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Frailty and checkpoint inhibitor toxicity in older patients with 
melanoma
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BACKGROUND: Immune checkpoint inhibitors (ICIs) can cause immune-related adverse events (irAEs) that range from mild to life-

threatening. Age itself does not seem to be a predictor for the occurrence of irAEs. It is unknown whether frailty plays a role in the oc-

currence of irAEs. Therefore, the authors assessed whether irAEs and their sequelae occur more often in frail patients than in fit patients 

according to the Geriatric 8 (G8) assessment. METHODS: Patients with melanoma aged 70 years and older who were about to start ICI 

therapy and were screened with the G8 assessment were enrolled in this prospective, observational study. Patients were classified by 

the G8 as either fit or frail. The primary outcome was the occurrence of grade ≥3 irAEs. RESULTS: In total, 92 patients were included 

for statistical analyses, 26 (29%) of whom were classified as frail. Grade ≥3 irAEs occurred in 20% of patients. There was no significant 

difference in the occurrence of grade ≥3 irAEs between fit and frail patients (17% vs 27%; P = .26). Frail patients were admitted to the 

hospital because of irAEs significantly more often than fit patients (29% vs 54%; P = .02) and showed a trend toward increased length 

of hospitalization (5 vs 8 days; P = .06) and more frequent use of immunosuppressants or ICI discontinuation for irAEs (36% vs 58%; 

P = .06). CONCLUSIONS: Although frailty appears to be unrelated to the occurrence of severe irAEs, it is an indicator of irAE-related 

adverse sequelae, such as hospital admission. Screening for frailty can be of added value in the shared decision-making process for older 

patients who qualify for ICI treatment. Cancer 2022;128:2746-2752. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on 

behalf of American Cancer Society This is an open access article under the terms of the Creative Commons Attribution-NonCommercial 

License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used 

for commercial purposes. 
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INTRODUCTION
Immune checkpoint inhibitors (ICIs) have become first-line therapy in advanced stages of different tumor types, such as 
melanoma, nonsmall cell lung cancer, and renal cell carcinoma.1-3 With additive evidence of efficacy in distinct subtypes 
of colon and breast cancer, >40% of patients with cancer are now eligible for checkpoint inhibitors.4 Consequently, 
several ICI therapies, such as anti-programmed cell death 1 (anti–PD-1) and anti-programmed cell death ligand 1 (anti–
PD-L1), are becoming a common practice for every oncologist.5,6 In addition to having demonstrated superior efficacy, 
often with durable clinical benefits in many tumor types, the safety profile of ICI therapy generally compares favorably 
to that of chemotherapy and targeted therapy.3,7 Immune-related adverse events (irAEs), the immune-mediated toxicities 
that occur during ICI therapy, differ from the adverse events (AEs) of other systemic antitumor therapies. AEs can affect 
multiple organs of the body and mostly do not resolve after discontinuation but require immunosuppressive treatment. 
IrAEs can be mild, allowing ICI therapy to be continued. Nevertheless, moderate-to-severe irAEs may be associated with 
severe declines in organ function and quality of life and can even be fatal. Consequently, these toxicities require early 
detection and proper management.8 In addition to the discontinuation of ICI therapy, irAE management consists of cor-
ticosteroids and other immunosuppressants in case of steroid-refractory irAEs, which can induce significant side effects 
(especially in older patients), including psychosis, diabetes mellitus, myopathy, and infection.8

Because of the favorable safety profile of ICIs, they are considered a tolerable treatment option at an older age.9,10 
Published data do not suggest an increased rate of irAEs with age.11-13 However, in these trials, patients older than 70 
years were consistently underrepresented, and those who were included were in good health, with a good World Health 
Organization (WHO) performance status (PS) and without substantial comorbidity. Consequently, it seems questionable 
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whether these results are generalizable to the context of 
care in daily clinical practice. Thus there is a need to study 
the occurrence of irAEs in real-world older populations.

With respect to chemotherapy, it is known that age is 
a predictor of the occurrence of AEs.14 In addition to age, 
frailty is also associated with decreased tolerance of che-
motherapy.15 To gain insight into someone’s frailty, a geri-
atric assessment (GA) has been implemented in geriatric 
oncology. A GA is a multidisciplinary, multidimensional, 
and systematic assessment and consists of validated scales 
to identify impairments in the 4 geriatric domains: so-
matic, functional, nutritional, and psychosocial.16 Several 
studies have demonstrated associations between items of 
the GA and the risk of toxicity during cytotoxic antitu-
mor therapy in older patients.17,18 Because not all patients 
are in need of a GA, screening methods have been devel-
oped to identify those at risk for adverse health outcomes 
who may benefit from a GA. Currently, several screen-
ing methods are proposed in the International Society of 
Geriatric Oncology guideline to select patients for a sub-
sequent GA.19 The Geriatric 8 (G8) is one such screening 
tool that has specifically been developed for older patients 
with cancer.20 The G8 has consistently demonstrated 
good sensitivity for geriatric impairments.19 In addition 
to identifying those patients who will benefit from a 
GA, there is evidence that the G8 can be used to predict 
the toxicity of treatment with chemotherapy, radiation 
therapy, and aromatase inhibitors.21-24 However, to our 
knowledge, the predictive value of the G8 for irAEs has 
never been evaluated in older patients with melanoma. 
Therefore, the primary objective of the current study was 
to assess whether irAEs and their sequelae occur more 
often in patients who are classified as frail using the G8 
than in fit patients.

MATERIALS AND METHODS
From January 2016 to January 2021, all patients aged 70 
years or older who were diagnosed with melanoma, were 
about to start with a PD-1 inhibitor (nivolumab or pem-
brolizumab), and were screened with the G8 were enrolled 
in this prospective observational study at the University 
Medical Center Utrecht in the Netherlands. This study 
included patients with both stage III and stage IV mela-
noma, as defined by the American Joint Committee on 
Cancer 2009 classification, 7th edition.25

The G8 was completed by the treating physician or 
nurse practitioner before treatment. The G8 is an 8-item 
questionnaire that includes 7 items from the 18-item 
Mini-Nutritional Assessment (MNA) and an age-related 

item (ages <80, 80-85, or >85 years).26 The total score 
ranges from 0 to 17. Patients were classified according to 
the G8 score as either fit (G8 score > 14) or frail (G8 
score ≤ 14).20 In case of an impaired G8, the patient 
could be referred to the geriatrician for a GA.

Baseline patient and tumor characteristics, such as 
age, WHO PS, tumor stage, and type of PD-1 inhibitor, 
were extracted from the medical records. Comorbidity 
was assessed using the Charlson Comorbidity Index, but 
points for age and malignancy were not included because 
these involved all patients.27

The severity of irAEs was graded according to the 
Common Terminology Criteria for Adverse Events, ver-
sion 5.0.28 The grade of toxicity was determined by the 
treating physician or nurse practitioner during each treat-
ment cycle and when the patient contacted their treat-
ing physician or nurse practitioner temporarily because 
of irAEs. Our primary end point was a grade ≥3 irAE. 
Second, we reported the incidence of irAEs that required 
systemic immunosuppressive treatment, such as steroids, 
and/or led to treatment discontinuation, and those were 
labeled clinically relevant irAEs. Furthermore, we collected 
information about emergency department visits and hos-
pital admissions.

The efficacy of ICI treatment in patients with un-
resectable stage III and IV melanoma was assessed using 
the best overall response (BOR) on imaging in accordance 
with RECIST criteria, version 1.1, as determined by the 
radiologist.29 The BOR is the best response recorded from 
the start of treatment until the end of treatment.29 The ob-
jective response rate (ORR) was defined as the percentage 
of patients with a complete response or a partial response 
as their BOR. This research was not considered subject to 
the Medical Research Involving Human Subjects Act by 
the Institutional Review Board of the University Medical 
Center Utrecht.

Statistical Analysis
Descriptive analyses were performed to report patient, 
tumor, and treatment characteristics. For comparisons be-
tween fit and frail patients, the χ2 test or the Fishers exact 
test was used for nominal and ordinal variables, depend-
ing on the sample size of the categories. For continuous 
variables with a normal distribution, the Student t test 
was used. In case of nonnormally distributed continuous 
variables, the Mann-Whitney test was used. Two-sided P 
values ≤.05 were considered statistically significant. SPSS 
(Statistical Package for the Social Sciences) version 21.0 
was used for the analyses.
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RESULTS
In total, 92 patients aged 70 years or older were enrolled 
in this study. Baseline patient characteristics are presented 
in Table 1. The median age was 76 years (range, 70-89 
years). Fifty-three patients were diagnosed with a stage IV 
melanoma. Sixty-six patients (71%) had a G8 score >14 
and were classified as fit, and 26 patients (29%) had a 
G8 score ≤14 and were classified as frail. In the majority 
of the frail patients (62%), a GA was performed. Fit pa-
tients were significantly younger and had a better WHO 
PS at baseline compared with frail patients. Other base-
line characteristics did not differ statistically significantly 
between fit and frail patients. At the date of analysis, the 
median follow-up was 11.0 months (range, 1.0-53.0 
months).

Immune-Related Adverse Events
Eighteen patients (20%) experienced grade ≥3 irAEs. 
There was no statistically significant difference in the 
occurrence of grade ≥3 irAEs between fit patients and 
frail patients (17% vs 27%; P = .26) (Table 2). Clinically 

relevant irAEs requiring immunosuppressants and/or 
leading to treatment discontinuation occurred in 39 pa-
tients (42%), including 24 fit patients (36%) and 15 frail 
patients (58%; P = .06). The clinically relevant irAEs 
mostly consisted of arthralgia or myalgia (n = 8), pneu-
monitis (n = 7), colitis (n = 5), and hepatitis (n = 5).

The frequency of discontinuation of ICI therapy did 
not differ between fit and frail patients, and there were 
no significant differences in reasons for discontinuation 
(toxicity, progression, or response) (Table 2). The dura-
tion of steroid use did not differ significantly between the 
2 groups.

No patient died because of an irAE. The median time 
to the occurrence of grade ≥3 irAEs and to the occurrence 
of clinically relevant irAEs was 4 months for both groups 
(range, 1.1-6.9 and 3.2-4.8 months, respectively).

After starting the ICI, 34 patients (37%) visited 
the emergency department. Numerically, more frail pa-
tients (50%) visited the emergency department because 
of irAEs compared with fit patients (32%), although 
the difference was not statistically significant (P = .10). 

TABLE 1.  Baseline Characteristics

Variable

No. of Patients (%)

PTotal, N = 92 Fit Patients, n = 66 Frail Patients, n = 26

Sex .18
Men 56 (61.0) 43 (65.0) 13 (50.0)
Women 36 (39.0) 23 (35.0) 13 (50.0)

Age at diagnosis: Median ± SD, y 76.0 ± 4.6 75.0 ± 3.6 79.0 ± 58 .02
WHO PS .00

0 25 (27.0) 24 (36.0) 1 (4.0)
1 55 (60.0) 34 (52.0) 21 (81.0)
2 8 (9.0) 4 (6.0) 4 (15.0)
Unknown 4 (4.0) 4 (6.0) 0 (0.0)

BMI: Median ± SD, kg/m2 25.4 ± 3.8 25.6 ± 4.0 25.1 ± 2.8 .27
CCI .80

0 40 (44.0) 28 (42.0) 12 (46.0)
1 31 (34.0) 21 (32.0) 10 (39.0)
2 16 (17.0) 12 (18.0) 4 (15.0)
≥3 5 (5.0) 5 (8.0) 0 (0.0)

Melanoma stagea

III .31
IIIA 2 (2.0) 2 (3.0) 0 (0.0)
IIIB 13 (14.0) 10 (15.0) 3 (12.0)
IIIC 24 (26.0) 18 (27.0) 6 (23.0)

IV .06
IV M1a 11 (12.0) 8 (13.0) 3 (12.0)
IV M1b 11 (12.0) 10 (15.0) 1 (4.0)
IV M1c 31 (34.0) 18 (27.0) 13 (50.0)

Brain metastases 5 (5.0) 3 (5.0) 2 (7.0) .59
LDH >ULN [250 U/L] 19 (21.0) 11 (17.0) 8 (30.0) .17
Type of immune checkpoint inhibitor .64

Pembrolizumab 60 (65.0) 44 (67.0) 16 (61.0)
Nivolumab 32 (35.0) 22 (33.0) 10 (39.0)

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; G8, Geriatric 8; LDH, lactate dehydrogenase; SD, standard deviation; ULN, upper limit of 
normal; WHO PS, World Health Organization performance status.
aStaging was determined according to the American Joint Committee on Cancer staging manual (7th edition).
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Significantly more frail patients were admitted to the 
hospital because of irAEs compared with fit patients: 
11 patients (42%) versus 19 patients (29%; P ≥ .01). 
In addition, the median duration of hospitalization 
was nonsignificantly longer for the frail patients (8 vs 
5 days; P = .06).

Treatment Efficacy in Patients With Stage 
IV Melanoma
The efficacy of ICIs was assessed in 53 patients who 
had stage IV melanoma only (Table 3). The majority of 

these patients were classified as fit according to the G8 
(n = 41; 77%) and 12 patients (23%) were classified 
as frail.

The ORR was 56% (28 patients; 21 partial re-
sponses and 7 complete responses). Furthermore, 10 pa-
tients had stable disease as their best response. There were 
no statistically significant differences in the ORR between 
fit and frail patients (ORR, 53% vs 62%, respectively). At 
the time of analysis, 28 patients had progressive disease, as 
shown in Table 3.

DISCUSSION
In this prospective cohort study among patients with 
stage III and IV melanoma aged 70 years and older who 
received treatment with anti–PD-1 monotherapy, we ob-
served no difference between grade ≥3 irAEs in fit and 
frail older patients. Nevertheless, frail patients more often 
experienced irAE-related sequelae, such as hospitaliza-
tion, and tended to have an increased length of hospitali-
zation. These results could be of value when counseling 
frail patients for ICI treatment.

With 20% grade ≥3 irAEs identified in this study, 
our data confirm findings from randomized controlled 
trails (which enrolled younger patients) demonstrating 
that the occurrence of grade ≥3 irAEs ranged from 9% 

TABLE 2.  Summary of Immune-Related Adverse Events

Variable Total, N = 92 Fit Patients, n = 66 Frail Patients, n = 26 P

No. of grade ≥3 irAEs (%) 18 (20.0) 11 (17.0) 7 (27.0) .26
Clinically relevant irAE, n (%) 39 (42.0) 24 (36.0) 15 (58.0) .06

Requiring immunosuppressants 8 (9.0) 5 (8.0) 3 (12.0)
Discontinuation ICI 8 (9.0) 5 (8.0) 3 (12.0)
Both 23 (25.0) 14 (21.0) 9 (35.0)

Type of clinically relevant irAE: No. (%)
Hepatitis 5 (7.0) 3 (6.0) 2 (8.0)
Nephritis 3 (4.0) 0 (0.0) 3 (13.0)
Colitis 5 (7.0) 3 (6.0) 2 (8.0)
Pneumonitis 7 (9.0) 4 (8.0) 3 (13.0)
Cholangitis 2 (3.0) 1 (2.0) 1 (4.0)
Dermatitis 1 (1.0) 0 (0.0) 1 (4.0)
Arthralgia/myalgia 8 (10.0) 7 (13.0) 1 (4.0)
Hypophysitis 2 (3.0) 2 (4.0) 0 (0.0)
Diabetes mellitus 1 (1.0) 0 (0.0) 1 (4.0)
Neurologic toxicity 3 (4.0) 3 (6.0) 0 (0.0)

No. of ICI discontinuations (%) 68 (74.0) 48 (73.0) 20 (77.0) .68
Due to toxicity 32 (35.0) 21 (32.0) 11 (42.0) .34
Due to progression 24 (26.0) 19 (29.0) 5 (19.0) .35
Due to ongoing response 36 (39.0) 26 (39.0) 10 (39.0) .93

Duration of steroid use: Median [95% CI], wk 41 [33-49] 40 [31-50] 37 [29-45] .56
No. of emergency department visits (%) 34 (37.0) 21 (32.0) 13 (50.0) .10
No. of emergency department visits: Median/min-max 0/0-5 0/0-5 0.5/0-5 .13
No. of hospital admissions (%) 35 (36.0) 19 (29.0) 14 (54.0) .02

Due to toxicity 21 (23.0) 10 (15.0) 11 (42.0) <.01
No. of hospitalizations: Median/min-max 0/0-3 0/0-3 1/0-2 .02
Duration of hospitalization: Median/min-max, d 6/2-38 5/2-30 8/4-38 .06
Time to grade ≥3 irAEs: Median [95% CI], mo 4.0 [1.1-6.9] 2.0 [0.0-5.1] 5.0 [1.6-8.4] .97
Time to clinically relevant irAE: Median [95% CI], mo 4.0 [3.2-4.8] 4.0 [2.5-5.5] 4.0 [2.6-5.4] .73

Abbreviations: CI, confidence interval; G8, Geriatric 8; ICI, immune checkpoint inhibitor; irAEs, immune-related adverse events; max, maximum; min, minimum.

TABLE 3.  Efficacy of Immune Checkpoint Inhibitor 
Therapy in Patients With Stage IV Melanoma

Variable

No. of Patients (%)

PTotal, N = 53

Fit 
Patients, 
n = 41

Frail 
Patients, 
n = 12

Best objective response .16
Complete response 7 (14.0) 6 (18.0) 1 (6.0)
Partial response 21 (42.0) 12 (35.0) 9 (56.0)
Stable disease 11 (22.0) 10 (29.0) 1 (6.0)
Progressive disease 11 (22.0) 6 (18.0) 5 (31.0)

Clinically relevant irAE 26 (49.0) 16 (42.0) 11 (65.0) .12
Grade ≥3 irAE 12 (23.0) 7 (19.0) 5 (29.0) .42

Abbreviations: G8, Geriatric 8; irAE, immune-related adverse event.
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to 22% and that older age itself was not associated with a 
higher risk of irAEs.7,30-33 Also, our observed efficacy was 
comparable to that reported in another real-world data 
study.34-36 Therefore, chronological age alone should not 
cause physicians to withhold ICI treatment from older 
patients.

However, grade ≥3 irAEs are not the only irAEs of 
which one should be aware when treating older patients 
using ICIs. Grade <3 irAEs can result in treatment dis-
continuation and hospitalization, and they possibly may 
affect either functional status and quality of life, or treat-
ment with immunosuppressants, or both, especially in 
frail patients. In our study, almost one-half of patients 
(42%) experienced such a clinically relevant irAE; and, 
in 35% of patients, toxicity led to treatment discontin-
uation. In the literature, the percentage of ICI treatment 
discontinuation in older patients because of toxicity is in-
consistent and varies between 14% and 63%.37-41 Studies 
directly comparing ICI tolerance between younger and 
older patients generally described more frequent discon-
tinuation of ICI treatment because of toxicity in older pa-
tients, although this difference was not always statistically 
significant.37,40,42

We identified only 1 other study that assessed the 
relation between an impaired G8 and the occurrence of 
irAEs. Kubo et al retrospectively studied the safety of ICI 
in 95 patients aged 75 years and older who had nonsmall 
cell lung cancer and retrospectively calculated a modified 
G8 using data from the medical records and excluding 
patients with a WHO PS of 3. Those authors concluded 
that an impaired, modified G8 was not associated with 
more grade ≥2 irAEs.43 This result is in line with our 
findings, although their study population differed from 
ours with respect to tumor type and age group.

Although the G8 was developed as a frailty screening 
tool to select patients who could benefit from a GA, it 
was not intended to be a predictive tool. The association 
between an impaired G8 and the occurrence of AEs was 
previously demonstrated for antitumor treatments other 
than ICI, such as chemotherapy, radiation, and aromatase 
inhibitors.21-24

The association between frailty assessed by instru-
ments other than the G8 and the occurrence of irAEs has 
been explored in small studies. A small, retrospective study 
in 28 patients did not find an association between im-
pairments in GA domains and the occurrence of irAEs.44 
Another study assessed whether frailty, defined by a GA 
or, lacking a GA, defined as having a WHO PS ≥3, a 
Charlson Comorbidity Index score ≥11, and/or falls in 
the prior 6 months, was associated with the occurrence of 

irAEs of any grade. The authors did not find a statistically 
significant difference, however, and that study was also 
limited by a small study population (n = 51).39

We found that frailty according to the G8 was as-
sociated with more hospital admissions because of irAEs 
and with an increased length of hospitalization. Gomes et 
al also described an impaired G8 as a predictor for hospi-
tal admissions in patients treated with ICIs, although only 
32% of those hospital admissions were irAE-related.37 
Apparently, frailty does not influence the occurrence of an 
irAE; however, when an irAE occurs, it more often leads 
to hospital admission in frail patients compared with fit 
patients. This supports the finding that the management 
and impact of all irAEs, irrespective of grade, can be 
more challenging in frail patients. Further illustrating this 
point, Gomes et al also demonstrated that older patients 
had a longer duration of exposure to systemic steroids 
used to treat irAEs.37 Our study indicated that frailty was 
not associated with a longer duration of steroid treatment.

The current study has several limitations. First, the 
small number of patients restricted the use of statistical 
analyses for identifying predictive factors of the occur-
rence of irAEs in older patients. With a larger sample size, 
a study with the goal of developing a prediction model for 
irAEs in older patients could be developed to explore the 
predictive value of individual factors incorporated into 
the G8 for irAEs and their sequelae. An irAE-risk strat-
ification would help clinicians council their patients in 
the selection of the most appropriate treatment strategy 
and would provide opportunities to discuss advanced care 
planning when treatment is withheld. Second, only 29% 
of our patients were classified as frail according to the G8 
score, which was lower than anticipated because most 
published evidence suggests percentages between 50% 
and 80%.45 This is most likely because of the selection 
of patients treated with ICIs. Another explanation of our 
low rate of frail patients is the that the G8 involves multi-
ple items about nutritional status. Almost one-half of our 
population consisted of patients with stage III melanoma 
who were receiving anti–PD-1 in the adjuvant (curative) 
setting. The nutritional status in this patient group is pos-
sibly better than in patients who have advanced disease, 
resulting in an unimpaired G8 and a classification as fit. 
Finally, most of the frail patients in this study underwent 
a GA, and a GA could lead to GA-based interventions, 
which may have influenced treatment outcomes.

The strength of our study is that this is the first 
study to prospectively assess the occurrence of irAEs in 
the elderly with a high risk of frailty according to the G8 
in patients with melanoma. In addition to assessing the 
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occurrence of grade ≥3 irAEs, we also focused on the 
incidence of irAEs requiring immunosuppressants and/
or leading to treatment discontinuation, hospital admis-
sions, and visits to the emergency department

In conclusion, this study provides insufficient evi-
dence that frailty, according to the G8, is associated with 
a higher occurrence of grade ≥3 irAEs. Nonetheless, the 
increased incidence of hospital admission because of 
irAEs in the frail group suggests that the impact of irAEs 
is greater in frail patients. Although frailty itself was not 
statistically associated with the occurrence of irAEs, pro-
viding insight into a patient’s risk of frailty can aid in 
identifying those frail older patients with a higher risk of 
hospital admissions and a higher risk of the occurrence of 
irAEs requiring treatment with immunosuppressants and/
or leading to discontinuation. Therefore, implementation 
of the G8 for older patients undergoing ICI treatment is 
feasible and should be considered. Ultimately, insight into 
a patient’s frailty serves as a guide in making individual-
ized treatment decisions.
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