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Purpose: Immunotherapies have revolutionized cancer treatment; however, relatively little is known about their efficacy and toxicity
in the elderly, a cohort accounting for more than half of total cancer cases. In this review, we aim to provide insight into the current
knowledge base regarding the clinical utility and side effects of immunotherapies in the geriatric population as well as identify key
gaps in the literature where further research is essential.

Methods: We conducted a rapid critical review of available literature, focusing on studies reporting on use of immunotherapy in
cancer patients aged >65 years. The review assessed studies that included different types of cancer, were of multiple study types
(although predominantly retrospective), had different study duration, and reported different outcomes of interest. Owing to this
heterogeneity, meta-analysis and a direct comparison between studies were not feasible.

Results: Overall, the review findings indicate that certain malignancies have shown comparable survival rates in younger and older
age groups when managed with immunotherapeutic drugs, the incidence of immunotherapy-related side effects varies only slightly by
age groups, and in general there is a lack of studies on the determinants of the clinical outcomes of immunotherapy in or including
geriatric patients.

Conclusion: Enhanced clinical benefits along with better tolerability associated with immunotherapies make it an attractive
alternative to conventional chemotherapeutic drugs, especially in elderly patients. There is currently a limited number of studies
assessing the clinical outcomes of immunotherapies, particularly in the elderly. Overall, our findings reflect a need for further
prospective studies focussing on geriatric patients representative of the real-life population, in order to derive a more precise
understanding of the clinical utility, toxicity profile, and cost-effectiveness of immune checkpoint inhibitors in older patients with
cancer.
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Introduction
Immunotherapies stimulate the host’s immune system to mount a response against tumor cells. The advent of immu-
notherapies has ushered in a new era in cancer care. When compared to conventional chemotherapies for certain types of
cancer, immunotherapies are associated with decreased mortality, longer progression-free survival, enhanced selectivity,
and better tolerability.' This is especially true in certain cancers like metastatic Non Small Cell Lung Carcinoma
(NSCLC), melanoma, and renal cell carcinoma, where immunotherapies are currently the first-line agents.” Improved
clinical outcomes and better tolerability associated with immunotherapies can make it a suitable choice in the elderly
with poor response or decreased tolerability to conventional chemotherapies.

The incidence of cancer increases markedly with older age, with a median age of diagnosis at 66 years in the United States.’ In
the year 2020, around 9.95 million new cases of cancer and 5.9 million deaths were estimated to have occurred globally in patients
aged greater than 65 years.” This incidence is projected to increase by around 36% in the coming decade.” In spite of the fact that
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almost 50% of new cancer cases occur in adults aged 65 years or above, the older population remains largely underrepresented in
oncology clinical trials assessing the clinical efficacy of immunotherapies.® ® A study analyzing the enrollment of older patients in
cancer drug clinical trials between 2005 and 2015 reported that only 12% of the total patients were above 75 years of age.'® The
exclusion of the geriatric population could be attributed to multiple causes including safety concerns, age limit in enrollment,
coexisting comorbidities, and deteriorating health status.®” The older population is functionally distinct from the younger age
group owing to immunosenescence, old age onset organ dysfunction, poorer baseline health status, and presence of
comorbidities.*” Cancer care in the geriatric population is further complicated by polypharmacy, greater risk of adverse events
like depression and falls and altered immune status.” While the authors acknowledge the limitations of RCTs and their translation
to “real world” contexts, these aforementioned factors could impact determinations of the efficacy, tolerance, toxicity, and clinical
outcome of immunotherapies in the geriatric population. The elderly population are normally under-represented in clinical trials,
and physicians are often required to extrapolate findings from clinical trials on the non-elderly population in their clinical practice
with older patients. This is likely to be of limited utility, in part owing to heterogeneity between the two groups. Hence, there is an
imperative to address the age-related disparities in cancer research and the underrepresentation of older cancer patients in clinical
trials participant cohorts. Given the escalating utilization of immunotherapies in the elderly, data regarding the outcomes and
toxicity profile specific to this subgroup become more crucial. Hence, in our review, we aim to provide insight into the current
knowledge base regarding the clinical utility and side effects of immunotherapies in the geriatric population as well as to identify
key gaps in the literature where further research is essential.

Review Scope & Limitations
Scope of Review: Summary

Immunotherapies have emerged as a promising advancement in cancer care and to date have changed the face of cancer treatment.
Various clinical trials are being conducted across the globe to assess its clinical efficacy in various cancer and stages. However, it
has been observed that older patients with cancer are not being included in many of the trials, although they constitute the majority
of newly diagnosed cancer cases. Though a similar efficacy of immunotherapeutic drugs across all age groups, they are limited by
the inadequate representation of elderly patients in them. Ongoing debates among research communities highlight the need for
comprehensive studies addressing the efficacy and potential adverse effects of immunotherapy in geriatric populations. Research
should encompass short- and long-term outcomes, assessing not only treatment effectiveness but also the impact on the quality of
life for elderly individuals. Incorporating immunotherapy into routine clinical practice for the elderly should be grounded in robust
evidence to ensure both safety and efficacy in this specific demographic. The aim of the review is to evaluate and discuss the
efficacy and safety of immunotherapy in older patients with cancer. The following review is presented according to the narrative
review reporting checklist.

Methods

A literature search was conducted on PubMed, encompassing English-language articles available until December 2021.
The primary focus of our investigation was on meta-analyses and randomized clinical trials that assessed the use of
immunotherapy in solid organ tumors. Additionally, we included studies that provided real-world analyses of immu-

notherapy specifically in the elderly population.

Limitations

The studies included in our review assessed various cancer types, employed diverse methodologies, varied in duration,
and reported different outcomes. Despite conducting a thorough literature search, the scarcity of studies on our topic
resulted in insufficient data to offer a comprehensive insight. The predominance of retrospective cohort-designed studies
raises concerns about potential recall bias. However, these limitations highlight key recommendations and suggest areas
for future research.
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Findings

Even though more than half of the newly diagnosed cancer cases are in adults older than 65 years of age, it has been elicited from
various research articles that this group has not been given adequate representation in clinical trials to determine the scope of
immunotherapeutic agents in cancer care.>®*!" Overall, the review findings indicate that certain malignancies have shown

1213 the incidence of

comparable survival rates in younger and older age groups when managed with immunotherapeutic drugs
immunotherapy-related side effects varies only slightly by age groups,'* and in general there is a lack of studies on the

determinants of the clinical outcomes of immunotherapy in geriatric patients.

Clinical Efficacy of Immune Checkpoint Inhibitors in Older Cancer Patients

The efficacy of any therapy must be assessed in depth with high-quality clinical trials which are representative of the target
population before its clinical value can be ascertained. Hence, a dearth of studies on the geriatric population means that our current
knowledge of the clinical efficacy of immunotherapies in the elderly is limited. Here, we provide a review of the existing literature
on the topic as well as compare the efficacies between the younger and elderly populations.

A meta-analysis by Sun et al in 2020 evaluated the clinical efficacy of first-line immune checkpoint inhibitor against
chemotherapy in the geriatric population with metastatic NSCLC. A total of 10 studies were included in the meta-
analysis with a sample population of 4633 (1971 patients > 65 years and 2662 patients below 65). This study reported
similar clinical efficacy of immune checkpoint inhibitors among NSCLC patients aged above and below 65 years with
overall survival [HR 0.75 95% CI (0.64—0.88) vs 0.76 95% CI (0.66—0.87); p < 0.001]."> A similar study done in geriatric
patients with pretreated NSCLC also showed no significant differences in the clinical effectiveness of immune check-
point inhibitor nivolumab in the older population.'®

Lichtenstein et al evaluated the clinical efficacy of immunotherapy in the elderly with NSCLC. In contrast to other
studies, here the study population was split into 4 age cohorts, less than 60, 6069, 70-79, and 80 years and above.'’
Progression-free survival when evaluated showed an increasing trend with age with a peak at 70-79 age cohort. The 70—
79 age group had progression-free survival of 3.75 months compared to 1.81 months in the younger population.'” Overall
survival was similar among patients aged <60, 60—69, and 70~79. All of them had an OS of 12—15 months.'” However,
both progression-free survival and overall survival were shortest among the above 80 age group amounting to 1.64
months and 3.63 months, respectively. Patients aged above 80 also had a significantly greater hazard for death as per
multiple Cox regression compared to the younger subset.'” 201 patients (44.8% >65 years) with metastatic small cell
cancers who were managed with first-line atezolizumab therapy were included in the study of Impower133 and revealed
a median overall survival and progression-free survival of 12.3 months and 5.2 months, respectively.'®

The impact of immunotherapy in the treatment of melanoma was also assessed by several studies. Perier-Muzet et al
conducted a retrospective analysis of 92 patients comparing between the below and above 65-year-old population (n = 54 <65
years; and n = 38 aged >65 years) with metastatic melanoma who were treated with immune checkpoint inhibitors. The study
reported better progression-free survival and overall survival in patients aged >65 compared to the younger population.'® Wolchok
et al studied patients with advanced melanoma who received nivolumab therapy (37.3% of the study population were aged 65
years and above) and reported the median overall survival of patients as 37.6 months and the median progression-free survival as
6.9 months in the study population.”” Recent studies have reported promising results in elderly patients with melanomas, non-
small cell lung cancers, and clear cell kidney cancer, who were treated with immunotherapeutic drugs.'?

Cheson et al studied the effects of the combined administration of two immunological drugs, brentuximab vedotin and
nivolumab, in patients with classic Hodgkin’s lymphoma, who were considered incompatible with standard chemother-
apeutic drugs. Brentuximab vedotin administration alone has proved to be effective in younger patients, with an overall
response rate of 75%, as recorded in a previous study.?' Similarly, there is evidence for nivolumab monotherapy to have
produced an overall response in 69% of patients enrolled in a study, the median age of participants being 37 years.*?
However, the study by Cheson et al reported an overall response rate of 64% for the combination therapy, including both
these drugs, which was lower than expected.”® The most likely cause attributed to this finding was the weaker immune
system of the participants, compared to those enrolled in studies conducted among younger individuals.??
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Efficacy of immunotherapy in the geriatric population with metastatic renal carcinoma showed no significant difference in
clinical outcome with similar overall survival of 15.8 months (=75 years), 12.2 months (6574 years), and 14.4 months (<65
years). Progression-free survival also showed no statistically significant difference among the three age cohorts.'?

Atezolizumab is currently the first-line treatment for urothelial cancer where chemotherapy with platinum agents is
either contraindicated or unresponsive.24 Nivolumab, durvalumab, avelumab, and pembrolizumab are four other FDA-
approved immunotherapy agents against urothelial carcinoma.** Nishiyama et al used propensity score matching to
assess the clinical utility of pembrolizumab among the elderly and reported an overall survival of 7.8 months (95% CI =
5.2-10.4) in patients aged less than 75 years and 10.4 months (95% CI = 7.3-13.5) in the >75 age cohort.?’

Toxic Effects of Immunotherapies in Older Cancer Patients

The immune system and the human body as a whole undergo a multitude of changes as individuals age.
Immunosenescence, fall in naive T cell population, and worsening of functional activity of T and B cell results in
a characteristically different toxic profile of the elderly compared to younger counterparts.'® For this reason, the literature
referenced here on the adverse effects of immunotherapies in younger patients cannot be readily extrapolated to the
geriatric population. A retrospective cohort study analyzing the toxic effects of immunotherapy in the geriatric population
reported that immune checkpoint inhibitors were essentially safe among the older cancer patient cohort and found no
significant relationship between age of patient and toxicity of immunotherapies.>® Here, the sample population of 448
patients was divided into 3 age cohorts <65 years, 65-74 years, and >75 years of which 18.9%, 16.2%, and 11%,
respectively, experienced > Grade 3 toxicity. Moreover, the older cohort also had a lower ICI discontinuation rate.
Toxicity-related treatment discontinuation rates were 20.5%, 10.1%, and 7.4% in age cohort <65 years, 65—74 years, and
>75 years, respectively. As per this study, treatment type was the sole significant determinant of toxicity and the overall
grade of toxicity was similar among the different age groups. Similar results were reported by Ron et al, which found
comparable immune-related adverse events (irAE) in patients aged below and above 70 years who were treated with
immune checkpoint inhibitor nivolumab.'® Another study done in 2018 with a sample population of 245 patients also
found no relation between the incidence of irAE and age and reported similar rates of immunotherapy-related hospita-
lization and steroid use across different age groups.'’

In melanoma patients too, results were reported with similar grades and incidence of commonly reported irAE like
diarrhea, enterocolitis, vitiligo, skin eruptions, and endocrinopathies among the different age groups.'® However, certain
rarer adverse effects like immunologic nephritis and meningitis were reported among the older population, while no such
cases were seen in the younger subset.'” Phase I trials by Herin et al evaluated the clinical efficacy and toxic profile of
immunotherapy in patients older than 70 years with advanced solid carcinoma. In total 220 patients were enrolled in the
trial of which 46 were >70 years and 174 were <70 years. The older population experienced a significantly higher
incidence of grade 1 and 2 adverse events compared to younger patients.”” The time of onset of grade 1 toxicity was also
earlier in older patients compared to younger ones (0.67 months vs 2.67 months).>’ However, no such significant
difference could be found in the incidence and onset of grade 3 and 4 toxicity.?’

The FDA recently approved the use of nivolumab plus ipilimumab combination therapy as first-line treatment of various
malignancies like unresectable malignant pleural mesothelioma and metastatic non-small cell lung cancer (NSCLC).”® Several
studies that evaluated the toxicity levels of anti-PD(L)-1 and anti-CTLA-4 combination therapies in patients aged above 80 years
have shown relatively higher toxicities in that age cohort.**° The study by Friedman et al reported that 37.5% of the patients on
ipilimumab plus nivolumab combination therapy had to be administered infliximab for diarrhea and 50% of the patients had an
asymptomatic increase in lipase levels.*® Toxicities of grade 3 or 4 were observed in 62.5% of the study population with a mean
age of 82 years.® However, the Checkmate 817 study by Paz-Ares et al demonstrated comparatively lower side effects for
a younger population who were managed with ipilimumab plus nivolumab combination therapy as first-line treatment for
advanced NSCLC. The median age of the patients enrolled in the study was 65 years, and grade 3—4 treatment-related adverse
effects were seen in only 27.6% of the patients.>' Elderly patients treated with anti-PD-1/PD-L1 is also at increased risk for hyper

1.32

progression of disease as reported by Champiat et al.”* Moreover, the impact of toxic effects of immunotherapies is usually more

pronounced in the elderly despite similar rates of adverse events as that of the younger population. This can be attributed to

coexisting co-morbidities and poor functional reserve in patients as age advances."?
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Hermansen and Donskov evaluated the toxic profile of immunotherapies when used against metastatic renal cell
carcinoma and reported that the elderly population was associated with a significantly higher risk of toxicity.'?
Interruption or dose reduction of immunotherapy drugs were seen in around 76% of patients aged above 75 years.'”
Nishiyama et al studied the toxicity of immunotherapy agent pembrolizumab in patients with urothelial carcinoma.
When adverse events of all grades were considered, the incidence was significantly higher in the elderly population
(55.3% in >75 years and 41.9% in <75 years with a p-value of 0.007).>> However, the incidence of grade >3 AEs

was similar among the two age cohorts.*

Discussion

More than half of all cancer patients are over the age of 65 years, and more than 26% fall into the age group of 75-84
years.>>** Cancer care has undergone various reforms in recent years, the most striking being the emergence of
immunotherapeutic drugs in the treatment of various solid tumor malignancies.

Understanding how aging influences immune response and considering interactions with comorbidities and
medications is crucial. Studies have reported changes in the functioning of the immune system with ageing.>
Declining levels of B-cell and T-cell replication and their worsening functional levels, alterations in antigen-
presenting cells (APCs) and an increase in the number of regulatory cells have been observed in the elderly.*®
Some of the most remarkable changes associated with ageing have been linked with the adaptive immune
system.*” The naive T-cell population gradually shrinks, while the number of memory T-cells continues to rise,
both these changes ultimately resulting in a vulnerable immune system combined with poor memory of prior
antigen exposure.”> CTLA-4 and PD-1 are two main inhibitory receptors physiologically expressed by T cells
following activation in order to control their proliferation.'” There is an increased expression of these receptors in
certain conditions like cancer.*® In the present era of cancer treatment, immunotherapies, especially PD-1 and its
ligand PD-L1 checkpoint inhibitors, have gained much significance owing to their impressive clinical response.*’
This could be largely attributed to higher efficacy in certain types of cancer as compared to chemotherapy with
comparatively lesser side effects.'?

The second generation of immunotherapy is centered on the combined administration of multiple immunomo-
dulators (anti- PDL-1 and anti-CTLA-4) or combining anti-PDL-1 with conventional treatments (chemotherapy,
radiotherapy, etc.). These combination therapies have recently gained FDA approval for being used as first-line
treatment to manage various malignancies.”® The combined use of ipilimumab plus nivolumab combination
therapy has been shown to result in better outcomes and survival rates than nivolumab/ipilimumab
monotherapy.’® Despite their high clinical utility, this combination therapy is known to increase the risk of
treatment-related adverse effects, which can greatly affect the quality of life of the patient if not addressed

' These toxicities tend to be more

properly.”® They include hepatitis, skin rash, pneumonitis and colitis.’
pronounced in elderly patients, mostly above the age of 80 years.?’*® Moreover, grade 3—4 toxicities associated
with combination therapies are also seen to be more prevalent in elderly patients.*>*' Hence, combination
therapies are less preferred in geriatric patients, though they have excellent outcomes in younger patients.

The above findings incorporate studies that have shown that there is a substantial increment in the overall
survival of patients managed with immunotherapies for melanomas, non-small cell lung cancer, and clear cell
renal carcinoma.'’>> The efficacy of pembrolizumab therapy for melanoma, NSCLC, head and neck cancers,
urothelial carcinoma, and Hodgkin’s lymphoma had been assessed by several randomized controlled trials, and no
notable differences were observed between older and younger patients.’>>® However, only 16% of the patients
included in the KEYNOTE trials in particular were aged >75 years.”’ There are also varied reports suggesting the
possibility of a decreased response to immunotherapeutic drugs in older patients due to an aging immune
system.?”>” The study by Pasquali et al published in 2020 has documented the effectiveness of anti-PD-1 therapy
for melanoma patients across all ages.”® However, the mean age of the participants was 57.5 years, which is not
representative of the geriatric population. Since then, very few studies have been conducted to assess the clinical
efficacy of immune checkpoint inhibitors in elderly patients. Even though the proportion of elderly patients with
cancer continues to rise, the number of clinical trials assessing the efficacy of immunotherapy in the management
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of cancer in this cohort is still relatively low.>® Ailments associated with ageing, physiological changes in the
body and other comorbidities have a significant impact on deciding the treatment modality and may also influence
patient outcomes.®’

One of the major concerns of oncologists is deciding on the intensity of cancer therapy best suited for each patient in the
geriatric category, as there can be significant variations in health status across individuals.'* Hence, the risk versus benefit ratio
must be well evaluated before initiating management for each patient.”” Many authors recommend a comprehensive geriatric
assessment (CGA) to be done before framing cancer treatment guidelines for the elderly since it helps to analyse various health
conditions that can potentially affect patient outcomes.®' This helps oncologists adequately evaluate the comorbidities and health
status of the elderly and better design individualised treatment regimens.*

Treatment-related toxicities have been reported to be more prevalent in the elderly compared to younger patients.®?
Similar studies were conducted to analyze immune-related adverse events (irAEs), the toxicities caused by immune
checkpoint inhibitors. They can affect nearly all organ systems, and while most of them manifest within the first 4
months of treatment, others show up later during the course of treatment.®®> ®> The incidence of fatal toxicities is observed
to occur more frequently in elderly patients.®® Moreover, studies suggest that the ability of older patients to recover from
the adverse effects of immunotherapy is less compared to the younger population, though the incidence of many of these
events is fairly similar across all age groups.'* Another retrospective study conducted by Sattar et al which includes 23
patients aged >75 years also showed no statistically significant increase in irAEs as age advances.”

Conclusion

Immunotherapies are widely regarded as a promising development in oncology with the potential to alter the
landscape of cancer care in the coming years. Enhanced clinical benefits along with better tolerability
associated with immunotherapies make it an attractive alternative to conventional chemotherapeutic drugs,
especially in elderly patients. Even though the geriatric population account for more than 50% of the total
cancer patient population, their representation in landmark trials of these clinical agents continues to remain
minimal. Additionally, while immunosenescence and co-existing comorbidities make the elderly functionally
distinct from the younger population, there is currently a limited number of studies assessing the clinical
outcomes of immunotherapies, particularly in the elderly. As noted in our review, many of these studies report
no significant difference in the clinical efficacy and toxic events between the elderly and their younger
counterparts. Recent findings suggest comparable outcomes for elderly patients with good functional status,
yet knowledge gaps persist on the impact of immunosenescence, comorbidities, and declining health. Despite
this, comprehensive data on hospitalization, health resource use, patient-reported outcomes, cost-effectiveness,
and functional outcomes for older adults receiving immunotherapies remain lacking. Future research should
explore the role of immunosenescence in these outcomes, how to incorporate it into the geriatric assessment
framework, and leverage these insights to guide the development of prospective studies for older adults with
cancer undergoing immunotherapy.
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