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Abstract

AIM

To evaluate the most common studied genetic poly-
morphisms that may have an etiological role in irritable
bowel syndrome (IBS).

METHODS

The data base PubMed was searched for studies
analyzing the association between gene polymorphisms
and IBS. All original full papers, written in English, were
retained for further analysis. The retrieved papers were
further systematized according to those polymorphisms
that have been detected in IBS.

RESULTS

Considering these criteria, our literature search found
12 polymorphisms, residing in 10 genes, which were
reported to be consistently associated with IBS. The
initial search identified 189 articles, out of which 48
potentially appropriate articles were reviewed. Of these
48 articles, 41 articles were included in the review.
These articles were published between 2002 and 2016.
Out of these 41 studies, 17 reported analysis of the
serotonin transporter (SERT) gene (SLC6A4), eight
on guanine nucleotide-binding protein subunit beta-3
(GNbeta3), six on the serotonin type 3 receptor genes
(HTR3A), four on (HTR3E), three on (HTRZA), three
the tumor necrosis factor superfamily member TL1A
gene (7NFSF15), and ten on genetic polymorphisms
with limited evidence.

CONCLUSION

Current evidence for the relation between genetic
polymorphisms and IBS is limited owing to the fact
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that high-quality prospective studies and detailed
phenotyping of patients suffering from IBS and matched
controls were lacking in the past.

Key words: Irritable bowel syndrome; Gene; Genetic
polymorphisms

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The main genetic polymorphisms encountered
in irritable bowel syndrome (IBS) are: Serotonin
transporter (SERT) gene (SLC6A4), guanine nucleotide-
binding protein subunit beta-3 (GNVbeta3), serotonin
type 3 receptor genes (H7R3A), (HTR3E), (HTR2A), the
tumor necrosis factor superfamily member TL1A gene
(TVFSF15). We performed a review of existent data,
that studied genetic polymorphisms in IBS patients. We
found that the actual IBS subgroups are not sufficient
in order to identify distinct phenotypes and further in
leading to new guiding principles for treatment. This
systematic review demonstrates the need for genetic
studies with an increasing number of subjects, because
contradictory findings in terms of IBS subtype have
been reported.

Popa SL, Dumitrascu DL, Vulturar R, Niesler B. Genetic
studies in irritable bowel syndrome-status quo. World J Meta-
Anal 2018; 6(1): 1-8 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v6/il/1.htm DOI: http://dx.doi.
org/10.13105/wjma.v6.il.1

INTRODUCTION

Irritable bowel syndrome (IBS) is the main digestive
functional disorder, with a prevalence of 10%-20%
of the population and has multifactorial etiology since
genetic predisposition and environmental factors shape
the phenotype.

According to the Rome IV criteria, the syndrome
is defined as recurrent abdominal pain on average at
least 1 d/wk in the last 3 mo, associated with two or
more of the following symptoms: related to defecation,
associated with a change in the frequency of stool,
associated with a change in form (consistency) of stool.
Classifying patients with IBS into specific subtypes
based on predominant bowel habits is useful because is
focusing the treatment on the predominant symptom.
Accordingly to the Rome IV Criteria, IBS is classified
into four subtypes: IBS with predominant constipation
(IBS-C), IBS with predominant diarrhea (IBS-D), with
mixed bowel habits (IBS-M) or unsubtyped (IBS-U).
Patients meet diagnostic criteria for IBS-U if their
bowel habits cannot be accurately categorized in any
of the above subtypes™. The genetic predisposition is
underlying the pathogenesis and the pathophysiology of
IBS. Studies that point out higher concordance rates of
monozygotic twins compared to dizygotic twins suggest

Roishidenge ~ WIMA | www.wjgnet.com

that there may be distinct molecular bases for all IBS
subtypes and genes that control neuronal function, the
epithelial barrier integrity, mucosal immune interactions
with bacteria in the gut. Unfortunately, the number of
studies about single nucleotide polymorphisms (SNP)
in selected candidate genes associated with IBS is still
small.

The aim of this study was to review the existing
literature on genetic polymorphisms associated with IBS.

MATERIALS AND METHODS

A PubMed search was carried out in September 2016,
looking for published papers analyzing the association
between gene polymorphisms and IBS. Search keywords
were: IBS and gene polymorphism. The inclusion criteria
were: original articles that included patients with IBS-C,
IBS-D or IBS-M, and that studied genetic polymorphisms
in IBS patients. Exclusion criteria were: reviews, lack of
abstract, non-English publications. Furthermore, ethical
background was taken into account. We decided not to
analyze SNP, which is less investigated, we only found
it reported in five papers, because we decided that they
are not relevant and may introduce bias.

RESULTS

As a result of our literature survey, we were able to
review 12 polymorphisms, residing in 10 genes. All of
them are considered to be associated with IBS (Table 1).
The initial search identified 182 articles, out of which 48
potentially appropriate articles were reviewed. Of these
48 articles, 44 articles were included in the review. These
articles were published between 2002 and 2016. Out of
these 44 studies, 20 reported analysis of the serotonin
transporter (SERT) gene (SLC6A4), eight on guanine
nucleotide-binding protein subunit beta-3 (GNbeta3), six
on the serotonin type 3 receptor gene (HTR3A), four on
(HTR3E), three on (HTR2A), three the tumor necrosis
factor superfamily member TL1A gene (TNFSF15), and
ten on genetic polymorphisms with limited evidence
(Figure 1).

In the following we will describe the reported
evidence of a relationship between gene polymorphisms
and IBS published to date.

Serotonin transporter gene
Serotonin (5-hydroxtryptamine, 5-HT) is an essential
neurotransmitter involved in regulation of gut function,
by playing key roles in intestinal peristalsis and in
sensory functions mediated via the brain-gut axis. The
serotonin transporter (SERT) encoded by the gene
SLC6A4 regulates the intensity and duration of serotonin
signaling by reuptaking serotonin from the synaptic
cleft, thereby terminating its efficacy. This makes it
an excellent candidate gene for analysis of genetic
predisposition to IBS.

Disturbance in serotonin reuptake can modify
enteric signaling, leading to gut dysfunctions, thereby
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Table 1 Number of articles, analyzing the relation between genetic polymorphisms and irritable bowel syndrome

Gene SNP Polymorphism IBS type Diagnostic criteria Number of articles Ref.
SLC6A4 54795541  5-HTTLPR (-1950- 1949insT, ~ IBS-C ~ Rome I, I, I 15 RSP RR R
-1950-1949insC), STin2.9 VNTR

1rs25531 179A > G (-1936A > G) Rome II, III 4 [8-10,17)
HTR2A 156311 -1438G > A (-998G > A IBS-D Rome I, 1T, Il 1 &

rs6313 102C>T IBS-D Rome I, II, I 2 [435]
HTR3A rs1062613  42C>T;178C>T(-24C>T) IBSD  Rome I, I, I 6 [2:1620-2245]
HTR3E rs56109847 76G > A 1BS-D Rome I, II, Il 5 [16,18,20,21,45]
GNB3 rs5443 825C>T IBS-C Rome II, Il 8 [23-25,29,32,34,35]
TNESF15 rs4263839 A/G IBS-C  Rome I, II,TI 3 1626281
Limited number of studies: pV158M Rome III 10 [30,31,33,36-40,43,44]

CCK rec.intronl NXPH1CDC42

IBS: Irritable bowel syndrome; SNP: Single nucleotide polymorphisms.

‘ Studies found by Pubmed search (7 = 192) ‘

‘ Initially selected papers (7 = 51) %ﬂ Excluded as inappropiate (7 = 141) ‘

‘ Further excluded (7 = 5)‘

Case report (7 = 1)

{ Linguistic reasons (7 = 1) ‘

‘ Finally selected (7 = 44) ‘

Figure 1 Results of PubMed search and selection of original articles
included in the review.

contributing to the pathophysiology of IBS.

The solute carrier family 6 member 4 (SLC6A4)
gene encodes the serotonin transporter (SERT). Poly-
morphisms in the promoter region of the SERT gene
has a direct effect on transcriptional activity, which may
result in altered 5-HT reuptake activity. The investigation
of the association between 5HTTLPR in the SERT gene
and IBS, using subgroup population-based analysis,
point out that visceral hypersensitivity in IBS can be
related to genetic factors™®. To date, the S allele in
the promoter region as well as the STin2.9 VTR allele
residing in an intron, have been reported to be related
to anxiety and depression, a result that supports a
biopsychosocial model of IBS, with the genotype
in SLC6A4 that is increasing the risk for depressive
episodes. Increased risk of IBS-C is presented by
individuals with of L/L genotype and 12/12-L/L genotype
association®®. IBS-D and IBS-A are more frequent in
individuals with L/S genotype'®. Other studies suggest
that the s/L polymorphism of serotonin transporter gene
is linked only with the IBS-C development, this link being
present only in East Asian population'”’. Moreover, the
response to tegaserod was influenced by the genotype:
L/L being poorer than S/S and S/L genotypes™. Carriers
of S allele in 5-HTTLPR region was published as being
frequent in Chinese Han population, with IBS, but other
associations studies looking for IBS and variable number
of tandem repeats (VNTRs) and tag SNPs, such as
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rs1042173, rs3794808, rs2020936 in SERT gene [using
polymerase chain reaction (PCR) and TagMan® SNP
Genotyping, and positive haplotype], were not found'®.
SLC6A4-polymorphism and higher levels of 5-HT (in
rectal biopsy of patients) were significantly linked with
IBS-D and abdominal pain, suggesting that SLC6A4 has
an important role in IBS pathophysiology®*®.. Also in
IBS-D, platelet SERT is reduced and is related with low
levels of SERT mRNA.

A metaanalysis by Zhang et ai**! looked to 25 studies
including more than 3000 patients with IBS and more
than 3000 controls (diagnosed with different criteria
according to the moment of the study: Rome 1 /11/1).
The meta-analysis showed that the 5HTTLPR L allele and
L/L are involved in the IBS-C development, in East Asian
population, but not Central Asian populations.

On the contrary, other studies found a negative
association between IBS and 5HTTLPR in the SERT
gene. This is the case of a metaanalysis by Areeshi et
al*?!, which analyzed 12 studies with over 2000 IBS
cases and over 2000 The same lack of association is
found in the studies that have examined another SERT
gene polymorphism, STin2 (located in intron 2), with
undetermined ethnicity™*,

A study on a group of North American Caucasian
female patients with IBS-D, analyzed leukocyte DNA, by
polymerase chain reaction, for nine SERT polymorphisms.
The result was that SERT-P S/S genotype was significant
associated with IBS-D™¥., On the other hand, a study
on American and Asian populations demonstrates that
SLC6A4 (S/L) polymorphism is associated with reduced
risk of IBS™.

The activation of different brain regions during
colorectal distension in subjects carrying the S allele
of the SERT gene SLC6A4 promoter polymorphism
5-HTTLPR, suggests that individuals with a reduced level
of SERT may more intensively respond to gut signals in
emotion-regulating brain circuit. The amygdala region
is more activated during a fearful face recognition
paradigm in fMRI studies. This data demonstrates the
relation between visceral pain and the individuals with a
weak function of serotonin transporter’®®. A study using
the Rome 1 criteria, in 54 Turkish IBS patients, showed
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a high incidence of the C/C genotype for 102T > C, A/A
genotype for—1438G > A, HTR2A gene, rs6313 and
IBS-DP!. Similar results were found in a Greek study,
showing that the frequencies of the SS genotype and S
allele of the serotonin transporter polymorphism were
significantly associated with IBS and the TT genotype
and T allele frequencies of G protein B3 subunit showed
also significant difference between the IBS patients and
healthy controls.

Other plausible candidates of the serotonergic
system represent 5HTs receptors (5HTsRs) mediating
the effects of 5HT on intestinal functions during the
postprandial period. A sequencing study of the HTR3
genes in IBS detected the 5-UTR variant c.-42C > T
of HTR3A (rs1062613) and 3’-UTR variant c. 76G >
A in HTR3E (rs62625044). They found an association
of SNPs in HTR3A and HTR3E in patients with IBS-D
in a cohort from the United Kingdom; in particular the
SNP in HTR3E was replicated in another cohort from
Germany™>'®, A recent study that investigated the relation
between these SNPs in HTR3A and HTR3E and IBS-D
in 500 IBS-D Chinese patients and 500 healthy control
subjects replicated these findings. The PCR-RFLP method
revealed a significant difference in the SNP frequency
between the IBS-D patients and the healthy control
subjects in the distribution of genotype and the minor
allele of rs1062613 in HTR3A gene. Moreover, data about
rs62625044 in HTR3E gene, evidenced a significant
difference between the distribution of GA genotype and A
allele, only in female patients"®.

A small sample size study of pacients with IBS
showed that the carriers of the rare G allele of rs25531
had approximately threefold increased odds to present
IBS than healthy controls . Onwards, the G-allele was
more frequent in diarrhea-predominant subjects than in
constipation-predominant or alternator subjects”’.

Recent studies demonstrated that a functional variant
(rs56109847) in the 3’-untranslated regions (3’-UTR) of
the serotonin receptor 3E (HTR3E) gene associated with
IBS-D in British populations is also present in IBS-D in
the Chinese females, emphasizing the role of miR-510
on 5-HTze expression of colonic tissues in patients with
gastrointestinal disorders. Moreover, the mechanism
that underlies the association of HTR3E SNP rs56109847
with IBS-D is also described. The 5-HTse rs56109847
could directly inhibit the binding of miR-510 to HTR3E
3’-UTR in HEK293 and HT-29 cells and confirmed that
the SNP (rs56109847) of the non-coding region of
HTR3E affected the binding of mircoRNA, thus affecting
the permeability of the GI tract™®,

In contradiction with the analysed data, a study
shows that there is no association between the genetic
polymorphism in the SERT-P gene and IBS. The fact
that SERT-P polymorphism has recently been associated
with treatment response is a further proof that the
genetic polymorphism in the SERT-P gene might have a
pharmacogenetic role!*?,

Another more recent study replicated these
findings in patients with IBS-D from Yangzhou, Jiangsu
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province, showing a significant difference between
patients and the controls in HTR3A (rs1062613) and
the frequency of T allele was significantly higher in both
female and male patients than that in the controls (P
< 0.05). They performed polymerase chain reaction
(PCR) amplification and restriction fragment length
polymorphism (RFLP) technique on DNAs from 300
healthy subjects and 450 patients with IBS-D™°. Of
note, the SNPs rs1062613 in HTR3A has initially been
associated with major depression and “harm avoidance”,
an inherited trait associated with depression and anxiety,
frequently encountered in IBS. In a study from 2011,
this SNP has been correlated with the severity of IBS
symptoms, anxiety and changes in amygdala activity'.
Alosetron, a selective 5HT3R antagonist, beneficial in the
management of symptoms like abdominal cramping,
stool urgency and diarrhea in women with IBS-D was
investigated in a pharmacogenetics study™'!, This
revealed a greater efficacy of slowing down colonic
transit as evidenced by the fact that L/L compared to
L/S or S/S carriers benefitted from the treatment, by
being high responders. This seems to be plausible based
on the hypothesis that L/L carriers, who are supposed
to present with increased SERT expression, and
consequently 5HT reuptake, may present lower synaptic
5HT levels and therefore less competition between
endogenous 5HT and alosetron™.

Catechol-O-methyltransferase (COMT) is an enzyme
that degrades dopamine, epinephrine, norepinephrine
and the functional polymorphism pV158M has most
extensively analyzed to date in various conditions. The
Val alleles lead to four-fold higher enzymatic activity
compared to the Met allele and thereby may influence
metabolic levels of its substrates™. The gene variant
has been demonstrated, to play an essential role
in processes associated with abstract thought, task
structure, and the placebo effect™™?".

It is well established that depression, anxiety and
pain syndromes are related to altered COMT activity,
conditions showing also a high co-morbidity with IBS.
Consequently it presented another plausible candidate to
be explored in the context of IBS. In a recent study from
Sweden, the V/V genotype had a significantly higher
occurrence compared with controls, but V/M genotype,
had a lower occurrence in IBS compared with controls
and exhibited significantly increased bowel frequency™".
In elderly Chinese patients (over the age of 60 years),
COMT158Met was related with IBS and significantly
more prevalent in patients with IBS-D. Furthermore, it
was prevalent in those patients with symptomatology
that persisted over 5 years™®',

Tumor necrosis factor superfamily-15

Tumor necrosis factor superfamily-15 gene (TNFSF15,
also known as VEGI or TL1A) is a cytokine that has main
functions in angiogenesis, immune system mobilization
and inflammation. TWVFSF15 stimulates T cell activation,
Th1 cytokine production, dendritic cell maturation and
inhibits endothelial cell proliferation and endothelial
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progenitor cell differentiation. The risk allele of the SNP
rs4263839 G in TNFSF15 was initially associated with
an increased risk of IBS, more pronouncedly, IBS-C'.

In respect to postinfectious IBS(PI-IBS) it has been
hypothesized that polymorphisms in genes whose
expression were altered by gastroenteritis might be
linked to IBS with diarrhea (IBS-D) which closely
resembles PI-IBS"*”. Han et a/*® established an IBS-D
association with rs6478109 and rs6478108, which are
in linkage disequilibrium with rs4263839. In fact, they
found indeed IBS-D and PI-IBS patients to be associated
with TNFSF15 and TNF a genetic polymorphisms
which also predispose to Crohn’s disease suggesting a
possible common underlying pathogenesis. In addition,
both SNPs are associated with TNFSF15 expression in
colorectal tissue™”. Furthermore, Czogalla et af” recently
confirmed a modest association (OR 1.24) in IBS-C in
a meta-analysis combining own validation data with
published data from the two previous studies.

TL1A-Death Receptor 3 has an essential role in
production of interferon-c and interleukin-17 via prolifera-
tion and differentiation of T-helper 17, explaining patterns
of immune response in host-microbiota interaction
with commensal bacteria that contribute to IBS risk. As
well, data shows its implication in other inflammatory
disorders™®?®,

Guanine nucleotide-binding protein
Guanine nucleotide-binding protein G(I)/G(S)/G(T)
subunit beta-3 (GNB3) is a protein that is encoded
by the gene GNB3™®, The G-protein is an important
factor in intracellular signal transduction, mediating
functions of ion channels and protein kinases. The SNP-
825C > T is leading to a modified signal transduction
of functional impact: changes of sensory function or
motility associated with FGID (functional gastrointestinal
disorders)*’\. The association of this polymorphism with
IBS has been demonstrated, and recent data shows that
alteration of GNB3 825C > T CC type has a direct effect
on gastrointestinal sensitivity and peristalsis®”. A group
of elderly Chinese IBS evaluated using the Geriatric
Depression Scale, was not able to relate the GNB3-825C
> T SNP with IBS®**Y, However, the TC/TT genotypes
are associated with lower sensations of gas and urgency
in response to rectal distention after administration of
clonidine™. In line with this, a study on a group from
Korea evidenced that the GNB3 825C > TT allele is
associated with IBS-C and studies analyzing patients
from Greece, also confirmed that the TT genotype and
GNB3 T allele have a significant association with IBSP*3%,
A study in which two large independent IBS cohorts
were genotyped to assess genetic variability in immune,
neuronal and barrier integrity genes, determined
that the following SNPs associated independently:
rs17837965-CDC42 with IBS-C (OR exploratory = 1.59
(1.05 to 1.76); OR validation = 1.76 (1.03 to 3.01)) and
rs2349775-NXPH1 with IBS-D (OR exploratory = 1.28
(1.06 to 1.56); OR validation = 1.42 (1.08 to 1.88)).
The study included 935 IBS patients, 639 controls and
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384 single nucleotide polymorphisms (SNPs) covering
270 genes. Other three SNPs in immune-related genes
(rs1464510-LPP, rs1881457-1L13, rs2104286-IL2RA),
one SNP in a neuronal gene (rs2349775-NXPH1) and
two SNPs in epithelial genes (rs245051-SLC26A2,
rs17837965-CDC42) were weakly associated with IBS (P
< 0.05)P**),

DISCUSSION

The present review identified articles, most of them
prospective studies, on genetic polymorphisms in
IBS pathogenesis or after therapy. The major pitfall is
that patients were recruited based on a non-uniform
symptom classification: Rome I, Rome II, or Rome
Il in the studies that were taken into account. Study
limitations were represented by language barriers of
some articles (which prevented access), and the low
number of patients involved in most of the studies
(underpowered); the main reason for excluding articles
was the insufficient number of studies on a particular
genetic polymorphism and articles written in non-English
publications. Other limitations of the meta-analysis were
the intricacy of ethnicities, and the difficulty of taking
multiple genotypes testing into account. Above all that,
statistical results were rarely corrected for multiplicity.
As a result false positive associations may have been
reported.

The polymorphisms of the Serotonin transporter
(SERT or SLC6A4) gene are the most frequent genetic
polymorphisms studied in IBS to date. Studies proved
that the A allele of HTR3E was significantly higher in
female IBS-D patients and there were no differences in
either A allele or GA genotype between male patients.
A possible reason for why there is no association to be
found in male, can be explained by the effect of ovarian
hormones on visceral sensitivity. A supposition which
needs to be verified by future research.

A recent meta-analysis of immunogenetic case-
control association studies in IBS confirmed a moderate
association of rs4263839 in TNFSF15, and particularly
with IBS-C. Control samples recruited by harmonized
criteria are essential in order to overcome limitations
like low statistical power and large heterogeneity for
studies of IBS.

Because of the limited number of studies, further
studies are needed for the following polymorphisms:
Cholecystokinin (CCK) is a peptide hormone responsible
for stimulating the digestion of fat and protein and is
produced by I-cells in the mucosal epithelium of the
small bowel. It has the effect of releasing digestive
enzymes and bile from the pancreas and gallbladder
and recent data evidenced that low densities of secretin
and CCK cells in IBS-diarrhea patients can cause a
functional pancreatic insufficiency and also inadequate
gall emptying™”*.,

Polymorphism in CCK receptor intron 1 was associated
with IBS-C and IBS-M in Korean population®™*¥, Also
with limited evidence is the adhesion between dendrites
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and axons, that is promoted by a tight complex with
alpha neurexins and neurexophilin-1 a protein encoded
by the NXPH1 gene. Genetic variants in NXPH1 are
associated with IBS-D'®!. Cell division control protein 42
homolog (CDC42) is a protein with an essential role in
cell cycle regulation, including cell structure, migration,
endocytosis and cell cycle progression. Genetic variants
in CDC42 are associated with IBS-DP?.

The biopsychosocial model of illness and disease, as
first described by Engel, reconcileed the dualistic concept
that separated iliness and disease and is a good way to
explain the interaction between cultural factors, ethnicity,
geographic region, types of food, endocrinological
factors, immunological factors and genetic markers,
which exist in patients with IBS. Recent studies analyzing
individual coping strategies, cultural level, education
level, religious beliefs about health and disease,
demonstrated that a biopsychosocial conceptualization
of the pathogenesis and clinical expression of IBS is
mandatory. Further, somatic symptoms interact with the
psychological status and promote each other, making
the investigation of IBS more difficult!*".,

A recent study that analysed 288 103 participants
from 41 countries, showed that the global prevalence
of IBS has a significant degree of heterogeneity that
ranged from 1.1% in France and Iran to 35.5% in
Mexico, with significant variance in regional prevalence
rates, from 17.5% (95%CI: 16.9% to 18.2%) in Latin
America, 9.6% (9.5% to 9.8%) in Asia, 7.1% (8.0% to
8.3%) in North America/Europe/Australia/New Zealand,
to 5.8% (5.6% to 6.0%) in the Middle East and Africa™*"..

A major pitfall in the current genetic studies in IBS
is represented by the low number of subjects included
in the majority of studies. Fortunately, the number of
centers around the world that are collecting samples
is growing. Nevertheless no unified genetics workflow
existed. From the genetic perspective, the actual IBS
subgroups are not sufficient in order to identify distinct
phenotypes and further in leading to new guiding
principles for treatment. These limitations can be
overcome by international cooperation, like the GENIEUR
network (Genes in Irritable Bowel Syndrome Research
Network Europe, www.GENIEUR.eu), who allows the
contribution of specialists from many countries and the
collecting of large samples of subjects'*! who are deeply
phenotyped to allow genotype phenotype correlation
and data mining approached*”. Such studies allow also
the standardization of investigative tools in the approach
of IBS patients**!,

In conclusion, Current evidence for the relation
between genetic polymorphisms and IBS is limited
owing to the fact that high-quality prospective studies
and detailed phenotyping of patients suffering from IBS
and matched controls were lacking in the past. Studies
on functional gastrointestinal disorders and genetic
polymorphisms analyzing the same genetic variants in
comparably characterized case control cohorts are also
very limited. Furthermore, association of TNFSF15 genetic
polymorphisms, which also predispose to Crohn'’s disease,
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suggest a possible common underlying pathogenesis.
However, for both polymorphisms contradictory findings
in terms of IBS subtype have been reported underlining
the necessity of more detailed phenotypic information
for data stratification. To date, the s/I polymorphism
in SLC6A4, represents the most frequently studied
polymorphism and the HTR3E SNP has been replicated
in four studies to date.

ARTICLE HIGHLIGHTS

Research background
The irritable bowel syndrome (IBS) is a hot topic and the uncovering its genetic
determination is very important.

Research motivation
Knowing the genetic link in the occurrence of IBS could offer the perspective to
better know this condition and to improve its management.

Research objectives
In order to shed light on this topic, we carried out a systematic review of the
data on main genetic polymorphisms described uptoday.

Research methods

A PubMed search was carried out in September 2016, looking for studies
analyzing the association between gene polymorphisms and IBS. Search
keywords were: IBS and gene polymorphism. The inclusion criteria were:
original articles that included patients with IBS-C, IBS-D or IBS-M, and that
studied genetic polymorphisms in IBS patients. Exclusion criteria were: reviews,
lack of abstract, non-English publications.

Research results

The result of our study was a review of 12 polymorphisms, residing in 10 genes
reported to be associated with the pathogenesis and the pathophysiology of
IBS. The main problem that remains to be solved in the current genetic studies
analysing IBS is represented by the low number of subjects included in the
majority of studies.

Research conclusions

High-quality evidence for the relation between genetic polymorphisms and the
IBS etiology is lacking, as a result of the insufficient number of high-quality
prospective studies. Similar studies on functional gastrointestinal disorders and
genetic polymorphisms are also very limited. The strength of articles, included
in this review are the determination of each genetic polymorphism, using high
efficiency techniques. The polymorphisms of the Serotonin transporter (SERT
or SLC6A4) gene were the most frequent genetic polymorphisms studied in this
pathology. Investigation of PI-IBS patients showed associations with TNFSF15
genetic polymorphisms which also predispose to Crohn’s disease suggesting a
possible common underlying pathogenesis.

Research perspectives

From the genetic perspective, the actual IBS subgroups are not sufficient
in order to identify distinct phenotypes and further in leading to new guiding
principles for treatment. These limitations can be overcome by international
cooperation, like the GENIEUR network (Genes in Irritable Bowel Syndrome
Research Network Europe), who allows the contribution of specialists from
many countries and the collecting of large samples of subjects who are
deeply phenoytped to allow genotype phenotype correlation and data mining
approached. Such studies allow also the standardization of investigative tools
in the approach of IBS patients.
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Absitract

AIM

To provide a comprehensive examination of the exi-
sting evidence of the antitumor effect of long-acting
octreotide in neuroendocrine tumors (NETS).

METHODS

A systematic literature review of clinical trials and ob-
servational studies was conducted in PubMed, EMBASE,
and Cochrane through January 18, 2017. Conference
abstracts for 2015 and 2016 from 5 scientific meetings
were also searched.

RESULTS

Of 41 articles/abstracts identified, 13 unique studies
compared octreotide with active or no treatment. Two
of the 13 studies were clinical trials; the remaining were
observational studies. The phase 3 Placebo-Controlled,
Double-Blind, Prospective, Randomized Study of the
Effect of Octreotide long-acting repeatable (LAR) in the
Control of Tumor Growth in Patients with Metastatic
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Neuroendocrine Midgut Tumors clinical trial showed th-
at long-acting octreotide significantly prolonged time
to tumor progression compared with placebo in pati-
ents with functionally active and inactive metastatic
midgut NETs; no statistically significant difference in
overall survival (OS) was observed, possibly due to
the crossover of placebo patients to octreotide. Retr-
ospective observational studies found that long-acting
octreotide use was associated with significantly longer
OS than no octreotide use for patients with distant
metastases although not for those with local/regional
disease.

CONCLUSION

The clinical trial and observational studies with infor-
mative evidence support long-acting octreotide’s ant-
itumor effect on time to tumor progression and OS. Th-
is review showed the rarity of existing studies assessing
octreotide’s antitumor effect and recommends that
future research is warranted.

Key words: Neuroendocrine tumors; Antitumor effect;
Octreotide; Overall survival; Progression-free survival

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review comprehensively summarizes the
existing clinical trial and observational studies that have
assessed long-acting octreotide’s tumor control effect.
The comparative studies of relatively large sample size
support long-acting octreotide’s antitumor effect on time
to tumor progression and overall survival. This review
shows the rarity of existing studies assessing octreotide’
s antitumor effect; future research is warranted.

Barrows SM, Cai B, Copley-Merriman C, Wright KR, Castro
CV, Soufi-Mahjoubi R. Systematic literature review of the
antitumor effect of octreotide in neuroendocrine tumors. World J
Meta-Anal 2018; 6(2): 9-20 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v6/i2/9.htm DOI: http://dx.doi.
org/10.13105/wjma.v6.i2.9

INTRODUCTION

Neuroendocrine tumors (NETSs) are rare, slow-growing
neoplasms™ that most commonly arise in the gastro-
intestinal tract, lung, and pancreas'”. Neuroendocrine
tumors account for only 0.5% of all malignancies, with an
estimated annual incidence of approximately 2/100000%,
However, the incidence has been rising, possibly due to
increased awareness, improved diagnosis, or evolving
definition®®. Using Surveillance, Epidemiology, and End
Results (SEER) data, Dasari et al reported an incre-
ase in the annual age-adjusted incidence from 1973
(1.09/100000) to 2012 (6.98/100000). Survival for pati-
ents with NETs depends on the stage at diagnosis and
site of disease. Dasari et al™ reported a median overall
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survival (OS) for all stages of NETs of 9.3 years. The
authors observed that patients with localized NETs had a
better median OS (> 30 years) compared with patients
with regional NETS (10.2 years) and distant NETs (12
mo). Further, Dasari et a*! observed improvements in
OS over time: survival for patients with NETs who we-
re diagnosed in 2009-2012 improved compared with
patients with NETs who were diagnosed in 2000-2004
[hazard ratio (HR): 0.79; 95%CI: 0.73-0.85]. Over
these same 3 time intervals (2000-2004; 2005-2008;
and 2009-2012), improvements in OS were observed
for patients with distant-stage gastrointestinal (GI)
NETs (HR: 0.71; 95%CI: 0.62-0.81) and in distant-st-
age pancreatic NETs (HR: 0.56; 95%CI: 0.44-0.70)™.

Current National Comprehensive Cancer Network
(NCCN) guidelines for treatment of NETs recommend
the use of somatostatin analogs (SSAs; octreotide
and lanreotide) as first-line treatment in patients wi-
th advanced NETs". Additional treatment options
are based on patient symptoms and the primary tu-
mor location. For patients with unresectable NETs of
the pancreas and/or distant metastases who have
progressed on treatment with an SSA, octreotide or
lanreotide may be continued in combination with ev-
erolimus, sunitinib, or chemotherapy™. In a review of
the available clinical data of octreotide and lanreotide
as antitumor agents, the authors concluded that both
octreotide and lanreotide have comparable antitumor
efficacy and, thus, are interchangeable™®.

Although approved in the United States only for
carcinoid symptom (severe diarrhea/flushing episodes)
control and not for tumor control, octreotide has been
a mainstay of NET therapy for nearly 3 decades!”.
In December 2014, another SSA, lanreotide, was ap-
proved for tumor control (i.e., “treatment of patients
with unresectable, well- or moderately differentiated,
locally advanced or metastatic gastroenteropancreatic
NETs to improve progression-free survival”)®.,

Sidéris et al'”! reviewed literature indexed in ME-
DLINE (search dates not provided) that identified pro-
spective clinical trials examining the antitumor effects
of octreotide and lanreotide in patients with NETs™.. Six
studies published from 1991-1999 showed that 15%"
to 85.7%!"% of patients with advanced NETs reported
stable disease with subcutaneous octreotide'”. Sidéris
et al'”! reported that, after the introduction of long-
acting octreotide, overall stable disease was observed
in 26% to 87.5%"" of patients with advanced, func-
tioning or nonfunctioning NETs. In those studies that
reported partial response, up to 31% of patients rece-
iving subcutaneous octreotide’ and up to 11% of pat-
ients receiving long-acting octreotide experienced a par-
tial response!”.

Broder et a/' conducted a systematic review
of literature indexed in PubMed and Cochrane from
1998-2012 to evaluate the efficacy and safety of long-
acting octreotide used at higher doses than the United
States Food and Drug Administration-approved 30 mg
per month. The authors concluded that a summary of

June 28, 2018 | Volume 6 | Issue 2 |



the data suggests a trend supporting the use of high-
dose, long-acting octreotide for control of symptoms
and limited data supporting the use of high-dose, long-
acting octreotide for control of tumor progression in
patients with NETs'". Several publications provided
expert opinion statements that mostly endorsed the
use of above-label doses of long-acting octreotide for
patients with symptom or tumor progression when
lower doses were inadequate to control disease!.
Most expert opinion publications suggested that higher
doses should be used in cases where there is tumor
progression or lack of symptom control on lower dos-
es''l. A recently published review of escalated-dose
SSAs in gastroenteropancreatic NETs by Chan et aft*”!
also found evidence of octreotide’s antiproliferative
effects.

These previous reviews focused on escalated doses
of SSAs'* and clinical trials of the antitumor effect
of SSAs™. At the time of the current review, no sys-
tematic reviews summarizing both clinical trial and obs-
ervational data had been published. Our objective was
to provide a systematic and comprehensive review of
the existing evidence on the antitumor effect of long-
acting octreotide in NETs regardless of dosing and to
broaden the search to include real-world evidence and
clinical trials.

MATERIALS AND METHODS

We searched PubMed, EMBASE, and the Cochrane
Library databases for prospective and retrospective
studies evaluating the antitumor effect of octreotide
in patients with NETs. Additional studies not published
in the peer-reviewed literature were identified by
searching online conference abstracts of 5 professional
societies: American Society of Clinical Oncology (ASCO),
European Society of Medical Oncology, North American
Neuroendocrine Tumor Society, European Neuroendocrine
Tumor Society, and ASCO-Gastrointestinal Cancers
Symposium.

To supplement our search, we also reviewed the
bibliographic reference lists of relevant systematic re-
view articles.

The search terms for the medical library databases
included Medical Subject Heading, Emtree, and free-
text terms of “neuroendocrine tumors,” “neuroendocrine
neoplasms,” “neuroendocrine malignanc*,” “neuroen-
docrine carcinoma,” “carcinoid,” “octreotide,” “Sand-
ostatin,” "SMS 201-995,” various terms to identify sp-
ecific antitumor and antiproliferative effect and other
outcomes of interest, and terms to identify observational
studies, randomized controlled trials, clinical trials, and
case series studies. The search was limited to English
language studies of humans but had no date limit.

Two independent reviewers screened the titles
and abstracts according to predefined inclusion and
exclusion criteria (Supplementary Table 1). Full-text
articles of selected records were obtained, and the 2
independent reviewers further screened each article
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according to the same predefined inclusion and exc-
lusion criteria.

RESULTS

The literature database search identified 745 unique
records. Six additional articles were identified following
a review of the bibliographic reference lists of relevant
systematic review articles. One additional abstract was
identified from the search of professional societies and
associated conferences. A total of 41 publications met
inclusion criteria (Figure 1). Of the 41 publications, 20
reported comparative analyses, and 21 reported single-
arm studies.

Comparative studies

A total of 20 publications of comparative analyses were
identified based on 13 unique studies. Two of the 13
studies were clinical trials, and the remaining were obs-
ervational studies.

Comparative studies of octreotide vs placebo or no
treatment

Four publications reported results of comparisons of
long-acting octreotide to placebo or no treatment.
This included 2 prospective analyses of the Placebo-
Controlled, Double-Blind, Prospective, Randomized
Study of the Effect of Octreotide long-acting repeatable
(LAR) in the Control of Tumor Growth in Patients with
Metastatic Neuroendocrine Midgut Tumors (PROMID)
study™ ' and 2 retrospective analyses of the SEER
database™*®,

Evidence of an antitumor effect of octreotide in
patients with midgut NETs was confirmed with the
results of the phase 3 PROMID study™. Long-acting
octreotide significantly lengthened time to tumor pr-
ogression compared with placebo in patients with fun-
ctionally active and inactive metastatic midgut NETs.
Median time to tumor progression for the long-acting
octreotide (n = 42) group was 14.3 mo compared with
6 mo in the placebo (n = 43) group (HR: 0.34; 95%CI:
0.20-0.59; P = 0.000072). After 6 mo of treatment,
stable disease was observed in 66.7% of octreotide-
treated patients vs 37.2% of patients in the placebo
group™, Rinke et af* reported final results of median
OS for long-acting octreotide and placebo in the PR-
OMID trial as 84.7 and 83.7 mo, respectively (HR:
0.83; 95%CI: 0.47-1.46; P = 0.51). There was a trend
toward improved survival in patients with low hepatic
tumor load receiving long-acting octreotide vs placebo
(median not reached vs 87.2 mo; HR: 0.59; 95%CI:
0.29-1.2; P = 0.142). Crossover of the majority of
placebo patients to long-acting octreotide may have
confounded the OS data™.

Two long-term retrospective analyses were con-
ducted using overlapping periods within the SEER-Medi-
care database!*'®], Patients were at least 65 years of age
and had functional and nonfunctional NETs originating at

June 28, 2018 | Volume 6 | Issue 2 |



Barrows SM et a/. Review of antitumor effect of octreotide

(n = 745)

PubMed (7 = 244)
Embase (n = 476)
Cochrane (7 = 25)

Potentially relevant records identified

Level 1 screening: Titles/abstracts excluded
(n = 686)
Reasons for exclusion

Study design (7 = 368)
Intervention (7 = 218)
Population (7 = 59)
Outcomes (7 = 41)

(n = 59)

Articles retrieved for level 2 screening

Level 2 screening: Articles excluded (7 = 25)
Reasons for exclusion

Study design (7 = 10)

Intervention (7 = 6)

Population (7 = 0)
Outcomes (7 = 7)
Duplicate (7 = 2)

(n =34)

Articles considered for inclusion in report

Additional articles identified from systematic

reviews (n = 6)

Additional articles identified from

desktop research (7 = 1)

Articles included in the report (7 = 41)

Figure 1 PRISMA diagram. PRISMA diagram describes the search, screening, and selection processes applied in this systematic literature review.

varying sites. In both studies, long-acting octreotide
(dose not defined) was compared with no octreotide
treatment™®, Shen et al*® (cohort entry July 1999-
December 2009 with follow-up through December
2011) reported that in patients with functional or nonfu-
nctional NETs and distant-stage disease, median OS
for patients who started long-acting octreotide within
12 mo of diagnosis was significantly longer (35.22
mo; 95%CI: 27.96-47.77) than for those who did not
receive octreotide (19.15 mo, 95%CI: 16.36-22.80;
HR: 0.68, 95%CI: 0.554-0.840; P < 0.001)™, In
patients with local/regional disease, median OS was
64.85 mo in patients who received long-acting octreotide
compared with 104.97 mo in patients who did not re-
ceive octreotide (HR: 1.253; 95%CI: 0.928-1.692; P =
0.1415)™%, Shen et al'® further reported a significant
survival benefit in the subgroups of patients with dis-
tant-stage disease with (HR: 0.65; P = 0.003) and
without carcinoid syndrome (HR: 0.55; P = 0.002). In
the analysis reported by Shen et a***! (cohort entry July
1999-December 2007 with follow-up through December
2009), patients with functional NETs and distant-stage
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disease who received long-acting octreotide within 6
mo of diagnosis had significantly longer median OS
(2.11 years; 95%CI: 1.73-2.84 years) than patients
who did not receive long-acting octreotide (1.25 ye-
ars; 95%CI: 0.72-1.71 years; P = 0.002). No signif-
icant survival benefit was found among the group of
patients with NETs of local/regional stage. Further
analysis demonstrated that long-acting octreotide was
associated with significant improvement in 5-year su-
rvival for the subgroup of patients with distant-stage
disease (HR: 0.61; 95%CI: 0.47-0.79; P < 0.001).
There was no significant benefit observed for patients
with local/regional stage disease (HR: 0.88; 95%CI:
0.57-1.36; P = 0.563).

Comparative studies comparing different dosing
regimens

Five studies involving 28 to 392 patients compared
different dose regimens or frequency of dosing for long-
acting octreotide; of these, 1 study was prospective and
4 were retrospective. A prospective study examined
retrospective data of patients who had been treated
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with standard-dose long-acting octreotide 30 mg ev-
ery 28 d and compared it with the same patients after
switching to long-acting octreotide 30 mg every 21
days. The shorter dose interval (i.e., 21 d vs 28 d)
showed a longer time to tumor progression (30 mo
vs 9 mo, P < 0.0001), and 93% of patients on the 21
d schedule had stable disease'”.. Using the SEER-Me-
dicare database, Shen et a/'® estimated the 5-year
survival of patients with NETs who received long-ac-
ting octreotide within 12 mo of diagnosis. Multivariate
analysis showed that, compared with a medium long-
acting octreotide dose (21-30 mg), a low dose (< 20
mg) was associated with significantly worse survival
(HR: 2.000; P = 0.0011), whereas a high initial dose (>
30 mgq) did not show additional survival benefits over
that observed with a medium dose (HR: 1.094; P =
0.7193)"%,

Anthony and Vinik™ (2011) conducted a retros-
pective medical record review comparing different
doses of long-acting octreotide (20, 30, 40, and 60
mgq) in which 390 patients were evaluated for tumor re-
sponse. At the most common dose (long-acting octreotide
30 mg), the rates of complete and partial tumor response
were 1% and 8%, respectively. Logistic regression
analysis identified no statistically significant correlation
between tumor progression and response and the
patient’s dose, sex, carcinoid syndrome status, and
change in dose™,

In another retrospective medical record review (n
= 54), Chadha et al® reported that, in patients with
gastroenteropancreatic NETs (GEP-NET), conventional
long-acting octreotide (20-30 mg) demonstrated
lower estimated 1-year survival and time to any other
intervention vs high-dose (median, 40 mg) long-act-
ing octreotide, but the results were not statistically
significant™.

In a retrospective medical record review conducted
in 43 patients with pancreatic NETs treated with long-
acting octreotide, a comparison of low-dose (< 20
mg) vs medium-dose (30 mg) long-acting octreotide
showed longer time to tumor progression for medium
dose though, again, the results were not statistically
significant'",

Comparative studies assessing long-acting octreotide
monotherapy vs another monotherapy treatment

Three studies (1 prospective, 1 retrospective, and 1
indirect comparison) in 30-110 patients compared
octreotide monotherapy to another monotherapy tre-
atment™?*, A phase 3 trial comparing long-acting
pasireotide 60 mg every 28 d (n = 53) and long-
acting octreotide 40 mg every 28 d (n = 57) showed
a higher tumor control rate and median PFS for long-
acting pasireotide than long-acting octreotide, but the
results were not statistically significant'*”. In a small
retrospective medical record review, octreotide 30
mg (n = 20) vs lanreotide 120 mg (n = 10) showed
no statistically significant differences in median PFS
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or 5-year 0S'”*), Median PFS was 11.1 mo (95%CI:
7.0-15.2) in the octreotide group vs 10.1 mo (95%CI:
4.3-17.0) in the lanreotide group (P = 0.769). Five-year
OS was 65.6% (95%CI: 29.4-86.6) in the octreotide
group and 87.5% (95%CI: 38.7-98.1) in the lanreotide
group (P = 0.864)*\. In a study that indirectly com-
pared 182 mo of treatment with recombinant interferon
a-2c (2 x 10° IU/m? daily; n = 17) and octreotide
(3 x 200 pg subcutaneous daily; n = 16), stable
disease was reported in 85.7% of patients treated with
recombinant interferon a-2c and 37.5% of patients
treated with subcutaneous octreotide®”.

Table 1 summarizes the 21 publications comparing
long-acting octreotide with no treatment or placebo,
different octreotide doses, or other monotherapy
treatment.

Comparative studies assessing octreotide combination
therapy vs octreotide monotherapy

Eight prospective studies compared octreotide com-
bination therapy with octreotide monotherapy™ 3%,
Five of the studies were based on the RADIANT-2
study™?", 2 studies compared subcutaneous octre-
otide plus interferon a with subcutaneous octreotide
monotherapy™®*Y, and 1 study compared long-acting
octreotide plus '’Lu-Dotatate with long-acting oc-
treotide monotherapy™. The results did not inform
the main question of interest for this study (i.e., an
antitumor effect of octreotide). Further information
pertaining to these studies can be found in the online
supplement and Supplementary Table 2.

Single-arm studies

A total of 21 studies were identified as single-arm
studies that evaluated the antitumor effect of oct-
reotide. The studies had varying sample sizes (n =
7-254), tumor types, and octreotide dosing regimens.
The results did not inform the main question of interest
for this study (i.e., an antitumor effect of octreotide).
Further information pertaining to these studies can be
found in the online supplement and Supplementary
Table 3[9-11,33-50].

DISCUSSION

This review identified existing clinical trials and obs-
ervational studies that assessed the antitumor effect of
octreotide in patients with NETs. The strongest clinical
trial evidence supporting octreotide’s antitumor effect
was in the phase 3, randomized, placebo-controlled
PROMID clinical trial; compared with placebo, long-
acting octreotide demonstrated significantly longer time
to tumor progression in patients with functionally active
or inactive metastatic midgut NETs with or without
secretory symptoms!*®!. OS did not appear to be sig-
nificantly different between the two arms, possibly
because most patients in the placebo group crossed
over to the octreotide arm. There was a trend toward
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improved OS in patients with a low hepatic tumor
load receiving long-acting octreotide compared with
placebo™.

Three retrospective analyses of overlapping per-
iods of SEER-Medicare data provide the strongest ret-
rospective evidence for an antitumor effect of long-
acting octreotide, indicating that use of long-acting
octreotide was associated with significantly longer OS
than no octreotide treatment among patients with
distant metastases of various origin, and that standard
dosing (21-30 mg) seems to be associated with better
0S than low dose (< 20 mg)™"***'®l, These studies
provided unique and valuable real-world evidence in
the association between long-acting octreotide and OS
in tumors of various origin. In the real-world clinical
setting, accurate assessment of tumor progression
may be challenging due to the rare use of a consistent
tumor progression measure (e.g., Response Evaluation
Criteria in Solid Tumors, or RECIST); therefore, OS,
defined by verified mortality data, is a more consistent
study endpoint. SEER-Medicare data allow the long-
term follow-up from diagnosis to mortality (longest
time period: cohort entry July 1999 to December 2009
with follow-up through December 2011), regardless of
changes in providers or health plans. The large sample
size and long-term follow-up complements the limitation
of clinical studies, which are typically small in sample
size and are not powered to assess OS, especially when
subject to majority crossover between arms. However,
these observational studies assessed only the Medicare
population, which is not nationally representative of
the NET population, and the crossover between the
octreotide and placebo groups may underestimate the
0S difference!®.,

Current NCCN guidelines for treatment of NETs
recommend the use of SSAs (octreotide or lanreotide)
as first-line treatment in patients with advanced NETs.
Additional subsequent-line therapy options are based on
patient symptoms and tumor location (e.g., GI, lung,
thymus, pancreas). For patients with unresectable NETs
of the pancreas and/or distant metastases who have
progressed on treatment with an SSA, octreotide or
lanreotide may be continued in combination with ev-
erolimus, sunitinib, or chemotherapy™. In addition, oc-
treotide and lanreotide have been shown to have com-
parable antitumor efficacy and thus can be considered
interchangeable in regard to antitumor activity™.

This study adds to previous reviews published in
2012%, 2015™, and 2017"* on this topic by broadening
the search in multiple databases and not restricting by
dose level, study type (i.e., clinical trial or retrospective
study), or date of publication. This review suggests that
data from the PROMID trial, combined with real-world
effectiveness datal*>***®], support an antitumor effect
of octreotide in NETs, thereby fulfiling an unmet need.
The strength of this review lies in its comprehensive
search, review, and synthesis of the findings, as well as
its rigorous methodology.
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Many of the studies included in our review exhibit
limitations, including small sample sizes, the absence
of a comparative arm, and crossover study designs.
Additional studies with large sample sizes and a control
arm that does not include octreotide are needed to
confirm octreotide’s antitumor effect. In addition, future
studies should include patients with NETs of various
origins.

This study systematically provides the most comp-
rehensive review, to our knowledge, on the clinical trial
and retrospective studies that have assessed octreotide’
s antitumor effect. The dlinical trial and observational
studies with larger sample sizes support the antitumor
effect of long-acting octreotide on time to tumor pro-
gression and OS. Most existing studies in this area
feature small sample sizes or were not designed to
comparatively assess octreotide’s antitumor effect. This
review identified the rarity of existing studies assessing
octreotide’s antitumor effect and the need for further
research using larger sample sizes and well-controlled
study designs.

ARTICLE HIGHLIGHTS

Research background

Neuroendocrine tumors (NETs) are rare, slow-growing neoplasms that most
commonly arise in the gastrointestinal tract, lung, and pancreas. Although
approved in the United States only for carcinoid symptom (severe diarrhea/
flushing episodes) control and not for tumor control, octreotide has been a
mainstay of NET therapy for nearly 3 decades.

Research motivation

Previous literature reviews focused on escalated doses of somatostatin
analogs (SSAs) and clinical trials of the antitumor effect of SSAs. At the time
of the current review, no systematic reviews summarizing both clinical trial and
observational data had been published.

Research objective

The objective of this literature review was to provide a systematic and
comprehensive examination of the existing evidence of the antitumor effect of
long-acting octreotide in NETs regardless of dosing and to broaden the search
to include real-world evidence and clinical trials.

Research methods

A systematic literature review of clinical trials and observational studies was
conducted in PubMed, EMBASE, and Cochrane through January 18, 2017.
Conference abstracts for 2015 and 2016 from 5 scientific meetings were
also searched. To supplement the search, the bibliographic reference lists
of relevant systematic review articles were also reviewed. Two independent
reviewers screened the titles and abstracts according to predefined inclusion
and exclusion criteria. Full-text articles of selected records were obtained, and
the 2 independent reviewers further screened each article according to the
same predefined inclusion and exclusion criteria.

Research results

Of 41 articles/abstracts identified, 13 unique studies compared octreotide
with active or no treatment. Two of the 13 studies were clinical trials; the
remaining were observational studies. The phase 3 Placebo-Controlled,
Double-Blind, Prospective, Randomized Study of the Effect of Octreotide
long-acting repeatable (LAR) in the Control of Tumor Growth in Patients with
Metastatic Neuroendocrine Midgut Tumors clinical trial showed that long-

June 28, 2018 | Volume 6 | Issue 2 |



acting octreotide significantly prolonged time to tumor progression compared
with placebo in patients with functionally active and inactive metastatic midgut
NETs; no statistically significant difference in overall survival (OS) was observed,
possibly due to the crossover of placebo patients to octreotide. Retrospective
observational studies found that long-acting octreotide use was associated with
significantly longer OS than no octreotide use for patients with distant metastases
although not for those with local/regional disease.

Research conclusion

The clinical trial and observational studies with informative evidence support
long-acting octreotide’s antitumor effect on time to tumor progression and OS.
This review showed the rarity of existing studies assessing octreotide’s antitumor
effect and recommends that future research is warranted.
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Abstract

The author, who has published numerous meta-analyses
of epidemiological studies, particularly on tobacco,
comments on various aspects of their content. While such
meta-analyses, even when well conducted, are more
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difficult to draw inferences from than are meta-analyses of
clinical trials, they allow greater insight into an association
than do simple qualitative reviews. This editorial starts
with a discussion of some problems relating to hypothesis
definition. These include the definition of the outcome, the
exposure and the population to be considered, as well as
the study inclusion and exclusion criteria. Under literature
searching, the author argues against restriction to studies
published in peer-reviewed journals, emphasising the fact
that relevant data may be available from other sources.
Problems of identifying studies and double counting
are discussed, as are various issues in regard to data
entry. The need to check published effect estimates is
emphasised, and techniques to calculate estimates from
material provided in the source publication are described.
Once the data have been collected and an overall effect
estimate obtained, tests for heterogeneity should be
conducted in relation to different study characteristics.
Though some meta-analysts recommend classifying
studies by an overall index of study quality, the author
prefers to separately investigate heterogeneity by those
factors which contribute to the assessment of quality.
Reasons why an association may not actually reflect a true
causal relationship are also discussed, with the editorial
describing techniques for investigating the relevance of
confounding, and referring to problems resulting from
misclassification of key variables. Misclassification of
disease, exposure and confounding variables can all
produce a spurious association, as can misclassification of
the variable used to determine whether an individual can
enter the study, and the author points to techniques to
adjust for this. Issues relating to publication bias and the
interpretation of “statistically significant” results are also
discussed. The editorial should give the reader insight into
the difficulties of producing a good meta-analysis.

Key words: Hypothesis definition; Literature searching;
Heterogeneity; Publication bias; Misclassification;
Confounding; Meta-analysis
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Core tip: The author has published many meta-analyses of
epidemiological studies, particularly on smoking, and the
editorial comments on various aspects of their conduct.
Areas covered include the definition of the hypothesis to
be tested, literature searching and data entry, as well as
methods to test for heterogeneity and investigate such
issues as confounding, misclassification and publication
bias. The need for well conducted meta-analyses and the
difficulty in determining whether a “statistically significant”
association is actually indicative of a causal relationship
are discussed. The editorial should be helpful to readers
inexperienced with the conduct of meta-analyses.

Lee PN. Improving the conduct of meta-analyses of observational
studies. World J Meta-Anal 2018; 6(3): 21-28 Available from:
URL: http://www.wjgnet.com/2308-3840/full/v6/i3/21.htm DOI:
http://dx.doi.org/10.13105/wjma.v6.i3.21

INTRODUCTION

Meta-analyses were originally designed to combine data
from randomized controlled trials, with the Quality of
Reporting of Meta-analyses statement™ describing how
the quality of such meta-analyses could be improved.
Provided the trials which were being combined were
of sufficiently similar design, and involved the same
exposures and outcomes there was little difficulty in
interpreting the overall effect estimate. Such meta-
analyses clearly had greater power to detect relationships
than had the individual studies being combined.

For many years attempts to summarize evidence on
an association from multiple observational epidemiological
studies were based on qualitative reviews. These reviews
typically summarized the results of each study in a
paragraph or two, and then attempted to draw an overall
conclusion. International Agency for Research on Cancer
monographs was often qualitative and it is sometimes
difficult to see the process by which the overall conclusion
had been reached.

Bringing meta-analysis techniques to the field of
observational studies seemed attractive in that it provided
some sort of quantitative overall assessment, but there
was initially considerable concern about the validity of
combining results from studies using different designs
and methods, and conducted in different countries and
time periods where the nature of the exposure may
have varied. While there is clearly some element of truth
in the criticism that one should not combine “apples
and oranges”, it became clear over the years that well-
conducted meta-analyses can be extremely useful in
assisting the judgement as to whether a relationship is a
causal one. Particularly where the association is strong is
consistently seen in multiple well conducted studies, and
there is no source of confounding or bias that materially
affects the estimates, one seems to be on safe grounds to
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conclude that a causal relationship exists.

Over the years, I and my colleagues at P.N. Lee
Statistics and Computing Ltd. have conducted a large
number of meta-analyses relating to the health effects of
tobacco. These consider effects of smoking generally™®,
different types of cigarette®®, quitting®*?!, smokeless
tobacco™ !, Swedish “snus'®*®! and nicotine replacement
therapy™, as well as effects of parental smoking*>** and
of environmental tobacco smoke exposure™®?®, Mainly
these meta-analyses relate to outcomes which are 1/0
variables (typically presence or absence of a disease),
though some concern continuous outcomes such as forced
expiratory volume®®*” or cholesterol level®™. While I do
not have experience of conducting meta-analyses in other
areas, I have also served as a reviewer for numerous
meta-analyses submitted to journals and I hope that some
of the knowledge I have accumulated will be of interest to
others.

This editorial is not intended to describe how meta-
analyses should be structured or presented. This is
adequately described in the meta-analysis of observational
studies in epidemiology proposals®™ and the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statements, while the reporting of meta-
analysis protocols is well covered by PRISMA-P**. Nor
is it intended to cover all aspects of conducting a meta-
analysis, what follows really being a collection of personal
comments of mine on various aspects of meta-analyses of
observational studies.

DEFINING THE HYPOTHESIS TO BE
TESTED

While some meta-analyses can be quite broad-ranging,
relating a number of aspects of exposure of an agent to a
number of different outcomes, others may be much more
specific. It is important at the outset to clearly define the
objectives of the work, and the hypotheses to be tested.

In a simple case, there may be one specific outcome
of interest, and the study protocol should make clear what
definitions of that outcome are allowed. For some diseases
this may cause few problems, but for others this requires
thought. In other cases, there may be several related
outcomes, or specific subsets of the outcome, which are of
interest. For example, in our review of the evidence relating
smoking to chronic obstructive pulmonary disease (COPD),
chronic bronchitis and emphysema?, we had to be careful
to define what could be regarded as satisfactorily equivalent
diseases, since COPD is a relatively recently used term,
and we did not wish to exclude relevant older studies. We
were also careful to record the basis of definition used in
each study (e.g., symptoms reported on a questionnaire,
mortality records), so that we could compare effect
estimates according to this definition.

Similar considerations apply to the definition of
exposure. First, we have to define what the exposure
is - for smoking, for example, are we limiting attention
to cigarettes, or do we include cigars and pipes? Are we
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considering only exposure above a certain minimum level
or any exposure? Are we considering ever exposure or
current exposure? If we are considering current exposure
are we comparing this with non-current exposure or
with never exposure? Should we accept those who have
ceased exposure very recently as part of the currently
exposed group? Should we accept those with only a
minimum lifetime exposure among the never exposed
group? Often it may be useful to meta-analyse effect
estimates for various exposure definitions. However, it is,
in principle, a good idea to define in advance the main
exposure of interest, to avoid being accused of trying
various alternative definitions and then only reporting or
emphasising the one that best shows the association of
interest.

For both outcome and exposure, a balance has to
be struck between using narrow definitions which may
seriously limit the number of eligible studies, or allowing
broader definitions which will increase the number of
studies (and thus the workload and costs) and may
hamper interpretation of the results.

In some situations, the hypothesis of interest is to be
tested among a subset of the population. For example,
when studying the relationship of environmental tobacco
smoke exposure to a disease, it is usual to restrict
attention to those who have never smoked (as exposure
to tobacco smoke constituents from smoking is typically
two orders of magnitude higher than from environmental
tobacco smoke exposure). Here, one needs to define
whether it is acceptable to include results from studies
which include those with minimum lifetime cigarette
consumption among the definition of never smoking.

One also has to define study inclusion and exclusion
criteria. Are we restricting attention to certain study
designs, perhaps only considering cohort studies, or
certain sub-populations, such as employed persons? Are
we excluding studies in children, or in adults who have
relevant co-existing diseases or conditions, or who work
in high-risk occupations? Are we only interested in studies
which provide dose-response results? There are many
possibilities depending on the detail of the study protocol.
It may be useful to keep a list of those studies where
the decision to reject was a marginal one, partly so that
this list can be presented, together with the reason for
rejection, in a supplementary file to the paper reporting
the results of the meta-analysis, and partly so that results
from such rejected papers may be included in sensitivity
analyses.

LITERATURE SEARCHING

As discussed elsewhere™! it is necessary to make it
absolutely dear exactly what the search criteria used are,
so that others can repeat the searches, perhaps at a later
date. Whether one limits attention to Medline searches,
on the basis that they are quite comprehensive and free,
or to studies published in English, to avoid the costs of
translation, is up to the researcher. Especially where such
restricted searches provide substantial numbers of relevant
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studies, extending to other literature databases or studies
in other languages may add little useful.

It is sometimes suggested that attention should be
restricted to studies published in peer-reviewed journals. I
disagree with this view for two reasons. Firstly, my personal
experience suggests that peer-review is not necessarily a
guarantee of quality. Second, it is the quality of the study
that matters, so why should one necessarily reject results
from a good study published in a journal which is not peer-
reviewed?

Similar considerations apply to unpublished data. In
my 50 yr as a practising epidemiologist/medical statistician
I have accumulated and filed a number of unpublished
reports. If they contain relevant data, why should I not use
them? On some occasions, the reviewer may be able to
add useful material to his review by conducting analyses
on public databases. While the methods used will need to
be clearly described, perhaps in a supplementary file to the
publication presenting the results of the meta-analyses,
there seems in principle to be no good reason to exclude
such evidence.

IDENTIFICATION OF STUDIES AND
DOUBLE COUNTING

Once a set of suitable papers has been identified from
the literature search it will be necessary to draw up a
list of studies. Some papers will present results from
multiple studies, which it is advisable to keep separate
in data entry for proper assessment of between-study
heterogeneity. More commonly results from some studies
will be presented in multiple publications. If one publication
clearly supersedes another (e.g., reporting results from
20 rather than 10 year follow-up from a cohort study),
the superseded publication can be omitted from the
meta-analysis to avoid double-counting. However, if two
publications present independent results (e.g., for different
sexes or age groups) then they should both be considered
in the meta-analyses.

Complete avoidance of overlap may not be the most
desirable solution. For example, a national study based
on outcomes occurring in, say, 1990 may include some
individuals also considered in a study in a smaller region
based on outcomes in 1985 to 1995. Similarly one paper
may publish results from a study involving cases in 2000
to 2005 while another may publish results from the same
study involving cases in 2004 to 2008. In both examples,
complete avoidance would require exclusion of one of the
studies, whereas, given the minor overlap, it would seem
acceptable to include both sets of results.

ENTERING DATA

For complex meta-analysis projects, we have found it
useful to have two linked databases, one containing the
characteristics of each study and the other the detailed
results, typically containing multiple records for each
study.
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The study database would include a single record
per study and contain such information as the relevant
publication(s), the sexes considered, the age range of the
population, the location of the study and its timing and
length of follow-up, the nature of the population studied,
any study weaknesses, the definition of the outcome, the
numbers of cases and of subjects, the types of controls
and matching factors used in case-control studies, the
confounding variables studied, and the availability of results
for each index of exposure and outcome studied.

Each record on the other database would be linked to
the relevant study and refer to a specific effect estimate,
recording the comparison made and the results. This
record would include such details as the outcome, the
sex, details of the exposure considered (including the
level of exposure for dose-related indices), the source of
the effect estimate (e.g., source publication, with page or
table number), the type of effect estimate (e.g., relative
risk, hazard ratio or odds ratio for 1/0 outcomes, or means
or medians for continuous outcomes), the method of
derivation (see below) and the adjustment variables taken
into account. It would also include the effect estimate itself
and its 95%CI or standard deviation, and the numbers of
exposed and unexposed cases and controls (or at risk).
It is also advisable to look routinely for errors in reported
results. Some years ago I described® some simple
methods to do this for odds ratios, relative risks and
CI, and used these methods to give some examples of
seriously erroneous published data, which unless corrected
could seriously distort the results of the meta-analyses.

It is also necessary to have a clear set of rules for
identifying which effect estimates are to be entered from
each study. Is it planned to enter estimates by sex, age or
other stratifying variables, or only overall estimates? Are
there types of estimate that should not be entered, such as
those which are adjusted for symptoms of the disease of
interest?

Consideration should also be given to how to handle
incompletely reported results. Where studies simply report
results as “non-significant”, without providing an effect
estimate, one at least should mention this in a paper
reporting on a meta-analysis. Ideally, an attempt to obtain
quantitative estimates from the author should be made.

In many cases the effect estimates can be taken
directly from the source publication, but in other cases
it will be necessary to calculate them from the material
provided (or, if practicable, from raw data supplied by
the author of the publication). Often the effect estimates
can be calculated using standard methods™, but there
is a situation I commonly come across, where more
sophisticated techniques are required. This is where a
study presents effect estimates and 95%CI for a range of
different exposures (e.g., dose levels) relative to a specific
exposure (e.g., unexposed), and one wishes to derive
effect estimates and 95%CI for a different comparison
(e.g., all exposed vs unexposed). Here the important
thing to note is that the effect estimates and 95%CI
are not independent, as they have a common base, so
that the combined estimate cannot be derived by simple
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meta-analysis of the individual estimates (as would be
the situation given simple stratified data, e.g., by age).
Fortunately a method to derive an appropriate combined
estimate is available™” and should be used. A method is
also available™ to derive estimates of the increase in effect
per unit dose from such a table. Note that when deriving
such estimates one will need a method to estimate the
mean level of exposure from ranges, including open-ended
intervals.

Most of the meta-analyses my colleagues and I have
carried out over the years have been based on software we
have written ourselves. Simple fixed-effect and random-
effects meta-analysis can be programmed quite rapidly in
Excel, the relevant methodology being succinctly described
in the Appendix to a paper by Fleiss and Gross™®!, More
commonly we use software incorporated into the ROELEE
system developed by my colleague John Fry. While
programming one’s own software gives better insight into
the methodology, John Fry advises me that ‘meta for’, the
meta-analysis package for R, is a convenient one to use for
those who do not wish to get so involved.

STUDY QUALITY

While there are published methods for assessing study
quality, such as the Cochran Collaboration Risk of Bias
Tool and Effective Public Health Practice Project Quality
Assessment Tool™”, or the Newcastle-Ottawa Scale*! which
I have on occasion used, I have always been somewhat
sceptical of them, because they seem to be trying to
quantify what is essentially multi-dimensional into a single
dimension. Even where study quality assessments are
made, it is usually advisable to also carry out heterogeneity
tests to see how effect estimates vary by those specific
study characteristics which contribute to the assessment of

quality.

HETEROGENEITY TESTS

Where there are a reasonable number of independent
effect estimates to be combined, analyses of heterogeneity
should be conducted. If Q is Cochran’s heterogeneity
statistic, and df is the number of degrees of freedom
(one less than the number of estimates combined), then
heterogeneity is often expressed by the I* statistic which
is equal to 100% x (Q — df) / Q. Negative values of I are
set equal to zero, so that I lies in the range 0 to 100%,
with values of 0% indicating no obvious heterogeneity,
larger values indicating increased heterogeneity.

Apart from conducting standard fixed- effect and
random-effects meta-analyses (see™”), a systematic review
should also include more detailed tests of heterogeneity,
where Q is shown to be statistically significant (at P < 0.05)
and the number of estimates is sufficiently large (usually
at least 10). These more detailed tests would involve
separate fixed-effect meta-analyses for different levels of
relevant study characteristic - such as sex, location, study
type, definition of outcome, definition of exposure, number
of confounding variables adjusted for, study size and
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Table 1 In a longitudinal study (often referred to as a
prospective or cohort study) the data may be expressed

Predictor variable

Exposed Unexposed Total
Outcome Yes A B A+B
No C D C+D

Total A+C B+D N

presence of a study weakness. These analyses serve two
main purposes - first, to see whether an association seen
in the overall meta-analysis is consistently seen in study
subsets, and to see whether any factors are the cause of
any heterogeneity seen. If a study characteristic has m
levels (j = 1, ..., m) and if Qi is the Cochran heterogeneity
statistic for level j, then the statistic Q*=Q->F1Q; is a test
of heterogeneity between levels of the characteristic on
m — 1 degrees of freedom. If Q* is close to its degrees of
freedom, it implies that the study characteristic explains
little or none of the heterogeneity. If, on the other hand, it
is close to Q, it suggests that the characteristic is a major
determinant of the heterogeneity. Where data permit it is
useful to carry out meta-regression analyses in which a
model is fitted simultaneously relating the effect estimate
to a set of study characteristics. Because of correlation
between characteristics, this should give greater insight
into which are the important sources of heterogeneity and
which are not. Variation in the effect estimate by levels of
a study characteristic may arise for different reasons. For
example, higher effect estimates in one location may be
because of greater exposure to (or differing metabolism
of) the exposure of interest by the population there. Or it
may be due to differing biases in different situations. For
example, higher effect estimates in case-control studies
than in cohort studies may suggest that recall bias in case-
control studies may be relevant, or for other reasons as
described in the next section.

Combining relative risks and odds ratios

Suppose we are studying the relationship or a predictor
variable to an outcome, each with two levels. In a
longitudinal study (often referred to as a prospective or
cohort study) the data may be expressed as in Table 1.

The relationship of outcome to exposure is typically
expressed by the relative risk (RR), the ratio of the
probability of the outcome given exposure, A / (A + C), to
that given no exposure, B/ (B + D), orRR = A (B + D)/B (A
+ C), the variance of its logarithm being given by 1/A+1/
B—1/(A+C)-1/(B+D).

In a cross-sectional or case-control study, the data
may be similarly expressed, but here the relationship is
typically expressed by the odds ratio (OR), the ratio of the
odds of the outcome given exposure, A/C, to that given
no exposure, B/D or OR = AD/BC, the variance of its
logarithm being givenby1/A+1/B+1/C+1/D.

Where the outcome is relatively rare, it can be shown
that RR and OR are very similar. Thus, for example, with A
= 10 and B = 20, and a true RR of 2, the OR will be 2.04
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when comparing probabilities of 2% and 4%, and even
closer to 2 for smaller probabilities. Even comparing 10%
and 20% the OR of 2.25 is not that far from 2.

This suggests that when conducting meta-analysis of a
reasonably rare outcome, one can combine RRs and ORs
without worrying. Where this is not the case, e.g. when
comparing 20% and 40% (where the OR is 2.67), this
is less valid and it is preferable either to report separate
combined results for ORs and RRs, or to try to convert one
into the other. This is simple when the data are in the form
of a 2 x 2 table, but not possible for adjusted estimates
without access to the raw data.

I note that in longitudinal studies, where RRs are in
principle more appropriate, ORs are often presented in
publications. This is related to the simplicity of adjusting for
multiple variables simultaneously using logistic regression
analysis.

ADJUSTMENT FOR CONFOUNDING
VARIABLES

Especially where the association between the exposure
and disease of interest is quite modest, one needs to bear
in mind that the association may not be a causal one,
and may be due to confounding by one or more variables
which are correlated both with the exposure and the
disease. Individual study authors are usually well aware of
the problem and often present effect estimates adjusted
for one or more sets of potential confounders. There are
various approaches to investigate confounding in meta-
analyses.

One possibility is to extract most-adjusted and least-
adjusted effect estimates from each study. Most-adjusted
estimates are those estimates reported in the source
publication which have been adjusted for the most potential
confounding variables, while least-adjusted estimates may
include estimates that are totally unadjusted or adjusted
only for age. Given these estimates, one can either
compare results of meta-analyses based on the alternative
estimates, or meta-analyse the ratio of estimates (perhaps
using a weight based on the confidence limits of the most-
adjusted estimates). Some studies may of course only
provide one estimate, and can be excluded from such
meta-analyses.

An additional method which may provide insight is to
look for heterogeneity of the effect estimate according to
the grouped number of confounders adjusted for, or to
compare estimates adjusted or unadjusted for specific
potential confounding variables.

Where an association substantially reduces following
adjustment for confounding, but remains statistically
significant, the possibility of bias arises.

Though beyond the scope of most meta-analyses, it is
on some occasions worth formally investigating the extent
to which effect estimates from meta-analyses may be
biased by such uncontrolled confounding. The interested
reader may wish to study the techniques used in our
systematic review of the relation between environmental
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tobacco smoke exposure and lung cancer’® which
concluded that bias due to uncontrolled confounding by
four factors (fruit, vegetable and dietary fat consumption,
and education) explains a substantial part of the observed
association.

Another possibility to be borne in mind is “residual
confounding”, arising because relevant confounders
have not been adjusted for. It is well documented that
“misclassification of a confounder” leads to “partial
loss of ability to control confounding”*? while “even
misclassification rates as low as 10% can prevent adequate
control of confounding”™*. It has even been noted that if X
is an inaccurately measured true cause of disease, and if Y,
which is precisely measured but not a cause, is correlated
with X, one may incorrectly conclude that Y, not X, is the
cause (e.g.**).

MISCLASSIFICATION

Apart from bias arising due to misclassification of
confounding variables, bias may also arise because of
other forms of misclassification. Random misclassification
of the exposure or outcome variable will tend to dilute any
relationship, but misclassification may not be random,
and can lead to underestimation of the relationship. For
example, when studying a relatively weak association
of smoking to cancer at one site, the inclusion of some
individuals who actually have cancer of a site known to
be strongly related to smoking (such as lung cancer) will
bias upward the association being studied. Misdiagnosis of
lung cancer certainly exists™ "), Similarly, upward bias will
arise if some of those dlassified as having the exposure of
interest actually have an exposure which is more strongly
related to the disease.

While random misclassification of exposure or outcome
should not produce an association when no true causal
relationship exists, this is certainly not so for random
misdassification of the variable used to determine whether
an individual should be included in the study. This applies,
for example, to the study of the relationship of spousal
smoking to lung cancer in never smokers. As I have
demonstrated™**", the inclusion of some true ever smokers
among the reported never smokers, can cause bias. This
bias arises because spouses tend to have smoking habits
in common, so that the exposed group (with spouses who
smoke) are likely to include more misclassified smokers
than will the comparison group (with spouses who do not
smoke). Because of the very high risk of lung cancer this
bias can be substantial, and the interested reader may wish
to study the techniques which my colleagues and I used to
adjust for misdassification bias'*!.

PUBLICATION BIAS

Publication bias occurs if the published data are not
representative of all the data that exist on a topic. It is well
documented (e.g.”***) that positive findings are published
more often than negative findings, so meta-analyses of
data drawn from the literature tend to overestimate true
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relationships. Inasmuch as large studies are more likely
than small studies to publish their findings regardless of
the result, one can compare effect estimates from larger
and smaller studies as some sort of test of publication
bias. More formal tests are available, but tend to involve
assumptions that are difficult to justify. Furthermore,
they are based on the published results, and ignore
what may be known about unpublished results. What
should one conclude if a very large cohort study has
published evidence demonstrating a statistically significant
relationship between an exposure and various common
diseases, but has not reported results relating that
exposure to other common diseases? It seems to me quite
likely that the authors would have looked at these other
diseases, found no significant association, and decided
not to publish their findings. The existence of such studies
should at least be pointed out in the discussion section of a
paper describing a meta-analysis of the exposure to one of
these other diseases.

Publication bias can also arise in the meta-analysis of
dose-response relationships. It is certainly plausible that
authors will be more likely to report dose-response results
where there is a strong association in the first place. This
can be tested by comparing effect estimates for overall
exposure in studies reporting and not reporting dose-
response results.

STATISTICAL SIGNIFICANCE

An effect estimate derived from a meta-analysis that is
not statistically significant (P > 0.1) clearly cannot be
interpreted as supporting a true causal relationship. Nor
can it rule it out, as one cannot prove a negative, but it can
suggest an upper limit to any true effect. Additional studies
may clarify the situation, especially where the original
meta-analysis had little power, being based on relatively
few studies.

On the other side of the coin, a significant association
alone does not demonstrate that a true causal effect
exists. P-values less than 0.05 but greater than 0.1 may
be due to chance, and even where the probability is very
low, so that chance can be excluded for practical purposes,
confounding or bias may be relevant. Before concluding
that a causal effect is likely, it is up to the meta-analyst to
demonstrate that confounding or bias cannot explain the
relationship, which may be difficult, especially where the
relationship is weak.

CONCLUSION

Meta-analysis is an interesting subject and quite difficult to
do well. If it is done well it can act as an extremely useful
tool to aid the epidemiologist in reaching a conclusion.
However, it is very important for the meta-analyst to be
aware of the limitations of meta-analysis, and of the
epidemiological studies on which it is based.

REFERENCES

1 Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF.

August 28, 2018 | Volume 6 | Issue 3 |



11

14

16

JRaishideng®

Improving the quality of reports of meta-analyses of randomised
controlled trials: the QUOROM statement. Quality of Reporting of
Meta-analyses. Lancet 1999; 354: 1896-1900 [PMID: 10584742 DOI:
10.1016/S0140-6736(99)04149-5]

Forey BA, Thornton AJ, Lee PN. Systematic review with meta-
analysis of the epidemiological evidence relating smoking to COPD,
chronic bronchitis and emphysema. BMC Pulm Med 2011; 11: 36
[PMID: 21672193 DOI: 10.1186/1471-2466-11-36]

Lee PN, Forey BA, Coombs KJ. Systematic review with meta-
analysis of the epidemiological evidence in the 1900s relating smoking
to lung cancer. BMC Cancer 2012; 12: 385 [PMID: 22943444 DOI:
10.1186/1471-2407-12-385]

Fry JS, Lee PN, Forey BA and Coombs KJ. Dose-response
relationship of lung cancer to amount smoked, duration and age
starting. World J Meta-Anal 2013; 1: 57-77 [DOI: 10.13105/wjma.
v1.i2.57]

Lee PN, Forey BA, Thornton AJ and Coombs KJ. The relationship
of cigarette smoking in Japan to lung cancer, COPD, ischemic
heart disease and stroke: a systematic review [version 1; referees:
awaiting peer review]. F/000Research 2018; 7: 204 [DOI: 10.12688/
f1000research.14002.1]

Lee PN. Lung cancer and type of cigarette smoked. Inhal Toxicol
2001; 13: 951-976 [PMID: 11696868 DOI: 10.1080/08958370175321
0353]

Lee PN. Systematic review of the epidemiological evidence
comparing lung cancer risk in smokers of mentholated and
unmentholated cigarettes. BMC Pulm Med 2011; 11: 18 [PMID:
21501470 DOI: 10.1186/1471-2466-11-18]

Lee PN. Tar level of cigarettes smoked and risk of smoking-related
diseases. Inhal Toxicol 2018; 30: 5-18 [PMID: 29488428 DOI: 10.108
0/08958378.2018.1443174]

Lee PN, Fry JS, Hamling JS. Using the negative exponential
distribution to quantitatively review the evidence on how rapidly the
excess risk of ischaemic heart disease declines following quitting
smoking. Regul Toxicol Pharmacol 2012; 64: 51-67 [PMID: 22728684
DOI: 10.1016/j.yrtph.2012.06.009]

Fry JS, Lee PN, Forey BA, Coombs KJ. How rapidly does the
excess risk of lung cancer decline following quitting smoking? A
quantitative review using the negative exponential model. Regu!/
Toxicol Pharmacol 2013; 67: 13-26 [PMID: 23764305 DOI: 10.1016/
J-yrtph.2013.06.001]

Lee PN, Fry JS, Thornton AJ. Estimating the decline in excess risk
of cerebrovascular disease following quitting smoking--a systematic
review based on the negative exponential model. Regul Toxicol
Pharmacol 2014; 68: 85-95 [PMID: 24291341 DOI: 10.1016/
jyrtph.2013.11.013]

Lee PN, Fry JS, Forey BA. Estimating the decline in excess risk of
chronic obstructive pulmonary disease following quitting smoking -
a systematic review based on the negative exponential model. Regul
Toxicol Pharmacol 2014; 68: 231-239 [PMID: 24361344 DOI:
10.1016/.yrtph.2013.12.006]

Lee PN. Circulatory disease and smokeless tobacco in Western
populations: a review of the evidence. Int J Epidemiol 2007; 36:
789-804 [PMID: 17591642 DOI: 10.1093/ije/dym039]

Weitkunat R, Sanders E, Lee PN. Meta-analysis of the relation
between European and American smokeless tobacco and oral
cancer. BMC Public Health 2007; 7: 334 [PMID: 18005437 DOI:
10.1186/1471-2458-7-334]

Lee PN, Hamling J. Systematic review of the relation between
smokeless tobacco and cancer in Europe and North America. BMC
Med 2009; 7: 36 [PMID: 19638245 DOL: 10.1186/1741-7015-7-36]
Lee PN. Summary of the epidemiological evidence relating snus to
health. Regul Toxicol Pharmacol 2011;59: 197-214 [PMID: 21163315
DOI: 10.1016/j.yrtph.2010.12.002]

Lee PN. Epidemiological evidence relating snus to health--an updated
review based on recent publications. Harm Reduct J 2013; 10: 36
[PMID: 24314326 DOI: 10.1186/1477-7517-10-36]

Lee PN, Thornton AJ. The relationship of snus use to diabetes and
allied conditions. Regul Toxicol Pharmacol 2017; 91: 86-92 [PMID:
29061372 DOI: 10.1016/.yrtph.2017.10.017]

WIMA | www.wjgnet.com

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Lee PN. Meta-analysis of observational studies

Lee PN, Fariss MW. A systematic review of possible serious adverse
health effects of nicotine replacement therapy. Arch Toxicol 2017; 91:
1565-1594 [PMID: 27699443 DOLI: 10.1007/s00204-016-1856-y]
Thornton AJ, Lee PN. Parental smoking and risk of childhood cancer:
a review of the evidence. Indoor Built Environ 1998; 7: 65-86 [DOI:
10.1159/000024566]

Thornton AJ, Lee PN. Parental smoking and sudden infant death
syndrome: a review of the evidence. Indoor Built Environ 1998; 7:
87-97 [DOI: 10.1159/000024567]

Thornton AJ, Lee PN. Parental smoking and middle ear disease in
children: a review of the evidence. Indoor Built Environ 1999; 8: 21-39
[DOI: 10.1159/000024607]

Lee PN, Fry JS, Forey B, Hamling JS and Thomton AJ. Environmental
tobacco smoke exposure and lung cancer: a systematic review. World J
Meta-Anal 2016; 4: 10-43 [DOI: 10.13105/wjma.v4.i2.10]

Lee PN, Thornton AJ, Hamling JS. Epidemiological evidence on
environmental tobacco smoke and cancers other than lung or breast.
Regul Toxicol Pharmacol 2016; 80: 134-163 [PMID: 27321059 DOI:
10.1016/j.yrtph.2016.06.012]

Lee PN, Hamling JS. Environmental tobacco smoke exposure and risk
of breast cancer in nonsmoking women. An updated review and meta-
analysis. Inhal Toxicol 2016; 28: 431-454 [PMID: 27541291 DOI:
10.1080/08958378.2016.1210701]

Lee PN, Thornton AJ, Forey BA, Hamling JS. Environmental Tobacco
Smoke Exposure and Risk of Stroke in Never Smokers: An Updated
Review with Meta-Analysis. J Stroke Cerebrovasc Dis 2017; 26:
204-216 [PMID: 27765554 DOI: 10.1016/j jstrokecerebrovasdis.2016.
09.011]

Lee PN, Forey BA, Hamling JS and Thornton AJ. Environmental
tobacco smoke exposure and heart disease: A systematic review. World
J Meta-Anal 2017; 5: 14-40 [DOL: 10.13105/wjma.v5.i2.14]

Lee PN, Forey BA, Coombs KJ, Hamling JS and Thornton AJ.
Epidemiological evidence relating environmental smoke to COPD
in lifelong non-smokers: a systematic review [version I; referees:
awaiting peer review]. F1000Research 2018; 7: [DOI: 10.12688/
f1000research.13887.1]

Lee PN, Fry JS. Systematic review of the evidence relating FEV 1
decline to giving up smoking. BMC Med 2010; 8: 84 [PMID: 21156048
DOI: 10.1186/1741-7015-8-84]

Fry JS, Hamling JS, Lee PN. Systematic review with meta-analysis of
the epidemiological evidence relating FEV1 decline to lung cancer risk.
BMC Cancer 2012; 12: 498 [PMID: 23101666 DOI: 10.1186/1471-24
07-12-498]

Forey BA, Fry JS, Lee PN, Thornton AJ, Coombs KJ. The effect of
quitting smoking on HDL-cholesterol - a review based on within-
subject changes. Biomark Res 2013; 1: 26 [PMID: 24252691 DOI:
10.1186/2050-7771-1-26]

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie
D, Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-analysis of
observational studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000; 283: 2008-2012 [PMID: 10789670 DOI: 10.1001/
jama.283.15.2008]

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, Toannidis
JP, Clarke M, Devereaux PJ, Kleijnen J, Moher D. The PRISMA
statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elaboration.
BMJ2009; 339: b2700 [PMID: 19622552 DOI: 10.1136/bmj.b2700]
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M,
Shekelle P, Stewart LA; PRISMA-P Group. Preferred reporting items
for systematic review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BM.J 2015; 350: g7647 [PMID: 25555855
DOI: 10.1136/bmj.g7647]

Lee PN. Simple methods for checking for possible errors in reported
odds ratios, relative risks and confidence intervals. Stat Med 1999; 18:
1973-1981 [PMID: 10440880 DOI: 10.1002/(SICI)1097-0258(199908
15)18:15<1973::AID-SIM166>3.0.CO;2-G]

Gardner MJ, Altman DG, editors. Statistics with confidence:
Confidence intervals and statistical guidelines. London: British Medical
Journal 1989; 140

August 28, 2018 | Volume 6 | Issue 3 |



37

38

39

40

41

42

43

JRaishideng®

Lee PN. Meta-analysis of observational studies

Hamling J, Lee P, Weitkunat R, Ambiihl M. Facilitating meta-analyses
by deriving relative effect and precision estimates for alternative
comparisons from a set of estimates presented by exposure level or
disease category. Stat Med 2008; 27: 954-970 [PMID: 17676579 DOI:
10.1002/sim.3013]

Berlin JA, Longnecker MP, Greenland S. Meta-analysis of
epidemiologic dose-response data. Epidemiology 1993; 4: 218-228
[PMID: 8512986 DOI: 10.1097/00001648-199305000-00005]

Fleiss JL, Gross AJ. Meta-analysis in epidemiology, with special
reference to studies of the association between exposure to
environmental tobacco smoke and lung cancer: a critique. J Clin
Epidemiol 1991; 44: 127-139 [PMID: 1995774 DOLI: 10.1016/0895-43
56(91)90261-7]

Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG.
Assessment of study quality for systematic reviews: a comparison of
the Cochrane Collaboration Risk of Bias Tool and the Effective Public
Health Practice Project Quality Assessment Tool: methodological
research. J Eval Clin Pract 2012; 18: 12-18 [PMID: 20698919 DOI:
10.1111/.1365-2753.2010.01516.x]

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M and
Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses. Available from:
URL: http://www.ohri.ca/programs/clinical epidemiology/oxford.
asp?status=print

Greenland S. The effect of misclassification in the presence of
covariates. Am J Epidemiol 1980; 112: 564-569 [PMID: 7424903 DOI:
10.1093/oxfordjournals.aje.al13025]

Tzonou A, Kaldor J, Smith PG, Day NE, Trichopoulos D.
Misclassification in case-control studies with two dichotomous risk
factors. Rev Epidemiol Sante Publique 1986; 34: 10-17 [PMID:
3726220]

Greenland S, Robins JM. Confounding and misclassification. 4m
J Epidemiol 1985; 122: 495-506 [PMID: 4025298 DOI: 10.1093/

WIMA | www.wjgnet.com

28

45

46

47

48

49

50

51

52

53

oxfordjournals.aje.al14131]

Savitz DA, Baron AE. Estimating and correcting for confounder
misclassification. Am J Epidemiol 1989; 129: 1062-1071 [PMID:
2705426 DOLI: 10.1093/oxfordjournals.aje.al 15210]

Fewell Z, Davey Smith G, Sterne JA. The impact of residual and
unmeasured confounding in epidemiologic studies: a simulation study.
Am J Epidemiol 2007; 166: 646-655 [PMID: 17615092 DOI: 10.1093/
aje/kwm165]

Lee PN. Comparison of autopsy, clinical and death certificate diagnosis
with particular reference to lung cancer. A review of the published data.
APMIS Suppl 1994; 45: 1-42 [PMID: 7811528]

Faccini JM. The role of histopathology in the evaluation of risk of
lung cancer from environmental tobacco smoke. Exp Pathol 1989; 37:
177-180 [PMID: 2637150 DOI: 10.1016/S0232-1513(89)80042-8]
Sterling TD, Rosenbaum WL, Weinkam JJ. Bias in the attribution
of lung cancer as cause of death and its possible consequences for
calculating smoking-related risks. Epidemiology 1992; 3: 11-16 [PMID:
1554804 DOI: 10.1097/00001648-199201000-00004]

Lee PN, Forey BA. Misclassification of smoking habits as a source of
bias in the study of environmental tobacco smoke and lung cancer. Stat
Med 1996, 15: 581-605 [PMID: 8731002 DOI: 10.1002/(SICI)1097-02
58(19960330)15:6<581::AID-SIM182>3.0.CO;2-B]

Lee PN, Forey BA and Fry JS. Revisiting the association between
environmental tobacco smoke exposure and lung cancer risk. III.
Adjustment for the biasing effect of misclassification of smoking
habits. Indoor Built Environ 2001; 10: 384-398 [DOL: 10.1177/142032
6X0101000605]

Sterling TD. Publication decisions and their possible effects on
inferences drawn from tests of significance - or vice versa. J Am Stat
Assoc 1959; 54: 30-34 [DOLI: 10.2307/2282137]

Easterbrook PJ, Berlin JA, Gopalan R, Matthews DR. Publication
bias in clinical research. Lancet 1991; 337: 867-872 [PMID: 1672966
DOI: 10.1016/0140-6736(91)90201-Y]

P- Reviewer: Roy PK, Velascol S- Editor: Dou'Y
L- Editor: A E- Editor: Wu YXIJ

August 28, 2018 | Volume 6 | Issue 3 |



JRnishideng®

Published by Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http:/ /www.wjgnet.com

© 2018 Baishideng Publishing Group Inc. All rights reserved.




	WJMAv6i1
	WJMAv6i2
	WJMAv6i2-Cover
	WJMAv6i2-Contents
	9.pdf
	WJMAv6i2-Back cover

	WJMAv6i3
	WJMAv6i3-Cover.pdf
	WJMAv6i3-Contents.pdf
	21.pdf
	WJMAv6i3-封底.pdf


