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Abstract

Objective: Between 2012 and 2017, the U.S. Food and Drug Administration (FDA) approved 10
antidiabetic indicated therapies. Due to the limited literature on voluntarily reported safety
outcomes for recently approved antidiabetic drugs, this study investigated adverse drug
reactions (ADRs] reported in the FDA Adverse Event Reporting System (FAERS).

Research Design and Methods: A disproportionality analysis of spontaneously reported
ADRs was conducted. FAERS reports from January 1, 2012 to March 31, 2022 were compiled,
allowing a 5-year buffer following drug approval in 2017. Reporting odds ratios were
calculated for the top 10 ADRs, comparing new diabetic agents to the other approved drugs in
their therapeutic class.

Results: 127,525 reports were identified for newly approved antidiabetic medications listed
as the primary suspect (PS). For sodium-glucose co-transporter-2 (SGLT-2) inhibitors,

the odds of blood glucose increased, nausea, and dizziness being reported was greater

for empagliflozin. Dapagliflozin was associated with greater reports of weight decreased.
Canagliflozin was found to have a disproportionally higher number of reports for diabetic
ketoacidosis, toe amputation, acute kidney injury, fungal infections, and osteomyelitis.
Assessing glucagon-like peptide-1 (GLP-1) receptor agonists, dulaglutide and semaglutide
were associated with greater reports of gastrointestinal adverse drug reactions. Exenatide
was disproportionally associated with injection site reactions and pancreatic carcinoma

reports.
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Results: We identified 127,525 adverse drug reaction reports for the newer approved
antidiabetic medications. For SGLT-2 inhibitors, empagliflozin was associated with
greater reports of blood glucose increase, nausea, and dizziness; weight decreased was
reported more often for dapagliflozin; and diabetic ketoacidosis, toe amputation, acute
kidney injury, fungal infections, and osteomyelitis were reported more commonly for
canagliflozin. Assessing GLP-1 receptor agonists, the odds of gastrointestinal adverse
drug reactions being reported was greater for dulaglutide and semaglutide. Exenatide
was disproportionally associated with injection site reactions and pancreatic carcinoma
reports.

Conclusion: Medication safety studies using a large publicly available dataset allows an
essential opportunity to evaluate the safety profile of antidiabetic drugs in the real-world
setting. Additional research is needed to determine if the reported safety concerns for

recently approved antidiabetic medications to determine causality.

Keywords: adverse drug reaction reporting systems, data mining, diabetes mellitus,
dipeptidyl-peptidase IV inhibitors, drug surveillance, drug-related side effects and adverse
reactions, glucagon-like peptide-1 receptor agonists, postmarketing, sodium-glucose

transporter 2 inhibitors, type 2
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Introduction

The 2020 Centers for Disease Control and
Prevention National Diabetes Statistics Report
estimates that 34.2 million people in the United
States population has diabetes.! Each year, an
estimated 1.5million Americans over 18years of
age are diagnosed with diabetes, still approxi-
mately 7.3million cases are undiagnosed.
Diabetes and related complications are the sev-
enth leading cause of death in the United States
representing significant mortality. In 2017, the
economic burden of diabetes totaled $327 billion
in direct and indirect costs. Current data shows
the economic impact and prevalence of diabetes
will continue to rise with a predicted 60.6 million
adults diagnosed with diabetes in the United
States by the year 2060.%3

Type 2 diabetes accounts for 90-95% of all dia-
betes cases in the United States. This unique
patient population faces a significant medication
burden in order to manage type 2 diabetes and its
comorbid conditions. At time of the diagnosis,
type 2 diabetes patients receive medications for
an average of five unique indications. Post diag-
nosis, the average number of disease states
patients receive medications for increases to
almost seven.’> With the use of many concomitant

drugs, potential risk of adverse drug reactions
(ADRYs) increases.® One study found that ADR
related hospital admission increased five-fold in
those treated with more than three drugs, and
nine-fold in those treated with more than 10.7 A
complete understanding of the safety profile of all
drugs used to treat type 2 diabetes patients is
essential for effective and safe care.

Between 2012 and 2017, the U.S. Food and Drug
Administration (FDA) approved 18 new agents for
the management and treatment of type 2 diabetes.
These approvals consisted of novel medication
classes, expansion of existing classes and combina-
tion products. Prior to market availability, the larg-
est scale safety evaluations for new drugs occurs in
Phase III clinical trials, with usual treatment popu-
lations limited to a few hundred to a few thousand
subjects for only the prespecified length of the
study. This is an insufficient sample size and dura-
tion-of-use to identify rare ADRs or comprehend
common events.® Through exclusion and inclu-
sion criteria, subjects in Phase III trials also fail to
reflect the diversity of the general population (e.g.,
demographics, comorbidities). Additionally, pre-
FDA approval trials do not compare the safety
profiles of the unique drugs within medication
classes. To overcome these gaps in knowledge,
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postmarking surveillance is commonly used to
identify safety signals and trends.8

One post-marketing surveillance tool available
to analyze the reporting of drugs and adverse
events is the FDA Adverse Event Reporting
System (FAERS).? FAERS is a public database
and reporting platform available for use by
healthcare professionals, consumers, and manu-
facturers. Its goal is to improve public health
through compiling and analyzing safety reports.
FAERS primarily serves the U.S. population,
however, anyone may report suspected ADRs in
FAERS with corresponding patient, medication,
and ADR information. This centralized data
source was used to extract a large cache of ADR
reports related to the numerous antidiabetic
agents approved in a 5-year timeframe. The pur-
pose of this study was to investigate ADRs
reported for recently approved antidiabetic med-
ications in FAERS.

Methods

Study design

A disproportionality analysis was completed to
examine voluntary ADR reporting trends for
recently FDA approved antidiabetic agents. This
study utilized de-identified public data and did
not require institutional review board approval.

Medication selection

To identify medications approved by the FDA
from 2012 to 2017, FDA.gov and Drugs.com
were searched.!%!! In addition to the aforemen-
tioned sources, UptoDate® and Mircomedex®
were utilized to determine each medication’s
approval year, generic and brand name, mecha-
nism of action, indication, and international
name(s).!%13 From this list, medications indi-
cated for the treatment of type 2 diabetes were
identified. A 5-year approval period between
2012 and 2017 was chosen to allow at least a
5-year buffer between the approval of the most
recently marketed antidiabetic drugs included in
this study and the reports submitted for these
newly marketed drugs. This meant reports for
the year 2022 were included in this study.
Insulin products were excluded due to newly
approved products largely being reformulations
of existing drugs, in addition to narrow the focus
of reported ADRs to the type two diabetes

patient population. Additionally, newly approved
combination products were excluded due to low
ADR reports after database standardization.
The 10 antidiabetic agents approved by the FDA
in the 5-year period include five glucagon-like
peptide-1 (GLP-1) agonists, four sodium-glu-
cose co-transporter-2 (SGLT2) inhibitors, and
one dipeptidyl peptidase-4 (DPP-4) inhibitor.
Since there were no comparators that met the
inclusion criteria for DPP-4 inhibitors, only
SGLT?2 inhibitors and GLP-1 agonists were
included in the analysis. The stepwise process of
identifying medications of interest for analysis is
displayed in Figure 1.

Standardization

FAERS data was downloaded from public FDA
website. Using the process described by Banda
et al.'* drugs, indications, reactions and outcomes
were standardized to Observational Health Data
Science and Informatics (OHDSI) Common
Data Model V5 Concepts. The mapping of
FAERS drug names into RxNorm standard code
ingredients and multi-ingredients was completed
using the OHDSI Usagi tool, the National Library
of Medicine’s Metamap program,!5:16 and man-
ual review. FAERS reported adverse events were
mapped to Medical Dictionary for Regulatory
Activities (MedDRA) by the FDA.

Data collection

FAERS reports from 2012 quarter 1 through 2022
quarter 2 containing the nine anti-diabetic medica-
tions of interest were compiled for analysis. The
analysis was limited to reports where one of the
nine anti-diabetic medications of interest was indi-
cated as the primary suspect (PS) medication for
causing the ADR. ADRs were reported out at the
MedDRA Preferred Term level. Clinically similar
ADRs were collapsed to the respective higher
MedDRA level code (Higher Level Term) to be
included in the statistical analysis. ADRs con-
densed to the Higher Level Term (HLT) group
included diabetic ketoacidosis and injection site.
Reports were further narrowed to a single entry to
exclude duplicates of the primary identification
number and case numbers. All ADRs listed in each
unique report were included in the analysis.
Duplicates for primary identification number and
case number were removed. Additional data col-
lected were patient age, sex, reporter country, and
reporter profession.
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Figure 1. Stepwise process of identifying antidiabetic medications approved between 2012 and 2017.
Data are number, n, of reports in FAERS unless otherwise specified.

aDPP-4 inhibitor excluded: Nesina (aloglitpin).

bGLP-1 receptor agonist excluded: Adylxin (lixisenatide injection).

¢SGLT-2 inhibitor excluded: Steglatro (ertugliflozin).
DPP-4, dipeptidyl peptidase-4; FAERS, FDA Adverse Event Rep
sodium-glucose co-transporter-2.

Statistical analysis

Patient demographics were analyzed using
descriptive statistics. Means and standard devia-
tions were reported for continuous variables and
frequencies were reported for categorical varia-
bles. New drugs were grouped by mechanism of
action in the following categories: GLP-1 recep-
tor agonist and SGLT-2 inhibitor. For each drug,
the frequency of all ADRs was evaluated from the
time of drug approval for a pre-specified duration
so each medication within a drug class would be
evaluated for the same time period post-approval
(Supplemental Table 1). The 10 most frequent
events for each drug within each grouping were
selected. Reporting odds ratios (RORs) were cal-
culated for the top 10 ADRs for each individual
drug and compared to all other drugs in the same
therapeutic drug class. ROR is a measure of
reporting disproportionality commonly used for
signal detection in pharmacovigilance studies.!7-18
The ROR was calculated based on the formula:
ROR = /41x700

n10xn01

for medications of interest, 701 =reports of ADR
not including the medications of interest,
nl0=reports without ADR for medications of

where n11=reports of ADR

orting System; GLP-1, glucagon-like peptide-1; SGLT-2,

interest, and 700 =reports including neither ADR
nor medications of interest.!® A ROR greater than
1.0 indicates a particular medication has a greater
odds of reporting that ADR relative to the other
drug class comparators as a whole.!”>18 The higher
the ROR, the stronger disproportionality in
reporting.!” A ROR is considered to be a signifi-
cant signal when the lower bounds of the 95%
confidence interval is greater than 1.0. To limit
false positive associations, RORs were calculated
only if the drug had at least 600 spontaneous case
reports mentioning the ADR.20 All analyses were
conducted using DBeaver v23.1. Additional fre-
quency counts were included to compare the pro-
portionality in reporting for adverse events for
males versus females, and subjects between 18
and 69years of age wversus 70years of age and
older.

Results

A total of 127,525 reports of interest were identi-
fied as having an antidiabetic drug of interest
listed as the PS within the database for the desig-
nated analysis times. Demographics for patients
are listed in Table 1, including reporter profes-
sions. Patients were more frequently female
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Table 1. Patient and reporter demographics in adverse events reports of newly approved anti-diabetic

medications.

Characteristic Total reports

Medication category?

SGLT-2 inhibitors GLP-1 receptor antagonists

Reports 127,525
Number of quarters analyzed
post-drug approval
Patient age? (n=130,640)
18-69 54,294
70+ 15,999
Other/Unknown 56,932
Patient sex® (n=130,640)
Male 54,996
Female 62,423
Other/Unknown 10,105
Reporter occupation? (n=125,558)
Consumer (CN] 72,215
Physician (MD/DO) 28,914
Occupational Therapist (OT) 8268
Pharmacist (PH]) 6036
Lawyer (LW) 767
Registered Nurse (RN) 23
Other/Unknown 6390

71,437 56,088
32 19
32,604 21,990
9744 6255
29,089 27,843
32,805 22,191
31,362 31,061
7269 2836
31,461 40,754
22,927 5987
6058 2210
4243 1793
186 581

3 20
3182 3208

aADR reports will not add up consistently to the total amount of reports due to FAERS not requiring all fields to be filled
out for reports. Data are number, n, and (%) of reports in FAERS unless otherwise specified.
ADR, adverse drug reaction; FAERS, FDA Adverse Event Reporting System; GLP-1, glucagon-Llike peptide-1; SGLT-2,

sodium-glucose co-transporter-2.

(47.8%), and between the ages of 18 and 69
(41.6%). Consumers were the most common
reporters with 57.5% of all reports for antidia-
betic agents, physicians were the next most fre-
quent with 23.0% of reports. The top 10 ADRs
for each newly approved anti-diabetic medication
can be found in Supplemental Table 2.

SGLT-2 inhibitors

SGLT-2 inhibitors identified for analysis in the
FAERS database were canagliflozin (n=25,957),
dapagliflozin (z=17,715), and empagliflozin

(n=28,266). ADRs for each drug were assessed
for the 32 quarters following each drug approval
date, respectively. ADRs occurring frequently for
each of these medications included diabetic
ketoacidosis, fungal infection, weight decreased,
and blood glucose increased (Table 2). The odds
of reporting blood glucose increased (1.19; 1.11—
1.27), dizziness (1.28; 1.18-1.38), and nausea
(1.32; 1.22-1.42) was disproportionally greater
for empagliflozin compared to other medications
within the drug class. Dapagliflozin was associated
with greater reports of weight decreased, although
this was not significant (1.074; 0.996-1.16).
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;SI:'l]e 2. Reporting odds ratios for adverse drug reactions of SGLT-2 inhibitors approved between 2012 and
ADR Medication Number of ADR reports ROR? 95% CI
Acute kidney injury Canagliflozin® 1837 3.43 3.18-3.71
Dapagliflozin 432 0.509 0.459-0.564
Empagliflozin 594 0.395 0.361-0.433
Blood glucose increased Canagliflozin 1103 0.799 0.744-0.858
Dapagliflozin 977 1.04 0.967-1.12
Empagliflozin® 1609 1.19 1.11-1.27
Diabetic ketoacidosis Canagliflozin® 3798 1.12 1.08-1.17
Dapagliflozin 2478 0.925 0.883-0.969
Empagliflozin 3910 0.949 0.911-0.989
Dizziness Canagliflozin 750 0.835 0.765-0.910
Dapagliflozin 579 0.900 0.819-0.988
Empagliflozin® 1107 1.28 1.18-1.38
Fungal infection Canagliflozin® 1403 1.20 1.13-1.29
Dapagliflozin 919 0.989 0.917-1.07
Empagliflozin 1280 0.839 0.783-0.899
Nausea Canagliflozin 816 0.743 0.684-0.806
Dapagliflozin 730 0.983 0.904-1.07
Empagliflozin® 1328 1.32 1.22-1.42
Osteomyelitis Canagliflozin® 1968 42.3 34.2-52.3
Dapagliflozin 28 0.0393 0.0271-0.0571
Empagliflozin 62 0.0467 0.0363-0.0601
Toe amputation Canagliflozin® 2018 22.7 19.4-26.5
Dapagliflozin 66 0.0886 0.0693-0.113
Empagliflozin 106 0.0764 0.0629-0.0929
Weight decreased Canagliflozin 1200 0.979 0.912-1.05
Dapagliflozin 949 1.074 0.996-1.16
Empagliflozin 1356 0.963 0.899-1.03
Urinary tract infection Canagliflozin® 935 1.20 1.11-1.30
Dapagliflozin 618 1.00 0.912-1.10
Empagliflozin 850 0.834 0.767-0.907

aReporting odds ratios are a comparison of each drug to all other drugs in the same therapeutic class for each ADR.
bLower 95% confidence interval >1.0.
ADR, adverse drug reaction; ROR, reporting odds ratio; SGLT-2, sodium-glucose co-transporter-2.
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Figure 2. Timeline of reports by quarter for SGLT2 inhibitors with new indication approval dates and warning

dates.
SGLT-2, sodium-glucose co-transporter-2.

Canagliflozin had several ADRs present in its top
10 most frequently reported events unique to the
medication such as toe amputation, osteomyelitis,
and acute kidney injury. Notably, canagliflozin
was found to have disproportionally greater RORs
for the previously listed ADRs (acute kidney injury
3.42; 3.18-3.71; osteomyelitis 42.2; 34.2-26.5;

toe amputation 22.7; 19.4-26.5), as well as fungal
infection (1.20; 1.13-1.29) and diabetic ketoaci-
dosis (1.12; 1.08-1.17). Refer to the Supplemental
Tables 3 and 4 for analysis by age and sex. A sum-
mary of reports by quarter for SGLT?2 inhibitors
with new indication approval dates and warning
dates is presented in Figure 2.
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Table 3. Reporting odds ratios for adverse drug reactions of GLP-1 receptor agonists approved between 2012
and 2017.
ADR Medication Number of ADR reports ROR? 95% ClI
Blood glucose increased Exenatide IR/ER®P 2040 1.09 1.03-1.15
Albiglutide 216 0.459 0.400-0.527
Dulaglutide® 2411 1.68 1.59-1.78
Semaglutide 1024 0.569 0.532-0.610
Constipation Exenatide IR/ER 337 0.574 0.508-0.648
Albiglutide 4 0.363 0.269-0.490
Dulaglutide 402 0.840 0.748-0.942
Semaglutide® 692 2.35 2.12-2.61
Decreased appetite Exenatide IR/ER 713 0.750 0.687-0.818
Albiglutide 82 0.390 0.312-0.485
Dulaglutide® 851 1.12 1.03-1.22
Semaglutide® 910 1.47 1.35-1.59
Diarrhea Exenatide IR/ER 697 0.436 0.402-0.474
Albiglutide 183 0.602 0.518-0.699
Dulaglutide® 1561 1.61 1.51-1.72
Semaglutide® 1316 1.44 1.34-1.54
Headache Exenatide IR/ER 429 0.697 0.624-0.779
Albiglutide 67 0.509 0.398-0.650
Dulaglutide 445 0.847 0.759-0.945
Semaglutide® 682 1.93 1.75-2.13
Injection site reaction Exenatide IR/ERP 4196 2.34 2.24-2.45
Albiglutide 14 0.144 0.119-0.174
Dulaglutide® 3174 1.56 1.49-1.64
Semaglutide 354 0.118 0.106-0.131
Nausea Exenatide IR/ER 1820 0.564 0.534-0.594
Albiglutide 338 0.514 0.460-0.574
Dulaglutide® 3270 1.61 1.54-1.68
Semaglutide® 2523 1.24 1.18-1.30
Pancreatic carcinoma Exenatide IR/ER®P 932 15.5 12.8-18.8
Albiglutide 2 0.0225 0.00561-0.0900

(Continued)
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Table 3. (Continued)

ADR Medication Number of ADR reports ROR? 95% CI
Dulaglutide 66 0.149 0.11632-0.192
Semaglutide 51 0.134 0.101-0.177

Vomiting Exenatide IR/ER 871 0.551 0.510-0.594
Albiglutide 137 0.425 0.358-0.504
Dulaglutide® 1496 1.40 1.31-1.50
Semaglutide® 1408 1.50 1.40-1.60

Weight decreased Exenatide IR/ERP 1792 1.81 1.70-1.93
Albiglutide 174 0.572 0.491-0.667
Dulaglutide 900 0.705 0.653-0.760
Semaglutide 880 0.807 0.747-0.871

aReporting odds ratios are a comparison of each drug to all other drugs in the same therapeutic class for each ADR.

b ower 95% confidence interval > 1.0.

ADR, adverse drug reaction; ROR, reporting odds ratio; SGLT-2, sodium-glucose co-transporter-2.

GLP-1 receptor agonists

GLP-1 receptor agonists identified for analysis in
the FAERS database were exenatide (n=16,159),
albiglutide (z=5011), dulaglutide (2=20,931),
and semaglutide (n=14,066). ADRs for each
drug were assessed for the 19 quarters following
each drug approval date, respectively. Frequent
ADRs identified in each GLP-1 receptor agonists
included nausea, vomiting, diarrhea, abdominal
pain, and injection site reactions shown in Table
3. In our analysis, dulaglutide and semaglutide
were associated with greater reports of gastroin-
testinal related ADRs including nausea (D: 1.61,
1.54-1.86; S: 1.24, 1.18-1.30), diarrhea (D:
1.61, 1.51-1.72; S: 1.44, 1.34-1.54), and vomit-
ing (D: 1.40, 1.31-1.50; S: 1.50, 1.40-1.60).
Nausea and vomiting were frequently reported
more often for females, while diarrohea was simi-
lar between the sexes (see Supplemental Table
5). Reporting frequencies for nausea, vomiting,
and diarrhea were not different between the com-
pared age groups (see Supplemental Table 6).
The odds of reporting blood glucose increased
was disproportionally greater for dulaglutide
compared to the other GLP-1 receptor agonist
medications (1.68; 1.59-1.78). Exenatide was
found to have disproportionally higher number of
reports for injection site reactions (2.34; 2.24—
2.45), decreased weight (1.81; 1.70-1.93), and

pancreatic  carcinoma  (15.5; 12.8-18.8).
Semaglutide additionally had a disproportion-
ately greater ROR for constipation compared to
other medications within the drug class (2.35;
1.35-1.59). Refer to the Supplemental Tables 5
and 6 for analysis by age and sex. A summary of
reports by quarter for GLP1 receptor agonists
with new indication approval dates and warning
dates is presented in Figure 3.

Discussion

This pharmacovigilance study provides unique
insight into voluntarily reported ADRs for newer
antidiabetic agents and an understanding of
events reported for different agents within the
same drug class. We offer a summary of reports
that are supportive of ADRs known to occur with
the use of SGLT-2 inhibitors such as diabetic
ketoacidosis, urinary tract infection (UTI), and
foot/toe amputation.2-23 Due to the nature of the
FAERS database and this study being an analysis
of voluntarily reported data, factors such as pre-
scribing patterns, utilization rates, clinician opin-
ion and product labeling are important
considerations. These factors likely play a role in
the number of reports in the FAERS database
linked to each medication. Studies have shown
canagliflozin and empagliflozin are more
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GLP-1, glucagon-like peptide-1.

commonly initiated than dapagliflozin.?* This is
reflective of the number of ADRs identified in
this study (Supplemental Table 1). Additionally,
in 2016, the SGLT2 products canagliflozin and
empagliflozin both had changes to their product
labeling. Canagliflozin received a boxed warning
for amputation, and empagliflozin added an indi-
cation for reduction in cardiovascular events and
death.?* Following these changes empagliflozin
became more commonly prescribed than canagli-
flozin.2* Canagliflozin’s label warning may have
increased the number of ADRs associated with
lower limb infection and amputation reported to
the FAERSs database as the linkage became widely
known. However, we only see a slight spike in
reporting after the safety announcement on May
5th, 2017 so this is unlikely.

Our analysis also identified a greater odds of
reporting UTT and fungal infection for canagliflo-
zin compared to dapagliflozin and empagliflozin
(see Table 2). Additionally, these ADRs were
reported more frequently in women than in men.
The finding that UTIs and fungal infections are

common ADRs associated with SGLT?2's is well-
known and supported by evidence. However, the
literature is unclear regarding the risk in men ver-
sus women and the most highly associated
SGLT-2 inhibitor. One study found that women
who used SGLT-2 inhibitors were at a 3.4-fold
increased risk of fungal genital infection, and men
at a 2.8-fold increased risk.2> In general, while
fungal genital infections and UTIs are more com-
mon in women, evidence suggests that the risk
becomes similarly increased in men. Geerlings
er al.?® also suggested that the mechanism of
action for SGLT-2 inhibitors may lead to an over-
reporting of UTIs and fungal infections due to
increased glucosuria being a known risk factor for
genital infections. This may have generally
inflated the RORs for these infections for SGLT-2
inhibitors, especially for women. Interestingly, a
meta-analysis performed by Puckrin ez al.?” con-
flicts with our finding that canagliflozin has a
greater odds of UTI reporting compared to other
SGLT-2 inhibitors. The investigators found that
dapagliflozin 10 mg was the only SGLT2 associ-
ated with significantly increased risk for UTI
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when compared to placebo (RR 1.33, 95% CI
0.93-1.61). In our study, dapagliflozin had a
ROR of 1.00 which can be interpreted as the odds
of UTI reporting for dapagliflozin was similar to
others in the drug class. However, our results are
supported by other reports that suggest genital
infections are not limited to just dapagliflozin, but
also includes other members of the drug class.?8

Each of the four analyzed GLP-1 receptor ago-
nists included in this study are once weekly injec-
tions. This represents a strength in this study
given the majority of existing research and review
articles compare weekly and daily injectable
GLP-1 receptor agonists.2%30 The treatment-
associated gastrointestinal ADRs of nausea, diar-
rohea, and vomiting are recognized side effects of
GLP-1 receptor agonists.3? In our analysis, dula-
glutide and semaglutide had greater odds of
reporting compared to exenatide and albiglutide
for each of these ADRs. Our findings agree with
existing literature that exenatide and albiglutide
may be associated with lower rates of gastrointes-
tinal side effects.3? Additionally, nausea and vom-
iting was reported more frequently for female
subjects compared to males. Among clinicians
the safety of GLP-1 receptor agonists has also
been a concern for those with pancreatic risk fac-
tors.3! In our analysis, the ADR pancreatic carci-
noma was more likely to be reported for exenatide
relative to the other GLP-1 receptor agonists.
However, it is important to note, the number of
reports for the other medications within the drug
class were fairly low which could result in a falsely
elevated signal. The occurrence of pancreatic car-
cinoma not supported by past studies examining
the pancreatic safety of exenatide, which have
failed to find a significant difference in the inci-
dence of pancreatic cancer with exenatide use.31-32

In the literature, no difference was observed in
weight loss between GLP-1 receptor agonists.33:34
Interestingly, our analysis found a greater odds of
decreased weight reporting for exenatide relative
to the other GLP-1 receptor agonists (1.81; 1.70—
1.93). This suggests exenatide use may result in a
greater weight loss compared to albiglutide, dula-
glutide, and semaglutide. The lowest odds of
reporting weight loss was seen for albiglutide
(0.572; 0.491-0.667), which is supported by the
limited head-to-head GLP-1 receptor agonist tri-
als that exist.??

Injection site reactions reports were dispropor-
tionally higher for exenatide compared to the
other GLP-1 receptor agonists. This finding is
supported by safety meta-analyses and in com-
parisons of their respective phase 3 trials, however
no reason for the marked increase in injection site
reactions has been put forth in the literature.35:36
Interestingly, exenatide ER pen injectors Kkits
come with a 23G needle while semaglutide, dula-
glutide, and albiglutide come with 29G needles or
greater which provides a potential explanation for
this finding.

Limitations

Utilizing the FAERS database for pharmacovigi-
lance research comes with several inherent limita-
tions due to the public nature of the data. Given
the FAERS database is a voluntary reporting sys-
tem, reporter bias is likely present based on a
reports individual experiences with medications.
Additionally, this is seen given the large number
of reports for those 18-69years old compared to
70years and older. It is possible the reporting sys-
tem is easier to use for the adult population com-
pared to the elderly, which could explain the
difference. Data quality is a general limitation in
terms of duplicative reports and incomplete ADR
entries. In order to combat this limitation, we
excluded duplicate reports and missing ADR
data.

Furthermore, it is important to be aware that the
existence of a report does not establish causation,
and that the information in the database entries
has not been verified which is why we emphasize
that our data is hypothesis generating and not
conclusive causation. The reports that document
an ADR outcome of a patient does not explicitly
mean that the suspect medication was the cause
of the outcome, although we did attempt to miti-
gate this by only including reports indicating a
drug of interest as the PS drug.3” Of note, in the
analysis of exenatide, the extended-release for-
mulation was not able to be differentiated from
the immediate release formulation due to the
standardization process of multi-ingredient medi-
cations. Additionally, the intention of the analysis
was to include the second quarter of 2022, how-
ever, only the first quarter was able to be obtained.
As such, there is one less quarter analyzed for
semaglutide (GLP-1 receptor agonist) and
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empagliflozin (SGLT-2 inhibitor) compared to
the other medications within the respective drug
classes, which may result in conservative ROR
estimates for these two medications.

Using the FAERS database makes it impossible
to quantify the true risk of a specific ADR since
not every ADR is reported in the database and
therefore there is no denominator for determining
incidence rates which is why ROR were used to
assess reporting risk instead of true hazard risk.
However, RORs may potentially be skewed by
the number of reports available where medica-
tions with a large number of reports will generate
safety profiles that are more representative com-
pared to a small number of reports because of the
paucity of information available. Therefore, com-
parison between two medications with differing
numbers of reports can generate bias. Medications
with less than 600 reports were excluded to
attempt to negate this, in addition to comparing
medications within a drug class for the same
amount of time after each respective approval
date so the timeframe would be compared equally
and likely generate similar numbers of reports.
Moreover, differences in market approval times
and therapeutic patterns in other countries may
affect the total number of reports. However,
ADRs reported outside of the United States were
still included to provide a comprehensive scope of
ADR reports of newer approved antidiabetic
medications. Lastly, our data are limited by the
Weber effect, peak in ADR reporting of a drug at
the end of their second year of regulatory approval,
followed by a continuous decline in reports.38
This is demonstrated in Figure 2 with canagliflo-
zin reports.

Conclusion

Due to the limited head-to-head trials comparing
the safety antidiabetic medications, especially
within classes of medications, this study provides
a better understanding of ADRs voluntarily
reported by healthcare professionals, consumers,
and manufacturers. Real world experiences with
medications were accounted for with reports from
healthcare professionals, consumers, and manu-
facturers. Pharmacovigilance studies based on
spontaneous reporting make it possible to identify
essential signals for the analysis of the safety pro-
file of drugs in clinical practice settings. Further
defining ADR risk for medications within drug

classes is important to improve clinician’s ability
to make patient-specific decisions when choosing
medications, counseling patients on adverse
events, and building informed monitoring plans.
The study we identified the SGLT-2 inhibitors
with disproportionate rates of reporting impor-
tant ADRs such as toe amputation, UTIs, and
osteomyelitis. Similarly, the GLP-1 receptor ago-
nists linked to gastrointestinal events, injections
site reactions, and pancreas related side effects
were identified through disproportional report-
ing. Increasingly, post-marketing surveillance sys-
tems and data mining techniques with measures
of disproportionality are utilized to detect new or
previously known ADRs. Future studies should
consider safety signals related to newly approved
combination products involving metformin. This
study supports the need for further investigation
of data from FDA pre-approval studies, and a
need for phase IV randomized controlled trials or
well-designed quasi-experimental studies with
safety focused endpoints.
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