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population (>45 years)
A pharmacovigilance analysis based on the FAERS database
Lei Xu, MSa , Ren-xian Xie, MSb, Shan-shan Cai, PhDc, Dai-feng Yang, PhDd, Can-gui Wu, MDe, 
Chun-hua Wang, MSf,*

Abstract 
The clinical use of nivolumab has significantly improved the prognosis for survival in patients with a wide range of advanced 
malignancies. Given the increased incidence of tumors, there is a need to gain insight into the true extent of adverse events (AEs) 
associated with the nivolumab drug in the middle-aged and elderly population. This pharmacovigilance study was based on an 
analysis of reports from the US Food and Drug Administration’s adverse event reporting system for the period January 1, 2014 
to December 31, 2024, and compared AEs of the drug nivolumab in the middle-aged and elderly populations using proportional 
reporting ratio, reporting odds ratio, BCPN, and multi-item gamma Poisson shrinker methods. The analyses showed the presence 
of AEs in a variety of systems, mainly involving several systems such as endocrine disorders, nervous system disorders, skin 
and subcutaneous tissue disorders. The immune-related AEs listed in the package insert were validated by us and their clinical 
significance warrants careful consideration to further guide clinical dosing, adjust therapeutic decision-making, and develop age-
adapted dosing algorithms for population pharmacokinetic development in order to minimize potential risks to patients. With the 
exception of reports of an unspecified nature, a greater proportion of the sample was male (65.7%) than female (32.5%), indicating 
significant variations. The highest percentage of reports was observed in patients aged between 65 and 85 years and in patients 
with a body mass index ranging from 50 to 100 kg/m2. The primary indication was non-small cell lung cancer. The top 3 AE signals 
reported with nivolumab were malignant neoplasm progression, death, and pyrexia, with the majority of AE cases occurring within 
the first month following nivolumab initiation.

Abbreviations: AE = adverse event, BCPNN = Bayesian confidence propagation neural network, FAERS = US Food and Drug 
Administration adverse event reporting system, ICI = immune checkpoint inhibitor, irAE = immune-related adverse event, MGPS 
= multi-item gamma Poisson shrinker, PD-1 = programmed death receptor-1, PRR = proportional reporting ratio, PT = preferred 
terminology, ROR = reporting odds ratio, SOC = system organ classification.

Keywords: adverse events, Food and Drug Administration adverse event reporting system, immune checkpoint inhibitors, phar-
macovigilance, real world

1. Introduction
The clinical use of immune checkpoint inhibitors (ICIs) has 
resulted in a substantial improvement in the survival prognosis 
of patients diagnosed with a wide range of advanced malig-
nancies. The programmed death receptor-1 (PD-1) inhibitor, 

Nivolumab, has been the most widely utilized.[1,2] However, 
the unique mechanism of action of ICIs may trigger immune- 
related adverse events (irAEs), the incidence and severity of 
which may vary significantly between age groups.[3-5] Patients 
of middle and advanced age (>45 years) may be more sus-
ceptible to irAEs due to a combination of factors, including, 
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but not limited to, age-related immunosenescence, increased 
comorbidity burden and multi-drug combination therapies.[6] 
A decline in the functionality of T-cells, alongside heightened 
baseline levels of inflammation (termed “inflammatory senes-
cence”) in middle-aged and older adults, has the potential to 
curtail the occurrence of irAEs. However, this phenomenon can 
concomitantly compound the challenge of tissue restoration 
following injury.[7,8] Therefore, in the event of irAEs (e.g., pneu-
monia, colitis) occurring, the severity may be increased and the 
recovery time prolonged, especially in patients with combined 
cardiopulmonary disease or renal insufficiency. Furthermore, 
pharmacokinetic studies have demonstrated that, as a mono-
clonal antibody, nivolumab is predominantly metabolized by 
lysosomal protein hydrolysis, and its clearance does not exhibit 
a significant correlation with hepatic and renal function.[9,10] 
This property suggests that dose adjustment may not be nec-
essary in patients with hepatic or renal impairment. However, 
in the middle-aged and elderly population, age-related changes 
in tissue protease activity may affect drug exposure and thus 
potentially alter the risk profile of irAEs. However, the paucity 
of systematic safety studies in this population is a matter of 
concern.[11]

The US Food and Drug Administration adverse event report-
ing system (FAERS) is a significant resource for the identification 
of drug safety signals following marketing, as it is the world’s 
largest pharmacovigilance database.[12] A substantial propor-
tion of preceding studies have concentrated on the safety profile 
of ICIs in the general population. However, there has been a 
paucity of analyses of risk differences in age stratification, par-
ticularly in the middle-aged and elderly subgroups.[13] Notably, 
the middle-aged and elderly population over 45 years of age 
dominates the incidence of malignant tumors and the volume of 
ICI prescriptions, and their altered immune microenvironment 
and pharmacokinetics may affect the clinical presentation and 
prognosis of irAEs.[14,15] Moreover, the existing guidelines are 
deficient in their provision of targeted recommendations for the 
management of irAEs in middle-aged and elderly patients.[16]

The present study is the first to systematically assess the AE 
profile of nivolumab in the middle-aged and elderly popula-
tion >45 years old, and to identify high-risk signals through 
data mining algorithms. The results of the study are expected 
to provide an evidence-based basis for optimizing risk strati-
fication, monitoring strategies and individualized treatment in  
middle-aged and elderly patients.

2. Materials and methods

2.1. Data sources

This study utilized data from the FAERS, a comprehensive and 
publicly accessible post-marketing pharmacovigilance database 
containing spontaneous reports of AEs submitted by healthcare 
professionals, patients and manufacturers. The data set was 
extracted from Q1 2014 to Q4 2024, focusing on middle-aged 

and older adults aged 45 years or older who had received the 
drug “Nivolumab” (both generic and brand names). Duplicate 
reports were eliminated through the utilization of the pri-
maryid and caseid fields, in accordance with Food and Drug 
Administration guidelines. In the present study, cases defined as 
AE reports in which the reporter referred to the target drug as the 
“prime suspect” were selected, and all AEs were reported using 
the Medical Dictionary for Regulatory Activities, MedDRA ver-
sion 27.0. The coding of all AEs was conducted utilizing the pre-
ferred terminology (PT) and system organ classification (SOC) 
in the Medical Dictionary for Regulatory Activities, MedDRA 
version 27.0, a widely adopted medical terminology employed 
in pharmacovigilance and regulatory activities.

2.2. Statistical analysis

In this study, both descriptive and analytical statistical methods 
were employed. Descriptive statistics were first used to summa-
rize the demographic and clinical characteristics of nivolumab- 
related adverse event (AE) reports, including gender, age, body 
weight, time to onset, and distribution across SOCs. These data 
are presented as frequencies and percentages. Analytical statis-
tics focused on signal detection using disproportionality anal-
ysis and Bayesian algorithms. Four complementary methods 
were applied to identify potential AE signals associated with 
nivolumab: reporting odds ratio (ROR), proportional reporting 
ratio (PRR), Bayesian confidence propagation neural network 
(BCPNN), and multi-item gamma Poisson shrinker (MGPS). 
The formulas and signal detection criteria for each method 
are detailed in Table 1. Briefly, ROR and PRR are frequentist 
approaches that compare the proportion of a specific AE for 
the drug of interest versus all other drugs; a signal is considered 
positive when the lower limit of the 95% confidence interval 
for ROR > 1 and PRR ≥ 2 with x2 > 4 and case count ≥ 3.[17] 
BCPNN and MGPS are Bayesian methods that reduce false pos-
itives in sparse data; a signal is deemed positive when the lower 
bound of the information component (IC025) > 0 for BCPNN 
and the lower bound of the empirical Bayesian geometric mean 
(EBGM05) > 2 for MGPS.[18] To ensure robustness, a positive 
AE signal was defined only when all 4 methods simultaneously 
met their respective criteria. All statistical analyses were per-
formed using Microsoft Excel 2020 and R software (version 
4.3.1). Graphical visualizations were generated using the online 
platform ChiPlot (https://www.chiplot.online/).

2.3. Ethical approval

This study used publicly available data from the FAERS. The 
FAERS database is de-identified and compliant with patient 
confidentiality regulations. As this study did not involve human 
subjects research and utilized only anonymized, publicly acces-
sible data, institutional review board approval and informed 
consent were not required.

Table 1

Formulas and signal detection criterias for reporting odds ratio (ROR), proportional reporting ratio (PRR), Bayesian confidence propagation neural network 
(BCPNN) and multi-item gamma Poisson shrinker (MGPS).

Algorithms Equation Criteria

ROR ROR = ad/bc Lower limitof 95% CI > 1, a ≥ 3
95% CI = eIn(ROR) ± 1.96 (1/a + 1/b + 1/c + 1/d)0.5

PRR PRR = a(c + d)/c/(a + b) PRR > 2, χ2 > 4, a > 3
χ2 = [(ad−bc)2](a + b + c + d)/[(a + b)(c + d)(a + c)(b + d)]

BCPNN IC = log
2
a(a + b + c + d)(a + c)(a + b) IC025 > 0

95% CI = E(IC) ± 2V(IC)0.5

MGPS EBGM = a(a + b + c + d)/(a + c)/(a + b) EBGM05 > 2
95% CI = [eIn(EBGM ± 1.96 (1/a + 1/b + 1/c + 1/d)0.5

BCPNN = Bayesian confidence propagation neural network, MGPS = multi-item gamma Poisson shrinker, PRR = proportional reporting ratio, ROR = reporting odds ratio.

https://www.chiplot.online/
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3. Results

3.1. General characteristics

From January 1, 2014 to December 31,2024, a total of 
1,88,72,987 reports of AE in people aged 45 years and older 
were identified from the FAERS database. Of these, 41,014 
AEs were reported for nivolumab. The clinical characteristics 
of the reported cases and details of the reports are shown in 
Table 2. From 2014 to 2024, the number of AEs reported for 
nivolumab exhibited a linear increase with an overall “M” 
shaped magnitude, peaking at 5927 cases in 2019 (Fig. 1A). 
The United States was the most frequently reported coun-
try (32.4%), followed by Japan (19.8%; Fig. 1B). With the 
exception of cases for which the specific reason was not doc-
umented, a greater proportion of the reported cases involved 
males (65.7%) compared to females (32.5%), indicating sig-
nificant variation (Fig. 1C). The greatest percentage of reports 
occurred in patients aged 65 to 85 years and in patients weigh-
ing 50 to 100 kg (Fig. 1D, E). The predominant indications 
were Non-small cell lung cancer (13.3%) and malignant mela-
noma (12.9%; Fig. 1F). It is noteworthy that almost half of the 
reports were submitted by health professionals. From January 
1, 2014 to December 31, 2024 (an 11-year period), a total of 
1,88,72,987 reports of AE in people aged 45 years and older 
were identified from the FAERS database. Of these, 41,014 
AEs were reported for Nivolumab. From 2014 to 2024, the 
number of AEs reported for Nivolumab exhibited a linear 
increase with an overall “M” shaped magnitude, peaking at 
5927 cases in 2019.

3.2. Signal AE mining and analysis of AE signals at the PT 
level

In this study, AE signals were analyzed using ROR, PRR, 
BCPNN and MGPS, a total of 601 signals were obtained for 
nivolumab, next we analyzed all signals at the PT level, all AE 
signals are shown in Table S1, Supplemental Digital Content, 
https://links.lww.com/MD/R590.

The 3 most frequently reported AE signals for nivolumab 
were malignant neoplasm progression (n = 5299), death 
(n = 4903), and pyrexia (n = 1637). These were attributed to 
neoplasms benign, malignant, and unspecified (including cysts 
and polyps) and general disorders and administration site con-
ditions, respectively. The top 3 AE signals in terms of PRR and 
ROR were acquired generalised lipodystrophy (ROR = 301.78, 
95% CI = 55.27–1647.66, PRR = 301.77), Stauffer’s syndrome 
(ROR = 226.33, 95% CI = 37.82–1354.57, PRR = 226.33) 
and leukaemia (ROR = 191.84, 95% CI = 131.43–280.03, 
PRR = 191.75) for skin and subcutaneous tissue disorders and 
hepatobiliary disorders, respectively.

Table 2

Demographic information reported by AE in FAERS.

Nivolumab (n = 41014)

n (%)

Sex
 � Female 13,335 (32.5%)
 � Male 26,952 (65.7%)
 � Unknow 727 (1.8%)
Age
 � >85 750 (1.8%)
 � 45–65 17,083 (41.7%)
 � 65–85 23,181 (56.5%)
WT
 � <50 kg 1579 (3.9%)
 � >100 kg 1349 (3.3%)
 � 50–100 kg 12,632 (30.8%)
 � Unknow 25,454 (62.1%)
Years
 � 2014 56
 � 2015 973
 � 2016 2638
 � 2017 3592
 � 2018 4908
 � 2019 5927
 � 2020 5141
 � 2021 5880
 � 2022 5584
 � 2023 3191
 � 2024 3124
Geographical distribution
 � Australia 969 (2.4%)
 � Austria 207 (0.5%)
 � Belgium 449 (1.1%)
 � Brazil 265 (0.6%)
 � Canada 1127 (2.7%)
 � China 1563 (3.8%)
 � France 4572 (11.1%)
 � Germany 2518 (6.1%)
 � India 713 (1.7%)
 � Italy 1241 (3.0%)
 � Japan 8120 (19.8%)
 � Netherlands 381 (0.9%)
 � Spain 693 (1.7%)
 � Switzerland 325 (0.8%)
 � Taiwan 323 (0.8%)
 � United Kingdom 684 (1.7%)
 � United States 13,303 (32.4%)
 � Others
Indication
 � Non-small cell lung cancer 5459 (13.3%)
 � Malignant melanoma 5297 (12.9%)
 � Renal cell carcinoma 2793 (6.8%)
 � Gastric cancer 2336 (5.7%)
 � Product used for unknown indication 2335 (5.7%)
 � Metastatic malignant melanoma 2245 (5.5%)
 � Metastatic renal cell carcinoma 1946 (4.7%)
 � Lung neoplasm malignant 1939 (4.7%)
 � Non-small cell lung cancer recurrent 1463 (3.6%)
 � Renal cancer 851 (2.1%)
 � Squamous cell carcinoma of head and neck 767 (1.9%)
 � Oesophageal carcinoma 703 (1.7%)
 � Lung adenocarcinoma 671 (1.6%)
 � Head and neck cancer 666 (1.6%)
 � Others
Occupation code
 � CN 8398 (20.5%)
 � HP 9069 (22.1%)
 � LW 14 (0.0%)
 � MD 12,847 (31.3%)
 � OT 8138 (19.8%)
 � PH 2448 (6.0%)

(Continued)

Nivolumab (n = 41014)

n (%)

 � Missing 100 (0.2%)
Outcome code
 � CA 5 (0.0%)
 � DE 11,439 (27.9%)
 � DS 263 (0.6%)
 � HO 14,402 (35.1%)
 � LT 2265 (5.5%)
 � Missing 3022 (7.4%)
 � OT 9604 (23.4%)
 � RI 14 (0.0%)

AE = adverse event, FAERS = US Food and Drug Administration adverse event reporting system.

Table 2

(Continued )

https://links.lww.com/MD/R590


4

Xu et al.  •  Medicine (2026) 105:14� Medicine

Figure 1.  Demographic information on AE reporting in FAERS. (A) Number of drug AEs reported per year; (B) histogram of country distribution of reported 
drugs; (C) percentage of drug AEs reported by gender subgroups; (D) percentage of drug AEs reported by age group; (E) number of drug AEs reported by body 
weight; and (F) histogram of drug indications. AE = adverse event, FAERS = US Food and Drug Administration adverse event reporting system.

Table 3

The top 30 positive signals at the PT level and the positive signals at the SOC level in FAERS database.

Nivolumab

No PT Case reports PRR (χ2) ROR (95% CI) EBGM (EBGM05) IC (IC025)

1 Malignant neoplasm progression 5299 22.49 (94,906.75) 23.45 (22.77–24.15) 19.7 (19.22) 4.3 (4.26)
2 Death 4903 2.55 (4609.97) 2.61 (2.54–2.69) 2.52 (2.46) 1.34 (1.29)
3 Pyrexia 1637 2.24 (1114.23) 2.26 (2.15–2.37) 2.22 (2.13) 1.15 (1.08)
4 Decreased appetite 1366 2.33 (1028.91) 2.35 (2.22–2.48) 2.31 (2.21) 1.21 (1.13)
5 Colitis 945 11.33 (8288.07) 11.41 (10.68–12.2) 10.61 (10.04) 3.41 (3.31)
6 Hypothyroidism 930 13.83 (10,146.99) 13.93 (13.02–14.9) 12.75 (12.05) 3.67 (3.57)
7 General physical health deterioration 903 3.5 (1578.85) 3.52 (3.29–3.76) 3.44 (3.26) 1.78 (1.69)
8 Pneumonitis 895 13.14 (9239.81) 13.23 (12.35–14.17) 12.17 (11.49) 3.6 (3.5)
9 Interstitial lung disease 798 5.83 (3076.23) 5.86 (5.46–6.29) 5.65 (5.32) 2.5 (2.39)
10 Sepsis 647 2.41 (527.21) 2.42 (2.24–2.61) 2.39 (2.24) 1.26 (1.14)
11 Adrenal insufficiency 588 22.63 (10,572.06) 22.73 (20.84–24.79) 19.81 (18.42) 4.31 (4.18)
12 Pleural effusion 569 3.7 (1096.4) 3.71 (3.42–4.04) 3.64 (3.39) 1.86 (1.74)
13 Immune-mediated enterocolitis 521 64.43 (22,802.07) 64.7 (58.39–71.7) 45.45 (41.71) 5.51 (5.36)
14 Myocarditis 505 25.36 (10,116.98) 25.46 (23.16–27.98) 21.85 (20.19) 4.45 (4.31)
15 Hepatic function abnormal 486 5.89 (1898.73) 5.91 (5.39–6.47) 5.7 (5.29) 2.51 (2.38)
16 Respiratory failure 475 2.73 (511.66) 2.74 (2.5–3) 2.7 (2.5) 1.43 (1.3)
17 Pemphigoid 428 18.2 (6208.27) 18.26 (16.51–20.18) 16.35 (15.03) 4.03 (3.88)
18 Hyperthyroidism 410 13.06 (4203.2) 13.1 (11.84–14.49) 12.1 (11.12) 3.6 (3.45)
19 Hyponatraemia 395 2.36 (304.09) 2.36 (2.14–2.61) 2.34 (2.15) 1.22 (1.08)
20 Aspartate aminotransferase increased 364 3.98 (792.32) 3.99 (3.6–4.43) 3.9 (3.58) 1.97 (1.81)
21 Diabetic ketoacidosis 357 6.46 (1581.16) 6.48 (5.83–7.2) 6.24 (5.71) 2.64 (2.49)
22 Lung disorder 350 3.11 (490.84) 3.11 (2.8–3.46) 3.07 (2.81) 1.62 (1.46)
23 Alanine aminotransferase increased 346 3.26 (530.48) 3.26 (2.93–3.63) 3.21 (2.94) 1.68 (1.53)
24 Hepatitis 344 6.93 (1668.09) 6.94 (6.23–7.73) 6.67 (6.09) 2.74 (2.58)
25 Febrile neutropenia 343 2.23 (229.08) 2.23 (2.01–2.48) 2.21 (2.02) 1.14 (0.99)
26 Myositis 342 19.24 (5245.94) 19.29 (17.23–21.59) 17.18 (15.63) 4.1 (3.94)
27 Liver disorder 336 3.83 (685.08) 3.84 (3.44–4.27) 3.76 (3.43) 1.91 (1.75)
28 Stomatitis 327 2.27 (228.82) 2.27 (2.04–2.53) 2.25 (2.05) 1.17 (1.01)
29 Hypophysitis 319 62.75 (13,692.01) 62.91 (55.2–71.7) 44.61 (39.99) 5.48 (5.3)
30 Fulminant type 1 diabetes mellitus 305 138.61 (21,718.47) 138.95 (118.93–162.34) 72.72 (63.85) 6.18 (5.98)
NO SOC
1 Endocrine disorders 4228 13.22 (44,022.76) 13.65 (13.22–14.09) 12.23 (11.91) 3.61 (3.57)
2 Hepatobiliary disorders 4007 3.38 (6614.58) 3.45 (3.35–3.57) 3.32 (3.24) 1.73 (1.69)

PT = preferred terminology, ROR = reporting odds ratio, SOC = system organ classification.
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The present study focused on the top 30 most frequent sig-
nal strength detections, and employed heatmap visualization 
of the signal values (Table 3, Fig. 2). The top 30 most frequent 
signals reported by nivolumb occurred mainly as endocrine 
disorders and metabolism and nutrition disorders (Fig. 2A). 
Although some of the PTs were reported in smaller num-
bers, they should also be of high concern. The application of 
the logarithm to the signal values for the 4 methods revealed 
that immune-mediated enterocolitis was of concern (Fig. 2B), 
and this is attributed to gastrointestinal disorders. The vol-
cano and forest plots of the top 30 signals revealed that the 
top 3 ROR values were fulminant type 1 diabetes melli-
tus (ROR = 138.95, 95% CI = (118.93–162.34), immune- 
mediated enterocolitis (ROR = 64.7, 95% CI = (58.39–71.7) and 
hypophysitis (ROR = 62.91, 95% CI = (55.2–71.7), attributed 
to metabolism and nutritional disorders, gastrointestinal disor-
ders, and endocrine disorders, respectively (Fig. 3A, B).

3.3. AE report stratified analysis by SOC and relationship 
between main AE signals detection and SOCs

To detect SOC signals, we first used MedDRA to classify all 
positive AE signals for nivolumab according to SOC for the 
affected organs and systems and found that nervous system 
disorders (n = 67,11.5%), investigations (n = 54,8.99%), gas-
trointestinal disorders (n = 53.8, 82%) were the 3 systems with 
the highest number of SOCs attributed to AE signals reported 
for nivolumab (Table 4), with the AE with the highest number 
of occurrences attributed to nervous system disorders being 
myasthenia gravis.

In addition, on the SOC, we analyzed the signals using 
ROR, PRR, BCPNN and MGPS and found that the positive 
signals for nivolumab were endocrine disorders (n = 4228) and 
hepatobiliary disorders (n = 4007; Table 3), which is consis-
tent with our previous findings.

Figure 2.  (A) Names and numbers of the top 30 AEs with the highest proportion of drug signals detected in the FAERS database and their corresponding 
SOCs; (B) Heatmap visualization of signal values for the 4 methods. AE = adverse event, FAERS = US Food and Drug Administration adverse event reporting 
system, SOC = system organ classification.

Figure 3.  (A) Volcano plot of positive AE signals; (B) ROR forest plot of the first 30 AE signals. AE = adverse event, ROR = reporting odds ratio.
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3.4. Onset events

Exacerbation times for nivolumab-associated AEs were 
extracted from the database. A total of 20,892 associated AEs 
reported the time of onset and most AE cases occurred in the 
first 1 month (n = 7220, 34.56%) and 1 to 2 months (n = 3769, 
18.04%) after nivolumab initiation (Table 5, Fig. 4). Analysing 
the results from the SOC, we found that the time to induction of 
nivolumab did not differ significantly between systems and that 
AEs could still occur after 4000 days.

4. Discussion
This study is the first to systematically reveal the characteristics 
of AEs of nivolumab in a middle-aged and older population >45 
years of age based on the FAERS database. By analyzing reports 
between 2014 and 2024, we identified multiple high-risk AEs, 
with a high number of AE occurrences attributed to Metabolism 
and nutrition disorders, gastrointestinal disorders and endocrine 
disorders. The drug package inserts listed immune-mediated 
enterocolitis (n = 521), immune-mediated hepatitis (n = 234), 
immune-mediated myocarditis (n = 213), immune-mediated 
lung disease (n = 209) and all irAEs were identified through our 
data mining process.

4.1. Age-specificity of the immunotoxicity profile

As thymic degeneration progresses with age, a decline in initial 
T-cells is observed. This decline impairs immune tolerance mecha-
nisms and exacerbates autoimmune responses.[19] This explains the 
high proportion of rare but lethal irAEs (e.g., immune-mediated 
myocarditis) reported in patients >45 years of age. On the other 
hand, the mitochondrial dysfunction that accompanies aging may 
diminish the activation capacity of effector T cells, leading to a 
lower occurrence of some irAEs (e.g., autoimmune dermatitis; 
n = 3).[7] This is consistent with the high readmission rate but low 
reporting rate observed by Wang et al[4] in elderly ICI patients.

4.2. Metabolic and endocrine toxicity dominate the toxicity 
spectrum

The data demonstrated that nivolumab exhibited a high risk of accu-
mulating metabolic and endocrine toxicity in individuals over 45 
years of age, with elevated risk signals including generalised lipodys-
trophy (ROR = 301.78, 95% CI = 55.27–1647.66, PRR = 301.77) 
and fulminant type 1 diabetes mellitus (ROR = 138.95, 95% 
CI = 118.93–162.34) were high risk signals suggestive of age-related 
susceptibility to metabolic disorders. The potential mechanisms 
underlying this phenomenon include thymic output reduction in 
elderly patients, leading to a decrease in CD4+ CD25+ FoxP3+ Treg 
cells, immune tolerance to autoantigens, and an imbalance between 
thymic degeneration and Treg cells.[19,20] The occurrence of hypoph-
ysitis and thyroid-related diseases in this study and attributed to 
endocrine disorders corroborates this mechanism. Increased mito-
chondrial ROS production in senescent cells promotes IL-1β release 
through activation of NLRP3 inflammatory vesicles, which may be 
a potential reason for the high signaling values of systemic inflam-
matory responses, such as Stauffer’s syndrome (ROR = 226.33).[21,22]

4.3. Early warning and intervention in lethal toxicity

The present study found that malignant progression (n = 5299) 
and death (n = 4903) occupied the top 2 reported numbers, 
and that the inflammatory microenvironment may have driven 

Table 4

Distribution of ae signals in each system organ class.

SOC

Nivolumab

n Percentage

Nervous system disorders 67 11.15%
Investigations 54 8.99%
Gastrointestinal disorders 53 8.82%
Infections and infestations 48 7.99%
Endocrine disorders 45 7.49%
Neoplasms benign, malignant and unspecified (incl cysts and polyps) 45 7.49%
Skin and subcutaneous tissue disorders 43 7.15%
Respiratory, thoracic and mediastinal disorders 42 6.99%
Hepatobiliary disorders 29 4.83%
Metabolism and nutrition disorders 22 3.66%
Musculoskeletal and connective tissue disorders 22 3.66%
Blood and lymphatic system disorders 19 3.16%
Eye disorders 18 3.00%
Cardiac disorders 16 2.66%
Renal and urinary disorders 15 2.50%
General disorders and administration site conditions 14 2.33%
Surgical and medical procedures 14 2.33%
Injury, poisoning and procedural complications 12 2.00%
Vascular disorders 9 1.50%
Immune system disorders 8 1.33%
Ear and labyrinth disorders 3 0.50%
Product issues 2 0.33%
Congenital, familial and genetic disorders 1 0.17%

SOC = system organ classification.

Table 5

Subgroups of AE induction times for nabulizumab in middle-aged and older 
adults aged 45 years or older.

Days Number Percentage

0–30 7220 34.56
31–60 3769 18.04
61–90 2260 10.82
91–120 1600 7.66
121–150 1120 5.36
151–180 849 4.06
181–360 2423 11.60
>360 1651 7.90

AE = adverse event.
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hyperprogression and contributed to the patient’s death in a syn-
ergistic effect of multiorgan toxicity.[23,24] Previous studies have 
shown that the median time to the onset of irAEs is 15 days after 
the start of treatment, and nearly one-third of the deaths are due 
to myocarditis, and/or neurological events. Hepatitis accounted 
for approximately 20% of each death Cohort.[4,25–27]

4.4. Rare but serious AE warning

Despite the limited number of reported cases of acquired 
generalized lipodystrophy (4), the ultra-high risk signal 
(ROR = 301.78) is concerning. Previous studies have also 
identified severe adipose metabolism disorders following 
10 months of treatment of metastatic melanoma with the 
anti-PD-1 antibody pembrolizumab. These disorders were 
characterized by loss of subcutaneous adipose tissue, central 
obesity and insulin resistance with reduced leptin levels. These 
findings were further validated in our study. This may be asso-
ciated with impaired M2 macrophage polarization in adipose 
tissue, induced by PD-1 inhibitor therapy. This, in turn, may 
result in reduced lipocalin secretion and consequently develop 
into a state of insulin resistance.[28-30] In future clinical practice 
for patients with a baseline BMI > 30 kg/m2 or in the presence 
of metabolic syndrome, it may be appropriate to recommend 
pretreatment testing of lipocalin levels and regular post- 
treatmentscreening for abnormal visceral fat distribution.

4.5. SOC toxicity correlation analysis

The high prevalence of nervous system disorders (11.5%) may 
be due to blood–brain barrier permeability: the IgG4 nivolumab 
of nivolumab may cross the blood–brain barrier mediated by 
FcRn.[10,31] In this study, myasthenia gravis (n = 261) and enceph-
alitis (n = 156) exhibited a high incidence, thus emphasizing the 
necessity for meticulous monitoring of neurospecific antibodies 
(e.g., anti-AChR antibodies). Furthermore, the integration of 
thyroid ultrasound in the preliminary evaluation may facilitate 

a comprehensive assessment of endocrine dysfunction and met-
abolic systems. Moreover, the periodic evaluation of thresholds 
for hepatotoxic interventions is recommended.

4.6. Research limitations and prospects

Limitations of this study include: the US FAERS is a self- 
reporting database with limitations of imperfect reporting 
information, uncertainty of the causal relationship between the 
reported event and the medication, bias in self-reporting, future 
studies should be based on the AE signals identified in this paper, 
validation in prospective cohort studies has not been conducted, 
and development of personalized dosing models: the develop-
ment of age-adaptive dosing algorithms based on population 
pharmacokinetics that balancing efficacy and safety.

The present study covers an 11-year period from 2014 to 
2024, during which the annual number of reported AEs asso-
ciated with nivolumab showed a general increasing trend, 
with peaks observed in 2019 and 2021 (Fig. 1A). Although the 
primary focus of this analysis was not a formal year-by-year 
comparison, the consistency of high-signal AEs (e.g., endocrine 
disorders, gastrointestinal disorders) across the study period 
suggests that the safety profile of nivolumab in the middle-aged 
and older population has remained relatively stable over time. 
However, fluctuations in reporting frequency may reflect changes 
in drug utilization, increased clinical awareness, or variations in 
reporting practices. Future studies with access to drug exposure 
data and longer follow-up periods are warranted to perform 
formal comparative analyses across different calendar years and 
to assess temporal trends in the incidence and characteristics of 
immune-related AEs.

5. Conclusion
In this study, an analysis of the FAERS database was employed 
to systematically reveal, for the first time, the characteristics of 
AEs of nivolumab in a middle-aged and elderly population with 

Figure 4.  (A) Overall distribution of AE onset time; (B) Violin plot of AE onset time in different age groups; (C) Grouped bar plot of AE onset time by gender; (D) 
Violin plot of AE onset time in different BMI subgroups; (E) Grouped bar plot of AE onset time by primary indication. AE = adverse event.
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a mean age of over 45 years. The analyses demonstrated that AEs 
were present in a variety of systems, primarily associated with 
Endocrine disorders, ervous system disorders, Skin and subcu-
taneous tissue disorders, and so forth. It is noteworthy that the 
irAEs documented in the package insert were all validated. The 
clinical significance of these irAEs merits careful consideration 
to further guide clinical use and adjust therapeutic decisions to 
minimize potential risks to patients. And future research needs 
to further develop a new generation of highly selective ana-
logues based on the possible mechanisms of these AEs, with a 
view to developing targeted therapies and age-adapted dosing 
algorithms based on population pharmacokinetics to balance 
efficacy and safety.
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