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ABSTRACT

Objectives To evaluate the risk of cancers of digestive
system with incretin-based therapies among patients with
type 2 diabetes mellitus.

Research design and methods Medline, Embase,
Cochrane Library and ClinicalTrials.gov databases were
searched for randomized controlled clinical trials that
compared incretin-based drugs with placebo or other
antidiabetic drugs. Paired reviewers independently screened
citations, extracted data and assessed risk of bias of included
studies. Network meta-analysis was performed, followed

by subgroup analysis. The Grading of Recommendations
Assessment, Development and Evaluation system was used
to assess the quality of evidence.

Results A total of 84 studies (n=101595) involving cancers
of digestive system were identified (a median follow-up

of 30 weeks). The risk of cancers of digestive system with
incretin-based therapies was comparable with insulin (OR:
0.86, 95% Cl 0.27 to 2.69), metformin (OR: 0.32, 95%Cl
0.07 to 1.38), sodium-glucose co-transporter 2 (OR: 5.26,
95%Cl 0.58 to 47.41), sulfonylureas (OR: 1.27, 95% Cl

0.68 to0 2.39), thiazolidinediones (OR: 0.42, 95%Cl 0.13 to
1.42), alpha-glucosidase inhibitors (OR: 2.98, 95% Cl 0.12
to 73.80), and placebo (OR: 0.87, 95%Cl 0.71 to 1.05). The
results of subgroup analysis based on the type of digestive
system cancers indicated that incretin-based therapies did
not increase the risk of gastrointestinal cancers, respectively.
The results of subgroup analysis based on age, duration,
mean HbA1c, trial duration, and sample size did not indicate
the risk of digestive system cancers.

Conclusions Moderate to high Grading of
Recommendations Assessment, Development and
Evaluation evidence suggests that incretin-based therapies
were not associated with an increased risk of cancer of
digestive system in patients with type 2 diabetes mellitus.

INTRODUCTION
Incretins are gut peptides which can augment
nutrient-stimulated insulin secretion after

Significance of this study

What is already known about this subject?

» It is well known that incretin-based therapies
are widely used in patients with type 2 diabetes.
Incretin-based drugs have been shown to effectively
lower blood glucose with minimal hypoglycemia.

What are the new findings?

» There are three new findings in the study. First,
the risk of cancers of digestive system with incre-
tin-based therapies was comparable with insulin,
metformin, sodium-glucose co-transporter 2, sul-
fonylureas, thiazolidinediones, alpha-glucosidase
inhibitors, and placebo. Second, the results of sub-
group analysis based on the type of digestive system
cancers indicated that incretin-based therapies did
not increase the risk of digestive system cancers,
respectively. Third, the results of subgroup analysis
based on age, duration, mean HbA1c, trial duration,
and sample size did not indicate the risk of digestive
system cancers.

How might these results change the focus of

research or clinical practice?

» Our results offer the best available evidence based
on real-world patterns of incretin-based therapies
and thus should help clinicians make decisions
about the relative benefit harm balance of these
treatments.

dietary intake. Incretin-based therapies
include incretin mimetics of glucagon-like
peptide-1 receptor agonists (GLP-1 RA)
and incretin enhancers of dipeptidyl pepti-
dase-4 (DPP-4) inhibitors.! Because of their
moderate efficiency in glucose lowering and
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little side effects of hypoglycemia and weight gain, incre-
tin-based therapies are widely used in patients with type
2 diabetes.”™

In 2006, the US Food and Drug Administration (FDA)
approved sitagliptin as the first DPP-4 inhibitor for the
treatment of type 2 diabetes mellitus (T2DM) either
in monotherapy or in combination with other hypo-
glycemic agents.” Then vildagliptin was the second in
class, followed by saxagliptin, linagliptin, and alogliptin.’
GLP-1 RAs were first introduced in the USA in 2005.
Exenatide was the first approved GLP-1 RA, followed by
liraglutide in 2010 and albiglutide and dulaglutide in
2015.° Recently great concerns about cancers of digestive
system have been raised.”"" GLP-I-based therapies as a
potential stimulus to B-cell regeneration have constituted
the possibility that exocrine pancreatic cells might be
affected simultaneously.” Debate about long-term safety
of GLP-1 RA therapies follows conflicting reports from
preclinical and epidemiological studies regarding risk
for pancreatitis and pancreatic cancer.'® A cohort study
based on real-world drug utilization patterns investigating
the risk of colorectal cancer for DPP-4 inhibitors versus
other antidiabetic drugs, and GLP-1 RAs versus long-
acting insulin indicated that incretin-based therapies did
not promote colorectal cancer."” Garg et al'* found no
evidence of an increased risk of pancreatitis with exen-
atide in a retrospective cohort study. Gallwitz’ reported
that the administration of exenatide and sitagliptin may
have increased risk of pancreatitis in patients with T2DM.
There is a signal for cancer of the pancreas for exenatide
in both the US FDA and German regulatory databases
and for sitagliptin in the FDA database.'” '® Clinical
studies completed thus far are insufficient to confirm or
exclude an increased long-term risk of pancreatitis, or
pancreatic cancer with incretin-based therapies.'”'®

Therefore, we conducted a meta-analysis by investi-
gating all randomized controlled clinical trials (RCT) to
evaluate cancer risk of digestive system related with incre-
tin-based therapies in patients with T2DM.

METHOD

This study was registered on the International Prospec-
tive Register of Systematic Reviews (registration number
CRD42019123457) (online supplementary appendix
1). The study was conducted according to the Preferred
Reporting Items for Systematic Reviews and Network
Meta-Analyses (PRISMA-NMA) checklist.

Search strategy

Medline, Embase, ClinicalTrials.gov and the Cochrane
Library were searched from inception to 23 June 2017.
We used ‘Glucagon-Like Peptide-1 Receptor’ and ‘Dipep-
tidyl-Peptidase IV Inhibitors’ as keywords or MeSH terms,
accompanied with relevant free words to search these
databases; details of search strategies were provided in
online supplementary appendix 2.

Study selection

Only RCTs involving DPP-4 inhibitors or GLP-1 RAs
compared with placebo or other antidiabetic agents
(metformin (Met), insulin, sulfonylureas (SU), thiazoli-
dinediones (TZD), alpha-glucosidase inhibitors (AGI),
sodium-glucose co-transporter 2 (SGLI-2)) in patients
with T2DM were included in the analysis (online supple-
mentary appendix 3). The eligibility of studies was
assessed independently by three reviewers (SY, SBC and
FS), with any disagreement resolved by consensus.

Data extraction and quality evaluation

Data were extracted using ADDIS software including trial
information (author, publication year, sample size, trial
duration, types of intervention and control), population
characteristics (background therapy, diabetes duration,
age, baseline level of HbAlc), reported outcomes about
cancers of digestive system (includes stomach, colon,
rectum, liver, pancreas) and information on method-
ology. Three investigators (SY, SBC and FS) extracted
data independently in duplicate. Any disagreement was
resolved by consensus.

Quality of studies was assessed according to Cochrane
risk of bias tool," including adequate method for random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting and
company funding. The Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) system
was used to rate the quality of evidence for each outcome as
high, moderate, low or very low.” The study was reported
according to the PRISMA-NMA checklist.”!

Data analysis

Methods for direct treatment comparisons

Traditional pairwise meta-analysis was performed using
DerSimonian-Laird random effects model.” OR and
95% CI for cancers of digestive system were calculated. I”
was used to assess the heterogeneity of direct treatment.

Methods for indirect and mixed comparisons

We used the frequentist framework to perform a random
effect network meta-analysis. OR for cancers of diges-
tive system with 95% CI was summarized. We conducted
subgroup analysis based on mean age, duration, mean
HbAlc, trial duration, and sample size of the trials.
Node-splitting model and* loop-specific approach®*
were used to assess the inconsistency between direct and
indirect treatment effects. Predictive interval plot that
incorporates the extent of heterogeneity was used to
evaluate the extent of uncertainty in the estimated effect
size for the network meta-analysis. Uncertainty affected
by heterogeneity was defined as disagreement between
the CIs of relative treatment effects and their predictive
intervals.

Publication bias, subgroup analyses and meta-regression
The difference between the observed effect size and
comparison-specific summary effect for each study was
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Records identified through
database searching (n =13873)
Medline: n=5103;
Embase: n=8648;

Cochrane: 2122

Additional records identified
through Clinical.gov (n =446)

Y Y

Records after duplicates removed
(n=11356)

Records screened
(n=11356)

Y

Full-text articles

Records excluded
(n =9263)

assessed for eligibility
(n=2093)

Y

Studies included in quantitative
synthesis (meta-analysis) (n =84)

Figure 1

calculated. Then this variable was regressed on SE, thus
a simple linear regression line was added in the funnel
plot, which could help us explore visually if there is a
publication bias in the results between small and large
studies.

To assess whether the results were impacted by study
characteristics (effect modifiers), subgroup network
meta-analysis was conducted according to age group,
body mass index (BMI), HbAlc% level and duration of
T2DM. Univariable and multivariable network meta-re-
gression in the context was further conducted to examine
the potential modification effects of age, BMI, HbAlc%
level and duration of T2DM.

All analyses were conducted using STATA V.13.1 (pair-
wise meta-analysis, network meta-analysis, estimation of
inconsistency and heterogeneity, and funnel plot) and R
V.3.5.0.

RESULTS

Study characteristics

The flow chart of the literature search is shown in figure 1.
Overall, 84 RCTs (n=101595 patients) met the eligibility
criteria and were included in this network meta-analysis.

\J

Full-text articles excluded, with reasons (n =2009)

1 Non RCT: n=875

2 Duplicated publications: n=286

3 Non T2DM patients: n=13

4 No relevant outcomes: n=825

5 No Incretin-based treatment or single arm
study: n=10

Flow chart of studies considered for inclusion. RCT, randomized controlled trial; T2DM, type 2 diabetes mellitus.

Publication year varied from 2006 to 2017. Trial duration
ranged from 12 to 262 weeks with a median follow-up of 30
weeks (IQR: 24-104 weeks). The average age of included
patients was 60.66 years (SD: 4.68). The mean diabetes
duration at baseline was 9.35 years (SD: 2.94), and the
mean baseline HbAlc level was 8.03% (SD: 0.54%).

Evidence network

Eight classes of treatments were analyzed, including
DPP-4i (consisting of any drug among sitagliptin,
vildagliptin, saxagliptin, linagliptin, alogliptin, and
teneligliptin), GLP-1 RAs (consisting of any drug among
albiglutide, exenatide, lixisenatide, liraglutide, and sema-
glutide), six other classes of active antidiabetic agents
(Met, insulin, SU, TZDs, AGIs, SGLT-2) and placebo.
Seventy-eight trials (92.9%) were two-arm studies and the
remaining six trials were three-arm studies (figure 2).

Risk of bias

For the total 84 studies included in our analysis, the
large majority of studies have reported the implemen-
tation of random sequence generation (100%), alloca-
tion concealment (92.86%), blinding of participants and
personnel (86.91%), blinding of outcome assessment
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Figure 2 Evidence structure of incretin-based therapies on cancers of digestive system. The numbers along the link lines
indicate the number of trials or pairs of trial arms. Lines connect the interventions that have been studied in head-to-head

(direct) comparisons in the eligible randomized controlled trials. The width of the lines represents the cumulative number
of randomized controlled trials for each pairwise comparison, and the size of every node is proportional to the number of
randomized participants (sample size). AGI, alpha-glucosidase inhibitor; SGLT-2, sodium-glucose co-transporter 2; TZD,
thiazolidinedione.

(84.53%), complete outcome data (95.24%), and selec-
tive reporting (97.62%). 98.81% of the studies were
funded by enterprises. Overall, the risk of bias across
evidence network was relatively low (online supplemen-
tary appendix 4).

Direct meta-analysis of incretin-based therapies on cancers
of digestive system and subgroup analysis
Figure 3 shows the comparative effect of incretin-based
therapies (DPP-4 inhibitors and GLP-1 RAs combined),
other antidiabetic agents and placebo on cancers of
digestive system from pairwise meta-analyses.
Incretin-based therapies did not increase the incidence
about cancers of digestive system compared with insulin
(OR: 0.86, 95% CI 0.28 to 2.69; n=17, N=4937, 1°=0.0%),
Met (OR: 0.23, 95%CI 0.05 to 1.16; n=8, N=1555,
°=0.0%), SGLT:2 (OR: 2.00, 95% CI 0.13 to 32.08; n=2,
N=1775, 1’=0.0%), SU (OR: 1.27, 95% CI 0.67 to 2.38;
n=55, N=14346, 1’=0.0%), TZDs (OR: 0.47, 95% CI 0.13

to 1.76; n=12, N=2262, 1°=0.0%), AGIs (OR: 2.97, 95% CI
0.12 to 73.34; n=3, N=380, I’=0.0%) and placebo (OR:
0.87, 95%CI 0.71 to 1.05; n=450, N=79081, 1°=0.0%),
respectively.

In addition to a general analysis of the incidence of
digestive system cancers, subgroup analysis of the inci-
dence of cancers was performed based on stomach, intes-
tine, kidney, liver and pancreas. The results of subgroup
analysis based on the type of digestive system cancers
(including stomach, colon, rectum, liver and pancreas)
indicated that incretin-based therapies did not increase
the risk of digestive system cancers, respectively (online
supplementary appendix 5).

The results of subgroup analysis based on age, dura-
tion, mean HbAlc, trial duration, and sample size did
not indicate the risk of digestive system cancers (online
supplementary appendix 6).
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Figure 3 OR with 95% CI of network meta-analysis for cancers of digestive system. Results of direct comparisons were listed
in the upper triangle, and the estimation was calculated as the row-defining treatment compared with the column-defining
treatment. Results of network meta-analysis were listed in the lower triangle, and the estimation was calculated as the column-
defining treatment compared with the row-defining treatment. AGI, alpha-glucosidase inhibitor; Met, metformin; NA, not
available; SGLT-2, sodium-glucose co-transporter-2; SU, sulfonylurea; TZD, thiazolidinedione.

Network meta-analysis of incretin-based therapies on
cancers of digestive system

As shown in figure 3, the risk of incretin on cancers
of digestive system was comparable with insulin (OR:
0.86, 95% CI 0.27 to 2.69), Met (OR: 0.32, 95% CI 0.07
to 1.38), SGLT-2 (OR: 5.26, 95% CI 0.58 to 47.41), SU
(OR: 1.27,95% CI 0.68 to 2.39), TZDs (OR: 0.42, 95% CI
0.13 to 1.42), AGIs (OR: 2.98, 95% CI 0.12 to 73.80), and
placebo (OR: 0.87, 95% CI 0.71 to 1.05). Also, treatment
with Met (OR: 16.38, 95% CI 1.17 to 228.83) was asso-
ciated with an increased risk about cancers of digestive
system than SGLI-2. However, the widened CI indicated
a small sample size and the presence of rare events in the
included trials.

Cancers of digestive system between incretin-based
therapies versus incretin-based therapy non-users

The risk of incretin-based therapies on cancers of diges-
tive system was comparable with incretin-based therapy
non-users (all other antidiabetic treatments and placebo)
(OR: 0.89, 95% CI 0.75 to 1.05). Fixed effects model was
used and I* was 0.0%.

Inconsistency and heterogeneity check

The result of local inconsistency about cancers of digestive
system showed that most loops were consistent according
to the CI (online supplementary appendix 7a). The test
for inconsistency using node-splitting model revealed no
significant difference about cancers of digestive system
between direct and indirect comparisons (global incon-
sistency, p=0.9050) (online supplementary appendix
7b). There was little heterogeneity in this study (online
supplementary appendix 8) and global I* was 0%. The

summary estimations of network meta-analysis were rela-
tively robust.

Publication bias, subgroup analyses and meta-regression
analyses

Funnel plot was shown in online supplementary appendix
9. Scatters in the funnel plot were almost symmetrical
visually, indicating the publication bias in the results
about cancers of digestive system between small and large
studies was relatively low.

Multivariable meta-regression indicated that for
incretin versus placebo, the pooled OR would increase
by 0.28 per l-year change of DM duration.

The result suggested that there may be heterogeneity
(online supplementary appendix 10).

Quality of evidence

The GRADE process was completed using the CINeMA
software (http://cinema.ispm.ch/). The quality of most
studies was moderate to high. The quality of evidence
in each outcome was listed in online supplementary
appendix 11.

DISCUSSION

Overall, we analyzed 84 eligible RCTs including 101595
patients. Our network meta-analysis showed that: (1)
there was no evidence to indicate increased cancer
risk of digestive system associated with incretin-based
therapies in patients with T2DM compared with other
antidiabetic agents or placebo; (2) subgroup analysis
in patients treated for 248 weeks, based on mean age,
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duration, mean HbAlc, and sample size, suggested that
incretin-based therapies did not increase cancer risk of
digestive system.

In agreement with our findings, Wang et a/* reported
that treatment with incretins was not associated with
an increased risk of pancreatic cancer in patients with
T2DM (n=79 971) in a meta-analysis of RCT (OR: 0.67,
95%CI 0.44 to 1.02). Moreover, their subgroup anal-
ysis, followed up for =104 weeks, showed a lower risk
of pancreatic cancer was associated with incretin-based
therapies (OR: 0.62, 95% CI 0.41 to 0.95). An RCT on
the sitagliptin versus placebo revealed the 0.3% colon
cancer risk among sitagliptin initiators versus 0.5% risk
among placebo over 3-year follow-up of treatment.*®
Htoo and colleagues' found no effect of DPP-4 inhibi-
tors (follow-up 0.7-0.9 years) and GLP-1 RA (follow-up
0.8 and 1.2 years) on colorectal cancer incidence, respec-
tively. An observational study of liraglutide also did not
find an association between GLP-1 RA use and pancre-
atic cancer.”” In agreement with observational findings,
recent cardiovascular outcome trials found no increased
risk of pancreatic cancer among alogliptin users® and
saxagliptin users,” compared with the placebo group.
A retrospective cohort analysis of patients with T2DM
(n=209 306) found no association between exenatide use
and pancreatic cancer.” Another cohort study found that
the hazard of pancreatic cancer with DPP-4 inhibitors
was lower relative to SU (HR=0.6, 95% CI 0.4 to 0.9) and
similar to TZD (HR=1.0, 95%CI 0.7 to 1.4).*! Elashoff
et alP® reported cases of pancreatic cancer were 2.9-fold
greater with exenatide and 2.7-fold greater with sitagliptin
in patients, respectively, compared with other therapies.
Itis of note that those data, derived from the FDA Adverse
Event Reporting System (FDA-AERS), have some limita-
tions. First, the FDA-AERS database depends on imme-
diate reporting and may be influenced by reporting bias.
Second, the AERS database does not provide information
about smoking habits, alcohol consumption, obesity or
chronic pancreatitis, which are all well-known risk factors
in pancreatic cancer.”

Our understanding of incretin biology is still poor, so
it is valuable to obtain more data from in vitro studies
regarding the influence and mechanisms of action
of GLP-1 RAs and DPP-4 inhibitors on tumor forma-
tion. There were also in vitro experiments about incre-
tin’s effect on cancers of digestive system. Kissow et al*
reported that treatment with DPP-4 inhibitors does not
show any tumor-promoting effects in the colon. Animal
experiments on rats with a dosage similar to human
therapeutic dose indicated that sitagliptin decreased
the incidence of colon carcinogenesis.” GLP-1 has been
reported to inhibit cell growth and increase apoptosis in
colon cancer cells, suggesting a protective effect against
cancer.”® Kissow et al’* investigated the intestinal growth
effect of the GLP-1 RAs (liraglutide and exenatide) and
sitagliptin in healthy mice. The results showed both lira-
glutide and sitagliptin did not promote dysplasia of the
colon. Some studies about animals reported that both

sitagliptin and vildagliptin had the effect of inhibiting
colon carcinogenesis.37 5

As we know the formation of malignancies is a process
that takes years, we still need information concerning
long-term side effects. Therefore, we hope in the future
more and more large-scale prospective randomized clin-
ical trials with appropriate duration of time to ascertain
whether these drugs are safe for T2DM.

A major strength of our study is the comprehen-
sive search and analysis of the risk of cancers of diges-
tive system with incretin-based therapies compared
with placebo and other antidiabetic agents. Moreover,
we conducted subgroup analyses and meta-regression
according to study characteristics (age, BMI, HbAlc%,
years of T2DM) to test the heterogeneity of studies.
Additionally, we assessed the quality of evidence and
incorporate it into explaining the results by the GRADE
framework.

The present study has some limitations. First, cancers
of digestive system were not the primary outcome of the
included trials. Therefore, there were some limitations
in the occurrence of cancer events and the timing of
research. Second, no specific weight was given for diges-
tive cancers. Follow-up studies hope that clinical experts
will give weight scores to different digestive cancers.
Third, the primary outcome of the included trials was
drug efficacy and safety, not digestive cancers; and
non-cancer patients did not perform exclusion test.

Tumor formation is a hidden, chronic and complex
process. At present, these studies are far from clear about
the risk of pancreatic cancer. Expect more RCT studies
associated with long-term use of incretin drugs, providing
more evidence-based medical evidence for the long-term
safety of such drugs.

In conclusion, our meta-analysis suggests that incre-
tin-based therapies are not associated with an increased
risk of cancer of digestive system in patients with T2DM.
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