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ABSTRACT
Background  To date, evidence on late-onset immune-
related adverse events (irAEs) with immune checkpoint 
inhibitors (ICIs) is limited to a small number of clinical 
cases. This study aimed to identify drug- and patient-
related characteristics potentially associated with the 
reporting of late-onset irAEs with ICIs in VigiBase, the 
WHO global database of individual case safety reports 
(ICSRs).
Methods  Observational study comparing deduplicated 
ICSRs with ICIs reporting late-onset irAEs (occurred 
>90 days after ICI discontinuation) versus ICSRs with 
ICIs not reporting late-onset irAEs, collected in VigiBase 
from 2011 to December 31, 2022. Logistic regression 
was used to model the relationship between drug-
related and patient-related characteristics of ICSRs 
and the reporting of late-onset irAEs. Significance was 
determined for variables with the lower bound of the 
95% CI of the reporting OR (ROR) higher than 1 and a p 
value <0.05.
Results  The study population consisted of 6006 ICSRs 
with ICI-related irAEs (4574, 76.2%, originated from 
Europe; 3900, 64.9%, involved males; median patient 
age was 67 years, IQR 59–74 years). Of these, 344 
(5.7%) ICSRs reported a total of 388 late-onset irAEs, 
among which the most frequent were thyroiditis (n=45), 
pneumonitis (n=37), interstitial lung disease (n=25), 
hepatitis (n=23) and vitiligo (n=19). Median time to 
onset since ICI discontinuation was 167 days (IQR 115–
294 days), with negligible proportion (3.2%) of co-reported 
antineoplastic agents during the discontinuation period. 
Logistic regression models showed disproportionate 
reporting of late-onset irAEs with ICI combination therapy 
(ROR 2.33, 95% CI 1.19 to 4.57), reporting of multiple 
irAEs (ROR 3.96, 95% CI 2.85 to 5.52), reporting of 
cutaneous irAEs (ROR 1.83, 95% CI 1.24 to 2.71), and 
melanoma (ROR 1.47, 95% CI 1.04 to 2.06).
Conclusions  This global pharmacovigilance study 
provides the largest case series of late-onset irAEs 
with ICIs to date and identifies characteristics of ICSRs 
associated with disproportionate reporting. Dedicated 
prospective observational studies focused on long-term 
sequelae, quality of life and survival of patients developing 
late-onset irAEs with ICIs should be planned to confirm 
whether these reporting characteristics are predictors of 
actual occurrence. Furthermore, translational research 
should be encouraged to clarify the molecular mechanisms 
underlying late-onset irAE development.

INTRODUCTION
Since marketing authorization of the first-
in-class ipilimumab in 2011 by the Food and 
Drug Administration (FDA), immunotherapy 
with immune checkpoint inhibitors (ICIs) 
has become a mainstay for the treatment of 
an expanding number of cancers in the adju-
vant/neoadjuvant curative setting.1 2

By activating the immune system against 
tumor cells, ICIs are accompanied by a pecu-
liar safety profile characterized by immune-
related adverse events (irAEs) potentially 
affecting any organs3 and displaying sex 
differences.4 5

Although most irAEs occur within the first 
3 months of ICI treatment,6 late-onset irAEs 
(ie, those manifesting more than 3 months 
after discontinuation of immunotherapy—cfr. 
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Society for Immunotherapy of Cancer (SITC)7 8) may also 
occur,9 reaching an overall 5% incidence.10 11 Biological 
plausibility for late-onset irAEs is provided by the fact that, 
1 year after drug discontinuation, ICIs are still detectable 
in the organism,12 and programmed cell death 1 (PD-1) 
occupancy by nivolumab is still 40% after 8 months from 
the last dose.13 Nonetheless, evidence on late-onset irAEs 
with ICIs is still limited to a small number of clinical cases 
detailing a heterogeneous spectrum of manifestations at 
the level of the culprit organs and a variable time elapsed 
since ICI discontinuation.10 14–18 These series of cases did 
not assess drug-related and/or patient-related character-
istics associated with the occurrence of late-onset irAEs. In 
this regard, the only observation made was that of Owen 
et al10 on a cohort of 118 patients with melanoma, who 
developed irAEs more than 12 months after commence-
ment of an anti-PD-1 therapy. In this cohort, early irAEs 
occurred within the first 12 months of ICI treatment 
affected 58% of patients.10

This gap of knowledge about drug-related and patient-
related characteristics contributing to the development of 
late-onset irAE leaves both clinicians and patients unable 
to promptly recognize and adequately treat them, with a 
potential negative impact on patients’ quality of life.

Considering the relative rarity of late-onset irAEs, post-
marketing surveillance through individual case safety 
reports (ICSRs) of suspected adverse drug reactions 
(ADRs) represents a privileged setting to characterize 
their spectrum and relevant clinical features,19 20 together 
with their onset timing from drug discontinuation and 
possible drug-related and patient-related characteristics 
associated with their reporting. Therefore, by exploiting 
VigiBase, the WHO global database of adverse event 
reports for medicines and vaccines maintained by the 
Uppsala Monitoring Centre, we aimed to identify poten-
tial drug-related and patient-related characteristics associ-
ated with disproportionate reporting of late-onset irAEs 
with ICIs.

METHODS
Study design and data source
This observational study compares deduplicated ICSRs 
with ICIs reporting late-onset irAEs versus ICSRs with 
ICIs not reporting late-onset irAEs, collected in VigiBase 
from 2011 to December 21, 2022 (accessed through Vigi-
Lyze on February 5, 2023). National pharmacovigilance 
centers of the WHO Program for International Drug 
Monitoring (WHO-PIDM) member countries are respon-
sible for the electronic transfer of ICSRs to VigiBase. In 
VigiBase, events are coded according to MedDRA (the 
international Medical Dictionary for Regulatory Activities 
terminology developed under the auspices of the Interna-
tional Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use (ICH), V.26.0). 
This terminology is hierarchically structured, from the 
very specific level of “lowest level terms” that reflect how 
information is communicated by reporters, to the very 

general level of “system organ classes”, whereby events 
are grouped by etiology, manifestation site or purpose. 
Above “lowest level terms” are “preferred terms”, which 
refer to single medical concepts (eg, a symptom, sign, 
diagnosis, therapeutic indication, or investigation). To 
facilitate retrieval and analysis, MedDRA also includes 
validated, standard sets of terms, called Standardized 
MedDRA Queries (SMQs), concerning safety topics of 
interest. Drugs are standardized using WHODrug Global, 
the international reference drug dictionary for medicinal 
product information.21 This study was reported according 
to the READUS-PV Guidelines, The REporting of A 
Disproportionality analysis for drUg Safety signal detec-
tion using ICSRs in PharmacoVigilance.22 23

Selection criteria of ICSRs
ICSRs recording as suspect or interacting drugs at least 
one ICI among the following active ingredients, ipilim-
umab, pembrolizumab, nivolumab, cemiplimab, atezoli-
zumab, avelumab, durvalumab and dostarlimab, were 
retrieved. ICSRs that co-reported additional suspect and/
or interacting drugs and ICSRs with partial or missing 
information on the date of onset of ADRs and/or the 
dates of start and end of ICI treatment were excluded 
from the study population. Only ICSRs recording one 
or more irAEs were selected to constitute the study 
population. Among reported events, irAEs were identi-
fied on the basis of the SMQ “immune-related/autoim-
mune disorders” and through a critical appraisal of all 
reported events containing or ending with “-itis” based 
on a consensus among authors, comprising clinical phar-
macologists (online supplemental table 1). ICSRs with 
late-onset irAEs (cases) were defined as those in which 
one or more irAEs occurred more than 3 months after 
ICI discontinuation7 and were compared with ICSRs 
not reporting late-onset irAEs (non-cases). A flowchart 
summarizing the selection of ICSRs is shown in online 
supplemental figure 1. With regard to the end date of 
ICI treatment, depending on how ICI administration 
schedule was reported, if multiple start/end dates were 
recorded (eg, if single administrations of a therapy cycle 
were recorded or if multiple cycles of ICI treatments were 
administered), the last dose (indicating ICI discontinu-
ation) was defined as the one with the most recent end 
date.

Variables
The following characteristics of ICSRs were described: 
country of origin, reporting year, reporter type, and seri-
ousness (defined based on the recording of one of the 
following outcomes: death, life-threatening, inpatient 
hospitalization or prolongation of existing hospitaliza-
tion, persistent or significant disability or incapacity, 
congenital anomaly, or otherwise medically significant 
condition); patient age and sex; regimen, duration and 
indication of ICI treatment; number of reported irAEs 
(single or multiple), time to onset (in days) since ICI 
discontinuation and organs affected by ICI toxicity. The 
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reporting of irAEs occurred during the first 3 months 
after ICI initiation (when most of irAEs occur6) was also 
evaluated and defined as “early”. ICI regimen was catego-
rized as anti-CTLA-4 (cytotoxic T-lymphocyte-associated 
protein 4) monotherapy (ipilimumab), anti-PD-1 mono-
therapy (pembrolizumab, nivolumab, cemiplimab, 
or dostarlimab), anti-PD-L1 (programmed cell death 
ligand 1) monotherapy (atezolizumab, avelumab, or 
durvalumab), and anti-PD-1/anti-CTLA-4 combination 
(with two ICIs with identical start dates). Based on the 
recent SITC consensus definition for multisystem irAEs,7 
we assessed the reporting of multiple irAEs as the pres-
ence, within an ICSR, of irAEs that occurred concomi-
tantly or at different times during and/or after ICI 
treatment, and that affected more than one organ or 
occurred in different tissues of the same organ. Organ 
toxicity was defined based on the “system organ class” 
MedDRA terms (ie, blood, cardiac, endocrine, eye, gastro-
intestinal, hepatic, immune, musculoskeletal, neurologic, 
renal, reproductive, respiratory, skin, vascular). Lastly, 
co-reporting of antineoplastic agents (of the anatomical 
therapeutic chemical—ATC—group L01) as concomitant 
drugs (ie, not suspected to be the cause of the reported 
adverse events according to reporters), administered 
after ICI discontinuation but before the date of onset of 
reported irAE(s), was evaluated.

Statistical analysis
Descriptive analyses were conducted using absolute and 
percentage frequencies for categorical variables and 
median with IQR for continuous variables. Demographic 
and clinical characteristics of cases and non-cases were 
compared using two-sided Mann-Whitney test for contin-
uous variables and two-sided χ2 test for categorical vari-
ables. Significance was determined as a p value <0.05.

Logistic regression was used to model the relationship 
between drug-related and patient-related characteristics 
of ICSRs with ICIs and the reporting of late-onset irAEs. 
Variables were selected for inclusion using a forward 
stepwise regression approach, with retention of those 
variables with a p value <0.05. A multivariable logistic 
regression model was then created, including interaction 
variables between sex and the organ toxicities for which 
an association with the reporting of late-onset irAEs was 
previously found.

ICSRs with missing data for any of the variables included 
in the multivariable regression model were excluded 
from the analysis. Significance was determined for vari-
ables with the lower bound of the 95% CI of the reporting 
OR (ROR) higher than 1 and a p value <0.05. Analyses 
were conducted using Statistical Analysis System Software 
(V.9.4; SAS Institute, Cary, NC).

According to the Human Research Act (810.30, of 30 
September 2011 - status as of 1 September 2023, Art. 2), 
from the Federal Assembly of the Swiss Confederation, 
ethical approval and written informed consents were not 
required.

RESULTS
Characteristics of the study population
The study population consisted of 6006 ICSRs with ICI-
related irAEs. As summarized in table  1, the majority 
of ICSRs originated from Europe (4574, 76.2%), with 
physicians being the most numerous reporters (4107, 
68.4%). More ICSRs concerned males (3900, 64.9%), 
and the median age was 67 years (IQR 59–74 years). The 
most common ICI regimens were anti-PD-1 monothera-
pies, in particular with nivolumab (2648 ICSRs, 44.1%) 
and pembrolizumab (1512, 25.2%). Lung cancer (2367, 
39.4%, of which 2130, 90.0%, explicitly reported as 
metastatic) and melanoma (1944, 32.4%, of which 1886, 
97.0%, explicitly reported as metastatic) were the most 
frequent indications. The majority of ICSRs were catego-
rized as serious (5111, 85.1%) and primarily related with 
new or prolonged hospitalization (2829, 47.1%).

Demographic and clinical characteristics of ICSRs with ICIs 
reporting late-onset irAEs versus ICSRs with ICIs not reporting 
late-onset irAEs
Of 6006 retained ICSRs with ICIs, 344 (5.7%) reported 
late-onset irAEs. The highest proportion of ICSRs with 
late-onset irAEs out of the total number of ICSRs by 
organ toxicity concerned the eyes (9.6%), vascular system 
(9.4%) and skin (8.7%) (figure 1). Among the 344 ICSRs, 
there were 388 late-onset irAEs. The most frequently 
reported late-onset irAEs were thyroiditis (n=45), pneu-
monitis (n=37), interstitial lung disease (n=25), hepatitis 
(n=23), and vitiligo (n=19). Online supplemental table 1 
shows the spectrum of clinical presentations of late-onset 
irAEs by organ toxicity.

As compared with ICSRs not reporting late-onset irAEs, 
ICSRs reporting late-onset irAEs were associated with 
ICI combination regimen (16.9% vs 9.4%, p<0.0001), 
melanoma as indication (45.4% vs 31.6%, p<0.0001), 
shorter ICI treatment duration (median 42 days vs 63 
days, p<0.0001), and more frequently reported multiple 
irAEs (25.3%–87 ICSRs vs 12.1%, p<0.0001) (table  2). 
Among cases, 11 ICSRs (3.2%) co-reported antineoplastic 
agents as concomitant drugs during the discontinuation 
period, before the date(s) of onset of reported irAE(s) 
(table 2). Out of 344 cases of late-onset irAEs, 38 (11.1%) 
reported early irAEs (affecting the same organ subse-
quently affected by late-onset irAEs in 15 ICSRs, 4.4%). 
For the 388 late-onset irAEs, median time to onset since 
ICI discontinuation was 167 days (IQR 115–294 days), and 
the most delayed onset was observed for cardiac toxicity 
(378 days, IQR 140–576 days) (figure 2).

Drug-related and patient-related characteristics of ICSRs with 
ICIs associated with the reporting of late-onset irAEs
Forward stepwise regressions showed that monotherapy 
with a PD-1/PD-L1 agent, ICI combination therapy, dura-
tion of ICI treatment, reporting of multiple irAEs, endo-
crine and skin toxicities, lung cancer and melanoma, and 
reporting of early irAEs were associated with the reporting 
of late-onset irAEs (table  3). From the multivariable 
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logistic regression model, disproportionate reporting 
of late-onset irAEs was observed in association with ICI 
combination therapy (ROR, 2.33, 95% CI 1.19 to 4.57), 
reporting of multiple irAEs (ROR 3.96, 95% CI 2.85 to 
5.52), reporting of cutaneous irAEs (ROR 1.83, 95% CI 
1.24 to 2.71), and melanoma (ROR 1.47, 95% CI 1.04 to 
2.06) (table  3). Remarkably, no interaction was found 
between endocrine toxicity and patient’s sex (p=0.38) 
nor between skin toxicity and patient’s sex (p=0.35) in 
relation to the reporting of late-onset irAEs with ICIs.

DISCUSSION
By analyzing ICSRs collected in the global pharmacovigi-
lance database, VigiBase, this study expanded the limited 
series of clinical cases so far described in the scientific 
literature on late-onset irAEs with ICIs.10 14–18 Moreover, it 
identified ICI combination therapy, reporting of multiple 
irAEs, reporting of cutaneous irAEs and melanoma as 

Table 1  Demographics and clinical characteristics of 
the individual case safety reports included in the study 
population

Characteristic n (%), N=6006

Country

 � Europe* 4574 (76.2)

 � Asia 1141 (19.0)

 � Australia 218 (3.6)

 � South America 58 (1.0)

 � North America 13 (0.2)

 � Africa 2 (0.0)

Year

 � 2011 13 (0.2)

 � 2012 20 (0.3)

 � 2013 22 (0.4)

 � 2014 67 (1.1)

 � 2015 134 (2.2)

 � 2016 461 (7.7)

 � 2017 782 (13.0)

 � 2018 1067 (17.8)

 � 2019 956 (15.9)

 � 2020 833 (13.9)

 � 2021 863 (14.4)

 � 2022 788 (13.1)

Reporter

 � Physician 4107 (68.4)

 � Pharmacist 941 (15.7)

 � Other health professional 811 (13.5)

 � Patient/consumer 60 (1.0)

 � Lawyer 1 (0.0)

 � Missing 86 (1.4)

Sex

 � Male 3900 (64.9)

 � Female 2051 (34.2)

 � Missing 55 (0.9)

Age

 � Reported 4981 (82.9)

 � Median (IQR), years 67 (59–74)

 � Missing 1025 (17.1)

Regimen

 � Anti-CTLA-4 monotherapy

  �  Ipilimumab 478 (8.0)

 � Anti-PD-1/PD-L1 monotherapy

  �  Nivolumab 2648 (44.1)

  �  Pembrolizumab 1512 (25.2)

  �  Cemiplimab 82 (1.4)

  �  Dostarlimab 3 (0.1)

Continued

Characteristic n (%), N=6006

  �  Atezolizumab 265 (4.4)

  �  Durvalumab 358 (6.0)

  �  Avelumab 71 (1.2)

 � Anti-PD-1 and anti-CTLA-4 combination

  �  Ipilimumab and nivolumab 586 (9.8)

  �  Ipilimumab and pembrolizumab 3 (0.1)

Indication (in ≥1% of ICSRs)

 � Lung cancer 2367 (39.4)

 � Melanoma 1944 (32.4)

 � Renal cancer 415 (6.9)

 � Urothelial carcinoma 130 (2.2)

 � Bronchial cancer 127 (2.1)

 � Head and neck cancer 93 (1.6)

 � Mesothelioma 62 (1.0)

 � Missing 451 (7.5)

Seriousness

 � Yes 5111 (85.1)

  �  Caused/prolonged hospitalization 2829

  �  Other medically important condition 1329

  �  Death 519

  �  Life threatening 356

  �  Disabling/incapacitating 78

 � No 830 (13.8)

 � Missing 65 (1.1)

*Out of 4574 ICSRs from Europe, 3618 (79.1%) originated from 
France (n=1817), Italy (n=837), Germany (n=678) and Spain 
(n=286).
CTLA-4, cytotoxic T-lymphocyte antigen-4; ICSRs, individual 
case safety reports; PD-1, programmed cell death-1; PD-L1, 
programmed cell death-ligand 1.

Table 1  Continued
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characteristics of ICSRs associated with disproportionate 
reporting of late-onset irAEs in the post-marketing setting.

The 344 ICSRs of late-onset toxicity with ICIs represent 
approximately 6% of the total number of ICSRs with ICIs 
included in the study population, an estimate in line with 
data derived from both clinical trial and observational 
settings.10 11 The largest number of late-onset irAEs was 
endocrine, also previously described among the most 
common chronic long-lasting irAEs,9 with important 
implications for toxicity management: clinicians should 
remain vigilant and initiate timely proper strategies to 
counteract potentially irreversible damage. When consid-
ering the proportion of ICSRs reporting late-onset irAEs 
out of the total number of ICSRs from the study popula-
tion by organ toxicity, we observed that the eyes, vascular 
system and skin toxicity (mainly vitiligo, acknowledged 
among the consensus-based diagnosis of dermatological 
irAEs,24 followed by pemphigoid, dermatitis and psori-
asis), showed the highest proportions, partly confirming 
previous clinical cases of ICI-related late-onset uveitis, 
vitiligo and pemphigoid.14 15

Although most of ICSRs from the study popula-
tion described a single irAE, multiple irAEs were more 
frequent among ICSRs reporting late-onset irAEs, with 
early irAEs (usually affecting different organs) reported 
in about 10% of cases.

For late-onset irAEs, the observed median time to 
onset of about 6 months supports evidence from clinical 
reports,14 with differences across organ toxicities. The 
most delayed time to onset was observed for the few cases 
of cardiac late-onset irAEs (namely, five events of myocar-
ditis and three of pericarditis), in line with previous 
observations,25–27 even if myocarditis generally occurs 
soon after the start of ICI therapy.28–30

Across the entire study population, ICI monotherapy 
was the most frequently reported regimen, reflecting 

earlier worldwide approval and consequently higher 
frequency of spontaneous reporting of related adverse 
events compared with combination therapy.31 32 Never-
theless, late-onset irAEs were more likely to be reported 
with ICI treatments of relatively short duration, in line 
with previous findings from scattered clinical cases,14 but 
contrary to them, were more commonly reported with ICI 
combination therapy.10 14–16 It is possible that both anti-
PD-1 and anti-CTLA-4 antibodies may occupy immune 
checkpoint receptors due to their long-term persistence 
in the body,12 13 thus synergistically increasing T cell 
activity and the possibility of developing not only early 
irAEs (sometimes even fulminant30) but also late-onset 
irAEs. Future translational studies should focus on better 
understanding the molecular mechanisms underlying 
the occurrence of late-onset irAEs. Lastly, in support of 
the suspected causative role played by ICIs (according to 
reporters) in the onset of late toxicity, only a negligible 
proportion of cases reported the administration of other 
antineoplastic drugs during the period of discontinuation 
of ICI therapy, prior to the occurrence of late-onset irAEs.

From logistic regression, we found that ICI combination 
therapy, reporting of multiple irAEs, reporting of cuta-
neous irAEs, and melanoma were characteristics of ICSRs 
with ICIs associated with disproportionate reporting of 
late-onset irAEs. The association between reporting of 
multiple irAEs and disproportionate reporting of late-
onset irAEs might suggest that ICI treatments that, for 
plausible reasons related to regimen,33 dose34 35 or molec-
ular target(s),36 exhibit high-grade toxicity affecting a 
range of organs, are also more likely to be associated with 
the reporting of late-onset irAE. Consistently, we found 
that late-onset irAEs were more frequently reported with 
ICI combination therapy, which has a high incidence of 
multiple irAEs of all grades (26–40%).37 The melanoma/
late-onset irAEs association could, on the one hand, reflect 

Figure 1  Number of individual case safety reports and percentage of those with late-onset immune-related adverse events 
according to organ toxicity. ICI, immune checkpoint inhibitor; ICSRs, individual case safety reports; irAEs, immune-related 
adverse events.



6 Noseda R, et al. J Immunother Cancer 2024;12:e009902. doi:10.1136/jitc-2024-009902

Open access�

Table 2  Demographics and clinical characteristics of individual case safety reports with ICIs reporting late-onset immune-
related adverse event(s) versus individual case safety reports with ICIs not reporting late-onset immune-related adverse 
event(s)

Characteristics

ICSRs with ICIs 
reporting late-onset 
irAEs

ICSRs with ICIs 
not reporting 
late-onset irAEs

P value
Adjusted 
p value*N=344 N=5662

Sex

 � Male 209 (60.8) 3691 (65.2) 0.104 1.044

 � Female 131 (38.1) 1920 (33.9)

 � Missing 4 (1.2) 51 (0.9)

Age, years

 � Reported 221 (64.2) 4760 (84.1)

 � Median (IQR) 68 (58–74) 67 (59–74) 0.861 1

 � Missing 123 (35.8) 902 (15.9)

Regimen

 � Anti-CTLA-4 monotherapy 0.054 0.543

  �  Ipilimumab 18 (5.2) 460 (8.1)

 � Anti-PD-1/PD-L1 monotherapy 0.031 0.306

  �  Nivolumab 128 (37.2) 2520 (44.5)

  �  Pembrolizumab 84 (24.4) 1428 (25.2)

  �  Cemiplimab 10 (2.9) 72 (1.3)

  �  Dostarlimab 1 (0.3) 2 (0.0)

  �  Atezolizumab 10 (2.9) 255 (4.5)

  �  Durvalumab 34 (9.9) 324 (5.7)

  �  Avelumab 1 (0.3) 70 (1.2)

 � Anti-PD-1 and anti-CTLA-4 combination <0.0001 <0.0001

  �  Ipilimumab and nivolumab 58 (16.9) 528 (9.3)

  �  Ipilimumab and pembrolizumab – 3 (0.1)

Indication (in ≥1% of ICSRs)

 � Melanoma 156 (45.4) 1788 (31.6) <0.0001 <0.0001

 � Lung cancer 105 (30.5) 2262 (40.0) <0.0001 0.0008

 � Renal cancer 22 (6.4) 393 (6.9)

 � Bronchial cancer 6 (1.7) 121 (2.1)

 � Skin cancer 6 (1.7) –

 � Urothelial carcinoma 5 (1.5) 125 (2.2)

 � Head and neck cancer – 91 (1.6)

 � Mesothelioma – 59 (1.0)

 � Missing 17 (4.9) 237 (7.1)

Duration

 � Median (IQR), days 42 (0–125) 63(21–165) <0.0001 <0.0001

  �  <90  233 (67.7) 3499 (61.8)

  �  90–179  43 (12.5) 857 (15.1)

  �  180–364  45 (13.1) 815 (14.4)

  �  ≥365 23 (6.7) 491 (8.7)

Multiple irAEs 87 (25.3) 687 (12.1) <0.0001 <0.0001

Seriousness

 � Yes 291 (84.6) 4820 (85.1) 0.918 9.179

Continued
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the fact that melanoma was the second most frequent 
type of cancer for which ICIs were administered in the 
study population and, on the other hand, could relate 

to ICI treatment, which, as aforementioned, because of 
dose, regimen, or molecular target, might have caused 
increased toxicity including late-onset irAEs. However, 

Characteristics

ICSRs with ICIs 
reporting late-onset 
irAEs

ICSRs with ICIs 
not reporting 
late-onset irAEs

P value
Adjusted 
p value*N=344 N=5662

  �  Caused/prolonged hospitalization 189 2640

  �  Other medically important condition 74 1255

  �  Death 19 500

  �  Life threatening 8 348

  �  Disabling/incapacitating 1 77

 � No 48 (14.0) 782 (13.8)

 � Missing 5 (1.4) 60 (1.1)

No. of ICSRs co-reporting antineoplastic agents† as 
concomitant drugs, administered after ICI discontinuation 
but before the date(s) of onset of reported irAE(s)

11 (3.2) 26 (0.5) <0.0001 <0.0001

Data are n (%).
*Holm-Bonferroni correction for multiple tests.
†ATC (anatomical therapeutic chemical) L01.
CTLA-4, cytotoxic T-lymphocyte antigen-4; ICI, immune checkpoint inhibitor; ICSRs, individual case safety reports; irAE, immune-related 
adverse event; PD-1, programmed cell death-1; PD-L1, programmed cell death-ligand 1.

Table 2  Continued

Figure 2  Boxplot displaying the time (in days) between late-onset immune-related adverse event occurrence and immune 
checkpoint inhibitor treatment discontinuation according to organ toxicity. Within each box, vertical white lines denote median 
values; boxes extend from the 25th to the 75th percentiles of each group’s distribution of values; horizontal extending lines 
denote the minimum and maximum values observed. “Other” included the following seven events reported in five individual 
case safety reports and not belonging to any of the predefined organ toxicities: immune-mediated adverse reaction (n=2), 
serositis, autoinflammatory disease, smooth muscle antibody positive, anti-neutrophil cytoplasmic antibody positive, anti-actin 
antibody positive (all n=1). ICI, immune checkpoint inhibitor; irAEs, immune-related adverse events.
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we did not carry out this evaluation, which was outside 
the scope of the study. Why reporting of cutaneous irAEs 
was associated with disproportionate reporting of late-
onset irAEs is unclear and might be related to the fact 
that manifestations of skin toxicity could be more easily 
assessed on clinical examination than other organ toxici-
ties and consequently might be reported more frequently 
by treating physicians. Consistently, most of the ICSRs 
from the study population were reported by physicians. 
When caused by anti-PD-1 or PD-L1 antibodies, cutaneous 
irAEs tend to have a delayed onset than when caused by 
anti-CTLA-4 monotherapies, either during a prolonged 
treatment or after treatment has been discontinued.38 
Conversely, ICI combination therapy is associated with 
the development of earlier cutaneous irAEs compared 
with monotherapies.38 Since sex differences have been 
observed in the profile of organs and systems affected 
by ICI toxicity,4 5 we assessed whether the dispropor-
tionate reporting of late-onset irAEs in ICSRs reporting 

skin toxicity differed between females and males, without 
finding supporting evidence.

Strengths and limitations
By covering a wide (theoretically worldwide) geographical 
distribution through VigiBase, this pharmacovigilance 
study provided a broad overview of the current spon-
taneous reporting of irAEs with ICIs, notwithstanding 
the differences between countries in drug approvals 
and pharmacovigilance systems. These differences were 
confirmed by the observation that the selection criteria 
applied in the present study resulted in more than two-
thirds of ICSRs coming from Europe and only a minority 
from North America, which, on the other hand, according 
to a 10-year overview of reporting with ICIs in VigiBase 
where all ICSRs with ICIs were considered regardless of 
the presence of co-suspect/interacting drugs, emerged 
as the main contributing region, just ahead of Europe.39 
Furthermore, it collected the highest number of ICSRs of 

Table 3  Logistic regression modeling the relationship between drug-related and patient-related characteristics and the 
reporting of late-onset immune-related adverse event(s) with immune checkpoint inhibitors in VigiBase

Characteristics (independent variables)

Reporting of late-onset irAE(s) with ICIs (dependent variable)

Forward stepwise model
ROR (95% CI) P value*

Multivariable model
ROR (95% CI) P value

Sex (female vs male)† 1.00 (0.66 to 1.04) 0.105 0.94 (0.72 to 1.22) 0.644

Age (continuous) 1.00 (0.99 to 1.02) 0.434 – –

CTLA4 monotherapy (yes vs no) 1.60 (0.99 to 2.60) 0.057 – –

PD-1/PD-L1 monotherapy (yes vs no) 1.34 (1.03 to 1.74) 0.031 1.40 (0.74 to 2.62) 0.300

Combination therapy (yes vs no) 0.51 (0.38 to 0.69) <0.0001 2.33 (1.19 to 4.57) 0.014

Duration of ICI treatment (continuous) 1.001 (1.000 to 1.002) 0.023 0.992 (0.990 to 0.993) <0.0001

Multiple irAEs (yes vs no) 0.41 (0.32 to 0.53) <0.0001 3.96 (2.85 to 5.52) <0.0001

Blood toxicity (yes vs no) 0.85 (0.34 to 2.12) 0.725 – –

Cardiac toxicity (yes vs no) 1.88 (0.96 to 3.68) 0.066 – –

Endocrine toxicity (yes vs no) 0.70 (0.54 to 0.89) 0.004 1.26 (0.92 to 1.71) 0.145

Eye toxicity (yes vs no) 0.57 (0.28 to 1.14) 0.110 – –

Gastrointestinal toxicity (yes vs no) 0.83 (0.64 to 1.07) 0.154 – –

Hepatic toxicity (yes vs no) 1.11 (0.75 to 1.63) 0.602 – –

Immune toxicity (yes vs no) 1.14 (0.42 to 3.14) 0.798 – –

Musculoskeletal toxicity (yes vs no) 1.06 (0.67 to 1.69) 0.793 – –

Neurologic toxicity (yes vs no) 0.87 (0.58 to 1.29) 0.476 – –

Renal toxicity (yes vs no) 1.00 (0.53 to 1.92) 0.994 – –

Respiratory toxicity (yes vs no) 1.25 (0.96 to 1.63) 0.093 – –

Skin toxicity (yes vs no) 0.57 (0.42 to 0.79) 0.0007 1.83 (1.24 to 2.71) 0.002

Vascular toxicity (yes vs no) 0.47 (0.20 to 1.11) 0.085 – –

Lung cancer (yes vs no) 1.61 (1.27 to 2.05) <0.0001 0.85 (0.60 to 1.21) 0.360

Melanoma (yes vs no) 0.57 (0.46 to 0.71) <0.0001 1.47 (1.04 to 2.06) 0.027

Reporting of early irAEs (yes vs no) 15.14 (10.76 to 21.30) <0.0001 0.02 (0.01 to 0.03) <0.0001

*Variables with a p value <0.05 from the forward stepwise regression approach were included in the multivariable logistic regression analysis.
†Patient’s sex was included as covariate in the multivariable regression model to assess its interaction with specific ICI organ toxicities.
CTLA4, cytotoxic T-lymphocyte-associated protein 4; ICI, immune checkpoint inhibitor; irAEs, immune-related adverse events; PD-1/PD-L1, 
programmed cell death protein 1/programmed cell death ligand 1; ROR, reporting OR.
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late-onset irAEs with ICIs to date, supporting the gener-
alizability of the results. Since the collection of ICSRs in 
VigiBase takes place continuously without time restric-
tions, long-term surveillance of ADRs can be carried out 
even for late/delayed events, as in the case of this study.

This study suffers from the limitations of the data 
source used, VigiBase and ICSRs. First, reporting 
biases, including under-reporting—likely deriving from 
misrecognition of late-onset irAEs with ICIs and/or clin-
ical reluctance at attributing late-onset irAEs to prior ICI 
treatments in favor of misattribution to more proximal 
events or treatments—and more frequent reporting of 
adverse events with serious consequences for the patients 
involved. Second, partial or missing data, which may affect 
the reliability of adjustment by regression modeling40 that 
is the reason why we excluded part of ICSRs from the study 
population. Third, the inability to prove causality, with 
late-onset toxicity with ICIs often remaining a diagnosis of 
exclusion in clinical practice.41 42 Fourth, the lack of clin-
ical details including the exact reason why ICI treatment 
was discontinued, follow-up information on the manage-
ment and course of ICI toxicity, long-term responders, 
patient’s quality of life and survival. Furthermore, the 
exclusion from the study population of ICSRs with other 
drugs besides ICIs as suspect/interacting (to minimize 
confounders and bias due to co-reported drugs), or with 
incomplete information for the variables considered (to 
run the regression models) is likely to have reduced the 
number of cases of potential interest. Therefore, it is 
important that clinicians, researchers and other health-
care professionals submit reports of suspected ICI-related 
late-onset irAEs with complete demographic information 
and detailed clinical data. For this purpose, similar to the 
SERIO registry recently established for the systematic anal-
ysis of immunotherapy-induced side effects,43 we would 
propose the creation of a tailor-made pharmacovigilance 
database gathering cases of late-onset irAEs with ICIs with 
specific information, not otherwise routinely collected, 
encompassing patient medical history, diagnostic and/
or laboratory tests, management, course (including 
chronicity, eg, of late-onset endocrine irAEs), long-term 
sequelae (like impaired fertility and increased cardiovas-
cular risk), outcome (especially when fatal), and impact 
of reported late-onset irAEs on patient’s quality of life 
and survival. This will allow a better understanding and 
evaluation of the actual spectrum of late-onset irAEs with 
ICIs and drug-related and patient-related characteristics 
associated with their reporting, thus finally supporting 
optimal management.

CONCLUSIONS
With this global pharmacovigilance study using VigiBase, 
we described the largest post-marketing case series of late-
onset irAEs with ICIs and identified some drug-related 
and patient-related characteristics associated with dispro-
portionate reporting: ICI combination therapy, reporting 

of multiple irAEs, reporting of cutaneous irAEs and 
melanoma.

We call clinicians for increased awareness on this poten-
tial distinct clinical entity. Future prospective observa-
tional studies should be planned to confirm whether the 
same characteristics associated with increased reporting 
may also be associated with the occurrence of late-onset 
irAE. In addition, translational research would be useful 
to establish the molecular basis of late-onset irAEs after 
ICI discontinuation.
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