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Introduction: Concerns have been raised that glucagon-like peptide 1 receptor agonists (GLP1-RAs) may
increase the risk of thyroid cancer, but evidence remains conflicting. We therefore investigated if GLP1-RA use,
compared with use of dipeptidyl peptidase-4 inhibitors (DPP-4is), was associated with thyroid cancer risk in
patients with type 2 diabetes.

Methods: This multisite cohort study with subsequent meta-analysis included six population-based databases
from Canada (Ontario), Denmark, Norway, South Korea, Sweden, and Taiwan. Study populations comprised
patients with type 2 diabetes between 2007 and 2023. Cox regression models estimated hazard ratios (HR) and
95% confidence intervals (Cls) for thyroid cancer among GLP1-RA users compared with DPP-4is. Models were
weighted using standardized mortality ratio weights generated from time-specific propensity scores. Site-
specific HRs were pooled using a fixed-effects model.

Results: We identified 98,147 users of GLP1-RA and 2,488,303 users of DPP-4i, with the median follow-up
among users of GLP1-RA ranging from 1.8 to 3.0 years. Overall, use of GLP1-RA relative to use of DPP-4i was
not associated with an increased risk of thyroid cancer (pooled weighted HR 0.81, CI 0.59-1.12). Similarly, we
observed no increased risk in thyroid cancer with increasing cumulative dose of GLP1-RA among GLP1-RA
ever-users. Subgroup analysis of types of thyroid cancer was not possible. Results remained consistent across a
range of supplementary analyses.
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Discussion: In this large multisite study, utilizing data from six population-based databases, we found no evi-
dence that GLP1-RA use is associated with an increased risk of thyroid cancer with follow-up ranging from 1.8
to 3.0 years, providing some reassurance to patients and clinicians about the short-term safety of these drugs.
Nevertheless, evidence was insufficient to rule out excess risk with long-term use, due to the short follow-up.
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Introduction

lucagon-like peptide 1 receptor agonists (GLP1-RAs)
are a class of incretin-based glucose-lowering medica-

tions,! commonly used treatments for type 2 diabetes due to
their favorable cardiovascular, weight and blood glucose out-
comes.>* Recently, two GLP1-RAs (liraglutide and sema-
glutide) have been shown to be highly effective in the
management of obesity.“’5 However, concerns have been
raised that GLP1-RAs may increase the risk of thyroid
cancer.®

The hypothesis that GLP1-RAs may increase the risk of
thyroid cancer is biologically plausible. Glucagon-like pep-
tide 1 receptors are more prominently expressed in papillary
thyroid cancer cells than in normal thyroid cells.””® Further-
more, preclinical studies have demonstrated an excess in
C-cell thyroid malignancies in rodents.”'® However, the
relevance to humans is undetermined.®!! Several observatio-
nal studies have evaluated this association, reporting con-
flicting findings. A recent study reported that GLP1-RA
users were at increased risk of thyroid cancer (hazard ratio
[HR] 1.46, 95% confidence interval [CI] 1.23-1.74) com-
pared with nonusers.® However, the association between
GLPI-RA and thyroid cancer at low levels of exposure
(=1 year use) indicates the potential for residual confound-
ing. Other observational studies have reported null associa-
tions with GLP1-RA and thyroid cancer risk.'>!? Further, in
long-term evaluations of randomized trial participants, there
was no indication of increase in biomarkers for thyroid can-
cer or thyroid cancer among GLP1-RA users.'*!> In con-
trast, meta-analyses of randomized trials report elevated
odds ratios for thyroid cancer with GLP1-RA.'6-1°

In light of the conflicting evidence and owing to increas-
ing trends in GLPI-RA use,®® we aimed to evaluate if
GLPI-RAs used to treat type 2 diabetes are associated with
an increased risk of thyroid cancer across six international
sites, with a specific focus on cumulative dose.

Methods
Data sources

This international cohort study utilized a common proto-
col approach to examine the risk of thyroid cancer with
GLP1-RA use utilizing databases from Canada, Denmark,
Norway, South Korea, Sweden, and Taiwan. We included
data between 2019 and 2022 in Canada, 2007 and 2023 in
Denmark, 2009 and 2022 in Norway, 2010 and 2022 in
South Korea, 2010 and 2022 in Sweden, and 2014 and
2020 in Taiwan. Supplementary Table S1 in Supplementary
Data provides further details on data sources.

Study cohorts

Within each database, we conducted a cohort study where
patients initiating GLP1-RAs were compared with patients
initiating dipeptidyl peptidase 4 inhibitors (DPP-4is).
Patients initiating these drugs were eligible for inclusion if
they were aged 40 years or older (=66 years and =60 years in
Canada and Sweden, respectively), filled a prescription for
metformin in the year prior to cohort entry and had a mini-
mum of 5 years of medical information in their respective
data source (minimum 1 year in Canada and Norway) to
serve as minimum wash out period to ensure that patients
had not used either drug class at any time before cohort
entry. DPP-4is were chosen as the main active comparator as
they are a clinically relevant alternative to GLP1-RAs.%2!

Cohort entry was defined as the date of dispensing of a
first prescription of either GLP1-RA or DPP-4i, with follow-
up beginning 1 year after cohort entry to allow for a latency
time window and to reduce reverse causality and detection
bias.?2 We excluded patients with a history of cancer (except
nonmelanoma skin cancer) partly to ensure that the cancer of
interest was not an incorrectly diagnosed primary tumor or
metastasis from an earlier tumor and partly because cancer
treatments may increase the risk of subsequent cancers. We
also excluded patients with a history of multiple endocrine
neoplasia (not available in Norway), therapeutic radiation
(not available in Norway or Sweden), those previously
treated with radioiodine, or those who initiated a GLP1-RA
and DPP-4i on the same day (to prevent misclassification
bias). Finally, as the main analysis utilized an active compar-
ator new user design, those prescribed either one of the study
drugs of interest at any time before cohort entry were
excluded. In Canada, the active comparator new user design
could not be implemented, therefore, Canada only contrib-
uted to supplementary analysis 8 (see below). For defini-
tions, see Supplementary Table S2 in Supplementary Data.

All patients were followed starting 1 year after cohort
entry and followed until a first-ever diagnosis of thyroid can-
cer, death from any cause, emigration, 10 years after treat-
ment initiation, or the end of the study period, whichever
occurred first. We chose an intention-to-treat approach
whereby patients were considered continuously exposed to
their cohort entry drug until the end of follow-up, irrespec-
tive of treatment switching or discontinuation. Ethical review
or approval for the use of each data source followed local
governing bodies in each country. For further information on
site-specific ethical review, see Supplementary Data.

Outcome definition

The primary outcome was incident thyroid cancer diagno-
sis. In Canada, Denmark, Norway, and Sweden, incident thy-
roid cancer was identified from their respective Cancer



GLUCAGON-LIKE PEPTIDE 1 RECEPTOR AGONISTS AND RISK OF THYROID CANCER 3

Registries. In addition, thyroid cancer diagnoses were identi-
fied from inpatient and outpatient records from the Patient
Registries during 2023 in Denmark and during 2022 in Swe-
den (where cancer registry data was not yet available). In
South Korea and Taiwan, incident thyroid cancer diagnoses
were defined from either an inpatient or outpatient diagnosis
during the follow-up period. See Supplementary Table S2 in
Supplementary Data for definitions.

Confounder adjustment

We considered the following potential confounders, all
measured on or before cohort entry: age, sex, diabetic
nephropathy, diabetic retinopathy, diabetic neuropathy,
peripheral arterial disease, chronic kidney disease, heart fail-
ure, myocardial infarction, ischemic heart disease, cerebro-
vascular disease, overweight or obesity, goiter (not available
in Norway), hypothyroidism, hyperthyroidism (not available
in Norway), thyroiditis (not available in Norway), preg-
nancy (not available in Norway), duration of treated diabe-
tes, Charlson comorbidity index, income and education
level (only available in Norway), markers of smoking,
markers of alcoholism, and prescriptions for insulin, other
glucose-lowering drugs, thyroid hormones, antithyroid med-
ications (not available in Norway), lipid modifying drugs,
antihypertensives, and antiplatelets (for definitions, see Sup-
plementary Table S3 in Supplementary Data).

Statistical analysis

We used calendar time-specific (one-year intervals) pro-
pensity scores to reweigh our study population and account
for differences in the baseline characteristics between GLP1-
RA and DPP-4i cohorts.?>?* Propensity scores were esti-
mated using multivariable logistic regression as the predicted
probability of receiving a GLP1-RA versus a DPP-4i condi-
tional on the covariates listed above. Calendar-time-specific
propensity scores were selected to account for the temporal
changes in utilization patterns for glucose-lowering medica-
tions and changes in thyroid cancer incidence during the
study period.?%-2*-26 Following propensity score estimation,
individuals were weighted on the propensity score using
standardized mortality ratio (SMR) weights.?” Covariate bal-
ance was both assessed prior to and postweighting using
standardized mean differences with differences less than
0.10 indicating good balance.?®

Using a Cox proportional hazards model, we calculated a
weighted HR with 95% CI (robust variance estimator) to
assess the association between GLP1-RA use (relative to
DPP-4i use) and thyroid cancer. For the cumulative dose
analysis, follow-up time was split into either 60-day (Nor-
way), 90-day (Denmark), or 180-day (Sweden) time periods
and the cumulative defined daily dose for GLP1-RA in each
time period was calculated. Poisson regression was used to
estimate adjusted rate ratios. In the cumulative dose analysis,
we adjusted for a restricted number of covariates, including
age, sex, calendar time, obesity (Norway only) and markers
of diabetic severity (diabetic nephropathy [Norway only],
insulin and other glucose-lowering drugs; for definitions, see
Supplementary Table S3). Further elaboration of our analyti-
cal approach is provided in Supplementary Data.

Supplementary analyses

We performed the following supplementary analyses: (1)
examined associations for thyroid cancer with GLP1-RA use
within subgroups defined by sex and age (<70 years vs.
270 years); (2) changed the active comparator treatment to
initiators of other glucose-lowering therapies including (a)
sodium-glucose cotransporter 2 inhibitors (SGLT2i) and/or
(b) sulfonylureas (SUs); (3) excluded patients with a history
of thyroid-related disorders at baseline to reduce the risk of
confounding (Norway excluded); (4) restricted GLP1-RA
users to liraglutide only, that is, the earlier GLP1-RA with
longer follow-up available (South Korea and Taiwan
excluded); (5) examined associated for thyroid cancer by his-
tological type of thyroid cancer (medullary vs. nonmedul-
lary); (6) used a broader outcome definition by including
both malignant and in sifu thyroid cancer (South Korea and
Norway excluded); (7) excluded patients using insulin at
baseline to create a more homogenous study population (Tai-
wan excluded); (8) allowed GLP1-RA users with prior DPP-
4i use to enter the GLP1-RA cohort to utilize the full study
population (excluded in the main analysis); and (9) used an
SMR weighted piece-wise exponential model to estimate
time specific cumulative rate at 5 years and 10 years for risk
of thyroid cancer among GLP1-RA users (South Korea and
Taiwan excluded). Definitions are provided in Supplemen-
tary Table S4 in Supplementary Data.

Pooling site-specific estimates

HRs were pooled using a Mantel-Haenszel fixed-effects
model.?® A random-effects model was used with the Har-
tung—Knapp-Sidik—Jonkman estimator as a further analy-
sis.3% Heterogeneity was assessed using the /* statistic.3!

Study transparency®?

This study is registered in the Real-World Evidence Regis-
try (https://osf.io/rk3uj/) including the initial protocol (using
the HARPER template33) and subsequent amendments.
The analytical code for this study is available at https://
gitlab.sdu.dk/pharmacoepi/glp1-thyroid. The procedures for
accessing the databases utilized in the study can be found in
Supplementary Data. The article is aligned with guidance
from the reporting of studies conducted using observational
routinely collected health data for pharmacoepidemiology>*
and the Strengthening the reporting of observational stud-
ies in epidemiology (STROBE) statements>> (see Supple-
mentary Table S5 in Supplementary Data for STROBE
checklist).

Results

For the main analysis, 98,147 and 2,488,303 patients
newly treated with GLP1-RA and DPP-4i, respectively, met
the study inclusion criteria (database-specific flow charts are
presented in Supplementary Figs. S1, S2, S3, S4 and S5 in
Supplementary Data). Database-specific GLP1-RA cohorts
ranged from 4141 individuals in Taiwan to 45,534 individu-
als in Denmark and DPP-4i cohorts ranged from 65,757 indi-
viduals in Norway to 1,763,176 individuals in South Korea
(Supplementary Figs. S1, S2, S3, S4 and S5 in Supplementary
Data). After pooling, the GLP1-RA cohorts generated 67 inci-
dent thyroid cancer events during 362,436 person-years of
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follow-up. In the DPP-4i cohorts, there were 6209 incident
thyroid cancer events during 10,551,547 person-years of
follow-up. The median follow-up across the GLPI1-RA
cohorts ranged from 1.8 to 3.0 years. The median follow-
up across DPP-4i cohorts ranged from 2.8 to 6.8 years.
Before weighting, exposure groups were generally compa-
rable, although, GLP1-RA users had a longer duration of
treated diabetes than DPP-4i users, were more likely to use
insulin, were less likely to use other classes of glucose-
lowering medications, and were less likely to have a diagno-
sis of chronic kidney disease (Table 1). After weighting, all

BAXTER ET AL.

covariates were well balanced between exposure groups with
the standardized differences <0.10 (database-specific stand-
ardized differences are presented in Supplementary Tables
S6, S7, S8, S9 and S10 in Supplementary Data) (Table 1).
Compared with DPP-4i users, GLP1-RA users were not
associated with an increased risk of thyroid cancer (pooled
weighted HR 0.81, 95% CI 0.59-1.12) (Table 2). A total of
155,903 individuals contributed to the cumulative dose anal-
ysis (76,518 from Denmark, 38,444 from Norway and
40,941 from Sweden). When evaluating thyroid cancer risk
among GLP1-RA ever-users as a function of amount filled,

TABLE 1. POOLED® BASELINE CHARACTERISTICS OF GLUCAGON-LIKE PEPTIDE 1 RECEPTOR AGONISTS AND DIPEPTIDYL
PEPTIDASE 4 INHIBITORS

Before weighting After weighting

Characteristic GLPI-RA DPP-4i DPP-4i
Number of patients 98,147 2,488,303 99,870
Age, mean (SD) 62 (9.4) 63 (11.4) 62 (9.2)
Age categories

40-54 26,354 (27%) 652,130 (26%) 29,758 (30%)

55-69 49,582 (51%) 1,130,313 (45%) 47,728 (48%)

70+ 22,211 (23%) 705,860 (28%) 22,382 (22%)
Male sex 55,989 (57%) 1,137,595 (46%) 57,069 (57%)
Medical history

Diabetic nephropathy 3676 (3.7%) 179,518 (7.2%) 3821 (3.8%)

Diabetic retinopathy 7110 (7.2%) 123,179 (5.0%) 7142 (7.2%)

Diabetic neuropathy 3962 (4.0%) 230,180 (9.3%) 4006 (4.0%)

Peripheral arterial disease 2543 (2.6%) 32,776 (1.3%) 2581 (2.6%)

Chronic kidney disease 3830 (3.9%) 321,380 (13%) 3955 (4.0%)

Heart failure
Myocardial infarction
Ischemic heart disease
Cerebrovascular disease
Overweight or obesity
Goiter
Hypothyroidism
Hyperthyroidism
Thyroiditis

Pregnancy

Markers of smoking
Markers of alcoholism

Duration of treated diabetes (years)
<1
12
34
>5

Charlson comorbidity index
0
12
>3

Prescriptions
Insulin
Other antidiabetic drugs
Thyroid hormones
Antithyroid medications
Lipid modifying agents
Antihypertensives
Antiplatelets

5180 (5.3%)
4078 (4.2%)
12,708 (13%)
5103 (5.2%)
14,351 (15%)
1090 (1.1%)
2492 (2.5%)
814 (0.83%)
234 (0.24%)
598 (0.61%)
29,681 (30%)
2057 (2.1%)

15,099 (15%)
14,839 (15%)
13,292 (14%)
54,917 (56%)

65,087 (66%)
24,078 (25%)
8982 (9.2%)

32,460 (33%)
31,388 (32%)
7712 (7.9%)
628 (0.64%)
76,544 (78%)
79,560 (81%)
40,034 (41%)

111,138 (4.5%)
118,237 (4.8%)
178,092 (7.2%)
313,972 (13%)
240,797 (9.7%)
80,691 (3.2%)
84,235 (3.4%)
44,072 (1.8%)
25,760 (1.0%)

8924 (0.36%)

698,801 (28%)
30,800 (1.2%)

763,317 (31%)
316,808 (13%)
327,221 (13%)
1,080,957 (43%)

550,770 (22%)
1,002,688 (40%)
934,845 (38%)

415,481 (17%)
1,690,498 (68%)
67,844 (2.7%)

21,648 (0.87%)

1,555,177 (62%)
1,720,208 (69%)
994,459 (40%)

5380 (5.4%)
4133 (4.1%)
13,079 (13%)
524 (5.3%)
15,581 (16%)
1105 (1.1%)
2633 (2.6%)
778 (0.78%)
237 (0.24%)
725 (0.73%)
30,622 (31%)
2234 (2.2%)

15,007 (15%)
14,677 (15%)
14,517 (15%)
55,670 (56%)

66,732 (67%)
23,829 (24%)
9309 (9.3%)

33,729 (34%)
32,742 (33%)
7885 (7.9%)
596 (0.60%)
77,835 (78%)
80,800 (81%)
40,552 (41%)

Before weighting: counts (percentages) unless otherwise stated; after weighting: counts, rounded to the nearest whole number (percen-

tages), unless otherwise stated.

“Pseudopopulation created by applying standardized mortality ratio weights from calendar time-specific propensity scores.
DPP-4is, dipeptidyl peptidase 4 inhibitors; GLP1-RA, glucagon-like peptide 1 receptor agonists; SD, standard deviation.
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FIG. 1.

Pooled rate ratio of thyroid cancer as function of the cumulative amount of GLP1-RA filled (measured in

DDDs) modeled using restricted cubic splines among GLP1-RA ever users. DDD, daily defined dose; GLP1-RA, gluca-

gon-like peptide 1 receptor agonists.

detect outcomes such as thyroid cancer. Some observational
studies also reported elevated estimates. A generally well-
designed study reported an increase in risk in thyroid cancer
among GLP1-RA users (HR 1.46, 95% CI 1.23-1.74) when
compared with use of other glucose-lowering agents.® Simi-
lar results were also obtained when use of other glucose-
lowering agents were used as comparators in a cohort study
utilizing two U.S. databases.® Using “other glucose-
lowering agents” as comparators has the potential to

Analysis HR (95% CI) I
Main 0.81 (0.59;1.12) 36
Age

<70 0.84 (0.58:1.21) 30

=70 0.79 (0.41;1.52) 46
Sex

Male 1320752300 71

Female 0.62 (0.47.082) 17
Type of GLP-1IRA

Liraglutide 101 (0.65;1.539) 67
Type of thyroid cancer

Medullary NA

Non-medullary 1.00 (0.60;1.67) 68
Sensitivity analyses

No thyroid disorders 0.80 (0.351.16) 32

GLP-1RA with previous DPP-41 use 1.08 (0.76;1.53) 13
No insulin 102 (0.641.63) 0
Outcome includes in situ cancer 0.73 (0.47;1.13) 0
Comparator

SGLT-2i 108(0.83140) O
Sulfonvlurea 1.80 (1.28;2.52) 0

introduce heterogeneity into the cohort as exposure groups
may be misaligned in important baseline characteristics,
potentially introducing bias.

Our findings are consistent with recently published obser-
vational research that used robust methodologies such as the
active comparator new-user design. A Scandinavian study
that utilized DPP-4i as the active comparator reported an HR
of 0.93 (95% CI 0.66-1.31) and an HR of 1.16 (95% CI 0.65—
2.05) when SGLT2is were used as the active comparator.'3
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FIG. 2. Forest plot summarizing the results of the pooled primary and supplementary analyses, with HRs and 95% ClIs for
the association between the use of GLP1-RAs vs. DPP-4is. CI, confidence interval; DPP-4is, dipeptidyl peptidase 4 inhibitors;
GLPI-RA, glucagon-like peptide 1 receptor agonists; HR, hazard ratio; SGLT-2i: sodium-glucose cotransporter 2 inhibitor.
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Similarly, a South Korean study that utilized SGLT2i as
the active comparator, demonstrated that GLP1-RAs were
not associated with increased risk of thyroid cancer (HR
0.98, 95% CI 0.62—1.53).'2 Our study supports this grow-
ing evidence based on the short-term safety of GLP1-RA
in relation to thyroid cancer risk.

Supplementary analyses generally remained consistent
with the main analysis. However, in females we observed a
significantly lower risk for thyroid cancer among GLP1-RA
users compared with DPP-4i. Although a higher risk of thy-
roid cancer among female GLP1-RA users has previously
been observed, overall, evidence is lacking and additional
studies are required investigate this association.® Further-
more, we observed an elevated risk of thyroid cancer when
the comparator was changed to SUs (HR 1.80, 95%CI 1.28—
2.52). Clinicians may be less likely to prescribe SU’s to indi-
viduals who are overweight or obese due to the propensity
for weight gain with these drugs and may prefer alternatives
such as GLP1-RAs, which have beneficial weight loss
effects. Although we tried to adjust for obesity, it is likely
that many individuals were misclassified as not having obe-
sity as obesity was not well captured and recorded, as we
relied on a diagnosis of obesity to capture obesity, and we
had no information on weight. Therefore, individuals with
overweight or obesity are likely more prevalent in the
GLP1-RA cohort compared with the SU cohort. Prior
research has found a positive association between weight
and thyroid cancer risk.3” Therefore, as obesity is a risk fac-
tor for thyroid cancer, the imbalance in unmeasured obesity
among the GLP1-RA cohort potentially could introduce bias
that would drive the estimate towards increased risk.

Our study has several strengths. First, to our knowledge,
this is the largest study conducted in a diabetic population.
Our multisite approach enabled us to utilize data from six
different countries, increasing the generalizability of our
results. Our standardized study design and analysis through
implementation of a common protocol reduced heterogene-
ity. Second, we only considered new users of either GLP1-
RAs or DPP-4is in the main analysis, thus eliminating the
biases associated with inclusion of prevalent users.’® Third,
we used DPP-4i users as the active comparator as they are
used at a similar stage of diabetes during the study period
and were introduced around a similar time to GLP1-RAs,
which likely reduced confounding by indication.>® Finally,
our results remained consistent across sites as well as across
several supplementary analyses.

Our study has limitations. First, GLP1-RAs are relatively
new drugs, limiting potential duration for follow-up. In our
study, the median duration of follow-up for the GLP1-RA
cohort ranged from 1.8 to 3.0 years and in the context of can-
cer latency this may be too short to investigate cancer risk.*°
However, the rationale of this current study was based on
findings of an increased risk of thyroid cancer even at low
levels of exposure,® therefore our study provides reassurance
on the short-term thyroid cancer risk with GLP1-RA use.
Second, due to the differences in availability of GLP1-RAs
across different countries, subgroup analyses on individual
agents were not permitted except for liraglutide. There may
be differences in thyroid cancer risk within the class of
GLP1-RAs and future work should endeavor to address this
area. Third, residual confounding from unmeasured or

unknown confounders (e.g., smoking, family history) as well
as imperfectly captured confounders (e.g., obesity, ionizing
radiation) is possible. As obesity increases the risk of thyroid
cancer, this may have resulted in residual confounding. In an
additional descriptive analysis of the AMORIS cohort*!' in
Sweden, we found that GLP1-RA users tended to have
slightly elevated body mass index (BMI) and HbAlc com-
pared with DPP-4i users (see Supplementary Table S19 in
Supplementary Data). We attempted to reduce the impact of
confounding by indication using an active comparator and
propensity score-weighted methods ensured balance in all
measured baseline confounders. Exposure to GLP1-RAs
resulted in a relatively low number of thyroid cancer events
(n = 67), limiting statistical power. A considerable number
of GLP1-RA users had prior DPP-4i use and were therefore
excluded from the main analysis, reducing the size of the
GLP1-RA cohort. An additional analysis was included to
address this and reassuringly results were consistent with the
main analysis. Finally, the risk of medullary thyroid cancer
among GLP1-RA users could not be examined due to the
low number of events.

In summary, the results of this large multinational cohort
study and meta-analysis suggest that patients with type 2 dia-
betes newly treated with GLP1-RA were not at an increased
risk of thyroid cancer compared with patients newly treated
with DPP-4is. This study provides reassurance on the short-
term safety of these drugs on thyroid cancer incidence, how-
ever, studies with longer follow-up are needed.
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