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Abstract. The number of elderly patients with cancer has
increased due to aging of the population. However, safety
of programmed cell death‑1 (PD‑1) or programed cell death
ligand 1 (PD‑L1) inhibitors in elderly patients remains
controversial, and limited information exists in frail patients.
The present study retrospectively identified 197 patients
treated with nivolumab, pembrolizumab or atezolizumab for
unresectable advanced cancer between September 2014 and
December 2018. Patients were divided into the elderly (age,
≥75 years) and non‑elderly (age, <75 years) groups. The
detailed immune‑related adverse events (irAE) profile and
development of critical complications were evaluated. To
assess tolerability, the proportion of patients who continued
PD‑1/PD‑L1 inhibitor for >6 months was analyzed. In the two
groups, a three‑element frailty score, including performance
status, Charlson Comorbidity Index and neutrophil‑lympho‑
cyte ratio, was estimated, and patients were divided into the
low‑, intermediate‑ and high‑frailty subgroups. Safety and
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tolerability were evaluated using the aforementioned items. A
total of 58 patients (29.4%) were aged ≥75 years. No significant
difference was found in the development of irAEs, hospitaliza‑
tion and treatment discontinuation due to irAEs between the
two groups. However, the occurrence of unexpected critical
complications was significantly higher in the elderly group
(P=0.03). Among the elderly patients with high frailty, more
critical complications and fatal irAE (hepatitis) were observed.
In this population, 33.3% were able to continue treatment for
>6 months without disease progression. The present analysis
based on real world data showed similar safety and tolerability
of PD‑1/PD‑L1 inhibitors in elderly patients with advanced
malignancies. However, the impact of irAE in elderly patients,
especially those with frailty, was occasionally greater
compared with that in younger and fit patients.
Introduction
As a result of population aging, the number of elderly patients
with cancer is recently increasing, and of patients with cancer,
~70% are aged ≥65 years and 36% are aged 75 years in daily
clinical practice (1). Elderly patients are frequently vulnerable
and frail compared to younger patients due to comorbidi‑
ties and geriatric problems, including physical or cognitive
dysfunctions (2), and non‑elderly patients may also have frailty
with malnutrition or low performance status (PS) due to severe
advanced malignancies. In these situations, conventional
cancer treatments are often intolerable and have a particularly
high risk of adverse events (3).
Immune checkpoint inhibitors (ICIs), especially those
targeting the programmed cell death‑1 (PD‑1) and programmed
cell death ligand 1 (PD‑L1), which have improved outcomes
for various advanced cancers, including non‑small cell lung
cancer (NSCLC), malignant melanoma (MM), renal cell
carcinoma, urothelial cancer, head and neck cancer and gastric
cancer (4‑9), are generally considered to be more tolerable
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than conventional chemotherapy and clinical indications for
immunotherapy continue to increase (4,10). These drugs may
provide an opportunity for treatment of elderly or frail patients
who cannot tolerate toxic chemotherapy or invasive treatment.
The age‑related decline in the immune system, so called
‘immunosenescence’ has been recently reported in preclinical
studies (11,12). T cells, the primary effectors of antitumor
response, undergo significant changes with age. The naïve
CD8+ T cells decline with age in part due to thymic involu‑
tion and contraction of lymphopoietic stem cells (13), and
decreased expression of CD28 on the surface of CD8+ T cells
leads to decreased immune activation (14‑16). While these
numeric and functional defects in T cells have been character‑
ized gradually, the potential impact of aging on efficacy and
tolerability of immunotherapy in clinical practice remains
unclear. Elderly patients has been underrepresented in clinical
trials; moreover, those who were included had relatively good
PS and function reserve capacities, which may not reflect the
real‑world population (17). The real‑world clinical practice
data in treating more vulnerable or frail patients with ICIs are
severely insufficient, and identifying the safety and efficacy of
ICIs in this population would be profitable.
Hence, based on a real‑world cohort, we designed a
two‑part study: i) We evaluated the safety and tolerability of
PD‑1/PD‑L1 monotherapy in elderly patients with advanced
malignancies. ii) Using indirect markers of frailty including
Eastern Cooperative Oncology Group (ECOG)‑PS, Charlson
Comorbidity Index (CCI), and neutrophil‑lymphocyte
ratio (NLR), we estimated whether vulnerable and frail patients
in the elderly and non‑elderly groups were associated with higher
risk of immune‑related adverse events (irAEs) or complications.
Materials and methods
Patient population and data collection. We performed a retro‑
spective review of electronic medical records of 197 patients
who received nivolumab, pembrolizumab or atezolizumab as
monotherapy for metastatic or unresectable advanced cancers
from September 2014 to December 2018 at Kyoto Prefecture
University of Medicine. These patients' data were continu‑
ously followed until the data lock on July 31, 2019. None of
the patients had a history of pretreatment with other ICIs,
such as ipilimumab, which is an anti‑cytotoxic T‑lymphocyte
associated protein‑4 antibody. This study was approved by the
Medical Ethics Review Committee of the Kyoto Prefectural
University of Medicine. Given the retrospective nature of
this work, informed consent was waived for the participants
included in the study in accordance with the standards of
the Kyoto Prefectural University of Medicine Institutional
Medical Ethics Review Committee.
All enrolled patients received PD‑1/PD‑L1 inhibitor intra‑
venously, according to a schedule of 3 mg/kg or 240 mg every
2 weeks for nivolumab, 2 mg/kg or 200 mg every 3 weeks
for pembrolizumab, and 1,200 mg every 3 weeks for atezoli‑
zumab. The treatment was provided until disease progression
or unacceptable toxicity or complication was noted.
We collected information on patients' age, sex, body mass
index (BMI), tumor type, ECOG‑PS (18), laboratory values,
prior cancer treatments and comorbidities to calculate CCI
scores at the time of induction of PD‑1/PD‑L1 inhibitors (19).

NLR, an inflammatory marker that is reported to be associated
with frailty and nutritional status (20,21), and the prognostic
nutritional index (PNI), which is also a nutritional marker used in
various cancer types, was also calculated using laboratory find‑
ings (22‑25). Additionally, we assessed the development, severity
and clinical course of all irAEs, namely, thyroid dysfunction,
cutaneous disorders, interstitial pneumonitis, colitis, adrenal
insufficiency, hepatitis, diabetes, and encephalitis. Hepatitis
was defined as liver dysfunction with compatible pathological
findings from liver biopsy or determined by a hepatologist. The
severity of irAE was graded according to the CTCAE 4.0 criteria.
Furthermore, the duration of PD‑1/PD‑L1 treatment of
each patient was retrieved from the medical records. This
was defined as the time from the start of PD‑1/PD‑L1 treat‑
ment to the date of documented disease progression or any
events that led to treatment discontinuation. Evaluation of
clinical responses was based on the laboratory findings and the
Response Evaluation Criteria in Solid Tumors version 1.1. The
patients were evaluated after the first 2‑3 cycles and underwent
computed tomography or magnetic resonance imaging every
2‑3 months according to the attending physician.
Assessment. Initially, all 197 patients were divided into two
groups based on their age: Elderly group (age ≥75 years) and
non‑elderly group (age <75 years). In the assessment of safety,
development and severity of each irAE, hospitalization and
discontinuation of PD‑1/PD‑L1 inhibitor treatment due to
irAEs, requirement of corticosteroids or immunosuppressants
for irAEs, and development of unexpected critical complica‑
tions were evaluated. Moreover, the proportion of patients who
continued PD‑1/PD‑L1 inhibitor treatment for >6 months was
analyzed for verification of tolerability among the two groups.
Since no formal geriatric assessments were performed, we
used indirect markers to assess frailty. Namely, we constructed
a three‑element frailty scoring system, including ECOG‑PS,
CCI and NLR. These indirect markers were evaluated at the
time of first administration of PD‑1/PD‑L1 inhibitors. PS ≥2,
CCI score ≥3 and NLR ≥4 were each given one point and
the frailty score (FS) was calculated by adding the points of
individual factors, as shown in Table I. We defined patients
with FS=0 as having low, FS=1 as intermediate and FS=2 or 3
as high frailty. Based on this score, we respectively divided
the elderly and non‑elderly patients into low‑, intermediate‑,
and high‑frailty subgroups and evaluated the safety and toler‑
ability of PD‑1/PD‑L1 inhibitor treatment as mentioned above.
Statistical analysis. Continuous variables were presented as
median with range according to their distribution. Student's t‑test
and Mann‑Whitney U test were used to compare continuous
variables between the elderly and non‑elderly groups. The
Chi‑square test or Fisher's exact test was used to compare
categorical variables. A Bonferroni adjustment was used for
multiple comparisons. All statistical tests were two‑sided, and
a P‑value <0.05 indicated statistical significance. All statistical
analyses were performed using JMP® 13 (SAS Institute Inc.).
Results
Baseline characteristics. This study group of 197 patients
consisted of 77 patients with NSCLC, 32 with MM, 29 with
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Table I. Frailty scoring system.
Marker
Performance Status
Charlson Comorbidity Index
Neutrophil-Lymphocyte Ratio
Total

Figure 1. Treatment period in the non‑elderly and elderly groups. A total of
59 patients (42.5%) in the non‑elderly group and 31 patients (53.5%) in the
elderly group were able to continue programmed cell death protein‑1/pro‑
grammed cell death ligand 1 inhibitor treatment for >6 months. The χ2 test
was performed for comparison.

head and neck cancer, 27 with renal cell carcinoma, 23 with
gastric cancer, and 9 with urothelial cancer. Of these patients,
146 received nivolumab, 42 received pembrolizumab and
9 received atezolizumab. At the time of analysis, the median
follow‑up duration was 43 weeks (range 2‑254 weeks). There
were 58 patients (29.4%) aged ≥75 years and 139 patients
(70.6%) aged <75 years, which constituted the elderly and
non‑elderly groups, respectively. The baseline clinical charac‑
teristics of the patients in the two groups are shown in Table II.
The average age in the non‑elderly and elderly groups was
62.5 and 79.4 years (P<0.001), respectively. There were no
significant differences in sex, BMI, follow‑up duration, type
of PD‑1/PD‑L1 inhibitor administered, prior therapy lines,
PS, NLR and PNI. A certain deviation in tumor type was
observed, and the elderly group showed fewer prior therapy
lines and higher CCI scores, although these did not reach
statistical significance. In addition, 2 out of 7 patients with
preexisting autoimmune disease were in use of corticosteroids
or immunosuppressants at baseline; namely, a 70 years old
man with dermatomyositis used corticosteroids and a 79 years
old woman with rheumatoid arthritis used corticosteroids and
immunosuppressants.
Profiles of irAEs in the elderly and non‑elderly groups.
The profiles of irAEs in the elderly and non‑elderly groups
are shown in Table III. Moreover, 52 patients (37.4%) in the
non‑elderly group and 28 patients (48.3%) in the elderly group
developed any irAEs of any grade, which showed a slight
tendency of more irAEs in elderly patients, although the differ‑
ence was not statistically significant. Moreover, the analysis
of irAEs showed no significant difference in the develop‑
ment of cutaneous disorders, thyroid dysfunction, interstitial
pneumonitis, adrenal insufficiency, hepatitis, and diabetes.
The severity of irAEs and clinical outcomes related to irAEs
are shown in Table IV. Grade 3‑5 irAEs developed equally in
the non‑elderly and elderly groups [12 patients (8.6%) in the
non‑elderly group and 5 (8.6%) in the elderly group], although
one elderly patient with renal cell carcinoma developed grade 5

Value

Score

0-1
≥2
0-2
≥3
<4
≥4

0
1
0
1
0
1
0
1
2, 3

Low
Intermediate
High

hepatitis (fulminant hepatitis), which showed resistance to
pulse steroid therapy and died after the 4th cycle of nivolumab.
Although the following data did not show statistical signifi‑
cance, hospitalization due to irAEs and use of corticosteroids
or immunosuppressants for irAEs were slightly higher in the
elderly patients, and PD‑1/PD‑L1 inhibitor treatment was more
easily discontinued in the elderly group than in the non‑elderly
group [9 patients (15.5%) vs. 13 patients (9.4%) (P= 0.21)].
Furthermore, unexpected critical complications developed
more frequently in the elderly patients (P=0.03), including
each patient with acute exacerbation of chronic heart failure,
cerebral hemorrhage, femoral neck fracture due to fall and
sudden unexplained death.
When we analyzed the treatment duration among the
two groups, 59 patients (42.5%) in the non‑elderly group and
31 patients (53.5%) in the elderly group were able to continue
PD‑1/PD‑L1 inhibitor treatment for >6 months (Fig. 1). In
addition, patients who had longer treatment duration showed
tendency to develop more irAEs in the two groups, especially
in the non‑elderly patients [29 patients (49.2%) with treatment
period ≥6 months and 23 patients (28.8%)] with treatment
period <6 months, P=0.01, data not shown). According to these
results, PD‑1/PD‑L1 inhibitors seemed to have comparable
tolerability in elderly patients.
Frailty scores. In the non‑elderly group, 75 patients (54.0%)
with FS=0, 51 patients (36.7%) with FS=1 and 13 patients
(9.3%) with FS=2 or 3 were defined as patients with low,
intermediate and high frailty, respectively. In the elderly
group, 30 patients (51.7%) with FS= 0, 16 patients (27.6%) with
FS=1, and 12 patients (20.7%) with FS=2 or 3 were defined as
patients with low, intermediate and high frailty, respectively.
The proportion of patients with high frailty was considerably
greater in the elderly group and close to significance (P=0.08).
Development of irAEs and clinical outcomes in patients
with low, intermediate, and high frailty. The development
of irAEs and unexpected critical complications in the three
frailty subgroups of the non‑elderly and elderly patients are
demonstrated in Tables V and VI. In the non‑elderly patients,
35 patients (46.7%) with low frailty, 15 patients (29.4%) with
intermediate frailty and 2 patients (15.4%) with high frailty
developed any irAEs of any grade, which showed a tendency
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Table II. Baseline characteristics of non-elderly (n=139) and elderly (n=58) patients.
Characteristics

Non-elderly (age <75 years)

Elderly (age ≥75 years)

Age, years
62.5
79.4
Sex, n (male/female)
93/46
39/19
PS, n			
0
78
32
  1
45
17
  ≥2
16	  9
Median follow-up period, weeks (range)
40 (2-254)
52 (8-170)
Tumor type, n			
  NSCLC
56
21
MM
18
14
  Head and neck
25	  4
RCC
20
7
Gastric
16
7
  Urothelial	  4	  5
Treatment, n			
Nivolumab
106
40
Pembrolizumab
26
16
Atezolizumab
7
2
Prior therapy lines, n (≤1/≥2)	 68/71
36/22
CCI, n			
  0
74
25
  1, 2
55
23
  ≥3
10
10
BMI
21.2
20.9
NLR
4.1
3.8
PNI
43.2
43.6
Preexisting autoimmune disease, n
4
3

P-value
<0.01
0.96
0.72

0.12
0.08

0.84

0.09
0.09

0.58
0.50
0.71
0.43

PS, performance status; NSCLC, non-small cell lung carcinoma; MM, malignant melanoma; RCC, renal cell carcinoma; CCI, Charlson's
comorbidity index; BMI, body mass index; NLR, neutrophil lymphocyte ratio; PNI, prognostic nutritional index.

of lower development of irAEs in patients with high frailty
(P=0.09). No significant difference was shown in the develop‑
ment of severe irAEs among the three groups. One patient with
low frailty had exacerbation of the preexisting dermatomyo‑
sitis 17 days after initiation of atezolizumab.
In the elderly patients, 17 patients (56.7%) with low frailty,
7 patients (43.8%) with intermediate frailty, and 4 patients
(33.3%) with high frailty developed any irAEs of any grade
(P=0.36). There was also no significant difference in the
development of grade 3‑5 irAEs among the three subgroups.
However, it should be noted that two patients with high frailty
developed critical complications, including a case of sudden
death.
Tables VII and VIII show the clinical outcomes of all
patients (12 patients in the non‑elderly group, 5 in the elderly
group) who developed grade 3‑5 irAEs. All non‑elderly
patients recovered from severe irAEs, including one patient
with low and one patient with intermediate frailty restarting
the same PD‑1/PD‑L1 inhibitor. In contrast, one elderly patient

with high frailty died of fulminant hepatitis as mentioned
above, and no other patient resumed ICI treatment afterward.
When we focused on the treatment duration of PD‑1/PD‑L1
inhibitor among the three frailty subgroups, patients with low
frailty showed a tendency to continue treatment for >6 months
in both non‑elderly and elderly population (Figs. 2 and 3).
Nevertheless, 33.3% of patients with high frailty aged
≥75 years were able to continue PD‑1/PD‑L1 inhibitor treat‑
ment for >6 months, suggesting a certain level of efficacy and
tolerability of these drugs in this population.
Discussion
In this study, we described the safety and tolerability of PD‑1
inhibitors in elderly and frail patients with advanced malig‑
nancies. To the best of our knowledge, this is the first study to
evaluate the correlation between indirect frailty markers and
clinical outcomes in patients with advanced cancer treated by
PD‑1/PD‑L1 inhibitors.
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Table III. Development of irAEs among the non-elderly (n=139) and elderly (n=58) groups.
irAEs

Non-elderly (age <75 years), n (%)

Elderly (age ≥75 years), n (%)

P-value

52 (37.4)
18 (13.1)
25 (18.0)
10 (7.2)
6 (4.3)
5 (3.6)
3 (2.1)
2 (1.4)

28 (48.3)
12 (20.7)
12 (20.7)
5 (8.6)
2 (3.5)
2 (3.5)
1 (1.7)
1 (1.7)

0.16
0.18
0.66
0.73
0.78
0.96
0.84
0.70

Total of irAEs
Thyroid dysfunction
Cutaneous disorders
Interstitial pneumonitis
Colitis
Adrenal insufficiency
Hepatits
Diabetes
irAEs, immune related adverse events.

Table IV. Severity of irAEs and clinical outcomes related to irAEs in the non-elderly (n=139) and elderly (n=58) patients.
Variables
Total of irAEs
Grade 3-5 irAEs
Hospitalization due to irAE
Use of corticosteroids or
immunosuppressants for irAE
Treatment discontinuation due to irAE
Unexpected critical complications

Non-elderly (age <75 years), n (%)

Elderly (age ≥75 years), n (%)

P-value

52 (37.4)
12 (8.6)
Gr3: N=9, Gr4: N=3
12 (8.6%)

28 (48.3)
5 (8.6)
Gr3: N=2, Gr4: N=2, Gr5: N=1
7 (12.1%)

0.16
0.99

17 (12.2)
13 (9.4)
1 (0.7)a

8 (13.8)
9 (15.5)
4 (6.9)b

0.46
0.76
0.21
0.03

Worsening of preexisting dermatomyositis (n=1); bExacerbation of chornic heart failure (n=1), cerebral hemorrhage (n=1), femoral neck
fracture (n=1), sudden unexplained death (n=1). irAEs, immune related adverse events; Gr, grade.
a

Figure 2. Treatment period in the three frailty subgroups of patients aged
<75 years. A total of 42 patients (56.0%), 15 patients (29.4%) and 2 patients
(15.4%) in the low‑, intermediate‑ and high‑frailty subgroups, respectively,
were able to continue programmed cell death protein‑1/programmed cell death
ligand 1 inhibitor treatment for >6 months. The proportion was significantly
greater in the low‑frailty group than the other groups. Fisher’s exact test was used
and Bonferroni adjustment was used for multiple comparisons. *P<0.05; **P<0.01.

Our data showed that elderly patients developed slightly more
irAEs of any grade than non‑elderly patients, although this was
not statistically significant. In detail, no significant difference

Figure 3. Treatment period in the three frailty subgroups of patients aged
≥75 years. A total of 19 patients (63.3%), 8 patients (50.0%) and 4 patients
(33.3%) in the low‑, intermediate‑ and high‑frailty subgroups, respectively,
were able to continue programmed cell death protein‑1/programmed cell
death ligand 1 inhibitor treatment for >6 months. There was no significant
difference among the three subgroups (P=0.20). Fisher’s exact test was used
and Bonferroni adjustment was used for multiple comparisons.

was found in the development of cutaneous disorders, thyroid
dysfunction, interstitial pneumonitis, adrenal insufficiency,
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Table V. Development of irAEs and unexpected critical complications among the three subgroups of frailty (age <75 years).
Variables
Total of irAEs 	
Grade 3-5 irAEs
Unexpected critical
complications

Low frailty
(FS=0) (n=75), n (%)

Intermediate frailty
(FS=1) (n=51), n (%)

High frailty
(FS=2, 3) (n=13), n (%)

15 (29.4)
5 (9.8)
None

2 (15.4)
2 (15.4)
None

35 (46.7)
5 (6.7)
Worsening of preexisting
dermatomyositis (n=1)

P-value
0.09
0.55

irAEs, immune related adverse events; FS, frailty score.

Table VI. Development of irAEs and unexpected critical complications among the three subgroups of frailty (age ≥75 years).
Variables
Total of irAEs 	
Grade 3-5 irAEs
Unexpected critical
complications

Low frailty (FS=0)
(n=30), n (%)

Intermediate frailty
(FS=1) (n=16), n (%)

17 (56.7)
2 (6.7)

High frailty
(FS=2, 3) (n=12), n (%)

7 (43.8)	  4 (33.3)
2 (12.5)
1 (8.3)

Cerebral hemorrhage (n=1),
None
femoral neck fracture (n=1)		
			

P-value
0.36
0.80

Exacerbation of chornic
heart failure (n=1),sudden
unexplained death (n=1)

irAEs, immune related adverse events, FS, Frailty score.

hepatitis, and diabetes. Moreover, the development of severe
irAEs was similar between the non‑elderly and elderly patients.
However, hospitalization or treatment discontinuation due to
irAEs and use of corticosteroids or immunosuppressants were
more frequent in the elderly group. Additionally, unexpected
critical complications developed more often in this group,
including a case of acute exacerbation of chronic heart failure,
cerebral hemorrhage and sudden death.
When we assessed frailty using indirect markers such as
PS, CCI and NLR, the incidence of severe irAEs was not asso‑
ciated with the frailty levels in both non‑elderly and elderly
groups. In non‑elderly patients, all recovered with proper treat‑
ment and each case with low/intermediate frailty were able to
restart the same PD‑1 inhibitor. On the contrary, none of the
patients were able to restart PD‑1 treatment, and grade 5 hepa‑
titis and fatal complications were observed in the high‑frailty
subgroup. This supports the idea that assessment of frailty is
especially important in elderly patients.
In previous clinical trials, no major increase in the inci‑
dence of irAEs was noted in this population (26‑28). However,
only relatively fit patients were enrolled and patients with
reduced functional reserve or age‑related comorbidities were
excluded in these trials and therefore not representative of the
‘real‑world’ population. In limited observational studies based
on more general population of patients, contradictory results are
reported. Sattar et al (29) and Leroy et al (30) showed a trend of
higher incidence of irAEs in elderly patients. Muchnik et al (31)
reported that a larger proportion of elderly patients were
hospitalized and required corticosteroids and treatment
discontinuation. Although not statistically significant, our
data also showed a trend to increased irAEs of any grade with

more frequent hospitalization, need of immune‑modulating
medication and treatment discontinuation in elderly patients.
Meanwhile, our results also showed that the proportion of
patients who were able to continue PD‑1/PD‑L1 inhibitor treat‑
ment for >6 months was slightly larger in the elderly patients.
This suggests that PD‑1/PD‑L1 inhibitors may have compa‑
rable tolerability and provide similar levels of benefit to elderly
patients. These ambivalent findings were found retrospectively
with small sample size, although it implies further investigation
of the application of ICIs in elderly patients.
Patients with advanced malignancies have an increased
risk of frailty due to cancer cachexia or tumor‑related disabili‑
ties, and more than half of elderly patients are vulnerable or
frail (32). Selecting frail patients using geriatric assessment
can help personalize treatment decisions, which leads to less
treatment‑related adverse events and mortality (3). However,
the best geriatric assessment tool to evaluate frailty has still
not reached consensus and consequently not widely used in
daily clinical practice (2). ICI treatment is generally consid‑
ered to be more tolerable than chemotherapy, although there
are still concerns about the greater impact of irAEs in frail
patients than in fit patients due to comorbidities and reduced
functional reserve. From the abovementioned background,
only a few studies have described the correlation between
frailty and safety of immunotherapy. Welaya et al (33) did not
find any relationships between impairment in geriatric assess‑
ment domains and complications but showed that patients
with impairments of instrumental activities of daily living had
shorter treatment duration. Archibald et al (34) used indirect
frailty markers reporting that frail elderly patients had similar
response rates and treatment toxicity compared to fit patients.
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Table VII. Clinical features of the non-elderly patients with severe irAEs.
									
Age,		 Tumor					
Remission
Case years Sex
type
Treatment
Frailty
irAE
Grade
of irAE
1
60
M RCC
Nivolumab
Low
Diabetes
							
2
67
F
NSCLC
Nivolumab
Low
Diabetes
							
3
71
M Urothelial Pembrolizumab Low
Colitis
4
68
M MM
Nivolumab
Low
Aderenal
						
insufficienecy
  5
70
F
NSCLC
Nivolumab
Low
Interstitial
						
pneumonitis
6
74
F
NSCLC
Nivolumab
Intermediate Hepatitis
7
73
M NSCLC
Pembrolizumab Intermediate interstitial
						
pneumonitis
8
71
M NSCLC
Atezolizumab
Intermediate Encephatitis
9
63
M NSCLC
Nivolumab
Intermediate Interstitial
						
pneumonitis
10
60
M Head and Nivolumab
Intermediate Hepatitis
			neck
11
44
M Gastric
Nivolumab
High
Interstitial
						
pneumonitis
12
73
M NSCLC
Pembrolizumab High
Aderenal
						
insufficinecy

4 (diabetic
ketoacidosis)
4 (diabetic
ketoacidosis)
3
3

Restart of
PD-1/PD-L1
treatment

Yes

Yes

Yes
Yes
Yes

No
No
No

3

Yes

No

4
3

Yes
Yes

No
No

3
3

Yes
Yes

No
No

3

Yes

Yes

3

Yes

No

3

Yes

No

irAEs, immune-related adverse events; NSCLC, non-small cell lung carcinoma; MM, malignant melanoma; RCC, renal cell carcinoma.

Table VIII. Clinical features of the elderly patients with severe irAEs.
								
Remission
Age, 		
Tumor					
of irAE
Case years Sex
type
Treatment
Frailty
irAE
Grade		
1
78
M NSCLC Pembrolizumab Low
Aderenal
						
insufficienecy
2
75
M RCC
Nivolumab
Low
Aderenal
						
insufficienecy
3
84
F MM
Nivolumab
Intermediate Cutaneous
						
disorder
4
77
F MM
Nivolumab
Intermediate Diabetes
							
5
80
F RCC
Nivolumab
High
Hepatitis
							

Restart of
PD-1/PD-L1
treatment

3

Yes

No

3

Yes

No

4 (Stevens-Johnson
syndrome)
4 (diabetic
ketoacidosis)
5 (fulminant
hepatits)

Yes

No

Yes

No

No (died)

No

irAEs, immune-related adverse events; NSCLC, non-small cell lung carcinoma; MM, malignant melanoma; RCC, renal cell carcinoma.

We also used indirect markers such as ECOG‑PS, CCI and NLR,
which have been reported to correlate with frailty (20,35,36),
and created an original scoring system showing marginally
difference between elderly and non‑elderly patients. Indeed,
this system is not sufficient, although provided a certain indi‑
cation of frailty in cancer patients. Further evaluation of frailty

markers, classification systems and geriatric assessment tools
are urgently warranted in this field.
In this study, we did not find a correlation between the devel‑
opment of grade 3‑5 irAEs and frailty levels but warned that
fatal irAEs and complications may develop more frequently in
frail elderly patients. This may be a result of reduced functional
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reserve or interaction of adverse events and comorbidities.
Although some recent studies have reported the safety and
efficacy of retreatment with ICIs after irAEs, contradictory
reports exist and no consensus has been reached yet (37‑39).
Therefore, restarting ICIs after irAEs may be too challenging
for these patients. Regardless of age, the treatment duration
was shorter in frail patients. Perhaps, this was because frailty
was defined based on PS and NLR, which can be related to
disease activity (40,41), and patients may have had more rapidly
progressive cancer, in which PD‑1 inhibitors are less effec‑
tive (42). Besides, the incidence of irAEs of any grade was low
in frail patients, especially in the younger group. Although, we
speculate that this was influenced by the shorter treatment dura‑
tion. It is noteworthy that 33.3% of elderly patients with high
frailty were able to continue PD‑1/PD‑L1 inhibitor treatment
for >6 months. We consider this data valuable because these
patients may have no indication of conventional chemotherapy,
and PD‑1/PD‑L1 inhibitors may provide an opportunity to
prolong life expectancy with safety and mild toxicity. This data
may become more meaningful when PD‑1/PD‑L1 inhibitor
treatment indication has expanded more broadly, and we hope
this result serves as a basis for future research.
There are several limitations in this study. First, this was a
single‑center retrospective study. Therefore, the analyzed data
were limited by its retrospective nature, and the patient sample
size was relatively small. However, the collected data were
purely based on daily clinical practice in our hospital and we did
not include patients on clinical trials because these patients could
have closer monitoring of adverse events; thus, we believe that
our cohort was representative of the general population. Second,
we used indirect markers for the evaluation of frailty instead
of formal geriatric assessment, because it was not performed
in our study cohort. Indeed, geriatric assessment will help us
clearly identify vulnerable and frail patients. Nevertheless, our
three‑element frailty scoring system showed more frail patients
in the elderly patients indicating that this method was reasonable.
Therefore, based on data of the ‘real‑world’ population, we
demonstrated that mild and severe irAEs developed similarly
in non‑elderly and elderly patients treated with PD‑1/PD‑L1
inhibitors. In elderly patients, frailty evaluation seemed to be
essential in the safe management of PD‑1/PD‑L1 inhibitor treat‑
ment. Simultaneously, we also note that a certain proportion of
frail elderly patients can receive great benefit from these drugs
with close monitoring. Therefore, further prospective studies are
required to evaluate the safety of ICI treatment in frail patients
using geriatric assessment and identify predictive biomarkers
for optimizing the application of antitumor immunotherapy.
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