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Abstract:  

Background: Pembrolizumab, a programmed cell death protein 1 (PD-1) inhibitor, has fundamentally 

altered the management of multiple malignancies; however, its immune-related adverse events (irAEs) can 

compromise treatment outcomes. Among these, oral mucositis (OM) is a clinically significant but often 

underestimated toxicity. This study aims to characterize the real-world safety signals, temporal dynamics, 

and risk factors of pembrolizumab-associated OM using global pharmacovigilance databases. 

Methods: We performed a retrospective disproportionality analysis using data from the US FDA Adverse 

Event Reporting System (FAERS) (2014–2025) and the EudraVigilance (EV) database for external 

validation. Four statistical algorithms—Reporting Odds Ratio (ROR), Proportional Reporting Ratio (PRR), 

Information Component (IC), and Empirical Bayes Geometric Mean (EBGM)—were utilized for signal 

detection. Time to onset (TTO), gender-based reporting preferences (log2ROR), and clinical outcome 

associations were also systematically evaluated. 

Results: A total of 679 and 816 OM reports were identified in FAERS and EV, respectively. The reporting 

frequency exhibited a steady upward trajectory, peaking in 2024. In FAERS, OM showed a distinct female 

predominance (57.58%) and was prevalent in elderly patients (≥65 years, 45.95%). Robust signals were 

confirmed for "Stomatitis" (ROR 3.78, 95% CI 3.48–4.10) and "Oral mucosa erosion" (ROR 5.06, 95% CI 

3.09–8.28), with "Stomatitis haemorrhagic" exhibiting the highest signal intensity (ROR 6.29). The median 

TTO was 12.50 days (IQR: 4.00–35.00), with 71.74% of events occurring within the first 30 days. Subgroup 

analysis revealed a significant female susceptibility (EudraVigilance: log2ROR = 0.502, FDR_P < 0.001), 

while age showed no significant difference after FDR correction. Correlation analysis associated stomatitis 

primarily with non-fatal clinical outcomes (P < 0.0001). 

Conclusion: Pembrolizumab-associated OM is a high-risk, early-onset irAE that manifests predominantly 

within the first month of therapy. Female and elderly patients are particularly vulnerable, though the toxicity 

generally follows a non-lethal trajectory. Clinicians should prioritize proactive oral screening and early 

intervention during the initial 30-day "critical window" to mitigate the high burden of hospitalization and 
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optimize patient quality of life. 

Keywords: Pembrolizumab; Oral mucositis; Pharmacovigilance; Immune-related adverse events 

(irAEs); FAERS; Sexual dimorphismIntroduction 

Introduction 

The therapeutic landscape of modern oncology 

has been fundamentally reshaped by the clinical 

translation of immune checkpoint inhibitors 

(ICIs), particularly those targeting the 

programmed cell death protein 1 (PD-1) 

pathway123. Pembrolizumab, a high-affinity 

humanized monoclonal antibody against PD-1, 

has demonstrated remarkable efficacy across a 

broad spectrum of malignancies, including 

melanoma, non-small cell lung cancer, and head 

and neck squamous cell carcinoma4. By 

rejuvenating exhausted T-cells and restoring anti-

tumor surveillance5, pembrolizumab has 

significantly extended the overall survival of 

patients with advanced cancers. However, this 

immunological reinvigoration often comes at the 

expense of immune homeostasis, leading to a 

unique constellation of toxicities termed immune-

related adverse events (irAEs). 

Among the diverse spectrum of irAEs, mucosal 

toxicities, specifically oral mucositis (OM), 

emerge as a clinically significant but often 

underestimated complication. Unlike traditional 

chemotherapy-induced mucositis, which results 

from direct cytotoxic damage to the rapidly 

dividing basal epithelial cells, ICI-induced OM is 

driven by an aberrant T-cell-mediated 

inflammatory response within the oral 

microenvironment67. Clinically, this manifests as 

painful stomatitis, mucosal erosions, and 

ulcerations that can profoundly impair nutritional 

intake, compromise quality of life, and necessitate 

treatment interruptions or dose modifications. 

Despite its prevalence, OM is frequently 

overshadowed in literature by high-grade 

systemic toxicities such as pneumonitis or colitis, 

leading to a relative paucity of data regarding its 

real-world incidence and risk factors89. 

Crucially, emerging evidence suggests that the 

susceptibility to irAEs may be influenced by host-

specific biological determinants, with sexual 

dimorphism being a focal point of recent 

investigation. Preliminary studies have hinted that 

female patients may experience a higher 

frequency of certain irAEs, potentially due to 

differences in innate immune signaling and 

hormonal modulation of T-cell activity10. 

Furthermore, as pembrolizumab utilization 

expands into the elderly population, 

understanding the interplay between 

immunosenescence and mucosal vulnerability 

becomes imperative. To date, however, large-

scale studies characterized by robust external 

validation that delineate the temporal dynamics 

and demographic predispositions of 

pembrolizumab-associated OM remain scarce. 

To address these knowledge gaps, we conducted a 

comprehensive, global pharmacovigilance study 

using the US FDA Adverse Event Reporting 

System (FAERS) database, supplemented by 

external validation through the EudraVigilance 

(EV) system. By employing disproportionality 

analysis and multi-algorithm signal detection, this 

study aims to characterize the pathological 

spectrum, time-to-onset patterns, and high-risk 

subpopulations of pembrolizumab-induced OM. 

Our findings are intended to provide clinicians 

with an evidence-based framework for early 

recognition and risk stratification, ultimately 

optimizing the management of patients 

undergoing PD-1 blockade therapy. 

2. Methods 

2.1 Data Inception and Source Integration 

In this study, a global retrospective 

pharmacovigilance analysis was performed to 
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characterize the risk of oral mucositis (OM) 

associated with the PD-1 inhibitor 

pembrolizumab. Primary data were harvested 

from the US FDA Adverse Event Reporting 

System (FAERS), spanning from the first quarter 

of 2014 through the final quarter of 2025. To 

cross-verify the reliability of our findings and 

mitigate geographical reporting bias, we utilized 

the EudraVigilance (EV) database as an 

independent external validation cohort, focusing 

on spontaneous reports where pembrolizumab 

was designated as the primary "suspect" 

medication. 

2.2 Case Definition and MedDRA Mapping 

Adverse events (AEs) were categorized using the 

Medical Dictionary for Regulatory Activities 

(MedDRA, version 27.0). The clinical spectrum 

of OM was defined by a cluster of Preferred 

Terms (PTs), including but not limited to 

Stomatitis, Oral mucosa erosion, Stomatitis 

haemorrhagic, and Aphthous ulcer. To ensure 

data cleanliness, a deduplication process was 

applied to remove overlapping reports based on 

key identifiers such as age, gender, event date, 

and reporting country. 

2.3 Characterization of Clinical and Temporal 

Patterns 

We systematically analyzed the clinical landscape 

of OM, focusing on demographic variables (sex, 

age), reporter qualification, and clinical outcomes. 

Time to Onset (TTO) was defined as the latency 

between the initiation of pembrolizumab therapy 

and the first manifestation of mucosal toxicity. 

TTO was expressed as the median with 

interquartile range (IQR). Given the non-normal 

distribution of the temporal data, the Wilcoxon 

rank-sum test was employed to evaluate TTO 

disparities between male and female cohorts. 

2.4 Signal Detection Algorithms 

(Disproportionality Analysis) 

To quantify the association strength between 

pembrolizumab and OM, four distinct 

disproportionality algorithms were utilized based 

on 2x2 contingency tables. This multi-algorithm 

approach included:Reporting Odds Ratio (ROR); 

Proportional Reporting Ratio (PRR); Information 

Component (IC) from the Bayesian Confidence 

Propagation Neural Network (BCPNN); 

Empirical Bayes Geometric Mean (EBGM) from 

the Multi-item Gamma Poisson Shrinker (MGPS) 

A positive pharmacovigilance signal was 

identified only when consistent thresholds were 

met (e.g., ROR lower bound of 95% CI > 1; 

IC025 > 0; and EBGM05 > 2). This rigorous 

filtering ensured the exclusion of sporadic or 

incidental associations. 

2.5 Differential Subgroup Analysis and 

Statistical Correlation 

To pinpoint high-risk subpopulations, we 

conducted stratified analyses across gender and 

age dimensions. The reporting preference was 

quantified using the log2-transformed ROR 

(log2ROR). A positive log2ROR indicated a 

significantly higher reporting frequency in the 

target subgroup (e.g., females vs. 

males).Furthermore, association analyses between 

mucosal toxicities and clinical severity (Fatal vs. 

Non-fatal) were performed using Fisher’s exact 

test. To account for the potential of type I errors 

inherent in multiple comparisons, all P-values 

underwent False Discovery Rate (FDR) 

correction. A two-sided adjusted P-value 

(FDR_P) < 0.05 was established as the threshold 

for statistical significance. 

3. Result 

3.1. Temporal Trends and Demographic 

Landscape of OM in FAERS 

From 2014 to 2025, a total of 679 reports of 

pembrolizumab-associated oral mucositis (OM) 

were identified in the FAERS database. The 

annual reporting frequency exhibited a steady 

upward trajectory, reaching a peak of 168 cases in 

2024 (Figure 1). Demographic analysis revealed a 

notable female predominance (57.58%; Figure 2) 
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and a high prevalence among elderly patients 

(aged ≥65 years, 45.95%; Figure 3). Reporting 

sources were primarily pharmacists (52.58%) and 

consumers (30.93%) (Figure 4). In terms of 

clinical severity, 78.94% of events were classified 

as serious (Figure 5), with critical outcomes 

including hospitalization (41.38%) and death 

(8.98%) (Figure 6). The median time to onset 

(TTO) was 12.50 days (IQR: 4.00–35.00 days), 

with 71.74% of events occurring within the first 

30 days of treatment (Figures 7,8). Notably, no 

statistically significant difference in TTO was 

observed between male and female patients 

(Wilcoxon test, P=0.6985; Figure 9). 

 

 

Figure1. Annual distribution of AE reports (FAERS) 
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Figure2. Sex distribution of AE reports (FAERS) 

 

 
Figure3. Age distribution of AE reports (FAERS) 
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Figure4. Reporter distribution of AE reports (FAERS) 

 

Figure5. Serious Report distribution of AE reports (FAERS) 
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Figure6. Outcomes report distribution of AE reports (FAERS) 

 

 

Figure7. Cumulative incidence of adverse events (FAERS) 
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Figure8. Time to event report distribution of AE reports(FAERS) 

 

 

Figure9. Cumulative incidence of adverse events by sex (FAERS) 

 

3.2. Disproportionality Analysis and Signal 

Characterization in FAERS 

Comprehensive disproportionality analysis 

confirmed that pembrolizumab was significantly 

associated with several oral mucosal adverse 

events (AEs). Stomatitis was the most frequently 

reported Preferred Term (PT) (n=586, ROR 3.78, 

95% CI 3.48–4.10), while Oral mucosa erosion 

exhibited a strong signal (ROR 5.06, 95% CI 

3.09–8.28); both signals remained robust across 

all four algorithms (ROR, PRR, IC, and 

EBGM)(Table 1). 

 

Table 1 Signal Detection Results Across MedDRA Hierarchical Levels (FAERS) 

PT ROR(95% PRR(95% IC(IC0 EBGM(EB ROR PRR IC EBG



CURRENT SCIENCE CS 6 (1), 59032-5951 (2026) 

 

5940 

            Dr. Yuan Liang, Dr. Pengkhun Nov et al.
 

CURRENT SCIENCE  
 

 
 

CI) CI) 25) GM05) Signal Signal Signa

l 

M 

Signa

l 

Stomatitis 3.78(3.48,

4.10) 

3.77(3.48,

4.09) 

1.90(1.

78) 

3.74(3.45) Y Y Y Y 

Mouth 

ulceration 

1.06(0.82,

1.37) 

1.06(0.82,

1.37) 

0.08(-

0.30) 

1.06(0.82) N N N N 

Oral mucosa 

erosion 

5.06(3.09,

8.28) 

5.05(3.09,

8.28) 

2.32(1.

31) 

5.00(3.05) Y Y Y Y 

Aphthous ulcer 0.57(0.34,

0.95) 

0.57(0.34,

0.95) 

-0.81(-

1.49) 

0.57(0.34) N N N N 

Lip ulceration 1.99(0.89,

4.45) 

1.99(0.89,

4.45) 

0.99(-

0.29) 

1.99(0.89) N N N N 

Stomatitis 

necrotising 

5.58(1.78,

17.46) 

5.58(1.78,

17.46) 

2.46(-

0.09) 

5.51(1.76) Y Y N N 

Lip erosion 1.52(0.49,

4.73) 

1.52(0.49,

4.73) 

0.60(-

1.02) 

1.52(0.49) N N N N 

Stomatitis 

haemorrhagic 

6.29(1.55,

25.46) 

6.29(1.55,

25.46) 

2.63(-

0.51) 

6.20(1.53) N N N N 

Palatal ulcer 3.82(0.53,

27.42) 

3.82(0.53,

27.42) 

1.92(-

1.40) 

3.79(0.53) N N N N 

 

Subgroup analysis underscored the clinical 

stability of these associations, as the signal for 

Stomatitis remained significant regardless of 

gender, age, or report seriousness from 2018 

through 2025. Interestingly, Stomatitis 

haemorrhagic showed the highest signal intensity 

(ROR 6.29) and was particularly prominent in the 

18–44 age group (EBGM05 = 17.42)(Table 2-4).

  

Table 2 Signal Detection Results Across MedDRA Hierarchical Levels Stratified by Age (FAERS) 

Subg

roup 

PT ROR(95% 

CI) 

PRR(95% 

CI) 

IC(IC02

5) 

EBGM(E

BGM05) 

ROR 

Signal 

PRR 

Signal 

IC 

Sign

al 

EBGM 

Signal 

≥65 Stomatitis 3.34(2.96,

3.77) 

3.33(2.96,3.

76) 

1.72(1.5

3) 

3.29(2.92) Y Y Y Y 

45-

64 

Stomatitis 3.57(3.05,

4.18) 

3.56(3.04,4.

17) 

1.82(1.5

6) 

3.53(3.02) Y Y Y Y 

NS Stomatitis 3.90(3.29,

4.61) 

3.89(3.29,4.

60) 

1.95(1.6

7) 

3.87(3.27) Y Y Y Y 

NS Mouth 

ulceration 

1.98(1.31,

3.02) 

1.98(1.30,3.

01) 

0.99(0.3

2) 

1.98(1.30) Y Y Y N 

18-

44 

Stomatitis 3.24(2.11,

4.97) 

3.23(2.11,4.

96) 

1.69(0.9

3) 

3.23(2.10) Y Y Y Y 

45-

64 

Mouth 

ulceration 

1.12(0.72,

1.76) 

1.12(0.72,1.

76) 

0.17(-

0.49) 

1.12(0.72) N N N N 

≥65 Mouth 

ulceration 

0.65(0.40,

1.06) 

0.65(0.40,1.

06) 

-0.63(-

1.30) 

0.65(0.40) N N N N 

≥65 Oral 

mucosa 

erosion 

6.14(3.36,

11.19) 

6.13(3.36,1

1.19) 

2.58(1.2

3) 

5.96(3.27) Y Y Y Y 

≥65 Aphthous 

ulcer 

0.68(0.32,

1.43) 

0.68(0.32,1.

43) 

-0.55(-

1.52) 

0.68(0.32) N N N N 
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NS Aphthous 

ulcer 

1.04(0.47,

2.32) 

1.04(0.47,2.

31) 

0.06(-

1.05) 

1.04(0.47) N N N N 

45-

64 

Oral 

mucosa 

erosion 

3.57(1.14,

11.14) 

3.57(1.14,1

1.14) 

1.83(-

0.34) 

3.54(1.14) Y Y N N 

≥65 Lip 

ulceration 

1.29(0.32,

5.20) 

1.29(0.32,5.

20) 

0.37(-

1.44) 

1.29(0.32) N N N N 

45-

64 

Lip 

ulceration 

2.22(0.55,

8.92) 

2.22(0.55,8.

92) 

1.15(-

1.02) 

2.21(0.55) N N N N 

≥65 Stomatitis 

necrotising 

5.95(1.45,

24.34) 

5.95(1.45,2

4.34) 

2.53(-

0.55) 

5.79(1.41) N N N N 

45-

64 

Lip 

erosion 

4.50(1.12,

18.17) 

4.50(1.12,1

8.17) 

2.16(-

0.64) 

4.45(1.10) N N N N 

NS Oral 

mucosa 

erosion 

5.94(1.47,

23.95) 

5.94(1.47,2

3.95) 

2.56(-

0.52) 

5.88(1.46) N N N N 

18-

44 

Aphthous 

ulcer 

0.65(0.09,

4.60) 

0.65(0.09,4.

60) 

-0.63(-

2.39) 

0.65(0.09) N N N N 

45-

64 

Aphthous 

ulcer 

0.13(0.02,

0.90) 

0.13(0.02,0.

90) 

-2.97(-

4.19) 

0.13(0.02) N N N N 

NS Lip 

ulceration 

1.97(0.28,

14.03) 

1.97(0.28,1

4.03) 

0.97(-

1.64) 

1.97(0.28) N N N N 

18-

44 

Lip 

ulceration 

5.56(0.78,

39.69) 

5.56(0.78,3

9.68) 

2.47(-

1.29) 

5.54(0.78) N N N N 

18-

44 

Mouth 

ulceration 

0.32(0.05,

2.30) 

0.32(0.05,2.

30) 

-1.63(-

3.07) 

0.32(0.05) N N N N 

18-

44 

Stomatitis 

haemorrha

gic 

168.68(20

.30,1401.2

9) 

168.66(20.3

1,1400.82) 

7.18(-

1.29) 

144.71(17

.42) 

N N N Y 

≥65 Stomatitis 

haemorrha

gic 

3.72(0.51,

26.94) 

3.72(0.51,2

6.94) 

1.87(-

1.44) 

3.66(0.51) N N N N 

45-

64 

Stomatitis 

necrotising 

6.85(0.94,

49.60) 

6.85(0.94,4

9.59) 

2.75(-

1.28) 

6.73(0.93) N N N N 

≥65 Lip 

erosion 

0.79(0.11,

5.63) 

0.79(0.11,5.

63) 

-0.34(-

2.23) 

0.79(0.11) N N N N 

45-

64 

Palatal 

ulcer 

32.86(4.2

1,256.70) 

32.86(4.21,

256.69) 

4.91(-

1.26) 

29.96(3.8

4) 

N N N Y 

 

Table 3 Signal Detection Results Across MedDRA Hierarchical Levels Stratified by Sex Type 

(FAERS) 

Subgro

up 

PT ROR(95

% CI) 

PRR(95% 

CI) 

IC(IC

025) 

EBGM(E

BGM05) 

ROR 

Signal 

PRR 

Signal 

IC 

Sign

al 

EBGM 

Signal 

Female Stomatitis 4.10(3.68,

4.56) 

4.08(3.67,

4.54) 

2.02(1

.85) 

4.05(3.64) Y Y Y Y 

Male Stomatitis 3.76(3.30,

4.28) 

3.75(3.30,

4.27) 

1.89(1

.69) 

3.71(3.26) Y Y Y Y 

Female Mouth 

ulceration 

1.15(0.82,

1.61) 

1.15(0.82,

1.61) 

0.20(-

0.29) 

1.15(0.82) N N N N 

Male Mouth 1.10(0.73, 1.10(0.73, 0.14(- 1.10(0.73) N N N N 
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ulceration 1.66) 1.66) 0.46) 

Not 

Specifi

ed 

Stomatitis 2.41(1.42,

4.07) 

2.40(1.42,

4.06) 

1.26(0

.39) 

2.40(1.42) Y Y Y N 

Female Aphthous 

ulcer 

0.66(0.35,

1.28) 

0.66(0.35,

1.28) 

-0.59(-

1.45) 

0.66(0.35) N N N N 

Male Oral 

mucosa 

erosion 

5.25(2.71,

10.16) 

5.25(2.71,

10.16) 

2.37(0

.94) 

5.16(2.67) Y Y Y Y 

Female Oral 

mucosa 

erosion 

4.88(2.32,

10.28) 

4.88(2.32,

10.28) 

2.27(0

.68) 

4.84(2.30) Y Y Y Y 

Male Aphthous 

ulcer 

0.63(0.28,

1.40) 

0.63(0.28,

1.40) 

-0.67(-

1.68) 

0.63(0.28) N N N N 

Female Lip 

ulceration 

1.87(0.60,

5.80) 

1.87(0.60,

5.80) 

0.90(-

0.83) 

1.86(0.60) N N N N 

Male Lip 

ulceration 

2.41(0.77,

7.53) 

2.41(0.77,

7.53) 

1.26(-

0.62) 

2.40(0.77) N N N N 

Male Stomatitis 

necrotising 

7.75(1.90,

31.66) 

7.75(1.90,

31.66) 

2.92(-

0.46) 

7.55(1.85) N N N N 

Male Lip erosion 1.98(0.49,

7.98) 

1.98(0.49,

7.98) 

0.98(-

1.10) 

1.98(0.49) N N N N 

Not 

Specifi

ed 

Mouth 

ulceration 

0.45(0.06,

3.19) 

0.45(0.06,

3.19) 

-1.15(-

2.73) 

0.45(0.06) N N N N 

Female Stomatitis 

haemorrha

gic 

7.12(0.99,

51.39) 

7.12(0.99,

51.39) 

2.81(-

1.27) 

7.01(0.97) N N N N 

Male Stomatitis 

haemorrha

gic 

5.48(0.76,

39.71) 

5.48(0.76,

39.71) 

2.43(-

1.33) 

5.38(0.74) N N N N 

Female Stomatitis 

necrotising 

3.62(0.51,

25.93) 

3.62(0.51,

25.93) 

1.85(-

1.41) 

3.60(0.50) N N N N 

Female Lip erosion 1.10(0.16,

7.86) 

1.10(0.16,

7.86) 

0.14(-

1.98) 

1.10(0.16) N N N N 

Male Palatal 

ulcer 

10.95(1.4

8,81.11) 

10.95(1.4

8,81.11) 

3.40(-

1.26) 

10.54(1.4

2) 

N N N N 

 

Table 4 Signal Detection Results Across MedDRA Hierarchical Levels Stratified by Serious Reports. 

(FAERS) 

Subgro

up 

PT ROR(95% 

CI) 

PRR(95% 

CI) 

IC(IC0

25) 

EBGM(E

BGM05) 

ROR 

Sign

al 

PRR 

Signal 

IC 

Sign

al 

EB

GM 

Sig

nal 

Serious Stomatitis 3.51(3.20,

3.85) 

3.51(3.20,

3.84) 

1.80(1.

65) 

3.47(3.17) Y Y Y Y 

Non-

Serious 

Stomatitis 5.91(4.97,

7.02) 

5.88(4.95,

6.98) 

2.55(2.

24) 

5.85(4.92) Y Y Y Y 

Serious Mouth 

ulceration 

0.93(0.70,

1.23) 

0.93(0.70,

1.23) 

-0.10(-

0.51) 

0.93(0.70) N N N N 

Serious Aphthous 0.57(0.34, 0.57(0.34, -0.81(- 0.57(0.34) N N N N 
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ulcer 0.96) 0.96) 1.52) 

Serious Oral mucosa 

erosion 

3.55(2.09,

6.01) 

3.55(2.09,

6.01) 

1.81(0.

84) 

3.52(2.08) Y Y Y Y 

Non-

Serious 

Mouth 

ulceration 

1.58(0.82,

3.04) 

1.58(0.82,

3.04) 

0.66(-

0.34) 

1.58(0.82) N N N N 

Serious Lip 

ulceration 

1.25(0.47,

3.34) 

1.25(0.47,

3.34) 

0.32(-

1.04) 

1.25(0.47) N N N N 

Serious Stomatitis 

necrotising 

4.39(1.40,

13.72) 

4.39(1.40,

13.72) 

2.12(-

0.22) 

4.33(1.39) Y Y N N 

Serious Lip erosion 1.20(0.39,

3.73) 

1.20(0.39,

3.73) 

0.26(-

1.26) 

1.20(0.39) N N N N 

Non-

Serious 

Lip 

ulceration 

9.47(2.35,

38.17) 

9.47(2.35,

38.16) 

3.23(-

0.37) 

9.38(2.33) N N N Y 

Serious Stomatitis 

haemorrhagic 

5.19(1.28,

21.03) 

5.19(1.28,

21.03) 

2.35(-

0.58) 

5.12(1.26) N N N N 

Non-

Serious 

Oral mucosa 

erosion 

59.45(14.1

8,249.17) 

59.45(14.1

9,249.12) 

5.80(-

0.21) 

55.68(13.2

8) 

N N N Y 

Non-

Serious 

Aphthous 

ulcer 

0.35(0.05,

2.45) 

0.35(0.05,

2.45) 

-1.53(-

3.00) 

0.35(0.05) N N N N 

Serious Palatal ulcer 3.12(0.43,

22.40) 

3.12(0.43,

22.40) 

1.63(-

1.47) 

3.10(0.43) N N N N 

 

Conversely, terms such as Aphthous ulcer failed 

to meet the signal detection threshold (Figure 10), 

suggesting a specific pathological spectrum of 

pembrolizumab-induced mucosal toxicity rather 

than general ulceration. 

 

 

Figure10. The top 50 frequent of PTs(FAERS) 
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3.3. External Validation of Demographic and 

Safety Signals in EudraVigilance 

To ensure the robustness of our findings, an 

external validation was conducted using the 

EudraVigilance database (n = 816). Consistent 

with the FAERS findings, a higher proportion of 

reports involved females (56.74%) (Figure S1), 

and the elderly population (52.45%) (Figure S2), 

with the majority of cases (94.73%) , reported by 

healthcare professionals (Figure S3). 

 

 
FigureS1. Sex distribution of AE reports(EV) 
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FigureS2. Age distribution of AE reports(EV) 

 

FigureS3. Reporter distribution of AE reports(EV) 
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Signal detection in EudraVigilance corroborated 

the primary analysis: Stomatitis (ROR 3.47, 95% 

CI: 3.22–3.74) and Oral mucosa erosion (ROR 

2.35, 95% CI: 1.56–3.54) emerged as the most 

consistent and robust signals. While Palatal ulcer 

and Stomatitis haemorrhagic exhibited high 

RORs (4.47 and 4.15, respectively), they did not 

consistently meet the detection thresholds across 

all four statistical methods. Furthermore, 

validation confirmed that Mouth ulceration and 

Aphthous ulcer lacked statistically significant 

disproportionality, with 95% CI lower limits 

falling below 1.0(Table S1). 

 

Table S1 Signal Detection Results Across MedDRA Hierarchical Levels(EV) 

PT ROR(95% 

CI) 

PRR(95% 

CI) 

IC(IC0

25) 

EBGM(EB

GM05) 

ROR 

Signal 

PRR 

Signal 

IC 

Signal 

EBGM 

Signal 

Stomatitis 3.47(3.22,

3.74) 

3.46(3.21,

3.73) 

1.78(1.

66) 

3.43(3.18) Y Y Y Y 

Mouth 

ulceration 

0.86(0.67,

1.10) 

0.86(0.67,

1.10) 

-0.22(-

0.58) 

0.86(0.67) N N N N 

Aphthous 

ulcer 

0.58(0.40,

0.83) 

0.58(0.40,

0.83) 

-0.79(-

1.31) 

0.58(0.40) N N N N 

Oral mucosa 

erosion 

2.35(1.56,

3.54) 

2.35(1.56,

3.54) 

1.23(0.

55) 

2.34(1.55) Y Y Y N 

Lip 

ulceration 

1.40(0.67,

2.94) 

1.40(0.67,

2.94) 

0.48(-

0.61) 

1.40(0.67) N N N N 

Lip erosion 1.13(0.54,

2.37) 

1.13(0.54,

2.37) 

0.18(-

0.87) 

1.13(0.54) N N N N 

Stomatitis 

necrotising 

2.77(0.89,

8.64) 

2.77(0.89,

8.64) 

1.46(-

0.52) 

2.75(0.88) N N N N 

Stomatitis 

haemorrhagic 

4.15(1.03,

16.78) 

4.15(1.03,

16.78) 

2.04(-

0.68) 

4.10(1.01) N N N N 

Palatal ulcer 4.47(1.11,

18.10) 

4.47(1.11,

18.10) 

2.14(-

0.64) 

4.41(1.09) N N N N 

 

3.4. Subgroup Vulnerability and Clinical 

Outcome Associations 

Subgroup analyses based on gender and age were 

performed to identify high-risk populations. In 

both databases, a significant gender-based 

disparity was observed for Stomatitis, with female 

patients exhibiting a higher reporting preference 

than males (EudraVigilance: log2ROR = 0.502, 

FDR_P < 0.001; FAERS: log2ROR = 0.53, FDR 

= 0.0015) (Table 5,S2). 

 

Table 5 Analysis of Sex-related Differences (Group1: Female; Group2: Male) (FAERS) 

PT P value FDR_Pvalue 

Stomatitis <.0001 0.001464541 

Mouth ulceration 0.1636 0.968121758 

Oral mucosa erosion 0.5933 1 

Aphthous ulcer 0.4582 0.968121758 

Lip ulceration 1.0000 1 

Stomatitis necrotising 0.9883 1 

Lip erosion 0.9883 1 

Stomatitis haemorrhagic 1.0000 1 

Palatal ulcer 0.4958 0.968121758 
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Table S2 Analysis of Sex-related Differences (Group1: Female; Group2: Male) (EV) 

PT P value FDR_Pvalue 

Stomatitis <.0001 0.000669765 

Mouth ulceration 0.3052 1 

Aphthous ulcer 0.4460 1 

Oral mucosa erosion 0.5279 1 

Lip ulceration 1.0000 1 

Lip erosion 0.4515 1 

Stomatitis necrotising 1.0000 1 

Stomatitis haemorrhagic 1.0000 1 

Palatal ulcer 0.5000 1 

 

In contrast, age-based analysis revealed no 

statistically significant differences between 

patients aged <65 and ≥65 years after False 

Discovery Rate (FDR) correction FDR_P > 0.05), 

indicating that age may not be a primary 

determinant for these toxicities (Table 6). 

  

Table 6 Analysis of Age-related Differences (Group 1: < 65 years; Group 2: ≥ 65 years) (FAERS) 

PT P value FDR_Pvalue 

Stomatitis 0.3957 0.996467495 

Mouth ulceration 0.0794 0.996467495 

Oral mucosa erosion 0.1334 0.996467495 

Aphthous ulcer 0.4144 0.996467495 

Lip ulceration 0.6882 1 

Stomatitis necrotising 1.0000 1 

Lip erosion 0.7559 1 

Stomatitis haemorrhagic 1.0000 1 

Palatal ulcer 0.4117 0.996467495 

 

Notably, association analysis with clinical 

outcomes demonstrated that Stomatitis was 

significantly correlated with non-fatal cases (P < 

0.0001, log2ROR = -1.41) (Table 7), suggesting 

that while pembrolizumab-induced stomatitis is 

more frequent in women, it generally follows a 

non-lethal clinical trajectory. 

 

Table 7 Analysis of Differences Based on Fatal Outcomes (Group 1: Fatal; Group 2: Non-Fatal) 

(FAERS) 

PT P value FDR_Pvalue 

Stomatitis <.0001 2.58123E-10 

Mouth ulceration 0.0090 0.149404034 

Oral mucosa erosion 0.6090 1 

Aphthous ulcer 0.6922 1 

Lip ulceration 0.4514 1 

Stomatitis necrotising 1.0000 1 

Lip erosion 0.5035 1 

Stomatitis haemorrhagic 1.0000 1 

Palatal ulcer 1.0000 1 

 

4. Discussion 

The clinical integration of pembrolizumab, a 

programmed cell death protein 1 (PD-1) inhibitor, 

has revolutionized the treatment landscape of 
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various malignancies. However, its immune-

related adverse events (irAEs) pose significant 

challenges to patient quality of life and treatment 

continuity11. This study provides a 

comprehensive pharmacovigilance analysis of 

pembrolizumab-associated oral mucositis (OM) 

using the FAERS and EudraVigilance databases. 

Our findings reveal a consistent upward trend in 

reporting, a distinct female predominance, and a 

specific pathological spectrum that differentiates 

pembrolizumab-induced mucosal toxicity from 

general oral ulceration12. 

The steady increase in OM reports from 2014 to 

2025 aligns with the expanding indications for 

pembrolizumab. However, the peak in 2024 likely 

reflects not only increased drug utilization but 

also improved clinician awareness of 

dermatologic and mucosal irAEs13. Interestingly, 

while 78.94% of cases were classified as 

"serious," this may represent a reporting bias 

inherent in spontaneous reporting systems (SRSs), 

where mild (Grade 1-2) mucositis often goes 

unreported14. The median TTO of 12.5 days 

suggests that OM is an early-onset irAE, 

appearing significantly sooner than other systemic 

irAEs such as pneumonitis or colitis, which 

typically manifest after 2-3 months of therapy. 

This early window suggests a direct inflammatory 

response in the oral epithelium following the 

initial disruption of immune tolerance15. 

One of the most striking findings in our analysis 

is the significant female predominance (log2ROR 

= 0.53 in FAERS) for stomatitis. This gender 

disparity in irAEs is increasingly recognized but 

poorly understood16. Immunologically, females 

often mount more robust innate and adaptive 

immune responses than males, partly due to the 

stimulatory effects of estrogen on TLR pathways 

and the presence of immune-related genes on the 

X chromosome (e.g., TLR7, FOXP3)17. Our data 

suggests that the female oral mucosa may be more 

sensitive to the "unleashed" T-cell activity 

induced by PD-1 blockade. Despite this higher 

frequency, the association of stomatitis with non-

fatal outcomes suggests that while females are 

more susceptible, the severity is often manageable 

through dose interruptions or topical 

corticosteroids18. 

Our disproportionality analysis identified 

"Stomatitis" and "Oral mucosa erosion" as robust 

signals, whereas "Aphthous ulcer" failed to reach 

significance. This distinction is clinically vital. 

Unlike idiopathic aphthous ulcers, 

pembrolizumab-induced OM represents a T-cell 

mediated attack on basal keratinocytes, 

mimicking the histology of lichenoid mucositis. 

The high signal intensity of "Stomatitis 

haemorrhagic" (ROR 6.29) particularly in 

younger cohorts (18-44 years) is a novel 

observation. This could be attributed to a more 

vigorous immune microenvironment in younger 

patients or potential synergistic toxicity with other 

concurrent treatments like radiotherapy or 

cytotoxic chemotherapy, which are frequently 

used in younger patients with aggressive 

disease19. 

The lack of significant difference in TTO between 

genders (P=0.6985) indicates that the biological 

clock of immune activation is independent of sex, 

even if the magnitude of the response differs. For 

clinicians, the concentration of events within the 

first 30 days necessitates proactive oral screening 

during the first two cycles of pembrolizumab20. 

Given that 41.38% of reported cases led to 

hospitalization, early intervention with topical 

dexamethasone or high-potency steroid rinses is 

essential to prevent secondary infections and 

nutritional compromise, which are the primary 

drivers of hospitalization in OM patients20. 

5. Limitations 

Despite the robustness of the dual-database 

validation, several limitations inherent to 

spontaneous reporting systems (SRSs) must be 

acknowledged. First, the FAERS and 

EudraVigilance databases are subject to under-
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reporting and reporting bias, particularly for mild 

(Grade 1-2) toxicities, which may lead to an 

overestimation of clinical severity. Second, as a 

retrospective analysis of spontaneous reports, we 

lack granular clinical details, such as PD-L1 

expression levels, specific pembrolizumab 

dosages, tumor staging, and the use of 

concomitant medications that might influence 

mucosal health. Third, while disproportionality 

analysis indicates a strong statistical association, 

it cannot definitively establish a causal 

relationship or calculate absolute incidence rates. 

Finally, although we observed a striking gender 

disparity, the underlying biological 

mechanisms—potentially involving hormonal 

modulation or X-linked immune gene 

expression—remain speculative and necessitate 

further investigation through prospective 

translational studies. 

6. Conclusion 

In conclusion, this large-scale, dual-database 

pharmacovigilance study provides robust 

evidence for the association between 

pembrolizumab and oral mucositis (OM), 

characterized by a distinct pathological spectrum 

of erosive and hemorrhagic stomatitis. Our 

findings highlight a significant female 

predominance and an early-onset temporal pattern 

(median TTO: 12.5 days), with the majority of 

events manifesting within the first month of 

therapy. These results suggest that female and 

elderly patients may represent high-risk 

subpopulations requiring intensive oral health 

surveillance. For clinicians, the first 30 days of 

pembrolizumab treatment constitute a critical 

window for proactive screening; early 

intervention with topical corticosteroids could 

potentially mitigate the high hospitalization rates 

associated with this irAE, thereby optimizing 

patient quality of life and treatment adherence. 
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