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Abstract

Objectives: Some concerns persist regarding the safety of semaglutide. The objective of this
updated meta-analysis is to assess the risk of acute pancreatitis with the use of semaglutide,
assessing the results according to the different administration regimens.

Methods: We performed an updated meta-analysis of randomised, placebo-controlled studies
of semaglutide therapy that report acute pancreatitis. This meta-analysis was performed in line
with PRISMA guidelines. A global and stratified analysis according to the therapeutic scheme
used was performed using the fixed-effects model.

Results: Twenty-one eligible trials of semaglutide, including 34,721 patients, were identified
and considered eligible for the analyses. Globally, semaglutide therapy was not associated with
an increased risk of acute pancreatitis (OR 0.7; 95% Cl 0.5-1.2, > 0%). When we analysed
the studies according to the different schemes used, the results were similar (group with oral
semaglutide: OR 0.40; 95% Cl 0.10-1.60, 12 0%; group with low subcutaneous doses of semaglu-
tide: OR 0.80; 95% Cl 0.40-1.90, I 0%; group with high subcutaneous doses of semaglutide: OR
0.70; 95% Cl 0.50-1.20, /> 0%; interaction p-value =0.689).

Conclusion: This updated meta-analysis demonstrates that the use of semaglutide is not associ-
ated with an increased risk of acute pancreatitis compared to placebo. In the stratified analysis,
the results were similar with the different semaglutide regimens analysed.

© 2024 SEEN y SED. Published by Elsevier Espafna, S.L.U. All rights reserved.
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Pancreatitis aguda debida a diferentes regimenes de semaglutida: un metaanalisis
actualizado

Resumen

Objetivos: Algunas preocupaciones con respecto a la seguridad de la semaglutida aln persisten.
El objetivo del presente metaanalisis actualizado es evaluar el riesgo de pancreatitis aguda con
el uso de semaglutida, valorando los resultados segln los diferentes esquemas terapéuticos.
Métodos: Realizamos un metaanalisis actualizado de estudios aleatorizados y controlados con
placebo, que hayan evaluado el uso de semaglutida e informaran la incidencia de pancreatitis
aguda. Este metaanalisis se llevo a cabo de acuerdo con las directrices PRISMA. Se realizo un
analisis global y estratificado segiin el esquema terapéutico utilizado. Se utilizé un modelo de
efectos fijos.

Resultados: Veintiln ensayos clinicos fueron identificaron y considerados elegibles para este
metaanalisis (34.721 pacientes). A nivel global, el tratamiento con semaglutida no se asocio
con un mayor riesgo de pancreatitis aguda (OR 0,7; IC 95%: 0,5-1,2; |2 0%). Cuando analizamos
los estudios segun los diferentes esquemas utilizados, los resultados fueron similares (grupo
con semaglutida oral: OR 0,40; IC 95% 0,10-1,60, 1> 0%; grupo con dosis subcutaneas bajas de
semaglutida: OR 0,80; IC 95% 0,40-1,90, 12 0%; grupo con altas dosis subcutaneas de semaglutida;
OR 0,70; IC 95% 0,50-1,20, 1> 0%; valor de p de interaccién=0,689).

Conclusion: El presente metaanalisis demostré que el uso de semaglutida no se asocio con un
mayor riesgo de pancreatitis aguda en comparacion con el placebo. En el analisis estratificado,

los resultados fueron similares con los diferentes esquemas de semaglutida analizados.
© 2024 SEEN y SED. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Glucagon-like peptide 1 receptor agonists (GLP-1RAs)
demonstrate glucose-lowering, weight-reducing, and
favourable anti-inflammatory and metabolic effects.’
These emerging drug classes have been proven to reduce
cardiovascular events in patients with type 2 diabetes
mellitus (T2DM) who are at high cardiovascular risk or have
established cardiovascular disease.? In this context, current
guidelines recommend GLP-1RAs as first-line antidiabetic
therapies in patients with established cardiovascular
disease or high/very high cardiovascular risk.?

Semaglutide is a potent GLP-1RA used in the treat-
ment of T2DM, with demonstrated cardiovascular benefits.
It is currently available in both subcutaneous and oral
formulations.” Furthermore, the impact of high doses of
semaglutide on weight loss was explored in adults with over-
weight or obesity in the STEP programme.® Recently, the
cardiovascular benefit of high doses of semaglutide was also
observed in patients with overweight or obesity at high car-
diovascular risk but without T2DM.¢

Despite the proven cardiovascular benefit of semaglu-
tide, certain safety concerns still linger. A debate surrounds
the potential association between semaglutide treatment
and the risk of acute pancreatitis. This point is rel-
evant since acute pancreatitis is an unpredictable and
potentially life-threatening disease.”® Previous systematic
reviews have explored the risk of acute pancreatitis with
these drugs.’”'" However, these studies have evaluated
different GLP-1RAs, involved comparisons between differ-
ent hypoglycaemic drugs without including a placebo arm,

did not analyse the different administration regimens of
semaglutide, or failed to include the latest published stud-
ies.

The objective of this updated meta-analysis is to
ascertain the risk of acute pancreatitis with the use of
semaglutide, with a specific focus on evaluating the results
according to the different administration regimens.

Material and methods

Registration

This meta-analysis was performed in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for reporting systematic reviews.'?
This systematic review was registered in PROSPERO
[CRD42023485460].

Search and selection strategy

A literature search was performed that identified ran-
domised clinical trials of semaglutide published up to 12
November 2023. Two independent reviewers (WM and LB)
searched the electronic PubMed/MEDLINE, Scielo, Embase
and Cochrane Controlled Trials databases using the terms
‘‘semaglutide’’ or ‘‘GLP-1RAs’’ combined with ‘‘acute
pancreatitis’’ or ‘‘gastrointestinal adverse effects’’ or
‘‘pancreatic adverse effects’’ and extracted data. Addition-
ally, the authors also conducted a ‘“snowball search’’ to find
other articles.
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Figure 1  Flow diagram of the study screening process.

Eligibility criteria

This meta-analysis included all studies that met the fol-
lowing criteria: (a) comparisons of efficacy and safety
for semaglutide versus placebo; (b) follow-up duration >3
months; (c) randomised clinical trials; (d) reporting the inci-
dence of acute pancreatitis. Studies evaluating semaglutide
with other antidiabetic drugs without considering a placebo
group were excluded.

Quality assessment

Potential risks of bias were evaluated for all included trials,
using a tool for randomised trials (RoB 2) developed for this
purpose.'? This tool assesses bias in five different domains:
bias arising from the randomisation, bias due to deviations

from the intended intervention, bias due to missing out-
come data, bias in the measurement of the outcome and
bias in the selection of the reported result. These domain-
level judgements provide the basis for an overall risk-of-bias
judgement for the specific trial result being assessed. Each
domain was rated as ‘‘High’’, ‘‘Low’’ or ‘‘Some concerns’’
depending on the judgement of each author following the
recommendations. Two authors determined the risk of bias
for each article. Any disagreements were resolved with a
third reviewer.

Outcome measures and statistical data analysis

The summary effect of semaglutide on the endpoint of
acute pancreatitis was estimated. The diagnosis of acute
pancreatitis required two of the following three features:
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Semaglutida Placebo

Study Pancreatitis n Pancreatitis
PIONEER-1 0 525 0
PIONEER-4 0 285 1
PIONEER-5 0 163 0
PIONEER-6 1 1591 3
PIONEER-8 0 546 0
PIONEER-9 0 146 0
OASIS-1 0 334 0
Davies et al. 2 350 0
SUSTAIN-1 0 258 0
SUSTAIN-5 0 263 0
SUSTAIN-6 9 1648 12
SUSTAIN-9 0 181 0
Davies et al. 1 69 0
STEP-1 3 1306 0
STEP-2 2 805 1
STEP-3 0 407 0
STEP-4 0 535 0
STEP-5 0 152 0
STEP-6 0 299 0
STEP-HFpEF 0 263 1
STEP-Teens 0 134 0
SELECT 17 8803 24
Fixed effect model 19033 1

Heterogeneity: = 0%, = 0, p =0.90

Figure 2
statistics.

abdominal pain consistent with acute pancreatitis, serum
lipase and/or amylase activity at least three times greater
than the upper limit of normal, and imaging findings char-
acteristic of acute pancreatitis.

Measures of effect size were expressed as odds ratios
(ORs) with 95% confidence intervals [95% CI] and the
2 statistic was calculated to quantify trial heterogene-
ity or inconsistency. Because heterogeneity was low, a
fixed-effects model was chosen. To compare mean effects
between subgroups, a Z-test was used. Statistical analyses
were performed using the R software for statistical comput-
ing version 3.5.1 with additional specific packages.' The
level of statistical significance was set at a two-tailed alpha
of 0.05.

Publication bias and sensitivity analyses

Publication bias and sensitivity analyses were performed. In
the first case, a funnel plot using the standard error (SE)
by log OR was created. Egger’s regression of intercept tests
was also performed. In the second case, the analysis consists
of replicating the results of the meta-analysis, in each step
excluding one of the studies included in the review. If the
results obtained are similar, both in the direction and mag-
nitude of the effect and statistical significance, it indicates
that the analysis is robust.

Results

After a comprehensive screening process of the titles and
abstracts, 973 articles were initially identified as potentially
relevant to our study. Of these, 784 studies were excluded
due to duplication or lack of alignment with the study’s
objectives. After a careful examination of the remaining
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Global effect of semaglutide on acute pancreatitis. Fixed effects, odds ratios, 95% confidence intervals (Cl) and I

articles, 174 studies were removed. A flow diagram illus-
trating the screening process is presented in Fig. 1.

Twenty-one eligible trials of semaglutide, including
34,721 patients, were identified and considered eligible for
the analyses.?">-3* Within these trials, 19,023 subjects were
allocated to receive semaglutide and 15,688 subjects were
assigned to the respective placebo group.

In total, seven studies assessed different oral doses
of semaglutide.’ 2" Additionally, 4 and 9 studies analysed
low (0.5-1mg) and high (1.7-2.4mg) weekly subcutaneous
doses of semaglutide, respectively.®?3-3* One study evalu-
ated two active arms: daily oral semaglutide and weekly
subcutaneous semaglutide at doses of 0.5-1mg.?? Overall,
12 studies included all patients with T2DM, '3-20:22.24-26 while
another 7 studies considered this condition as an exclu-
sion criterion (instead studying patients with overweight or
obesity).%2"27-3" Two studies included patients with or with-
out T2DM.3%3* Across all studies, a history of pancreatitis was
consistently regarded as an exclusion criterion. The charac-
teristics of the studies included in the analysis can be seen
in Table 1.

The quality of the studies evaluated can be seen in
Supplementary figure* 1.

On a global scale, this updated meta-analysis shows that
semaglutide therapy is not associated with an increased risk
of acute pancreatitis (OR 0.70; 95% ClI 0.50-1.20, > 0%)
(Fig. 2). When analysing the studies based on the differ-
ent administration schemes, the results remain consistent
(group with oral semaglutide: OR 0.40; 95% Cl 0.10-1.60,
I 0%; group with low subcutaneous doses of semaglutide:
OR 0.80; 95% Cl 0.40-1.90, /> 0%; group with high subcuta-
neous doses of semaglutide; OR 0.70; 95% Cl 0.50-1.20, /?
0%; interaction p-value =0.689) (Fig. 3).

The graphical (Supplementary figure* 2) and ana-
lytical evaluation (Egger’s asymmetry test) do not
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Figure 3
(Cly and * statistics.

suggest publication bias (p=0.811). The sensitivity analysis
showed the same directionality and magnitude as the
overall results when studies were excluded one by one
(Supplementary figure* 3).

Discussion

This updated meta-analysis of randomised, placebo-
controlled studies encompasses the entirety of the available
evidence examining the association between different
semaglutide regimens and the incidence of acute pancreati-
tis. The findings of this study did not reveal an increased risk
of acute pancreatitis with the use of semaglutide. The test
for subgroup differences (interaction p-value) indicates a
statistically non-significant subgroup effect, suggesting that
the regimen used does not modify the effect of semaglutide
treatment.

Both oral and subcutaneous semaglutide have been
linked with gastrointestinal disturbances, such as nausea,
vomiting and diarrhoea.*® However, the data on the asso-
ciation between semaglutide use and the risk of acute
pancreatitis remains controversial. Proposed mechanisms of
GLP-1RA-induced acute pancreatitis include pancreatic duct
gland hyperplasia, pancreatic ductal obstruction leading
to proinflammatory reactions, acinar cell hypertrophy, and

15759

Odds Ratio OR 95%-Cl Weight

0.0%
— 02  [0.0; 4.1] 4.4%
0.0%
0.3 [00; 3.2 6.6%
0.0%
0.0%
0.0%
1.0 [0.0; 21.6] 1.8%

|

0.0%
0.0%
— 0.7 [0.3 18 = 26.1%
! 0.0%
—t—— 31 [01;, 782 1.1%
-
— - 35 02 682 @ 15%
e 10 [01; 11.0]  2.9%
: 0.0%
| 0.0%
: 0.0%
| 0.0%
—_— 03  [0.0; 83 3.3%
: 0.0%
07  [04 13]  525%
. 1 : : | .07 05 12]  1000%
0.01 0.1 1 10 100
Best Poor
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pancreatic vascular injury.?® Additionally, another mecha-
nism seen with the use of these drugs could be the increased
risk of gallbladder or biliary diseases, especially when used
in higher doses, for longer periods of time, and for weight
loss.?”

Previous animal studies suggested a risk of acute pan-
creatitis after GLP-1RA-based treatment.® In addition, an
initial analysis of the Food and Drug Administration’s (FDA)
adverse event reporting databases suggested an increased
risk for acute pancreatitis with GLP-1RA-based therapy.>’
It is important to note that this type of data analysis
may not be the ideal method for comparing adverse event
rates between medications. Well known limitations, such
as incomplete data recording or the presence of reporting
biases can impact the reliability of these findings.

In the subsequent years, several observational studies
have vyielded conflicting results.®“** Notably, most of
the available information is drawn from the subgroup
of exendin-4-based drugs, which differ structurally from
human GLP-1. Inconsistencies in findings may be attributed
to factors such as limited statistical power, insufficient
duration of follow-up, or inadequate adjustment for
confounding variables. This is particularly relevant given
that obesity and T2DM themselves are risk factors for
pancreatitis.**> Additionally, the prescription of GLP-1RAs
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is often associated with poor glycaemic control, which
could be caused by occult pancreatic diseases.“®* The
treatment selection process introduces intrinsic sources of
imbalance and confounding, leading to potential distortions
in the results. Therefore, randomised, controlled clinical
trials remain the gold standard for such assessment.

Since acute pancreatitis is a relatively uncommon compli-
cation, individual clinical studies are usually underpowered
to detect differences between groups. In this context,
our meta-analysis incorporated all reported cases of acute
pancreatitis from clinical trials comparing semaglutide ther-
apy versus placebo. In keeping with our findings, previous
meta-analyses that included different GLP-1RAs did not
reveal a significant association between the use of these
drugs and the incidence of acute pancreatitis.”'" Unlike
our meta-analysis, these works assessed different GLP-1RAs
(exendin-4-based drugs and human GLP-1 analogues) and
focused on studies that had included patients with T2DM.
It is important to note that our meta-analysis analysed
different therapeutic regimens of semaglutide, including
different routes of administration and doses. While sub-
cutaneous semaglutide, administered as a once-weekly
injection, was the first format available for clinical use,
recently, semaglutide has been developed into an oral
formulation utilising innovative technology.”? The pharma-
cokinetic and pharmacodynamic distinctions between these
formulations may lead to differences in the incidence of
adverse events, including acute pancreatitis.* Additionally,
the inclusion of studies evaluating patients with or without
diabetes is noteworthy, as the association between the use
of the drug and the occurrence of acute pancreatitis could
vary. Our study’s stratified analysis according to the differ-
ent therapeutic schemes essentially divided the population
based on T2DM status, finding no differences in the results.

Finally, common biochemical markers used for the
diagnosis of acute pancreatitis in clinical practice include
serum amylase and lipase.’® Some authors have reported
that asymptomatic elevations of these biomarkers could
be observed after administering GLP-1RAs.’"2 This
“*subclinical’’ phenomenon is not necessarily associated
with a clinical pancreatic event. Such is the case of some
studies with liraglutide.>®>* In this case, liraglutide pro-
duced reversible increases in amylase/lipase activity that
did not predict the onset of acute pancreatitis. However,
more information is necessary to clarify this point.

This meta-analysis has some limitations. Firstly, there
was clinical heterogeneity due to the characteristics of the
populations and the different follow-up periods. However,
statistical heterogeneity was low, and the sensitivity anal-
ysis showed robust results. Secondly, the number of events
reported was very low. Furthermore, many studies did not
report cases of acute pancreatitis in any of the arms anal-
ysed. Finally, all studies excluded individuals with a history
of pancreatitis. The results could be different if we con-
sider real-life patients who do not meet the strict inclusion
criteria observed in clinical trials.

Conclusion

This updated meta-analysis of randomised clinical trials
demonstrated that the use of semaglutide in patients with

or without T2DM was not associated with an increased risk
of acute pancreatitis compared to placebo. In the strat-
ified analysis, the results were similar with the different
semaglutide regimens analysed.

Ethical approval

This article is based on previously conducted studies and
does not contain any studies with human participants or
animals performed by any of the authors.

Authors’ contributions

WM and LB participated in the conception and design of
the research. WM, LB and ALC participated in the data col-
lection. The interpretation of the data and the statistical
analysis was done by WM and ML. WM and JPN drafted the
manuscript. All authors performed a critical review of the
final document. All authors have read and agreed to the
published version of the manuscript.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest

WM, ALC and ML have served as a speaker for Novo Nordisk.
The rest of the authors have no conflicts to declare.

Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at doi:10.1016/j.
endinu.2024.01.001.

References

1. Parab P, Chaudhary P, Mukhtar S, Moradi A, Kodali A, Okoye C,
et al. Role of glucagon-like peptide-1 (GLP-1) receptor agonists
in cardiovascular risk management in patients with type 2 dia-
betes mellitus: a systematic review. Cureus. 2023;15:e45487,
http://dx.doi.org/10.7759/cureus.45487.

2. Guo X, Sang C, Tang R, Jiang C, Li S, Liu N, et al.
Effects of glucagon-like peptide-1 receptor agonists
on major coronary events in patients with type 2 dia-
betes. Diabetes Obes Metab. 2023;25 Suppl. 1:53-63,
http://dx.doi.org/10.1111/dom.15043.

3. Marx N, Federici M, Schitt K, Miller-Wieland D,
Ajjan RA, Antunes MJ, et al. 2023 ESC Guidelines
for the management of cardiovascular disease in
patients with diabetes. Eur Heart J. 2023;44:4043-140,
http://dx.doi.org/10.1093/eurheartj/ehad192.

4. Gouveri E, Popovic DS, Papanas N. Potential new
therapeutic implications of semaglutide: new colours
of the rainbow? Diabetes Ther. 2024;15:13-8,

http://dx.doi.org/10.1007/s13300-023-01506-1.
5. Amaro A, Sugimoto D, Wharton S. Efficacy and safety
of semaglutide for weight management: evidence from

130



Endocrinologia, Diabetes y Nutricion 71 (2024) 124-132

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Lincoff AM,

. Boxhoorn L,

the STEP program. Postgrad Med. 2022;134(sup1):5-17,
http://dx.doi.org/10.1080/00325481.2022.2147326.
Brown-Frandsen K, Colhoun HM, Dean-
field J, Emerson SS, Esbjerg S, et al. Semaglutide
and cardiovascular outcomes in obesity with-
out diabetes. N Engl J Med. 2023;389:2221-32,
http://dx.doi.org/10.1056/NEJM0a2307563.

Voermans RP, Bouwense SA, Bruno
MJ, Verdonk RC, Boermeester MA, et al.
Acute pancreatitis. Lancet. 2020;396:726-34,
http://dx.doi.org/10.1016/50140-6736(20)31310-6.

. Olson E, Perelman A, Birk JW. Acute management of pancreati-

tis: the key to best outcomes. Postgrad Med J. 2019;95:328-33,
http://dx.doi.org/10.1136/postgradmedj-2018-136034.

. Monami M, Dicembrini I, Nardini C, Fiordelli I, Man-
nucci E. Glucagon-like peptide-1 receptor agonists
and pancreatitis: a meta-analysis of randomized clin-
ical trials. Diabetes Res Clin Pract. 2014;103:269-75,
http://dx.doi.org/10.1016/j.diabres.2014.01.010.

Smits MM, Van Raalte DH. Safety of semaglu-
tide. Front Endocrinol (Lausanne). 2021;12:645563,

http://dx.doi.org/10.3389/fendo.2021.645563.

Nreu B, Dicembrini I, Tinti F, Mannucci E, Monami M.
Pancreatitis and pancreatic cancer in patients with type
2 diabetes treated with glucagon-like peptide-1 receptor
agonists: an updated meta-analysis of randomized con-
trolled trials. Minerva Endocrinol (Torino). 2023;48:206-13,
http://dx.doi.org/10.23736/52724-6507.20.03219-8.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hofmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71,
http://dx.doi.org/10.1136/bmj.n7.

Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe
NS, Boutron I, et al. RoB 2: a revised tool for assess-
ing risk of bias in randomised trials. BMJ. 2019;28:14898,
http://dx.doi.org/10.1136/bmj.l4898.

Viechtbauer W. Conducting meta-analyses in R with
the metaphor package. J Stat Soft. 2010;36:1-48,
http://dx.doi.org/10.18637/jss.v036.i03.

Aroda VR, Rosenstock J, Terauchi Y, Altuntas Y, Lalic NM, Morales
Villegas EC, et al. PIONEER 1: randomized clinical trial of the
efficacy and safety of oral semaglutide monotherapy in com-
parison with placebo in patients with type 2 diabetes. Diabetes
Care. 2019;42:1724-32, http://dx.doi.org/10.2337/dc19-0749.
Pratley R, Amod A, Hoff ST, Kadowaki T, Lingvay |, Nauck
M, et al. Oral semaglutide versus subcutaneous liraglutide
and placebo in type 2 diabetes (PIONEER 4): a ran-
domised, double-blind, phase 3a trial. Lancet. 2019;394:39-50,
http://dx.doi.org/10.1016/50140-6736(19)31271-1.

Mosenzon O, Blicher TM, Rosenlund S, Eriksson JW, Heller
S, Hels OH, et al. Efficacy and safety of oral semaglu-
tide in patients with type 2 diabetes and moderate renal
impairment (PIONEER 5): a placebo-controlled, randomised,
phase 3a trial. Lancet Diabetes Endocrinol. 2019;7:515-27,
http://dx.doi.org/10.1016/52213-8587(19)30192-5.

Husain M, Birkenfeld AL, Donsmark M, Dungan K, Eliasche-
witz FG, Franco DR, et al. Oral semaglutide and cardiovascular
outcomes in patients with type 2 diabetes. N Engl J Med.
2019;38:841-51, http://dx.doi.org/10.1056/NEJMoa1901118.
Zinman B, Aroda VR, Buse JB, Cariou B, Harris SB, Hoff ST,
et al. Efficacy, safety, and tolerability of oral semaglutide ver-
sus placebo added to insulin with or without metformin in
patients with type 2 diabetes: the PIONEER 8 Trial. Diabetes
Care. 2019;42:2262-71, http://dx.doi.org/10.2337/dc19-0898.
Yamada Y, Katagiri H, Hamamoto Y, Deenadayalan S, Navarria
A, Nishijima K, et al. Dose-response, efficacy, and safety of
oral semaglutide monotherapy in Japanese patients with type
2 diabetes (PIONEER 9): a 52-week, phase 2/3a, randomised,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

131

controlled trial. Lancet Diabetes Endocrinol. 2020;8:377-91,
http://dx.doi.org/10.1016/52213-8587(20)30075-9.

Knop FK, Aroda VR, do Vale RD, Holst-Hansen T,
Laursen PN, Rosenstock J, et al. Oral semaglutide
50mg taken once per day in adults with overweight or
obesity (OASIS 1): a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet. 2023;402:705-19,
http://dx.doi.org/10.1016/50140-6736(23)01185-6.

Davies M, Pieber TR, Hartoft-Nielsen ML, Hansen OKH,
Jabbour S, Rosenstock J. Effect of oral semaglutide
compared with placebo and subcutaneous semaglutide
on glycemic control in patients with type 2 diabetes:
a randomized clinical trial. JAMA. 2017;318:1460-70,
http://dx.doi.org/10.1001/jama.2017.14752.

Sorli C, Harashima SI, Tsoukas GM, Unger J, Karsbgl
JD, Hansen T, et al. Efficacy and safety of once-weekly
semaglutide monotherapy versus placebo in patients with
type 2 diabetes (SUSTAIN 1): a double-blind, randomised,
placebo-controlled, parallel-group, multinational, multicentre
phase 3a trial. Lancet Diabetes Endocrinol. 2017;5:251-60,
http://dx.doi.org/10.1016/52213-8587(17)30013-X.

Rodbard HW, Lingvay |, Reed J, de la Rosa R, Rose L,
Sugimoto D, et al. Semaglutide added to basal insulin
in type 2 diabetes (SUSTAIN 5): a randomized, con-
trolled trial. J Clin Endocrinol Metab. 2018;103:2291-301,
http://dx.doi.org/10.1210/jc.2018-00070.

Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E,
Leiter LA, et al. Semaglutide and cardiovascular outcomes in
patients with type 2 diabetes. N Engl J Med. 2016;375:1834-44,
http://dx.doi.org/10.1056/NEJMoa1607141.

Zinman B, Bhosekar V, Busch R, Holst I, Ludvik B, Thielke D,
et al. Semaglutide once weekly as add-on to SGLT-2 inhibitor
therapy in type 2 diabetes (SUSTAIN 9): a randomised, placebo-
controlled trial. Lancet Diabetes Endocrinol. 2019;7:356-67,
http://dx.doi.org/10.1016/52213-8587(19)30066-X.

Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal
LF, Lingvay I, et al. Once-weekly semaglutide in adults with
overweight or obesity. N Engl J Med. 2021;384:989-1002,
http://dx.doi.org/10.1056/NEJM0a2032183.

Davies M, Faerch L, Jeppesen OK, Pakseresht A, Peder-
sen SD, Perreault L, et al. Semaglutide 2.4mg once a
week in adults with overweight or obesity, and type 2 dia-
betes (STEP 2): a randomised, double-blind, double-dummy,
placebo-controlled, phase 3 trial. Lancet. 2021;397:971-84,
http://dx.doi.org/10.1016/50140-6736(21)00213-0.

Wadden TA, Bailey TS, Billings LK, Davies M, Frias JP,
Koroleva A, et al. Effect of subcutaneous semaglutide vs
placebo as an adjunct to intensive behavioral therapy on
body weight in adults with overweight or obesity: the
STEP 3 randomized clinical trial. JAMA. 2021;325:1403-13,
http://dx.doi.org/10.1001/jama.2021.1831.

Rubino D, Abrahamsson N, Davies M, Hesse D, Green-
way FL, Jensen C, et al. Effect of continued weekly
subcutaneous semaglutide vs placebo on weight loss
maintenance in adults with overweight or obesity: the
STEP 4 randomized clinical trial. JAMA. 2021;325:1414-25,
http://dx.doi.org/10.1001/jama.2021.3224.

Garvey WT, Batterham RL, Bhatta M, Buscemi S,
Christensen LN, Frias JP, et al. Two-year effects
of semaglutide in adults with overweight or obe-
sity: the STEP 5 trial. Nat Med. 2022;28:2083-91,
http://dx.doi.org/10.1038/s41591-022-02026-4.

Kadowaki T, Isendahl J, Khalid U, Lee SY, Nishida T,
Ogawa W, et al. Semaglutide once a week in adults with
overweight or obesity, with or without type 2 diabetes
in an east Asian population (STEP 6): a randomised,



W. Masson, M. Lobo, L. Barbagelata et al.

33.

34.

35.

36.

37.

38.

39.

40.

141.

42.

43.

double-blind, double-dummy, placebo-controlled, phase
3a trial. Lancet Diabetes Endocrinol. 2022;10:193-206,
http://dx.doi.org/10.1016/52213-8587(22)00008-0.

Kosiborod MN, Abildstrem SZ, Borlaug BA, Butler J, Ras-
mussen S, Davies M, et al. Semaglutide in patients
with heart failure with preserved ejection frac-
tion and obesity. N Engl J Med. 2023;389:1069-84,

http://dx.doi.org/10.1056/NEJM0a2306963.

Weghuber D, Barrett T, Barrientos-Pérez M, Gies |, Hesse
D, Jeppesen OK, et al. Once-weekly semaglutide in ado-
lescents with obesity. N Engl J Med. 2022;387:2245-57,
http://dx.doi.org/10.1056/NEJM0a2208601.

Bettge K, Kahle M, Abd El Aziz MS, Meier JJ, Nauck
MA. Occurrence of nausea, vomiting and diarrhoea reported
as adverse events in clinical trials studying glucagon-like
peptide-1 receptor agonists: a systematic analysis of pub-
lished clinical trials. Diabetes Obes Metab. 2017;19:336-47,
http://dx.doi.org/10.1111/dom.12824.

Jones MR, Hall OM, Kaye AM, Kaye AD. Drug-induced acute pan-
creatitis: a review. Ochsner J. 2015;15:45-51.

He L, Wang J, Ping F, Yang N, Huang J, Li Y, et al.
Association of glucagon-like peptide-1 receptor ago-
nist use with risk of gallbladder and biliary diseases:
a systematic review and meta-analysis of random-
ized clinical trials. JAMA Intern Med. 2022;182:513-9,
http://dx.doi.org/10.1001/jamainternmed.2022.0338.
Nachnani JS, Bulchandani DG, Nookala A, Herndon B, Molteni A,
Pandya P, et al. Biochemical and histological effects of exendin-
4 (exenatide) on the rat pancreas. Diabetologia. 2010;53:153-9,
http://dx.doi.org/10.1007/s00125-009-1515-4.

Elashoff M, Matveyenko AV, Gier B, Elashoff R, Butler PC. Pan-
creatitis, pancreatic, and thyroid cancer with glucagon-like
peptide-1-based therapies. Gastroenterology. 2011;141:150-6,
http://dx.doi.org/10.1053/j.gastro.2011.02.018.

Dore DD, Bloomgren GL, Wenten M, Hoffman C, Clifford CR,
Quinn SG, et al. A cohort study of acute pancreatitis in rela-
tion to exenatide use. Diabetes Obes Metab. 2011;13:559-66,
http://dx.doi.org/10.1111/j.1463-1326.2011.01376.x.

Garg R, Chen W, Pendergrass M. Acute pancreatitis in type
2 diabetes treated with exenatide or sitagliptin: a retrospec-
tive observational pharmacy claims analysis. Diabetes Care.
2010;33:2349-54, http://dx.doi.org/10.2337/dc10-0482.
Giorda CB, Picariello R, Nada E, Tartaglino B, Marafetti
L, Costa G, et al. Incretin therapies and risk of hos-
pital admission for acute pancreatitis in an unselected
population of European patients with type 2 diabetes: a
case-control study. Lancet Diabetes Endocrinol. 2014;2:111-5,
http://dx.doi.org/10.1016/52213-8587(13)70147-5.

Singh S, Chang H-Y, Richards TM, Weiner JP, Clark
JM, Segal JB. Glucagonlike peptide 1-based therapies
and risk of hospitalization for acute pancreatitis in
type 2 diabetes mellitus: a population-based matched
case-control study. JAMA Intern Med. 2013;173:534-9,
http://dx.doi.org/10.1001/jamainternmed.2013.2720.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

132

Gumbs AA. Obesity, pancreatitis, and pan-
creatic cancer. Obes Surg. 2008;18:1183-7,
http://dx.doi.org/10.1007/s11695-008-9599-3.

Cho IR, Han KD, Lee SH, Choi YH, Chung KH, Choi JH, et al. Asso-
ciation between glycemic status and the risk of acute pancreati-
tis: a nationwide population-based study. Diabetol Metab Syndr.
2023;15:104, http://dx.doi.org/10.1186/s13098-023-01086-x.
Cao C, Yang S, Zhou Z. GLP-1 receptor agonists and pancre-
atic safety concerns in type 2 diabetic patients: data from
cardiovascular outcome trials. Endocrine. 2020;68:518-25,
http://dx.doi.org/10.1007/s12020-020-02223-6.

Sliwinska-Mosson M,  Bil-Lula I, Marek G. The
cause and effect relationship of diabetes after
acute pancreatitis. Biomedicines. 2023;11:667,
http://dx.doi.org/10.3390/biomedicines11030667.

Cowart K. Oral semaglutide: first-in-class oral GLP-1
receptor agonist for the treatment of type 2 dia-
betes mellitus. Ann  Pharmacother.  2020;54:478-85,

http://dx.doi.org/10.1177/1060028019889064.

Clements JN, lIsaacs D, Hartman RE, Gambill K. Pharma-
cokinetics and clinical implications of oral semaglutide for
type 2 diabetes mellitus. Clin Pharmacokinet. 2021;60:153-63,
http://dx.doi.org/10.1007/s40262-020-00951-6.

Hu JX, Zhao CF, Wang SL, Tu XY, Huang WB, Chen
JN, et al. Acute pancreatitiss a review of diagno-
sis, severity prediction and prognosis assessment from
imaging technology, scoring system and artificial intel-
ligence. World J Gastroenterol. 2023;29:5268-91,
http://dx.doi.org/10.3748/wjg.v29.i37.5268.

Lando HM, Alattar M, Dua AP. Elevated amylase and
lipase levels in patients using glucagonlike peptide-1
receptor agonists or dipeptidyl-peptidase-4 inhibitors
in the outpatient setting. Endocr Pract. 2012;18:472-7,
http://dx.doi.org/10.4158/EP11290.0R.

Smits MM, Tonneijck L, Muskiet MHA, Diamant M, Kramer
MHH, Cahen DL, et al. Acute plasma amylase increase after
glucagon-like peptide-1 receptor agonist exenatide adminis-
tration in type 2 diabetes. Diabetes Med. 2017;34:591-2,
http://dx.doi.org/10.1111/dme.13160.

Steinberg WM, Buse JB, Ghorbani MLM, @rsted DD, Nauck
MA. Amylase, lipase, and acute pancreatitis in people with
type 2 diabetes treated with liraglutide: results from the
LEADER randomized trial. Diabetes Care. 2017;40:966-72,
http://dx.doi.org/10.2337/dc16-2747.

Steinberg WM, Rosenstock J, Wadden TA, Donsmark M,
Jensen CB, DeVries JH. Impact of liraglutide on amylase,
lipase, and acute pancreatitis in participants with over-
weight/obesity and normoglycemia, prediabetes, or type 2
diabetes: secondary analyses of pooled data from the SCALE
Clinical Development Program. Diabetes Care. 2017;40:839-48,
http://dx.doi.org/10.2337/dc16-2684.



	Outline placeholder
	Déclaration de liens d'intérêts


