, which are also
metabolized by the same enzyme, may lead to increased drug effects and higher risk
of toxicity[60].

Mutations and genetic variants in FGIDs
While specific genetic variants have not been identified as therapeutic targets, there
are several polymorphisms which alter GI transit and may influence the development
of FGIDs. The serotonin-transporter protein (SERT) is located on a presynatic neuron
and clears 5-HT from the synaptic cleft, limiting downstream activation of receptors
that stimulate colonic transit. Allelic variants of the gene 5-HTTLPR, which
determines SERT synthesis, can cause decreased SERT protein and increased
serotonergic activation and accelerated colonic transit[61]. The presence of variations
causing decreased SERT has also been seen to decrease the response to the 5HT3
receptor antagonist, alosetron, and to increase the response to the 5HT4 receptor
agonist, tegaserod, both used in the treatment of IBS-C[62].

Mucosal gene expression and FGIDs
Several studies have now evaluated mucosal gene expression in FGIDs, particularly in
patients with IBS. In the IBS-D cohort, prior studies have shown altered transcription
of proteins involved in ion transport, barrier function, immune regulation, and mast
cell activation in jejunal and colorectal mucosa[63,64]. Further study of these changes
may allow improved understanding of the pathophysiology of IBS and potentially
influence development of future therapeutic targets.

LIMITATIONS
Recommendations suggested in our review are limited by the lack of availability of
“deep phenotyping”, even in specialty or academic centers. For example, nuclear
medicine SPECT imaging and MRI for measurement of gastric accommodation are
only available or offered in limited facilities. In addition, there is currently significant
heterogeneity in testing protocols and interpretation of results which leads to lack of
standardization, both in clinical data and in research. This is often observed in gastric
emptying studies where different protocol meals are utilized, leading to different
expected parameters. Similarly, balloon expulsion times in anorectal manometry have
“normal” cut offs ranging from 60 s to up to 3 min in different centers. Lastly, there is
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currently a lack of robust evidence that understanding or deeply characterizing
patient phenotype will lead to improved patient outcomes, partly due to lack of
effective treatments available, particularly for gastroparesis and gastric
dysaccommodation. However, we perceive that the future clinical practice will be
enhanced by standardization of measurements in research and clinical practice and
will facilitate development of new targeted therapies, and ultimately improve patient
care.

CONCLUSION
In summary, the time for personalization of treatments for FGIDs, based on “deep
phenotyping”, is here. FGIDs should no longer be considered diagnoses of exclusion
following extensive structural work-up. Instead, after a thorough history, patients
should receive targeted assessment and testing, depending on their symptom profile,
to evaluate the likely subtypes of FGIDs, with subsequent targeted treatment. This
shift in approach will improve patient compliance, decrease costs for work-ups[65], and
potentially decrease both patient and provider frustration. Pharmacogenetics is
currently clinically relevant in the use of central neuromodulators and PPIs, and
evaluation for genetic variants should be considered in patients who are not
responding as expected to treatment. The role of genetics in the management of
FGIDs is still a maturing field. With greater understanding of the pathophysiology of
these disorders and validation of clinically-applicable diagnostic tests, patient-based
research will provide more personalization of diagnosis and management for patients
with FGIDs. As the etiologies and pathophysiologies of these disorders are identified
and symptoms are able to become classified under specific diagnoses, we anticipate
that the umbrella category of “functional” GI disorders will ultimately be replaced by
separate and specific diseases. The examples of slow transit constipation, rectal
evacuation disorders and bile acid diarrhea already demonstrate the clinical relevance
of these phenotypes to personalize medicine.
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Abstract
BACKGROUND
It was shown in previous studies that high definition endoscopy, high
magnification endoscopy and image enhancement technologies, such as
chromoendoscopy and digital chromoendoscopy [narrow-band imaging (NBI), iScan] facilitate the detection and classification of colonic polyps during
endoscopic sessions. However, there are no comprehensive studies so far that
analyze which endoscopic imaging modalities facilitate the automated
classification of colonic polyps. In this work, we investigate the impact of
endoscopic imaging modalities on the results of computer-assisted diagnosis
systems for colonic polyp staging.
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AIM
To assess which endoscopic imaging modalities are best suited for the computerassisted staging of colonic polyps.
METHODS
In our experiments, we apply twelve state-of-the-art feature extraction methods
for the classification of colonic polyps to five endoscopic image databases of
colonic lesions. For this purpose, we employ a specifically designed experimental
setup to avoid biases in the outcomes caused by differing numbers of images per
image database. The image databases were obtained using different imaging
modalities. Two databases were obtained by high-definition endoscopy in
combination with i-Scan technology (one with chromoendoscopy and one
without chromoendoscopy). Three databases were obtained by highmagnification endoscopy (two databases using narrow band imaging and one
using chromoendoscopy). The lesions are categorized into non-neoplastic and
neoplastic according to the histological diagnosis.
RESULTS
Generally, it is feature-dependent which imaging modalities achieve high results
and which do not. For the high-definition image databases, we achieved overall
classification rates of up to 79.2% with chromoendoscopy and 88.9% without
chromoendoscopy. In the case of the database obtained by high-magnification
chromoendoscopy, the classification rates were up to 81.4%. For the combination
of high-magnification endoscopy with NBI, results of up to 97.4% for one
database and up to 84% for the other were achieved. Non-neoplastic lesions were
classified more accurately in general than non-neoplastic lesions. It was shown
that the image recording conditions highly affect the performance of automated
diagnosis systems and partly contribute to a stronger effect on the staging results
than the used imaging modality.
CONCLUSION
Chromoendoscopy has a negative impact on the results of the methods. NBI is
better suited than chromoendoscopy. High-definition and high-magnification
endoscopy are equally suited.
Key words: Endoscopy; Colonic polyps; Automated diagnosis system; Narrow-band
imaging; Chromoendoscopy; Imaging modalities; Image enhancement technologies
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: To determine which endoscopic imaging modalities are most suited for the
automated diagnosis of colonic polyps, we apply a high number of state-of-the-art
diagnosis systems to 5 endoscopic image databases obtained by different imaging
modalities. We show that narrow-band imaging is well suited, whereas
chromoendoscopy clearly decreases the results. High-definition and high-magnification
endoscopy perform equally well. The image recording conditions have a great impact on
the performance of the automated diagnosis systems.

Citation: Wimmer G, Gadermayr M, Wolkersdörfer G, Kwitt R, Tamaki T, Tischendorf J,
Häfner M, Yoshida S, Tanaka S, Merhof D, Uhl A. Quest for the best endoscopic imaging
modality for computer-assisted colonic polyp staging. World J Gastroenterol 2019; 25(10):
1197-1209
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1197.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1197

INTRODUCTION
The demand for cost saving strategies with respect to discovery, treatment and
surveillance of precursor lesions of colorectal cancer is high.
To date, the discovery of areas or lesions of interest depends on the endoscopist’s
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awareness, skills, experience and knowledge. Subsequent evaluation relies mainly on
a variety of established classification systems [1] that utilize different image
enhancement technologies.
Detection, surveillance and treatment all require high diagnostic accuracy.
Threshold criteria have been suggested by professional societies like the American
Society for Gastrointestinal Endoscopy (ASGE)[2].
Although image enhancement technologies such as chromoendoscopy and digital
chromoendoscopy [e.g., narrow-band imaging (NBI), Pentax’s i-Scan or Fujinon’s
FICE] improve the detection, characterization and classification of colonic precursor
lesions, it has been argued that this improvement applies for specialist centers only.
Technical features of modern endoscopes and the body of information, which have to
be applied during endoscopy, are rising steadily and, therefore, pose a challenge to
the endoscopist. In fact, even after educational programs to train endoscopists, not all
ASGE goals could be met by the majority of doctors, leading to misdiagnoses and
inadequate surveillance strategies[3].
Chromoendoscopy can be subdivided into conventional chromoendoscopy (CC)
and digital chromoendoscopy: (1) CC came into clinical use 40 years ago. Staining the
mucosa using (indigo-carmine) dye spray enables an easier detection and staging of
colonic polyps; and (2) digital chromoendoscopy is a technique to facilitate
’chromoendoscopy without dyes’[4] and can be subdivided into optical (NBI, blue laser
imaging) and virtual chromoendoscopy (FICE, i-Scan).
In this work, we evaluate which of the image enhancement technologies (except for
the FICE and the BLI system) and endoscopic modalities [high-definition (HD) or
high-magnification (HM)] are most suited for computer-assisted colonic polyp
staging. For this purpose, we utilize endoscopic imagery obtained from HD as well as
HM endoscopes.
Clinical scenarios for the application of automated polyp staging systems are that
the endoscopist either receives a staging suggestion after triggering the classification
procedure to be applied to some captured area or that a continuous automated
mucosa analysis is performed raising alarm in case of the identification of potentially
malignant and precursor lesions.
In this work, we aim to answer the following two questions which were only partly
or not at all answered in the previous literature: (1) which imaging modalities are best
suited for automated colonic polyp staging systems? And (2) how strong is the
influence of the image recording conditions on the results of automated diagnosis
systems?
To answer these questions, we apply experiments with twelve different feature
extraction methods on five colonic polyp image data sets from different imaging
modalities.
To determine which imaging modality is best suited to stage colonic polyps, we use
a specifically designed experimental setup to avoid biases in the outcome caused by
differing numbers of images per modality. Only one prior work systematically
analyzed the influence of imaging modalities on the results of automated diagnosis
systems. However, only HD endoscopic imagery in combination with i-Scan
technology, chromoendoscopy and traditional white light (WL) endoscopy was used.
In this work, we additionally employ HM and NBI endoscopic imagery and a more
systematical approach is taken.
To answer the second question, we analyze the influence of the image recording
conditions, such as the viewpoint or the quality of the recorded images on the results
of automated diagnosis systems. To the best of our knowledge, this has not been done
before for automated polyp diagnosis systems.

Background
In the following, we (1) briefly summarize findings from different clinical studies,
comparing the effectiveness of endoscopic imaging modalities for the detection
and/or staging of colonic polyps for human endoscopists; and (2) review related
algorithms for the automated staging of colonic polyps.
Modality comparison - human endoscopist: Clinical studies have shown that i-Scan
technology, NBI and chromoendoscopy can be considered equivalent and typically
achieve better prediction results compared to traditional WL endoscopy in case of HD
endoscopes[5,6].
It has been shown that HM NBI and HM chromoendoscopy achieve similar results
for the diagnosis of colorectal polyps (non-neoplastic vs neoplastic)[7,8]. Additionally,
HM NBI and HM chromoendoscopy achieve higher diagnosis accuracies than
standard WL endoscopy[8].
In a survey on HD and HM endoscopes[9], it was shown that HM endoscopes as
well as HD endoscopes, with or without mucosal enhancement techniques, improve
the detection and diagnosis of mucosal lesions compared to low definition
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endoscopes. In a survey about digital chromoendoscopy techniques in colonoscopy[10],
it was found that NBI, i-Scan and FICE show encouraging results in predicting the
histopathology of colonic polyps.
In summary, HM and HD- endoscopy both improve the detection and diagnosis of
colonic polyps compared to low-definition endoscopy. Furthermore, image
enhancement technologies such as i-Scan, NBI and chromoendoscopy generally
improve the diagnosis of colonic polyps compared to standard WL endoscopy.
Computer-assisted polyp staging: The topic of this work is the computer-assisted
staging of colonic polyps using endoscopic image data gathered from flexible
endoscopes with different imaging enhancement technologies. We do not deal with
automated detection of colonic polyps based on geometric properties (which is more
often conducted for capsule endoscopic data due to the high effort required for
human annotation of these data).
Previous works on computer-assisted staging of colonic polyps in combination
with different image enhancement technologies can be divided in three categories
depending on the used imaging modality: (1) HD endoscopes combined with or
without staining the mucosa and the i-Scan technology: Previous works employed
shape and contrast features extracted from blobs[11], fractal analysis-based features[12]
and convolutional neural networks[13]. (2) HM chromoendoscopy: Former studies
estimated the pit density using Delaunay triangulation [14] , applied local binary
patterns (LBP)[15] and extracted features from wavelet transform subbands[16-18]. And (3)
HM endoscopy with NBI: Dense SIFT features were applied[19,20], and features based
on the vessel structure were extracted[21].

MATERIALS AND METHODS
In this work, we use the two-class classification scheme differentiating between nonneoplastic (normal mucosa and hyperplastic polyps) and neoplastic lesions
(adenomatous and malignant polyps). A sub-classification between adenomatous and
malignant lesions cannot be performed because of missing label information for the
two NBI databases and the very limited amount of malignant polyps for the
remaining three databases (Table 1).

HD endoscopy combined the i-Scan technology and chromoendoscopy
HD-endoscopy has the advantage of a higher resolution compared to standard
definition endoscopes. Our HD-endoscopic images are gathered by traditional WL
and three i-Scan modes, both with and without CC. The i-Scan (Pentax) image
processing technology[21,22] is a digital contrast enhancement method that consists of
combinations of surface enhancement, contrast enhancement and tone enhancement.
Figure 1 shows images of an adenomatous polyp using WL endoscopy (Figure 1A), iScan (Figure 1B-D), CC (Figure 1E) and combinations of CC and i-Scan (Figure 1F-H).
Figure 2A and B shows exemplar images of the two classes using CC and i-Scan mode
2.
The images were acquired at St. Elisabeth Hospital in Vienna by extracting patches
256 × 256 in size from frames of HD-endoscopic (Pentax HiLINE HD+90i
Colonoscope) videos. Most of the videos contain sequences from eight imaging
modalities [with or without i-Scan (modes 1,2,3) and with or without staining], but in
some of the videos, only a subset of the eight imaging modalities occurs.
A previous work[23] showed that it is generally favorable to combine images of
different i-Scan modes and WL endoscopy for classifier training, but the
chromoendoscopy mode (chromoendoscopy or no chromoendoscopy) should be
identical for training and evaluation images. This outcome motivated us to group the
HD images into two separate image databases, one consisting of images without
using chromoendoscopy (no matter which i-Scan mode or WL) and the other one
consisting of images using chromoendoscopy. The two HD databases are further
denoted as ’HD-no-chromo’ (HDNC) and ’HD-chromo’ (HDC). Table 1 lists the
number of images and patients per class. The two HD databases consist of between
102 and 154 images per i-Scan mode and WL endoscopy, respectively.

HM endoscopy in combination with chromoendoscopy
HM endoscopes are defined by the capacity to perform optical zoom/magnification
by using a moveable lens in the tip of the endoscope. In that way, magnified images
are obtained without losing display quality. HM endoscopy enables the visualization
of mucosal details that cannot be seen with standard endoscopy. The CCHM database
was acquired using zoom-endoscopy with 150-fold magnification in combination with
chromoendoscopy. The CCHM image data set was acquired at the Medical University
of Vienna using a zoom-colonoscope (Olympus Evis Exera CF-Q160ZI/L) with a
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Table 1 Ground truth information of the investigated image data sets

HDNC

HDC

CCHM

NBI-A

NBI-H

Non-neoplastic

Neoplastic

Total
478

Images

144

334 (301 A, 33 M)

Patients

39

77

81

Images

213

307 (276 A, 31 M)

520

Patients

50

78

84

Images

198

518 (420 A, 98 M)

716

Patients

14

32

40

Images

173

214

387

Patients

98

135

211

Images

112

186

298

Patients

84

120

182

Ground truth information of the investigated image datasets. The ground truth is based on histology [all data
sets except the high-magnification narrow-band imaging Hiroshima (NBI-H) dataset] or the optical
appearance of the polyps (NBI-H). The number of adenomatous and malignant lesions is provided for those
databases with available information (the two high-definition databases and the high-magnification
chromoendoscopy database). A: Adenomatous; M: Malignant; CCHM: High-magnification
chromoendoscopy; NBI-A: High magnification narrow-band imaging, Aachen; NBI-H: High magnification
narrow-band imaging, Hiroshima; HDC: High-definition chromoendoscopy; HDNC: High-definition, no
chromoendoscopy.

magnification factor of 150 and indigocarmine dye-spraying. The database is acquired
by extracting patches 256 × 256 in size from 327 endoscopic color images (either 624 ×
533 pixels or 586 × 502 pixels in size) of 40 patients (Table 1). Example images of the
two classes can be seen in Figure 2C and D.

HM endoscopy in combination with NBI
NBI is a videoendoscopic system using RGB rotary filters placed in front of a WL
source to narrow the bandwidth of the spectral transmittance. NBI enhances the
visibility of microvessels and their fine structure on the colorectal surface. The pits are
also indirectly observable since the microvessels between the pits are enhanced in
black, while the pits remain white.
In this work, we employ two different data sets gathered by HM endoscopy using
NBI. The images of the NBI-HM database Aachen (NBI-A) were acquired at the
University Hospital Aachen using an NBI zoom endoscope, which can magnify the
image to a maximum of 150-fold (CF-Q160ZI, Olympus Medical Systems Europe). The
database was acquired by extracting patches 256 × 256 in size from 387 endoscopic
color images 502 × 586 in size from 211 patients (Table 1). Exemplar images of the two
classes are shown in Figure 2E and F.
The NBI-HM database Hiroshima (NBI-H) was acquired at the Hiroshima
University Hospital using an NBI zoom endoscope, which can magnify the image to a
maximum of 75-fold (CF-H260AZ/I, Olympus Optical Co.). Care was taken that the
lighting conditions, zooming and optical magnification were kept as similar as
possible across different images. The database (Table 1) is acquired by extracting
patches 256 × 256 in size from captured images 1440 × 1080 pixels in size. Exemplar
images of the two can be seen in Figure 2G and H.
In contrast to the other databases, whose image labels were provided according to
their histological diagnosis, the image labels of the NBI-H database were provided
according to the optical appearance of the polyps (by at least two experts).

Feature extraction methods
In this section, we briefly describe the twelve feature extraction methods. All methods
have proven to be well suited for the diagnosis of colonic polyps in the literature for
certain imaging settings.
Non-adapted CNN and adapted CNN: Two convolutional neural networks. One is
learned on the ImageNet database [non-adapted CNN (NA-CNN)] and the other one
is adapted to colonic polyp classification (A-CNN) by training it on our polyp
databases[24].
Delaunay[14]: This approach analyzes the pit-pattern structure and was developed
for HM-endoscopic imagery using chromoendoscopy.
BlobShape[11], BALFD[25] and BSAGLFD[12]: Three methods that are analyzing the pitpattern structure and were designed for HD-endoscopic image data.
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Figure 1

Figure 1 Images of a polyp using digital (i-Scan) and/or conventional chromoendoscopy. WL: White light endoscopy; CC: Conventional chromoendoscopy.

Dual-tree complex wavelet transform, Gabor wavelet transform-Weibull and
Shearlet-Weibull: Three wavelet based transforms [dual-tree complex wavelet
transform (DT-CWT), Gabor wavelet transform (GWT) and shearlet transform] whose
subbands are fitted by the two-parameter Weibull distribution[18].
Local color vector patterns and multiscale block binary patterns: Two methods
based on LBP. Multiscale local color vector patterns (LCVP) [15] were developed for
HM-endoscopic imagery using chromoendoscopy, and the multiscale block binary
patterns (MB-LBP) operator[26] is a general purpose image descriptor.
VesselFeature: This approach[21] analyzes the blood vessel structure and is designed
for NBI images.

Experimental setup
For our experiments classifying the five endoscopic image databases, we rely on a
protocol based on the selection of repeated random splits, as is common practice in
machine learning. In one iteration, the classification model is trained and evaluated
with randomly selected samples from the overall data set. This selection is performed
in a way to ensure that the images of one patient are either all in the training or in the
evaluation data set (similar to the leave-one-patient-out protocol[15]). To facilitate a fair
comparison between image data sets, the amount of training samples is fixed and
balanced over the two classes. Specifically, we randomly select 80 samples per class
for training and 20 samples per class for evaluation.

Statistical analysis
To obtain stable outcomes, we apply 32 random splits and report the mean accuracies
as well as the standard deviations. Additionally, we report the sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV).
Classification is performed using linear support vector machines (SVMs)[27]. The
optimal SVM’s c-value is assessed during inner cross-validation using the training
data only.

RESULTS
In Figure 3, we show the SVM classification results of our 12 feature extraction
methods on each of our 5 colonic polyp image data sets. In each subplot, we see the
classification accuracies on the 5 image data sets using one certain image
representation. Figure 4 shows a boxplot that summarizes the results in Figure 3. This
figure gives an overview of the results of the different feature extraction techniques
per data set.
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Figure 2

Figure 2 Example images of the two classes from the employed image databases. HD: High-definition endoscopy; CCHM: High-magnification
chromoendoscopy; NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-band imaging, Hiroshima.

Generally, it is feature dependent which imaging modalities achieve high results
and which do not. This outcome was to be expected since many of the employed
feature extraction methods were specifically developed for certain imaging
modalities.
For the two HD image databases, overall classification rates were achieved of up to
79.2% (HDC) and up to 88.9% (HDNC). The classification rates for the database
obtained by CCHM reached up to 81.4%. For the two databases combining HM
endoscopy with NBI, results of up to 97.4% (NBI-H) and 84% (NBI-A) were achieved.
In Figure 3, we can observe that the NBI-H set achieves the highest overall
classification rates for 11 out of 12 feature extraction methods (all except the Delaunay
feature).
Comparing the results of the two NBI-based data sets, we notice that the NBI-A
image data shows distinctly lower classification rates compared to the NBI-H data set.
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Figure 3

Figure 3 Mean classification accuracies and standard deviations of the methods per data set. HDC: High-definition chromoendoscopy; HDNC: High-definition,
no chromoendoscopy; CCHM: High-magnification chromoendoscopy; NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrowband imaging, Hiroshima; A-CNN: Adapted CNN; NA-CNN: Non-adapted CNN; DT-CWT: Dual-tree complex wavelet transform; GWT: Gabor wavelet transform.

Considering the results of the two HD-endoscopic data sets HDC and HDNC, it can
be observed that the obtained rates using chromoendoscopy are inferior in 11 out of
12 cases (all except the A-CNN approach).
Figure 5 gives an overview of the results of the methods for the statistical
performance measures specificity, sensitivity, PPV and NPV per data set. The
specificity rates are in general clearly higher than the sensitivity rates (in four of five
databases) which means that non-neoplastic lesions are classified more correctly than
neoplastic lesions.

DISCUSSION
Influence of the image recording conditions on the results
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Figure 4

Figure 4 Box plot showing the median, the quantiles and the minimum and maximum accuracies obtained by
the different feature extraction techniques per imaging modality. NBI-H: High-magnification narrow-band
imaging, Hiroshima; NBI-A: High-magnification narrow-band imaging, Aachen; CCHM: High-magnification
chromoendoscopy; HDC: High-definition chromoendoscopy; HDNC: High-definition, no chromoendoscopy.

The classification results of the considered computer-assisted staging systems depend
on not only the used feature extraction methods and image modalities, but also to a
considerable extent on the quality of the gathered images (blur, lighting conditions, in
focus vs out of focus, visibility of the mucosal structures, visibility of markers for the
respective classes, and other factors) and the uniformity of the image recording
conditions such as the viewpoint (distance and angle of view of the endoscope
towards the mucosa wall) and the lighting conditions across the images of a database.
When we compare our two NBI databases, there are clear advantages with respect
to the visibility of markers for the respective classes and the consistency of the image
recording conditions for the NBI-H database. For the NBI-H database, special care
was taken to keep lighting conditions, zoom and optical magnification as similar as
possible across different images. The NBI-H database is the only database whose
labeling is based on the optical appearance of the polyps [19] (especially the
microvessels); thus, special care was taken to ensure that class-specific characteristics
were well visible on each image. In Figure 6, we can see some example images from
the NBI-A database that were acquired with poor illumination, poor visibility of
mucosal structures or reflections.
To quantify the differences in the image quality between the two NBI databases we
conduct two experiments that will show us differences in the visibility of mucosal
structures and the amount of reflections in the images. To show the amount of
reflections in an image we simply add up the number of overexposed pixels (gray
value bigger than 240) per image. Our approach to show the visibility of mucosal
structures per image is based on difference of Gaussians (DoG). We apply DoG by
subtracting a Gaussian blurred image from the original image. By using a Gaussian
filter kernel with σ = 3 and size 8 × 8, the resulting DoG image of a grayscale
endoscopic image highlights mucosal structures, such as the pit-pattern structure. The
mean over the absolute values of the DoG image gives an indication about the
visibility of mucosal structures in an image. The higher the mean value, the better the
visibility of mucosal structures. In Figure 7, we present two histograms showing
differences in image quality between the two NBI databases.
We can clearly see in Figure 7 that the NBI-A database clearly contains more
reflections in the images as the NBI-H database. The average DoG values are clearly
higher in the NBI-H database, which indicates a better visibility of mucosal structures
in the NBI-H database.
A third experiment comparing the number of underexposed pixels per image
showed that the NBI-A database has a higher percentage of images where large areas
of the image are underexposed, but the differences between the two NBI databases
are rather small, which is why we only show figures for reflections and the visibility
of mucosal structures, where clear differences occur.
Thus, it is not surprising that the NBI-H database achieved distinctly better results
than the NBI-A database in our experiments. Therefore, the image recording
conditions do have a high impact on automated diagnosis systems.
The fact that the image recording conditions have significant impact on the
classification results and that it is difficult to quantify the quality of the images and
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Figure 5

Figure 5 Bar plot showing the means and standard deviations of four statistical performance measures
(sensitivity, specificity, positive predictive value and negative predictive value) over the different feature
extraction techniques per data set. NPV: Negative predictive value; PPV: Positive predictive value; NBI-H: Highmagnification narrow-band imaging, Hiroshima; NBI-A: High-magnification narrow-band imaging, Aachen; CCHM:
High-magnification chromoendoscopy; HDC: High-definition chromoendoscopy; HDNC: High-definition, no
chromoendoscopy.

the uniformity of the image recording conditions in the different databases makes it
difficult to assess which imaging modality is best suitable for the staging of colonic
polyps.
However, for example the two HD databases are gathered from the same
endoscopic videos (taken by the same endoscopist); thus, their quality and the
uniformity of the image recording conditions are quite similar. The images from the
CCHM database are taken from the same endoscopist as the videos of the HD
database; therefore, their quality could also be assumed to be at least similar. The
images of the CCHM database as well as the two HD databases are acquired under
varying viewpoint and lighting conditions, but the mucosal structure (the pit-pattern
structure) is always visible for these three databases. Only the NBI-A database
contains images without visible mucosal structures.

Chromoendoscopy vs NBI
When we compare the results on the two NBI-HM databases (NBI-H and NBI-A) with
the results on the CCHM, we see that the results for the NBI-H database are clearly
better than those for the CCHM database and that the results for the NBI-A database
are quite similar to those for the CCHM database. Therefore, we cannot clearly
answer the question which of the two imaging modalities, chromoendoscopy or NBI,
is better suited for the automated staging of colonic polyps. However, because of the
similar results of the NBI-A and CCHM databases, despite the higher image quality of
the CCHM database, and the distinctly higher results on the NBI-H database it seems
safe to assume that NBI is better suited than chromoendoscopy.

Chromoendoscopy vs no chromoendoscopy
When we compare the results of the two HD-endoscopic data sets, then we can
observe that chromoendoscopy decreases the classification rates for all feature
extraction methods except for one. Therefore, chromoendoscopy should not be used
for automated diagnosis systems.

HM vs HD
Based on the overall similar results of the two chromoendoscopic databases (CCHM
and HDC) shown in Figures 3 and 4, HD endoscopy and HM endoscopy are
approximately equally well suited for automated diagnosis systems. However, the
results are not strictly conclusive since most of the HD-endoscopic images are
gathered using different i-Scan modes, in contrast to the HM images which are
gathered without digital chromoendoscopy.
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Figure 6

Figure 6 Example images of the high magnification narrow-band imaging Aachen database showing poor illumination (A) poor visibility of mucosal
structures (B) and reflections (C).
Figure 7

Figure 7 Histograms showing the number of overexposed pixels (A) respectively the average difference of Gaussians values (B) per image of the two
narrow-band imaging databases. NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-band imaging, Hiroshima; DoG:
Difference of Gaussians.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer is the second most common cause of cancer death worldwide. Computer-aided
decision support systems (CADSSs) aim at helping physicians to detect and classify colonic
polyps more accurately. Since about two decades, there is a rising interest in CADSSs and a
rising number on publications on CADSSs for colonic polyp staging.

Research motivation
Clinical studies showed that high definition endoscopy, high magnification endoscopy and
image enhancement technologies, such as chromoendoscopy and digital chromoendoscopy
[narrow-band imaging (NBI), i-Scan] facilitate the detection and classification of colonic polyps
during endoscopic sessions. However, there are no comprehensive studies so far that analyze
which endoscopic imaging modalities facilitate CADSSs for colonic polyp staging.

Research objectives
In this work, we assess which endoscopic imaging modalities are best suited for the computerassisted classification of colonic polyps.

Research methods
In our experiments, we apply twelve automated polyp staging systems to five endoscopic image
databases of colonic lesions. The image databases were obtained using different endoscopic
imaging modalities. By comparing the classification results of the different image databases, we
aim to find out which imaging modalities are most suited for the automated classification of
colonic polyps.

Research results
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The high-definition (HD) image databases obtained with chromoendoscopy achieved overall
classification rates of up to 79.2% whereas the HD image databases without chromoendoscopy
achieved results up to 88.9%. The classification rates of the image database obtained by highmagnification (HM) chromoendoscopy were up to 81.4%. For the two image databases obtained
by HM endoscopy in combination with NBI, one database achieved classification rates up to
97.4%, whereas the other one only achieved classification rates up to 84%.

Research conclusions
The results strongly indicate that chromoendoscopy has a negative impact on the automated
diagnosis. The results also indicate that HD and HM endoscopy perform equally well, although
the results are not strictly conclusive. Given the higher costs of HM systems and the difficulty in
acquiring high quality imagery due to the HM (which definitely requires a well-trained
endoscopist), HD systems should be the better option in clinical computer-assisted staging
practice. In case of the comparison of chromoendoscopy vs NBI, there are strong indications that
NBI is favorable. However, it turned out that the image recording conditions partly contribute to
a stronger effect on the staging results than the used imaging modality.

Research perspectives
We showed that CADSSs for colonic polyp staging should not be applied to endoscopic image
data obtained by chromoendoscopy, whereas image data obtained by NBI is suited for
automated diagnosis systems. Important factors for the success of CADSSs are the image quality
of the endoscopic image data and the uniformity of the image recording conditions.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
with high mortality-to-incidence ratios. Nuclear factor erythroid 2-like 3
(NFE2L3), also known as NRF3, is a member of the cap ‘n’ collar basic-region
leucine zipper family of transcription factors. NFE2L3 is involved in the
regulation of various biological processes, whereas its role in HCC has not been
elucidated.
AIM
To explore the expression and biological function of NFE2L3 in HCC.
METHODS
We analyzed the expression of NFE2L3 in HCC tissues and its correlation with
clinicopathological parameters based on The Cancer Genome Atlas (TCGA) data
portal. Short hairpin RNA (shRNA) interference technology was utilized to knock
down NFE2L3 in vitro. Cell apoptosis, clone formation, proliferation, migration,
and invasion assays were used to identify the biological effects of NFE2L3 in
BEL-7404 and SMMC-7721 cells. The expression of epithelial-mesenchymal
transition (EMT) markers was examined by Western blot analysis.
RESULTS
TCGA analysis showed that NFE2L3 expression was significantly positively
correlated with tumor grade, T stage, and pathologic stage. The qPCR and
Western blot results showed that both the mRNA and protein levels of NFE2L3
were significantly decreased after shRNA-mediated knockdown in BEL-7404 and
SMMC-7721 cells. The shRNA-mediated knockdown of NFE2L3 could induce
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apoptosis and inhibit the clone formation and cell proliferation of SMMC-7721
and BEL-7404 cells. NFE2L3 knockdown also significantly suppressed the
migration, invasion, and EMT of the two cell lines.
CONCLUSION
Our study showed that shRNA-mediated knockdown of NFE2L3 exhibited
tumor-suppressing effects in HCC cells.
Key words: Nuclear factor erythroid 2-like 3; Hepatocellular carcinoma; The Cancer
Genome Atlas; Short hairpin RNA; Epithelial-mesenchymal transition
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nuclear factor erythroid 2-like 3 (NFE2L3), as a key regulator of the cellular
stress response, is involved in the regulation of various tumors, whereas its role in
hepatocellular carcinoma (HCC) has not been elucidated. Our present study identified
that NFE2L3 was closely associated with the grade and stage of HCC patients based on
The Cancer Genome Atlas database. Furthermore, our study showed that short hairpin
RNA-mediated knockdown of NFE2L3 exhibited tumor-suppressing effects in HCC
cells.

Citation: Yu MM, Feng YH, Zheng L, Zhang J, Luo GH. Short hairpin RNA-mediated
knockdown of nuclear factor erythroid 2-like 3 exhibits tumor-suppressing effects in
hepatocellular carcinoma cells. World J Gastroenterol 2019; 25(10): 1210-1223
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1210.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1210

INTRODUCTION
Hepatocellular carcinoma (HCC), one of the most common malignant tumors, ranks
as the third leading cause of cancer-related death worldwide, resulting in at least
700000 deaths each year[1,2]. Microvascular invasion, occult metastasis, recurrence, and
resistance to chemotherapy contribute to the poor prognosis and low survival rate of
HCC patients. Hepatitis B virus (HBV) and hepatitis C virus (HCV) infection,
alcoholic cirrhosis, non-alcoholic steatohepatitis, and the ingestion of aflatoxin B1 are
the main risk factors for HCC development[3]. Current therapeutic strategies for HCC
include chemotherapy, surgical resection, liver transplantation, radiofrequency
ablation, and drug therapy[4,5]. The mechanism of HCC is very complex, and more
research is needed to provide more detailed clues.
Nuclear factor erythroid 2-like 3 (NFE2L3), also known as NRF3, was first
identified and reported in 1999 and is a member of the cap ‘n’ collar basic-region
leucine zipper family of transcription factors[6]. The human NFE2L3 transcript encodes
a 694-amino acid protein that can bind to antioxidant response elements by
heterodimerizing with small musculoaponeurotic fibrosarcoma factors[6,7]. NFE2L3, as
a key regulator of the cellular stress response, is expressed in a wide variety of tissues
such as the heart, brain, lung, liver, kidney, and pancreas, particularly abundant in the
placenta [8,9] . Accumulating evidence suggests that NFE2L3 is involved in the
regulation of various biological processes, such as transcription, signal transduction,
cell cycle, growth, development, differentiation, and inflammation. In addition to
these functions, Chevillard et al[10] showed that the absence of NFE2L3 predisposes
mice to lymphoma development, suggesting a protective role for this transcription
factor in hematopoietic malignancies. Wang et al[11] reported that NFE2L3 is necessary
for RCAN1-4-mediated enhanced growth and invasion, and its overexpression
independently enhances these effects in thyroid cancer cells. Chowdhury et al[12]
demonstrated that NFE2L3 promotes colon cancer cell proliferation by activating
UHMK1 gene expression. These findings suggest that NFE2L3 may be a crucial
regulator of cancer progression. However, the roles of NFE2L3 in HCC and their
underlying molecular mechanisms have yet to be elucidated.
In the present study, we analyzed the expression of NFE2L3 in HCC and its
correlation with clinicopathological parameters based on the Cancer Genome Atlas
(TCGA) data portal. In addition, we utilized short hairpin RNA (shRNA) interference
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technology to knock down NFE2L3 in vitro and systematically evaluated the
biological function of NFE2L3 in HCC cells.

MATERIALS AND METHODS
HCC patient data in the Cancer Genome Atlas
A total of 344 HCC patients with clinicopathological information and RNA-Seq
expression data were obtained from TCGA database
(https://cancer-genome.nih.gov/). The gene expression data were normalized using
the RNA normalization method described in TCGA National Cancer Institute (NCI)
Wiki.

Cell lines and cell culture
Human HCC cell lines (SMMC-7721 and BEL-7404) were purchased from the Type
Culture Collection of the Chinese Academy of Sciences (Shanghai, China) and
identified by short tandem repeat analysis. SMMC-7721 and BEL-7404 cells were
cultured in RPMI 1640 medium (Gibco, NY, United States) supplemented with 10%
fetal bovine serum (FBS) (Gibco, Sydney, Australia), 100 U/mL penicillin, and 100
μg/mL streptomycin (Gibco, NY, United States) and incubated at 37 °C in a
humidified atmosphere with 5% CO2.

Short hairpin RNA lentivirus infection
An NFE2L3 shRNA interference lentiviral vector was constructed and synthesized by
GeneChem Co., Ltd (Shanghai, China). The NFE2L3 shRNA interference target
sequence was 5’-AGTCAATCCCAACCACTAT-3’ (shNFE2L3), and a scramble
sequence 5’-TTCTCCGAACGTGTCACGT-3’ was used as a negative control (shCtrl).
The lentiviral vectors were transfected into SMMC-7721 and BEL-7404 cells according
to the manufacturer’s instructions. The cells were seeded (2 × 105 cells/mL) onto 6well plates and incubated for 24 h to reach 50% confluence, and then replaced with
infection medium containing lentiviral vectors at a multiplicity of infection of 10
plaque-forming units/cell. Successfully infected cells were green fluorescent protein
positive and observed under a fluorescence microscope after 72 h, and the
interference efficiency of NFE2L3 shRNA was determined using quantitative realtime PCR (qPCR) and Western blot.

RNA extraction and real-time PCR
Total RNA was extracted with TRIzol reagent (Pufei Biotechnology, Shanghai, China).
The RNA concentration and purity were assessed using the OD260 and
OD260/OD280 ratio, respectively, and cDNA was synthesized with M-MLV RT
(Promega, United States) according to the manufacturers’ instructions. qPCR was
performed using a SYBR Green master mix (Takara Biotechnology, Dalian, China) on
the Stratagene Mx3000P (Agilent Technologies, United States). The sequences of the
primers are as follows: NFE2L3, forward: 5’-ACACTTACCACTTACAGCCAACT-3’,
reverse: 5’-CTTCGTCTGATGTCACGGAT-3’; GAPDH, forward: 5’TGACTTCAACAGCGACACCCA-3’, reverse: 5’-CACCCTGTTGCTGTAGCCAAA-3’.
Relative mRNA levels were calculated by the comparative threshold cycle method
(2-ΔCt)[13] using GAPDH as the internal control.

Flow cytometry assay
The cells were seeded (2 × 105 cells/mL) onto 6-well plates at 72 h posttransfection
and incubated to reach approximately 85% confluence. Both supernatant and
adherent cells were harvested, centrifuged, washed with D-Hanks solution, and resuspended at a density of 1 × 106 cells/mL in 1 × binding buffer solution. The cells
were stained with Annexin V-APC for 15 min at room temperature using the Annexin
V Apoptosis Detection Kit APC (eBioscience, San Diego, CA, United States) following
the manufacturer’s instructions. Flow cytometry was performed on a Guava easyCyte
HT system (Millipore, Billerica, MA, United States) and analyzed using Guava InCyte
software (Millipore).

Clone-forming assay
The cells were seeded (8 × 102 cells/well) onto 6-well plates at 72 h posttransfection
and cultured for 9 d with a medium change every 3 d. The cell clones were
photographed using a fluorescence microscope (Olympus, Tokyo, Japan) before the
termination of the culture. The cells were fixed with 4% paraformaldehyde for 30 min
and washed once with phosphate-buffered saline (PBS), followed by staining with
Giemsa (Sigma-Aldrich, United States). After washing with distilled deionized water
and drying completely, the cell clones were photographed with a digital camera and
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then counted. Each experimental group was performed in triplicate.

Cell proliferation assay
The cells were seeded onto 96-well plates at a density of 2 × 10 3 cells/well and
cultured at 37 °C in 5% CO2 for 24 h. Direct counting of cells in the 96-well plates was
scanned and analyzed using a Celigo cytometer (Nexcelom, Manchester, United
Kingdom) from the next day of plating for a continuous 5 d. By adjusting the input
parameters of the analysis settings, the number of cells with green fluorescence was
accurately calculated and statistically analyzed. Cell count-fold represents the cell
count at each time point relative to the average on day 1, indicating changes in cell
proliferation. Cell growth curves were plotted based on the cell count-fold value at
different time points.
The cells were seeded onto a 96-well plate at a density of 5 × 103 cells/well and
incubated for 24 h. Then, 20 μL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Genview, Houston, TX, United States; 5 mg/mL) in PBS
was added to each well, and the cells were incubated for an additional 4 h. After
termination of incubation, the supernatants were discarded and replaced with 100 μL
dimethyl sulfoxide to dissolve the formazan crystals. The optical density values were
measured at 490 nm to estimate viable cells. OD490-fold represents the OD values at
each time point relative to the average of day 1, indicating changes in cell
proliferation.

Cell migration assay
The cell density was adjusted to 9 × 104 cells/well with basic medium. The apical
chamber was loaded with 100 μL of cell suspension, and the basolateral chamber was
supplied with 600 μL of the culture medium containing 30% FBS. After incubation for
48 h, the medium was removed from the upper chamber, and the cells were scraped
off with a cotton swab. The cells that invaded to the other side of the membrane were
fixed with 4% paraformaldehyde for 30 min, followed by staining with Giemsa
(Sigma-Aldrich, United States). Migratory cells were counted under an inverted
microscope (200 ×) in at least three randomly selected fields.

Cell invasion assay
The cell density was adjusted to 5 × 104 cells/well with basic medium. Before seeding,
24-well transwell chambers with 8 μm pores (Corning, United States) were coated
with Matrigel (BD Biosciences, San Jose, CA, United States), followed by the
hydration of the Matrigel matrix layer. The apical chamber was loaded with 500 μL of
cell suspension, and the basolateral chamber was supplied with 750 μL of the culture
medium containing 30% FBS. After incubation for 60 h, the medium was removed
from the upper chamber, and the cells were scraped off with a cotton swab. The cells
that invaded to the other side of the membrane were stained with Giemsa. The
invaded cells were counted under an inverted microscope in at least three randomly
selected fields.
Western blot analysis
The cells were harvested and washed twice with ice-cold PBS and then lysed using
protein RIPA lysis buffer (Beyotime, Shanghai, China). The protein concentration was
determined using a BCA protein assay kit (Beyotime, Shanghai, China). The protein
samples were mixed with 5× SDS-PAGE loading buffer (Beyotime, Shanghai, China)
and boiled for 5 min. A total of 30 μg of protein was separated using 10% SDS-PAGE
and then transferred onto polyvinylidene fluoride membranes (Merck Millipore,
Billerica, MA, United States). Subsequently, the membranes were blocked in Trisbuffered saline/Tween 20 (TBST) solution containing 5% skim milk at room
temperature for 1 h and then incubated separately overnight at 4 °C with the
following primary antibodies: Anti-NFE2L3 (NBP2-30870, 1:200, Novus), anti-NCadherin (13116, 1:1000, Cell Signaling Technology), anti-Vimentin (ab92547, 1:2500,
Abcam), anti-Snail1 (3879, 1:1000, Cell Signaling Technology), anti-Snail2 (9585,
1:1000, Cell Signaling Technology), and anti-GAPDH (sc-32233, 1:2000, Santa Cruz).
GAPDH was used as the internal control to normalize protein loading. After washing
four times with TBST, the membranes were incubated for 1.5 h at room temperature
with horseradish peroxidase-conjugated AffiniPure goat anti-mouse IgG (sc-2005,
Santa Cruz) or anti-rabbit IgG (sc-2004, Santa Cruz). The protein bands were
visualized with the Pierce ECL Western Blotting Substrate kit (Thermo Scientific,
Rockford, IL, United States) after washing with TBST.

Statistical analysis
Statistical analyses were performed using GraphPad Prism 6.0 software (GraphPad
Prism 6.0 Software Inc., San Diego, CA, United States). We used a chi-square test to
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analyze the differences between groups and the Spearman rank correlation test to
examine the correlations. Student’s t test (two-tailed) was used to determine
significant differences between two groups. One-way analysis of variance (ANOVA),
followed by Dunn’s multiple comparison test, was used for multiple comparisons.
The data are presented as the mean ± SD. Differences with P-values < 0.05 were
considered statistically significant.

RESULTS
Correlation between NFE2L3 expression and clinicopathological features
To evaluate NFE2L3 expression in HCC, we analyzed 344 HCC patients with detailed
clinicopathological information, and RNA-Seq expression data were obtained from
the TCGA database. For the statistical analysis, the patients were divided into two
groups based on the median expression level of NFE2L3: A low expression group (n =
172) and a high expression group (n = 172). The association between NFE2L3
expression and clinicopathological features are listed in Table 1, which revealed that
NFE2L3 expression was related to tumor grade (P = 0.0006), T stage (P = 0.007), and
pathologic stage (P = 0.0138). As shown in Figure 1A, the expression level of NFE2L3
in G3/4 HCC patients was significantly higher than that in G1/2 grade patients.
Figure 1B and C shows that NFE2L3 expression gradually increased with the
advancement of T stage and pathologic stage, and the difference was significant in
T3/4 patients compared to T1 patients (P < 0.01) and was also significant in stage
III/IV patients compared to stage I patients (P < 0.01). In addition, the Spearman rank
correlation analysis demonstrated that there was a significant correlation between
NFE2L3 expression and tumor grade (P < 0.0001), T stage (P = 0.0004), and pathologic
stage (P = 0.0007), but there was no significant correlation between different
clinicopathological features (Table 2).

Expression of NFE2L3 mRNA and protein in HCC cell lines
To investigate the potential role of NFE2L3, we performed shRNA interference to
knock down NFE2L3 in BEL-7404 and SMMC-7721 cells. The interference efficiency of
NFE2L3 shRNA was measured by qPCR and Western blot. As shown in Figure 2A
and B, NFE2L3 mRNA levels were significantly reduced by more than 50% (P < 0.05)
in the two cell lines infected with NFE2L3 shRNA (shNFE2L3) compared with the
negative control cells (shCtrl). Additionally, the Western blot results indicated that the
protein level of NFE2L3 was markedly decreased after shRNA-mediated knockdown
in BEL-7404 and SMMC-7721 cells.

Role of NFE2L3 in the apoptosis, clone formation, and proliferation of HCC cells
Flow cytometry results demonstrated that the apoptosis rate of the shNFE2L3 group
was significantly higher than that of the shCtrl group in BEL-7404 and SMMC-7721
cells (P < 0.05, Figure 3A and B). The clone formation assay of BEL-7404 and SMMC7721 cells showed that NFE2L3 shRNA reduced the number of clones by
approximately 50% compared with those in the shCtrl group (Figure 3C and D). After
5 d of continuous detection by Celigo cytometry, the number of cells with green
fluorescence was accurately calculated and statistically analyzed. The cell count-fold
values of the shNFE2L3 group were significantly lower than those of the shCtrl group
in BEL-7404 and SMMC-7721 cells, especially on day 4 and day 5 (Figure 3E and F).
Subsequently, the MTT results revealed that the OD 490-fold values of the shNFE2L3
group in BEL-7404 and SMMC-7721 cells were significantly lower than those of the
shCtrl group on days 4 and 5 (Figure 3G and H), which are consistent with the results
detected by the Celigo cytometer.

ShRNA-mediated knockdown of NFE2L3 suppresses the migration, invasion, and
epithelial-mesenchymal transition (EMT) of HCC cells
We further explored the effect of NFE2L3 knockdown on the migration, invasion, and
EMT of HCC cells. The cell migration assay showed that compared with the shCtrl
group, shRNA-mediated knockdown of NFE2L3 in BEL-7404 and SMMC-7721 cells
resulted in markedly decreased migration ability, as indicated by a significant
reduction in the average number of migrated cells (Figure 4A and B). Furthermore,
the transwell invasion assay showed that NFE2L3 knockdown significantly weakened
the invasion capacity of BEL-7404 and SMMC-7721 cells in vitro, as evidenced by a
significant decrease in the mean number of cells that invaded through the Matrigelcoated membrane (Figure 4C and D). As shown in Figure 4E and F, shRNA-mediated
knockdown of NFE2L3 dramatically decreased the levels of mesenchymal markers
(N-cadherin and Vimentin) and EMT transcription regulators (Snail1 and Snail2) in
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Table 1 Association of nuclear factor erythroid 2-like 3 expression with clinicopathological
features of hepatocellular carcinoma patients in The Cancer Genome Atlas dataset n (%)
NFE2L3 expression
Variable

Total cases
Low (n = 172)

P-value

High (n = 172)

Tumor grade

0.0006

G1/2

122 (70.9)

91 (52.9)

213

G3/4

50 (29.1)

81 (47.1)

131

T stage

0.0070

T1

100 (58.1)

71 (41.2)

171

T2

35 (20.3)

52 (30.2)

87

T3/4

37 (21.5)

49 (28.5)

86

Pathologic stage

0.0138

I

98 (57.0)

71 (41.2)

169

II

35 (20.3)

50 (29.1)

85

III/IV

39 (22.7)

51 (29.7)

90

NFE2L3: Nuclear factor erythroid 2-like 3.

BEL-7404 and SMMC-7721 cells.

DISCUSSION
HCC is the result of many variable etiological factors, such as HBV, HCV, alcohol,
aflatoxin, congenital and acquired metabolic diseases[14,15]. Thus, HCC caused by
different risk factors may have a different molecular basis involving the loss of cell
cycle control and senescence control, the dysregulation of apoptosis, liver
inflammation, and hepatocarcinogenesis[16]. As a potent transcriptional regulator,
NFE2L3 can regulate carcinogenesis, inflammation, and stem cell differentiation by
activating or inhibiting the transcription of its target genes depending on the cellular
context[12,17]. Additionally, DNA methylation is associated with metabolic diseases[18],
which are the main risk factors of HCC. Thus, the methylation level of NFE2L3 gene
may be involved in hepatocarcinogenesis. However, the role of NFE2L3 in HCC and
its underlying molecular mechanisms have not been investigated.
In the present study, we first reported the expression and biological function of
NFE2L3 in HCC. TCGA analysis showed that NFE2L3 expression was significantly
positively correlated with tumor grade, T stage, and pathologic stage. Subsequently,
we selected SMMC-7721 and BEL-7404 for shRNA interference and functional studies.
Knockdown of NFE2L3 could induce apoptosis and inhibit the clone formation and
cell proliferation of HCC cells. NFE2L3 knockdown also significantly suppressed the
migration and invasion of HCC cells. Additionally, our results showed that shRNAmediated knockdown of NFE2L3 dramatically decreased the levels of mesenchymal
markers (N-cadherin and Vimentin) and EMT transcription regulators (Snail1 and
Snail2) in BEL-7404 and SMMC-7721 cells. EMT is essential for tumor metastasis and
involves a cellular reprogramming process in which polarized, immotile epithelial
cells lose adherent and tight junctions, exhibit increased motility, and acquire a
mesenchymal phenotype[19,20]. N-cadherin, a mesenchymal cadherin associated with
EMT, has been widely studied in various tumor types. Vimentin, as a type 3
intermediate filament protein, is also a critical EMT mesenchymal cell marker. Several
transcription factors, including the Snail/Slug family, Twist, and ZEB1, function as
molecular switches of the EMT program [21] . As a critical regulator of multiple
signaling pathways leading to EMT, the expression of Snail is closely associated with
cancer metastasis. Slug, another member of the Snail family of transcription factors,
has been characterized as a strong E-cadherin repressor and a major EMT inducer and
is correlated with distant metastasis[22]. Thus, the decrease in the levels of N-cadherin,
Vimentin, Snail1, and Snail2 represents a block in the EMT process. These
observations will help us to further investigate the molecular mechanisms of NFE2L3
in HCC, which will be reported in the near future.
Based on the published literature, we speculated on the possible mechanism
underlying the role of NFE2L3 in HCC. Chenais et al[7] found that NRF3 (NFE2L3)
mRNA and protein expression is upregulated by the proinflammatory cytokine tumor
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Figure 1

Figure 1 Association of nuclear factor erythroid 2-like 3 expression with clinicopathological features of hepatocellular carcinoma patients in The Cancer
Genome Atlas dataset. A: Nuclear factor erythroid 2-like 3 (NFE2L3) expression in G1/2 (n = 213) and G3/4 (n = 131) hepatocellular carcinoma (HCC) patients; B:
NFE2L3 expression in T1 (n = 171), T2 (n = 87) and T3/4 (n = 86) HCC patients; C: NFE2L3 expression in stage I (n = 169), stage II (n = 85), and stage III/IV (n = 90)
HCC patients. bP < 0.01, cP < 0.001. NFE2L3: Nuclear factor erythroid 2-like 3; HCC: Hepatocellular carcinoma.

necrosis factor-α (TNF-α). Huang et al[23] reported that TNF-α could enhance migration
and inhibit the apoptosis of the HCC cell line HepG2 by upregulating heat shock
protein 70 (HSP70). Jing et al[24] indicated that TNF-α promoted HCC carcinogenesis
through the activation of hepatic progenitor cells. Therefore, we hypothesized that the
cancer-promoting role of NFE2L3 in HCC might be regulated by TNF-α. Moreover,
Xiao et al[25] indicated that NFE2L3 could directly activate the phospholipase A2,
group 7 (Pla2g7) gene at the transcriptional level. Pla2g7 was upregulated in more
than half of the tumors in hepatitis C virus-associated HCC[26]. Pla2g7, associated with
aggressive prostate cancer, promoted prostate cancer cell migration and invasion and
was inhibited by statins[27]. Low et al[28] found that Pla2g7 is important in regulating
tumor cell migration and acts as a novel tumor-promoting factor in nasopharyngeal
carcinoma. It could be speculated that NFE2L3 might promote HCC cell migration
and invasion via directly activating Pla2g7 transcription. Additionally, NFE2L3 was
identified as a negative regulator of the peroxiredoxin 6 (PRDX6) promoter in human
pulmonary A549 cells by reporter gene assay[9,29]. PRDX6, as a bifunctional enzyme
with both peroxidase and calcium-independent phospholipase A2 (iPLA2) activity,
induces S phase arrest and promotes apoptosis in HCC cells, and inhibits HCC
tumorigenicity in mice injected with cancer cells[30]. From these data, we hypothesized
that shRNA-mediated knockdown of NFE2L3 might induce apoptosis and inhibit
hepatocarcinogenesis through negative regulation of PRDX6. The discovery and
identification of NFE2L3 target genes are essential for understanding the molecular
mechanisms underlying their roles. Although several potential target genes of
NFE2L3 have been reported, further experiments are required to confirm whether the
genes mentioned above are genuine targets of NFE2L3 in HCC.
While our current research provides important and instructive findings, some
limitations do exist. Due to partial loss of follow-up, it was not possible to perform
survival analyses for some clinical cases. In future studies, we will expand the sample
size, strengthen follow-up, and conduct detailed analyses. In addition, we have
investigated the function of NFE2L3 at the cellular level in vitro, but no animal
experiments have been performed in vivo. We need to further validate the role of
NFE2L3 through in vivo experiments and explore the molecular mechanisms
underlying its roles in HCC.
In conclusion, we identified that NFE2L3 was closely associated with the grade and
stage of HCC patients based on the TCGA database. Furthermore, our study showed
that shRNA-mediated knockdown of NFE2L3 exhibited tumor-suppressing effects in
HCC cells.
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Table 2 Pearson correlation coefficients for the relationship of nuclear factor erythroid 2-like 3 expression and clinicopathological
features
NFE2L3 expression
r

Tumor grade

P-value

r

P-value

0.2354

< 0.0001

T stage

Pathologic stage

r

P-value

0.1913
-0.0032

NFE2L3 expression

1.000

Tumor grade

0.2354

< 0.0001

1.000

T stage

0.1913

0.0004

-0.0032

0.9522

1.000

Pathologic stage

0.1811

0.0007

-0.0069

0.8985

0.9814

r

P-value

0.0004

0.1811

0.0007

0.9522

-0.0069

0.8985

0.9814

< 0.0001

< 0.0001

1.000

NFE2L3: Nuclear factor erythroid 2-like 3.

Figure 2

Figure 2 Expression of nuclear factor erythroid 2-like 3 mRNA and protein in hepatocellular carcinoma cell lines. A: Nuclear factor erythroid 2-like 3 (NFE2L3)
mRNA levels in BEL-7404 and SMMC-7721 cells infected with shNFE2L3 (NFE2L3 short hairpin RNA) were measured by qPCR; B: NFE2L3 protein levels in BEL7404 and SMMC-7721 cells infected with shNFE2L3 were measured by Western blot. Data shown are the mean ± SEM, aP < 0.05, bP < 0.01 vs shCtrl. NFE2L3:
Nuclear factor erythroid 2-like 3; shCtrl: Negative control cells; shNFE2L3: Nuclear factor erythroid 2-like 3 short hairpin RNA.
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Figure 3 Role of nuclear factor erythroid 2-like 3 in apoptosis, clone formation, and proliferation of hepatocellular carcinoma cells. A and B: Apoptotic cells
were stained with Annexin V-APC and measured using flow cytometry. The abscissa represents red fluorescence (RED-R-HLog), and the ordinate represents green
fluorescence (GRN-B-HLog) and cell count; C and D: Cell clones were stained with Giemsa and photographed with a digital camera. The number of clones was
accurately calculated and statistically analyzed; E and F: Successfully infected cells were green fluorescent protein positive and cell images were taken with a Celigo
cytometer for a continuous 5 d. Cell count-fold represents cell count at each time point relative to the average of day 1; G and H: OD values were measured at 490 nm
after the treatment of MTT. Cell growth curves were plotted based on OD 490-fold at different time point. Data shown are the mean ± SEM. Student’s t test was used
to analyze significant differences, aP < 0.05, bP < 0.01, cP < 0.001 vs shCtrl. shCtrl: Negative control cells; shNFE2L3: Nuclear factor erythroid 2-like 3 short hairpin
RNA.
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Figure 4

Figure 4 Short hairpin RNA-mediated knockdown of nuclear factor erythroid 2-like 3 suppresses migration, invasion, and epithelial-mesenchymal
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transition of hepatocellular carcinoma cells. A and B: Cell migration assay showed that migrated cells of the shNFE2L3 group were less than that of the shCtrl
group in BEL-7404 and SMMC-7721 cells; C and D: Cell invasion assay showed that invaded cells of the shNFE2L3 group were less than that of the shCtrl group in
BEL-7404 and SMMC-7721 cells. Both cell migration and invasion were measured with transwell assays. Migrated and invaded cells were stained with Giemsa and
imaged and counted under a microscope. Scare bar = 150 μm; E and F: Snail 1, N-cadherin, Snail 2, and Vimentin protein levels were analyzed using Western blot.
GAPDH was a loading control. Data shown are the mean ± SEM. Student’s t test was used to analyze significant differences, cP < 0.001 vs shCtrl. shCtrl: Negative
control cells; shNFE2L3: Nuclear factor erythroid 2-like 3 short hairpin RNA.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors. Many factors
can induce HCC, such as viral infection, alcoholic cirrhosis, and aflatoxin, while the underlying
mechanism remains unclear. Nuclear factor erythroid 2-like 3 (NFE2L3) is a member of the cap
‘n’ collar basic-region leucine zipper family of transcription factors. Studies have shown that
NFE2L3 acts as a crucial regulator in a variety of cancer progression involving proliferation,
migration, and invasion of tumor cells.

Research motivation
The roles of NFE2L3 in HCC and their underlying molecular mechanisms have yet to be
elucidated.

Research objectives
Our study aimed to examine NFE2L3 expression in HCC and to analyze its association with
clinicopathological features, and to systematically investigate the biological effects of NFE2L3 in
HCC cell lines.

Research methods
Based on The Cancer Genome Atlas data portal, we analyzed NFE2L3 expression in 344 HCC
patients and its correlation with clinicopathological features. Short hairpin RNA (shRNA)
interference technology was utilized to knock down NFE2L3 in SMMC-7721 and BEL-7404 cells.
NFE2L3 mRNA levels were quantified using qPCR. Flow cytometry, clone-forming, 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, and transwell assays were performed to
evaluate the apoptosis, clone formation, proliferation, migration, and invasion of HCC cells. The
protein levels of NFE2L3 and epithelial-mesenchymal transition (EMT) markers were examined
by Western blot.

Research results
Our results revealed that NFE2L3 expression in G3/4 HCC patients was significantly higher
than that in G1/2 grade patients, and its expression gradually increased with the advancement
of T stage and pathologic stage. The Spearman rank correlation analysis showed that NFE2L3
expression was significantly correlated with tumor grade, T stage, and pathologic stage. The
qPCR and Western blot results indicated that both mRNA and protein levels of NFE2L3 were
markedly decreased after shRNA-mediated knockdown in BEL-7404 and SMMC-7721 cells. Flow
cytometry results demonstrated that shRNA-mediated knockdown of NFE2L3 could promote
the apoptosis of HCC cells. Meanwhile, NFE2L3 knockdown significantly suppressed the clone
formation, cell proliferation, migration, and invasion of HCC cells. Additionally, our results
showed that NFE2L3 knockdown dramatically decreased the levels of mesenchymal markers (Ncadherin and Vimentin) and EMT transcription regulators (Snail1 and Snail2) in HCC cells.

Research conclusions
The present study identified that NFE2L3 was closely associated with the grade and stage of
HCC patients, and shRNA-mediated knockdown of NFE2L3 exhibited tumor-suppressing effects
in HCC cells.

Research perspectives
Our study preliminarily explored the possible role of NFE2L3 in HCC. Future studies should
focus on the following aspects. First, we will expand the sample size, strengthen follow-up, and
conduct survival analyses. Second, animal experiments will be performed to further validate the
role of NFE2L3 in vivo. Finally, we need to further explore the molecular mechanisms underlying
its roles in HCC.
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Abstract
BACKGROUND
In the present study, we investigated a suppressive role of microRNA-596 (miR596) in gastric cancer (GC). Moreover, the downregulation of miR-596 in GC cell
lines was associated with an increase of miR-596 promoter methylation. We also
established that miR-596 controls the expression of peroxiredoxin 1 (PRDX1),
which has never been reported before, suggesting that this interaction could play
an important role in GC progression.
AIM
To study the potential role and possible regulatory mechanism of miR-596 in GC.
METHODS
The expression levels of miR-596 and PRDX1 in gastric cancer tissues and cell
lines were detected by quantitative real-time PCR (qRT-PCR). Western blot and
luciferase reporter assay were used to detect the effect of miR-596 on PRDX1
expression. Then, the proliferation, metastasis, and invasion of GC cell lines
transfected with miR-596 mimics were analyzed, respectively, by Cell Counting
Kit-8 proliferation assay, wound healing assay, and transwell invasion assay.
Meanwhile, the methylation status of the promoter CpG islands of miR-596 in GC
cell lines was detected by methylation-specific PCR (MSP).
RESULTS
Expression of miR-596 was decreased and PRDX1 was upregulated in GC tissues
and cell lines. Overexpression of miR-596 decreased the expression of PRDX1 and
luciferase reporter assays detected the direct binding of miR-596 to the 3'untranslated region (UTR) of PRDX1 transcripts. Furthermore, we found that
overexpression of miR-596 remarkably suppressed cell proliferation, migration,
and invasion in GC cells. We further analyzed miR-596 promoter methylation by
MSP and qRT-PCR, and found the downregulation of miR-596 was associated
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with promoter methylation status in GC cell lines. Moreover, DNA
demethylation and reactivation of miR-596 after treatment with 5-Aza-2’deoxycytidine inhibited the proliferative ability of GC cells.
CONCLUSION
MiR-596 has a tumor suppressive role in GC and is downregulated partly due to
promoter hypermethylation. Furthermore, PRDX1 is one of the putative target
genes of miR-596.
Key words: Gastric cancer; MicroRNA-596; Methylation; Peroxiredoxin 1
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In the present study, we investigated a suppressive role of microRNA-596
(miR-596) in gastric cancer (GC). MiR-596 was downregulated in human specimens of
GC and GC cell lines, and overexpression of miR-596 significantly reduced GC cell
proliferation. Downregulation of miR-596 in GC cell lines was associated with an
increase of miR-596 promoter methylation. We also established that miR-596 controls
the expression of peroxiredoxin 1, which has never been reported before, suggesting that
this interaction could play an important role in GC progression. Overall, this study has
an impact in understanding the role of miRNAs in cancer progression.

Citation: Zhang Z, Dai DQ. MicroRNA-596 acts as a tumor suppressor in gastric cancer and is
upregulated by promotor demethylation. World J Gastroenterol 2019; 25(10): 1224-1237
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1224.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1224

INTRODUCTION
Gastric cancer (GC) is one of the most common digestive malignancies and remains
the second most common cause of cancer-related mortality worldwide[1]. Currently,
most patients are diagnosed at an advanced stage, leading to a low cure rate and a
low 5-year survival rate. Therefore, it is necessary to further study the molecular
mechanism of GC and identify more effective biomarkers for the diagnosis and
treatment of GC. A greater understanding of these factors will play an important role
in early diagnosis and treatment of GC and improvement of prognosis.
MicroRNAs (miRNAs) are a class of endogenous non-coding RNA with a length of
approximately 23 nucleotides, which can bind to complementary sequences in the 3'untranslated regions (UTRs) of specific mRNAs, resulting in degradation of target
mRNAs or inhibition of their translation into functional proteins[2]. Accumulating
studies have indicated that miRNAs have been associated with almost all known
physiological and pathological processes, including cancer [3,4] . In addition, it is
suggested in recent studies that epigenetic modification, especially DNA methylation,
is one of many mechanisms of miRNA suppression in human cancer[5,6]. MicroRNA596 (miR-596) is located on human chromosome 8p23.3 and is an intergenic miRNA
gene. In recent years, studies have found that miR-596 is downregulated in a variety
of cancers, such as oral cancer[7], endometrial cancer[8], melanoma[9], and bladder
cancer[10,11]. Additionally, miR-596 was previously found to be silenced by promoter
CpG island hypermethylation in hepatocellular carcinoma[12,13], endometrial cancer[14],
and oral cancer[7]. In GC, Song et al[15] reported that miR-596 had low expression and
could target CLDN4 to inhibit the invasion of GC cells. However, whether the
expression of miR-596 is associated with promoter methylation alteration in GC
remains unclear and whether other targets of miR-596 exist in GC remains to be
studied.
In this study, we confirmed that the expression of miR-596 was markedly
downregulated in GC tissues and cell lines. Upregulation of miR-596 suppressed the
proliferation, migration, and invasion of GC cells. The decreased expression of miR596 was associated with promoter DNA methylation in GC. Moreover, it was
indicated that peroxiredoxin 1 (PRDX1) is one of the putative targets of miR-596 in
GC. All these results suggest that there is a critical role for miR-596 in the
pathogenesis of GC and it may serve as a potential therapeutic target for patients with
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this disease.

MATERIALS AND METHODS
Human tissue samples
A total of 55 paired surgically resected GC tissues and adjacent normal gastric tissues,
which were diagnosed by an independent pathologist, were collected from the Fourth
Affiliated Hospital of China Medical University, between 2014 and 2015. The
specimens were promptly collected following surgery and all were pathologically
confirmed. None of the patients enrolled in this study had previously received
preoperative chemotherapy or radiotherapy. Informed consent was obtained from all
patients. The Medical Association Ethics Committee of the Fourth Affiliated Hospital
of China Medical University approved all aspects of the present study in accordance
with the Helsinki Declaration.

Gastric cells and culture
One immortalized normal gastric cell line (GES-1) and four human GC cell lines (AGS,
SGC-7901, MKN-45, and MGC-803) were obtained from the Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences (Shanghai, China). These cells were
cultured in RPMI 1640 medium (Invitrogen, Carlsbad, CA, United States) containing
10% fetal bovine serum (Invitrogen) in a humidified atmosphere of 5% CO2 at 37 °C.

RNA isolation and quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from tissues or cultured cells using Trizol reagent
(Invitrogen). According to the protocol of the Poly(A) Tailing Kit (Tiangen, Beijing,
China), poly(A) tails were added to the miRNA. The PrimeScriptTM RT reagent Kit
with gDNA Eraser (Takara, Dalian, China) and gene-specific primers or random
primers were used to generate cDNA. Real-time PCR was performed in a Light Cycler
480 II Real-Time PCR system (Roche Diagnostics, Basel, Switzerland) using SYBR®
Green (Takara). Glyceraldehyde phosphate dehydrogenase (GAPDH) and U6 snRNA
were employed as endogenous controls for mRNA and miRNA, respectively. The
comparative Ct method was used to calculate the relative expression of RNA. Primer
sequences are displayed in Table 1.

Western blot analysis
Transfected cells were lysed with lysis buffer (Beyotime, Shanghai, China) containing
1 mmol/L PMSF. The protein concentrations were measured using the bicinchoninicacid (BCA) protein assay kit (Beyotime). Equal amounts (30 μg) of protein were
separated by 15% SDS-PAGE and electro-transferred to PVDF membranes (Millipore),
which were then incubated with primary antibodies against PRDX1 (1:500 dilution;
Proteintech, Wuhan, China) and β-actin (1:1000 dilution; Proteintech) overnight at 4
°C. After incubation with peroxidase-conjugated affinipure goat anti-rabbit IgG or
peroxidase-conjugated affinipure goat anti-mouse IgG (Beyotime), the bands were
visualized using an electrochemiluminescence (ECL) detection kit (ThermoBiotech
Inc, Rockford, IL, United States). Protein bands were scanned and quantified using
densitometric software (Bio-Rad, California, United States).

Transfection
Transfections were performed using the Lipofectamine3000 Reagent (Invitrogen)
according to the manufacturer’s protocol. Final concentrations of 50 nmol/L of miR596 mimics (5'-AAGCCUGCCCGGCUCCUCGGG-3’)/ miR-NC (5'-UUGUACUA
CACAAAAGUACUG-3’) and 0.75 μg/mL plasmids were used for each transfection
in a six-well plate with 2 mL culture medium. Total RNA and protein were collected
48 h after transfection.

Luciferase reporter assay
MiR-596 mimics or miR-NC, reporter construct, or control vector was cotransfected
into MGC-803 cells for 48 h. Dual luciferase Reporter GeneMAssay Kit (Tiangen,
Beijing, China) was used to detect luciferase activity. Each test was repeated three
times.

Cell Counting Kit-8 proliferation assay
Cell proliferation was determined with the Cell Counting Kit-8 (CCK-8) kit (Dojindo,
Japan); 3000 cells were seeded into 96-well plates for 24 h and then treated with NC,
miR-NC, or miR-596 mimics. After 0, 24, 48, and 72 h of treatment, 100 μL cultural
supernatant was collected to another 96-well plate and then 10 μL CCK-8 solution was
added for incubation at 37 °C for 4 h. The absorbance was measured at 450 nm
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Table 1 Sequences of primers for quantitative real-time PCR
Name

Sequence (5'-3')

Primers used for mRNA detection
miR-596 (forward)

AAGCCTGCCCGGCTCCT

miR-596 (reverse)

GCTGTCAACGATACGCTACGT

miR-596 (RT)

(GCTGTCAACGATACGCTACGTAACGGCATGACA; GTGTTTTTTTTTTTTTTTTTTTTTTTTC)

U6 (forward)

CGCTTCGGCAGCACATATAC

U6 (reverse)

TTCACGAATTTGCGTG TCAT

U6 (RT)

(GCTGTCAACGATACGCTACGTAACGGCATGACAG; TGTTTTTTTTTTTTTTTTTTTTTTTTG)

PRDX1 (forward)

AAGAAACTCAACTGCCAAGTG

PRDX1 (reverse)

CAGCCTTTAAGACCCCATAAT

GAPDH (forward)

CGGATTTGGTCGTATTGGG

GAPDH (reverse)

CTGGAAGATGGTGATGGGATT

PRDX1: Peroxiredoxin 1; MiR-596: MicroRNA-596; GAPDH: Glyceraldehyde phosphate dehydrogenase.

wavelength using spectrophotometry (BioTek, United States).

Wound healing assay
Cells were seeded in six-well plates and treated with NC, miR-NC, or miR-596
mimics. Linear scratch wounds were created on cell monolayers with a sterile 200 μL
pipette tip, and the scratched areas were photographed at × 100 magnification using a
Leica DMI3000B computer-assisted microscope (Leica, Buffalo Grove, United States).
Images were captured at 0, 24, 48, and 72 h after the scratch was made. Images were
analyzed using Image-Pro Plus v6.0 image analysis software (Media Cybernetics,
Rockville, MD, United States).

In vitro invasion assay
Transwell plates (BD, Biosciences, United States) were used for GC cell invasion
assay. The bottom chamber contained complete medium and the upper chamber has
serum-free medium. Matrigel (BD) was added to the RPMI 1640 medium for detecting
invading cells. After transfection with NC, miR-NC, or miR-596 mimics, GC cells were
appropriately seeded into the cell culture. After incubation at 37 °C for 24 h, the
invaded cells were fixed and stained using Giemsa. The images of cells were
photographed with a microscope (Leica) at × 100 magnification and the cell number
counted in three random fields of view. The results are presented as a column graph
with statistics.

DNA extraction and methylation-specific PCR (MSP)
Genomic DNA was extracted from the cultured cells by SDS/proteinase K treatment,
followed by phenol–chloroform extraction and ethanol precipitation. The bisulfite
treatment was performed using the kit EZ DNA Methylation-Gold Kit (Zymo
Research, CA, United States) according to the manufacturer’s protocol. The
methylated primers were 5’-GAG GTT CGG GAT GTA TCG TT-3’ (forward) and 5’TAA CTT CCG CAA TAA CCG TAT-3’ (reverse), which result in a 193 bp band; the
unmethylated primers were 5’-GTG GAG GTT TGG GAT GTA TTG-3’(forward) and
5’-CTC TTA ACT TCC ACA ATA ACC ATA-3’ (reverse), which result in a 200 bp
band. The PCR reaction conditions were as follows: 94 °C for 5 min, 40 cycles of 94 °C
for 30 s, 56 °C for 30 s, and 72 °C for 45 s, and 72 °C for 10 min. Agarose gel
electrophoresis and ethidium bromide staining were then performed. Data from the
gels were collected with a laser density scanner (Pharmacia LKB Ultroscan) and
subsequently analyzed. All experiments were repeated three times, and the mean
value was used for statistical analysis.

5-Aza-2’-deoxycytidine (5-Aza-dC) treatment
GC cells were seeded at 5 × 105 cells per well in six-well culture plates and cultured in
RPMI 1640 medium (Invitrogen) containing 10% fetal bovine serum in a humidified
atmosphere of 5% CO2 at 37 °C for 24 h. The cells were incubated in culture medium
with 0, 2.5, 5, or 10 μmol/L of 5-Aza-dC (Sigma, Shanghai, China) for 3 d, with daily
medium replacement. After that, total RNA and DNA were isolated from these
treated cells for qRT-PCR and MSP analysis, respectively.

Cell viability assay
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GC cells were seeded on 96-well plates and treated with different concentrations of 5Aza-dC in triplicate. After 24, 48, 72, or 144 h of incubation, cells were washed using
PBS and cultured in 100 mL RPMI 1640, including 10 mL CCK-8 solution for another 4
h. The absorbance at 450 nm was measured using spectrophotometry (BioTek).

Statistical analysis
All statistical analyses were performed with SPSS 17.0 software package (SPSS,
Chicago, IL, United States). Data are expressed as the mean ± SD. χ2 test, Student’s t
test, and one-way ANOVA analysis were used for comparisons. P-values < 0.05 were
considered statistically significant.

RESULTS
MiR-596 is downregulated and PRDX1 upregulated in GC tissues and cell lines
In the present study, the levels of miR-596 expression in 55 pairs of GC and normal
control tissues and cell lines were initially assessed using qRT-PCR. The results
demonstrated that miR-596 was significantly downregulated in GC tissues compared
with paired control tissues (Figure 1A). Furthermore, endogenous expression of miR596 was investigated in different gastric cell lines, including AGS, SGC-7901, MKN-45,
MGC-803, and GES-1. It was shown that the GC cell lines (AGS, SGC-7901, MKN-45,
and MGC-803) exhibited relatively low miR-596 expression levels compared to the
normal gastric cell line GES-1 (Figure 1B). In addition, PRDX1 expression was
analyzed in 55 paired GC and control tissues and cell lines by qRT-PCR. The results
indicated that PRDX1 expression was significantly upregulated in GC tissues and cell
lines when compared to corresponding non-tumorous tissue and the normal gastric
cell line GES-1 (Figure 1C and D). Moreover, Pearson's correlation analysis revealed
that the expression of miR-596 was inversely correlated with PRDX1 in GC tissues
(Figure 1E). Then, we further examined the relationship between miR-596 expression
and clinicopathological factors in 55 GC tissues by Pearson's χ2 test. MiR-596
expression was significantly related to tumor differentiation grade and TNM stage,
but not with age, sex, tumor size, tumor site, Borrmann type, or lymph node
metastasis (Table 2).

PRDX1 as a putative target of miR-596
Using three bioinformatic databases (TargetScan, miRWalk, and miRanda), PRDX1
was selected as a predicted target gene of miR-596 (Figure 2A). PRDX1 expression
was analyzed in GC cell lines and the GES-1 cell line by Western blot. The results
indicated that PRDX1 expression was significantly upregulated in GC cell lines when
compared to the normal gastric cell lines GES-1 (Figure 2B). To further validate this
prediction, miR-NC or miR-596 mimics was co-transfected into MKN-45 and MGC803 cell lines and cultured for 48 h. qRT-PCR and Western blot analysis approved that
overexpression of miR-596 (Figure 2C) significantly inhibited PRDX1 expression at the
mRNA and protein levels in MKN-45 and MGC-803 cell lines (Figure 2D).
Furthermore, the luciferase activity of the PRDX1_WT vector was significantly
suppressed by the miR-596 mimics, but miR-596 mimics could not affect the luciferase
activity of PRDX1_MUT vector or the miR-NC (Figure 2E). These results suggested
that miR-596 may bind directly to PRDX1 and inhibit its expression.

MiR-596 suppresses GC cell proliferation
To investigate the role of miR-596 in GC cell proliferation, we utilized ectopic
expression of miR-596 and measured cell growth of two GC cell lines MKN-45 and
MGC-803 using the CCK-8 method. The results revealed that cell proliferation was
clearly suppressed in MKN-45 (Figure 3A) and MGC-803 (Figure 3B) cells after
manipulation of miR-596 mimics at 48 and 72 h, but no significant difference was
observed at 24 h.

MiR-596 inhibits GC cell migration and invasion
To further evaluate the role of miR-596 in the progression and metastasis of GC, we
performed wound healing and Transwell invasion assays in MKN-45 and MGC-803
cells transfected with miR-NC or miR-596 mimics. Transfection with miR-596 mimics
significantly suppressed cell migration (Figure 4A and B) and invasion (Figure 4C) in
the MKN-45 and MGC-803 cells compared to the NC and miR-NC groups.

MiR-596 is regulated by epigenetic mechanisms in GC
First, to detect whether low expression of miR-596 is related to DNA methylation, we
detected the DNA methylation status of miR-596 promoter region in GC cell lines.
Data from our MSP analysis displayed that there was a significant negative
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Figure 1

Figure 1 MicroRNA-596 is downregulated and peroxiredoxin 1 upregulated in gastric cancer tissues and cell lines. A and B: Expression of miR-596 in 55
pairs of gastric cancer (GC) and non-tumor tissues (A) and human GC cells (B). C and D: Expression of peroxiredoxin 1 (PRDX1) mRNA in 55 GC samples and
corresponding non-tumor tissues (C) and human GC cells (D). E: Pearson's correlation analysis of the relative expression levels of miR-596 and the relative PRDX1
mRNA expression levels in the same set of patients. β-actin was used as an internal control. aP < 0.05, bP < 0.01, cP < 0.001 vs non-tumor tissues or GES-1. PRDX1:
Peroxiredoxin 1; MiR-596: MicroRNA-596.

correlation between miR-596 promoter methylation and expression levels in GC cell
lines (Figure 5A). Meanwhile, we treated the miR-596-silenced cell lines, MKN-45 and
MGC-803, with the demethylating agent 5-Aza-dC, to confirm whether miR-596
expression could be restarted. We observed that the methylation status of miR-596
promoter region was significantly decreased in MKN-45 and MGC-803 cells after
treatment with 5-Aza-dC, the expression of miR-596 was obviously increased, and the
highest expression occurred at a concentration of 5 μmol/L (Figure 5B). Moreover, it
was found that the expression of PRDX1 mRNA was slightly upregulated in MKN-45
and MGC-803 cells after treatment with 5-Aza-dC, but the expression of PRDX1
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Table 2 Correlation between microRNA-596 expression and clinicopathological variables of
gastric cancer
Variable

No. of Patients

Low expression

High expression

< 60

18

14

4

≥ 60

37

32

5

Age (yr)

P-value
0.667

Gender

1.000

Male

36

30

6

Female

19

16

3

<5

18

13

5

≥5

37

33

4

Size (cm)

0.227

0.043a

Tumor differentiation
Well/moderate

23

16

7

Poor

32

30

2

Upper

5

4

1

Middle

12

11

1

Lower

38

31

7

I + II

6

4

2

III + V

49

42

7

Tumor location

0.827

Borrmann type

0.545

0.031a

TNM stage
I + II

22

15

7

III + IV

33

31

2

No

13

9

4

Yes

42

37

5

Lymph node metastasis

0.239

a

P < 0.05.

protein was significantly downregulated (Figure 5C). MSP products were sequenced,
which confirmed that sodium bisulfite modification was sufficient for DNA (Figure
5D).

5-Aza-dC treatment decreases proliferation in GC cell lines
To evaluate whether 5-Aza-dC treatment affects GC cell growth, we analyzed the
proliferation of MKN-45 (Figure 6A) and MGC-803 (Figure 6B) cells treated with 5Aza-dC. The results of the CCK-8 assay showed that the cell inhibition rate was
significantly increased as the 5-Aza-dC concentration or the culture time was
increased as compared with the untreated control group.

DISCUSSION
Accumulating evidence has demonstrated that miRNAs may play an important role
in GC initiation and development[16,17]. In the present study, we found that miR-596
expression was significantly decreased in GC tissue and cell lines. Moreover, artificial
ectopic expression of miR-596 potentially suppressed GC cell proliferation, migration,
and invasion. This indicates that miR-596 may function as a tumor suppressor in GC
and that miR-596 expression may contribute to the development of GC.
MiRNAs are dysregulated in nearly all human tumours and can function as either
tumour suppressors or oncogenes, depending on their target transcripts[18,19]. They
work by binding to complementary sequences in the 3'-UTRs of specific mRNAs,
leading to translation inhibition[20]. Moreover, due to a non-strict hybridization of the
seed match region, one miRNA can bind to multiple mRNA targets, allowing
simultaneous downregulation of multiple target mRNAs. Similarly, multiple miRNAs
can bind to the same mRNA target and enhance translational repression[21,22]. In our
research, bioinformatic analysis show that PRDX1 is a potential target of miR-596.
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Figure 2

Figure 2 Peroxiredoxin 1 as a putative target of microRNA-596 in gastric cancer cells. A: The predicted binding sites for microRNA-596 (miR-596) in the 3'-UTR
of peroxiredoxin 1 (PRDX1). B: Expression of PRDX1 protein in human gastric cancer (GC) cells. C: Quantitative real-time PCR (qRT-PCR) for determining miR-596
expression in MKN-45 and MGC-803 cells transfected with miR-NC or miR-596 mimics. D: PRDX1 mRNA and protein expression in MKN-45 and MGC-803 cells
transfected with miR-NC or miR-596 mimics. β-actin was used as an internal control. E: Relative luciferase activity of PRDX1 in wild-type (WT-UTR) or mutant (MUTUTR). aP < 0.05, bP < 0.01, cP < 0.001 vs miR-NC. PRDX1: Peroxiredoxin 1; MiR-596: MicroRNA-596.

PRDX1 belongs to the peroxiredoxin family and is composed of thiol-specific
antioxidant enzymes, which can reduce H2O2 and alkyl hydroperoxide[23], and is
related to the reduction of oxidative damage[24]. PRDX1 overexpression was associated
with tumor growth and poor prognosis in numerous cancers including breast
cancer [25] , lung cancer [26] , and esophageal squamous cell cancer [27] . However, the
expression profile and potential role of PRDX1 in GC remain to be investigated. In
this study, we found that the expression of PRDX1 was substantially upregulated in
cancer tissues and cell lines by qRT-PCR and was inversely correlated with miR-596 in
GC tissues. Additionally, the results showed that overexpression of miR-596
decreased the expression of PRDX1 and luciferase reporter assays detected the direct
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Figure 3

Figure 3 MicroRNA-596 suppresses gastric cancer cell proliferation. NC, miR-NC, or miR-596 mimics was transfected into MKN-45 (A) and MGC-803 (B) cells.
The cell growth rate was determined by measuring Cell Counting Kit-8 absorbance at 450 nm every 24 h (aP < 0.05, bP < 0.01 vs miR-NC).

binding of miR-596 to the 3'-UTR of PRDX1 transcripts. Our results provided a
theoretical basis for further study of the mechanism of miR-596 and PRDX1 in GC.
Previous studies showed that transcription of miRNAs can also be epigenetically
regulated by methylation in CpG islands[28,29]. In addition, DNA methylation is a
reversible signal, similar to other physiological biochemical modifications[30]. The
silencing of tumor suppressor genes is closely related to DNA hypermethylation and
can be effectively reversed by DNA methyltransferase inhibitors, thereby inhibiting
tumor growth[31]. In the present research, DNA methylation analysis by MSP indicated
that there was a markedly negative correlation between miR-596 promoter
methylation and expression levels in GC cell lines. Furthermore, treatment with the
demethylating agent 5-Aza-dC raised the expression of miR-596 in GC cell lines. In
addition, the expression of its target gene PRDX1 protein was significantly
downregulated. These results showed that the downregulation of miR-596 in GC is
attributed, at least in part, to the hypermethylation of CpG sequences in its promoter.
5-Aza-dC as a demethylating agent has been recently used for treatment of
myelodysplastic syndromes and acute myelomonocytic leukemia [32] . The main
mechanism of 5-Aza-dC is to reduce its activity by binding to DNA methyltransferase
I (DNMT1), selectively induce DNMT degradation, and inhibit tumor growth by
inducing apoptosis, affecting cell cycle and cytotoxicity[33]. Moreover, 5-Aza-dC is
cytotoxic at high concentrations and demethylated at low concentrations[34]. Therefore,
our study suggested that the inhibitory effect of 5-Aza-dC on the proliferative ability
of GC cells may be due in part to the demethylation and reactivation of miR-596.
In conclusion, our current study demonstrated that the expression of miR-596 was
downregulated in GC cells and GC tissues. The in vitro data further suggested that
miR-596 expression was able to inhibit GC cell growth, migration, and invasion.
Furthermore, miR-596 expression was regulated by epigenetic mechanisms. The
downregulation of miR-596 was associated with promoter methylation status in GC
cell lines. DNA demethylation and reactivation of miR-596 after treatment with 5Aza-dC inhibited the proliferative ability of GC cells. Moreover, we identified that
PRDX1 is one of the putative target genes of miR-596. Our results further emphasize
that miR-596 functions as a crucial tumor suppressor that is regulated by epigenetic
mechanisms in GC and may offer a promising novel therapeutic approach for GC.
Nonetheless, more studies are required to determine the precise mechanism of miR596 in the progression of GC.
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Figure 4

Figure 4 MicroRNA-596 inhibits gastric cancer cell migration and invasion. A and B: The wound healing assay for detecting cell migration in MKN-45 (A) and
MGC-803 (B) cells transfected with miR-NC or microRNA-596 (miR-596) mimics. C: The Transwell invasion assay for detecting cell invasion in MKN-45 and MGC-803
cells transfected with miR-NC or miR-596 mimics. aP < 0.05, bP < 0.01 vs miR-NC.
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Figure 5

Figure 5 MicroRNA-596 is regulated by epigenetic mechanisms in gastric cancer. A: Methylation-specific PCR (MSP) analysis of microRNA-596 (miR-596)
promoter region methylation in gastric cancer (GC) cell lines. B: Quantitative real-time PCR (qRT-PCR) and MSP analysis of miR-596 expression after treatment with
5-Aza-2’-deoxycytidine (5-Aza-dC) (2.5, 5, or 10 µmol/L) in MKN-45 and MGC-803 cells, aP < 0.05, bP < 0.01 vs control cells. C: qRT-PCR and Western blot analysis
of PRDX1 expression after treatment with 5-Aza-dC (2.5, 5 or 10 µmol/L) in MKN-45 and MGC-803 cells, aP < 0.05, bP < 0.01 vs control cells. D: The promoter
sequence of miR-596 after treatment with sodium bisulfate. Unmethylation of cytosine was transformed to uracil, but methylated cytosine remained unchanged. 1:
DNA sequence of miR-596 promoter; 2: Sequence after sodium bisulfate modification; U: Unmethylation lane; M: Methylation lane; PRDX1: Peroxiredoxin 1; MiR-596:
MicroRNA-596; 5-Aza-dC: 5-Aza-2’-deoxycytidine.
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Figure 6

Figure 6 5-Aza-2’-deoxycytidine treatment decreases proliferation in the MKN-45 (A) and MGC-803 (B) cells. Inhibition rate (%) = (ODuntreated control - ODtreated)
/ ODuntreated control × 100%. 5-Aza-dC: 5-Aza-2’-deoxycytidine.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the most common digestive malignancies and remains the second
most common cause of cancer-related mortality worldwide. Currently, most patients are
diagnosed at an advanced stage, leading to a low cure rate and a low 5-year survival rate.
Therefore, it is necessary to further study the molecular mechanism of GC and identify more
effective biomarkers for the diagnosis and treatment of GC.

Research motivation
Accumulating studies have indicated that microRNAs (miRNAs) have been associated with
almost all known physiological and pathological processes, including cancer. In addition, it is
suggested in recent studies that epigenetic modification, especially DNA methylation, is one of
many mechanisms of miRNA suppression in human cancer. A greater understanding of these
factors will play an important role in early diagnosis and treatment of GC and improvement of
prognosis.

Research objectives
To study the potential role and possible regulatory mechanism of microRNA-596 (miR-596) in
GC, and whether other targets of miR-596 exist in GC.

Research methods
In the present study, the levels of miR-596 expression in 55 pairs of GC and normal control
tissues and cell lines were initially assessed using quantitative real-time (qRT-PCR). We further
examined the relationship between miR-596 expression and clinicopathological factors in 55 GC
tissues by Pearson's χ2 test. In addition, peroxiredoxin 1 (PRDX1) expression was analyzed in 55
paired GC and control tissues and cell lines by qRT-PCR. Western blot and luciferase reporter
assay were used to detect the effect of miR-596 on PRDX1 expression. Then, the proliferation,
metastasis, and invasion of GC cells transfected with miR-596 mimics were analyzed,
respectively, by Cell Counting Kit-8 proliferation assay, wound healing assay, and transwell
invasion assay. The methylation status of the promoter CpG islands of miR-596 in GC cell lines
was detected by methylation-specific PCR. Meanwhile, we treated GC cells with the
demethylating agent 5-Aza-2’-deoxycytidine (5-Aza-dC) to confirm whether miR-596 expression
could be restarted. Finally, in order to evaluate whether 5-Aza-dC treatment affects GC cell
growth, we analyzed the proliferation of GC cells treated with 5-Aza-dC.

Research results
Our current study demonstrated that the expression of miR-596 was downregulated in GC cells
and GC tissues. The in vitro data further suggested that miR-596 expression was able to inhibit
GC cell growth, migration, and invasion. Furthermore, miR-596 expression was regulated by
epigenetic mechanisms. Moreover, we identified that PRDX1 is one of the putative target genes
of miR-596.

Research conclusions
In the present study, we have investigated a suppressive role of microRNA-596 in GC. We
reported that miR-596 was downregulated in human specimens of GC and GC cell lines, and that
overexpression of miR-596 significantly reduced GC cell proliferation. Moreover, the
downregulation of miR-596 in GC cell lines was associated with an increase of miR-596 promoter
methylation. We also established that miR-596 controls the expression of PRDX1, which has
never been reported before, suggesting that this interaction could play an important role in GC
progression.

Research perspectives
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Our results further emphasize that miR-596 functions as a crucial tumor suppressor that is
regulated by epigenetic mechanisms in GC and may offer a promising novel therapeutic
approach for GC. Nonetheless, more studies are required to determine the precise mechanism of
miR-596 in the progression of GC.
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Abstract
BACKGROUND
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal
tumor type in the gastrointestinal system. Presently, various classification
systems to prognosticate GISTs have been proposed.
AIM
To evaluate the application value of four different risk stratification systems for
GISTs.
METHODS
Patients who were diagnosed with GISTs and underwent surgical resection at
four hospitals from 1998 to 2015 were identified from a database. Risk of
recurrence was stratified by the modified National Institute of Health (NIH)
criteria, the Armed Forces Institute of Pathology (AFIP) criteria, the Memorial
Sloan Kettering Cancer Center (MSKCC) prognostic nomogram, and the contour
maps. Receiver operating characteristic (ROC) curves were established to
compare the four abovementioned risk stratification systems based on the area
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under the curve (AUC).
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CONCLUSION
According to our data, the AFIP criteria were associated with a larger AUC than
the NIH modified criteria, the MSKCC nomogram, and the contour maps, which
might indicate that the AFIP criteria have better accuracy to support therapeutic
decision-making for patients with GISTs.
Key words: Gastrointestinal stromal tumors; Risk stratification; Prognosis; Modified
National Institute of Health criteria; Armed Forces Institute of Pathology criteria;
Memorial Sloan Kettering Cancer Center prognostic nomogram; Contour maps;
Gastrointestinal tumors
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Our study evaluated the application value of four different risk stratification
systems for gastrointestinal stromal tumors (GISTs). Patients who were diagnosed with
GISTs and underwent surgical resection at four hospitals from 1998 to 2015 were
identified from a database and were stratified by four different stratification systems.
According to our data, the Armed Forces Institute of Pathology (AFIP) criteria were
associated with a larger area under the curve than the National Institute of Health
modified criteria, the Memorial Sloan Kettering Cancer Center nomogram, and the
contour maps, which indicated that the AFIP criteria have better accuracy to support
therapeutic decision-making for patients with GISTs.

Citation: Chen T, Ye LY, Feng XY, Qiu HB, Zhang P, Luo YX, Yuan LY, Chen XH, Hu YF,
Liu H, Li Y, Tao KX, Yu J, Li GX. Performance of risk stratification systems for
gastrointestinal stromal tumors: A multicenter study. World J Gastroenterol 2019; 25(10):
1238-1247
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1238.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1238

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most common type of mesenchymal
tumor in the gastrointestinal (GI) system. They can occur anywhere in the human GI
tract, including the stomach (60%-70%), small intestine (20%-30%), duodenum (4%5%), rectum (4%-5%), colon (< 2%), and esophagus (< 1%)[1-2]. Their overall incidence
has been estimated to be 10 to 20 per million, including incidental minimal tumors.
What’s more, only 18% of these tumors were considered benign, whereas 35% were
considered to have some malignant potential and 47% were of undetermined
potential. A 42% recurrence rate with a median time to recurrence of 22 months was
found in surgically resected tumors[3].
GISTs arise from interstitial cells of Cajal, are generally immunohistochemically
positive for KIT (CD117), and contain KIT- or PDGFRA-activating mutations[4-7]. Until
2000, the treatment of GISTs was limited in radical surgery, as GISTs are resistant to
chemo- and radiotherapy. In 2000, imatinib was first used in GISTs as a tyrosine
kinase inhibitor (TKI). This significantly improved median overall survival from < 1
yr to > 5 yr nowadays[8]. Adjuvant therapy with imatinib benefits patients with a high
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risk of recurrence, with studies suggesting most benefit with at least 3 yr of therapy.
TKI treatment was also recommended by the National Comprehensive Cancer
Network (NCCN) in 2015, for GIST patients with a moderate or high risk of
recurrence. In other words, patients in the low-risk group may not benefit from TKI
treatment. Otherwise, overtreatment may bring them adverse effects and financial
burden. Another important thing is the frequency of reexamination. For patients with
a low risk to recur, computed tomography examination is recommended to be taken
every 6 mo, lasting 5 yr. However, for patients with a median or high risk to recur,
examination should be taken every 3 mo in the first 3 yr. Therefore, the accuracy of
risk stratification is very important in the treatment of GISTs.
Fletcher published a consensus approach to diagnose GISTs based on tumor size,
tumor site, and mitosis number. It was approved by the National Institutes of Health
(NIH) in 2002 and was the first guide in risk stratification for GISTs[9]. Subsequently,
the Armed Forces Institute of Pathology (AFIP) criteria were put forward by
Miettinen and Losota[10] in 2006 according to the long-term follow-up results of 1684
patients. In 2008, the NIH system was modified to include both tumor location and
rupture; these new criteria have been widely accepted around the world because they
are easier to apply than the AFIP criteria[11]. In 2009, a prognostic nomogram was
developed by the Memorial Sloan Kettering Cancer Center (MSKCC) to predict the
risk of recurrence[12]. A novel risk stratification method was developed by Joensuu et
al[13] in 2011, in which tumor size and mitosis count were treated as continuous nonlinear variables. Although there are many grading methods available, clinicians are
sometimes confused as to which one should be used to determine a patient's risk
rating.
The present study aimed to compare the predictive accuracy of the modified HIN
criteria, the AFIP criteria, the MSKCC nomogram, and the Joensuu’s contour maps. To
the best of our knowledge, this study constitutes the first comparison of these four
risk criteria based on multicenter data. Our aim was to elucidate which risk
stratification system provides the best support for therapeutic decision-making.

MATERIALS AND METHODS
Patients
We searched a database for patients who were diagnosed with GISTs by standard
pathologic criteria at the Southern Medical University Nanfang Hospital, Sun Yat-sen
University Cancer Center, Guangdong General Hospital, and Wuhan Union Hospital
from January 1998 to December 2015. Patients who underwent complete resection
with negative margins and no metastasis and did not undergo or did not completely
undergo TKI therapy in a neoadjuvant or adjuvant setting were included in the study.
Pregnant or breastfeeding women and patients with other serious diseases or with a
history of malignancy were excluded. Patients with uncomplete data were also
excluded.
Between January 1998 and December 2015, a total of 2661 patients who were
diagnosed with GISTs and underwent complete gross resection at Southern Medical
University Nanfang Hospital (692), Sun Yat-sen University Cancer Center (667),
Guangdong General Hospital (548), and Wuhan Union Hospital (754) were identified.
Of these, 122 patients whose tumors were not primary and 86 patients who had a
history of malignant tumor were excluded from the analysis. Six patients had positive
margins, and 86 patients showed evidence of metastatic disease at diagnosis. Four
hundred and thirty-three patients without complete data and 368 patients lost to
follow-up were also excluded. Two hundred and fifty-seven patients regularly
underwent TKI therapy in a neoadjuvant or adjuvant setting. Thus, a total of 1303
patients were included in the present study (Figure 1).

Data collection and analysis
We collected the demographic and clinicopathologic data of the included patients
accurately. Tumor size and mitotic index were measured by the pathologists. Mitotic
index was defined as the number of mitoses per 50 randomly selected microscopic
high-power fields (HPFs). Tumor rupture included those ruptures before and during
the surgery. Continuous variables are presented as the mean (standard deviation) and
median (minimum, maximum). Categorical variables are presented as the frequency
(percentage). Patients were classified using the modified NIH consensus criteria, the
AFIP criteria, the MSKCC nomogram, and the Joensuu’s contour maps. The
Wilcoxon-Mann-Whitney test and the Chi-squared/Fisher’s exact test were used to
analyze continuous variables and categorical variables, respectively. Univariate
analysis was performed for exploring the relationship between the above
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Figure 1

Figure 1 Flow diagram for extracting eligible cases for comparison. TKI: Tyrosine kinase inhibitor.

characteristics and tumor recurrence. A binary logistic regression model was used to
calculate odds ratios (ORs).

Recurrence-free survival and overall survival
Recurrence-free survival (RFS) was defined as the time from diagnosis to recurrence
of the tumor after complete resection. Patients who were alive without recurrence at
the time of data collection and those who died without recurrence were censored.
Overall survival was calculated from the date of surgery or diagnosis to the date of
death. RFS and overall survival between groups were compared using the KaplanMeier life-table method and a non-stratified Cox proportional hazards model or logrank test. Receiver operating characteristic (ROC) curves were used to compare the
accuracy of the risk stratification criteria. Both 2- and 5-year RFS rates were reported
in the MSKCC nomogram. The areas under the curve (AUCs) of all the risk
stratification systems were calculated. Comparisons between ROC curves were
performed. Two-tailed P-values were reported and were considered to be statistically
significant when P < 0.05.

RESULTS
Table 1 shows the demographic and clinicopathologic data of the included
population. The average age of the included patients was 55.77 ± 13.70 yr; 52.3% were
male. The mean follow-up period was 64.91 ± 35.79 months. Approximately 67.0% of
the tumors were located in the stomach, and 59.5% were smaller than 5 cm; 67.3% of
patients had a mitotic count ≤ 5/50 HPFs. There were 34 tumors that ruptured,
including those ruptures before and during surgery. According to the modified NIH
criteria, 347 (26.6%) patients were in the very-low-risk group, while 400 (30.7%) were
in the high-risk group. Recurrent disease was found in 107 (8%) patients; 77.6% of
these patients were classified in a moderate- or high-risk group by the modified NIH
criteria, while 71.0% were designated such by the AFIP criteria. A total of 159 persons
died during our research. According to the contour map criteria, age (P = 0.118),
gender (P = 0.339), or follow-up period (P = 0.067) among the different risk groups
showed no difference. Neither age (P = 0.333) nor gender (P = 0.067) showed a
difference between the recurrence group and the non-recurrence group. Univariate
analysis demonstrated that tumor size > 5 cm [OR 4.694, 95% confidence interval (CI)
(3.003, 7.337), P < 0.05], mitotic count > 5/50 HPFs [OR 3.286, 95%CI (2.193, 4.923), P <
0.05], non-gastric location [OR 4.200, 95%CI (2.774, 6.359), P < 0.05], and tumor
rupture [OR 57.327, 95%CI (24.220, 135.685), P < 0.05] were significantly associated
with increased recurrence rates.
Figure 2 shows the overall survival and RFS for the entire cohort of patients. The
mean overall survival was 188.28 (2.915) mo, while the RFS was 195.697 (2.234) mo.
According to the AFIP criteria, the high-risk group showed the shortest RFS [122.212
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Table 1 Demographic and clinicopathologic characteristics n (%)
Overall (n = 1303)

Recurrence (107)

No recurrence (1196)

OR (95%CI)

P-value

Male

681 (52.3)

65 (60.7)

616 (51.5)

Female

622 (47.7)

42 (39.3)

580 (48.5)

0.686 (0.458, 1.028)

0.067

55.77 (13.696)

55.76 (0.390)

55.83 (1.538)

1.000 (0.986, 1.015)

0.276

Gastric
Non-gastric

873 (67.0)

38 (35.5)

835 (69.8)

430 (33.0)

69 (64.5)

361 (30.2)

4.200 (2.774, 6.359)

< 0.05

64.91 (35.793)

75.36 (4.608)

63.98 (0.995)

1.008 (1.003, 1.013)

< 0.05

1.128 (1.092, 1.165)

< 0.05

4.694 (3.003, 7.337)

< 0.05

< 0.05

Gender

Age (yr)
Mean (SD)
Tumor location

Follow-up period (mo)
Mean (SD)
Tumor size
Mean (SD)

5.14 (4.862)

9.01 (0.663)

4.80 (0.130)

≤ 5 cm

775 (59.5)

28 (26.2)

747 (62.5)

> 5 cm

528 (40.5)

79 (73.8)

449 (37.5)

≤ 5/50 HPFs

877 (67.3)

44 (41.1)

833 (69.6)

> 5/50 HPFs

426 (32.7)

63 (58.9)

363 (30.4)

3.286 (2.193, 4.923)

Yes

34 (2.6)

27 (25.2)

7 (0.6)

57.327 (24.220, 135.685)

No

1269 (97.4)

80 (74.8)

1189 (99.4)

Very low risk

347 (26.6)

14 (13.10)

333 (27.80)

0.182 (0.101, 0.329)

< 0.05

Low risk

394 (30.2)

10 (9.30)

384 (32.10)

0.113 (0.057, 0.222)

< 0.05

Intermediate risk

162 (12.4)

8 (7.50)

154 (12.90)

0.225 (0.106, 0.478)

<0.05

High risk

400 (30.7)

75 (70.10)

325 (27.20)

Very low risk

619 (47.5)

15 (14.00)

604 (50.50)

0.081 (0.045, 0.146)

< 0.05

Low risk

250 (19.2)

16 (15.00)

234 (19.60)

0.224 (0.125, 0.401)

< 0.05

Intermediate risk

173 (13.3)

15 (14.00)

158 (13.20)

0.311 (0.170, 0.568)

< 0.05

High risk

261 (20.0)

61 (57.00)

200 (16.70)

Mitotic index

Tumor rupture

< 0.05

Modified NIH

AFIP criteria

OR: Odds ratio; CI: Confidence interval; SD: Standard deviation; HPF: High-power field; AFIP: Armed Forces Institute of Pathology; NIH: National
Institutes of Health.

(4.364) mo, P < 0.05] and overall survival [158.542 (5.193) months, P < 0.05] (Figure 3).
We performed ROC analysis to compare the accuracy of the above GIST risk
stratification systems (Figure 4). Both the 2- and 5-year predicated probabilities of RFS
were calculated in the MSKCC nomogram. The AUCs of modified NIH, AFIP,
MSKCC (2-year), MSKCC (5-year), and contour map criteria were 0.726, 0.754, 0.725,
0.737, and 0.739, respectively. Pairwise comparisons of the ROC curves are shown in
Table 2.

DISCUSSION
Proper stratification is important to determine whether a patient should undergo TKI
therapy or whether frequent review is necessary. Tumor size > 5 cm, mitotic count >
5/50 HPFs, non-gastric location, and tumor rupture were significantly associated with
increased recurrence rates in our study. Jumniensuk et al[14] found that metastasis
happened in 27.7% of GIST patients, which mostly occurred within 2 yr. They also
found that metastasis correlated with tumor size > 10 cm (P = 0.023) and mitotic count
> 5/5 mm2 (P = 0.000). In the study of Supsamutchai et al[15], they demonstrated that
there were significant differences between mitotic index or tumor size and the risk of
recurrence or metastasis (P = 0.036). Our data demonstrated that tumor location was
also an important factor affecting recurrence. According to common dogma, intestinal
GISTs are associated with a worse prognosis compared with gastric GISTs[16]. Emory et
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Figure 2

Figure 2 Recurrence-free survival and overall survival for the entire cohort of patients. A: Recurrence-free survival; B: Overall survival. RFS: Recurrence-free
survival.

al[17] showed that overall survival was best for those patients with tumors confined to
the esophagus and worst for those whose tumors originating in the small bowel (P =
0.00109). Tumors located in the fundus or at the gastroesophageal junction were
associated with recurrence (P < 0.001)[18]. However, none of the currently available
prognostic criteria take tumor site inside the stomach into account when calculating
the risk of recurrence of GISTs. According to our study, tumor rupture is another
factor that should be considered, which is consistent with the study of Rutkowski et
al[19]. Hohenberger et al[20] showed that 15 patients with a GIST rupturing into the
abdominal cavity recurred in 16 (94%) patients without adjuvant treatment. The AFIP
criteria, which demonstrated the largest AUC in our study, cover all these prognostic
factors.
Upon pairwise comparison of the ROC curves, the AUC of the AFIP criteria was
greater than that of the modified NIH criteria (P < 0.05), although the other pairwise
comparisons were not significantly different. This result is consistent with the
recommendation made by the NCCN on GISTs in 2017, which also concluded that the
AFIP criteria have advantages over the modified NIH criteria based on a number of
studies. The study by Goh et al also illustrated that the AFIP risk criteria performed
best among the three systems (NIH, modified NIH, and AFIP) for primary localized
GISTs[21]. However, in the study by Belfiori et al[22], the MSKCC nomogram seemed to
perform better than the NIH, modified NIH, and AFIP criteria in their sample and
was suggested for use in clinical practice to predict the risk of recurrence. However,
this study only covered 37 GISTs and observed 9 (24%) recurrences with a median
follow-up period of 65 mo, which was shorter than the follow-up period in our study.
The study by Chok et al[23] reached the same conclusion. It is hard to explain the exact
reasons why the AFIP criteria better predicted recurrence compared to the other risk
classification systems in our included patients. However, the AFIP criteria are based
on a population of 1684 patients, which is much larger than those corresponding to
the other prognostic classification systems, and this difference may support the more
objective nature of the AFIP criteria. In addition, the AFIP system draws a wider
prognostic divergence between tumors located in the gastric region and the nongastric region. For example, a tumor smaller than 2 cm with a mitotic count between 5
and 10 per 50 HPFs in a non-gastric location would be classified in the intermediaterisk group by the modified NIH criteria, whereas the AFIP criteria would classify
such a tumor in the high-risk group. In contrast, for the nomogram criteria, the risk
levels depend on whether the tumor location is colorectal or intestinal. Although
intestinal GISTs show a worse prognosis than colorectal tumors, the low proportion of
intestinal GISTs in our study limited this predictive impact. Moreover, the nomogram
method tends to overestimate the probability of recurrence in low-risk tumors, as a
result of the fact that its performance tends to be poorer in study cohorts with a high
proportion of low-risk tumors as our data. With regard to the contour maps, these
emphasize tumors outside of the GI tract and those which have ruptured. In clinical
work, it is rare to encounter tumors outside of the GI tract and those that rupture.
Moreover, the reported frequency of rupture in GISTs varies greatly, from 2% to
22% [19,24] . In our multicenter data, the frequency of rupture was 2.6%. However,
contour maps might benefit for the individual prognosis estimation because the
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Figure 3

Figure 3 Recurrence-free survival and overall survival between different groups according to the Armed Forces Institute of Pathology criteria. A:
Recurrence-free survival; B: Overall survival. RFS: Recurrence-free survival; AFIP: Armed Forces Institute of Pathology.

tumor size and mitotic count are integrated as continuous variables, especially when
the tumor size or mitotic count is close to the cutoff values of modified NIH or AFIP
criteria based on the categories. Nevertheless, further studies should focus on more
rigorous analysis of the accuracy of the nomogram method and contour maps.
A number of other factors have recently been shown to be associated with the
prognosis of stromal tumors, from the genetic level to the protein level[25-29]. In 2016,
Feng et al found that the parameters in peripheral blood cells such as high neutrophilto-lymphocyte ratio and monocyte-to-lymphocyte ratio were associated with a poor
prognosis among GISTs and thus may constitute a convenient, reproducible, and
inexpensive approach to predict the prognosis of these tumors[30]. These factors may
have the opportunity to be added to the prognosis evaluation systems for stromal
tumors in the future, which requires further studies.
There is no denying that there are still some deficiencies in our research. First, our
study was a retrospective study, and prospective studies are needed to verify our
conclusions. Second, the follow-up time was relatively short and a large number of
people were lost to follow-up. All of these factors might result in bias during the
analysis. We are establishing better follow-up systems and diagnostic methods,
hoping to enlarge our sample size. We firmly believe that more accurate data can be
obtained in the future.
In summary, our results demonstrate that the AFIP criteria performed better than
the NIH modified criteria, the MSKCC nomogram, and the contour maps in Chinese
patients and may therefore be preferred to use in clinical practice to predict the risk of
recurrence for GISTs in the Chinese population.
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Table 2 Pairwise comparisons of receiver operating characteristic curves
Difference (95%CI)

P-value

AFIP-MAP

0.3485

0.7275

AFIP-MSKCC_2 yr

-0.2933

0.7693

AFIP-MSKCC_5 yr

0.5597

0.5757

AFIP-Modified NIH

4.2594

< 0.05

MAP-MSKCC_2 yr

-0.4296

0.6675

MAP-MSKCC_5 yr

0.3559

0.7219

MAP-Modified NIH

1.7202

0.0854

MSKCC_2 yr-MSKCC_5 yr

0.7895

0.4298

MSKCC_2 yr-Modified NIH

1.2829

0.1995

MSKCC_5 yr-Modified NIH

0.5711

0.5679

MSKCC_2 yr: The 2-yr predicated probability of recurrence-free survival; MSKCC_5 yr: The 5-yr predicated probability of recurrence-free survival; MAP:
Contour maps. AFIP: Armed Forces Institute of Pathology; MSKCC: Memorial Sloan Kettering Cancer Center; NIH: National Institutes of Health; CI:
Confidence interval.

Figure 4

Figure 4 Receiver operating characteristic curve analysis of the risk of gastrointestinal stromal tumor recurrence. MAP: Contour maps; MSKCC_2 year: The
2-year predicated probability of recurrence-free survival; MSKCC_5 year: The 5-year predicated probability of recurrence-free survival; NIH: National Institute of
Health; MSKCC: Memorial Sloan Kettering Cancer Center; AFIP: Armed Forces Institute of Pathology; ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumor type in the
gastrointestinal (GI) system. Presently, various classification systems to prognosticate GISTs
have been proposed.

Research motivation
It is unknown which classification system is more accurate when predicting the prognosis of
patient with GISTs. This study will help doctors decide when considering the frequency of
reexamination and whether to take a tyrosine kinase inhibitor.

Research objectives
The aim of this study was to evaluate the application value of four different risk stratification
systems for GISTs.

Research methods
Patients who were diagnosed with GISTs and underwent surgical resection at four hospitals
from 1998 to 2015 were identified from a database. Risk of recurrence was stratified by the
modified National Institute of Health (NIH) criteria, the Armed Forces Institute of Pathology
(AFIP) criteria, the Memorial Sloan Kettering Cancer Center (MSKCC) prognostic nomogram,
and the contour maps. Receiver operating characteristic (ROC) curves were established to
compare the four abovementioned risk stratification systems based on the area under the curve
(AUC).
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Research results
According to the ROC curve, the AFIP criteria showed the largest AUC (0.754).

Research conclusions
According to our data, the AFIP criteria were associated with a larger AUC than the NIH
modified criteria, the MSKCC nomogram, and the contour maps, which might indicate that the
AFIP criteria have better accuracy to support therapeutic decision-making for patients with
GISTs.

Research perspectives
The study evaluated the application value of four different risk stratification systems for GISTs
and found that the AFIP criteria have better accuracy in clinicalapplication. Due to the
imperfection of China's follow-up system and the particularity of its medical system, there may
be some bias in this data. In the future, we will improve the follow-up mechanism to ensure the
accuracy of data, and prospective studies may bring more accurate results.
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Abstract
BACKGROUND
Linked color imaging (LCI) is a method of endoscopic imaging that emphasizes
slight differences in red mucosal color.
AIM
To evaluate LCI in diagnostic endoscopy of early gastric cancer and to compare
LCI and pathological findings.
METHODS
Endoscopic images were obtained for 39 patients (43 lesions) with early gastric
cancer. Three endoscopists evaluated lesion recognition with white light imaging
(WLI) and LCI. Color values in Commission Internationale de l'Eclairage (CIE)
1976 L*a*b* color space were used to calculate the color difference (ΔE) between
cancer lesions and non-cancer areas. After endoscopic submucosal dissection,
blood vessel density in the surface layer of the gastric epithelium was evaluated
pathologically. The identical region of interest was selected for analyses of
endoscopic images (WLI and LCI) and pathological analyses.
RESULTS
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LCI was superior for lesion recognition (P < 0.0001), and ΔE between cancer and
non-cancer areas was significantly greater with LCI than WLI (29.4 vs 18.6, P <
0.0001). Blood vessel density was significantly higher in cancer lesions (5.96% vs
4.15%, P = 0.0004). An a* cut-off of ≥ 24 in CIE 1976 L*a*b* color space identified a
cancer lesion using LCI with sensitivity of 76.7%, specificity of 93.0%, and
accuracy of 84.9%.
CONCLUSION
LCI is more effective for recognition of early gastric cancer compared to WLI as a
result of improved visualization of changes in redness. Surface blood vessel
density was significantly higher in cancer lesions, and this result is consistent
with LCI image analysis.
Key words: Linked color imaging; Early gastric cancer; Endoscopic submucosal
dissection; Vessel density; Color difference
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study showed the utility of linked color imaging (LCI) for screening
endoscopy of early gastric cancer and the concordant change in blood vessel density with
redness in LCI image. The key results of the study were as follows: LCI gave better
contrast than white light imaging for the color difference between cancer lesions and
surrounding non-cancer tissue; an a* cutoff ≥ 24 for the value in Commission
Internationale de l'Eclairage 1976 L*a*b* color space had good sensitivity and
specificity for diagnosis of early gastric cancer; and surface blood vessel density in
cancer lesions was significantly higher than that in non-cancer areas.
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INTRODUCTION
The mortality of gastric cancer has been decreasing worldwide, but there are still
more than 800000 deaths due to this disease. Gastric cancer is the third leading cause
of death, followed by lung and colorectal cancer, in overall mortality worldwide[1]. In
Japan, the morbidity of gastric cancer ranks first in males and third after breast and
colorectal cancer in females[2]. Since advanced gastric cancer has a poorer prognosis,
early detection and treatment is required to overcome the disease.
Endoscopy is an essential modality for detection of early gastric cancer. Recent
advances and innovations in endoscopic devices have provided scopes with a high
pixel count, a smaller diameter, and various optical technology. In particular, imageenhanced endoscopy (IEE) that uses imaging and analysis of wavelengths of visible
light with illumination has a key role in detection of early gastrointestinal cancer.
Among IEE methods, narrow-band imaging (NBI) and blue light imaging (BLI) are
commonly used. NBI is effective for observation of capillaries on mucosal surfaces
through emission of narrow band light[3-5] and can be used for qualitative diagnosis
(differentiation of cancer from non-cancer tissues, and the extent of cancer)[6-8] in the
oropharynx and hypopharynx[9], esophagus[10,11] and stomach. BLI allows observation
of surface capillaries[12], in magnified observation, there is little difference in the
diagnostic performances of BLI and NBI[13].
A new IEE method, referred to as linked color imaging (LCI), with an endoscopic
light source was recently introduced by Fujifilm Corp. (Tokyo, Japan). LCI
observation is interchangeable with white light imaging (WLI)/BLI with just one push
of a button. LCI images are created by emission of white light and narrow-band shortwave light, and processing images to make a well-separated red area. The most
important wavelengths for diagnosis of normal mucosa and atrophic mucosa are
concentrated around the red color. LCI emphasizes slight differences in the “red”
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color of the mucosa by image processing, including enhancement of differences in
chroma and hue of the red mucosal color. As a result, red mucosa is visualized as
redder and white mucosa as whiter. LCI has a color shade that is closer to WLI than
NBI and BLI and processes images to separate the mucosal color more effectively;
therefore, LCI is a suitable imaging method to identify early gastric cancer.
The utility of LCI for diagnosis of Helicobacter pylori gastritis has been well
described[14], but there are few studies of LCI for diagnosis of gastrointestinal cancer
and, to our knowledge, parallel analyses of LCI, WLI, and pathology samples have
not been reported. Therefore, the objectives of this study are to evaluate the utility of
LCI for endoscopic diagnosis of early gastric cancer and to examine if pathological
findings can explain the changes in red shade in LCI.

MATERIALS AND METHODS
Materials
The subjects were 39 patients (43 lesions) with early gastric cancer who underwent
endoscopic submucosal dissection (ESD) of the stomach. WLI and LCI at the same
time point were used for comparison of endoscopic images. All procedures were
performed in the Department of Gastroenterology and Hepatology, Nagoya
University Graduate School of Medicine from September 2016 to January 2018. This
study was conducted after approval by the ethics committee of Nagoya University,
and was performed in accord with the Helsinki Declaration. All subjects gave
informed consent to participation after receiving a written explanation of the study.

Methods
Equipment and setting: An ELUXEO™ system (video processor VP-7000, light source
BL-7000) and a Video Endoscope EG-760Z (Fujifilm) were used in the study. In WLI,
the structure emphasis was set at H+1+3 (SE = Hi, DH = +1, DL = +3). In LCI, the
structure emphasis was set at A6 and the color emphasis was set at C1. Endoscopic
images were stored as uncompressed TIFF files. Images were 1280 × 1024 pixels and
RGB 24-bit color.
Image assessment by endoscopists: WLI and LCI images were taken before
endoscopic therapy and not magnified in the study. Lesions were imaged with WLI
and LCI at the same timepoint, and the images were placed in a file in random order.
These images were then evaluated by three endoscopists who routinely perform
endoscopic therapy and are board-certified fellows of the Japan Gastroenterological
Endoscopy Society. The evaluators were blinded to clinical data and pathological
results. Each evaluator viewed one WLI and one LCI image simultaneously and
assessed which image was superior for lesion recognition using a 5-point Likert scale:
+2, very much; +1, somewhat; 0, undecided; -1, not really; -2, not at all. The same
display was used for assessment. The evaluators assessed images alone without
discussion with other evaluators.
Color assessment of endoscopic images: Two regions of interest (ROI, diameter 24
pixels) were picked from each lesion. One was from the cancer lesion and the other
from surrounding non-cancer mucosa. Non-cancer mucosa was normal mucosa
without ulceration or other specific changes. After ESD, the identical ROI was marked
in the ESD resected sample and evaluated pathologically. ROI color in the endoscopic
image was assessed using Commission Internationale de l'Eclairage (CIE) 1976 L*a*b*
color space. This is a three-dimensional space for presenting a color with axes of L*
(from black to white; white is highest), a* (from green to red; red is highest), and b*
(from blue to yellow; yellow is highest). The difference between two colors (color
difference) was approximated by the distance in the CIE 1976 L*a*b*color space[15].
L*a*b* values of the ROI in cancer and non-cancer tissues were measured using
Adobe Photoshop CS4 (Adobe Systems Inc., San Jose, CA, United States) to estimate
the color difference (Figure 1).
Histopathological assessment: Resected gastric tissue was fixed in 10% neutral
buffered formalin and embedded in paraffin. Routine hematoxylin and eosin staining
(Figure 2A) and immunohistochemical staining were performed using 3-μm sections.
CD31 immunohistochemistry (Figure 2B) was used to highlight the blood vessel wall,
using a commercial primary antibody (clone JC/70A, 1:1200; Dako, Glostrup,
Denmark). The blood vessel area and its proportion of the total area were analyzed
based on photomicrographs for each ROI at ×100 magniﬁcation. An area of 350 μm
depth from the surface of the mucosa was trimmed on the photomicrograph (Figure
2C) and the blood vessel area was defined as the sum of the CD31-positive area and
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Figure 1

Figure 1 Color values and color differences between cancer and non- cancer areas. A region of interest
(diameter: 24 pixels) was established in each lesion. Color values (L*, a*, b*) were measured using Adobe Photoshop
CS4 to estimate color differences (ΔE) between cancer and non-cancer areas. The results are shown in Table 2.
WLI: White light imaging; LCI: Linked color imaging.

the area encircled by CD31-positive endothelial cells (Figure 2D and E). Recognition
and calculation of the positive area was performed automatically using image
analysis software (WinRoof v.3.9.0, Mitani Co., Tokyo, Japan).
Statistical analysis: Statistical analysis were performed using SPSS v.22.0 for
Windows (IBM Japan, Tokyo, Japan) and SAS 9.4 (SAS Institute, Inc.). Variables are
expressed as medians (range). Differences in paired continuous variables were
compared by Wilcoxon signed-rank test, and differences in independent continuous
variables were compared by Wilcoxon rank sum test. ROC curves were created with
values in CIE 1976 L*a*b* color space to differentiate between cancer and non-cancer
lesions. Diagnostic performance was estimated based on the area under the curve
(AUC), cut-off values, sensitivity and specificity. The significance level was set at a
two-tailed P value < 0.05.

RESULTS
The background and clinicopathological characteristics of the patients and lesions are
shown in Table 1. Most lesions were differentiated tissue type (well or mod) and
intramucosal carcinoma. All cases were completely resected with a free margin.
Evaluation by three endoscopists indicated that LCI was superior to WLI for
recognition of lesions of early gastric cancer (P < 0.0001). This finding being
particularly strong for flat/depressed lesions compared to elevated lesions (Figure 3).
The color difference (ΔE) between cancer and non-cancer areas was significantly
higher in LCI than in WLI [29.4 (9.4-63.9) vs 18.6 (5.1-38.4), P < 0.0001] (Table 2) and
thus LCI could differentiate a cancer lesion from a non-cancer area better than WLI. In
LCI, using a cut-off from ROC curves of ≥ 24 for detection of a cancer lesion, the
diagnostic performance had sensitivity of 76.7%, specificity of 93.0%, positive
predictive value (PPV) of 91.7%, negative predictive value (NPV) of 80.0%, and
accuracy of 84.9%. In pathological assessment, the blood vessel density in the surface
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Figure 2

Figure 2 An example of blood vessel density calculation by imaging analysis software. A: Hematoxylin and eosin staining of a cancer lesion (case 43, original
magnification × 100, scale bar 100 μm). B: CD31 immunohistochemistry highlights blood vessels. C: A depth of 350 μm was trimmed manually. Automatically
recognized blood vessels are colored in the cancer lesion (D) and non-cancer area (E). The calculated blood vessel area and ratio in this case are shown in the table.

layer was significantly higher in cancer lesions than in non-cancer areas [5.96% (2.1717.08) vs 4.15% (1.71-8.22), P = 0.0004] (Figure 4). Surface blood vessel density
exceeding 9% was only found in cancer lesions. The relationship between the value in
CIE 1976 L*a*b* color space and blood vessel density in WLI and LCI is shown in
Figure 5.

DISCUSSION
The results of this study show the utility of LCI for screening endoscopy of early
gastric cancer and the concordant change in blood vessel density with redness in the
LCI image. To our knowledge, this is the first study to compare objective color
evaluation of early gastric cancer using the CIE 1976 L*a*b* color space in LCI with a
pathological analysis of blood vessel density. This study showed that the large color
difference in LCI may be due to the surface blood vessel density. The key results of
the study were as follows: LCI recognized early gastric cancer lesions more effectively
than WLI; LCI gave better contrast than WLI for the color difference between cancer
lesions and the surrounding non-cancer area; an a* cutoff ≥ 24 for the value in CIE
1976 L*a*b* color space had good sensitivity and specificity for diagnosis of early
gastric cancer; and surface blood vessel density in cancer lesions was significantly
higher than that in non-cancer areas.
Based on an assessment by three endoscopists, LCI recognized early gastric cancer
lesions more easily than WLI. A previous study also indicated that LCI gave images
that were easier to review than WLI for both experts and non-experts in > 70% of
patients with early gastric cancer[16]. Endoscopists attempt to find a lesion using the
ruggedness of the mucosa and changes in color shade when observing inside the
stomach, but this requires appropriate technology to show slight differences in color
shade. Most lesions with slight differences in color shade can be detected by WLI
using innovations such as adjusted air volume and progression in lesions. However, it
is difficult to recognize a flat lesion without mucosal ruggedness or a slightly recessed
lesion. To recognize such lesions, a change in color shade between a cancer lesion and
a non-cancer area is important.
Subjective descriptions of color are commonly used in conventional endoscopic
findings, and consequently, it is difficult to make an objective evaluation. In this
study, CIE 1976 L*a*b* color space was used to assess the color objectively. The results
showed that LCI gave better contrast than WLI for the color difference between cancer
and non-cancer areas. These results are consistent with the assessment that LCI is a
better imaging method than WLI for recognition of early gastric cancer, especially for
flat and recessed lesions, which are likely to be assessed based on color difference,
rather than on mucosal ruggedness.
The relationship of cancer and the microvascular architecture has been widely
examined [17-20] , with reports of an irregular pattern and heterogeneity of the
vasculature, and microvascular dilatation. In our study, we used non-magnified
endoscopy to analyze the gross vascular effect, rather than the single vessel
architecture. Since irregular running and vessel dilation can increase the blood vessel
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Table 1 Characteristics of the patients and tumors
Item

Number

Cases/lesions

Range or Percentage

39/43

Age (yr): median (range)

74

Sex: male/female

(57-88)

27/12

Tumor major axis (mm): median (range)

15

(6-40)

U (Fundus)

5

(11.6)

M (Corpus)

7

(16.3)

L (Antrum and Pylorus)

30

(69.8)

Remnant Stomach

1

(2.3)

Type 0-I

2

(4.6)

Type 0-IIa

9

(20.9)

Location (%)

Macroscopic type (%)

Elevated

Type 0-IIa+IIc

2

(4.7)

Flat

Type 0-IIb

7

(16.3)

Depressed

Type 0-IIc

23

(53.5)

Red

20

(46.5)

Color of tumor in WLI

Infection with Helicobacter pylori
Depth of invasion (%)

Histological type (%)

White

2

(4.7)

Isochromatic

21

(48.8)

Positive

14

(32.6)

M

36

(83.7)

SM1

4

(9.3)

SM2

3

(7.0)

Differentiated (well or mod)

40

(93.0)

Undifferentiated (poor or sig)

3

(7.0)

M: Mucosa; SM: Submucosa.

density, our results are closely related to previous studies using magnified
endoscopy. The endoscopic color of early gastric cancer is widely distributed from
strong reddening to fading. Some previous studies have mentioned the role of the
number of capillaries in defining the color of the mucosa[21-23]. An increase in number,
as might be assumed, can increase the blood vessel density. Furukawa et al[24] also
mentioned the significance of the blood vessel density. Given the depth that
endoscopic light can reach, we examined blood vessel density from the surface to a
depth of 350 μm[25]. For as objective an evaluation as possible, the blood vessel density
was assessed using pathological imaging analysis software (WinRoof v.3.9.0). This
analysis showed that the blood vessel density was significantly higher in cancer
lesions than in non-cancer areas, and exceeded 9% in all cancer lesions in the study.
These results are consistent with findings showing that the blood vessel density in
cancer lesions is higher than that in non-cancer areas in differentiated gastric cancer[24].
Changes in redness between cancer and non-cancer areas in pathological images
were assessed objectively by estimating a value in CIE 1976 L*a*b* color space. In LCI,
ROC curves drawn using this value estimated an AUC of 0.86 at an a* cut-off value of
24. Values of ≥ 24 and < 24 indicated cancer and non-cancer areas, respectively, with a
diagnostic sensitivity of 76.7%, specificity of 93.0%, PPV of 91.7%, NPV of 80.0%, and
accuracy of 84.9%. We believe that our finding can lead to improved diagnosis of
cancer lesions, based on objective evaluation using CIE 1976 L*a*b* color space. If
these color values are evaluable in real time, artificial intelligence may permit
automatic recognition and diagnosis of lesions.
This study has several limitations. First, it was a single-center and small-scale
study. Second, the subjects were patients with early gastric cancer who underwent
ESD, and consequently, most had differentiated intramucosal carcinoma. To include
patients with undifferentiated cancer and early gastric cancer invading the
submucosa, patients who underwent surgical resection would need to be added.
Third, in this study, we focused only on cancer, and we did not evaluate inflammation
or adenoma. Fourth, because recognition of WLI or LCI is obvious for expert
endoscopist, bias is inevitable in the evaluation. To overcome this bias, we used
objective color evaluation based on CIE 1976 L*a*b* color space.
In conclusion, LCI was useful for recognition of early gastric cancer lesions because
this method provides good contrast in color differences between lesions and
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Table 2 Color differences between cancer and non-cancer areas in white light imaging and
linked color imaging
WLI

LCI

P value
< 0.0001

Color differences ΔE1 [median (min-max)]

18.6 (5.1-38.4)

29.4 (9.4-63.9)

Elevated

15.0 (5.8-34.4)

28.5 (11.0-40.2)

0.0327

Flat and depressed

20.6 (5.1-38.4)

30.9 (9.4-63.9)

< 0.0001

1

Wilcoxon signed-rank test. WLI: White light imaging; LCI: Linked color imaging.

surrounding tissue. Blood vessel density from the surface to a depth of 350 μm was
higher in cancer lesions than in non-cancer areas, and LCI clearly shows this feature
as a change in redness.
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Figure 3

Figure 3 Recognition of early gastric cancer lesions using a Likert scale. Linked color imaging was superior to white light imaging for recognition of early gastric
cancer lesions based on evaluations by three endoscopists (P < 0.0001). This effect was stronger for flat/depressed lesions than for protruding lesions.
Figure 4

Figure 4 Blood vessel densities from the surface layer to a depth of 350 μm in cancer and non-cancer areas. The blood vessel density was significantly higher
in cancer than in non-cancer areas [median (range): 5.96% (2.17-17.08) vs 4.15% (1.71-8.22), P = 0.0004].
Figure 5

Figure 5 Relationship of a* in Commission Internationale de l'Eclairage 1976 L*a*b* color space (X axis) with blood vessel density from the surface layer to
350 μm (Y axis) using (A) white light imaging (WLI) and (B) linked color imaging (LCI). Cancer and non-cancer areas were better differentiated with LCI
compared to WLI. The blood vessel density was ≥ 9% in all cancer lesions. Using a cut-off value of ≥ 24 for cancer lesions, the diagnostic performance with LCI had
sensitivity of 76.7%, specificity of 93.0%, positive predictive value of 91.7%, negative predictive value of 80.0%, and accuracy of 84.9%. WLI: White light imaging; LCI:
Linked color imaging.
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ARTICLE HIGHLIGHTS
Research background
Linked color imaging (LCI) emphasizes slight differences in the “red” color of the mucosa by
image processing, including enhancement of differences in chroma and hue of the red mucosal
color.

Research motivation
The utility of LCI for diagnosis of Helicobacter pylori gastritis has been well described, but there
are few studies of LCI for diagnosis of gastrointestinal cancer and, to our knowledge, parallel
analyses of LCI, white light imaging (WLI), and pathology samples have not been reported.

Research objectives
The objectives of this study are to evaluate the utility of LCI for endoscopic diagnosis of early
gastric cancer and to examine if pathological findings can explain the changes in red shade in
LCI.

Research methods
Three endoscopists evaluated lesion recognition with WLI and LCI. Color values in Commission
Internationale de l'Eclairage (CIE) 1976 L*a*b* color space were used to calculate the color
difference (ΔE) between cancer lesions and non-cancer areas. After endoscopic submucosal
dissection, blood vessel density in the surface layer of the gastric epithelium was evaluated
pathologically. The identical region of interest was selected for analyses of endoscopic images
(WLI and LCI) and pathological analyses.

Research results
LCI gave better contrast than WLI for the color difference between cancer lesions and
surrounding non-cancer tissue; an a* cutoff ≥ 24 for the value in CIE 1976 L*a*b* color space had
good sensitivity and specificity for diagnosis of early gastric cancer; and surface blood vessel
density in cancer lesions was significantly higher than that in non-cancer areas.

Research conclusions
LCI was useful for recognition of early gastric cancer lesions because this method provides good
contrast in color differences between lesions and surrounding tissue. Blood vessel density from
the surface to a depth of 350 μm was higher in cancer lesions than in non-cancer areas, and LCI
clearly shows this feature as a change in redness.

Research perspectives
If these color values are evaluable in real time, artificial intelligence may permit automatic
recognition and diagnosis of lesions.
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Abstract
BACKGROUND
Local endoscopic resection is an effective method for the treatment of small rectal
carcinoid tumors, but remnant tumor at the margin after resection remains to be
an issue.
AIM
To evaluate the efficacy and safety of resection of small rectal carcinoid tumors by
endoloop ligation after cap-endoscopic mucosal resection (LC-EMR) using a
transparent cap.
METHODS
Thirty-four patients with rectal carcinoid tumors of less than 10 mm in diameter
were treated by LC-EMR (n = 22) or endoscopic submucosal dissection (ESD) (n =
12) between January 2016 and December 2017. Demographic data, complete
resection rates, pathologically complete resection rates, operation duration, and
postoperative complications were collected. All cases were followed for 6 to 30
mo.
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RESULTS
A total of 22 LC-EMR cases and 12 ESD cases were enrolled. The average age was
48.18 ± 12.31 and 46.17 ± 12.57 years old, and the tumor size was 7.23 ± 1.63 mm
and 7.50 ± 1.38 mm, respectively, for the LC-EMR and ESD groups. Resection
time in the ESD group was longer than that in the LC-EMR group (15.67 ± 2.15
min vs 5.91 ± 0.87 min; P < 0.001). All lesions were completely resected at one
time. No perforation or delayed bleeding was observed in either group.
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Pathologically complete resection (P-CR) rate was 86.36% (19/22) and 91.67%
(11/12) in the LC-EMR and ESD groups (P = 0.646), respectively. Two of the three
cases with a positive margin in the LC-EMR group received transanal endoscopic
microsurgery (TEM) and tumor cells were not identified in the postoperative
specimens. The other case with a positive margin chose follow-up without
further operation. One case with remnant tumor after ESD received further local
ligation treatment. Neither local recurrence nor lymph node metastasis was
found during the follow-up period.
CONCLUSION
LC-EMR appears to be an efficient and simple method for the treatment of small
rectal carcinoid tumors, which can effectively avoid margin remnant tumors.
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Core tip: Rectal carcinoid is a common clinical submucosal tumor of the digestive tract.
Small rectal carcinoids rarely have lymph node metastasis or distant metastasis, and local
endoscopic resection is an effective method for the treatment of small rectal carcinoid
tumors, but remnant tumor at the margin after resection remains to be an issue. Endoloop
ligation after cap-endoscopic mucosal resection using a transparent cap appears to be an
efficient and simple method for the treatment of small rectal carcinoid tumors, which can
effectively avoid margin remnant tumors.

Citation: Zhang DG, Luo S, Xiong F, Xu ZL, Li YX, Yao J, Wang LS. Endoloop ligation after
endoscopic mucosal resection using a transparent cap: A novel method to treat small rectal
carcinoid tumors. World J Gastroenterol 2019; 25(10): 1259-1265
URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1259.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i10.1259

INTRODUCTION
Rectal carcinoid tumor is one of the most common neuroendocrine tumors in the
digestive tract. Most of them have no clinical symptoms and are unintentionally
discovered by colonoscopy [1] . The risk of lymph node metastasis and distant
metastasis for rectal carcinoid with a diameter less than 10 mm is small. Thus,
microscopic local excision is currently the commonly used method for the treatment
of rectal carcinoid tumors[2]. However, because most of these tumors are located in the
submucosal layer of the rectal wall in the lower rectum[3], traditional endoscopic
resection methods do not ensure complete removal of the tumor, leading to a positive
margin of resection, which often requires further surgical intervention. Recently,
endoscopic submucosal dissection (ESD) is considered to be an effective method for
the treatment of rectal carcinoid tumors, but its technical requirements and the
associated complications are relatively high[4]. Nylon endoloop ligation method has
been proved to be an effective treatment for submucosal lesions of the upper digestive
tract. For subepithelial tumors derived from the muscularis propria, the nylon
endoloop used after resection can automatically fall off to achieve “let it go” effect[5,6].
Few studies have evaluated the use of nylon ligation in the treatment of rectal
carcinoma after endoscopic resection of rectal carcinoid tumor. Therefore, this study
compared the efficacy of ESD and ligation after cap-endoscopic mucosal resection
(LC-EMR) in the treatment of rectal carcinoid tumors by retrospective analysis. We
also evaluated the advantages of LC-EMR in the treatment of rectal carcinoid tumors.

MATERIALS AND METHODS
We retrospectively analyzed the cases diagnosed as rectal carcinoid tumors and
treated by LC-EMR or ESD in the gastroenterology unit of Shenzhen People’s
Hospital between January 2016 and December 2017. The studied cohort was selected

WJG

https://www.wjgnet.com

1260

March 14, 2019

Volume 25

Issue 10

Zhang DG et al. Endoscopic treatment for small rectal carcinoid tumors

based on the following criteria: (1) rectal carcinoid tumors confirmed by histological
diagnosis; (2) lesions ≤ 10 mm by EUS; (3) carcinoid syndrome without symptoms;
and (4) no pararectal lymph node or distant metastasis as determined by pelvic and
abdominal computed tomography (CT) before the procedure. The study protocol was
approved by the ethics committee of the hospital and all patients gave their informed
consent before the procedures. “Complete resection” refers to the absence of any
visible residual tumor under endoscopy after tumor resection. A pathologically
complete resection (P-CR) was defined as an en bloc resection with no lateral or deep
margins of the tumor.

Endoscopic devices and procedures
LC-EMR procedure: A wide (14.9 mm-diameter), soft, straight, transparent cap with
an inside rim (D-201-11802, Olympus) was fitted onto the tip of a standard singlechannel endoscope (GIF-260, Olympus). A ligating device with a 20mm maximum
detachable nylon loop (MAJ-339, Olympus) was inserted into the accessory channel of
the endoscope. Other devices include Dual knife, injection needles, snares, and hot
biopsy forceps from Olympus, as well as a high-frequency generator (ICC-200, ERBE).
There were four steps in LC-EMR. The first step was to loop the crescent-shaped
snare around the rim of the transparent cap. The second step was aspiration and
ligation of the lesion with a high-frequency electrosurgical snare. The third step was
the resection of the lesion via electrocautery. The fourth step was the aspiration of the
lesion into the ligator device, followed by deployment of the endoloop (Figure 1A-F).
ESD procedure: ESD was performed using a single-channel endoscope with a short
transparent cap that was attached to the tip of endoscope. First, the submucosal
solution was injected and the circumferential mucosa of the lesion was incised using a
dual knife. Then, according to the method reported in the literature[5], circumferential
incision, submucosal dissection, and treatment of wounds were performed. All
procedures were conducted by two skilled endoscopists (Zhang DG and Wang LS).
Pathological examination included identification of histopathologic type, invasion
depth, lateral and vertical resection margins, lymphovascular involvement, as well as
immunohistochemical testing, and grades were determined by mitotic count and Ki67 labeling index. All patients were routinely fasted for 1 d after surgery and
discharged if there were no any significant complications.

Statistical analysis
All statistical analyses were performed using SPSS 16.0 statistical software (SPSS Inc,
United States). Continuous variables are represented as the mean ± standard
deviation (SD) and categorical data are showed as number (n) and percentage (%).

RESULTS
A total of 34 patients including 24 males and 10 females with an average of 19-79
(47.47 ± 12.25) years participated in the study. The LC-EMR group had 22 cases and
the ESD group had 12 cases. The mean ages of the ESD and LC-EMR groups were
48.18 ± 12.31 and 46.17 ± 12.57, respectively. Tumor size of the ESD and LC-EMR
groups was 7.23 ± 1.63 mm and 7.50 ± 1.38 mm, respectively. The resection time
(including resection and closure time) of the ESD group was longer than that of the
LC-EMR group (15.67 ± 2.15 min vs 5.91 ± 0.87 min, P < 0.001). All lesions had onetime complete resection. No perforation or delayed bleeding was observed in either
group. P-CR was 86.36% (19/22) and 91.67% (11/12) in the LC-EMR group and ESD
group (P = 0.646), respectively. Pathology diagnosis was confirmed as G1. Two of the
three cases with a positive margin in the LC-EMR group received transanal rectal
tumor resection and tumor cells were not identified in the postoperative specimens
(Figure 1G-L). The other case with a positive margin chose follow-up without further
operation. One case with remnant tumor after ESD received further local ligation
treatment. Generally, colonoscopy was performed and postoperative scar and
recurrence were observed 6 months after resection, and then at an interval of 1 to 2
years. For the two patients with remnant tumor after LC-EMR or ESD who did not
choose further surgery, colonoscopy was performed and postoperative scar and
recurrence were observed 3 mo after resection, and then repeat colonoscopy and
abdominal CT scan were performed at an interval of 1 year. Neither local recurrence
nor lymph node metastasis was found during the follow-up period (Tables 1-3).

DISCUSSION
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Figure 1

Figure 1 Utilizing endoloop ligation after cap-endoscopic mucosal resection using a transparent cap to remove rectal carcinoid tumor. Pathology suggested
positive margins and further transanal endoscopic microsurgery pathology was negative. A: Endoscopy showing a rectal carcinoid about 10 mm in diameter; B: An
electric snare mounted on the transparent cap on the inner lens end; C: Wound after resection; D: Nylon endoloop device installed on the inner lens end; E: Wound
after nylon endoloop ligation resection; F: Endoscopic resection of the intact tumor; G: Pathological specimen suggesting a carcinoid, vertical margin positive (× 10);
H: Positive immunohistochemical staining for CD56 (× 100); I: Positive immunohistochemical staining for chromogrin (× 100); J: Positive immunohistochemical staining
for Syn (× 100); K: Immunohistochemical staining for Ki-67 (< 2%; × 100); L: Transanal endoscopic microsurgery surgery did not identify tumor cells (× 10).

Rectal carcinoid tumors were restricted to the submucosa and had a lower risk of
metastasis when the tumor was less than 10 mm in diameter without lymphoid or
vascular infiltration[2,4]. Local or endoscopic excision is considered curative for these
tumors[7]. However, it is difficult to completely resect carcinoid tumors of the rectum
by conventional EMR, because about 75% of the tumors have extended into the
submucosa [8] . Compared with EMR, ESD is considered a better method for the
treatment of rectal carcinoid tumors, but it requires higher technical means and is
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Table 1 General information of patients in the two groups
LC-EMR (n = 22)

ESD (n = 12)

P-value

48.18 ± 12.31

46.17 ± 12.57

0.907

17/5

7/5

0.016

Tumor size (mm)

7.23 ± 1.63

7.50 ± 1.38

0.531

Distance from anal verge (cm)

6.27 ± 0.98

6.75 ± 1.48

0.281

Age (yr)
Sex (M/F)

LC-EMR: Ligation after cap-endoscopic submucosal resection; ESD: Endoscopic submucosal dissection.

relatively time consuming and has more complications [7] . Other improved EMR
methods, such as endoscopic double snare polypectomy (EDSP) [9] , EMR with a
ligation device (ESMR-L)[10], EMR with double ligation (ESMR-DL)[11], or EMR after
circumferential pre-cutting (EMR-P) [12] , can remove deeper layers of the tumor
without significant complications for small rectal carcinoids. However, the edge
remnant is always the problem that needs to be solved for local endoscopic resection.
Recent studies have shown that the treatment method is the only independent factor
affecting the P-CR rate of rectal carcinoid tumors. Wang et al [13] compared the
therapeutic effects of EMR-C (30 cases) and ESD (25 cases) for rectal carcinoids < 16
mm in diameter, and the results showed that nine cases in the EMR-C group had
positive basal margins. During the 18 mo of follow-up, five cases in the EMR-C group
had local recurrence, while no recurrence was found in the ESD group. Chen et al[14]
conducted a retrospective study of 66 patients with rectal carcinoids less than 15 mm
in diameter, and the results showed that P-CR was 96.43% and 93.94% for ESD and
circumferential incision before EMR (CI-EMR) groups, respectively. For smaller rectal
carcinoid tumors, if residual lesions appear after endoscopic resection, more of them
were vertical resection margin positive. Theoretically, ligation after endoscopic
resection can reduce the incidence of residual tumor, so this study selected LC-EMR
and ESD for comparison and further evaluated the effect of LC-EMR in the treatment
of small rectal carcinoid.
Our study showed that although there were three positive margins in the LC-EMR
group and two of them underwent further surgical local resection, no tumor invasion
was found in the surgical specimens. We speculated that this is because local
endoloop ligation after EMR-C led to ischemic necrosis, which further achieved the
effect of clearing local lesions, similar to the effect of “let it go” in the treatment of SET
by endoloop as reported in the previous literature[6]. This might also be the reason that
the other LC-EMR patient who chose follow-up did not have recurrence. Compared to
ESD, LC-EMR is easier and less time consuming. Furthermore, endoloop ligation after
EMR-C helps prevent wound bleeding and seal wounds.
Compared with band ligation, endoloop ligation can achieve more robust ligation
even if there is local scarring[15]. Another ESD patient with a positive margin refused
further surgery. In spite of wound fibrosis, we chose to perform local endoloop
ligation 1 wk after resection. In the follow-up period, no tumor recurrence or
metastasis was found, and no tumor cells were found in the local biopsy at 3 mo after
resection.
The study had some limitations. First, this study is a single-center retrospective
study with limited sample size. In addition, considering that rectal carcinoid is a slowgrowing tumor, long-term follow-up is necessary to determine the efficacy of LCEMR. However, LC-EMR appears to be an efficient and simple method for the
treatment for small rectal carcinoid tumors less than 10 mm, which can effectively
prevent remnant tumors at the resection margin, especially in case of absence of ESD
availability.
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Table 2 Summary of the therapeutic efficacy in the two groups n (%)
LC-EMR (n = 22)
Endoscopic complete resection
Pathologically complete resection

ESD (n = 12)

P-value

22 (100)

12 (100)

1.000

19 (86.36)

11 (91.67)

0.646

Histological margin involvement
Lateral

0 (0)

0 (0)

1.000

Vertical

3 (13.64)

1 (8.33)

0.646

5.91 ± 0.87

15.67 ± 2.15

0.001

0 (0)

0 (0)

1.000

Resection time (min, ± SD)
Recurrence follow-up

LC-EMR: Ligation after cap-endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

Table 3 Further treatment of patients with a positive resection margin in the two groups
LC-EMR (n = 3)

ESD (n = 1)

TEM (n)

2

0

Religation (n)

0

1

Negative

Negative

0

0

Histological after surgery or endoscopy
Recurrence follow-up (n)

LC-EMR: Ligation after cap-endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; TEM: Transanal endoscopic microsurgery.

ARTICLE HIGHLIGHTS
Research background
Rectal carcinoid tumor is a clinically common submucosal tumor of the digestive tract. Lymph
node metastasis risk of rectal carcinoid tumors less than 1 cm is low. Endoscopic local resection
is currently the main treatment method, of which endoscopic submucosal dissection (ESD) is the
first choice. Endoscopic mucosal resection (EMR) is also a commonly used treatment method for
digestive tract mucosal lesions, with low technical requirements and relatively easy to grasp.
Previous studies have shown that EMR also has a good effect on rectal carcinoids, but there is a
residual risk of basal tumors, even with improved EMR (such as EMR-cap, EMR-P, C-EMR and
so on). Therefore, it is of certain clinical value to explore a simple and effective method to treat
small rectal carcinoids on the basis of EMR.

Research motivation
This study aimed to explore a simple and effective endoscopic resection method for the
treatment of small rectal carcinoids, especially when ESD is not available.

Research objectives
The clinical application of ligation assisted endoscopic resection is extensive, especially for
gastrointestinal submucosal tumors, and even the tumors less than 2 cm derived from the
muscularis propria also can achieve satisfactory results. For some submucosal tumors that may
have residual tumor in the basal part after endoscopic resection, the ligation method after
endoscopic resection can lead to the final ischemic necrosis of the residual tumor and achieve the
purpose of complete resection. The purpose of this study was to explore the efficacy of
transparent cap assisted endoscopic mucosal resection combined with postoperative endoloop
ligation in the treatment of rectal carcinoids.

Research methods
This study retrospectively analyzed the cases diagnosed as rectal carcinoid tumors and treated
by ligation after cap (LC)-EMR or ESD in the gastroenterology unit of Shenzhen People’s
Hospital between January 2016 and Decemeber 2017. Patients' demographic data, the complete
resection rates, operation duration, and postoperative complications were collected.

Research results
A total of 34 patients including 24 males and 10 females with an average of 19-79 (47.47 ± 12.25)
years participated in the study. The mean ages, tumor size, resection time, and pathologically
complete resection (P-CR) rates of the ESD (n = 12) and LC-EMR (n = 22) groups were 48.18 ±
12.31 years vs 46.17 ± 12.57 years, 7.23 ± 1.63 mm vs 7.50 ± 1.38 mm, 15.67 ± 2.15 min vs 5.91 ± 0.87
min, and 91.67% (11/12) vs 86.36% (19/22), respectively. No perforation or delayed bleeding was
observed in either group. Pathology diagnosis was confirmed as G1. Two of the three cases with
a positive margin in the LC-EMR group received transanal rectal tumor resection and tumor cells
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were not identified in the postoperative specimens. The other case with a positive margin chose
follow-up without further operation. One case with remnant tumor after ESD received further
local ligation treatment. Neither local recurrence nor lymph node metastasis was found during
the follow-up period. Both LC-EMR and ESD were effective methods to treat small rectal
carcinoid tumors.

Research conclusions
LC-EMR appears to be an efficient and simple method for the treatment for small rectal carcinoid
tumors less than 10 mm, especially when ESD is not available. LC-EMR can effectively prevent
remnant tumors at the resection margin. Considering rectal carcinoid is a slow-growing tumor,
long-term follow-up is necessary to determine the long- term efficacy of LC-EMR.

Research perspectives
To avoid local tumor residue after endoscopic resection, it is necessary to perform postoperative
prophylactic endoloop ligation, even after ESD.
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Abstract
BACKGROUND
Asymptomatic children with Crohn’s disease (CD) require ongoing monitoring to
ensure early recognition of a disease exacerbation.
AIM
In a cohort of pediatric CD patients, we aimed to assess the utility of serial fecal
calprotectin measurements to detect intestinal inflammatory activity and predict
disease relapse.
METHODS
In this prospective longitudinal cohort study, children with CD on infliximab
therapy in clinical remission were included. Fecal calprotectin levels were
assessed at baseline and at subsequent 2-5 visits. Clinical and biochemical disease
activity were assessed using the Pediatric Crohn’s Disease Activity Index, Creactive protein and erythrocyte sedimentation rate at baseline and at visits over
the following 18 mo.

additional data are available.

RESULTS
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53 children were included and eighteen patients (34%) had a clinical disease
relapse during the study. Baseline fecal calprotectin levels were higher in patients
that developed symptomatic relapse [median (interquartile range), relapse 723
μg/g (283-1758) vs 244 μg/g (61-627), P = 0.02]. Fecal calprotectin levels > 250
μg/g demonstrated good predictive accuracy of a clinical flare within 3 mo (area
under the receiver operator curve was 0.86, 95% confidence limits 0.781 to 0.937).
CONCLUSION
Routine fecal calprotectin testing in children with CD in clinical remission is
useful to predict relapse. Levels > 250 μg/g are a good predictor of relapse in the
following 3 mo. This information is important to guide monitoring standards
used in this population.
Key words: Fecal calprotectin; Disease relapse; Biomarker; Crohn’s disease; Children
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: It has becoming increasingly evident that many children with Crohn’s disease
(CD) who are in clinical remission continue to have ongoing active intestinal
inflammation. This prospective paediatric study demonstrates the utility of fecal
calprotectin monitoring in asymptomatic children with CD. In this study, a significant
number of children were found to have elevated levels despite clinical remission, and
levels of > 250 μg/g were found to be a good predictor of clinical relapse in the
subsequent 3 mo.
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INTRODUCTION
Crohn’s disease (CD) is a type of inflammatory bowel disease (IBD) with clinical
course characterized by periods of disease remission and exacerbation. In children,
worsening disease activity can be complicated by poor growth and development,
hospitalizations, surgeries, and school absences. In addition, quality of life is
correlated with disease activity, further supporting the importance of maintaining
disease remission[1]. IBD patients have regular follow-up appointments with their
gastroenterologist to closely monitor the inflammatory state of the disease with the
aim of implementing timely adjustments to medical therapy to prevent worsening of
disease activity and development of complicated disease. Unfortunately, clinical
symptoms typically lag behind the early intestinal inflammatory changes.
Consequently treatment changes are often initiated only after deterioration in clinical
status has occurred reinforcing the need for closer monitoring and better evaluation of
intestinal inflammatory activity.
Clinicians utilize different tests to monitor inflammatory burden and predict
relapse in children with IBD. The most accurate methods include endoscopic
evaluation, capsule endoscopy and magnetic resonance enterography; though, these
options are invasive, costly, time consuming and can have associated
complications[2-4]. Alternatively, less expensive and less invasive serum biomarkers
such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are also
used to monitor inflammatory activity[5]. However, up to one third of children with
IBD were found to have normal ESR and CRP levels at diagnosis despite endoscopic
evidence of active inflammation, thus demonstrating the lack of sensitivity of these
markers to reliably detect active intestinal inflammation[5].
More recently research efforts have been directed towards the use of fecal
calprotectin (FC), a stool test that is non-invasive, sensitive and less expensive than
imaging or endoscopic procedures[6,7]. Calprotectin is a calcium and zinc binding
cytosolic protein found in neutrophilic granulocytes released upon their activation[8].
This protein is stable in feces, and can be measured as a marker of intestinal
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inflammation[9]. Indeed, FC levels have been reported to correlate with endoscopic
evidence of mucosal healing a clinical measure that has been associated with a lower
two-year probability for a clinical disease flare[9,10]. In particular, FC levels < 250 μg/g
have been found to be a reliable marker of endoscopic mucosal healing in IBD
patients[11].
While FC has been studied extensively in disease diagnosis, responses to therapy
and post-operative monitoring[12-16], there is a paucity of robust data evaluating the
predictive role of FC for disease relapse in pediatric IBD patients in clinical disease
remission. Studies in adults have shown that FC is an accurate marker of intestinal
inflammation and provides a useful tool for predicting disease relapse in IBD patients
in clinical remission[7,17,18]. Most recently, a prospective study in adults evaluated the
accuracy of routine FC measurements to predict flares in IBD patients on maintenance
infliximab therapy, showing that FC was a good predictor of relapse and remission
over the subsequent 4 mo[19]. However, knowledge in pediatric patients is limited, as
prior studies lack long-term, prospective data using validated instruments to define
remission [20-23] . The aim of this study was to evaluate the accuracy of serial FC
measurements to predict clinical flares in pediatric CD patients on maintenance antitumor necrosis factor (anti-TNF) therapy and in clinical remission.

MATERIALS AND METHODS
Study design and methodology
In this blinded prospective longitudinal cohort study, pediatric patients with CD
receiving infliximab, and in clinical remission were consecutively recruited from BC
Children’s Hospital Division of Gastroenterology, Hepatology and Nutrition in
Vancouver, British Columbia, Canada between June 2013 and May 2015. Ethical
approval was obtained from the University of British Columbia Clinical Research
Ethics Board and the British Columbia Children’s and Women’s Research Review
Committee. Written informed consent was obtained prior to inclusion in the study.

Study population
Children ages 6-18 years old with an established diagnosis of moderate to severe CD
based on the revised Porto criteria were included[24]. Disease was characterized using
the Paris classification based on age at diagnosis, disease location and behaviour[25].
All participants were on maintenance infliximab infusions (i.e., > 14 wk from initiation
of therapy) at dosing intervals between 4 and 8 wk, and in clinical remission at
commencement of the study as defined by a Pediatric CD Activity Index (PCDAI)
score of < 10[26]. Potential subjects were excluded if they had at any time during the
study known infectious enteritis or colitis, regular use of non-steroidal antiinflammatory drugs (> 2 tablets/wk), or a diagnosis of celiac disease. All subjects
were required to have a minimum of 3 stool samples and on infliximab throughout
the study period.
Sample size was determined pragmatically based on the number of patients
available at our center and fulfilling inclusion criteria. Review of our clinical IBD
database showed 73 patients with CD receiving infliximab infusions. Based on our
departmental data over the preceding 4 years, we estimated an additional 10-12 new
patients per year eligible for the study. With 70%-80% enrolment, we estimated a
potential sample size of 58 to 66 patients. All consecutive cases during the study
period fulfilling inclusion criteria were invited to participate.

Fecal calprotectin
At enrolment patients provided a baseline stool sample, for baseline FC level,
followed by collections at subsequent 2-5 infliximab infusion visits (Figure 1).
Treating physicians, patients and families were blinded to FC results and no
management decisions during the study were based on FC results. Stool samples were
stored at 4 °C and processed within 7 d of collection to ensure stability of FC; 100 mg
of stool was extracted using the Buhlmann Smart Prep kit following vendor’s
instructions, and frozen at - 80°C until the day of the assay. Manual ELISA was
performed within 4 mo of sample extraction using the Buhlmann fCAL® ELISA kit
(Buhlmann EK-CAL, rev 2012-11-20) following vendor’s instructions for the lower
range procedure (working 10-600 μg/g). Samples with levels > 600 μg/g were diluted
according to vendor protocol and re-assayed. A FC level < 50 μg/g stool was
considered to be within the normal range. Imprecision studies and comparability of
patient results with other laboratories using the same assay were performed as part of
the method validation (See Supplementary data, Supplemental Figures 1 and 2).
In addition, stool samples from 25 healthy children between ages 6 to 18 years with
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Figure 1

Figure 1 Study design. Patients were clinically evaluated at study entry and then every 4-8 wk at infusion visits.
Blood tests for CRP, ESR and albumin were performed at each infusion visit. FC levels were measured every 4-8 wk
for the first 3-6 visits. FC: Fecal calprotectin; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein.

no inflammatory conditions were tested. These subjects were recruited from the
general population and were screened for gastrointestinal symptoms and diseases,
associated inflammatory conditions, and nonsteroidal anti-inflammatory drugs use.

Clinical activity indices and additional data collection
The treating physician evaluated clinical disease activity at study enrolment and each
subsequent visit (4-8 weekly) using a PCDAI score (Figure 1). Standard laboratory
investigations including a complete blood count, CRP, ESR and albumin were
measured at each infusion visit and available to the physician. Appropriate results
were used to calculate the PCDAI including hematocrit, ESR, albumin, height, weight
and disease symptoms. Patients were followed for 18 mo to provide long-term data
on routine clinical evaluation and to monitor for clinical disease relapse. The primary
endpoint was symptomatic disease relapse defined as a PCDAI score of ≥ 10 with a
change of at least 10 points from the prior visit.
Patient characteristics included age, sex, age of diagnosis, disease location and
behaviour, other medications (both IBD and non-IBD related), IBD-related surgeries,
time from diagnosis to infliximab start, and infliximab infusion dosing and interval
were collected. Any medication changes including the addition of new medications or
changes in the infliximab infusions (dosing or time interval) were recorded.

Statistical analysis
Continuous variables following a skewed distribution are presented using median
values and interquartile range (IQR) and Wilcoxon signed-rank test was used to
compare differences between patients that relapsed and those that remained in
clinical remission. Categorical data are presented as percentages. Time-to-event data
are presented using Kaplan-Meier survival curves for FC, ESR, CRP and albumin
levels. One predictor logistic regression and receiver operating characteristic (ROC)
curve analyses for FC, ESR, CRP and albumin were used to evaluate the cumulative
incidence of flares in a 2-wk time window around (before or after) 3 and 6 mo after
the FC and a 4-wk window around 12 mo after the FC. Specificity, sensitivity and
optimal threshold values of FC were determined from ROC curve analysis. The area
under the curve (AUC) of the ROC was used to determine accuracy of FC, which was
defined as poor (0.6-0.7), fair (0.7-0.8), good (0.8-0.9) and excellent (0.9-1.0)[27].
Variance components analysis and Bland-Altman plots were used to evaluate the
correlation between FC levels completed at our laboratory, the comparison laboratory,
and the Buhlmann Diagnostics comparison samples. A significance level of P < 0.05
was used in our analysis. Statistical analysis was performed using R (version 3.3.3)[28]
and cp-R Clinical Chemistry Software V 0[29].

RESULTS
Of the 25 healthy children evaluated, 17 had FC levels < 25 μg/g, 7 had levels
between 50 μg/g and 200 μg/g, and 1 had a level > 200 μg/g. Additional stool
samples were evaluated from 3 subjects with FC levels > 50 μg/g. The subject with
the highest level (247.9 μg/g) had a normal repeat FC (12.4 μg/g) and the other 2
subjects had levels of 47.6 μg/g (original 114.1 μg/g) and 88.5 μg/g (90.1 μg/g). The
median (IQR) of the group of health controls (following normalization of FC levels in
the two individuals) was 35 µg/g (IQR 20-50 μg/g).

Subject characteristics
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Sixty-two patients were prospectively enrolled. Three subjects withdrew because of
difficulty completing stool samples, 3 were transferred to adult care, 1 had a change in
diagnosis to ulcerative colitis, and 2 patients stopped infliximab treatment during the
study. Consequently, 53 children were analyzed. Thirty-six patients (68%) were male
and the median follow-up time was 1.5 years. A total of 205 stool samples were
collected during the study with a mean of 4 stool samples per patient. In addition to
infliximab, 46 (87%) of patients received co-immunosuppressive therapy, with
azathioprine prescribed most commonly (51% of patients). Patients’ clinical
characteristics are shown in Table 1.

Inflammatory markers at enrolment and subsequent relapse
At enrolment when all patients were in clinical remission (PCDAI < 10), serum
inflammatory markers and FC were initially evaluated (baseline data). The
cumulative number of patients with symptomatic relapse was 18 (34%), and the mean
time from enrolment to clinical flare was 7.1 mo (range, 1.5-15 mo). Baseline FC level
in the group with symptomatic relapse was higher than those remaining in clinical
remission [median 723 μg/g (IQR 283-1758) vs 244 μg/g (IQR 61-627), P = 0.02]
(Figure 2). The median FC level at the visit prior to relapse was 765 μg/g (IQR 5041800). Four outliers in the non-relapsing group had elevated FC at enrolment; 1 was 6
mo post diagnosis and FC levels gradually decreased to the normal range with no
intervention, 2 had a decrease in FC levels after antibiotic administration for
concurrent infections (urinary tract infection, pharyngitis) but FC levels remained
elevated (> 400 μg/g) and the final outlier had a persistent FC levels > 1800 μg/g at
study completion but remained in clinical remission. Both ESR and CRP levels were
elevated in this individual triggering infliximab dose escalation; however this did not
impact the FC level.
To further assess risk of clinical disease relapse in relationship to baseline FC levels,
time to clinical relapse curves were calculated for the first year of the study using
baselines FC levels < or ≥ 250 μg/g. Significant differences in relapse rates were noted
in patients with FC < 250 μg/g compared to those with levels ≥ 250 μg/g (Figure 3A,
P = 0.004). Significant differences were also noted for baseline CRP levels ≤ 5 and > 5
mg/L (Figure 3C, P = 0.015) and albumin < 35 and ≥ 35 g/L (Figure 3D, P = 0.008).
However, baseline ESR levels < 20 and ≥ 20 mm/h were not significantly different in
predicting clinical relapse over time (Figure 3B, P = 0.141).

Serial fecal calprotectin to predict relapse (longitudinal analysis)
Repeated measures analysis was used to determine if FC, ESR, CRP and albumin at an
individual visit were predictive of a clinical disease relapse at subsequent visits. Visits
with clinical relapse carried over from a previous visit were excluded. FC had good
accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC
value of 0.86 [95% confidence interval (CI) 0.781 to 0.937], (Figure 4A). In contrast, the
ROC values for ESR, CRP and albumin were lower at 0.651 (95% CI 0.481-0.821),
0.697(95%CI 0.527-0.866) and 0.773 (95%CI 0.662-0.883) respectively. The ability of FC
to predict clinical disease relapse decreased significantly at 6 and 12-mo time intervals
from stool collection with ROC values of 0.746 (95%CI 0.626-0.866) and 0.687 (95%CI
0.554-0.82) respectively (Figure 4B and C). ESR, CRP and albumin were also unreliable
predictors at 6 and 12-mo time points (Supplemental Table 1). Repeated measures
analysis showed that a FC value of approximately 500 μg/g provided a sensitivity of
85% and specificity of 73% for predicting clinical relapse at the next visit (Figure 5A
and B).

Disease management
Management decisions were based on PCDAI score, clinical assessment and serum
laboratory values. We expected that high FC would be associated with a high PCDAI
and vice versa, however this relationship was only seen in 24 children (45%)
(Supplemental Figures 3 and 4). In the remaining 29 children the PCDAI and FC level
did not correlate. Despite normal FC levels (< 250 μg/g) throughout the study in 14
patients, 4 (29%) had a medication escalation (Supplemental Figure 3). FC levels > 250
μg/g were reported in 39 (74%) patients at one or more time points, however 25 (64%)
did not have a clinical flare, and in 4 of these patients (16%) therapy was actually deescalated (Supplemental Figure 4). In the 14 patients with a clinical flare and raised
FC, six (43%) had escalation of therapy, while eight (57%) had no medication change
(Supplemental Figure 4).

DISCUSSION
Several studies in adult IBD patients have reported a strong association between
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Table 1 Clinical characteristics of the pediatric Crohn’s disease patients included in the study (n
= 53) n (%)
Clinical characteristics of the pediatric Crohn’s disease
Males

36 (68)

Age years (median, IQR)

14.9 (11.9-16.0)

Age at diagnosis years (median, IQR)

10.9 (8.3-13.1)

Duration of disease years (median, IQR)

3.0 (1.3-5.1)

Concomitant immunosuppressant
Azathioprine

27 (51)

Methotrexate

19 (36)

None

7 (13)

Previous IBD related surgery
Perianal surgery

1 (2)

Resectional surgery

6 (11)

Crohn’s disease: Age at diagnosis (Paris classification)
A1a: 0-< 10 yr

20 (38)

A1b: 10-< 17 yr

33 (62)

Crohn’s disease: Location (Paris classification)
L1

5 (9)

L2

22 (42)

L3

26 (49)

L4

35 (66)

Crohn’s disease: Behaviour (Paris classification)
B1: non-stricturing, non-penetrating

31 (59)

B2: stricturing

12 (23)

B3: penetrating

7 (13)

B2B3: penetrating and structuring

3 (5)

P: Perianal disease

17 (32)

Crohn’s disease: Growth impairment (Paris classification)
Evidence of growth delay

0 (0)

Infliximab dosing
Interval between infliximab doses (wk), mean (range)

7 (4-8)

Mean dose (mg/kg)

6.8

IQR: Interquartile range; IBD: inflammatory bowel disease.

elevated FC levels and clinically active inflammatory disease as well as the utility of
FC to predict disease relapse[17-19,30]. However, in children the data is more limited and
mostly confined to retrospective data collection or prospective studies with single FC
measurements and short study follow-up times[20-23]. This prospective study is the first
to evaluate serial blinded FC measurements to assess their value in predicting clinical
disease relapse in children with IBD. Our study showed that serial FC levels could
predict clinical disease relapse in patients with quiescent CD on infliximab during an
18-mo follow up period. Moreover, FC demonstrated good predictive accuracy of
clinical disease relapse within 3 mo and was superior, but not significantly so, to other
currently available serum biomarkers at predicting clinical relapse.
Consistent with the adult and pediatric studies that reported higher baseline FC
levels in patients who developed symptomatic relapse, our patients who developed
symptomatic relapse had significantly higher baseline median FC levels than those
patients who maintained clinical remission (723 μg/g vs 244 μg/g). Reported cut-off
of FC to predict risk of relapse in adults and children with IBD vary widely ranging
from 120-340 μg/g in adults[18,19,31] and 108-500 μg/g in paediatrics[20,21,23]. Dierderen et
al[20] in their recent retrospective study in pediatric IBD patients noted that a baseline
FC of 250 µg/g was predictive of symptomatic relapse within 6-mo, with a hazard
ratio of 1.46 (95%CI: 1.21-1.77) with a good predictive accuracy (AUC: 0.82). Similarly,
in our study, Kaplan-Meier time-to-relapse plots using FC level ≥ 250 μg/g
determined that patients followed prospectively over 18-mo had a significant 7.9-fold
(95%CI 1.1-56.1) increased risk of developing a clinical relapse than patients with
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Figure 2

Figure 2 Increased baseline fecal calprotectin values in pediatric patients with inflammatory bowel disease
are associated with elevated risk for clinical relapse.P = 0.02. Bar graphs represent median values with
interquartile range. FC: Fecal calprotectin.

lower values (P = 0.004). Moreover, FC had good accuracy in predicting clinical
disease relapse within 3 mo of collection with an ROC value of 0.86 (95%CI 0.7810.937).
Dierderen et al[20] reported an optimal FC cut off in pediatric IBD patients (n = 114)
of 350 μg/g with a sensitivity and specificity of 82% and 79% and a positive and
negative predictive value of 41% and 96% respectively. Conversely, in a short term
cross-sectional, observational, prospective cohort study in adult patients with IBD in
clinical remission on maintenance Infliximab a FC concentration > 160 μg/g was
reported to have a sensitivity and specificity for predicting relapse of 91.7% and 82.9%
respectively[32]. In contrast, we determined that FC values > 500 μg/g provided the
best sensitivity and specificity to predict a clinical disease relapse at the next visit.
A comparable study to ours but in adult IBD patients in clinical remission on antiTNF therapy followed prospectively until relapse or for 16-mo reported that FC levels
≥ 300 μg/g predicted relapse over the following 4 mo with a probability of 78.3%[19].
Moreover, two consecutive FC values ≥ 300 μg/g increased the probability of
predicting clinical relapse to 85.7%. However, the study population included both CD
(n = 71) and ulcerative colitis (n = 24) patients. In the CD cohort a FC value > 290 μg/g
predicted relapse at any time over the following 4 mo with a probability of 96%. The
variability in FC cut offs is multifactorial and likely related to differences in study
design, populations, duration of follow-up, use of clinical indicators of symptomatic
relapse, differences in methodology for FC quantification and fewer FC
measurements. Notably, our study prospectively assessed serial FC only in CD
patients on infliximab in clinical remission and the methodology for FC quantification
was validated in our laboratory prior to measuring levels. Indeed, FC levels < 500
μg/g correlated more closely than those in the upper range and given that our study
found optimal cut-offs for predicting relapse to be < 600 μg/g, using the lower range
procedure is valid.
Notably, in keeping with adult IBD practice, our study shows that children should
also have FC levels checked every 3 mo to ensure adequate monitoring. Indeed,
earlier detection of intestinal inflammation, with more timely management changes
could result in fewer disease flares, improvement in patient quality of life and
ultimately a decreased burden on the health care system.
A major strength of our study was the blinded and prospective longitudinal design
with repeated measurements of FC, ESR, CRP and PCDAI scores. The blinding of FC
results ensured that therapeutic changes were based upon our current disease
monitoring practices and were not made based upon the FC result. The repeated
measures allowed us to evaluate the temporal relationship between test results and
clinical relapse providing new information that prior studies are lacking [20] .
Furthermore, evaluation of management decisions following study completion
exposed the deficiencies in routine assessment methods when compared to FC. Of the
39 patients with elevated FC levels, FC remained elevated in 49% of patients during
the study. While only one patient in our study had a disease complication, longerterm follow-up may uncover complications that occur in the group with persistent
elevations of FC levels. Notably, in the CALM multicentre, randomized controlled
study in adult patients with CD, escalation to adalimumab based on the tight control
(FC ≥ 250 μg/g, CRP ≥ 5 mg/L, CDAI ≥ 150, or prednisone use in the previous week)
compared to standard clinical management (symptom-driven decisions alone)
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Figure 3

Figure 3 Kaplan-Meier curves at baseline through the first year of follow-up showing differences in predicting clinical relapse. A: Kaplan-Meier curves for
FC; B: Kaplan-Meier curves for ESR; C: Kaplan-Meier curves for CRP; D: Kaplan-Meier curves for albumin. FC: Fecal calprotectin; ESR: Erythrocyte sedimentation
rate; CRP: C-reactive protein.

resulted in better clinical and endoscopic outcomes at week 48[33].
While this study was limited by sample size and by the limited sensitivity of the
PCDAI clinical score this was offset by the inclusion of repeated measurements of
biomarkers and PCDAI scores collected prospectively at multiple visits over an 18 mo
follow up period. Notable, the PCDAI remains a tool frequently used in clinical care
and research studies in children; however, the gold standard assessment tool for
disease activity is endoscopic evaluation. Indeed endoscopic guided management of
IBD is becoming increasing recommended, although its true value and frequency of
use and the role of FC in guiding endoscopic intervention remain to be evaluated
prospectively. Although symptom based monitoring remains an important outcome
variable, it has become increasingly evident that it correlates poorly with more
objective measures of disease activity, necessitating evaluating the predictive value of
biochemical markers of inﬂammation. The inclusion of endoscopy to guide
management of IBD is increasingly recommended, although its true value remains to
be prospectively evaluated.
In conclusion, this prospective longitudinal pediatric study is the first to
demonstrate that routine serial FC measurements are an independent valuable
predictor of symptomatic relapse. Moreover, FC elevation was noted up to 3 mo prior
to the appearance of symptomatic relapse. Consequently, implementing a 3-monthly
test to treat FC monitoring strategy would allow clinicians to make timely therapeutic
adjustments in advance of disease relapse. However, future prospective studies are
also necessary to evaluate the impact of routine FC monitoring on long-term patient
outcomes and healthcare system burdens. Furthermore, research evaluating the
relationship between FC levels and infliximab drug trough levels will be necessary to
better understand the relationship and to further guide management decisions.
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Figure 4

Figure 4 Receiver operator characteristic curve analysis for predicting clinical disease relapse. A: 3-mo; B: 6-mo; C: 12-mo. FC levels at the 3-mo visit more
accurately predict clinical disease relapse than at 6-mo and 12-mo post baseline (univariate analysis). FC: Fecal calprotectin; AUC: Area under the curve; CI:
Confidence interval.
Figure 5

Figure 5 Sensitivity at various fecal calprotectin cut off values to predict a clinical disease flare. A: Sensitivity at various fecal calprotectin cut off values to
predict a clinical disease flare at the next visit; B: False positive rates to predict a disease flare at the next visit for various FC levels (repeated measures). FC: Fecal
calprotectin.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) is a chronic relapsing intestinal inflammatory disorder
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requiring ongoing monitoring to optimize care. It has become increasing evidence that sustained
remission reduces the likelihood of complicated disease. Consequently the incorporation of
effective monitoring tools is required to assess disease activity allowing for the escalation of
therapy in a timely manner. Fecal calprotectin (FC) has been studied in disease diagnosis and
response to therapy but there is limited data evaluating its role in disease relapse in pediatric
IBD patients in clinical remission. In the present prospective pediatric IBD study, we show that
routine serial FC measurements are a valuable predictor of symptomatic relapse.

Research motivation
The motivation of the study was to evaluate the utility of FC as a predictive marker of disease
relapse and in doing so reinforce the use of this strategy in clinical practice. Moreover adopting
the strategy outlined in the paper will hopefully lead to better monitoring of disease activity
with early optimization of therapy reducing the likelihood of fully blown clinical flare ups.
Further research will need to look at the utility of this monitoring strategy and the role and
relationship to endoscopic monitoring of disease activity and mucosal healing.

Research objectives
The main objective was to evaluate the accuracy of serial FC measurements to predict clinical
flares in pediatric Crohn’s disease (CD) patients on maintenance anti-tumor necrosis factor
therapy and in clinical remission. The realization of this objective infers that serial FC done 3monthly should be incorporated into clinical practice. Future research should also evaluate
whether this strategy improves the quality of care, patient outcomes and costs to health care
systems.

Research methods
This was a prospective observational study where serial FC levels were measure in pediatric
patients with IBD in clinical remission on Remicade. The responsible clinicians were blinded to
the FC results. Patient characteristics included age, sex, age of diagnosis, disease location and
behaviour, other medications (both IBD and non-IBD related), IBD-related surgeries, time from
diagnosis to infliximab start, and infliximab infusion dosing and interval were collected. The
PDCAI was recorded at each visit. FC levels were measure by ELISA within 4-mo of sample
extraction. Standard statistical methodology was used. Continuous variables are presented using
median values and interquartile range (IQR) and Wilcoxon signed-rank test was used to
compare differences between patients who relapsed and remaining in clinical remission.
Categorical data are presented as percentages. Kaplan-Meier survival curves (time-to-event data)
are used for biomarkers [FC, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
albumin]. One predictor logistic regression and receiver operating characteristic (ROC) curve
analyses for biomarkers were used to evaluate the cumulative incidence of flares in a 2-wk time
window around (before or after) 3 and 6 mo after the FC and a 4-wk window around 12 mo after
the FC. Specificity, sensitivity and optimal threshold values of FC were determined from ROC
curve analysis.

Research results
Of the 62 patients prospectively enrolled, 53 were analyzed; 68% were male and median followup time 1.5 years. A total of 205 stool samples were collected and analyzed (mean of 4 stool
samples per patient). Symptomatic relapse was recorded in 18 (34%) patients (mean time from
enrolment to clinical flare 7.1 mo, range, 1.5-15 mo). Baseline FC level in the symptomatic relapse
group was higher than those remaining in clinical remission [median 723 μg/g (IQR 283-1758) vs
244 μg/g (IQR 61-627), P = 0.02]. The median FC level at the visit prior to relapse was 765 μg/g
(IQR 504-1800). Time to clinical relapse curves calculated for the first year of the study using
baselines FC levels < or ≥ 250 μg/g showed a significant differences in relapse rates in patients
with FC < 250 μg/g compared to those with levels ≥ 250 μg/g (P = 0.004). In addition, FC had
good accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC value
of 0.86 [95% confidence interval (CI) 0.781-0.937]. Treatment decisions were based on clinical
symptoms and standard biomarkers of inflammation (ESR and CRP) and thus did not reflect the
potential benefit of the FC result. Consequently prospective evaluation of sequential FC testing is
required to evaluate the short and long-term benefits on disease remission and outcome.

Research conclusions
FC had good accuracy in predicting clinical disease relapse within 3 mo of collection with a ROC
value of 0.86 (95%CI: 0.781-0.937). Prospective monitoring with proactive intervention with
either endoscopy assessment of disease activity and extent and, or optimization of medical
therapy will reduce the likelihood of clinical flares, reduce the risk of complication and improve
patient outcomes. FC is a useful biological tool to evaluate disease activity in patients in clinical
remission on a biological agent. The Pediatric CD Activity Index (PCDAI) is not sensitive enough
to monitor disease activity in children with CD. The addition of FC monitoring improves the
quality of care for children with IBD. Regular 3-monthly FC monitoring should be incorporated
into clinical practice. However it is important to follow the trend in level and not rely on a single
level. That 3-monthly FC monitoring is a good addition to currently available biomarkers of
inflammation. That FC is a good predictor of clinical relapse. That 3-monthly FC monitoring
detects patients who will experience a symptomatic flare of disease. The inclusion of regular 3monthly FC monitoring into clinical practice. The addition of FC monitoring will improves the
quality of care and outcomes for children with IBD.

Research perspectives
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Such studies are important to do. Colonoscopy should be included as an endpoint. A treatment
decision can be made based on the FC result with subsequent determination whether the change
had positive benefit (i.e., normalization of FC level and evidence of mucosal healing at
colonoscopy). To prospective evaluate sequential FC testing and to determine the short and longterm benefits on disease remission, quality of life, patient outcome and related health care-costs.
To define the relationship between FC monitoring and endoscopic monitoring of disease activity
and mucosal healing. To determine the best cut off for FC for patients in remission. Prospective
interventional studies with clearly defined FC levels, endoscopic score and treatment strategies
with clearly defined primary and secondary outcomes (i.e., disease in steroid free remission,
disease biochemical remission, and mucosal healing).
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Abstract
BACKGROUND
The implementation of optical diagnosis (OD) of diminutive colorectal lesions in
clinical practice has been hampered by differences in performance between
community and academic settings. One possible cause is the lack of a
standardized learning tool. Since the factors related to better learning are not well
described, strong evidence upon which a consistent learning tool could be
designed is lacking. We hypothesized that a self-designed learning program may
be enough to achieve competency in OD of diminutive lesions of the colon.
AIM
To assess the accuracy of OD of diminutive lesions in real colonoscopies after
application of a self-administered learning program.
METHODS
This was a single-endoscopist prospective pilot study, in which an experienced
endoscopist followed a self-designed, self-administered learning program in OD
of colorectal lesions. An assessment phase divided in two halves with a 6-mo
period in between without performance of OD was developed in a populationbased colorectal cancer screening program. The accomplishment of the
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Preservation and Incorporation of Valuable Endoscopic Innovations criteria and
performance measures were calculated overall and in the two halves of the
assessment phase, assessing their response to the 6-mo stopping period. The
evolution of performance through blocks of 50 lesions was also assessed.
RESULTS
Overall, 152 patients and 522 lesions (≤ 5 mm: 399, and 6-9 mm: 123) were
included. The negative predictive value for the OD of adenoma in rectosigmoid
lesions diagnosed with high confidence was 91.7% [95% confidence interval (CI):
87.3-96.6]. The proportion of agreement on surveillance interval between OD and
pathological diagnosis was higher than 95%. Overall accuracy for diminutive
lesions diagnosed with high confidence was 89.5% (95%CI: 86.3-92.7). The overall
accuracy of OD was similar in the two halves of the assessment phase [90.1
(95%CI: 85.6-94.7) vs 88.2 (95%CI: 87.9-95.9)]. All the other performance
parameters were also equivalent, except for specificity. Specificity, negative
predictive value and accuracy were the parameters most affected by the stopping
period between the two halves. Upon analyzing trends on blocks of 50 lesions, an
improvement on sensitivity (P = 0.02) was detected only in the first half and an
improvement on accuracy (P = 0.01) was detected only in the second half.
CONCLUSION
A self-administered learning program is sufficient to achieve expert-level OD. To
maintain performance, continuous practice is needed, with a refresher course
following any long non-practice period.
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Core tip: The learning process for optical diagnosis (OD) of diminutive colorectal polyps
is not standardized, and this may influence the described differences in OD performance
between community and academic settings. Our study shows that an individual
following a self-designed and self-administered learning program is able to reach the
expert level of OD performance completely fulfilling the criteria of Preservation and
Incorporation of Valuable Endoscopic Innovations. However, continuous practice is
needed to maintain performance and, if a non-practice period is expected, a refresher
course is needed to avoid a significant drop in performance parameters.
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INTRODUCTION
Optical diagnosis (OD) of gastrointestinal epithelial lesions has become a reality due
to the development of new image enhancing technologies. The ability to perform in
situ differentiation of adenomatous and hyperplastic colorectal lesions has led to the
proposal of a resect-and-discard strategy for the management of diminutive (≤ 5 mm)
polyps[1]. Following this strategy, diminutive lesions would be resected and discarded
after an adenoma high-confidence OD has been made, while rectal diminutive lesions
with an OD of hyperplastic would be left in place. This strategy has been shown to be
cost-efficient[2].
An excellent accuracy of OD is a requirement for applying such a strategy, and it
has been shown to be so in many studies, most of them performed in academic
centers[3]. However, this good accuracy has not been well replicated in community
settings[4,5]. Learning of OD is key for its implementation in clinical practice, and the
lack of standardized learning tools may explain part of the problem. A wide variety of
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learning tools has been described, including classroom type[6], self-directed computerbased[3] or web-based teaching programs[7]. Still pictures, videos or both have been
used to explain the optical features of each type of polyp[8,9]. However, there are no
head-to-head comparisons between learning tools and most of them have not been
validated.
Moreover, people learn at different rates, as has been shown by some studies
monitoring the learning curve of OD. Some learners never get competency in OD,
while others need long-term monitoring[4,6]. Unfortunately, since the factors related to
better learning are not well described, the strong evidence upon which a consistent
learning tool could be designed is lacking. Despite these challenges, we hypothesized
that a self-designed learning program may be enough to achieve competency in OD of
diminutive lesions of the colon.
Our study was designed according to the following aims: (1) to assess the accuracy
of OD of diminutive lesions in real colonoscopies from a colorectal carcinoma (CRC)
screening program using narrow band imaging (NBI) and the NBI International
Colorectal Endoscopic (NICE) classification after following a non-guided selfadministered learning program; and (2) to describe the OD learning curve by
analyzing which parameters may be more suitable for monitoring competency.

MATERIALS AND METHODS
Study design and population
This was a single-endoscopist prospective pilot study, in which an experienced
endoscopist (> 500 colonoscopies per year and adenoma detection rate of 68%)
followed a self-designed, self-administered learning program for OD of colorectal
lesions. In this learning program, the NICE classification was reviewed and a
published set of still pictures[8] was used to identify the main optical characteristics of
hyperplastic and adenomatous polyps under NBI. Then, the NICE classification was
put into practice on 50 consecutive colorectal lesions identified in CRC screening
colonoscopies. The endoscopist reviewed the pathological records, when available,
comparing this diagnosis with the provided OD. A detailed evaluation of
inconsistencies was performed and diagnostic disagreements were reviewed with the
pathologist.
After completing the learning program, an assessment phase was begun in which
individuals scheduled for colonoscopy in the setting of the Valencian Government
Colorectal Screening Program were consecutively included. This screening program is
based on results from the immunological fecal occult blood test administered every 2
years and colonoscopy administered in cases of positivity. Exclusion criteria were
poor quality preparation (Boston < 2 in any colon segment), incomplete colonoscopy,
inflammatory bowel disease, coagulopathy that precluded taking samples, or
unwillingness to participate in the study. This assessment phase was divided in two
halves, with a predefined stopping period of 6 mo in between, in which no OD was
performed. No OD refresher course was given before the beginning of the second
phase.

Colonoscopy procedure
For bowel preparation, a split-dose scheme using sodium picosulphate plus
magnesium citrate (Citraflet®; Casen Recordati, S.L., Zaragosa, Spain) or 2-L
polyethylene glycol (PEG) plus ascorbate (Moviprep®; Salix Pharmaceuticals,
Bridgewater, NJ, United States) was administered. All colonoscopies were performed
using high-resolution CF-HQ190AL or CF-H190L endoscopes (Olympus, Optical Co.,
Ltd., Tokyo, Japan) and a video endoscope system (EVIS EXERA III; Olympus).

Variables
Data on age, sex, and personal and familiar histories of colon polyps or CRC were
recorded. For every lesion, data on size, morphology (following the Paris
classification [10] ), location, NICE classification [11] group, and final OD were also
recorded. All data were prospectively included in a database built in Access 2003
(Microsoft Corp., Redmon, WA, United States). Pathological diagnosis was
introduced in the database by a researcher involved neither in the colonoscopies nor
in the OD process. Therefore, during this phase of the study, the endoscopist was
blind to the pathological report and no feedback was provided. Only diminutive
lesions (1-5 mm) or small lesions (6-9 mm) were considered for the analysis.
The optical and pathologic diagnostics were compared for the diagnosis of
adenoma vs non-adenomatous lesions, considering pathology as the gold standard.
For analysis purposes, hyperplastic polyps, sessile serrated polyps, inflammatory
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polyps, and biopsies informed as normal were considered as non-adenomatous
lesions.

Study end-points
The primary end-point was the Preservation and Incorporation of Valuable
Endoscopic Innovations (PIVI) criteria[1] accomplishment at the end of the study. The
final surveillance recommendation when using OD was the combination of OD of
diminutive lesions and the pathology report of larger lesions. The concordance
between the recommended follow-up from OD and from pathology was calculated
for the three main currently available guidelines (European Union [12] , European
Society of Gastrointestinal Endoscopy[13], and American Society for Gastrointestinal
Endoscopy[14]). Patients in whom an in-situ surveillance recommendation could not be
given (i.e., those with no diminutive lesions, with at least one polyp diagnosed with
low confidence, or diagnosed with a CRC or a large polyp scheduled for endoscopic
mucosal resection) were not included in this analysis. Secondary end-points were the
evaluation of overall accuracy, sensitivity, specificity, positive and negative predictive
values (PPV and NPV, respectively), and positive likelihood ratio for the diagnosis of
adenoma. All performance values were calculated at the end of the first half, at the
end of the study and during the assessment phase in groups of 50 lesions.

Sample size estimate on and statistical methods
To obtain a precision of 3% in the estimation of the accuracy of OD for diminutive
lesions, using a bilateral 95% confidence interval (CI) and expecting an accuracy of
90%, at least 385 diminutive lesions had to be included.
Each patient’s and lesion’s characteristics were summarized by median (standard
deviation) for continuous variables and by number (percentage) for categorical
variables. Sensitivity, specificity, PPV and NPV, and positive likelihood ratio were
calculated as measures of accuracy together with their 95%CIs. True positive and
negative values were defined as an agreement between OD and histology. The
Cochran-Armitage test for trend was used to determine if performance improved
through blocks of 50 lesions in both halves of the study. P-values were two-sided, and
differences were considered significant at P < 0.05. Analysis was performed by using
the Stata statistical package, version 14.2 (Stata Corp, College Station, TX, United
States). The results of this study are reported in accordance with Standards for
Reporting of Diagnostic Accuracy guidelines[15].

RESULTS
From January 2015 to January 2017, 152 individuals who underwent a CRC screening
colonoscopy were selected for study inclusion. Their main characteristics are
summarized in Table 1. These patients harbored 522 lesions [1-5 mm in 399 (76.4%)
and 6-9 mm in 123 (23.6%)], the main characteristics of which are summarized in
Table 2.

PIVI criteria
Overall, 55 (59.8%) diminutive rectosigmoid lesions were diagnosed as hyperplastic
and 34 (36.9%) as adenoma. One lesion was lost for analysis and two were categorized
as normal mucosa. The NPV for the OD of adenoma in rectal lesions diagnosed with
high confidence was 91.7% (95%CI: 87.3-96.6). In 59 patients (38.8%), an in-situ
surveillance recommendation could not be given; these patients included 40 with at
least one lesion diagnosed with low confidence, 7 with no diminutive lesion, 9 with a
CRC or a malignant polyp diagnosed in the same colonoscopy, and 3 with large
polyps suitable for endoscopic mucosal resection. The proportion of agreement on
surveillance interval between OD and pathological diagnosis following the different
guidelines for the remaining 92 patients is summarized in Table 3.

Accuracy of OD
Regarding the OD with NBI, 520 lesions were classified as adenomas or hyperplastic
polyps, with 347 (87.0%) diminutive lesions and 116 (94.3%) small lesions diagnosed
with high confidence (Table 2).
The performance values for the OD of small and diminutive lesions are
summarized in Table 4. Overall accuracy for diminutive and small lesions diagnosed
with high confidence was 89.5% (95%CI: 86.3-92.7) and 99.1% (95%CI: 97.4-100.0)
respectively. Values were, as expected, much lower for lesions diagnosed with low
confidence (Table 4). These values did not differ significantly when comparing
location (distal vs proximal) and morphology (sessile vs flat) (data not shown).
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Table 1 Patient characteristics, n = 152
Characteristic

Value

Age, yr

61.1 ± 6.2

Female sex n (%)

56 (36.8)

Familiar history of CRC n (%)

33 (21.7)

Number of polyps

3.8 ± 3.0

Number of adenomas

2.7 ± 2.6

Number of advanced adenomas

0.6 ± 1.0

CRC: Colorectal cancer.

Learning curve assessment
The overall accuracy of OD was similar in the two halves of the study [90.1% (95%CI:
85.6-94.7) vs 88.2 (95%CI: 87.9-95.9)]. All the other performance parameters were also
equivalent, except for specificity (Table 5). The NPV for adenoma in rectosigmoid
lesions and agreement on surveillance intervals were also similar between both halves
of the study (Table 5).
Figure 1 depicts the evolution during time of OD performance of diminutive
lesions. Specificity, NPV and accuracy were the parameters most affected by the
stopping period between the two halves. However, sensitivity and the percentage of
lesions diagnosed with high confidence are more robust parameters. Analyzing trends
on blocks of 50 lesions showed an improvement in specificity (P = 0.0001) and NPV (P
= 0.00001) in both halves. However, an improvement in sensitivity (P = 0.02) was
detected only in the first half and an improvement in accuracy (P = 0.01) was detected
only in the second half. There was no significant improvement in the percentage of
lesions diagnosed with high confidence in either of the two halves as the trainee
progressed through lesion batches.

DISCUSSION
Our study shows that a good accuracy, reaching an expert level, and complete
fulfillment of the PIVI criteria can be accomplished by self-learning. At the end of the
study, the NPV for the OD of adenoma in rectal lesions was 91.7% and the proportion
of agreement in the surveillance intervals between OD and pathology was higher than
95%.
Previous studies on OD learning have shown conflicting results. When it comes to
performing OD in real colonoscopies, several studies and a meta-analysis have shown
lower levels of performance (i.e., not fulfilling the PIVI criteria) in community
hospitals than in academic centers, despite a structured learning program having been
followed [4,5,16] . On the contrary, other authors have shown that trainees without
previous experience in NBI can meet PIVI thresholds after following a standardized
learning program[17]. One of the possible explanations for this discrepancy may be the
different design of the learning tool.
We used a validated set of still pictures followed by a practice on real colonoscopies
with auto-administered feedback, hypothesizing that the latter would ease the
transition from still pictures to real practice and shorten the learning curve. For the
initial learning steps, several training modules have been used in the literature,
including classroom-type[8,18], computer training[19] and web-based[20] modules. All
systems may have similar efficacy as it has been suggested in a recent report showing
that self-learning using a computer-based program with pictures and videos is as
efficient as a classroom-type teaching session for learning OD[21]. Therefore, the key to
efficacy of the learning program may be more in other adds-on or modifications.
Other authors have also shown a good efficacy of learning when introducing an in
vivo phase during the learning program, with a pre-defined number of
colonoscopies[22] or lesions[6]. In our study, 50 lesions were sufficient to meet the PIVI
criteria at the end of the assessment phase.
Other modifications that have been tested in the literature are refresher teaching
sessions and periodic feedback. We did not introduce any refresher session, not even
before the beginning of the second period of the assessment phase after the 6-mo
stopping period, and it did not affect the final results on efficacy. Any feedback was
allowed during the assessment phase and the endoscopist was blinded to the
pathology results. Regarding these two modifications, there is some controversy in
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Table 2 Lesion characteristics n (%)
Characteristic

1-5 mm

6-9 mm

Number of lesions by size

399 (76.4)

123 (23.6)

0-Ip

3 (0.7)

22 (17.9)

0-Is

273 (68.4)

88 (71.5)

0-IIa

117 (29.3)

11 (8.9)

0-IIc

2 (0.5)

0

0-IIa + IIc

3 (0.7)

0

0-IIb

1 (0.2)

2 (1.6)

Adenoma

255 (63.9)

97 (78.9)

Hyperplastic

Paris classification

Pathology

106 (26.6)

17 (13.6)

SSP

8 (2.0)

7 (5.6)

Other

26 (6.5)

1 (0.8)

Lost/not enough sample

4 (1.0)

1 (0.8)

Proximal

248 (62.2)

56 (45.5)

Distal

151 (37.8)

67 (54.5)

NICE 1

288 (72.2)

102 (82.9)

NICE 2

110 (27.6)

20 (16.3)

347 (87.0)

116 (94.3)

Location

1

Optical diagnosis

High-confidence diagnosis

1

Only available for 520 lesions (1 lesion excluded because a poor approach to application of narrow band
imaging, and 1 subepithelial lesion). NBI: Narrow band imaging; NICE: NBI International Colorectal
Endoscopic classification system; SSP: Sessile serrated polyp.

the literature. Paggi et al[23] introduced refresher teaching sessions every 2 mo and
monthly feedback on individual performance, achieving an overall NPV for adenoma
in rectosigmoid lesions of 91.3% and more than 90% of agreement on surveillance
intervals. Patel et al [17] delivered periodic feedback to all the participants in a
prospective study and were able to show an overall NPV for high-confidence
diagnosis of rectosigmoid lesions of 94.7% and a surveillance interval agreement of
91.2%. However, a randomized trial was not able to show any influence of feedback
on final performance[6].
We planned a stopping period at the middle of the study to investigate if a nonpractice period could influence performance and to detect which parameters were
affected the most. Following the stopping period (which was not followed by a
refresher course), almost all performance parameters dropped significantly.
Specificity was the most affected parameter, and it took 200 lesions to reach previous
levels. On the other hand, sensitivity was very resistant to inactivity. Accuracy
dropped from 0.89 to 0.77, and it took 150 lesions to reach 0.90. NPV for adenoma in
rectal lesions also dropped significantly, from 0.90 to 0.67.
Regarding trends for improvement through blocks of 50 lesions, a significant
improvement was detected in both halves for specificity and NPV, suggesting that the
number of false positives and false negatives are only significantly reduced after
ongoing practice. The significant trend for improvement of accuracy only in the
second period suggests that if a long non-practice period has occurred, a refresher
course in OD is needed. A previous study[24] of 12 endoscopists evaluating 80 videos at
12 wk apart found a significant improvement in accuracy in both periods; however,
that study did not include real colonoscopies.
The strength of the current study described herein is its design as a singleendoscopist study, which allowed for detailed analysis of the learning process.
Another strength is that the PIVI criteria on surveillance agreement has been
calculated for the most widely applied international guidelines, showing that learning
is consistently strong under different circumstances. However, some issues may limit
generalizability. First, the single-endoscopist study design carries the risk of the
results being dependent on the trainee´s characteristics. Studies including several
endoscopists have shown that despite an overall good performance, many individuals
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Table 3 Concordance between proposed surveillance interval between optical diagnosis and
pathology, n = 93
Guideline

Concordance

Too long

Too short

n

% (95%CI)

n

% (95%CI)

n

% (95%CI)

EU

89

95.7 (91.9-100)

2

2.1 (0-21.4)

2

2.1 (0-21.4)

ESGE

90

96.8 (93.5-100)

2

2.1 (0-21.4)

1

1.1 (0-20.5)

ASGE

89

95.7 (91.9-100)

3

3.2 (0-22.3)

1

1.1 (0-20.5)

ASGE: American Society of Gastrointestinal Endoscopy; CI: Confidence interval; ESGE: European Society of
Gastrointestinal Endoscopy; EU: European Union.

do not reach the PIVI thresholds[4,22] and that in many cases a continuous monitoring is
needed. Nonetheless, the statement that an efficient self-learning program is possible
when the trainee is highly motivated seems conclusive.
Another limitation is that all patients belong to a FIT-positive population. In this
situation, the probability of finding polyps is higher and this may enhance the
learning process. The diagnosis of sessile serrated polyp was not considered, and
these polyps were included in the non-adenomatous group. However, this only
comprised 2% of samples and none of the hyperplastic lesions were more than 10 mm,
having little relevance to the final results.
In conclusion, a self-administered learning program including real colonoscopies is
sufficient to learn OD at an expert level. However, continuous practice is needed to
maintain performance and a refresher course is needed if a long non-practice period
occurs. Performance values behave differently after a stopping period, and this
should be taken into account when planning a monitoring program.
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Table 4 Overall diagnostic performance of narrow band imaging and the Narrow Band Imagig International Colorectal Endoscopic
classification system
High-confidence

Low-confidence

Parameter
1-5 mm, n = 347

6-9 mm, n = 115

1-5 mm, n = 51

6-9 mm1, n = 7

Sensitivity

97.0 (95.2-98.8)

100.0

76.0 (64.3-87.7)

N/A

Specificity

74.3 (69.4-78.6)

94.4 (90.2-98.6)

46.1 (32.4-59.8)

57.1 (20.4-57.1)

PPV

88.5 (84.6-91.4)

99.0 (97.2-100.0)

57.6 (44.0-71.2)

0

NPV

92.3(89.1-94.8)

100.0

66.7 (53.8-79.6)

100.0

LR+

3.8 (1.2-4.8)

18.0 (10.1-23.9)

1.4 (-1.8-4.6)

N/A

89.5 (85.7-92.3)

99.1 (97.4-100.0)

60.7 (47.3-74.1)

57.1 (20.4-57.1)

Accuracy

Data are given as % (95%CI).
1
No adenoma was diagnosed with low-confidence.
CI: Confidence interval; LR: Likelihood ratio; N/A: Non-applicable; NPV: Negative predictive value; PPV: Positive predictive value.

Table 5 Comparison of the diagnostic performance measures and Preservation and Incorporation of Valuable Endoscopic Innovations
criteria fulfillment between the two halves of the study
Parameter

1st half, n = 1651

2nd half, n = 1821

Sensitivity

96.1 (93.1-99.0)

97.6 (95.4-99.8)

Specificity

82.0 (76.1-87.9)

65.4 (58.5-72.3)

PPV

90.1 (85.5-94.7)

87.2 (82.3-92.0)

NPV

92.6 (88.6-96.6)

91.9 (87.9-95.9)

Accuracy

90.1 (85.6-94.7)

88.2 (87.9-95.9)

NPV rectosigmoid lesions

92.3 (87.3-96.6)

90.5 (86.2-94.8)

UE

100.0

93.3 (89.7-96.9)

ESGE

100.0

95.1 (92.0-98.2)

ASGE

100.0

93.3 (91.6-98.2)

Surveillance interval agreement

Data are given as % (95%CI).
1
Only for diminutive lesions diagnosed with high-confidence.
ASGE: American Society of Gastrointestinal Endoscopy; ESGE: European Society of Gastrointestinal Endoscopy; EU: European Union; NPV: Negative
predictive value; PIVI: Preservation and Incorporation of Valuable Endoscopic Innovations; PPV: Positive predictive value.

Figure 1

Figure 1 Performance parameters by blocks of 50 lesions during the two halves of the study. The yellow line represents the 6-mo stopping period. NPV:
Negative predictive value; PPV: Positive predictive value.
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Research background
The resect-and-discard strategy for the management of diminutive colon polyps is a paradigm
shift based on an accurate optical diagnosis (OD). Such a high accuracy has only been achieved
by experts, while the performance in community hospitals does not reach thresholds that would
allow its universal implementation. The lack of a standardized learning tool for OD of colon
lesions may contribute to this problem.

Research motivation
Although several learning tools have been described, most of them are not validated and there is
a great variability in their components and designs. We hypothesized that self-learning of OD is
feasible and that accuracy thresholds can be achieved with a self-administered program. A
detailed description of the learning process can provide valuable information for the design of
an OD learning system.

Research objectives
We aimed to assess the accuracy of OD of diminutive lesions in real colonoscopies using the
International Colorectal Endoscopic classification system for narrow band imaging after
following a non-guided self-administered learning program. We also aimed to describe in detail
the learning process by analyzing which parameters may be more suitable for monitoring
competency.

Research methods
An experienced endoscopist followed a self-designed, self-administered learning program in OD
of colorectal lesions. Then, OD was applied to lesions detected in colorectal cancer screening
colonoscopies. The study period was divided in two halves, with a 6-mo period in between with
no performance of OD. Sensitivity, specificity, predictive values and accuracy of the OD
compared to the pathological report were calculated for overall results and for the two halves of
the study. The accomplishment of the Preservation and Incorporation of Valuable Endoscopic
Innovations (PIVI) criteria and the evolution of performance parameters through blocks of 50
lesions were also assessed.

Research results
Overall, 152 patients and 522 lesions were included in the analysis. Regarding the
accomplishment of the PIVI criteria, the negative predictive value for the OD of adenoma in
rectal lesions diagnosed with high confidence was 92.6% (95% confidence interval: 86.4-97.6) and
the proportion of agreement on surveillance interval between OD and pathological diagnosis
following the different guidelines was over 95%. Overall accuracy for diminutive lesions
diagnosed with high confidence was 89.5% (95% confidence interval: 85.7-92.3). Specificity,
negative predictive value and accuracy were the parameters most affected by the stopping
period between the two halves. Analyzing trends on blocks of 50 lesions showed an
improvement in sensitivity (P = 0.02) only in the first half of the study and an improvement on
accuracy (P = 0.01) only in the second half.

Research conclusions
This study shows that a self-administered learning program based on still pictures plus an in vivo
phase with auto-feedback is feasible to reach quality standards on OD of colorectal lesions. It
also shows that a non-practice period deteriorates performance, and in that case a refresher
course seems advisable. These results have practical implications in the design of OD learning
tools and in the development of a quality monitoring system.

Research perspectives
These data have become the base for the design and validation of a self-administered learning
tool that are currently in process. The efficacy of this kind of tool should be tested with
endoscopists having different levels of experience and being from different backgrounds.
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