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Checkpoint inhibitors (CPIs) increase antitumor activity by unblocking regulators of the immune
response. This action can provoke a wide range of immunologic and inflammatory side effects,
some of which can be fatal. Recent studies suggest that CPI-induced immune-related adverse
events (irAEs) may predict survival and response. However, little is known about the
mechanisms of this association. This study was undertaken to evaluate the influence of
tumor diagnosis and preexisting clinical factors on the types of irAEs experienced by cancer
patients treated with CPIs. The correlation between irAEs and overall survival (OS) was also
assessed. All cancer patients treated with atezolizumab (ATEZO), ipilimumab (IPI), nivolumab
(NIVO), or pembrolizumab (PEMBRO) at Virginia Mason Medical Center between 2011 and
2019 were evaluated. irAEs were graded according to the Common Terminology Criteria for
Adverse Events (Version 5) and verified independently. Statistical analyses were performed to
assess associations between irAEs, pre-treatment factors, and OS. Of the 288 patients
evaluated, 59% developed irAEs of any grade, and 19% developed irAEs of grade 3 or 4. A
time-dependent survival analysis demonstrated a clear association between the occurrence of
irAEs andOS (P < 0.001). A 6-week landmark analysis adjusted for bodymass index confirmed
an association between irAEs and OS in non-Small Cell Lung Cancer (NSCLC) (P < 0.03). An
association betweenmelanoma and skin irAEs (P < 0.01) and between NSCLC and respiratory
irAEs (P = 0.03) was observed, independent of CPI administered. Patients with preexisting
autoimmune disease experienced a higher incidence of severe irAEs (P = 0.01), but not a higher
overall incidence of irAEs (P = 0.6). A significant association between irAEs and OS was
observed in this diverse patient population. No correlation was observed between preexisting
comorbid conditions and the type of irAE observed. However, a correlation between skin-
related irAEs and melanoma and between respiratory irAEs and NSCLC was observed,
suggesting that many irAEs are driven by a specific response to the primary tumor. In patients
with NSCLC, the respiratory irAEs were associated with a survival benefit.
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INTRODUCTION

Immune checkpoint inhibitors (CPIs) that target the cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) and the programmed
cell death protein-1 (PD-1)/programmed cell death ligand-1
(PD-L1) pathway have demonstrated remarkable efficacy
across a wide variety of cancer types (1). In addition to
inducing durable anti-tumor responses and improving survival
of patients, treatment with CPIs is often better tolerated than
conventional cytotoxic chemotherapeutic agents. However, CPIs
can lead to immune-related adverse events (irAEs) that result in
significant morbidity and discontinuation of therapy (2). Recent
studies suggest that CPI-induced irAEs can predict survival and
response, however little is known about the mechanisms of this
association (3, 4).. We undertook this study to evaluate the
relationship between tumor type, preexisting clinical factors,
the occurrence and type of irAEs, and OS in a diverse set of
cancer patients treated with CPIs. Accurately measuring the
prognostic significance of preexisting clinical factors could help
identify those patients at higher or lower risk for developing
irAEs (5–8).
MATERIALS AND METHODS

Patients
This retrospective study included all cancer patients treated at
the Virginia Mason Medical Center (Seattle, WA) between July
2011 and October 2019 with atezolizumab (ATEZO),
ipilimumab (IPI), nivolumab (NIVO), or pembrolizumab
(PEMBRO). No exclusions were based on preexisting
conditions or other clinical factors that frequently preclude
participation in clinical trials. Thus, these data represent “real
world” patients and treatment responses (9). Patients were only
excluded if they were on a blinded clinical trial where their CPI
was unknown or if there was missing clinical data. Institutional
review board approval was obtained prior to initiation of the
study. All data were gathered retrospectively (by LR and AM)
using diagnostic codes, search terms, and manual chart review.

Clinical Measures
Patients were separated into three groups: those treated with
inhibitors of CTLA-4 (IPI) alone, CTLA-4 in combination with
PD-1 (IPI and NIVO), or PD-1/PD-L1 inhibitors alone (ATEZO,
NIVO, or PEMBRO). Data collection included patient
demographics (e.g., gender, age, and body mass index [BMI]),
primary diagnoses, dates of CPI administration and pre-infusion
laboratory test results. All irAEs were graded 1–5 according to the
Common Terminology Criteria for Adverse Events (Version 5)
(10) and verified independently by the treating physicians. No
grade 5 irAEs were recorded. Grade 4 irAEs were life-threatening,
requiring urgent hospitalization and suspension of CPI
treatment. Preexisting diseases were grouped as: cardiovascular
(e.g., coronary artery disease), endocrine/metabolic (e.g., type 2
diabetes mellitus), allergy and/or asthma, autoimmune disease,
gastrointestinal (e.g., GERD, colitis), and prior cancers unrelated
Frontiers in Oncology | www.frontiersin.org 2
to the CPI-treated diagnosis. Pre-treatment laboratory test results
were categorized according to whether the reported result fell
within, above, or below the normal ranges. Prior treatment with
steroids (e.g., dexamethasone) within the six months prior to
checkpoint inhibitor therapy was also assessed as a possible
mitigator of irAEs and overall survival. For purposes of our
study, we defined sustained steroid use to be the administration
of a prednisone-equivalent dose of 20 mg or higher at least four
times in the six months prior to CPI administration

Statistical Analysis
We calculated summary statistics for demographic and clinical
variables and for subgroups categorized by CPI treatment
regimen. A Chi-square or Fisher’s exact test was used to
evaluate relationships between categorical variables, including
cancer diagnosis, preexisting disease, demographic variables, and
the grade of the irAE. For patients who were treated with more
than one CPI regimen, irAEs associated with the first CPI were
used for analysis to avoid introducing bias from double-counting
these individuals. Logistic regression was used to model the odds
of experiencing an irAE within the first 6 weeks of treatment.
Two statistical methods were used to assess the association
between irAEs and OS. In the first, a time-dependent Cox
proportional hazard regression was performed. In this analysis,
irAE experience was modeled as a binary time-dependent
covariate for the entire study population. In the second, a
landmark approach to Cox proportional hazards regression
with a landmark time of 6 weeks was employed to assess OS
models (11). Patients with survival times of less than 6 weeks
after first CPI treatment (n = 36) were excluded from the both
the irAE development and landmark survival analyses. Patients
with incomplete irAE records (n = 6) were also excluded.
Patients who were treated in an adjuvant setting (n = 20) were
excluded from the survival analysis. A heat map showing the
incidence of irAEs according to cancer diagnosis was generated
using a Fisher’s exact test. A false discovery rate multiple testing
correction was applied to the test.
RESULTS

Patient Demographics
A total of 321 CPI treatment courses were identified,
corresponding to 288 individual patients (Tables 1 and 2).
Patients were predominantly men (62%) with a median age of
69 years. Almost all patients had metastatic disease (94%).
The most common diagnoses were non-Small Cell Lung Cancer
(NSCLC-31%), melanoma (24%), urothelial cancer (13%), and
renal cell carcinoma (9%) (Table 1). The distribution of
treatments over time is provided in Table 2. Comorbid
conditions were grouped as: cardiovascular (n=204); endocrine/
metabolic (n = 99); allergy and/or asthma (n = 64), autoimmune
disease (n = 58), gastrointestinal (n = 127) and prior cancers
unrelated to the CPI-treated diagnosis (n = 96). The cases of
preexisting autoimmune disease included: autoimmune thyroid
disease (n = 17), rheumatoid arthritis (n = 9), Crohn’s disease or
January 2021 | Volume 10 | Article 570752
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ulcerative colitis (n = 9), systemic lupus erythematosus (n = 3),
psoriasis (n = 5), polymyalgia rheumatica (n=3), multiple
sclerosis (n = 2), Raynaud’s syndrome (n = 2), chronic lichen
planus (n = 2), and ankylosing spondylitis (n = 2). Five
individuals had more than one autoimmune disease.

Overall Incidence of irAEs
Fifty-nine percent of patients treated with CPIs (Table 3)
developed irAEs (n = 171). Severe irAEs (grade 3 or 4)
occurred in 29% of patients (n = 55) (Table 3). The median
time to first irAE was 4 weeks. The median time from initial CPI
treatment to the most severe irAE was 10 weeks. Of the irAEs
evaluated, 147 (41%) were grade 1, 137 (38%) grade 2, 63 (18%)
grade 3, and 15 (4%) grade 4. Maculopapular skin rashes and
pruritis were the most frequently reported irAEs with 34% of
patients reporting at least one skin-related irAE. Other common
irAEs were immune-mediated colitis and other gastrointestinal
irAEs (23% of patients), endocrine or metabolic adverse events
(14%), and respiratory irAEs (11%) (e.g., pneumonitis).
Hepatobiliary, blood, eye, musculoskeletal, nervous system, and
renal irAEs each affected less than 10% of patients. The grade 3
and 4 irAEs were predominantly respiratory, hepatobiliary,
gastrointestinal, and endocrine. One patient developed chronic
Frontiers in Oncology | www.frontiersin.org 3
type 1 diabetes mellitus because of treatment with PEMBRO.
Figure 1 presents the distribution of irAEs by severity and type.

Factors Impacting irAE Development
Anti-PD-1/PD-L1-treated patients were less likely to experience
an irAE than patients treated with anti-CTLA-4 (OR=0.33, 95%
CI 0.15 to 0.70, P = 0.004). Odds ratios (OR) for the occurrence
of irAEs are shown in Figure 2. A 6-week landmark analysis was
applied to pre-treatment OR calculations to avoid potential bias
from patients with very short survival times. No other factors
were significantly associated with increased odds of irAE
development (Figure 2). As previously reported, two factors
decreased odds of irAE development, age > 70 and low pre-
infusion lymphocyte counts (P = 0.05) (5, 6). In subjects who
survived for at least 6 weeks, there was an association between
preexisting autoimmune disease and the occurrence of a severe
irAE (grade 3 or 4; P = 0.01, Chi-squared test).

Categories of irAEs
An increased incidence of skin-related irAEs was observed in
melanoma patients receiving CPI treatment relative to other
cancer diagnoses, with 51% of melanoma patients experiencing
at least one skin-related irAE. An increased incidence of
TABLE 1 | Patient cohort demographics.

CTLA-4 CTLA-4/PD-1 PD-1/PD-L1 Overall

Number 37 18 233 288
Age, median (range) 68 (25-90) 68 (44–79) 70 (30–95) 69.5 (25–95)
Body mass index median (range) 29 (19–52) 28 (18–38) 25 (16–46) 25 (16–52)
Sex, n (%)
Male 27 (73) 14 (78) 138 (59) 179 (62)
Female 10 (27) 4 (22) 95 (41) 109 (38)

Adjuvant therapy, n (%) 9 (24) 0 (0) 11 (5) 20 (7)
Metastatic disease, n (%) 37 (100) 17 (94) 216 (93) 270 (94)
Cancer diagnosis, n (%)
Bladder 0 (0) 0 (0) 37 (16) 37 (13)
Melanoma 36 (97) 5 (28) 27 (12) 68 (24)
NSCLC 0 (0) 0 (0) 89 (38) 89 (31)
RCC 0 (0) 11 (61) 14 (6) 25 (9)
Othera 1 (3) 2 (11) 66 (28) 69 (24)

Preexisting conditions, n (%)
Cardiovascular 22 (59) 14 (78) 168 (72) 204 (71)
Gastrointestinal 13 (35) 8 (44) 106 (45) 127 (44)
Endocrine or metabolic 7 (19) 4 (22) 88 (38) 99 (34)
Other cancer 10 (27) 3 (17) 83 (36) 96 (33)
Allergy or asthma 7 (19) 6 (33) 51 (22) 64 (22)
Allergy 6 (16) 3 (17) 38 (16) 47 (16)
Asthma 3 (8) 3 (17) 21 (9) 27 (9)
Autoimmune disease 6 (16) 4 (22) 48 (21) 58 (20)
January 2021 | Volume 10 | A
aHead and neck (n = 16), colorectal (n = 7), hepatocellular (n = 7), esophageal (n = 7), and other (n = 32).
TABLE 2 | CPI use over time. Number of CPI treatment courses administered by year.

2011 2012 2013 2014 2015 2016 2017 2018 2019a Total

CTLA-4 5 7 8 9 7 2 0 1 0 39
CTLA-4/PD-1 0 0 0 0 2 3 4 8 6 23
PD-1/PD-L1 0 0 0 1 11 56 60 78 53 259
Total 5 7 8 10 20 61 64 87 59 321
rticle 5
aData collected from July 2011 through October 2019.
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respiratory irAEs was also observed in patients undergoing CPI
therapy for NSCLC with at least one respiratory irAE reported in
17% of NSCLC patients (Figure 3). These differences were
significant even with a multiple testing correction applied
(Figure 4). To account for the possible confounding effect of
ipilimumab, used predominantly in treatment of melanoma
patients, we conducted a subgroup analysis of patients only
treated with anti-PD-1/PD-L1 CPIs. Within this subset,
significantly more respiratory irAEs were reported in NSCLC
patients than in patients with other diagnoses (OR = 2.4, P <
0.03, Fisher’s exact test) and significantly more skin-related
irAEs were reported in melanoma patients than in patients
with other diagnoses (OR = 2.9, P = 0.01, Fisher’s exact test).
No melanoma patients developed vitiligo, a skin irAE reported in
the literature. A positive correlation (P < 0.05) between
gastrointestinal irAEs was observed in patients with renal cell
carcinoma (RCC).
Frontiers in Oncology | www.frontiersin.org 4
Factors Impacting Survival
Using a time-dependent Cox proportional hazard regression
analysis to model irAEs as a binary time-dependent covariate,
we observed a clear relationship between irAE and improved
survival (HR = 0.41, 95% CI 0.29 to 0.57, P < 0.001) (12–14). To
account for potential bias due to variability in survival times, we
also employed a landmark approach to assess the effects of irAEs
and the impact on OS models (11). We employed a 6-week
landmark based on the median time to first irAE and to be
consistent with previous studies that have used landmark times
between 6 and 12 weeks (3, 12–14). Using this approach, we
observed a median survival of 57.1 weeks in patients without irAEs
and 78.1 weeks in patients with irAEs. However, these differences
were not statistically significant (HR = 0.78, 95% CI 0.54 to 1.13,
P = 0.19, Figure 5A). We observed significantly worse OS in
patients who experienced sustained steroid treatment prior to CPI
treatment, which may have resulted in a less robust response to
TABLE 3 | irAE incidence. Numbers and percentages of patients who experienced at least one irAE of the specified type. Numbers inside of parentheses indicate
percentages of patients relative to the CPI treatment group.

irAE Type CTLA-4 (n = 37) CTLA-4/PD-1 (n = 18) PD-1/PD-L1 (n = 233) Overall (n = 288)

All Grades
1–2

Grades
3–4

All Grades
1–2

Grades
3–4

All Grades
1–2

Grades
3–4

All Grades
1–2

Grades
3–4

Blood 0 (0) 0 (0) 0 (0) 1 (6) 1 (6) 0 (0) 1 (0) 0 (0) 1 (0) 2 (1) 1 (0) 1 (1)
Cardiac 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (0) 0 (0) 1 (0) 1 (0) 0 (0) 1 (1)
Dermatological 18 (49) 16 (43) 2 (5) 12 (67) 12 (67) 0 (0) 62 (27) 59 (25) 3 (1) 102 (32) 97 (39) 5 (7)
Endocrine/
Metabolic

5 (14) 2 (5) 4 (11) 2 (11) 1 (6) 1 (6) 29 (12) 24 (10) 5 (2) 39 (12) 28 (11) 11 (16)

Eye 0 (0) 0 (0) 0 (0) 1 (6) 0 (0) 1 (6) 5 (2) 5 (2) 0 (0) 6 (2) 5 (2) 1 (1)
Gastrointestinal 14 (38) 10 (27) 4 (11) 9 (50) 7 (39) 3 (17) 40 (17) 36 (15) 4 (2) 66 (21) 55 (22) 11 (16)
Hepatobiliary 4 (11) 2 (5) 2 (5) 5 (28) 2 (11) 5 (28) 15 (6) 11 (5) 6 (3) 39 (12) 20 (8) 19 (27)
Musculo-skeletal 2 (5) 2 (5) 0 (0) 1 (6) 0 (0) 1 (6) 18 (8) 16 (7) 3 (1) 22 (7) 18 (7) 4 (6)
Nervous system 0 (0) 0 (0) 0 (0) 2 (11) 2 (11) 0 (0) 10 (4) 8 (3) 2 (1) 14 (4) 11 (4) 3 (4)
Renal 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (1) 1 (0) 1 (0) 2 (1) 1 (0) 1 (1)
Respiratory 1 (3) 1 (3) 0 (0) 1 (6) 1 (6) 0 (0) 26 (11) 13 (6) 13 (6) 28 (9) 15 (6) 13 (19)
January
 2021 | Volu
me 10 | Artic
FIGURE 1 | Numbers of reported immune-related adverse events (irAEs) by severity and type.
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CPI. Among PD1/PDL1 treated patients, we identified 21 patients
(9%) who received steroids with a prednisone-equivalent dose of
20 mg or higher at least four times in the six months prior to CPI
administration. This sustained steroid treatment was associated
with significantly worse OS in this patient population (HR = 2.16,
Frontiers in Oncology | www.frontiersin.org 5
95% CI 1.39 to 3.61, P = 0.003, Figure 5B). No patients with
sustained steroid treatment were identified in other CPI classes.
We also identified 20 individuals who were administered a
prednisone-equivalent dose of 20 mg or higher in the month
following the first CPI infusion. The OS of this patient group did
FIGURE 2 | Unadjusted odds ratios for immune-related adverse event (irAE) development. Unadjusted odds ratios and 95% confidence intervals are shown for the
indicated variables.
FIGURE 3 | Percentages of patients who experience immune-related adverse events (irAEs) by cancer diagnosis and irAE type. Bars report the percentage of
patients with the indicated diagnosis who experienced at least one irAE of the type indicated by the panel title.
January 2021 | Volume 10 | Article 570752
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not differ significantly from the group that did not receive steroids
following CPI administration (HR = 1.38, 95% CI 0.33 to 1.56, P =
0.41). The only other factor that showed a significant association
with OS was pre-treatment BMI > 30 kg/m2 (p = 0.03). A subset
analysis employing an adjustment for patient BMI of the two
largest patient populations, NSCLC and melanoma, revealed a
significant OS benefit in patients with NSCLC who experienced
irAEs (adjusted HR = 0.43, 95% CI 0.21 to 0.93, P = 0.03, Figure
5C), but not in melanoma (adjusted HR = 1.35, 95% CI 0.58 to
3.14, P = 0.49, Figure 5D).
DISCUSSION

We undertook this study to assess the impact of tumor type and
other preexisting factors on the development and type of irAEs,
while also examining the effect of irAEs on OS. The study is
based on a retrospective analysis of the irAEs observed across a
diverse set of malignancies. In this study, no exclusions were
imposed based on preexisting conditions or other comorbid
conditions that frequently preclude participation in clinical
trials, which represent the “real world” experience of the irAEs
in cancer patients treated with CPIs and the outcomes.

We employed two methods to evaluate the OS benefit: a
landmark survival analysis, which excluded patients who died in
Frontiers in Oncology | www.frontiersin.org 6
the first 6 weeks of treatment and a time-dependent covariate
analysis which included all patients. Previous studies of NSCLC
and melanoma have reported an association between improved
survival and irAE experience using survival analyses with 6 to 12-
week landmarks. Our 6-week landmark analysis confirmed an
association between survival and irAEs in NSCLC patients but
was inadequately powered in the “no-irAE” group to assess
survival of melanoma patients on the basis of irAE. The result
in NSCLC patients is consistent with previously reported results
in which a 6-week landmark analysis of 134 NSCLC patients
receiving NIVO demonstrated increased progression-free
survival (PFS) and OS in patients who experienced an irAE (3).

The landmark analysis also revealed a trend towards an OS
benefit in individuals experiencing an irAE in the first 6 weeks of
treatment. For this reason, OS was also calculated as a time-
dependent variable which included patients who experienced
irAEs within the first 6 weeks of treatment (3, 12–14). This
analysis identified a highly significant association between irAEs
and OS. Sato and colleagues also noted an association between
irAEs and PFS in the absence of a landmark or other accounting
for the time-dependence of irAEs in 38 NSCLC patients treated
with NIVO (15). Teroaka et al. reported an association between
irAEs and survival in NIVO-treated NSCLC patients with a 2-
week landmark time (16). Based on our comparison of the
landmark and time-dependent analyses, we propose that a
FIGURE 4 | Heatmap showing the incidence of immune-related adverse events (irAEs) according to cancer diagnosis. Color indicates the percent of individuals with
a diagnosis (column) who experienced an irAE of the indicated class (row). Asterisks indicate a significance, *p < 0.05, **p < 0.01 (Fisher’s exact test with a false
discovery rate multiple testing correction applied).
January 2021 | Volume 10 | Article 570752
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time-dependent treatment of irAEs may be a more relevant
measure of survival benefit, since landmark analyses, by
definition, do not account for early irAEs. Relative to time-
dependent Cox regression, landmark analyses have been shown
to attenuate the effect of a time-dependent covariate and our
results are consistent with this observation (11).

None of the preexisting comorbid conditions which we
evaluated (e.g., cardiovascular disease, autoimmune disease, etc.)
altered the overall incidence or type of irAEs experienced by the
various patient subgroups, but the higher incidence of grade 3 or 4
irAEs which we detected in patients with preexisting autoimmune
disease did appear to be clinically relevant (P = 0.01). However, in
this subset of 58 patients, there was no obvious link between the type
of irAE experienced and the underlying autoimmune condition.
Thus, although exacerbations of preexisting autoimmune disease
are a predicted consequence of CPI treatment, this was not observed
in our study (17). Our data do suggest that patients with preexisting
autoimmune disease are more prone to developing serious irAEs of
any type, thus emphasizing the need for careful monitoring of this
patient population. Most irAEs were managed with corticosteroids
and irAEs subsided without permanent discontinuation of CPI
therapy. Recent studies do suggest that limiting the use of
corticosteroids to the lowest dose possible to achieve clinical
benefit may lead to better control of cancer for these patients
Frontiers in Oncology | www.frontiersin.org 7
(18). In one study, NSCLC patients treated with ≥ 10 mg of
prednisone at the time of CPI initiation had worse outcomes than
patients who received 0 to < 10 mg of prednisone. The authors
suggest that this difference may be driven by a poor-prognosis
subgroup of patients who receive corticosteroids for palliative
reasons (19).

Our most significant finding is that the lung and skin irAEs
correlate with the primary tumor sites for both NSCLC and
melanoma. This suggests, that at least in these two diseases, the
irAEs are an important biomarker of a specific tumor-directed
response. Previous reports have suggested that the incidence of
respiratory irAEs is similar between NSCLC and melanoma
patients, however our data do not support this conclusion (20,
21). In our cohort of 68 melanoma patients, only one patient
experienced pneumonitis, a significantly lower incidence than in
NSCLC (p = 0.01, Fisher’s exact test). In this study, the incidence
of respiratory irAEs was higher than in other published reports
(22). This difference may be due to the challenge in
distinguishing pneumonia due to infection from pneumonitis
due to CPI treatment. With respect to melanoma, we observed a
strong association between the skin irAEs and melanoma, but no
association with OS. We hypothesize that the skin rashes, which
occur early in the treatment with CPIs, may predict later
development of vitiligo, another skin-related irAE that is
A B

DC

FIGURE 5 | Kaplan-Meier survival curves comparing patients who do and do not experience an immune-related adverse event (irAE) in the 6-week landmark
analysis and survival relative to pre-treatment steroid administration. (A) Survival of all patients. (B) Survival relative to pre-treatment steroid administration in PD1/
PDL1 treated patients. (C) Survival within the subset of non-Small Cell Lung Cancer (NSCLC) patients. (D) Survival within the subset of melanoma patients.
January 2021 | Volume 10 | Article 570752
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associated with successful anti-melanoma responses (23). The
pathogenesis of vitiligo is unknown, but one potential link may
be epitope spreading, in which initial immune activity against
one or more tumor-specific epitope extends to antigens shared
by melanoma cells and melanocytes (24).

The main limitation of this study is its retrospective design and
the inclusion of data generated by multiple treating physicians. Due
to potential variability in practice patterns, there could be
inconsistencies in the reporting of irAEs, patient follow-up, and
administration of interventions to reduce or prevent irAEs. We
sought to mitigate these variables by having the treating physicians
review their medical records and confirm the irAE grade assignment.
Certain irAEs, e.g., pneumonitis, were radiographically diagnosed
and therefore not associated with the bias of oncologist’s notation of
the irAE. Furthermore, all oncologists involved in this study treated
multiple cancer types, which mitigates the risk of reporting diagnosis
specific effects being associated with an individual physician.
Therefore, we believe that the timing of irAEs post-CPI treatment,
was consistent across all treating physicians, suggesting no specific
interference of effect.

Use of a broad study interval for CPI experience, in this case July
2011–October 2019, though inclusive for patients, is also a potential
limitation given that clinical experience in managing irAEs has
increased over time. In addition, the number of CPIs and their
applicability across different tumor types have also increased over
time. The newer CPIs are purported to have less side effects. A
review of treatments by year indicated that the incidence of irAEs
remained consistent, although the severity dropped as ipilimumab
was replaced by less toxic PD1/PDL1 inhibitors for the treatment of
metastatic melanoma. In recent years, the combination of CPIs with
cytotoxic chemotherapy (e.g., pembrolizumab plus platinum-based
agents), may have contributed to the heterogeneity of reported
irAEs. Chemotherapy may have inherent immunosuppressive
effects, albeit low and variable, and also some regimens (e.g.,
carboplatin/paclitaxel) may incorporate a single time low-dose of
steroids. These factors may have led to a lower incidence of irAEs in
this cohort.With respect to findings of interstitial pneumonia in this
cohort, we note that interstitial pneumonitis is a rare complication
of paclitaxel and does not increase the incidence of pneumonitis
compared to patients treated with pembrolizumab as single therapy
(25, 26). While we hope to establish a consistent grading system for
future retrospective analyses of responses to therapy, we note that
the frequencies of irAEs identified in this study are not dissimilar
from those reported in the literature.

In conclusion, there is growing evidence that irAEs may be
directly linked to improved survival in cancer patients treated
Frontiers in Oncology | www.frontiersin.org 8
with CPIs. We undertook this retrospective study to identify
clinical factors that inhibit or contribute to an active irAE
response. A time-dependent analysis confirmed a significant
association between irAEs and OS. We observed a clear
association between skin-related irAEs and melanoma as well
as between respiratory irAEs and NSCLC, suggesting that these
two types of irAEs may be driven by specific immune responses
to the primary tumor. In patients with NSCLC, the respiratory
irAEs were associated with a survival benefit.
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