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Abstract
Background Immune checkpoint inhibitors (ICIs) are
associated with immune-related adverse events (irAEs).
Although the incidence and prevalence of irAEs have been
well characterized in the literature, less is known about
the cumulative incidence rate of irAEs. We studied the
cumulative incidence of irAEs, defined as the probability
of irAE occurrence over time and the risk factors for irAE
development in metastatic urothelial carcinoma (mUC) and
renal cell carcinoma (mRCC) patients treated with ICIs.
Methods We identified a cohort of patients who received
ICIs for mUC and mRCC. irAEs were classified using
Common Terminology Criteria for Adverse Event (CTCAE)
V.5.0 guidelines. The monthly incidence of irAEs over
time was reported after landmark duration of therapy.
Cumulative incidence of irAEs was calculated to evaluate
the time to the first occurrence of an irAE accounting for
the competing risk of death. Prognostic factors for irAE
were assessed using the Fine and Gray method.
Results A total of 470 patients were treated with ICIs
between July 2013 and October 2018 (mUC: 199 (42.3%);
mRCC: 271 (57.7%)). 341 (72.6%) patients received
monotherapy, 86 (18.3%) received ICIs in combination
with targeted therapies, and 43 (9.2%) received dual ICI
therapy. Overall, 186 patients (39.5%) experienced an irAE
at any time point. Common irAEs included hypothyroidism
(n=42, 22.6%), rush and pruritus (n=36, 19.4%), diarrhea/
colitis (n=35, 18.8%), transaminitis (n=32, 17.2%), and
pneumonitis (n=14, 7.5%). Monthly incidence rates
decreased over time; however, 17 of 109 (15.6%, 95% CI:
9.4% to 23.8%) experienced their first irAE at least 1 year
after treatment initiation. No differences in cumulative
incidence were observed based on cancer type, agent, or
irAE grade. On multivariable analysis, combined ICI therapy
with another ICI or with targeted therapy (p<0.001), first-
line ICI therapy (p=0.011), and PD-1 inhibitor therapy
(p=0.007) were all significantly associated with irAE
development.
Conclusions This study quantitates the incidence of
developing irAEs due to ICI conditioned on time elapsed
without irAE development. Although the monthly incidence
of irAEs decreased over time on therapy, patients can still
develop delayed irAEs beyond ICI discontinuation, and
thus, continuous vigilant monitoring is warranted.

Introduction
Treatment with immune checkpoint inhibitors (ICIs) has transformed the field of
term survival in
oncology, improving long-
patients across several types of cancer.1 2 The
most commonly used ICIs target cytotoxic
T-
lymphocyte-
associated antigen 4 (CTLA4), programmed cell death protein 1 (PD-1),
and PD-ligand 1 (PD-L1).3–5 However, these
agents are associated with a distinct spectrum
of side effects resulting from activation of
the immune system, termed immune-related
adverse events (irAEs).6–8
irAEs can potentially affect any organ
system, but most commonly involve the skin,
gastrointestinal tract, lungs, liver, and endocrine glands.7–9 The incidence of irAEs has
been well characterized in the literature
with the median time to onset of 2–3 months
after initiation.10 11 Nonetheless, delayed or
latent irAEs have been reported months or
even years after initiating therapy with onset
extending beyond treatment discontinuation.12 In clinical trials, the analysis of ICI
safety in terms of irAEs is generally reported
as incidence proportions. Incidence proportion is typically calculated by crude rates, that
is, the ratio of the number of patients who
developed the specific adverse event at any
point in time to the total number of patients
in the cohort. A simple descriptive listing
of irAEs in clinical trials is inadequate for
modern immunotherapy treatments because
this method does not account for the toxicity
profile of ICIs conditioned over time. To date,
there are limited studies that investigate and
quantify the risk of irAEs over time in patients
with cancer treated with ICIs.10 13 Accurate
estimates of this risk will guide oncologists
and patients to make decisions regarding
treatment strategy and monitoring.
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Methods
Data Collection
We conducted a retrospective medical record review of
patients with mUC and mRCC who received ICI-based
therapy at the Dana Farber Cancer Institute (DFCI)
between July 2013 and October 2018. All patients had
a histologically confirmed UC or RCC. Patients treated
with a CTLA-4 inhibitor and/or PD-1/PD-L1 inhibitor
were eligible. Data regarding clinicopathological features
and treatment history were extracted. irAEs were defined
as adverse events with a potential immunological basis
that medical oncologists could recognize objectively. The
patients were divided into two groups based on the presence or absence of irAEs within 1 month of each dose of
ICI.
Toxicities were graded using the Common Terminology
Criteria for Adverse Events (CTCAE) V.5.0. We noted the
irAEs and grade reported by the medical professional
who encountered a patient experiencing acute irAE.
If the grade was not reported, we assigned it based on
a thorough review of the medical record describing the
events.
Statistical analysis
Descriptive statistics were used to summarize patient characteristics and outcomes. Time to irAE was defined as the
amount of time elapsed from the date of ICI initiation to
the development of irAE. The monthly incidence of irAEs
was calculated for each 30-day period and was defined as
the ratio of the number of patients with an irAE to the
number of patients alive without irAE at the start of each
month. Similarly, the incidence of irAEs at landmark
times was defined as the ratio of the number of patients
with an irAE at any time following the landmark time to
the number of patients alive at each landmark date who
had not experienced a prior irAE. Cumulative incidence
was calculated to evaluate the time to the first occurrence
of an irAE accounting for the competing risk of death. We
used the Fine and Gray method to identify variables associated with irAE development: age at the start of ICI, sex
(female vs male), cancer type (mUC vs mRCC), ECOG
PS (0 vs ≥1), lung metastases (yes vs no), lymph node
metastases (yes vs no), bone metastases (yes vs no), liver
metastases (yes vs no), brain metastases (yes vs no), other
metastases (yes vs no), ICI type (ICI monotherapy vs dual
ICI regimens vs ICI plus another class of agents), line of
ICI (first line vs second or more), and type of ICI (PD-L1
inhibitors vs PD-1 inhibitors). A multivariable model was
2

constructed using forward stepwise selection. All tests
were two-sided and a p-value of <0.05 was considered
statistically significant. Statistical analyzes were performed
using SAS V.9.2 or R V.3.50 (www.r-project.org).

Results
Patient characteristics
A total of 470 patients received ICIs between July 2013
and October 2018: 271 mRCC (57.7%) and 199 mUC
(42.3%). Baseline patient characteristics are reported
in table 1. The median follow-
up was 11.9 months
(maximum=8.8 years). The cohort comprised 342
(72.8%) men and 128 (27.2%) women, with a median
age of 65 years (range: 22–91). Overall, 341 (72.5%)
patients received ICI monotherapy, 86 (18.3%) patients
received ICI plus another class of agents (including
investigational immunotherapy), and 43 (9.2%) patients
received a dual ICI regimen. Most (n=312, 660.2%) were
PD1-
based therapy, whereas a third
treated with anti-
(n=159,330.8%) received an anti-PD-L1- based regimen.
The median duration of therapy was 4.0 (95% CI: 3.6
to 5.0) months. Two hundred and seven (44%) patients
received ICI as first-line therapy and 263 (56%) received
as second or later line therapy. Three hundred and fifty
patients (74.5%) discontinued ICI due to radiological
progression (n=226, 64.6%), clinical and radiological
progression (n=43, 12.3%), toxicity (n=55, 15.7%), clinician preference (n=19, 5.4%), patient preference (n=3,
0.9%), or unknown reasons (n=4, 1.1%).
Characteristics and frequency of irAEs
Any grade irAEs occurred in 186 (39.5%) patients
(table 2). Most developed the irAE while on treatment
(n=163, 87.6%), whereas 16 (8.6%) developed the irAE
within 1 month of therapy discontinuation, and 7 (3.8%)
developed the irAE >1 month after the discontinuation.
Only four patients experienced an irAE >35 days after
therapy discontinuation at 1.7, 3.8, 5.3, and 15.4 months,
respectively. The most frequently observed irAEs of any
grade included hypothyroidism (n=42, 22.6%), dermatological toxicity (n=36, 19.4%), diarrhea/colitis (n=35,
18.8%), transaminitis (n=32, 17.2%), and pneumonitis
(n=14, 7.5%). Fewer than 10% (n=40, 8.5%) exhibited
grade 3 irAEs and two patients (0.4%) experienced grade
4 events. No treatment-related deaths were reported. The
median time to irAE was 21 weeks (range: 0.3–356).
Cumulative incidence of irAEs
Forty-seven (10.0%) patients experienced an irAE within
the first month (table 3) of receiving ICIs. The monthly
incidence of irAEs was lower in subsequent months
with 4.2%, 5.7%, and 1.4% developing their first irAE
in month 4, 7, and 10 from ICI initiation, respectively.
When examining irAEs after landmark times, 139 of
415 (33.5%) patients with no irAE within the first 30
days eventually experienced an irAE. The rates of irAE
development after months 3, 6, 9, and 12 were 27.6%
Nuzzo PV, et al. J Immunother Cancer 2020;8:e000371. doi:10.1136/jitc-2019-000371
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Here, we performed a retrospective study that evaluated, for the first time, the cumulative incidence of irAEs
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ICIs. Additionally, we investigated the concept of conditional toxicity, how the incidence of irAE occurrence may
be dynamic and may change over time, as well as the risk
factors associated with the development of irAEs.
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Patients, n (%)

Age at start of ICI (years)
 Mean (SD)

Total

mRCC cohort

mUC cohort

(N=470)

(N=271)

(N=199)

64.8 (11.6)

61.7 (10.9)

69.0 (11.1)

65 (22 to 91)

62 (22 to 85)

69 (26 to 91)

 Male

342 (72.8)

201 (74.2)

141 (70.9)

 Female

128 (27.2)

70 (25.8)

58 (29.2)

 First

207 (44.0)

113 (41.7)

94 (47.2)

 Second or more

263 (56.0)

158 (58.3)

105 (52.8)

 0

149 (32.4)

78 (28.8)

71 (37.6)

 1

242 (52.6)

156 (57.6)

86 (45.5)

 2

65 (14.1)

37 (13.7)

28 (14.8)

 3

4 (0.9)

 Median (min, max)
Sex

Line of ICI

ECOG PS

_

4 (2.1)

Site of metastasis
 Lung

257 (54.7)

176 (64.9)

81 (40.7)

 Lymph nodes

393 (83.6)

211 (77.9)

182 (91.5)

 Bone

119 (25.3)

81 (29.9)

38 (19.1)

 Liver

112 (23.8)

67 (24.7)

45 (22.6)

 Brain

14 (3.0)

12 (4.4)

2 (1.0)

 Other

104 (63.8)

104 (38.4)

59 (29.7)

 PD-1 inhibitors*

312 (66.2)

197 (72.7)

114 (57.3)

 PD-L1 inhibitors†

159 (33.8)

74 (27.3)

85 (42.7)

341 (72.5)

157 (57.9)

184 (92.5)

43 (9.2)
86 (18.3)

30 (11.1)
84 (31.0)

13 (6.5)
2 (1.0)

Type of ICI

ICI type
 ICI monotherapy
 ICI+ICI
 ICI+other‡

*Includes pembrolizumab and nivolumab.
†Includes atezolizumab, avelumab, and durvalumab.
‡Investigational immunotherapy and targeted therapy agents.
ICI, immune checkpoint inhibitor; mRCC, metastatic renal cell carcinoma; mUC, metastatic urothelial carcinoma; PD-1, programmed cell
death protein 1; PD-L1, programmed cell death ligand 1; ECOG PS, Eastern Cooperative Oncology Group Performance Status.

(n=86/312), 22.3% (n=43/193), 14.4% (n=21/146), and
15.6% (n=17/109), respectively (table 3). The cumulative incidence of irAE was 32.1% (95% CI: 27.7% to
36.5%) at 6 months, 38.8% (95% CI: 34.1% to 43.4%)
at 1 year, and 46.3% (95% CI: 40.4% to 52.2%) at 5 years
(figure 1A). The cumulative incidence of a grade ≥3 irAE
was 7.5% (95% CI: 5.0% to 10.0%) at 6 months, 10.6%
(95% CI: 7.6% to 13.6%) at 1 year, and 11.7% (95% CI:
8.3% to 15.0%) at 5 years (online supplementary table 1
and figure 1B). Cumulative incidence of irAEs for mRCC
and mUC were similar for all irAEs, irrespective of grade
of toxicity (figure 1).
Nuzzo PV, et al. J Immunother Cancer 2020;8:e000371. doi:10.1136/jitc-2019-000371

Characteristics of irAEs conditioned as a function of time
The type and severity of irAEs experienced after 12 months
from ICI initiation were similar to irAEs experienced at
any time point. Seventeen of 109 patients (15.6%) were
alive at 12 months after initiating an ICI without irAE and
later experienced an irAE beyond 12 months. The most
common irAE experienced after 1 year was colitis (n=5),
followed by hypothyroidism, rash, pneumonitis, myalgia
(n=2 each), joint pain, transaminitis, uveitis, and nephritis
(n=1 each). In terms of severity, most were grade 1–2 with
one grade 4 colitis and one grade 3 myalgia.
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Patients, n (%)
Category

Total

Grade 1–2

Grade 3–4

Weeks to onset,
median (range)

Any

186 (39.5)

144 (30.6)

42 (8.9)

21 (0.3–356)

36 (7.7)

31 (6.6)

5 (1.1)

7 (2–100)

2 (0.4)

1 (0.2)

1 (0.2)

23 (21–25)

14 (3.0)

13 (2.8)

1 (0.2)

19 (4–100)

42 (8.9)

42 (8.9)

0

13 (1–154)

1 (0.2)

1 (0.2)

0

10

35 (7.4)

17 (3.6)

18 (3.8)

17 (2–253)

32 (6.8)

20 (4.3)

12 (2.6)

12 (2–81)

12 (2.6)

11 (2.3)

1 (0.2)

9 (1–67)

5 (1.1)

4 (0.9)

1 (0.2)

25 (2–64)

 Nephritis

3 (0.6)

2 (0.4)

1 (0.2)

17 (1–64)

 Pancreatitis

2 (0.4)

0

2 (0.4)

21 (16–25)

 Pericarditis

1 (0.2)

1 (0.2)

0

8

 Uveitis

1 (0.2)

1 (0.2)

0

56

Dermatological
 Rash+pruritus
 Mucositis
Pulmonary
 Pneumonitis
Endocrine
 Hypothyroid
 Adrenal insufficiency
Gastroentelorogical
 Diarrhea/colitis
Hepatobiliary
 Transaminitis
Rheumatological/musculoskeletal
 Joint pain
 Myalgia
Others

irAEs, immune-related adverse events.

Risk factors associated with irAE development
The risk factors associated with the development of irAEs
at any time point are shown in the online supplementary
table 2. In multivariable analysis, combined ICI therapy
(HR=1.83, 95% CI: 1.15 to 2.91) and combined ICI plus

other agents (HR=2.29, 95% CI: 1.55 to 3.39) versus
IO monotherapy (p<0.001), first-
line versus later-
line
therapy (HR=1.29, 95% CI: 1.06 to 1.56, p=0.011), and
PD-1 versus PD-L1 inhibitor therapy (HR=1.64, 95% CI:
1.15 to 2.36, p=0.007) were all significantly associated

Table 3 Monthly incidence and conditional probability of irAEs
Landmark month

Patients alive on landmark day
with no prior irAE, N

Patients with irAEs in
next 30 days, n (%)

Patients with irAEs at any 95% CI for future
time in the future, n (%)
irAE at any time

0

470

47 (10.0)

186 (39.6)

35.1 to 44.2

1

415

28 (6.8)

139 (33.5)

29.0 to 38.3

2

358

25 (7.0)

111 (31.0)

26.3 to 36.1

3

312

13 (4.2)

86 (27.6)

22.7 to 32.9

4

270

19 (7.0)

73 (27.0)

21.8 to 32.8

5

222

11 (5.0)

54 (24.3)

18.8 to 30.5

6

193

11 (5.7)

43 (22.3)

16.6 to 28.8

7

176

5 (2.8)

32 (18.2)

12.8 to 24.7

8

163

6 (3.7)

27 (16.6)

11.2 to 23.2

9

146

2 (1.4)

21 (14.4)

9.1 to 21.1

10

132

2 (1.5)

19 (14.4)

8.9 to 21.6

11

118

0 (0.0)

17 (14.4)

8.6 to 22.1

12

109

3 (2.8)

17 (15.6)

9.4 to 23.8

CI, cumulative incidence; irAEs, immune-related adverse events.
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with irAE development. Type of cancer, age, sex, and
performance status were not associated with a higher risk
of irAE development.
Discussion
Conventional safety analyzes describing the absolute
percentages of adverse events experienced by patients
do not account for how the toxicity profile and risk may
evolve over time. In this study, we retrospectively analyzed
470 patients including 271 patients with mRCC and 199
patients with mUC who had received ICI-based therapy at
a single academic institution with the objective of characterizing the cumulative incidence of irAEs and assessing
how risk may change when conditioned on time elapsed.
Our results suggest that the monthly risk of developing an
irAE persists but decreases over time, irrespective of the
type of cancer, specific ICI class, and known prognostic
clinical or demographic variables. Our study highlights
that when examining the monthly incidence of irAEs,
patients are at the highest risk of developing the irAE in
the first month of treatment (10%). Although still at risk
for developing irAEs during the remaining months of the
first year, there was a trend for decreased monthly incidence with time elapsed. Notably, a substantial proportion (15.6%) of patients experienced delayed irAEs after
1 year of treatment. To our knowledge, this is the first
study to underscore the important role of time-to-adverse
event analysis in the setting of ICIs, which could inform
clinical practice and trial designs.
Few studies have investigated the incidence of irAEs
with ICI and how the risk may change over time during
treatment.10 12 13 In a safety subanalysis of one prospective study, prolonged treatment with ICIs did not result in
Nuzzo PV, et al. J Immunother Cancer 2020;8:e000371. doi:10.1136/jitc-2019-000371

an increased cumulative incidence of irAEs.10 The safety
report of 107 patients with advanced melanoma treated
with nivolumab showed that most irAEs occurred within
the first 6 months, and cumulative toxicities were not
observed with prolonged drug exposure, although details
about the type, grade, and incidence of irAE over time
were not reported.10 In a retrospective review including
352 patients enrolled in 21 early phase clinical trials of
ICI, 260 (74%) patients experienced irAEs.13 In this case,
the risk of developing irAEs was studied using the OR
model for irAEs occurrence at various time points.13 The
OR for irAEs occurrence within the first month compared
with after 1 month was 3.13 (95% CI: 1.95 to 5.02) and
decreased over time, being 2.80 (95% CI: 1.76 to 4.44) at
3 months.13
Clinical trials typically include a summary table of
adverse events incidence irrespective of when the patient
experienced the event. This method of reporting toxicities is suboptimal for capturing the impact of time on
therapy free from toxicities, especially when that toxicity
can be an important cause of treatment discontinuation
in patients receiving ICIs. Quantification of irAE risk over
time offers important information for clinical decision
making for the patient’s treatment strategy. PD-1/-L1
inhibitors are administered continuously over months to
years in patients with the stable or responding disease,
rather than given for a predefined number of cycles. In
contrast to cytotoxic chemotherapy, where the adverse
events typically occur early and accumulate during the
treatment course, toxicity with ICI may manifest later and
thus, clinicians and patients should continue to be vigilant especially in situations of prolonged therapy. Incorporating the cumulative incidence of irAEs in clinical
5
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Figure 1 Cumulative incidence irAEs plots for mRCC and mUC: irAEs all grades (A), irAEs grades ≥3 (B). The cumulative
incidence of irAEs for mRCC and mUC were similar for all irAEs, irrespective of grade of toxicity. The cumulative incidence of
irAE was 32.1% (95% CI: 27.7% to 36.5%) at 6 months, 38.8% (95% CI: 34.1% to 43.4%) at 1 year, and 46.3% (95% CI: 40.4%
to 52.2%) at 5 years (A). The cumulative incidence of a grade ≥3 irAE was 7.5% (95% CI: 5.0% to 10.0%) at 6 months, 10.6%
(95% CI: 7.6% to 13.6%) at 1 year, and 11.7% (95% CI: 8.3% to 15.0%) at 5 years (B). irAE, immune-related adverseevent;
mRCC, metastatic urothelialcarcinoma; mUC, metastatic renal cell carcinoma.
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information reported in the charts for the identification
and grading, of irAEs and thus some irAEs may have been
misclassified or not reported. However, this risk is lessened by the execution of the study at a major academic
institution with investigators who are highly experienced
in the recognition and management of irAEs. Third, the
frequency and type of irAEs may vary depending on the
specific ICI treatment; thus, a different irAE profile may
be observed with different ICI regimens. Differences
in the cumulative incidence rate may be seen based on
specific agents or combinations, but we did not have the
power to examine these subsets separately beyond combination versus monotherapy analyzes. We believe the rates
of irAEs, in particular serious irAEs, while slightly lower
than many trials, are similar and as expected. Moreover,
given the greater awareness of irAEs following the publication of multiple trials in different malignancies, toxicities may have been more promptly managed leading to a
somewhat lower rate of severe irAEs. We examined only
data from metastatic RCC and UC, which was available to
us; however, the consistent results of our analysis regardless of malignancy suggests that the type of malignancy
does not impact conditional irAE rates.
Conclusions
In conclusion, this is the first retrospective study that
quantitates the incidence of developing irAEs with ICI
conditioned on time elapsed in a cohort of patients with
mRCC and mUC treated with ICIs. Our results highlight
that the monthly incidence of irAEs decreases over time
on therapy; however, a significant proportion of delayed
irAEs occur even ≥1 year after initiating ICIs. Thus,
awareness and ongoing vigilant monitoring is required
throughout ICI therapy and likely beyond discontinuation. In conjunction with an investigation into clinical
and biologic predictors of early and late irAEs, incorporation of conditional irAE rates is warranted in ongoing and
future immunotherapy studies to enhance our understanding of ICI toxicity profile and optimize patient care.
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trials is an opportunity to improve the characterization of
toxicities and tailoring of monitoring schedule as well as
in counseling of patients in the clinic.
It is recognized that irAEs exhibit a characteristic
pattern in timing in their occurrence, with some events,
like skin, hepatic, and gastrointestinal toxicities, occurring earlier at approximately 2–6 weeks, and pneumonitis
or endocrine events occurring on average 9 weeks after
treatment initiation.11 In our dataset, when we examined
irAEs that occurred within 1 year vs >1 year, no differences
in the irAE class emerged, but our analysis may be underpowered. The precise pathophysiology that explains the
relatively high rate of late irAEs occurring after 1 year
remains unclear. One hypothesis is that early irAEs occur
by the cross-reactivity theory, where the unbalancing of
the immune system induced by ICI generates a cross-
reactivity between tumor neoantigens and normal tissue
antigens.14 15 Another theory postulates that ICIs can
modulate B cells over time both directly and indirectly
via T-cell mediation, altering the production of autoantibodies that can generate delayed irAEs.16 17 Non-specific
increase in endogenous T-
cell response mediated by
dendritic cell or cytokine stimulation could play a role
in this process.16 Furthermore, ICIs have a serum half-life
of 12–20 days and therefore they can continue to inhibit
immune checkpoint pathways for >8 months after the last
dose.18
The fact that the cumulative incidence rates of irAEs
were similar in mRCC and mUC should not be surprizing
as the pathophysiology of irAEs is anticipated to be driven
by host genetics and not tumor biology.19 Interestingly,
the rate of grade ≥3 irAEs was only 8.5% despite an
overall irAE rate of 39.5%, which suggests that prompt
recognition and management of irAEs possible in an
academic tertiary care center, may mitigate the risk of
severe irAEs. Moreover, we showed that the type of ICI
or drug combination did not affect the cumulative incidence, suggesting that the trend for safety over time is
independent of the type of ICI. As expected, ICI combination therapy was associated with a higher incidence of
irAEs.20–23 PD-1 inhibitors have been previously reported
to carry a higher risk of toxicities compared with PD-L1
inhibitors, and our findings are consistent with these
data.24 The association of first-line therapy with a higher
risk of irAEs compared with later line settings is intriguing
and has not been reported before to our knowledge. This
result is biologically plausible given a likely more intact
host immune system leading to a more robust systemic
immune response in treatment-naïve or less advanced
disease patients. However, these results require validation and conclusions are limited pending further understanding of host genetic factors or other host or tumor
biologic contributors that may increase the risk of irAEs.
Limitations of our study include its retrospective
nature. Patients were all treated at a single institution, so
it is possible that results may not be completely generalizable to other institutions with different practice patterns
or patient populations. Second, we relied on the clinical
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