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Abstract
Indications for immune checkpoint inhibitor therapy 
are increasing. As the population ages, many patients 
receiving such drugs will be older adults. Such patients 
are under-represented in clinical trials, and therefore the 
safety of immune checkpoint inhibitors in this population 
has not been adequately assessed. A retrospective 
multicenter analysis of toxicities was performed in patients 
with advanced or metastatic solid cancers receiving 
anti-programmed cell death protein 1 (anti-PD-1) and/
or anti-CTLA4 antibodies across three age cohorts (<65 
years, 65–74 years and ≥75 years) using univariable and 
multivariable analyzes. Eligible patients (n=448) were 
divided into age cohorts: <65 years (n=185), 65–74 years 
(n=154) and ≥75 years (n=109). Fewer patients in the 
oldest cohort (7.3%) received an anti-CTLA4 antibody 
containing regimen compared with the younger cohorts 
(21.1% and 17.5%). There was no significant difference 
overall in all grade or ≥G3 toxicities between age cohorts. 
Significantly fewer patients in the older (65–74 years and 
≥75 years) age cohorts discontinued treatment because of 
toxicity (10.1% and 7.4%) compared with in the <65 years 
cohort (20.5%; p=0.006). Using logistic regression, only 
treatment type (ipilimumab containing) was significantly 
associated with all grade toxicity. However, there was 
a significantly lower incidence of all-grade endocrine 
toxicity in the oldest cohort (11.0%) compared with the 
youngest cohort (22.7%, p=0.02; OR 0.43, 95% CI 0.21 
to 0.87), while all-grade dermatological toxicity showed 
the reverse trend (28.4% vs 18.9%; OR 1.85, 95% CI 
1.04 to 3.30). Results were corroborated in the sensitivity 
analysis using only data from patients who received 
PD-1 inhibitor monotherapy. This multicenter, real-world 
cohort demonstrates that immune checkpoint inhibitor 
therapy is safe and well tolerated regardless of age, with 
no appreciable increase in adverse events in older adult 
patients.

Introduction
Cancer incidence increases with age. There is 
an 11-fold higher incidence in patients over 
65 years compared with younger patients.1 As 
life expectancy increases, the number of over 
65s worldwide is predicted to rise by 78% and 
in Europe and North America, the propor-
tion of over 65s could reach 25% by 2050.2 
Despite this, the older population tends to be 
under-represented in oncology clinical trials. 

A recent study pooling 25 European Organi-
sation for Research and Treatment of Cancer 
adult oncology randomized controlled trials 
(RCTs) showed that of more than 6000 
patients, only 9% were aged 70 or older.3

Immune checkpoint inhibitors (ICIs) 
for patients with cancer are generally well 
tolerated, especially as monotherapy, when 
compared with traditional chemotherapy. 
However, ICIs are associated with a spectrum 
of adverse events, known as immune-related 
adverse events, many of which phenotypically 
resemble endogenous autoimmune or auto-
inflammatory conditions.4 Aging affects both 
innate and adaptive immune function and 
the incidence/pattern of autoimmune condi-
tions. For example, there is an increase in the 
basal inflammatory process with age, and an 
elevated production of autoantibodies, with a 
concomitant increase in certain autoimmune 
pathologies.5 6 Conversely, the process of age-
related immunosenescence may dampen 
intrinsic immune processes, which may 
in-turn affect the efficacy of immunother-
apies. For example, as age increases there 
is a decrease in the production of naïve T 
cells, a decline in hematopoietic stem cell 
generation of T cell precursors, and a more 
restricted T cell receptor repertoire.7 8 T cell 
signaling through the T cell receptor also 
decreases.9 Finally, aged T cells display an 
increased level of inhibitory immune check-
points such as PD-1, Lag-3 and Tim-3.9 10 The 
multiple factors described above may cause 
the pattern of ICI induced toxicities to be 
different in older patients compared with 
younger cohorts. However, only a minority 
of patients recruited to the registration 
trials of ICIs were aged above 75, and there-
fore, toxicity estimates in this cohort are 
unreliable.11–16

While the theoretical effect of age on the 
toxicity of immunotherapy is uncertain, the 
clinical evidence for safety of ICIs in the older 
patient population is also conflicting. Some 
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studies have shown little difference with age, while others 
suggest that advancing age confers a protective effect 
against development of toxicities.17–23 However, to date, 
the post-RCT studies of this topic have been single-center 
studies with fewer than 250 patients. Here, we conduct a 
large, multicenter study of the toxicity of immune check-
point inhibition across various age cohorts, in a real-world 
setting.

Methods
Data source
Data were collected retrospectively from electronic patient 
records and inpatient notes from three university hospi-
tals within the UK: Guy’s and St Thomas’ National Health 
Service (NHS) Foundation Trust (London), Oxford 
University Hospital NHS Foundation Trust (Oxford) and 
University Hospitals of Leicester NHS Trust (Leicester).

Study population
Included patients were aged ≥18 years and had received at 
least one dose of anti-PD-1 and/or anti-CTLA4 antibody 
between October 2014 and June 2017 for melanoma, non-
small-cell lung cancer or renal cell carcinoma. Pembroli-
zumab was administered at a dose of either 3 mg/kg or a 
200 mg flat dose, 3 weekly. Nivolumab monotherapy was 
given as 3 mg/kg, 2 weekly. When given in combination, 
nivolumab and ipilimumab were given at 1 mg/kg and 3 
mg/kg 3 weekly for four doses, respectively. Ipilimumab 
as monotherapy was administered as 3 mg/kg 3 weekly.

Baseline data were collected on age, gender, primary 
tumor site and treatment start date. Safety data included 
the nature, date and grade of toxicity (G, scored according 
to the Common Terminology Criteria for Adverse Events 
V.4.03), the number of immunotherapy cycles received 
and reason for discontinuation. Toxicities/adverse events 
were classified according to organ systems affected, that is, 
dermatological, gastrointestinal (GI), endocrine, hepatic, 
rheumatological and other toxicities. For patients who 
received ≥2 lines of immunotherapy with different agents, 
toxicity was only counted if it occurred prior to the date 
of commencement of the second line. Data on treatment 
modalities used for toxicities ≥grade 3 were also collected.

Patients were categorized into three age groups, 
according to age at treatment initiation: <65 years, 65–74 
years and ≥75 years. These groups were selected based 
on the paucity of currently available data for patients ≥75 
years, and bearing in mind current and predicted future 
patient demographics.

Statistical analysis
Statistical analyzes were performed using R version 4.0.0, 
SPSS (V.25, IBM) and GraphPad Prism (V.8.0, Graphpad 
Software, San Diego, USA). The start date of the study was 
date of first treatment and last date of the study was date 
of death or 1 March 2018, whichever occurred first.

Descriptive analyzes were used to summarize study 
sample characteristics and toxicity data. The proportion 

of toxicities was compared across age categories using 
the Pearson X2, or X2 test for trend. Univariable analyzes 
were performed to examine the individual effect of age 
category, primary tumor site or treatment type on toxicity.

To take into account the effect of multiple factors on 
toxicity, multivariable analyzes were also performed. Age 
category, primary tumor site and treatment type were 
used as independent variables and toxicity was modeled 
as the dependent variable. Logistic regression was used to 
generate odds ratios for the independent variables.

A sensitivity analysis was implemented by excluding 
those who were treated with ipilimumab-containing regi-
mens. This was to determine whether those receiving 
ipilimumab-containing regimens were having a dispro-
portionate impact on the results, since such regimens have 
an established greater toxicity profile than PD-1 inhibitor 
monotherapy (pembrolizumab and nivolumab).24 This 
cohort was analyzed using the same descriptive statistics 
and univariable analyzes as described above.

Results
Baseline demographics are shown in table  1. The 448 
eligible patients were divided into three age cohorts: 
<65 years (n=185), 65–74 years (n=154) and ≥75 years 
(n=109). The median age of patients in the ≥75 years 
cohort was 79 (range 75–96). Fewer patients in the oldest 
cohort received an ipilimumab containing regimen 
(7.3%) compared with the younger cohorts (17.5% in 
65–74 years; 21.1% in <65 years).

Across all age cohorts 270 patients (60.3%) experi-
enced toxicity of any grade, with 72 (16.1%) developing 
at least one ≥G3 event (table  1). The most common 
all-grade toxicity was dermatitis (22.3%), and the most 
common ≥G3 toxicity was lower GI, affecting 6.0% of 
patients. Of patients for whom discontinuation data were 
available (n=302), 40 patients (13.2%) discontinued 
treatment because of toxicity, after a median of 3 cycles 
(range 1–43) (table 1).

The proportion of patients with overall all-grade and 
≥G3 toxicity was similar across age cohorts (table 1) with 
a trend toward lower overall all-grade and ≥G3 toxicity 
in the ≥75 years group (56.9% and 11.0%), compared 
with the <65 years and 65–74 years cohorts (60.0% and 
18.9%; 63.0% and 16.2%, respectively). In parallel with 
this, a significantly smaller proportion of patients in the 
65–74 years and ≥75 years age cohorts discontinued treat-
ment because of toxicity (10.1% and 7.4%) compared 
with those in the <65 years cohort (20.5%; p=0.006). 
There was a statistically significant difference in all grade 
endocrine toxicity, which was highest in the younger two 
cohorts (22.7% and 22.1%) relative to the oldest cohort 
(11.0%; p=0.02). Conversely, there was a non-significant 
trend toward higher rates of dermatological toxicity 
in the oldest cohort, with 28.4% of patients affected vs 
18.9% and 22.1% in the younger cohorts (<65 years and 
65–74 years, respectively, table 1).
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Table 2  Logistic regression analysis of risk of toxicity in patients receiving immune checkpoint inhibitors

All-grade toxicity ≥G3 toxicity

Univariate Multivariable Univariate Multivariable

Age category

<65 years 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

65–74 years 1.14 (0.73 to 1.76) 1.27 (0.79 to 2.03) 0.825 (0.47 to 1.45) 0.96 (0.51 to 1.81)

≥75 years 0.88 (0.54 to 1.42) 1.15 (0.70 to 1.91) 0.53 (0.26 to 1.07) 0.73 (0.33 to 1.61)

Primary site

Melanoma 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

NSCLC 0.79 (0.51 to 1.24) 0.95 (0.59 to 1.53) 0.50 (0.26 to 0.96) 0.79 (0.38 to 1.62)

RCC 1.02 (0.60 to 1.74) 1.50 (0.86 to 2.61) 0.41 (0.18 to 0.95) 0.90 (0.36 to 2.22)

Treatment type

PD-1 inhibitor 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Ipilimumab+nivolumab 4.72 (1.36 to 16.39) 5.24 (1.48 to 18.50) 17.94 (6.71 to 47.91) 16.41 (5.88 to 45.84)

Ipilimumab 8.17 (3.18 to 20.96) 8.93 (3.43 to 23.29) 7.73 (4.08 to 14.65) 7.02 (3.53 to 13.96)

OR with 95% CI for toxicity using logistic regression.
NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma.

Table 3  Logistic regression analysis of risk of all-grade dermatological and endocrine toxicity in patients receiving immune 
checkpoint inhibitors

Dermatological toxicity Endocrine toxicity

Univariate Multivariable Univariate Multivariable

Age category

<65 years 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

65–74 years 1.21 (0.71 to 2.05) 1.34 (0.77 to 2.30) 0.93 (0.55 to 1.56) 1.08 (0.63 to 1.83)

≥75 years 1.69 (0.97 to 2.95) 1.85 (1.04 to 3.30) 0.42 (0.21 to 0.84) 0.43 (0.21 to 0.87)

Primary site

Melanoma 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

NSCLC 0.62 (0.35 to 1.08) 0.69 (0.39 to 1.23) 0.47 (0.24 to 0.89) 0.42 (0.21 to 0.82)

RCC 0.75 (0.40 to 1.41) 0.95 (0.49 to 1.86) 1.28 (0.70 to 2.33) 1.16 (0.61 to 2.18)

Treatment type

PD-1 inhibitor 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Ipilimumab+nivolumab 2.56 (1.01 to 6.49) 2.46 (0.94 to 6.46) 1.07 (0.35 to 3.29) 0.89 (0.28 to 2.85)

Ipilimumab 1.48 (0.78 to 2.8) 1.61 (0.81 to 3.19) 1.22 (0.61 to 2.44) 1.00 (0.48 to 2.09)

OR by logistic regression for all-grade dermatological and endocrine toxicity (95% CIs).
NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma.

Next, logistic regression was used to assess the relative 
influence of age category, primary tumor site and treat-
ment type (both in univariable and multivariable analyzes) 
on determining the risk of toxicity in patients receiving 
ICIs. Using logistic regression, only treatment type was 
significantly associated with all grade toxicity, with the risk 
of toxicity significantly greater in those patients treated 
with an ipilimumab-containing regimen (OR 5.24; 95% 
CI 1.48 to 18.50 for ipilimumab/nivolumab combination 
relative to PD-1 inhibitor monotherapy) (table 2).

Based on the results of the univariate analyzes, we 
also specifically analyzed dermatological and endocrine 
toxicities using multivariate logistic regression (table 3). 

The OR for endocrine toxicity was 0.43 (95% CI 0.21 to 
0.87) for those aged ≥75 as compared with those <65. 
Conversely, the OR for dermatological toxicity was 1.85 
(95% CI 1.04 to 3.30) (table 3).

When a sensitivity analysis was implemented by 
excluding those who were treated with ipilimumab-
containing regimens, the proportions of patients with 
all grade and ≥G3 toxicity did not differ significantly 
between the youngest, middle and oldest age cohorts 
(table 4). However, a smaller proportion of patients in the 
≥75 years cohort discontinued because of toxicity (2.7%) 
compared with the <65 years cohort (8.6%, p=0.113) 
despite a similar median number of cycles (table  4). 
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Figure 1  Treatment of ≥G3 toxicities. Patients were 
categorized into age groups (<65, 65–74 and ≥75 
years). For each episode of toxicity, the most potent 
treatment modality only was recorded (non-steroid 
immunosuppressant>intravenous steroid>oral steroid>non-
immunosuppressant only>no treatment). Non-steroid 
immunosuppressant treatment included biologics (eg, 
infliximab) and systemic immunosuppressants (eg, 
mycophenolate mofetil). Figures are shown as percentage of 
the total (for all age groups and each age group respectively). 
Treatment data were available for 302 patients.

Similar to the overall cohort, there was a non-significant 
trend toward increased dermatological toxicity in the 
oldest cohort (28/101 patients, 27.7%) compared with 
the younger cohorts (25/146 patients, 17.1% and 24/127 
patients, 18.9%, p=0.051) (table  4). Conversely, there 
was a significant decrease in the proportion of patients 
who developed endocrine toxicity with age with 24.7% 
of the youngest, vs 10.9% of the oldest cohort affected 
(p=0.007).

In terms of treatment of ≥G3 toxicities oral steroids were 
the main treatment modality, used in 44.4% of episodes 
and intravenous steroids were used in 31.9% of episodes 
(figure 1, online supplementary table S1). Treatment for 
all ≥G3 toxicities (and GI toxicity) differed between the 
age groups, with higher intravenous steroid use in the 
younger age groups (51.6% in <65 years and 22.2% in 
65–74 years groups) compared with the ≥75 years group 
(7.1%), with more of the oldest patients being treated 
with oral steroids instead.

Discussion
Our study did not observe a significant difference in 
overall toxicity between age cohorts, although there was 
a numerical trend toward lower all-grade and ≥G3 toxic-
ities in the ≥75 years compared with the younger cohort, 
and the discontinuation rates for toxicity were lowest in 
the oldest age cohort. This result is consistent with find-
ings from previous studies including a meta-analysis of 
multiple clinical trials.22 However, we did observe signifi-
cantly higher endocrine toxicity in younger patients, and 
conversely, dermatological toxicity showed the reverse 
trend, even in the setting of PD-1 inhibitor monotherapy.

Previous studies examining the association of age 
with toxicity of ICIs have focused on single tumor types 
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or single agents, or have had fewer than 250 patients in 
total.17–19 23 These studies have also used varying cut-offs 
to classify the oldest cohort and in clinical trials, subgroup 
analysis is usually performed on patients <or ≥ 65 years 
old, therefore limiting specific inferences about patients 
≥75 years.

Although we found decreased endocrine toxicity in 
older patients, a previous study specifically looking at 
patients with melanoma receiving ICI therapy showed the 
opposite trend, of increasing incidence of autoimmune 
endocrinopathy with age.21 This may reflect disease-
specific effects of ICI therapy or other factors inherent to 
the demographics of the study populations including the 
fact that many patients in the previous study had received 
ipilimumab prior to PD-1 inhibition.

As with the prevalence of certain toxicities across 
different age cohorts, the treatment of these toxicities also 
showed interesting age-dependent patterns. There was a 
strong trend toward lower intravenous steroid use in the 
older cohorts, with more of these patients being treated 
with oral steroids instead. The exact reasons underlying 
this difference are unclear. However, it is possible that 
there is a level of reluctance to utilize intravenous steroids 
in older patients, due to fear of side effects. Furthermore, 
there is a spectrum of severity, even within the same 
grade of toxicity, thus, it is possible that older patients 
experienced toxicities at the lower end of this spectrum 
compared with younger patients, thereby requiring less 
potent treatment. In future studies, outcomes for these 
patients could be analyzed to elucidate the impact of IV 
or oral steroid use on the recovery of patients from immu-
notherapy induced toxicities.

Only treatment type (PD-1/PD-L1 inhibitors vs CTLA4 
inhibitors) was significantly associated with all grade 
toxicity using logistic regression, with the risk of toxicity 
significantly greater in the cohort receiving ipilimumab-
containing therapy. However, patients on ipilimumab-
containing therapy were under-represented in our eldest 
cohort (eight patients), thus making it difficult to infer 
the real-world toxicity profile of this regimen relative to 
younger patients. Future studies are required to address 
this issue.

One of the main strengths of our study is the analysis 
of real-world data from multiple centers. Furthermore, a 
substantial proportion of our data came from patients of 
ages that are under-represented in clinical trials, yet who 
make up a large proportion of daily practice. Limitations 
include the retrospective nature of the data collection, 
the small number of patients on ipilimumab-containing 
therapies, and the use of age alone to define cohorts. 
Although age is a risk factor for frailty and decreased phys-
iological reserve, there is a large heterogeneity of func-
tional status in older patients. In future studies, specific 
measures of frailty and functional status will be necessary 
to broaden understanding of toxicity in the oldest aged 
cohorts.

In summary, we have analyzed a large real-world 
dataset across different tumor and treatment types, 

examining the effect of age on the toxicity of ICIs. We 
have shown that, outside clinical trial settings, immuno-
therapy is tolerated similarly across age groups with no 
evidence for poorer tolerance in the oldest age groups. 
The only determinant of toxicity in our study was treat-
ment type, with anti-CTLA-4 containing therapies asso-
ciated with increased rates of toxicities. In terms of 
site-specific toxicity, we found that endocrine toxicity 
was more common in younger patients with the oppo-
site trend for dermatological side effects. More data 
are needed on the use of CTLA-4 inhibitors in older 
people, and the impact of frailty and functional status 
on outcomes, however, PD-1 inhibitors appear to be safe 
and well tolerated in patients considered suitable to 
receive treatment.

Author affiliations
1Department of Surgery and Cancer, Imperial College London, London, UK
2School of Cancer and Pharmaceutical Sciences, King's College London, London, UK
3Department of Oncology, University Hospitals of Leicester NHS Trust, Leicester, UK
4Guy's Cancer Centre, Guy's and St. Thomas' NHS Foundation Trust, London, UK
5Department of Oncology, University of Oxford & Oxford Cancer Centre, Oxford 
University Hospitals NHS Foundation Trust, Oxford, UK
6Department of Haematology, Guy's and St. Thomas' NHS Foundation Trust, London, 
UK
7Translational Oncology and Urology Research (TOUR), School of Cancer and 
Pharmaceutical Sciences, King's College London, Guy's Hospital, London, UK

Twitter Ali Abdulnabi Mohamed @a_abdulnabi

Acknowledgements  The authors would like to thank all of the healthcare and 
auxiliary staff involved in the delivery of care, as well as our institutions for their 
support during the course of this study.

Contributors  AS contributed to study design, data collection, data analysis, 
drafting and editing the final manuscript. SZ contributed to study design, data 
collection, data analysis, drafting and editing the final manuscript. LS contributed 
to study design, data collection and editing the final manuscript. ZT contributed 
to data collection and editing the final manuscript. AAM contributed to data 
collection and editing the final manuscript. SM contributed to study design, 
data collection and editing the final manuscript. MP contributed to study design 
and editing the final manuscript. GF contributed to study design and editing the 
final manuscript. SP contributed to study design editing the final manuscript. PF 
contributed to study design and editing the final manuscript. MVH contributed 
to study design, data analysis and editing the final manuscript. DHJ contributed 
to study design, data collection, data analysis, drafting and editing the final 
manuscript.

Funding  AS and SZ have received NIHR funding for academic clinical fellowships 
that were active at the time the study was conducted. SP has funding from CRUK 
via the CRUK City of London Centre.

Competing interests  None declared.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as online supplementary information. For further enquiries 
please contact the corresponding author.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See https://​creativecommons.​org/​
licenses/​by/​4.​0/.

ORCID iD
Amit Samani http://​orcid.​org/​0000-​0001-​6570-​4912

https://twitter.com/a_abdulnabi
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6570-4912


7Samani A, et al. J Immunother Cancer 2020;8:e000871. doi:10.1136/jitc-2020-000871

Open access

References
	 1	 Pallis AG, Fortpied C, Wedding U, et al. EORTC elderly task force 

position paper: approach to the older cancer patient. Eur J Cancer 
2010;46:1502–13.

	 2	 UN. Ageing, 2019. Available: https://www.​un.​org/​en/​sections/​issues-​
depth/​ageing/

	 3	 Quinten C, Coens C, Ghislain I, et al. The effects of age on health-
related quality of life in cancer populations: a pooled analysis of 
randomized controlled trials using the European organisation for 
research and treatment of cancer (EORTC) QLQ-C30 involving 6024 
cancer patients. Eur J Cancer 2015;51:2808–19.

	 4	 Palmieri DJ, Carlino MS. Immune checkpoint inhibitor toxicity. Curr 
Oncol Rep 2018;20:72.

	 5	 Watad A, Bragazzi NL, Adawi M, et al. Autoimmunity in the 
Elderly: Insights from Basic Science and Clinics - A Mini-Review. 
Gerontology 2017;63:515–23.

	 6	 Goronzy JJ, Weyand CM. Immune aging and autoimmunity. Cell Mol 
Life Sci 2012;69:1615–23.

	 7	 Goronzy JJ, Fang F, Cavanagh MM, et al. Naive T cell maintenance 
and function in human aging. J Immunol  
2015;194:4073–80.

	 8	 Rossi DJ, Bryder D, Zahn JM, et al. Cell intrinsic alterations 
underlie hematopoietic stem cell aging. Proc Natl Acad Sci U S A 
2005;102:9194–9.

	 9	 Hurez V, Padrón Álvaro, Svatek RS, et al. Considerations for 
successful cancer immunotherapy in aged hosts. Exp Gerontol  
2018;107:27–36.

	10	 Shimada Y, Hayashi M, Nagasaka Y, et al. Age-associated up-
regulation of a negative co-stimulatory receptor PD-1 in mouse CD4+ 
T cells. Exp Gerontol 2009;44:517–22.

	11	 Hodi FS, O'Day SJ, McDermott DF, et al. Improved survival with 
ipilimumab in patients with metastatic melanoma. N Engl J Med 
2010;363:711–23.

	12	 Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus docetaxel in 
advanced Nonsquamous non-small-cell lung cancer. N Engl J Med 
2015;373:1627–39.

	13	 Herbst RS, Baas P, Kim D-W, et al. Pembrolizumab versus docetaxel 
for previously treated, PD-L1-positive, advanced non-small-cell 

lung cancer (KEYNOTE-010): a randomised controlled trial. Lancet 
2016;387:1540–50.

	14	 Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembrolizumab 
versus chemotherapy for PD-L1-positive non-small-cell lung cancer. 
N Engl J Med 2016;375:1823–33.

	15	 Motzer RJ, Escudier B, McDermott DF, et al. Nivolumab versus 
everolimus in advanced renal-cell carcinoma. N Engl J Med 
2015;373:1803–13.

	16	 Townsley CA, Selby R, Siu LL. Systematic review of barriers to the 
recruitment of older patients with cancer onto clinical trials. J Clin 
Oncol 2005;23:3112–24.

	17	 Chiarion Sileni V, Pigozzo J, Ascierto PA, et al. Efficacy and safety of 
ipilimumab in elderly patients with pretreated advanced melanoma 
treated at Italian centres through the expanded access programme. J 
Exp Clin Cancer Res 2014;33:30.

	18	 Freeman M, Weber J. Subset analysis of the safety and efficacy 
of nivolumab in elderly patients with metastatic melanoma. J 
Immunother Cancer 2015;3:P133.

	19	 Friedman CF, Horvat TZ, Minehart J, et al. Efficacy and safety of 
checkpoint blockade for treatment of advanced melanoma (MEL) in 
patients (PTS) age 80 and older (80+). JCO 2016;34:10009.

	20	 Marur S, Singh H, Mishra-Kalyani P, et al. FDA analyses of survival 
in older adults with metastatic non-small cell lung cancer in 
controlled trials of PD-1/PD-L1 blocking antibodies. Semin Oncol 
2018;45:220–5.

	21	 Betof AS, Nipp RD, Giobbie-Hurder A, et al. Impact of age on 
outcomes with immunotherapy for patients with melanoma. 
Oncologist 2017;22:963–71.

	22	 Poropatich K, Fontanarosa J, Samant S, et al. Cancer 
immunotherapies: are they as effective in the elderly? Drugs Aging 
2017;34:567–81.

	23	 Sattar J, Kartolo A, Hopman WM, et al. The efficacy and toxicity 
of immune checkpoint inhibitors in a real-world older patient 
population. J Geriatr Oncol 2019;10:411–4.

	24	 Puzanov I, Diab A, Abdallah K, et al. Managing toxicities associated 
with immune checkpoint inhibitors: consensus recommendations 
from the Society for immunotherapy of cancer (SITC) toxicity 
management working group. J Immunother Cancer 2017;5:95.

http://dx.doi.org/10.1016/j.ejca.2010.02.022
https://www.un.org/en/sections/issues-depth/ageing/
https://www.un.org/en/sections/issues-depth/ageing/
http://dx.doi.org/10.1016/j.ejca.2015.08.027
http://dx.doi.org/10.1007/s11912-018-0718-6
http://dx.doi.org/10.1007/s11912-018-0718-6
http://dx.doi.org/10.1159/000478012
http://dx.doi.org/10.1007/s00018-012-0970-0
http://dx.doi.org/10.1007/s00018-012-0970-0
http://dx.doi.org/10.4049/jimmunol.1500046
http://dx.doi.org/10.1073/pnas.0503280102
http://dx.doi.org/10.1016/j.exger.2017.10.002
http://dx.doi.org/10.1016/j.exger.2009.05.003
http://dx.doi.org/10.1056/NEJMoa1003466
http://dx.doi.org/10.1056/NEJMoa1507643
http://dx.doi.org/10.1016/S0140-6736(15)01281-7
http://dx.doi.org/10.1056/NEJMoa1606774
http://dx.doi.org/10.1056/NEJMoa1510665
http://dx.doi.org/10.1200/JCO.2005.00.141
http://dx.doi.org/10.1200/JCO.2005.00.141
http://dx.doi.org/10.1186/1756-9966-33-30
http://dx.doi.org/10.1186/1756-9966-33-30
http://dx.doi.org/10.1186/2051-1426-3-S2-P133
http://dx.doi.org/10.1186/2051-1426-3-S2-P133
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.10009
http://dx.doi.org/10.1053/j.seminoncol.2018.08.007
http://dx.doi.org/10.1634/theoncologist.2016-0450
http://dx.doi.org/10.1007/s40266-017-0479-1
http://dx.doi.org/10.1016/j.jgo.2018.07.015
http://dx.doi.org/10.1186/s40425-017-0300-z

	Impact of age on the toxicity of immune checkpoint inhibition
	Abstract
	Introduction
	Methods
	Data source
	Study population
	Statistical analysis

	Results
	Discussion
	References


