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Purpose: Immune checkpoint inhibitors (ICIs) have been approved for various types of

cancer; however, they cause a broad spectrum of immune-related adverse events (irAEs). The

association between the development of irAEs and the clinical benefit remains uncertain. We

aimed to evaluate the association of irAEs and the treatment efficacy in real-world practice.

Patients and Methods: We conducted a retrospective study on patients with recurrent or

metastatic non-small-cell lung cancer, malignant melanoma, renal cell carcinoma, or gastric

cancer who received anti-PD-1/PD-L1 antibodies (nivolumab, pembrolizumab, or atezolizu-

mab) at the Keio University Hospital between September 2014 and January 2019. We

recorded treatment-related AEs from medical records and graded them using the Common

Terminology Criteria for Adverse Events version 4. We performed an overall survival (OS)

analysis using a Cox proportional hazards model and the shared frailty model.

Results: Of 212 patients eligible for this study, 108 experienced irAEs and 42 developed

multiple irAEs. The median OS was significantly longer in the irAEs than in the no-irAE

group (28.1 months vs 12.7 months; hazard ratio [HR], 0.49; 95% confidence interval [CI],

0.33–0.73; P = 0.0004). Moreover, the OS of patients with multiple irAEs was significantly

longer than that of patients with a single irAE (42.3 months vs 18.8 months; HR, 0.473; 95%

CI, 0.346–0.647; P < 0.0001).

Conclusion: Our single-center retrospective study revealed a significant tendency associat-

ing the development of multiple irAEs with favorable prognoses.
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Introduction
Immune checkpoint inhibitors (ICIs) have shown a drastic benefit against malignant

melanomas1,2 and various types of malignant diseases.3–12 ICIs including antibodies to

programmed cell death-1 (PD-1), programmed cell death ligand 1 (PD-L1), cytotoxic

T-lymphocyte antigen-4 (CTLA-4), and combinations of these13,14 have been approved

for non-small-cell lung cancer (NSCLC), malignant melanoma (MM), renal cell

carcinoma (RCC), gastric cancer (GC), and other types of cancers in Japan.

These ICIs are known to cause specific immune-related adverse events (irAEs).15

IrAEs occur in a variety of organs, causing signs and symptoms such as interstitial

pneumonia, enterocolitis, hypothyroidism, liver dysfunction, skin rash, vitiligo, hypo-

physitis, type 1 diabetes, renal dysfunction, neurological disorders, or myocarditis. ICIs

are often discontinued due to severe irAEs that may lead to life-threatening conditions.

Although the mechanisms of irAEs remain to be elucidated, the enhancement of
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systemic T-cell activity by ICIs causes a loss of immune

tolerance in various organs, resulting in irAEs.16,17

Some retrospective studies have reported that the devel-

opment of irAEs is associated with clinical benefits such as

better treatment responses or prognoses for certain

malignancies.18–24 However, these retrospective data were

affected by an observation time bias due to higher irAEs risks

by longer treatment times in responders. Theoretically unbri-

dle T-cell activity causes severe irAEs, which may also

enhance antitumor immune reactions. If the development of

irAEs reflects a systemic immune activation, not only the

occurrence of irAEs but also the number of irAEs in each

patient should be associated with antitumor ICI effects.

Therefore, we conducted a retrospective analysis focused

on the association between the number of irAEs and the

clinical outcomes.

Patients and Methods
Study Design
We retrospectively assessed the efficacy and toxicity of

anti-PD-1/PD-L1 antibody, nivolumab, pembrolizumab,

and atezolizumab, in patients with four major ICI-

approved cancer types: NSCLC, MM, RCC, or GC

between September 2014 and January 2019 at the Keio

University Hospital in Japan. We excluded patients trea-

ted with anti-PD1/PD-L1 antibody during clinical trials

or under off-label use, and also patients with prior or

concurrent treatment with an anti-CTLA-4 antibody. We

collected baseline characteristics, clinical outcomes, and

irAEs from clinical records. IrAEs were defined as events

occurring during PD-1/PD-L1 treatment and events

occurring after ICI treatment, including pneumonitis,

diarrhea/colitis, hepatitis, rash, neurological disorders,

or endocrine abnormalities, diagnosed as being irAEs by

the attending doctor. We graded irAEs using the Common

Terminology Criteria for Adverse Events version 4.0. The

Keio University Hospital Institutional Ethics Committee

approved this study. Informed consent was obtained in the

form of opt-out on the website.

Statistical Analysis
Patient characteristics were compared between the two groups

(irAEs and no-irAE groups, and multiple irAEs and single

irAE groups): the ages and median durations of ICI adminis-

tration were compared using t-test for difference in means and

all other variables were compared using chi-square and

Figure 1 Flow diagram of patient selection and analysis according to the development of irAEs.

Abbreviations: GC, gastric cancer; ICIs, immune checkpoint inhibitors; irAEs, immune-related adverse events; MM, malignant melanoma; NSCLC, non-small-cell lung

cancer; RCC, renal cell carcinoma.
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Fisher’s exact test. We defined overall survival (OS) as the

time from the initiation of immunotherapy to death from any

cause, and we measured time to treatment failure (TTF) as the

time from the first administration of ICIs to the time of

treatment discontinuation for any reason, including disease

progression, adverse events, patient preference, or death.

Probabilities of survival were estimated using the Kaplan–

Meier method and the Log-rank test. We used the Cox propor-

tional hazard regression model to calculate hazard ratios

(HRs). To consider the differences of cancer types, we

included a category of cancer type as a covariate in each

Cox proportional hazard regression model. A shared frailty

model was used to calculate HR associatedwith the number of

irAEs. All P values were based on a 2-sided hypothesis, and

those less than 0.05 were considered statistically significant.

We performed all statistical analyses using the JMP version

14.2.0 software (SAS Institute, Cary, NC, USA) and SAS

version 9.4 (SAS Institute, Cary, NC, USA).

Results
Patient Characteristics and irAEs
A total of 219 patients were treated with anti-PD-1/PD-L1

antibody monotherapy between September 2014 and

January 2019 in the real-world practice (Figure 1). We

excluded six patients with MM or RCC who received a

combination of nivolumab and ipilimumab and one patient

with MM who received ipilimumab prior to PD-1 antibody

monotherapy because we could not rule out the possibility

of their irAE being due to ipilimumab. Thus, we analyzed

data from 212 patients with NSCLC (n = 112), MM (n =

37), RCC (n = 34), or GC (n = 29). The median follow-up

time was 11.3 months (range, 0.04–53.0) as of July 31,

2019, the analysis cutoff date.

We found 163 irAEs in 108 patients during the treatment or

after ICIs discontinuation. The most commonly observed

irAEs were included increased alanine transaminase (ALT)

(n = 43), rash (n = 31), diarrhea (n = 26), pneumonitis

(n = 23), and hypothyroidism (n = 21). We found irAEs with

grade ≥3 in 36 patients (16%). The baseline characteristics of

patients with any irAE (irAEs group) were similar to those of

patientswithout irAEs (no-irAE group) (Table 1). The duration

of ICI administration in the irAEs group was significantly

longer than that in the no-irAE group (median, 5.0 months vs

2.7 months, P = 0.021).

Of the 108 patients who experienced irAEs, 32 patients

received corticosteroids for the treatment of irAEs includ-

ing pneumonitis (n = 14), adrenal insufficiency (n = 8),

diarrhea (n = 3), neurological disorders (n = 3), increased

ALT (n = 3), and nephritis (n = 1).

Association of irAEs with Treatment

Efficacy
The median OS was significantly longer in the irAEs than in

the no-irAE group (28.1 months vs 12.7 months; HR, 0.49;

95% confidence interval [CI], 0.33–0.73; P = 0.0004)

(Figure 2). The TTF was also significantly longer in the

irAEs group than in the no-irAE group (median TTF, 5.2

months vs 2.7 months; HR, 0.49; 95% CI, 0.49–0.90;

P = 0.0098).

Table 1 Baseline Characteristics of Patients in the Study

Characteristics (n = 212) irAEs

(n = 108)

No-irAE

(n = 104)

P

value*

Age, years

Median (range) 66 (34–94) 69 (30–92) 0.64

Male gender, n (%) 71 (66) 75 (72) 0.31

ECOG performance status, n (%)

0 36 (33) 31 (30) 0.13

1 64 (59) 54 (52)

≥2 8 (8) 19 (18)

Treatment line, n (%)

1st line 22 (20) 16 (15) 0.79

2nd line 40 (37) 34 (33)

Salvage-line 46 (43) 54 (52)

Cancer types, n (%)

Non-small-cell lung cancer 63 (58) 49 (47) 0.32

Malignant melanoma 18 (17) 19 (18)

Renal cell cancer 16 (15) 18 (17)

Gastric cancer 11 (10) 18 (17)

Types of ICIs, n (%)

Nivolumab 83 (77) 90 (87) 0.05

Pembrolizumab 23 (21) 10 (10)

Atezolizumab 2 (19) 4 (4)

Reason for discontinuation of

ICIs, n (%)

IrAEs 40 (37) 0 <0.0001

Progression of disease 43 (40) 80 (77)

Ongoing ICIs 21 (19) 15 (14)

Others 4 (24) 9 (9)

Median duration of ICI

administration, months (range)

5.0

(0.04–46)

2.7

(0.04–44)

0.02

ICIs administration over 60 days,

n (%)

76 (70) 57 (55) 0.02

Notes: *A t-test for difference in means was used to compare ages and median

durations of ICI administration; all other variables were compared using Chi-Square

and Fisher’s Exact tests.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ICI, immune

checkpoint inhibitors; irAEs, immune-related adverse events.
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In the subgroup of patients who had received ICIs over 60

days, OS in the irAEs group (n = 76) tended to be longer than

that in the no-irAE group (n = 57) (median OS, 42.3months vs

23.1 months; HR, 0.63; 95% CI, 0.35–1.11; P = 0.114). In

addition, even in patients who had received ICIs for less than

60 days, the median OSwas significantly longer in those in the

irAEs group (n = 32) than in those in the no-irAE group

(n = 47) (13.3 months vs 3.4 months; HR, 0.46; 95% CI,

0.25–0.84; P = 0.012).

Excluding those who died within 2.7 months (median

duration of ICIs administration in non-irAE group), 43 patients

experienced single irAEs and 12 hadmultiple irAEs in the first

2.7months after initiation of ICIs.Of the 104 patients in the no-

irAE group, 82 patients lived at least 2.7 months. We analyzed

survival in the groupwith irAEswithin 2.7months (n = 55) and

the no-irAE group (n = 82). Although not statistically signifi-

cant, the OS in the irAEs group was more favorable than the

no-irAE group (29.0 months vs 19.7 months; HR, 0.66; 95%

CI, 0.39–1.12; P = 0.12) (Supplementary Figure 1).

Regarding the association of steroid usage with prognosis

in irAEs group, the OS in patients without corticosteroid

treatment was favorable compared with that in patients with

immunosuppressive therapy (median OS, 29.0 months vs

16.6 months; HR, 0.63; 95% CI, 0.34–1.16; P = 0.14).

Association Between the Number of

irAEs in Each Patient and Treatment

Efficacy
Of the 108 patients who experienced any irAE, we found

42 with multiple irAEs (median number of irAEs, 2;

range, 2–4). We evaluated the efficacy and safety of ICIs

according to the number of irAEs. Table 2 lists character-

istics of patients in the multiple irAEs group (n = 42) and

the single irAE group (n = 66). We found no significant

difference in terms of the baseline characteristics between

the two groups. The median durations of ICI administra-

tion were 8.6 months (range, 0.04–46.0) in the multiple

Figure 2 Kaplan–Meier estimation of overall survival. The Kaplan–Meier estimates of overall survival in the irAEs and no-irAE groups. We adjusted the hazard ratio for

death according to the primary tumor type.

Abbreviation:irAE, immune-related adverse events.
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irAEs group and 4.0 months (range, 0.04–44.5) in the

single irAE group (P = 0.13).

Table 3 shows the number of irAEs in the multiple irAEs

group and in the single irAE group. We found no specific

tendency in the multiple irAEs group. The most commonly

observed grade ≥3 irAEs in the multiple irAEs group (those

with incidence ≥5%) were pneumonitis (21%), increased ALT

(12%), and adrenal insufficiency (7%); and that in the single

irAE group was pneumonitis (6%). The most frequently

observed combinations of first and second irAEs were

increased ALT and diarrhea (n = 5), and increased ALT and

hypothyroidism (n = 5) (Figure 3).

The median time-to-onset of the first irAE was 2.7

months in the single irAE group (range, 0.04–29.8) and

1.5 months in the multiple irAEs group (range, 0.04–32.4)

(P = 0.46, Supplementary Figure 2). The median time-to-

onset of the second irAEs was 3.8 months in the multiple

irAEs group (range, 0.07–34.4), which was significantly

longer than that of the first irAE in the single irAE group

(P = 0.014).

Patients with multiple irAEs had significantly longer

OS compared with patients with a single irAE (median

OS, 42.3 months vs 18.8 months; HR 0.473; 95% CI,

0.346–0.647; P < 0.0001) (Figure 4). The TTF in the

multiple irAEs group (although not significantly different)

was longer than that in the single irAE group (median

TTF, 9.5 months vs 4.0 months; HR, 0.69; 95% CI,

0.43–1.10; P = 0.12) (Supplementary Figure 3).

Discussion
This retrospective study shows a unique insight into the

association between the number of irAEs in each patient

and the efficacy of ICIs. The frequency of irAEs in our

hospital was comparable to those in clinical trials.3–6,25 The

incidence of grade ≥3 irAEs was higher than that reported in

clinical trials. One of the reasons for this difference would be

that a higher number of patients who were at a high risk of

developing severe irAEs such as slight ground-glass opacity

in their lungs before treatment initiation with ICIs were

included in this real-world study. Patients with any irAE

Table 2 Baseline Characteristics of the Patients Grouped by the

Number of irAEs

Characteristic Multiple

(n = 42)

Single

(n = 66)

P

value*

Age at administration, years

Median (Range) 66 (34–86) 67 (36–94) 0.39

Male gender, n (%) 23 (55) 48 (73) 0.06

ECOG performance status, n (%)

0–1 40 (95) 60 (91) 0.51

≥2 2 (5) 6 (9)

Treatment line, n (%)

1st line 10 (24) 12 (18) 0.62

2nd line or later 32 (76) 54 (82)

Cancer types, n (%)

Non-small-cell lung cancer 25 (60) 38 (58) 0.82

Malignant melanoma 8 (19) 10 (15)

Renal cell cancer 6 (14) 10 (15)

Gastric cancer 3 (7) 8 (12)

Type of ICIs, n (%)

Nivolumab 30 (71) 53 (80) 0.56

Pembrolizumab 11 (26) 12 (18)

Atezolizumab 1 (2) 1 (2)

Median duration of ICI administration,

months (range)

8.6

(0.04–

46.0)

4.0

(0.04–

44.5)

0.13

Notes: *A t-test for difference in means was used to compare ages and median

durations of ICI administration; all other variables were compared using Chi-Square

and Fisher’s Exact tests.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ICI, immune

checkpoint inhibitors: irAEs, immune-related adverse events.

Table 3 Summary of Adverse Events

Variables Multiple irAEs (n = 42) Single irAE (n = 66)

Any Grade Grade≥3 Cortico-Steroids Therapy Any Grade Grade≥3 Cortico-Steroids Therapy

Increased ALT 23 (55%) 5 (12%) 2 (5%) 20 (30%) 2 (3%) 1 (2%)

Rash 16 (38%) 0 0 15 (23%) 1 (2%) 0

Diarrhea 16 (38%) 2 (5%) 1 (2%) 10 (15%) 2 (3%) 2 (3%)

Pneumonitis 15 (36%) 9 (21%) 9 (21%) 8 (12%) 4 (6%) 5 (8%)

Hypothyroidism 17 (40%) 1 (2%) 0 4 (6%) 0 0

Adrenal insufficiency 5 (12%) 3 (7%) 5 (12%) 3 (5%) 2 (3%) 3 (5%)

Neurological disorders 3 (7%) 1 (2%) 1 (2%) 3 (5%) 2 (3%) 2 (3%)

Othersa 2 (5%) 2 (5%) 0 3 (5%) 0 1 (2%)

aNotes: aOther irAEs include grade 2 arthritis, 2 Grade 2 nephritis in the single irAE group, grade 3 Sjögren syndrome, and grade 3 thrombocytopenia in the multiple irAEs group.

Abbreviations: ALT, alanine aminotransferase; irAEs, immune-related adverse events.
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showed longer OS than those without irAEs as reported.26–28

In addition, we revealed that OS was more favorable in

patients who had developed irAEs in the 2.7 months after

the initiation of ICIs (median duration of ICIs administration

in no-irAE group) compared with the no-irAE group.

Interestingly, our study revealed that the development of

multiple irAEs was associated with longer survivals than

single irAE in patients with various types of malignancies.

To assess our hypothesis that higher systemic immune acti-

vation by ICIs induces multiple irAEs and better antitumor

effects, we focused on the association between the number

of irAEs and the antitumor response. As we expected, the

OS was significantly better in patients with multiple irAEs

than in those with a single irAE. Most previous studies

assessed only the association of irAE development with

prognosis and not the association of the number of irAEs

with prognosis. One report in NSCLC showed that patients

with multiple irAEs had longer survival than those with

only one irAE.26 However, this report analyzed the HRs

using a Cox proportional hazard regression model, which is

not appropriate for estimating HR associated with the

number of irAEs. The occurrence of different irAEs should

be considered as recurrent events. In our study, we resolved

this problem by estimating the HR using a shared frailty

model, which includes multiple irAEs as recurrent events.

Although it is difficult to exclude the possibility that longer

treatment durations increase the chance of the second

irAEs, our results suggest that the development of multiple

irAEs may be a predictive biomarker for improved prog-

noses. Whether patients develop multiple irAEs or not

could reflect an association between the efficacy of ICIs

and the degree of immune activation by them. Patients who

develop single irAE are probably predisposed to the devel-

opment of the specific irAE, but the irAE does not reflect the

systemic immune activation strength after the administra-

tion of ICIs. On the other hand, the development of multiple

irAEs may represent a high systemic immune activation

induced by ICIs. ICIs target not only tumor-specific T

cells but also other T cells, and may cause the unintended

activation of non-tumor-specific T cells, resulting in irAEs

in a variety of organs.17 Recent studies suggest the another

possible mechanism underlying irAEs is that T cells that

Figure 3 First and second irAE combination profiles in the multiple irAEs group. Numbers may not match the number of irAEs listed in Table 2 because some patients

developed three or more irAEs. Others included adrenal insufficiency, neurological disorders, myocarditis, and thrombocytopenia.

Abbreviations: ALT, alanine transaminase; irAE, immune-related adverse events.
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target antigens common to both tumors and healthy tissue

are activated by ICIs, which produces both irAEs and anti-

tumor efficacy.29,30 Of note, we found no specific irAE type

being associated with longer survival, contrary to some

reported results.31,32 Thus, more clinical evidence is

required to elucidate the association mechanisms between

irAEs and ICIs efficacy.

Since irAEs are often severe, responsible for ICIs dis-

continuation, and often life-threatening if not properly man-

aged, strategies to detect the development of irAEs in the

early stages and appropriate interventions to counteract

them are necessary to strengthen the efficacy and benefit

of ICIs. However, no biomarkers for predicting the efficacy

of ICIs and the development of irAEs exist.33,34 Our results

on the association between the presence of multiple irAEs

and better prognoses suggest that maintaining ICIs therapy

in patients who develop irAEs should be a priority.

We are aware of some limitations of our study due to

its retrospective nature. First, we could not define irAEs

diagnostic criteria, and some irAEs were diagnosed by

exclusion, which could have led to inaccuracies. Second,

grade 1 to 2 irAEs could have been underestimated or

overlooked in cases in which medical records lacked con-

crete descriptions; however, we believe most severe irAEs

were detected without omission. Third, since our analysis

included four cancer types, the ICI administration regi-

mens varied. To account for this, we evaluated HRs for

death adjusting for cancer types. Fourth, although some

biomarkers, such as PD-L1 expression, tumor mutation

burden, and microsatellite instability, have been reported

to be associated with the efficacy of ICIs, we could not

assess these biomarkers in our study owing to a lack of

tissue samples in the majority of the patients. In addition,

various clinical factors, such as post-ICI treatment or ICI

discontinuation by irAE, would affect prognosis. However,

it was difficult to adjust these factors in our statistical

analysis. Finally, the observation period was relatively

short for evaluating prognosis. As these factors must be

Figure 4 Kaplan–Meier estimation of overall survival in multiple irAEs and single irAE groups. The Kaplan–Meier estimates of overall survival in the multiple irAEs and single

irAE groups. We adjusted the hazard ratio for death according to the primary tumor type.

Abbreviation: irAE, immune-related adverse events.
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considered as potential bias in this study, our results

should be interpreted with caution. Additional prospective

studies with large numbers of patients and biomarker

analysis are needed to validate our findings.

Conclusion
The development of multiple irAEs may be intimately

connected with increased survival. Further research on a

larger population is warranted to confirm our results and to

elucidate the mechanisms of this association.
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