Gastroenterology

Baishideng Publishing Group Inc



World Journal of
Gastroenterology

Contents Weekly Volume 26 Number 30 August 14, 2020

REVIEW
4378  Regulation of the intestinal microbiota: An emerging therapeutic strategy for inflammatory bowel disease

Yue B, Yu ZL, Lv C, Geng XL, Wang ZT, Dou W

MINIREVIEWS
4394  Role of minimally invasive surgery for rectal cancer

Melstrom KA, Kaiser AM

4415 Accelerating the elimination of hepatitis C in Kuwait: An expert opinion

Hasan F, Alfadhli A, Al-Gharabally A, Alkhaldi M, Colombo M, Lazarus JV

ORIGINAL ARTICLE
Retrospective Cohort Study

4428 Vedolizumab for ulcerative colitis: Real world outcomes from a multicenter observational cohort of
Australia and Oxford

Pulusu SSR, Srinivasan A, Krishnaprasad K, Cheng D, Begun J, Keung C, Van Langenberg D, Thin L, Mogilevski T, De
Cruz P, Radford-Smith G, Flanagan E, Bell S, Kashkooli S, Sparrow M, Ghaly S, Bampton P, Sawyer E, Connor S, Rizvi
QUA, Andrews JM, Mahy G, Chivers P, Travis S, Lawrance IC

4442  Predictive model for acute abdominal pain after transarterial chemoembolization for liver cancer

Bian LF, Zhao XH, Gao BL, Zhang S, Ge GM, Zhan DD, Ye TT, Zheng Y

Retrospective Study
4453  Risk prediction platform for pancreatic fistula after pancreatoduodenectomy using artificial intelligence

Han IW, Cho K, Ryu Y, Shin SH, Heo JS, Choi DW, Chung MJ, Kwon OC, Cho BH

4465  Efficacy and safety of lenvatinib for patients with advanced hepatocellular carcinoma: A retrospective,
real-world study conducted in China

Wang DX, Yang X, Lin JZ, Bai Y, Long JY, Yang XB, Seery S, Zhao HT
4479 High levels of serum interleukin-6 increase mortality of hepatitis B virus-associated acute-on-chronic liver

failure

Zhou C, Zhang N, He TT, Wang Y, Wang LF, Sun YQ, Jing J, Zhang JJ, Fu SN, Wang X, Liang XX, Li X, Gong M, Li J

4489 Simultaneous transcatheter arterial chemoembolization and portal vein embolization for patients with
large hepatocellular carcinoma before major hepatectomy

Zhang CW, Dou CW, Zhang XL, Liu XQ, Huang DS, Hu ZM, Liu J

WJG | https://www.wjgnet.com I August 14,2020 | Volume26 | Issue30 |

Jaishideng®



World Journal of Gastroenterology
Contents
Weekly Volume 26 Number 30 August 14, 2020

Clinical Trials Study

4501  Efficacy of a Chinese herbal formula on hepatitis B e antigen-positive chronic hepatitis B patients
Xing YF, Wei CS, Zhou TR, Huang DP, Zhong WC, Chen B, Jin H, Hu XY, Yang ZY, He Q, Jiang KP, Jiang JM, Hu ZB,
Deng X, Yang F, Li FY, Zhao G, Wang LC, Mi YQ, Gong ZJ, Guo P, Wu JH, Shi WQ, Yang HZ, Zhou DQ, Tong GD
Observational Study

4523  Predictive value of alarm symptoms in patients with Rome IV dyspepsia: A cross-sectional study

Wei ZC, Yang Q, Yang Q, Yang J, Tantai XX, Xing X, Xiao CL, Pan YL, Wang JH, Liu N

SYSTEMATIC REVIEWS
4537  Differential diagnosis of diarrhoea in patients with neuroendocrine tumours: A systematic review

Khan MS, Walter T, Buchanan-Hughes A, Worthington E, Keeber L, Feuilly M, Grande E

CASE REPORT
4557  Endoscopic full-thickness resection to treat active Dieulafoy's disease: A case report

Yu S, Wang XM, Chen X, Xu HY, Wang GJ, Ni N, Sun YX

LETTER TO THE EDITOR

4564  Comment on pediatric living donor liver transplantation decade progress in Shanghai: Characteristics and
risks factors of mortality

Akbulut S, Sahin TT, Yilmaz S

3ﬁs® WIJG | https://www.wjgnet.com I August 14,2020 | Volume26 | Issue30 |



World Journal of Gastroenterology

Contents
Weekly Volume 26 Number 30 August 14, 2020

ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Dr. Naoki Hashimoto was awarded his medical degree
from Kobe University in 1975 and his PhD from Hyogo Medical College in 1984. Over the last 10 years, his
scientific interest has remained focused on topics related to reflux of duodenal contents inducing esophageal
carcinogenesis, with his research efforts including both experimental and clinical approaches. His practical
expertise encompasses biomedical imaging, surgical treatment and chemoradiotherapy for advanced esophageal
cancer, and he practices in the Kindai University’s Department of Surgery. He is the recipient of many academic
honors, from such esteemed groups as European Conference on General Thoracic Surgery in 2012 and World
Organization for Specialized Studies of Diseases of the Esophagus (OESO) in 2013 and 2015. His academic career
embodies a continual pursuit towards conducting more innovative, translational and enduring research.

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (W]G, World | Gastroenterol) is to provide scholars and readers
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical
research articles and communicate their research findings online. WJG mainly publishes articles reporting research
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/ Clinical Medicine, Science Citation Index Expanded (also known as
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020
edition of Journal Citation Report® cites the 2019 impact factor (IF) for W]G as 3.665; IF without journal self cites:
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category:
Q2.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Liang Zhang, Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1007-9327 (print) ISSN 2219-2840 (online) https:/ /www.wignet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 1, 1995 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Weekly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https:/ /www.wijgnet.com/bpg/getinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http:/ /www.wignet.com/1007-9327/editotialboard.htm https:/ /www.wignet.com/bpg/getinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
August 14, 2020 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2020 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2020 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJG | https://www.wjgnet.com 11 August 14,2020 | Volume26 | Issue30 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

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

DOI: 10.3748 / wjg.v26.i30.4537

World Journal of
Gastroenterology

World | Gastroenterol 2020 August 14; 26(30): 4537-4556

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

SVSTEMATIC REVIEWS

Differential diagnosis of diarrhoea in patients with neuroendocrine
tumours: A systematic review

Mohid S Khan, Thomas Walter, Amy Buchanan-Hughes, Emma Worthington, Lucie Keeber, Marion Feuilly,

Enrique Grande

ORCID number: Mohid S Khan 0000-
0002-1272-241X; Thomas Walter
0000-0002-4199-4561; Amy
Buchanan-Hughes 0000-0002-8025-
3117; Emma Worthington 0000-0002-
2537-6384; Lucie Keeber 0000-0002-
7443-3744; Marion Feuilly 0000-
0002-2642-8289; Enrique Grande
0000-0002-0134-4732.

Author contributions: Khan MS,
Walker T, Buchanan-Hughes A,
Worthington E, Keeber L, Feuilly
M and Grande E each made
substantial contributions to study
conception and design, analysis
and interpretation of the data,
drafting the article or revising it
critically for important intellectual
content, and final approval of the
version of the article to be
published.

Supported by Ipsen.

Conflict-of-interest statement: MK
has received sponsorship for
meeting attendance, and honoraria
for advisory boards from Novartis,
Ipsen, Pfizer and BMS. TW has
received honoraria for advisory
boards and lectures from Keocyt,
Ipsen, Novartis, and Adacap. TW
has received research grants from
Roche, Ipsen and Novartis. EG has
received honoraria for advisory
boards, meetings and/or lectures
from Pfizer, BMS, Ipsen, Roche,
Eisai, Eusa Pharma, MSD, Sanofi-

Jaishideng®

WJG | https://www.wjgnet.com

Mohid S Khan, Department of Gastroenterology and Neuroendocrine Tumours, University
Hospital of Wales, Cardiff CF14 4XW, United Kingdom

Thomas Walter, Department d'Oncologie Médicale, Hospices Civils de Lyon, Lyon 69003,
France

Amy Buchanan-Hughes, Emma Worthington, Evidence Development, Costello Medical,
Cambridge CB1 2JH, United Kingdom

Lucie Keeber, Medical Affairs, Ipsen, Slough SL1 3XE, United Kingdom

Marion Feuilly, Health Economics and Outcomes Research, Ipsen, Boulogne-Billancourt 92100,
France

Enrique Grande, Oncology Department, MD Anderson Cancer Center, Madrid 28033, Spain

Corresponding author: Mohid S Khan, BSc, FRCP, MBBS, PhD, Doctor, Department of
Gastroenterology and Neuroendocrine Tumours, University Hospital of Wales, Heath Park,
Cardiff CF14 4XW, United Kingdom. khanms14@cardiff.ac.uk

Abstract

BACKGROUND

Approximately 20% of patients with neuroendocrine tumours (NETs) develop
carcinoid syndrome (CS), characterised by flushing and diarrhoea. Somatostatin
analogues or telotristat can be used to control symptoms of CS through inhibition
of serotonin secretion. Although CS is often the cause of diarrhoea among patients
with gastroenteropancreatic NETs (GEP-NETs), other causes to consider include
pancreatic enzyme insufficiency (PEI), bile acid malabsorption and small
intestinal bacterial overgrowth. If other causes of diarrhoea unrelated to serotonin
secretion are mistaken for CS diarrhoea, these treatments may be ineffective
against the diarrhoea, risking detrimental effects to patient quality of life.

AIM
To identify and synthesise qualitative and quantitative evidence relating to the
differential diagnosis of diarrhoea in patients with GEP-NETs.

METHODS
Electronic databases (MEDLINE, Embase and the Cochrane Library) were
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searched from inception to September 12, 2018 using terms for NETs and
diarrhoea. Congresses, systematic literature review bibliographies and included
articles were also hand-searched. Any study designs and publication types were
eligible for inclusion if relevant data on a cause(s) of diarrhoea in patients with
GEP-NETs were reported. Studies were screened by two independent reviewers
at abstract and full-text stages. Framework synthesis was adapted to synthesise
quantitative and qualitative data. The definition of qualitative data was expanded
to include all textual data in any section of relevant publications.

RESULTS

Forty-seven publications (44 studies) were included, comprising a variety of
publication types, including observational studies, reviews, guidelines, case
reports, interventional studies, and opinion pieces. Most reported on PEI on/ after
treatment with somatostatin analogs; 9.5%-84% of patients with GEP-NETs had
experienced steatorrhoea or confirmed PEI. Where reported, 14.3%-50.7% of
patients received pancreatic enzyme replacement therapy. Other causes of
diarrhoea reported in patients with GEP-NETs included bile acid malabsorption
(80%), small intestinal bacterial overgrowth (23.6%-62%), colitis (20%) and
infection (7.1%). Diagnostic approaches included faecal elastase, breath tests,
tauroselcholic (selenium-75) acid (SeHCAT) scan and stool culture, although
evidence on the effectiveness or diagnostic accuracy of these approaches was
limited. Assessment of patient history or diarrhoea characteristics was also
reported as initial approaches for investigation. From the identified evidence, if
diarrhoea is assumed to be CS diarrhoea, consequences include uncontrolled
diarrhoea, malnutrition, and perceived ineffectiveness of CS treatment.
Approaches for facilitating differential diagnosis of diarrhoea include improving
patient and clinician awareness of non-CS causes and involvement of a
multidisciplinary clinical team, including gastroenterologists.

CONCLUSION

Diarrhoea in GEP-NETs can be multifactorial with misdiagnosis leading to
delayed patient recovery and inefficient resource use. This systematic literature
review highlights gaps for further research on prevalence of non-CS diarrhoea
and suitability of diagnostic approaches, to determine an effective algorithm for
differential diagnosis of GEP-NET diarrhoea.

Key words: Carcinoid syndrome; Diarrhea; Differential diagnosis; Neuroendocrine
tumours; Serotonin; Systematic review

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Patients with gastroenteropancreatic neuroendocrine tumours (GEP-NETS) often
experience diarrhoea, which may have multiple synchronous causes. Although this has a
considerable impact on patient quality of life, differential diagnosis of diarrhoea in patients
with GEP-NETs is a relatively unexplored topic, and there is currently no formal clinical
guidance. This systematic literature review provides valuable insight on the prevalence of
causes of diarrhoea in patients with GEP-NETsS, evidence on how these cause are
diagnosed in this patient population specifically, the consequences if the true cause(s) of
diarrhoea are not ascertained, and suggestions for improving differential diagnosis of
GEP-NET diarrhoea.
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INTRODUCTION

Approximately 20% of patients with non-pancreatic neuroendocrine tumours (NETs)
develop carcinoid syndrome (CS)!", which is characterised by dry flushing and
diarrhoea. Carcinoid syndrome diarrhoea (CSD) arises mainly as a result of excess
serotonin secretion, usually in the presence of liver metastases, and is the most
common and debilitating symptom of CS.

Diarrhoea can be defined as passing three or more loose or liquid stools a day, or
more often than is normal for the individual®. As the definition and interpretation of
diarrhoea can vary between patients and can have a wide range of causes, the
differential diagnosis of diarrhoea can be complex!], particularly for specialists in other
fields with less experience in gastroenterology. Uncontrolled diarrhoea can
substantially impact on quality of life (QoL) and be disabling for patients®\. Although
CS is often the cause of diarrhoea among patients with gastroenteropancreatic NETs
(GEP-NETSs), there are other potential aetiologies including, but not limited to,
pancreatic enzyme insufficiency (PEI), bile acid malabsorption (BAM), small intestinal
bacterial overgrowth (SIBO) and short bowel syndrome (SBS)¥. Patients with NETs
could also have concomitant colorectal cancer, which could be causing diarrhoeal".

Long-acting somatostatin analogues (SSAs), such as lanreotide and octreotide, are
the mainstay of treatment for the symptoms of CS through the inhibition of serotonin
secretion, with additional efficacy for tumour growth control*"l. Anti-diarrhoeals
such as loperamide (Immodium®) and opioids can be used to assist in managing CSD
but do not specifically target serotonin production, which can limit their effectiveness
against CSD. Patients experiencing inadequate control of CSD despite the use of long-
acting SSA therapy can be treated with telotristat, an inhibitor of the rate-limiting
enzyme in serotonin synthesis named tryptophan hydroxylase. Telotristat has proven
efficacy in reducing the frequency of bowel movements and levels of 5-
hydroxyindoleacetic acid in patients with CS!"l. If other causes of diarrhoea unrelated
to serotonin secretion are mistaken for CSD, treatments that target the serotonin
pathway may be ineffective, leaving diarrhoea uncontrolled.

While studies of symptomatic treatment of patients with CS often exclude patients
with other potential causes of diarrhoea, such as SBS, the methods for diagnosing
these gastrointestinal (GI) conditions are not reported!"*'"l. Also, the presence of one or
more aetiologies of non-CS diarrhoea does not eliminate the possibility that a patient’s
diarrhoea is caused, completely or partially, by CS. Diarrhoea is therefore a more
complex symptom than normally considered in patients with GEP-NETs, and there is
currently no detailed guidance available to clinicians on the differential diagnosis of
diarrhoea in this patient population.

The purpose of this systematic literature review (SLR) was to identify and
synthesise qualitative and quantitative evidence relating to the differential diagnosis of
diarrhoea in patients with GEP-NETs, including the proportion of patients with
specific non-CS causes, associated diagnostic approaches, and consequences when the
cause of diarrhoea is misdiagnosed.

MATERIALS AND METHODS
Search strategy

The SLR was conducted in accordance with a pre-specified protocol and reported in
line with the Enhancing Transparency in Reporting the Synthesis of Qualitative
Research guidelines!'”. A comprehensive search strategy was planned and conducted
to identify relevant articles. MEDLINE (including MEDLINE In-Process, MEDLINE
Daily and MEDLINE Epub Ahead of Print), Embase, Cochrane Database of Systematic
Reviews, Cochrane Central Register of Controlled Trials and Database of Abstracts of
Reviews of Effect were searched from database inception to 12" September 2018.
Search terms included combinations of free-text terms and database-specific subject
headings related to GEP-NETs, CS and diarrhoea (Supplementary Tables 1-4).

Hand-searches of abstract books from relevant congresses from the last three years,
reference lists of relevant studies and ClinicalTrials.gov were also performed. Google
and websites of relevant medical associations were searched for guidelines on the
diagnosis and management of NETs.

Study selection
Eligibility for inclusion was defined using the Sample, Phenomenon of Interest,
Design, Evaluation, Research type (SPIDER) approach!”l. The sample of interest
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included adults with GEP-NETs who were experiencing diarrhoea and the
phenomenon of interest was diagnosis of the cause of diarrhoea in this population.
Any study design and article type were eligible if relevant data were presented (full
eligibility criteria are presented in Supplementary Table 5). It should be noted that due
to an overlap in symptoms with CS, patients with pancreatic NETs are sometimes
excluded from studies of CS in the wider literaturell. Since many studies in patients
with CS in the literature do not distinguish between gastrointestinal and pancreatic
NETs as part of the GEP-NETs classification, patients with pancreatic NETs were also
eligible for inclusion in this SLR to ensure that all relevant data on differential
diagnosis of diarrhoea were captured.

Titles and abstracts of the search results were screened against the eligibility criteria
by two independent reviewers; discrepancies were resolved by consensus, with
arbitration by a third reviewer if necessary. Full-text versions of potentially relevant
articles were acquired and screened using the same process.

Thematic framework

Framework synthesis was originally developed as a method for carrying out
systematic reviews of qualitative evidence. It has also been reported as a way to
facilitate the integration of quantitative and qualitative data from diverse sources™;
therefore, in this SLR, framework synthesis was adapted to include both quantitative
and qualitative data. Unlike traditional framework synthesis, in which only qualitative
research findings (collected and analysed using qualitative methods) are included, the
definition of qualitative data was expanded to include all textual data in any section of
relevant articles, to ensure that all relevant information was captured. A preliminary
framework of themes that were expected to be identified was developed through a
scoping search of the literature and discussion with clinical experts, to facilitate data
extraction and synthesis.

Data extraction and synthesis

The preliminary framework was developed as a mind-map within Docear software!*!l.
Two reviewers independently coded and indexed only relevant quantitative
(proportion of patients with different causes of diarrhoea) and qualitative data against
the pre-specified themes using an inductive approach, with data indexed against
multiple themes if relevant. All relevant data from each study were synthesised into
the framework at the same stage, which has been described as a data-based convergent
approach to data synthesis”l. While data on the prevalence of different causes of
diarrhoea were quantitative, no meta-analysis was planned. Instead, relevant passages
of text containing the quantitative data were extracted to allow for understanding of
context, to categorise data by whether the cause was inferred or confirmed
diagnostically, and to allow for mapping of the data to other relevant themes if
applicable. Any new themes or sub-themes that emerged from the literature were
added to the framework iteratively, and all extracted data were considered against
novel themes as well as those pre-specified. Data on population demographics,
recruitment, country, and sample size were also captured. Any discrepancies were
resolved by discussion, with arbitration by a third independent reviewer where
required. Evidence for each theme was then interpreted, and a narrative synthesis of
the available evidence was developed.

Quality assessment

Multiple study designs and article types were included, and relevant data were
permitted to be extracted from any section of each article. As such, assessment of study
design may not have been applicable to extracted data. Therefore, the use of a formal
quality assessment checklist was not considered feasible. Instead, quality of the
relevant data from each included publication was assessed by two reviewers (based on
study design, location of data within each article and risk of bias), and was discussed
until a consensus was reached. No studies were to be excluded based on quality
appraisal.

RESULTS

Included studies
After de-duplication, 1627 unique records were suitable for title and abstract review.
Following this, 424 full texts were screened. Supplementary searches of congresses,
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reference lists of any relevant article, ClinicalTrials.gov and relevant guidelines
yielded 1165 records. Of these, one novel record fulfilled the eligibility criteria.

In total, 47 publications (44 unique studies) were eligible for inclusion in the review
(Figure 1). These comprised a broad range of study designs/article types, including
observational studies (n = 21 publications on 18 studies), narrative reviews/guidelines
(n = 14; of which one also contained a systematic review component), case
reports/case study compendium (n = 6; of which one contained a literature review
component), single-arm trials (n = 2), a randomised trial (1 = 1), expert opinion with
case series (1 = 1), clinical roundtable monograph (n = 1), and commentary (n = 1).

Thematic results

An overview of the final framework is presented in Figure 2. In addition to the pre-
determined themes the SLR identified three novel themes, described as “initial
investigations into the cause of diarrhoea”, “approaches for inferring the cause of
diarrhoea” and “advice and suggestions for approaching differential diagnosis of

diarrhoea in patients with GEP-NETs”.

Proportion of patients with GEP-NETs and diarrhoea due to various causes: Twenty-
one articles on 18 unique studies reported quantitative data related to different causes
of diarrhoea in patients with GEP-NETs (Table 1)l***1. The majority of articles
reported on PEI and associated steatorrhoea in patients receiving treatment with SSAs;
9.5% to 84% of patients with NETs in the included studies were reported to have
experienced steatorrhoea”!], the primary symptom of PEI In four articles in which
the management of steatorrhea was reported, almost all patients with steatorrhoea
were treated for PEI (96%-100%)®*"1, however, only 62.5% of patients with
steatorrhoea may have been treated in one study (14.3% of the overall study cohort)
(Table 1)#1. PEI was inferred from the reporting of steatorrhoea only in patients on
SSAs in two publications, for example the presence of steatorrhoea “to varying
degrees”P'*1 It is important to acknowledge that this does not necessarily mean that
these patients had PEI”" L

Seven articles (5 unique studies) reported a proportion of patients with GEP-NETs
and non-CS diarrhoea directly confirmed by clinical tests, including PEI, SIBO, colitis
and Campylobacter coli (C. coli) infection (Table 2)[***%41 BAM was diagnosed in 80%
of NET patients who had been to a gastroenterologist service and were tested using
the 75-selenium homocholic acid taurine (SeHCAT) scan (n = 20)™. SIBO, diagnosed
by breath tests, was reported in 23.6% to 62% of NET patients who had been tested for
the condition™*. Single cases of colitis (20%) and C. coli infection (7.1%) were reported
in two studies of patients with CS diarrhoeal ™.

Other causes were not reported in detail, including motility disorders, bowel
obstruction and bowel resection. It should be noted that resection in itself is not a
cause of diarrhoea, rather it can lead to conditions that cause diarrhoea (e.g., SBS or
SIBO), but the specific cause of diarrhoea that resulted from bowel resection was not
reported™]. Ruszniewski et al*! reported that of 79 patients (30%) who reported
another cause of diarrhoea in addition to CS at study initiation, 32% had PEI (9.5% of
all patients who provided a cause of diarrhoea), although how PEI had been
diagnosed is unclear™!. Basuroy et al*!! reported that one-fifth of patients with small
bowel NETs or pancreatic NETs met the criteria for irritable bowel syndrome (IBS)
with diarrhoea”, demonstrating that patients with GEP-NETs can be initially
misdiagnosed with IBS or have synchronous NET and IBS diagnoses.

The SLR identified qualitative data reporting several other differential causes of
diarrhoea, including laxative abuse!***], dumping syndrome!*, lymphangiectasia™!
and pneumatosis cystoides intestinalis (PCI) induced by sunitinib treatment!*l.
Diarrhoea that can develop due to exacerbation or progression of CS was also
reported, such as niacin deficiency/pellagral®*>*], and adverse events of serotonergic
medication!. Of five case reports, two reported on infectious diarrhoea"!], two on
bowel obstruction””! and one on sunitinib-induced PCI*‘l.

Initial investigations into the cause of diarrhoea: Fourteen articles recommended or
described the use of approaches to facilitate identification of patients who could be
experiencing diarrhoea due to a cause other than CSI**4:4495052571 Representative
quotations for each sub-theme are presented in Figure 3, and full details are available
in Supplementary Table 6.

The most commonly reported approach was to assess whether the progression of CS
could be contributing to the diarrhoea**%*%*1 This was most often conducted by
measuring the radiographic progression or urinary 5-hydroxyindoleacetic acid levels
to assess hormonal production, either in isolation or in combination with the
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Table 1 Proportion of patients with non-carcinoid syndrome diarrhoea inferred from symptoms/treatment or prevalence estimates

Ref. Population Condition Diagnosis Data
Diagnosis method or clinical definition of condition not reported
Boudreaux!””,  Patients with NETs and abdominal pain, ~Bowel obstruction ~NR “More than one-third of these patients had an occult bowel obstruction that was complete or nearly complete because
2016 weight loss, bloating and diarrhoea (1 = their primary tumour had never been resected”
100)
Boudreaux NA (Guideline) Bowel obstruction ~ Symptoms “As many as 35% of patients with advanced carcinoid present with symptoms of obstruction, ischaemia, or both”
et all” 2010 or ischaemia
Iyer et al™”, NA (Monograph) PEI NR “Somatostatin analogues lead to more diarrhea from exocrine suppression in up to 30% of patients”
2017
Ruszniewski Adults with NETSs receiving lanreotide PEIL NR “Note that the whole study population was selected based on a history of diarrhoea at some point prior to the study.
et al™!, 2016 for at least 3 mo for relief of carcinoid Of those patients for whom a reason for diarrhoea was provided (1 = 262), 30% (79) had another potential cause of
syndrome (n = 273262 provided a cause ~ Bowel resection NR diarrhoea in addition to CS. The most common were small bowel resection [44% (35/79), 13.4% (35/262)], pancreatic
of diarrhoea) insufficiency [32% (25/79), 9.5% (25/262)], and ileocecal valve/colonic resection [24% (19/79), 7.3%" (19/262)]”
Illeocecal valve or ~ NR
colonic resection
Saif et all”’l, 2020 Patients with GEP-NETs (n = 110) Motility disorders ~ NR “13 received PPI concomitantly while 6 started when symptoms did not improve with PER. Nutrition recommended
low fat diet, 14 of 19 had improvement in diarrhoea within 4-8 wk. Two were non-compliant and 3 (2.7%) were found
to have motility disorders”
Inferred from symptoms and treatment
Chaudhry Patients with NETSs referred to a PEIL Steatorrhoea (faecal elastase “78% (25/32) had been on long-acting SSA therapy and 81% (26/32) had steatorrhea”
et all’l, 2017 gastroenterology NET clinic (1 = 39) used, but number of patients
diagnosed with PEI using faecal
elastase NR)
Donnelly Patients with NETs referred to a NET PEI Faecal elastase used but number “19 (33.3%) patients were commenced on either creon or colesevelam.” Of the 20 patients who returned questionnaires:
et all®™], 2017 gastroenterologist service (1 = 57) diagnosed with PEI using this “95% of patients required treatment with creon or colesevelam for their steatorrhea or bile acid malabsorption
test NR respectively”
Fiebrich et al™],  Acromegaly and carcinoid patients PEI Steatorrhoea, no tests reported ~ “8/35 (22.9%") patients complained about steatorrhoea. 12/35 patients experienced increased stool frequency (1-10
2010 receiving treatment with SSAs (n = 35) times daily). 5/35 (14.3%) carcinoid patients received supplementation of pancreatic enzymes for steatorrhea.” It is
inferred that 5/8 (62.5%) patients with steatorrhoea received supplementation of pancreatic enzymes
Khan et al”’], Patients with metastatic midgut NETs PEI Steatorrhoea, no tests reported ~ “35 (50.7%") patients experienced steatorrhoea which was controllable by pancreatic enzyme supplementation”
2011 and carcinoids syndrome (1 = 69 had
complete data)
Lamarca Patients with NETs receiving treatment PEI Steatorrhoea and/ or bloated "Twelve patients (24%) developed SSA-related PEI (4 clinical diagnosis, 8 FE-confirmed) at a median of 2.9 mo after
et all®? with SSAs (1 = 50) abdomen starting SSA: 11/12 (92%) patients received enzyme replacement." “SSA-induced PEI occurs in 1 out of 4 patients”
Lim et al®”, Patients with NETs seen at PEI Steatorrhoea, no tests reported ~ "27 patients reported steatorrhea, 26 of whom were prescribed somatostatin analogues. 26 (96%) of these patients were
2017 gastroenterology and endocrinology also prescribed Creon." “27/141 NET patients (19.2%") complained of steatorrhoea. 26 were prescribed Creon”
clinics (n = 141)
Toumpanakis Patients with metastatic NETs of midgut ~ PEI Steatorrhoea, no tests reported  "Twenty-eight (25.9%) patients developed clinical features of steatorrhoea, which resolved after the initiation of
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et al™, 2009 origin and symptoms of carcinoid

syndrome who received octreotide LAR (

n =108)
Whyand Patients with NETs receiving an SSA (n = PEIL Steatorrhoea, no tests reported
et all™, 2018 176)

Proportion of patients with non-CS diarrhoea diagnosed by clinical tests

Donnelly Patients with NETs referred to a NET PEI Faecal elastase test (< 200
et all®™, 2017 gastroenterologist service (1 = 57) abnormal), although PEI not
specifically stated in the abstract
or poster
BAM SeHCAT scan (> 20% = Normal)
SIBO Hydrogen breath test
Gorbunova Patients with metastatic well- Colitis CT scan
et all* 2016 differentiated, functional NETSs, on
octreotide LAR for 5-6 mo (n = 5)
Kiesewetter Patients given ondansetron as bridging Infectious Stool culture
et all*>*1 therapy for refractory CS (1 = 14) diarrhoea (
Campylobacter coli)”
Lamarca Patients receiving treatment with SSAs (n  PEI Faecal elastase below the
et all®*! =50) normal limit (200 png/g)
Saif et all**], 2010 Patients with histological diagnosis of PEI Stool studies for faecal fat
NETs (n = 43)
Saif et ul[“‘/"], 2020 Patients with GEP-NETs following SSA PEI Quantitative measurement of
therapy (n = 110) faecal fat and evidence of
steatorrhoea
Whyand Patients with NETs undergoing HBT (n = SIBO Hydrogen breath test, using

et all™, 2017 55) glucose or lactulose substrates

Khan MS et al. Differential diagnosis of GEP-NET diarrhoea

pancreatic enzyme supplements"

“Pancreatic enzyme insufficiency is one cause of fat loss in stools. When the fat is obvious, it causes greasy and frothy
loose stools called steatorrhoea. Among the survey respondents, 84% stated they had this to varying degrees”

17% of patients tested (1 = 18) had abnormal faecal elastase. Median: 296.0; Range: 14.0-64.0 (approximate)

80% of patients tested (1 = 20) were diagnosed with BAM
62% of patients tested (n = 13) had SIBO

1 patient (20%") diagnosed with colitis

1 patient (7.1%") excluded after enrolment for infectious diarrhoea

“Twelve patients (24%) developed SSA-related PEI (4 clinical diagnosis, 8 FE-confirmed)”

“Overall, our cohort showed that 11.6% of patients on chronic octreotide analog therapy developed pancreatic
insufficiency”

"19 (17.3%) had evidence of steatorrhea and received PER who received PER @ 500 units/kg/meal to a maximum of
10000 units/kg per day. 13 received PPI concomitantly while 6 started when symptoms did not improve with PER"

“Twenty-four (24/55, 44%) had prior right hemicolectomy. Ten (10/24, 42%) of those were SIBO positive. Ten patients
were positive for HBT prior to being given the glucose substrate, they all had abdominal surgery in the past. Twelve
patients who tested negative for glucose HBT had repeat testing using lactulose and measured both H, and CH,
production. This led to an additional 3 (25%) positive results”. Overall, 23.6%" (13/55) of the overall study population
were diagnosed with SIBO

“Values were calculated by the reviewers from the available data. BAM: Bile acid malabsorption; CH,: Methane; CS: Carcinoid syndrome; FE: Faecal elastase; CT: Computed tomography; GEP: Gastroenteropancreatic; H,: Hydrogen; HBT:

Hydrogen breath test; LAR: Long acting release; NA: Not applicable; NET: Neuroendocrine tumour; NR: Not reported; PEI: Pancreatic enzyme insufficiency; PER: Pancreatic enzyme replacement; PPI: Proton pump inhibitor; SeHCAT:

Tauroselcholic [75 selenium]; SIBO: Small intestinal bacterial overgrowth; SSA: Somatostatin analogue.

assessment of patient history, presence of other symptoms of CS or physical
examination™l. Four articles reported assessment of patient history as an important
first step in investigating diarrhoeal”****"); for example, Gregersen et al***" ruled out
prior resection of the small intestine or colon as a cause for diarrhoea in patients with
CS, as the diarrhoea was present before the surgery.
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Table 2 A summary of clinical tests used to confirm cause of diarrhoea

Condition or . . ‘ A (7 q F : s
cause Diagnostic test Diagnostic criteria Evaluation or opinion on accuracy of diagnostic test
Pancreatic Faecal elastasel®*060-04] Donnelly 2017 defined an abnormal test result as “<200”  Chaudhry 2017: 22/32 patients had steatorrhoea with a normal faecal elastase, sensitivity of FE test for
enzyme but units were not specified”’. Lamarca 2018: PEI detecting steatorrhoea in patients with NETs was 15.4%. The authors concluded that there is a lack of
insufficiency defined as either an FE1 value below the normal limit (< association between FE and steatorrhoea in patients with NETs!"’). Donnelly 2017 reported that only
(PEI) 200 g/ g) or a reduction of = 21%°(°). Other articles only ~ 17% of patients with NETs and steatorrhoea had abnormal faecal elastasel”. Lamarca 2018
mentioned the test in passing, for example stating that FE acknowledged that there is a risk of false positives from diarrhoea, but concluded that faecal elastase
was evaluated or presenting a proportion of patients with testing is feasible, accessible and recommended for patients who develop symptoms of PEI, and report
abnormal FE it was the basis for diagnosis in 67% of patients who developed PEI"]
Faecal fat: 72-h stool fat testing!”***’]; Sudan stain - Faecal fat quantification is the cheapest and easiest way to confirm a diagnosis of PEI""l. Sudan stain of
of a spot stool measurement!™"! a spot stool measurement is easier but a quantitative 72-h collection is more reliable (no clear evidence
is provided to support this)*’l. Faecal fat test could be utilised for assessing response to PERT!*"!
Bile acid SeHCAT scanl”!] SeHCAT < 20% retention -
malabsorption
Colitis CT scanl™! - -
Dumping Provocative meal test!*'] - -
syndrome
Infectious Bacterial: Stool culture for Salmonella, Campylobacter, - -
diarrhoea Shigella and Yersinia, as well as Clostridium difficile,
enteropathogenic Vibrio species, or Escherichia coli
strains!™’); Viral: Stool analyses for cytomegaly
virusl””); Parasitical: Stool analysis for Entamoeba
histolytica or Giardia lamblial™!
Intestinal Angiography!*! (type of angiography was not - -
ischaemia further specified)

Laxative abuse

PCI (induced by
sunitinib)

SBS

SIBO

KOH stool preparation, intestinal secretion!**]

CT scan!*’!

Urinary sodium (undetectable)*'!

Breath tests: Hydrogen breath test*!], with
glucose[”‘” or lactulose substratem]; Methane breath
testl?>01]

Whyand et al®”! assessed the sensitivity of additional MBT and lactulose HBT testing on 12 (out of 55)
patients who tested negative for SIBO with glucose HBT, but whose diarrhoea did not abate. This was
under the rationale that patients with NETs are more likely to have distal SIBO (due to influences such
as ileocoecal valve resection), whereas glucose HBT may be more sensitive to proximal SIBO as glucose
rarely reaches the colon. This testing yielded an additional 3 positive results, and led the authors to
conclude that lactulose HBT and MBT increase sensitivity for detecting SIBO in patients with NETs
who have previously undergone hemicolectomy

A reduction in faecal elastase value by > 21% was applied by the authors in this study, but is not a standard definition in clinical practice. BAM: Bile acid malabsorption; CS: Carcinoid syndrome; CT: Computed tomography; FE: Faecal

elastase; FF: Faecal fat; GEP-NET: Gastroenteropancreatic neuroendocrine tumour; HBT: Hydrogen breath test; KOH: Potassium hydroxide; LAR: Long acting release; MBT: Methane breath test; PEI: Pancreatic enzyme insufficiency; PERT:
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Pancreatic enzyme replacement therapy; SeHCAT: Tauroselcholic [75 selenium] acid; SIBO: Small intestinal bacterial overgrowth; SSA: Somatostain analogue.

JRaishideng®

WJG | https://www.wjgnet.com

Another reported approach involved assessing response to dose escalation of any
treatment the patient was receiving for symptom or disease control; if GEP-NET
diarrhoea fails to respond, this may be an indication that there may be another
contributing cause. One article reported increasing the dose of octreotide long-acting
release, observing that the diarrhoea did not improve, which partly contributed to the
ultimate PEI diagnosis™l. By contrast, Carmona-Bayonas et al emphasised that other
causes of diarrhoea must first be ruled out before escalating the dose of SSAs!™l.

Approaches for inferring the cause of diarrhoea: Characteristics of diarrhoea
associated with specific causes were described by 14 articlest##94:454745205560 and
five articles described concomitant symptoms that may be present and may assist in a
differential diagnosis (Supplementary Table 7)l**0041 Characteristics and symptoms
described in the literature were as follows: Diarrhoea due to PEI was described as
greasy, foul-smelling, floating stools”****>**, known clinically as steatorrhoea;
patients with PEI may also have bloating, weight loss and signs of malabsorption(®*<’};
BAM diarrhoea may be cholereticl’; patients with SIBO may experience a change from
initially intermittent diarrhoea (caused by CS) to continuous diarrhoea, with
associated flatulence, bloating and borborygmic sounds!; characteristics of SBS
diarrhoea were not reported, but other symptoms may include significant weight loss,
electrolyte disturbance and hydration issues!*'.

Approaches for confirming the cause of diarrhoea: A total of 19 articles reported on
13 unique tests used to investigate diarrhoea for nine specific causes (Supplementary
Table 8)leaza65202:4426295060-41 Of these, 12 studies had used a test for diagnosis of a
condition in a population of patients with NETs*>051046495000] whereas seven
articles only described or recommended a test (Table 2)t#61-41,

In one study, a symptom-based diagnosis was considered acceptable for PEI in the
absence of the faecal elastase test!’. Other general approaches included a full GI
workup including upper and lower endoscopy!*“, and discontinuation of the
treatment suspected to be causing increased diarrhoea e.g., sunitinib or serotonergic
medication“****°l. Lee et al*! described the use of colonoscopy, chest and abdominal X-
ray, abdomino-pelvic computed tomography (CT) scan and discontinuation of
sunitinib as approaches used to reach the diagnosis of PCI induced by sunitinib.

Consequences if the cause of diarrhoea is not properly ascertained: Fourteen articles
described four main consequences if the cause of diarrhoea is not adequately
ascertained (Supplementary Table 9)2»55794515626460): Patients or clinicians may
perceive CS treatment as ineffective, leading to discontinuation of treatments targeted
at CS and/or addition of inappropriate interventions (which may inadvertently
worsen steatorrhoea); the underlying cause of diarrhoea remains undiagnosed and is
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Figure 1 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram. CDSR: Cochrane Database of Systematic Reviews;
CENTRAL: Controlled Central Register of Controlled Trials; CSD: Carcinoid syndrome diarrhoea; DARE: Database of Abstracts of Reviews of Effects; NET:
Neuroendocrine tumour; PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses; SLR: Systematic literature review.
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therefore prolonged; and patients’ nutritional status may deteriorate. For example,
Pavel et al* reported that a patient discontinued telotristat due to “insufficient
efficacy” as a result of persistent diarrhoea; the authors noted that there were
indications that the cause of diarrhoea was PEL

No studies directly compared outcomes in patients with and without differential
diagnosis of diarrhoea. However, one study reported that 15 out of 20 (75%) patients
with NETs who had systematic GI investigation and management of their diarrhoea
experienced an improvement on the “impact of bowel symptoms on QoL” scale after 6
mo; among the 10 patients who completed the European Organisation for Research
and Treatment of Cancer GIL.NET21 questionnaire at baseline and 6 mo, there was a
significant improvement in overall QoL scores!™.

Flaherty et al® described an outcome that could arise when a contributing cause of
diarrhoea is successfully identified. In a patient undergoing chemotherapy, worsening
chronic diarrhoea was diagnosed as a Clostridium difficile infection. In order to treat this
infection, chemotherapy was halted for four months during which the patient’s CS
progressed, causing diarrhoea that was “difficult to control” along with weight loss
and decline in performance status'. Representative quotations are presented in
Figure 3, and full study details are available in Supplementary Table 9.

Advice and suggestions for the differential diagnosis of diarrhoea in patients with
GEP-NETs: Six articles suggested ways to approach differential diagnosis of diarrhoea
in GEP-NETs, including improving patient and clinician awareness of SSA-related
diarrhoea or steatorrhoea®™, directly asking patients about diarrhoea™, regular
screening for malnutrition”), and involvement of a multidisciplinary team of
specialists, particularly gastroenterologists/***l. Representative quotations are
presented in Figure 3, and full study details are available in Supplementary Table 10.
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Figure 2 Overview of final framework of themes from included studies. This figure presents the thematic framework of evidence identified from the 47
included articles. It does not include all possible causes of diarrhoea or diagnostic tests that could be used to investigate diarrhoea in gastroenteropancreatic
neuroendocrine tumours (GEP-NET) patients, and does not take into account the quality of the evidence for each theme. 2Bowel resection can lead to conditions that
cause diarrhoea - these were not specified by the included studies. The source of bowel obstruction e.g., the NET itself, was not confirmed. "One-fifth of patients with
small bowel or pancreatic NETs met the criteria for irritable bowel syndrome (IBS) with diarrhoea demonstrating how patients with GEP-NETs can be initially
misdiagnosed with IBS, or could have synchronous NET and IBS diagnoses!*'.. BAM: Bile acid malabsorption; CSD: Carcinoid syndrome diarrhoea; CT: Computed
tomography; HBT: Hydrogen breath test; MBT: Methane breath test; GEP-NET: Gastroenteropancreatic neuroendocrine tumour; KOH: Potassium hydroxide; PEI:
Pancreatic enzyme insufficiency; PERT: Pancreatic enzyme replacement therapy; SeHCAT: Tauroselcholic [75 selenium] acid.
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-

Assess disease progression

Two patients who were stable in their symptoms and biochemical profile
(serum chromogranin, 5-HT) at a constant dose of octreotide analogs led
us to investigate other etiologies for worsening diarrhea, including
pancreatic insufficiency.

Saif et al. 2010

Assess patient history

As NET patients have multiple etiologies contributing
to their diarrheal symptoms, a careful history assists
in developing a differential diagnosis.

Anthony et al. 2013

Assess if other symptoms or disease characteristics of CS are
present (if not already diagnosed with CS)

Diarrhea is a consequence of the bowel obstruction. All this explains our
patient’s symptoms. However, she had no flushing of the skin and therefore
couldn't be suspected clinically for this diagnosis. The intestinal carcinoid does
not usually produce the carcinoid syndrome unless hepatic metastases
have occurred.

Juniku-Shkololli et al. 2009

Initial Investigations

Assess response to treatment dose reduction
or escalation

Given the possibility of diarrhea due to adverse effects of sunitinib, the patient was
treated with a reduced dose of sunitinib (25 mg/day) and loperamide
concomitantly. After a brief period of improved diarrhea...she returned to the
hospital complaining of severe diarrhea for over 1 week.

Leeetal. 2017

/ Patients or clinicians may perceive CS treatment as
ineffective

...the implications are more significant in patients with NETS, where GI symptoms
such as diarrhea may be confused with carcinoid syndrome and be misinterpreted
as lack of treatment benefit.

Lamarca et al. 2018

Underlying cause of diarrhoea remains
o d, leading to prol a4
duration

Discontinuation of treatment targeted at CS

One patient had decreases in both stool frequency and u5-HIAA but withdrew
consent on day 50 due to “insufficient efficacy.” This patient was on pancreatic
enzyme supplement after a pancreaticoduodenectomy (Whipple procedure) and
had baseline u5-HIAA in the normal range, suggesting that serotonin may not
have been the major cause of diarrhea.

Pavel et al. 2015

Consequences if the cause of
diarrhoea is not
correctly ascertained

Inappropriate intervention

Adverse impact on nutritional status

Although octreotide analogs are used to treat diarrhea
in an unlabeled manner, paradoxically, they cause

The clinical symptoms with abdominal cramps caused
by C. coli were very similar to the symptoms caused
by the NET and therefore the infection was remaining
undiagnosed for weeks.

Steatorrhoea usually becomes apparent only when
pancreatic enzymes are significantly decreased (i.e.
when 90% of pancreatic function is lost). Thus, waiting
for development of symptoms such as steatorrhoea
delays PEI diagnosis and has a significant impact on
nutrition and quality of life (QoL).

another type of diarrhea secondary to pancreatic
insufficiency. This may lead to scalating the dose of the
octreotide under the impression that the primary
disease (neuroendocrine tumor) is not controlled while,
on the contrary ...This results in more diarrheas related
to fat malabsorption.

Lagler et al. 2016

Lamarca et al. 2018

Saif et al. 2010

/ Improve patient information and
awareness

Our experience alerts doctors treating neuroendocrine tumors to be aware of
this common and forgotten side effect of the octreotide analogs, resulting in
better patient management and cost reduction.

Saif et al. 2010
Improvements to patient information are also needed to educate and empower
patients to consider the possibility of PEL
Lamarca et al. 2018

Screen regularly for
malnutrition

Without routine screening for malnutrition, gastrointestinal symptoms
in patients with GEP-NET might be missed or solely and sometimes
incorrectly attributed to functioning symptoms.

Weickert et al. 2016

N

I Ivil

g a multidi y team and
specialised clinicians

Neuroendocrine tumour multidisciplinary (NET) teams should include at least
one NET specialist dietitian.

Whyand et al. 2018

Early referral to a gastroenterologist might help aid and lead with the
diagnosis and treatment.

Saif et al. 2010

Recommendations for
improving differential
diagnosis of diarrhoea in
NET patients

Assess and directly question patients
about their diarrhoea at every appointment

It is clear that consultations should include more direct questions,
because patients may not report adverse events without direct
prompts.

Whyand et al. 2018

/
~

~

/
~

/

Figure 3 Representative findings for qualitative themes. CS: Carcinoid syndrome; GEP-NET: Gastroenteropancreatic neuroendocrine tumour; Gl:
Gastrointestinal; PEIl: Pancreatic enzyme insufficiency; u5-HIAA: Urinary 5-hydroxyindoleacetic acid; 5-HT: 5-hydroxytryptamine.

DISCUSSION

This SLR is the first formal synthesis of qualitative or quantitative data related to the
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differential diagnosis of diarrhoea in patients with GEP-NETs. The different causes of
diarrhoea that can affect patients with GEP-NETs have been previously discussed
briefly in the 2018 European Society for Medical Oncology guidelines for diarrhoea in
cancer patients, and by Clement et all’! in the context of malnutritiont*l. Naraev et all*"!
has also suggested the importance of a differential diagnosis in a narrative review on
the management of CSD, highlighting PEI, BAM and SBS as a few causes to consider.
However, evidence on the prevalence of these causes, the diagnostic tests that have
been used to identify these causes in patients with GEP-NETs specifically, and other
factors related to differential diagnosis had not yet been explored using systematic
methods.

PEI-associated steatorrhoea was the most common condition reported in patients
with GEP-NETs; steatorrhoea is a known side-effect of SSA therapy and the majority
of study cohorts comprised patients who were on or had received SSA therapy. This
emphasises that PEI should be considered in all patients undergoing SSA therapy as a
cause of new or worsening diarrhoea (or after pancreatic resection), so that initiation of
pancreatic enzyme replacement therapy can be considered in order to improve
management of NET diarrhoea or steatorrhoea. Not all patients with steatorrhoea
identified in this review were treated for PEI, suggesting that the presence of
steatorrhoea without consideration of severity or duration may not necessarily confirm
that a patient has PEI, or impact on patients QoL sufficiently to warrant intervention.
Furthermore, malabsorptive steatorrhoea can also be caused by dietary factors, coeliac
disease, SIBO or infections, among others. It is important to acknowledge that
diarrhoea can be a short-term side effect of initiating SSAs and often resolves
spontaneously™; study authors emphasised the importance of patient and clinician
awareness of SSA side effects, suggesting that in clinical practice, patients may not
report these events without direct prompts, which may facilitate differentiation
between diarrhoea and steatorrhoeal*!l.

Evaluation of test accuracy for the detection of PEI was lacking. While faecal fat
testing was used or recommended for the diagnosis of PEI in three identified
studiest %), this test is no longer common in clinical practice as it is unpleasant for
both patients and laboratory staff to perform!”. There were conflicting opinions on the
efficacy of the faecal elastase test in patients with GEP-NETSs, which is an issue that has
also been raised by Clement ef al While Lamarca ef al! used and subsequently
recommended the faecal elastase test for investigation of PEI in GEP-NET patients,
other evidence identified in this SLR suggests that this test may not be sufficiently
accurate, with poor sensitivity for the detection of steatorrhoea and a high rate of false
negative test results®*’l. Similar results have been reported previously in patients
without NETs", such as patients with chronic pancreatitis or patients who have
undergone pancreatic resection””. While suggested by only one study included in this
review, empiric treatment with pancreatic enzyme therapy represents a more practical
approach that is often taken in clinical practice; alleviation of symptoms may be
indicative of PEI as a contributing cause to the diarrhoeal*l.

Data on other causes of diarrhoea were limited, suggesting that these causes were
not considered by clinicians or study personnel, potentially due to a lack of awareness
or gastroenterologist input into NET management. Randomised controlled trials that
reported diarrhoea as an adverse event of treatment were not eligible for inclusion
since it was unclear how many (or which) patients with GEP-NETs had diarrhoea at
baseline, and methods of confirming diarrhoea as “treatment-related” were usually
not reported. For example, one study reported treatment-related diarrhoea in 26% of
patients with non-functional NETSs receiving lanreotide; however, the same study also
reported treatment-related diarrhoea in 9% of patients receiving placebo!”, suggesting
that some diarrhoea attributed to treatments may have other underlying causes.
Furthermore, the Common Terminology Criteria for Adverse Events!” definitions for
diarrhoea are not validated in patients with NETs, and do not consider relevant factors
such as stool urgency or consistency.

Important approaches used in clinical practice for investigation into the cause of
diarrhoea were rarely reported in patients with GEP-NETs, particularly endoscopy.
Upper and lower gastrointestinal endoscopy can be used to investigate unexplained
diarrhoea and to diagnose coeliac disease, colitis of different causes, colorectal cancer
and is also useful in the work up for IBS. However, the use of endoscopy was only
reported by two studies identified by this review. This could be due to use of
colonoscopy as an index investigation for diagnosis of tumours in patients presenting
with diarrhoea, rather than in patients with an existing GEP-NET diagnosis in
alignment with the scope of this review.

Clinical misdiagnoses can lead to inefficient use of clinical resources and funding, or
to progression of the true cause, thereby potentially risking the health and QoL of the
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patient. One study captured by this review reported improvements to patient QoL
after undergoing differential diagnosis of diarrhoea, and other studies have shown
that a higher number of bowel movements are associated with lower QoL in patients
with GEP-NETsl"”. Furthermore, a real-world evidence study reported that total
healthcare resource use costs increased with uncontrolled CS in patients with GEP-
NETs by up to 40% per patient, when compared with controlled CSI"l. This highlights
an important opportunity for improving QoL in patients with GEP-NETs and efficient
use of clinical resources; identifying the true cause(s) of diarrhoea may facilitate
optimal symptom control through targeted management. Suggested approaches for
improving differential diagnosis of GEP-NET diarrhoea include improving awareness
of non-CS diarrhoea, or screening regularly for malnutrition. However, these
approaches have not been investigated in clinical practice in patients with GEP-NETs
and are therefore not evidence-based recommendations, but may represent methods to
pursue in future research. It is clear that multidisciplinary team discussions including
gastroenterology are necessary to ensure that clinicians with expertise on the possible
causes of diarrhoea in cancer patients and subsequent management options are
involved alongside oncologists, to allow for a thorough assessment and the effective
use of resources in clinical practice.

Differential diagnosis of diarrhoea outside of the GEP-NET population

There are guidelines for the investigation of chronic diarrhoea outside of the NET
population, such as those provided by British Medical Journal Best Practice and the
British Society of Gastroenterology””l. The diagnostic approaches identified by this
review do not necessarily represent the sole or optimal approaches available. Colitis
was reportedly diagnosed in a patient with a GEP-NET by CT scan in one included
study, but in wider clinical practice blood or stool tests and/or endoscopy may be
preferred methods. Similarly, while angiography was recommended as a
“definitive” diagnostic method for intestinal ischaemia by Anthony!, and has
traditionally been considered the “gold standard”®), CT imaging is also a core
component of investigation for intestinal ischaemia™*'.

Guidance on the diagnosis of specific causes of diarrhoea that were lacking in GEP-
NETs can be sought from the literature, such as for SBS. Since the primary cause of SBS
is surgical resection of the small intestine, patient history of this procedure, and stoma
output, may be indicative of SBS, with blood tests, stool or urine analyses, imaging
and biopsies conducted to confirm the diagnosis!™. Supporting the findings of this
review, the SeHCAT scan is widely reported as a diagnostic test for BAM™. It is a
validated method and does not require multiple stool samples, which may improve
patient compliancel!. Measurement of faecal bile acids has also been suggested with
the caveat that it is technically challenging!™l. Empiric therapy with bile acid
sequestrants may also be given in clinical practice!®. For the investigation of SIBO,
small bowel culture techniques such as quantitative culture of jejunal aspirate have
previously been considered the gold standard for diagnosis; however, breath tests are
now often favoured due to their non-invasive nature and lower costs, although they
have varying sensitivities®™ 1. Laboratory analyses such as stool cultures for the
identification of infectious pathogens are reported to be inefficient and expensivel™;
molecular panels named “culture-independent diagnostic tests” can simultaneously
test for multiple pathogens and offer improved sensitivity and less time required
compared with stool culture techniques!™.

Synchronous causes of diarrhoea

It is important to acknowledge that the presence of one particular condition, for
example BAM confirmed by a positive SeHCAT scan result, does not necessarily
confirm that the condition is the sole or dominant cause of diarrhoea - it is possible
that CS or another underlying condition is also contributing. No specific guidance for
distinguishing between two simultaneous causes of diarrhoea in patients with GEP-
NETs was identified, although the complexity of this scenario was demonstrated in a
case of concomitant CS and infectious diarrhoea, which resulted in worsening CSD
during treatment of the infectious cause. As noted in guidance for differential
diagnosis of GI symptoms related to pelvic radiation disease, in which patients are
also likely to be suffering with multiple causes of diarrhoea simultaneously™’, it is
likely that relying on any single diagnostic approach will be insufficient for differential
diagnosis of diarrhoea in patients with GEP-NETs.

Strengths and limitations
This review used systematic methods in line with established guidelines to conduct an
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exhaustive search of the literaturel”l. Although methods for combining quantitative
and qualitative evidence are still under development, the novel adaptation of
framework synthesis and the comprehensive inclusion approach allowed for the
extraction and synthesis of heterogeneous data from diverse sources in this review.
However, searches were both language- and date-limited which may have neglected
relevant information and possibly limits the global applicability of the findings.

Overall, the evidence was limited and of low quality; this was largely due to the
source of qualitative data (statements sourced from narrative reviews or discussion
sections, and therefore not collected through robust methods) and study
heterogeneity. Moreover, the use of a standardised quality assessment checklist was
not feasible. Finally, it should be noted that the purpose of this review was to
synthesise published literature on this topic rather than to develop any
recommendations for clinical practice; therefore, no formal instrument was used to
grade the identified evidence.

CONCLUSION

In conclusion, this review employed framework synthesis to synthesise heterogeneous
data on differential diagnosis of diarrhoea in patients with GEP-NETs, identified by a
comprehensive search of the literature. It is clear from the findings that there is a need
for increased awareness and further research on the prevalence of non-CS diarrhoea
aetiologies and on the suitability of diagnostic approaches, to determine the most
effective algorithm for differential diagnosis of GEP-NET-related diarrhoea. Improved
diagnosis of the cause(s) of diarrhoea, and the involvement of gastroenterology
expertise alongside oncologists and endocrinologists, would improve the management
of patients with NETs and provide opportunities for improving patients” QoL.

ARTICLE HIGHLIGHTS

Research background

Although carcinoid syndrome (CS) is often the cause of diarrhoea among patients with
gastroenteropancreatic neuroendocrine tumours (GEP-NETs), other causes to consider
include pancreatic enzyme insufficiency (PEI), bile acid malabsorption (BAM) or small
intestinal bacterial overgrowth (SIBO). If other causes of diarrhoea unrelated to
serotonin secretion are mistaken for CS diarrhoea, these treatments may be ineffective
against the diarrhoea, risking detrimental effects to patient quality of life.

Research motivation

CS diarrhoea has a considerable impact on patient quality of life, but the differential
diagnosis of causes of diarrhoea in patients with GEP-NETs is a relatively unexplored
area of research, and there is currently no formal guidance for clinicians.

Research objectives

The objective of this research was to synthesise evidence on the differential diagnosis
of diarrhoea in patients with GEP-NETs, including: (1) The prevalence of different
non-CS causes of diarrhoea in patients with GEP-NETs; (2) The diagnostic approaches
for diarrhoea in patients with GEP-NETs, including initial investigations and clinical
testing for specific gastrointestinal conditions; (3) The potential consequences for
patients if the true cause(s) of diarrhoea are not ascertained; and (4) Suggestions and
advice for improving differential diagnosis of diarrhoea.

Research methods

Electronic databases were searched from inception to 12" September 2018 using terms
for NETs and diarrhoea. Congresses, systematic literature review bibliographies and
included articles were also hand-searched. Any study design and publication type
were eligible for inclusion if relevant data on a cause(s) of diarrhoea in patients with
GEP-NETs were reported. Framework synthesis was adapted to synthesise
quantitative and qualitative data.

Research results
Forty-seven publications (44 studies) were included. Twenty-one articles (18 studies)

WJG | https://www.wjgnet.com 4551 August 14,2020 | Volume26 | Issue30 |



Khan MS et al. Differential diagnosis of GEP-NET diarrhoea

Jaishideng®

reported on the prevalence of specific causes of diarrhoea; 9.5%-84% of patients with
GEP-NETs had experienced steatorrhoea or PEIL Other causes of diarrhoea included
BAM (80% of patients), SIBO (23.6%-62%), colitis (20%) and infection (7.1%). Initial
approaches for investigation primarily included assessing possible progression of CS
and patient history. Characteristics of diarrhoea or concomitant symptoms of such
causes were also described. Diagnostic approaches for diarrhoea included faecal
elastase or faecal fat testing (PEI), hydrogen and/or methane breath tests (SIBO),
tauroselcholic (selenium-75) acid (SeHCAT) scan (BAM) and stool culture (infectious
causes). Evidence on the effectiveness or diagnostic accuracy of these tests in patients
with GEP-NETs was limited. Fourteen articles described consequences if the cause of
diarrhoea is not correctly diagnosed: Patients or clinicians may perceive CS treatment
as ineffective, may discontinue treatment targeted at CS and/or may use inappropriate
interventions; also, diarrhoea is prolonged, and patients’ nutritional status may
subsequently deteriorate. Improving patient and clinician awareness, directly asking
patients about diarrhoea, and involving a multidisciplinary clinical team, including
gastroenterologists, were reported as approaches to facilitate effective diagnosis of the
underlying cause(s) of diarrhoea.

Research conclusions

PEI has been found to be relatively frequent in patients with GEP-NETs undergoing
somatostatin analogues therapy, with other reported occurrences of SIBO, BAM and
infectious diarrhoea. While author recommendations were available, evidence or
opinion on the accuracy of diagnostic approaches in patients with GEP-NETs
specifically were either contradictory or lacking completely. Furthermore, no specific
guidance for distinguishing between two synchronous causes of diarrhoea was
identified. Observational and/or interventional research in patients with GEP-NETs
experiencing persistent diarrhoea would be beneficial, in order to investigate the most
effective diagnostic and management algorithms and the subsequent impact on patient
outcomes, to facilitate development of clinical guidance.

Research perspectives

There is a need for increased awareness and further research on the prevalence of non-
CS diarrhoea aetiologies and on the suitability of diagnostic approaches, to determine
the most effective algorithm for differential diagnosis of GEP-NET-related diarrhoea.
In clinical practice, involvement of gastroenterology expertise alongside oncologists
and endocrinologists would improve the management of patients with GEP-NETs and
provide opportunities for improving quality of life.
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