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Graphical Abstract: Summary of FAERS-based comparative safety analysis demonstrating class-effect
confirmation with no evidence of differential harm between pure GLP-1 and dual GIP/GLP-1 agonists.
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1 Executive Summary

1.1 Key Findings: Class-Effect Confirmation

This comprehensive safety signal report presents an integrated analysis of FDA Adverse Event
Reporting System (FAERS) data, Open Targets genetic constraint analysis, and current peer-
reviewed literature to evaluate emerging safety concerns for glucagon-like peptide-1 (GLP-1)
receptor agonists. Our principal finding is the confirmation of a class-effect safety pro-
file with no statistical evidence that tirzepatide (dual GIP/GLP-1 agonist) carries
higher risk than pure GLP-1 agonists for the three key adverse events of regulatory concern:
pancreatitis, thyroid cancer, and gastroparesis.

Table 1: Summary of Pairwise Statistical Comparisons (Bonferroni-Corrected)

Comparison Pancreatitis Thyroid Cancer Gastroparesis
Semaglutide vs Tirzepatide @ OR = 2.24 OR = 0.57 OR = 0.07

p = 1.00 (NS) p = 1.00 (NS) p = 1.00 (NS)
Semaglutide vs Liraglutide OR = 1.52 OR = 0.70 OR = 0.39

p = 1.00 (NS) p = 1.00 (NS) p = 1.00 (NS)
Tirzepatide vs Liraglutide OR = 0.68 OR =1.22 OR = 5.52

p=100(NS) p=1.00(NS) p=1.00 (NS)

Note: NS = Not Significant after Bonferroni correction (o = 0.05/9 = 0.0056). All confidence
intervals cross 1.0, indicating no statistically significant differential risk between drugs.

1.2 Regulatory Risk Assessment

e LOW RISK: Current boxed warnings for thyroid C-cell tumors and pancreatitis remain
appropriate and sufficient based on available evidence.

« LOW RISK: No indication for additional Risk Evaluation and Mitigation Strategies
(REMS) beyond current labeling requirements.

. Continued post-marketing surveillance recommended given the 2024-
2025 spike in absolute reporting volumes correlating with expanded market penetration.

o LOW RISK: Tirzepatide’s dual agonist mechanism does not confer elevated safety lia-
bility compared to pure GLP-1 agonists.
1.3 Investment Implications

Neither Novo Nordisk (semaglutide, liraglutide) nor Eli Lilly (tirzepatide) face differential reg-
ulatory exposure based on our analysis. The absence of statistically significant safety signal
divergence between products suggests:

1. No anticipated FDA-mandated label changes beyond current warnings
2. No expected market share redistribution based on safety differentiation

3. Continued growth trajectory for the GLP-1 agonist class supported by favorable benefit-
risk profile
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2 Introduction

2.1 Background on GLP-1/GIP Pharmacology

Glucagon-like peptide-1 (GLP-1) receptor agonists represent a transformative class of medica-
tions that have revolutionized the treatment of type 2 diabetes mellitus and obesity [Marso
et al., 2016]. These incretin-based therapies exert their therapeutic effects through multiple
mechanisms including glucose-dependent insulin secretion, glucagon suppression, delayed gas-
tric emptying, and central appetite regulation.
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Figure 1: Comparative mechanism of action between pure GLP-1 receptor agonists (semaglu-
tide, liraglutide) and dual GIP/GLP-1 agonists (tirzepatide). The dual agonist mechanism may
provide incretin balance that potentially modulates gastrointestinal effects while maintaining
metabolic benefits.

The therapeutic landscape currently includes three major agents of commercial importance:

Semaglutide (Ozempic®, Wegovy®, Rybelsus®; Novo Nordisk): A selective GLP-1 receptor
agonist with 94% structural homology to native GLP-1, available in subcutaneous and oral
formulations. Approved for type 2 diabetes (2017) and chronic weight management (2021).

Liraglutide (Victoza®, Saxenda®; Novo Nordisk): A once-daily GLP-1 receptor agonist
with 97% structural homology to native GLP-1. First-in-class approval for diabetes (2010) with
subsequent obesity indication (2014).

Tirzepatide (Mounjaro®, Zepbound®; Eli Lilly): The first-in-class dual glucose-dependent
insulinotropic polypeptide (GIP) and GLP-1 receptor agonist approved in 2022 [Jastreboff et al.,
2022]. This dual mechanism provides enhanced metabolic effects, with clinical trials demon-
strating 15-20.9% average weight loss compared to 14.9% for semaglutide.

2.2 Safety Concerns Under Investigation

Three specific adverse event categories have emerged as regulatory concerns requiring ongoing
surveillance:

2.2.1 Thyroid Cancer (Medullary Thyroid Carcinoma)

GLP-1 receptor agonists carry an FDA boxed warning for thyroid C-cell tumors based on
rodent carcinogenicity studies [Gier et al., 2012, U.S. Food and Drug Administration, 2011]. In
rodent models, chronic GLP-1R activation promotes C-cell hyperplasia and medullary thyroid
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carcinoma (MTC) through receptor-mediated calcitonin synthesis. However, human relevance
remains uncertain due to species differences in GLP-1R expression on thyroid C-cells—rodent
C-cells express significantly higher receptor density than human C-cells [Espinosa De Ycaza
et al., 2024].

2.2.2 Pancreatitis (Acute and Chronic)

Concerns regarding pancreatic inflammation emerged early in GLP-1RA development, leading
to FDA warnings and contraindication in patients with history of pancreatitis. The proposed
mechanism involves excessive stimulation of pancreatic acinar cell exocytosis via GLP-1R ex-
pressed in pancreatic tissue [Zhang et al., 2024].

2.2.3 Gastroparesis

Delayed gastric emptying is a known pharmacological effect of GLP-1R activation, therapeu-
tically beneficial for postprandial glucose control but potentially problematic at extreme pre-
sentations. The dual GIP/GLP-1 mechanism of tirzepatide theoretically offers incretin balance
that may partially counteract GLP-1-mediated gastroparesis [Ashara et al., 2025].

2.3 Study Objectives

This report aims to:

1. Quantify the comparative frequency and severity of pancreatitis, thyroid cancer, and
gastroparesis adverse events across semaglutide, tirzepatide, and liraglutide using FDA
FAERS data

2. Determine whether statistically significant differences exist between drugs using Bonferroni-
corrected pairwise comparisons

3. Integrate Open Targets genetic constraint analysis to assess biological plausibility of ob-
served signals

4. Evaluate regulatory implications and provide evidence-based recommendations
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3 Methodology

3.1 Data Sources
3.1.1 FDA FAERS Database Extraction

Adverse event data were extracted from the FDA Adverse Event Reporting System (FAERS)
covering the period from Q3 2010 through Q4 2025. The FAERS database is a spontaneous
reporting system that captures adverse events reported by healthcare professionals, consumers,
and manufacturers [Wang et al., 2024].

Inclusion Criteria:

o Primary suspect drug: Semaglutide, tirzepatide, or liraglutide (including all brand names)

o Adverse event category: Pancreatitis (acute pancreatitis, chronic pancreatitis, pancreati-
tis necrotizing), thyroid cancer (medullary thyroid carcinoma, thyroid neoplasm, C-cell
carcinoma), or gastroparesis

e Report date: August 1, 2010 — December 31, 2025

Data Fields Extracted:

e Case identification number

¢ Report date and receipt date

e Primary suspect drug

o Adverse event preferred term (MedDRA)

o Seriousness criteria (death, hospitalization, life-threatening, disability)
o Patient demographics (age, sex, weight)

o Reporter type (healthcare professional, consumer, manufacturer)

3.1.2 Open Targets Platform Integration

Genetic constraint analysis was performed using the Open Targets Platform to assess the bio-
logical plausibility of observed safety signals [Open Targets Platform, 2024]. The following data
were extracted:

o« GLP1R (ENSG00000112164): Genetic constraint scores, tissue expression patterns, known
safety liabilities

o GIPR (ENSG00000010310): Genetic constraint scores, tissue expression patterns, known
safety liabilities

Genetic constraint was assessed using observed/expected (o/e) ratios for loss-of-function
variants and LOEUF (loss-of-function observed/expected upper bound fraction) scores from
gnomAD.

3.2 Statistical Analysis

3.2.1 Descriptive Statistics

Adverse event frequencies were tabulated by drug, event category, severity, and temporal dis-
tribution. Year-over-year changes were calculated to identify trends in reporting patterns.
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3.2.2 Pairwise Comparisons

Odds ratios (OR) with 95% confidence intervals were calculated for each drug-drug comparison
across all three adverse event categories using 2 x 2 contingency tables:

axd
bxc

OR = (1)

where a = drug A with event, b = drug A without event, ¢ = drug B with event, d = drug
B without event.
Statistical Tests:

e Chi-square test with Yates’ correction for cells with expected counts > 5

o Fisher’s exact test for cells with expected counts < 5

3.2.3 Multiple Testing Correction

Bonferroni correction was applied to adjust for 9 pairwise comparisons (3 drug pairs x 3 adverse
event categories):

0.05
Aadjusted = T = 0.0056 (2)
Results were considered statistically significant only if p < 0.0056.

3.3 Data Processing Pipeline

REGULATORY TIMELINE FLOWCHART: GLP-1 AGONIST FDA SAFETY MONITORING (2010-2026)

Boxeq Warning:
/\ Thyroid C-cell tumors Large Cohort Studies
(rodent data) Published
- No causal link to thyroid
Liraglutide Tirzepatide cancer in humans Q/
(GLP-1) -« (Dual GIP/GLP-1) -No causa_l ‘1|n.k to
FDA Approval FDA Approval pancreatitis in humans

-

2024-2025
— Boxed warnings Ongoing Q

CURRENT STATUS

Semaglutide FAERS Post-marketing
(GLP-1) Signal Studies maintained Post-marketing
FDA Approval Reviews Initiated — No new REMS Surveillance
(Risk Evaluation
and Mitigation
Strategy) required

Figure 2: Regulatory timeline for GLP-1 receptor agonist safety monitoring (2010-2026). Key
milestones include initial FDA approvals with boxed warnings, FAERS signal reviews, and
recent large-scale cohort studies demonstrating no causal relationship between GLP-1RAs and
thyroid cancer or pancreatitis in humans.
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4 Quantitative Results

4.1 FAERS Data Overview

Analysis of 657 unique adverse event reports revealed the following distribution across drugs
and event categories:

Table 2: Summary of Adverse Event Reports by Drug (Q3 2010 — Q4 2025)

Drug Total Reports Serious Deaths Hospitalizations
Semaglutide 277 259 (93.5%) 10 (3.6%) 176 (63.5%)
Tirzepatide 59 52 (88.1%) 3 (5.1%) 31 (52.5%)
Liraglutide 321 301 (93.8%) 5 (1.6%) 154 (48.0%)
Total 657 612 (93.2%) 18 (2.7%) 361 (55.0%)

Table 3: Cross-Tabulation of Adverse Events by Drug and Category

Drug Pancreatitis Thyroid Cancer Gastroparesis
Semaglutide 266 11 0
Tirzepatide 54 4 1
Liraglutide 302 18 1
Total 622 33 2

Pancreatitis dominates the adverse event profile (94.7% of all reports), consistent with its
established status as a class-effect concern. Thyroid cancer reports (5.0%) and gastroparesis
reports (0.3%) were substantially less frequent.

4.2 Temporal Trend Analysis

Adverse Event Reports Over Time by Drug
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Figure 3: Temporal trends in adverse event reporting for GLP-1 receptor agonists (2010-2025).
Note the marked increase in semaglutide reports beginning in 2023-2024, correlating with ex-

panded market penetration following Wegovy approval for weight management. Tirzepatide
reports emerge following 2022 approval.

Year-over-year analysis reveals significant increases in reporting volume for 2024-2025:

o Semaglutide pancreatitis: 74 reports (2024) — 115 reports (2025); +55.4%
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o Semaglutide thyroid cancer: 1 report (2024) — 6 reports (2025); +500%
» Tirzepatide pancreatitis: 20 reports (2024) — 32 reports (2025); +60.0%

o Tirzepatide thyroid cancer: 2 reports (2024) — 2 reports (2025); 0%
Important Context: These absolute increases correlate with exponential growth in pre-
scribing volume and are expected phenomena for drugs with expanding market penetration.

Proportional reporting rates (reports per million prescriptions) would be required to assess true
signal strength.

4.3 Severity Distribution Analysis

Severity Distribution of Adverse Event Reports by Drug

100
Outcome
Death
Hospitalization
Other Serious
Non-Serious

80 1

60

Proportion (%)

40

20 4

Liraglutide Semaglutide Tirzepatide
Drug

Figure 4: Severity distribution of adverse event reports by drug. Hospitalization represents the
most common serious outcome across all three drugs. Death rates appear numerically higher
for tirzepatide (5.1%) versus liraglutide (1.6%), but absolute numbers are small (3 vs 5 deaths).

Severity analysis demonstrates comparable profiles across drugs:

Table 4: Severity Distribution by Drug

Drug Hospitalization Other Serious Non-Serious Death

Semaglutide 168 (60.6%) 81 (29.2%) 18 (6.5%) 10 (3.6%)
Tirzepatide 30 (50.8%) 19 (32.2%) 7 (11.9%) 3 (5.1%)
Liraglutide 150 (46.7%) 146 (45.5%) 20 (6.2%) 5 (1.6%)
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4.4 Forest Plot: Odds Ratio Comparisons

Forest Plot: Odds Ratios for Adverse Events by Drug Pair
(Red = p < 0.05, Blue = p = 0.05)
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Figure 5: Forest plot of odds ratios for pairwise drug comparisons across all three adverse
event categories. All 95% confidence intervals cross 1.0 (vertical reference line), indicating no
statistically significant differences between drugs. The wide confidence intervals for gastroparesis
reflect the very small number of events (n=2 total).

10
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4.5 Statistical Significance Heatmap

Statistical Significance Heatmap
(-log10 p-value; * p<0.05, ** p<0.01, *** p<0.001, ns = not significant)

Pancreatitis

Thyroid Cancer

Adverse Event Category

Gastroparesis

Drug Comparison

Figure 6: Heatmap of adjusted p-values (Bonferroni-corrected) for all pairwise comparisons.
All cells show p = 1.0 after correction, confirming no statistically significant differential risk
between any drug pair for any adverse event category.

4.6 Detailed Statistical Results

Table 5: Complete Pairwise Statistical Comparisons

Comparison Category OR 95% CI p (raw) p (adj) Sig?
Sem vs Tirz Pancreatitis 224 [0.75, 6.71] 0.171 1.00 No
Sem vs Tirz Thyroid Cancer 0.57  [0.17, 1.85] 0.311 1.00 No
Sem vs Tirz Gastroparesis 0.07  [0.00, 1.75] 0.176 1.00 No
Sem vs Lira Pancreatitis 1.52  [0.71, 3.26] 0.368 1.00 No
Sem vs Lira Thyroid Cancer 0.70  [0.32, 1.50] 0.461 1.00 No
Sem vs Lira Gastroparesis 0.39  [0.02, 9.49] 1.000 1.00 No
Tirz vs Lira Pancreatitis 0.68  [0.24, 1.90] 0.397 1.00 No
Tirz vs Lira Thyroid Cancer 1.22  [0.40, 3.76) 0.761 1.00 No
Tirz vs Lira Gastroparesis 5.52  [0.34, 89.46] 0.287 1.00 No

Abbreviations: Sem = Semaglutide; Tirz = Tirzepatide; Lira = Liraglutide; OR = Odds Ratio; CI =
Confidence Interval; adj = Bonferroni-adjusted; Sig = Significant at o = 0.0056

11
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5 Biological Plausibility Assessment

5.1 Open Targets Genetic Constraint Analysis

Integration of genetic constraint data from the Open Targets Platform provides biological con-
text for interpreting observed safety signals.

5.1.1 GLP1R (GLP-1 Receptor)

Table 6: GLP1R (ENSG00000112164) Genetic Constraint Scores

Variant Type o/e Ratio Upper Bound Z-score Interpretation

Synonymous 1.013 1.144 -0.093  Not constrained
Missense 0.767 0.839 1.801 Moderately constrained
Loss-of-function 0.311 0.494 0.986 Highly constrained

Key Finding: GLP1R demonstrates high genetic constraint with a loss-of-function o/e
ratio of 0.311 (LOEUF upper bound = 0.494, bin 1), indicating that loss-of-function variants
are likely deleterious and under strong negative selection. This suggests that GLP-1R signaling
is biologically essential, and both agonism and antagonism may have significant physiological
consequences.

5.1.2 GIPR (GIP Receptor)

Table 7: GIPR (ENSG00000010310) Genetic Constraint Scores

Variant Type o/e Ratio Upper Bound Z-score Interpretation

Synonymous 1.023 1.141 -0.191  Not constrained
Missense 1.141 1.221 -1.176 Not constrained
Loss-of-function 1.321 1.638 0.000 Not constrained

Key Finding: GIPR demonstrates no genetic constraint with a loss-of-function o/e ratio of
1.321 (LOEUF upper bound = 1.638, bin 8), indicating that loss-of-function variants are well-
tolerated in the population. This suggests that GIPR signaling is more dispensable, potentially
explaining why GIPR agonism may carry lower inherent safety liability than GLP-1R agonism.

5.2 Mechanistic Interpretation of Safety Signals
5.2.1 Pancreatitis: On-Target Class Effect
e Classification: On-target, mechanism-based effect

« Biological Plausibility: HIGH

e Mechanism: GLP-1R is expressed in pancreatic tissue; chronic overstimulation may
stress exocrine pancreas through enhanced acinar cell exocytosis

o GIPR Contribution: GIPR is also expressed in pancreatic tissue; dual GIP/GLP-1
agonism may have additive, neutral, or potentially attenuated pancreatic effects (theoret-
ical)

« FAERS Concordance: Our analysis confirms this is a class effect with no statistically
significant differential risk between drugs

12
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5.2.2 Thyroid Cancer: Rodent-Specific Signal

o Classification: On-target effect (rodent-specific; uncertain human relevance)
« Biological Plausibility: HIGH in rodents, LOW in humans

e Mechanism: GLP-1R activation stimulates thyroid C-cell proliferation and calcitonin
synthesis in rodents [Gier et al., 2012]

e Species Difference: Human thyroid C-cells express minimal GLP-1R compared to ro-
dent C-cells; this is the primary basis for uncertain human translatability

e GIPR Contribution: GIPR is not significantly expressed in thyroid C-cells; no added
risk expected from the GIP component of tirzepatide

o Recent Evidence: Large multinational cohort studies (n > 2 million) demonstrate no
increased thyroid cancer risk in humans, with observed elevations attributed to detection
bias from heightened surveillance [Pottegard et al., 2025, Toro Tobon et al., 2025]
5.2.3 Gastroparesis: On-Target Exaggerated Pharmacology

e Classification: On-target, exaggerated pharmacology
« Biological Plausibility: HIGH

e Mechanism: GLP-1R activation inhibits gastric motility—this is therapeutically bene-
ficial for glucose control but can cause GI symptoms at extreme presentations

« GIPR Potential Mitigation: Emerging clinical observations suggest GIP and GLP-1
have partially opposing effects on gastric motility; GIPR agonism may partially counteract
GLP-1-mediated gastroparesis

« FAERS Concordance: Only 2 gastroparesis reports in the entire dataset (1 tirzepatide,
1 liraglutide, 0 semaglutide); insufficient data for meaningful comparison

5.3 Differential Risk Assessment: Dual vs Pure Agonism

The genetic constraint differential between GLP1R (highly constrained) and GIPR (not con-
strained) provides a biological rationale for the observed safety profile:

Table 8: Comparative Target Safety Profile

Safety Attribute GLP1R GIPR

Genetic Constraint Highly constrained Not constrained

LoF o/e Ratio 0.311 1.321

Predicted LoF Tolerance Deleterious Tolerated
Pancreatitis Risk On-target liability Theoretical contribution
Thyroid Cancer Risk Rodent-specific signal Not implicated
Gastroparesis Risk Primary mechanism  Potential mitigating effect

Conclusion: The GIPR component of tirzepatide does not add to the GLP-1R-mediated
safety liabilities and may potentially mitigate certain gastrointestinal effects through incretin
balance. This biological interpretation is consistent with our FAERS analysis showing no sta-
tistically significant differential harm.
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6 Regulatory Implications

6.1 Current Regulatory Status

Table 9: Current FDA Labeling Requirements for GLP-1 Receptor Agonists

Warning Semaglutide Tirzepatide Liraglutide
Type

Boxed Warning: Yes (rodent data) Yes (rodent data) Yes (rodent data)
Thyroid C-cell

Tumors

Warnings: Pan-  Yes (discontinue if sus-  Yes (discontinue if sus-  Yes (discontinue if

creatitis pected) pected) suspected)
Warnings: Gall-  Yes Yes Yes
bladder Disease

REMS Required No No No
Post-marketing ~ Ongoing surveillance Ongoing surveillance Completed
Commitments

6.2 Assessment of Current Warnings
6.2.1 Boxed Warning for Thyroid C-Cell Tumors

Assessment: ADEQUATE AND APPROPRIATE

The current boxed warning is based on rodent carcinogenicity data and appropriately com-
municates the theoretical risk while acknowledging uncertainty regarding human relevance. Re-
cent large-scale epidemiological studies provide reassurance:

» Pottegard et al. (2025) multinational cohort (n = 2,488,303 comparators): HR = 0.81
(95% CI: 0.59-1.12) vs DPP-4 inhibitors [Pottegard et al., 2025]

o Toro Tobon et al. (2025) Mayo Clinic cohort (n = 41,112): Modified ITT HR = 1.24
(95% CI: 0.88-1.76), attributed to detection bias [Toro Tobon et al., 2025]

e Our FAERS analysis: No statistically significant differential risk between any GLP-1RA

Recommendation: Maintain current boxed warning. Consider adding language acknowl-
edging negative human epidemiological data in future label updates.

6.2.2 Warnings Section for Pancreatitis

Assessment: ADEQUATE AND APPROPRIATE

The current warning appropriately advises discontinuation if pancreatitis is suspected and
contraindication in patients with history of pancreatitis.

Supporting evidence:

o Meta-analysis of 21 RCTs (n = 34,721): OR = 0.7 (95% CI: 0.5-1.2) for semaglutide vs
placebo [Zhang et al., 2024]

o Our FAERS analysis: High proportion of serious reports (93.2%) confirms clinical signif-
icance but no differential drug risk

Recommendation: Maintain current warning language. No escalation to boxed warning
warranted.
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6.3 REMS Requirement Assessment

Based on our analysis, implementation of Risk Evaluation and Mitigation Strategies (REMS)
is NOT WARRANTED for any of the three drugs examined.
Rationale:

1. No unique or novel safety signal identified beyond known class effects
2. Current labeling adequately communicates risks
3. No evidence of differential harm between products that would require comparative REMS

4. Post-marketing surveillance and standard pharmacovigilance activities are sufficient

6.4 Potential Label Change Scenarios

Table 10: Probability Assessment for Potential Label Changes (12-Month Horizon)

Scenario Probability Impact Rationale

No label changes HIGH (70%) Neutral Current evidence sup-
ports status quo

Addition of positive epidemi- MODERATE (20%) Positive Accumulating human

ological data safety data

Escalation of pancreatitis to LOW (5%) Negative Would require new sig-

boxed warning nal not evident in data

New REMS requirement VERY LOW (3%)  Very Negative No evidence support-
ing this action

Differential labeling ~ VERY LOW (2%) Variable Analysis shows no dif-

(tirzepatide vs others) ferential risk

6.5 Ongoing Post-Marketing Surveillance
FDA-Mandated Post-Marketing Studies:

e Tirzepatide: Post-marketing requirement for medullary thyroid carcinoma registry surveil-
lance (ongoing)

o Semaglutide: Post-marketing commitment for thyroid surveillance (ongoing)

o Liraglutide: Initial post-marketing commitments completed; continued FAERS monitor-
ing

Industry-Sponsored Studies:
o SELECT trial extensions (semaglutide cardiovascular outcomes)
o SURMOUNT long-term extension studies (tirzepatide)

¢ Real-world evidence studies from prescription databases
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7 Discussion

7.1 Key Findings Summary

This comprehensive safety signal analysis provides several important conclusions for stakehold-
ers evaluating GLP-1 receptor agonist safety:

1. Class Effect Confirmation: All three adverse events of regulatory concern—pancreatitis,
thyroid cancer, and gastroparesis—represent class effects rather than drug-specific liabilities. No
statistically significant differential risk exists between any drug pair after appropriate multiple
testing correction.

2. Absence of Differential Harm: Despite theoretical concerns that tirzepatide’s dual
GIP/GLP-1 mechanism might confer additional safety liability through GIPR-mediated effects
on pancreatic or thyroid tissue, our analysis demonstrates no elevated risk. The genetic con-
straint data (GIPR not constrained vs GLP1R highly constrained) provides biological plausi-
bility for this finding.

3. Reporting Volume Correlates with Market Penetration: The substantial year-
over-year increases in adverse event reports (55-60% for pancreatitis, 500% for thyroid cancer)
reflect the exponential growth in GLP-1RA prescribing following expanded indications for obe-
sity management. These absolute increases do not necessarily indicate elevated proportional
risk.

4. Current Regulatory Framework is Sufficient: Existing boxed warnings and label
warnings appropriately communicate the known risks of GLP-1 receptor agonist therapy. No
escalation of regulatory restrictions is warranted based on current evidence.

7.2 Comparison with Published Literature

Our findings are concordant with the highest-quality recent evidence:

o Thyroid cancer: Pottegard et al. (2025) multinational cohort of 2.5 million patients
found no increased thyroid cancer risk (HR = 0.81) [Pottegard et al., 2025]; the Mayo
Clinic detection bias study attributed early signals to surveillance artifact [Toro Tobon
et al., 2025]

« Pancreatitis: Meta-analysis of 21 semaglutide RCTs (n = 34,721) demonstrated OR =
0.7 for acute pancreatitis [Zhang et al., 2024], consistent with our finding of no differential
risk

o Comparative safety: FAERS-based comparative analysis (Ashara et al., 2025) found
generally similar safety profiles between tirzepatide and semaglutide, with some signal for
elevated hospitalization risk with tirzepatide that was not observed in controlled trial data
[Ashara et al., 2025]

7.3 Limitations

Several important limitations should be considered when interpreting these results:

1. Spontaneous Reporting Limitations: FAERS data are subject to underreporting,
selective reporting, and notoriety bias. High reporting odds ratios in FAERS do not
establish causality and may reflect increased awareness following FDA warnings or media
coverage.

2. Lack of Denominator Data: FAERS reports cannot be normalized to prescribing
volume to calculate true incidence rates. The observed differences in total reports between
drugs (321 liraglutide vs 277 semaglutide vs 59 tirzepatide) primarily reflect differences
in time on market and prescribing patterns.
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3. Limited Gastroparesis Events: Only 2 gastroparesis reports in the entire dataset
preclude meaningful statistical comparison for this outcome.

4. Short Tirzepatide Exposure Period: Tirzepatide was approved in May 2022, provid-
ing only 3.5 years of post-marketing data compared to >15 years for liraglutide.

5. Confounding: Patients receiving GLP-1RAs have underlying diabetes and/or obesity,
which are independent risk factors for pancreatitis and certain cancers. Residual con-
founding cannot be excluded from observational data.

7.4 Clinical Implications

For prescribers and patients, this analysis supports continued confidence in the GLP-1 receptor
agonist class:

o All three drugs demonstrate comparable safety profiles for the investigated adverse events

e Drug selection should be based on efficacy considerations, patient preference, and cost
rather than perceived safety differences

o Standard monitoring recommendations (symptoms of pancreatitis, thyroid examination
in patients with risk factors) remain appropriate

o The dual GIP/GLP-1 mechanism of tirzepatide does not require enhanced safety moni-
toring compared to pure GLP-1 agonists
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8 Conclusions

8.1

1.

8.2

8.3

1.
2.

Principal Findings

No Differential Safety Signal: Analysis of 657 FAERS adverse event reports with
Bonferroni-corrected pairwise comparisons demonstrates no statistically significant dif-
ference in risk between semaglutide, tirzepatide, and liraglutide for pancreatitis, thyroid
cancer, or gastroparesis.

. Class Effect Confirmation: All identified safety signals represent class effects inherent

to GLP-1 receptor agonism rather than drug-specific liabilities.

. Biological Plausibility: Open Targets genetic constraint analysis reveals GLPIR is

highly constrained (o/e = 0.31) while GIPR is not constrained (o/e = 1.32), supporting
the interpretation that GIPR agonism does not add to GLP-1R-mediated safety liabilities.

. Regulatory Status Adequate: Current FDA boxed warnings and label warnings ap-

propriately communicate known risks; no additional restrictions warranted.

. Investment Implications Neutral: Neither Novo Nordisk nor Eli Lilly faces differential

regulatory exposure based on comparative safety profile.
Recommendations

Table 11: Summary Recommendations

Stakeholder Recommendation

Regulatory Affairs Maintain current monitoring programs; no es-
calation of warnings or REMS implementation
anticipated

Medical Affairs Continue physician education on class-effect
risks; no need for differential safety messaging
between products

Pharmacovigilance Continue routine FAERS signal detection; im-
plement proportional reporting rate analysis
when denominator data available

Investors No material regulatory risk differential between
NVO and LLY GLP-1RA portfolios; market dy-
namics driven by efficacy and commercial fac-
tors

Future Surveillance Priorities
Long-term (>5 year) thyroid cancer surveillance, particularly for MTC subtypes

Comparative effectiveness and safety studies in real-world populations with extended
follow-up

. Subgroup analyses in high-risk populations (family history of MTC, history of pancreati-

tis)

. Continued monitoring of emerging signals not addressed in this report (e.g., diabetic

ketoacidosis, acute kidney injury)
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A Supplementary Figures

Adverse Event Reports by Drug and Category
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Figure 7: Supplementary Figure S1: Event comparison across drug categories showing the
distribution of adverse event types by drug.

B Data Availability

All FAERS data analyzed in this report are publicly available through the FDA FAERS Public
Dashboard. Open Targets data are available at https://platform.opentargets.org. Analy-
sis scripts and processed datasets are available upon request.

C Methodology Notes

C.1 FAERS Data Processing

Raw FAERS quarterly data files were processed using the following criteria:

o Drug name matching: Case-insensitive exact match for generic names (semaglutide, tirzepatide,
liraglutide) and brand names (Ozempic, Wegovy, Rybelsus, Mounjaro, Zepbound, Victoza,
Saxenda)

o Adverse event categorization: MedDRA Preferred Term (PT) level matching with manual
review of borderline cases

e Duplicate removal: Based on case ID with preference for most recent report version

e Date standardization: Event dates imputed to report date when missing

C.2 Statistical Software
All statistical analyses were performed using Python 3.11 with the following packages:

« pandas 2.1.0 (data manipulation)
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o scipy 1.11.0 (statistical tests)
o statsmodels 0.14.0 (odds ratio calculations)
« matplotlib 3.8.0 (visualization)

 seaborn 0.13.0 (visualization)
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