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Abstract

The outcomes of older adults with cancer are still dismal despite some progress within the last years. This is mainly due to comorbidities,
overall frailty, and differences in disease biology. The better understanding of tumor biclogy and immunology has enabled the use of
targeted therapies and immunotherapies that are potentially better tolerated than traditional chemotherapies. Several randomized trials
were recently published that demonstrated a benefit of integrated onco-geriatric care including geriatric interventions on treatment-related
toxicities and quality of life during cancer treatment of older adults. Furthermore, other pivotal trials adapted treatment intensities based on
frailty. Despite these efforts, older and frail adults are still underrepresented in clinical trials. This leads to a major lack of an evidence-based
standard of care in geriatric oncology. In this narrative review, we discuss pivotal trials, practical implications, under- and overtreatment,
altered pharmacokinetics at older age, and future perspectives for geriatric oncology.
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1. Introduction

The care for older adults with cancer often brings additional challenges, compared to younger patients and outcomes are usually
inferior. This is mostly due to comorbidities, general frailty!'], and probably differences in disease biology”l. Much progress has been
made in prediction of treatment-related toxicities und assessment of vulnerabilities within in the last two decadesl’l. This enabled the
introduction of geriatric interventions into cancer treatment concepts and the first seminal works on active modification of
treatment intensities based on vulnerabilities!*°l. Furthermore, several targeted anti-neoplastic drugs were introduced within the last
years, which are potentially better tolerated than traditional chemotherapies. Despite this, we are still far from an evidence-based
standard of care in geriatric oncology, particularly in the case of very frail patients. As we learned to implement disease-specific
characteristics to tailor targeted therapies, we probably need to learn about adjustments in accordance to other personalized factors,
such as specific comorbidities, or body composition. In this narrative review, we summarize key concepts of toxicity prediction,
impact of geriatric impairments, integration of geriatric interventions, altered pharmacokinetics at older age, immune-senescence,
and key studies in geriatric oncology with a specific focus on potential future research questions.

2. Detection of Vulnerabilities and Their Impact on Treatment Tolerability

In this section, we summarize tools that predict treatment-related toxicities based on geriatric impairments, and trials that aimed at
reducing toxicities by geriatric interventions. For the purpose of this review, we define geriatric assessment (GA) as the evaluation of
geriatric impairments, and comprehensive geriatric assessment (CGA) as GA followed by initiation of geriatric interventions, based on
the diagnosed deficits.

2.1 Geriatric screening tools

A GA is usually considered as time-consuming. Not all older adults have geriatric impairments. Thus, the use of geriatric screening
(GS) tools is recommended by the American Society of Oncology!’l, the National Comprehensive Cancer Network!®), and the
International Society of Geriatric Oncology!! for selection of patients who potentially benefit from a comprehensive geriatric
assessment and those, on the other hand, that are unlikely to have further deficits. The most commonly used tools are the Geriatric 8
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(G8) and vulnerable elderly survey-13 (VES-13) questionnaires!'’. The G8 was developed specifically for cancer patients and contains
eight questions on nutrition, weight loss, body mass index, mobility, psychosocial issues, self-rated health, age, and polypharmacy!!!l.
The completion of the questionnaire takes less than five minutes and a score of < 14/17 points indicates a high risk for geriatric
impairments!'?). The G8 was demonstrated to be associated with functional declinel!?), chemotherapy-associated toxicities!'?l, and
overall survivall!?l. Recently, a G8 score < 14 was used as one of the inclusion criteria within the Effect of geriatric intervention in
frail older patients receiving chemotherapy for colorectal cancer (GERICO) triall'!], providing now new evidence from a randomized
phase 3 trial for the sequential approach to perform a CGA based on a GS.

The VES-13 was validated for prediction of functional decline in older adults within the community setting, set with a score of = 3[1°],
In cancer patients, VES-13 can predict chemotherapy-associated toxicities!'?. In comparison to G8, VES-13 has a stronger focus on
functional capacities. Thus, both tools together increase sensitivity and specificity!'®l.

The use of screening tools gives valuable information but does not replace an appropriate assessment of relevant comorbidities and a
CGA as geriatric interventions cannot be initiated based on GS.

2.2 Prediction tools for chemotherapy-related toxicities

Two easy-to-use tools for prediction of chemotherapy-related toxicities are available, namely the Cancer and Aging Research Group
(CARG) and the Chemotherapy Risk Assessment Scale for High Age (CRASH) score. The CARG score was validated to estimate the
occurrence of any chemotherapy-related toxicity Common Terminology Criteria for Adverse Events (CTCAE) I1I-V utropenia CTCAE =
III occurred in 30% of HMA/VEN group compared to 10% in cancer patients = 65 years. This score includes assessment of age, cancer
entity, mono- versus polychemotherapy, planned dose reductions for the first cycle, hemoglobin, creatinine clearance, hearing
impairments, falls, required assistance with medication intake, walking ability, and social activities!!’-!5l.

The CRASH score was validated in cancer patients =70 years to predict CTCAE III-IV non-hematological and CTCAE IV hematological
toxicities. It includes instrumental activities of daily living, ECOG performance status, Mini Mental State Examination, Mini Nutritional
Assessment, diastolic blood pressure, elevated lactate dehydrogenase, and intensity of intended chemotherapy!'’l.

Both scores were developed before the introduction of immune-checkpoint inhibitors and the frequent use of small molecule
targeted therapies. Data on their predictive ability in patients receiving those therapies are lacking.

Although both scores are widely used to aid clinical decision making on treatment intensity!?>’}, studies that uses their prediction to
guide treatment decisions on different chemotherapy intensities are scarce and not completed yet. With great expectations, results of
the DURATION trial (NCT03345810) can be awaited: In this randomised phase 2 trial, older patients with non-small cell lung cancer are
allocated to receive mono- or doublet chemotherapy based on their CARG score, followed by either four cycles or two cycles of
chemotherapy and subsequent treatment with the programmed death-ligand 1 (PD-L1) inhibitor durvalumab. As primary endpoint,
treatment-related toxicities are assessed?!l.

Prediction of chemotherapy-related toxicities and GS tools share many similar aspects but cannot be replaced by each other. To
avoid patient fatigue and inefficient use of health-care resources, we suggest to use GS tools with the clear aim to select patients who
likely profit from a CGA and tools for prediction of chemotherapy-related toxicities in case a conventional chemotherapy is planned
(e.g., for discussion of potential higher-grade toxicities during shared decision making).

2.3 Comprehensive geriatric assessment and its impact on treatment-related toxicities

Several clinical trials included a GA to characterize the patient population and/or for prognostication!?>23, Despite this, the impact of
geriatric interventions as indicated by a GA were only recently evaluated: Six randomized clinical trials on implementation of such a
CGA into treatment of geriatric cancer patients have been published within the last three years. Of those, four reached their primary
endpoint. As these trials have been practice-changing, they are summarized in Table 1 and a selection is further described here in
greater detail. Although the trials assessed mostly the same standard domains of a GA, such as functional status, cognition, nutrition,
comorbidities, psychosocial status, and quality of life, instruments of the assessments differed depending on established local
structures and preferences (Table 1).

2.4 The GAIN study

The geriatric assessment-driven intervention (GAIN-) study included patients = 65 years with a variety of solid cancers of all stages
starting a new chemotherapy®.. All patients underwent a GA at randomization. In the intervention arm (GAIN), a multidisciplinary
team consisting of an oncologist, nurse practitioner, pharmacist, physical therapist, occupational therapist, social worker and
nutritionist, designed an intervention plan and initiated appropriate referrals based on the GA. In the standard-of-care arm (SOC), the
treating oncologists only received the GA results for information purposes. Chemotherapy-related toxicities CTCAE III-V were
significantly reduced in GAIN vs SOC arm (50.5% vs. 60.6%; absolute reduction: 10.1%, 95% CI, -1.5 to -18.2%; P = 0.02). Thus, the study
reached its primary endpoint.
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Table 1. Randomized trials that assess the impact of geriatric interventions in cancer patients.
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Study

GAP-7014]

GAINP!

GERICO!'4

NCT02359838[%4

INTEGERATEL®]

5Ct)

Design

Patients (age,
cancer entities,
intended

treatment)

Intervention(s)

Primary

endpoint

Primary

outcome

Primary
endpoint

reached?

Secondary

endpoints

Cluster-
randomized trial,

multi-center

>70vy,
lymphoma/solid
cancer with
palliative
treatment intent, >

1 geriatric deficit

IA: oncologist
received
recommendations
for GIN SOCA:

standard

TRT CTCAE=3

Relative risk
reduction for
TRT=0.74 (95% (I,
0.64-0.84, P =
0.0001)

YES

Dose reductions in
c1, RDI (3 months),
6m-/ 12m-0S, risk

of falls

RCT, single-center

> 65y, solid cancer

(all stages)

TA: multidisciplinary
CGA was included
into treatment
concept SOCA: GA
results sent to
oncologist for

consideration

TRT CTCAE=3

Absolute reduction
of TRT=10.1% in
GAIN vs. SOCA (95%
Cl,-1.5t0 -18.2%; P
=0.02)

YES

Advance directive
completion, health
care use,
chemotherapy dose

modifications

RCT, bicentric

> 70y, adjuvant
or first-line
palliative
chemotherapy
for CRC, G8 < 14

IA: CGA-based
GINSOCA:
standard care

without GA

Chemotherapy
completion
without dose
reductions or

delays

Higher
chemotherapy
completion rates
in IA: 45% vs.
SOCA: 28%, P =
0.0366

YES

TRT, OS, QoL

RCT, single center RCT, multicentre,

>75Yy,
hematological

neoplasia, first

visit at center,

transplant-

ineligible,

treatment

intended

[A: geriatric
consultation, GIN
as indicatedSOCA:
standard care
without CGA

One-year OS

No significant
difference in OS
(difference: 2.9%,
95% CI, -9.5% to
15.2%, P=0.65)

NO

Unplanned health
care utilization
within 6 months,
documented end-
of-life goals-of-

care discussions

open-label

> 70y, solid

cancer or DLBCL,

planned for

chemotherapy,

targeted therapy,

or

immunotherapy

IA: CGA
integrated into
oncology care,
including
GINSOCA:
standard care
without GA

Changes in QoL
over 24 weeks,

assessed using

ELFI

Better ELFI
change scores
(largest effect at
18 weeks: mean
difference in
change 9.8; 95%
Cl,24-17.2,P=
0.010, corrected
P =0.030, effect
size = 0.48)

YES

Unplanned
hospital

admissions, OS

RCT, multicenter, single-blind

> 70y, solid cancer, myeloma
or DLBCL, planned for first-
/second-line chemotherapy,

immunotherapy or targeted

therapy, ECOG 0-2

IA: CGA integrated into
oncology careSOCA:

standard care without GA

Changes in QoL assessed by

EORTC-QLQ-C30

global QOL of 4.4 points

(95% CI, 0.9-8.0]) favoring

SOCA, primary endpoint
failed

NO

functional status, toxicities
CTCAE III-V°, health care use;

cancer treatment plan

modification; OS
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Secondary

outcomes

Comments

IA: more dose
reduction at cT,
lower RD], equal
6m-/12m-0S,

lower risk for falls

absolute increase in
advance directive
completion (GAIN:
28.4% vs. SOCA:
13.3%, P<0.001; no
significant
differences in health
care utilization,
chemotherapy dose
modifications, and
(ON)

Included elements of the geriatric assessment

Functional

status

Cognition

Nutrition

Comorbidities

Psychological
Status

Social
Functioning

and Support

ADL, IADL, History
of falls, OARS
Physical Health,
TUG, SPPB

Blessed OMC,Mini-
COG

BMI, MNA,
reported weigh

loss

OARS Comorbidity

GAD-7, GDS

OARS Medical
Social Support

KPSTUGIADLMOS
physical
functioningNumber
of falls in last 6

months

Blessed Orientation-
Memory-

Concentration

BMI, percent
unintentional weight

loss

OARS Physical Health

Sub-scale

Mental Health
Inventory,
Depression and

Anxiety questions

MOS Social Activity
Limitation:MOS
Social Support

Less toxicities in
1A (28% vs. 39%
in SOCA, P =
0.156), decreased
burden of illness
(P=0.048) and
improved
mobility (P =
0.008)in IA, no
difference in OS.

Effect of CGA
mainly in patients
with G8 score <
11 (OR 3.76, 95%
Cl, 1.19-13.45).

ADL, IADL;Gait
speed
10m;Handgrip
assessed with the
Jamar

Dynamometer

MMSE

MNA

Medicalrecord

review

GDS

Unstructured

assessment

No difference in

health care OS; fewer
utilization; unplanned
significantly more hospital

end-of-life
discussion (OR =
3.12,95% (I,

1.03-9.41) adjusted

incidence rate
ratio 0.60 [95%
C10.42-0.87]; P=

0.0066)

Patients with
indolent and
aggressive
neoplasia
included; very few

received newer

agents

1IP ECOG, KPSADL,
IADLTUG

1P -

1P MNA

1P Ccl

1IP PHQ-9, GAD-6

1P Unstructured
assessment

No difference in

admissions at 24
weeks in IA

(multivariable-

No difference in OS, change
in treatment plan, unplanned
hospitalization/emergency
department visits, and
treatment toxicity between

groups

GA was mostly performed on
day of treatment start, thus,
treatment plans were rarely
changed as a result of the
GA. > 50% of participants
were treated with curative
intent and ~1/3 had a G8
score >15 points. Thus, the
trial might have missed the
population who benefits

most.

ADL, IADL, Grip strength,
SPPB, self-reported falls,
ECOG

Mini-COG

Weight and appetite, serum

albumin level

ca

PHQ-9

Unstructured assessment
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Subscale
Spiritual Well- - Duke Spiritual Scale - 1P - -
Being
QoL - FACT-G EORTC-QLQ- C30; IIP EORTC-QLQ-C30, EORTC-QLQ-C30
EORTC-QLQ- EORTC-QLQ-
ELD14 ELD14
Polypharmacy unstructured - Assessment of  IIP Unstructured Brown bag medication
medication list assessment review
based
ONSTART/STOPP
criteria

ADL: activities of daily living; BMI: body mass index; CCIL: charlson comorbidity index; CI: confidence interval; CRC: colorectal cancer; DLBCL: diffuse large B-cell lymphoma;
ECOG: Eastern Cooperative Oncology Group performance status; ELFI: elderly functional index; EORTC-QLQ-C30: European Organisation for the Research and Treatment of
Cancer QOL core version 30 items questionnaire; EORTC-QLQ-ELD14: European Organisation for the Research and Treatment of Cancer QOL Elderly 14 Questionnaire;
FACT-G: the functional assessment of cancer therapy-general; GAD-6: generalized anxiety disorder scale-6; GDS: geriatric depression scale; G8: geriatric 8 questionnaire;
GIN: geriatric intervention; IA: intervention arm; IADL: instrumental activities of daily living; IIP: insufficient information provided; KPS: karnofsky performance status; m:
months; MMSI: minimal mental state examination; MNA: minimal nutrition assessment; MOS: medical outcomes study; OR: odds ratio; OS: overall survival; PHQ-9: patient
health questionnaire-9; RDI: relative dose reductions; SOC: standard-of-care arm; SPPB: short physical performance battery; TRT: treatment-related toxicities; TUG: timed up
and go test.

2.5 The GAP70+ study

The cluster-randomized GAP-70+ triall included patients = 70 years with lymphoma or metastasized solid cancers and at least one
geriatric impairment starting a new chemotherapy.

All patients received a GA. In the intervention arm, oncologists received the GA results together with recommendations for
interventions. In the SOC arm, oncologists received GA results without recommendations. The primary endpoint,
chemotherapy-related toxicities CTCAE III-IV were significantly reduced in the intervention arm, compared with SOC (51% vs. 71%,
relative risk reduction 0.74; 95% CI, 0.64 to 0.84, P = 0.0001). In addition, frequency of falls and polypharmacy was also reduced in the
intervention arm. The overall survival after one year was similar in both groups.

2.6 The NCT02359838 - study

The NCT02359838—study evaluated a geriatric consultation model for transplant-ineligible patients =75 years with hematological
malignancies. Patients classified as frail or pre-frail were randomized to receive the standard-of-care treatment with or without a
geriatric consultation. Geriatric interventions were initiated after the geriatric consultation as indicated. The primary endpoint, the
one-year OS, was not significantly different (difference: 2.9%; 95% CI, -9.5% to 15.2%, P = 0.65). In addition, the frequency of emergency
department visits, hospital admissions, or days in hospital were also not significantly different in both arms. A geriatric consultation
favoured end-of-life goals-of-care discussions (OR = 3.12, 95% CI, 1.03 to 9.41)%,

The discussed trials used different models of onco-geriatric co-management, such as integration of a full multidisciplinary team into
the oncology service, an externally provided CGA for further use by the oncologist, or a geriatric consultation service that initiated
referrals based on GA deficits. Thus, the choice of the onco-geriatric care model can now be adapted to the local situation.

None of the six trials demonstrated a superior overall survival for the respective geriatric intervention arms compared to
standard-of-care. This is not surprising as the patient populations included many patients with advanced cancers and were very
heterogenous.

4/6 trials (Table 1) assessed treatment-related toxicities as outcome. In three out of these four trials, a significant reduction of
treatment-related toxicities was observed. The Canadian 5C trial was the only trial that did not demonstrate such a benefit. Of note,
the 5C trial allowed performance of the GA as late as on the day of treatment commencement. Therefore, a change in treatment plans,
including dose reductions during the first cycle, was not performed based on the GA results and could explain the failure of this trial.
In comparison, in GAP70+ trial, a higher percentage of patients received monotherapies and/or dose reductions of the first treatment
cycle based on GA results. In addition, GAP70+ trial included only patients with at least one documented GA deficit, the GERICO trial
included patients only with a positive GS (G8 score < 14) and demonstrated the largest benefit for patients with a G8 score < 11
points. In the C5 trial, more than one third of patients had a G8 score above 15 points and were most likely not frail. Thus, patients
who profit most from interventions might have been underrepresented in this trial, potentially further diluting the effect of the
geriatric interventions.
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The second trial that did not meet its primary endpoint was the NCT02359838—study. It included a very heterogenous population of
indolent and aggressive hematological malignancies. During the recruitment period, several combination therapies, such as
hypomethylating agents with venetoclax for treatment of acute myeloid leukemia, or daratumumab in combination with
dexamethasone and lenalidomide for multiple myeloma, were not yet available. Because outcomes of aggressive hematological
malignancies are predominantly determined by disease control, failure of the primary endpoint ‘overall survival’ might be difficult to
modify by geriatric interventions if the disease itself is not controlled. In addition, only 80% of patients within the intervention arm
received a geriatric consultation as intended. This might have further biased the results.

In conclusion, based on these randomized controlled trials, the onco-geriatric approach is backed by strong evidence and should be
included in the routine cancer care of older adults as well as in clinical trials. Within the next years, it will be a major challenge to
integrate CGAs consequently into routine clinical care, to generate adequate human resources to perform this additional effort, and
to ensure reimbursement policies.

3. Impact of Distinct Impaired GA Domains: Sarcopenia

Distinct impairments of single GA domains might predict specific toxicities and vulnerabilities. Here, we focus on sarcopenia as it has
several implications for geriatric interventions, as well as in its consequence as metabolic disturbance. According to the European
Working Group on Sarcopenia in Older People 2, sarcopenia is defined as low muscle strength combined with low muscle quantity or
quality. It is classified as severe if physical performance is impaired in addition[?®.. Sarcopenia is related to many unfavourable health
outcomes, such as an increased risk of falls, loss of independence, and death!?>°l. In cancer patients, sarcopenia can exist as part of
cancer cachexia, or independently, and has been described as adverse factor leading to increased treatment-related toxicities, or
surgery-associated complications!*7.

In clinical practice, the 5-item strength, assistance walking, rise from a chair, climb stairs, and falls (SARC-F) questionnaire is
recommended as screening tool to exclude people at high risk for adverse sarcopenia-related functional outcomes!?>*?%l, In addition to
the patient-rated tool, a proxy-reported version of the questionnaire is now available in case the patient cannot answer the questions
due to acute severe illness!?’). For diagnosis of sarcopenia, at least the measurement of muscle strength by hand grip strength and/or
chair rise test and assessment of muscle mass by magnetic resonance imaging or computed tomography as gold standards are
recommended[?®l. Alternatives for the quantification of muscle mass are dual-energy X-ray absorptiometry, or bioelectrical
impedance analysisl?l. Once the diagnosis is set, treatment options besides physical exercisel*>-3! are limited and controversially
discussed®!l. In the oncological setting, a diagnosis of sarcopenia gives valuable information on putative treatment tolerability!?>-3°]
and carries the potential for prehabilitation[3¢-3l,

Muscles are nowadays increasingly recognized as a metabolic compartment!*°. Thus, the impact of sarcopenia on health-related
outcomes might have further impact besides its role in physical impairments: Differences in body composition might interfere with
pharmacokinetic parameters, such as distribution, metabolism, and clearance of several drugs. Most chemotherapies are dosed based
on body surface area (BSA) due to historical reason rather than solid evidence. Firstly, BSA poorly correlates with pharmacokinetic
parameters of cytotoxic drugs!‘l. Secondly, dosing based on BSA reduces inter-patient variability in only 15% of those drugs!*!! which
is reviewed inl*?l. Besides the growing body of evidence indicating that sarcopenia predisposes to increased treatment-related
toxicities, only few data on modelling of pharmacokinetics in dependence of muscle mass exist!*>*l, Especially in vulnerable older
adults, dosing of chemotherapies based on body composition/sarcopenia could provide an innovative approach!*! and should be
further evaluated in clinical trials.

4. Pharmacological Changes in Older Adults with Potential Impact on Treatment Tolerability

Pharmacokinetics in older adults can vary significantly, when compared with younger adults due to organ aging, decreased gastric
mobility and splanchnic blood flow, or body composition (as described above)*?l. Further, cachexia- or frailty-related
hypalbuminemia can influence clearance, peak concentrations, and metabolism of mainly protein-bound substances; changes in
cytochrome p450 function can also impact drug metabolism!*?l. The impact of these factors on treatment tolerability and efficacy are
poorly understood and rarely assessed in clinical trials. As pharmacokinetic measures often require extensive effort and frequent
(blood/urine) sample collections, its assessment might be hampered especially in frail patients. Despite that, implementation of
personalized pharmacokinetics into drug dosing could potentially reduce toxicity and increase efficacy; thereby, studies that assess
these questions are highly desired.

5. Less Can be More: Practice-changing Trials for Frailty-adapted Changes in Treatment Intensity

In the GAP70+ trial, which is described in greater detail above, the likelihood to receive the first cycle of chemotherapy at a reduced
dose was significantly higher in the intervention arm (adjusted relative risk (RR) =1.38; 95% CI, 1.06-1.78, P = 0.015). This continued and
more patients received monotherapies than combination therapies (interventions arm vs. standard arm: 23% vs. 18%) which resulted
in an overall reduced dose intensity without impact on overall survival. In conclusion, this suggests that the balance between
treatment efficacy and tolerability is one of the key factors in frail patients.
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A key example for the profound effect of dose adjustments is the large phase 3 GO2 trial. This trial evaluated the non-inferiority of
dose adjustments in patients with advanced gastroesophageal cancer who were considered as unfit to receive standard triplet
therapy (epirubicine, oxaliplatin, and capecitabine, EOC) by their treating physician!‘°l. GA was performed before randomization
although the results were not further communicated to the treating oncologist. Notably, even the 100% dose arm represented a dose
modification from the treatment standard, consisting of only two of the three standard drugs (EOC). Patients were randomized to
receive 60%, 80%, or 100% dose of oxaliplatin and capecitabine. Patients were offered a second randomization between 60% dose
intensity compared with best supportive care if the latter was considered in general. The median age was 76 years (range: 56-96
years) and 58% were defined as severely frail. Non-inferiority was set as less than 34 days reduction in progression-free survival (PFS).
Of note, this boundary was chosen by a forum of physicians together with patients. The key findings were as follows:

« Dose reductions were not related to an inferior PFS (80% vs. 100%: HR (PFS) = 1.09 [95% CI, 0.89-1.34]; 60% vs. 100%: HR (PFS) = 1.10 [95%
CI, 0.90-1.34]).

» Overall treatment utility was non-significantly better for the lowest dose intensity (60%), even in younger and less frail patients
without loss of disease response (100% vs. 60%: HR = 0.63 [90% CI, 0.36-1.11])*°l,

Thus, the GO2 trial demonstrated again that a more tentative treatment approach can compensate for frailty without loss of disease
control.

Besides its importance, the GO2 trial has some caveats: Patients were included if they were deemed unfit for triplet therapy based on
the clinical judgment of their treating oncologist. In comparison, the GERICO trial included patients based on a positive geriatric
screening (G8 score < 14)l*7l. Despite the important role of clinical judgment that should not be underestimated, the trial inclusion
was less well-defined impeding its transfer to different settings.

6. Less is Not Always More: Lessons Learnt from Randomized Trials

Especially the intensive treatment approaches for aggressive hematological malignancies are often hardly tolerated by older adults
due to the high treatment-associated morbidity and mortality!-**-5°], For many diseases, such as acute myeloid leukemia (AML), this
led to a rigorous down-scaling of treatment intensity with improved treatment tolerability at the expense of a worse disease control.
Among these options for AML are low-dose cytarabine containing regimens®!l or hypomethylating agents>2l. With the advent of
several targeted drugs, this treatment paradigm was recently challenged. In this section, we will discuss three scenarios in which
intensified treatment approaches are not only beneficial for disease control but several patient-reported outcomes.

In the treatment of AML in older adults, hypomethylating agents (HMAs) were demonstrated to have similar outcomes as intensive
induction chemotherapy: In a large pooled European registry data analysis that included > 3,000 patients above the age of 70 years,
no significant difference in median overall survival (mOS) was demonstrated between the treatment groups!®’, but patients who
survived the first four months had a better long-term survival when receiving an intensive chemotherapy>?l. In addition, the use of
HMAs was further justified by data that demonstrated more time spend home when being treated with HMAs in comparison to
intensive chemotherapy approachesl>!l. Despite this, the mOS with HMAs as monotherapy is usually less than one year!®?. This
situation has changed with the addition of the B-cell lymphoma 2 (BCL-2) inhibitor venetoclax: The combination of HMAs with
venetoclax (VEN) showed a superior mOS in comparison to HMAs alone in the randomized phase 3 “VIALE-A” trial (14.7 months for
HMA/VEN and 9.6 months for HMA alone, HR for death, 0.66; 95% CI, 0.52 to 0.85; P < 0.001)l°°1, As expected, adverse events were more
frequent in the HMA/VEN arm than with HMA alone, e.g. febrile neutropenia CTCAE = III occurred in 30% of HMA/VEN group
compared to 10% in the HMA alone groupl>>l. Despite the higher treatment intensity and the frequent adverse events, a combined
analysis of the VIALE-A and VIALE-C trial, that evaluated low-dose cytarabine in combination with VEN, revealed a longer time to
deterioration in quality of life (QoL) as assessed with EORTC QLQ-C30 global health status (GHS/QoL) and physical functioning, PROMIS
Cancer Fatigue Short Form 7a (Fatigue), and EQ-5D-5L health status visual analogue scale (HS-VAS) as compared with HMA or LDAC
monotherapyl>°l,

The AGILE trial, another important phase 3 trial in older patients with AML, evaluated the combination of HMAs with the isocitrate
dehydrogenase (IDH-)-1-inhibitor ivosidenib (IVO) in comparison to HMAs alone. Again, a superiority with regard to mOS could be
demonstrated for the combination of HMA/IVO (mOS 24.0 months; hazard ratio for death, 0.44; 95% CI, 0.27 to 0.73; P = 0.001) in
comparison to HMA alone (mOS 7.9 months)®7l. In addition, QoL assessment also favored AZA/IVO over AZA monotherapy in all
subscales of EORTC QLQ-C30 questionnairel>7.

Another change in treatment paradigms is the intensification of frontline treatment in older patients with multiple myeloma
ineligible for autologous stem-cell transplantation. The addition of daratumumab to lenalidomide and dexamethasone (D-Rd) in
comparison to lenalidomide and dexamethasone (Rd) alone in the MAIA trial improved the PFS at 30 months (70.6 (D-Rd) vs. 55.6% (Rd);
HR for disease progression or death, 0.56; 95% CI, 0.43 to 0.73; P < 0.001)[81. A subgroup analysis of this trial compared frail patients as
defined by age, Charlson comorbidity index, and baseline ECOG score, with non-frail patients. It revealed a better PFS in non-frail
patients in comparison to frail patients, but the benefit of daratumumab addition was maintained in the subgroup of frail patients
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(PFS not reached (D-Rd) vs. 30.4 months (Rd); HR, 0.62; 95% CI, 0.45-0.85; P = 0.003)[°>°1. Only the subgroup of frail patients with
International Staging System (ISS) stage III disease did not benefit from daratumumab addition. Of note, although treatment
discontinuation rates were highest in the frail subgroup, which likely explains the inferior PFS in comparison to non-frail patients,
discontinuation rates were lower in the D-Rd arm in comparison to Rd. This further demonstrates that a treatment intensification is
not related to worse tolerability per se. Qol was assessed by EORTC QLQ-C30 questionnaire and underlined the benefit of
daratumumab addition as scores were consistently higher in the D-Rd group independently of age or ECOG scores. The same benefit
was observed for the pain reduction as early as cycle 3 (P = 0.0007)[°%,

These examples clearly demonstrate that a treatment intensification, especially if this leads to an improved disease control, can
indeed provide survival benefits without a negative impact on QoL. Risks and benefits should be balanced with great caution
depending on patient’s status, geriatric impairments, the type and biology of the underlying cancer diagnosis, and treatment options.

7. Just Another Way? Cancer Immunotherapies in Older Adults

The introduction of therapies that modify the hosts’ responses against tumors, such as immune-checkpoint inhibitors (ICI) or
chimeric antigen receptor T cell therapy (CART), have added another promising treatment principle into cancer therapies.
Programmed cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) ICI have been shown to be
well-tolerated in older adults, while retaining clinical benefit in various solid cancers!®!l as well as Hodgkin’s lymphomal®?. Other
checkpoint inhibitors such as lymphocyte-activation gene 3 (LAG-3) inhibitors are emerging and seem to be equally efficacious and
tolerable in older adults in the setting of advanced cutaneous melanomal®’l. Several bispecific antibodies hold the promise of
substituting potentially more toxic chemotherapeutics and are under evaluation(®!], while others such as mosunetuzumab, or
blinatumomab have already been approved in follicular lymphoma and B acute lymphoblastic leukaemia (B-ALL), respectively.
Antibody-drug conjugates could potentially reduce toxicity through targeted drug deliveryl®. Several agents are already established
in the relapse setting (enfortumab vedotin-urothelial cancer, inotuzumab-ozogamicin-B-ALL, and trastuzumab deruxtecan-breast
cancer) while others have already found their way into first line treatment (brentuximab vedotin-Hodgkin’s lymphoma, polatuzumab
vedotin-DLBCL)!*°l. Additionally, in the last few years, the immunologic armamentarium in both immature and mature B cell
malignancies has been revolutionized with the use of CART. Real world evidence from older adults with DLBCL treated with CART
demonstrate that older adults have at least equivalent outcomes as younger patients(°®¢7], For patients with multiple myeloma,
CAR-T-cell therapies show also promising results(®®:°%], In the phase 2 KarMMa study that led to the FDA approval of idecabtagene
vicleucel (ide-cel, ABECMA), 35% were = age 65 and showed similar response and toxicity rates!’>-7l. Of note, in a recent analysis of
4522 patients within the Flatiron Health Electronic Health Record - derived data base revealed a significantly reduced probability to
fulfil the eligibility for CAR-T-cell therapy according to the FDA approval for patients = 70 years!’?. Thus, the excellent results with
CAR-T-cell therapies in older adults might be partially biased by patient selection.

As immune-senescence including, inter alia, T cell anergy, exhaustion, and senescence, is closely related to biological aging!’?l, the
question arises whether this affects the treatment efficacy of immunotherapies. Prediction of ICI efficacy is still at an early stagel’*]
but many features related to immune-senescence are of potential impact!’?l. For example, T cell senescence was demonstrated to
correlate with inferior treatment response towards ICI in a small pilot trial of melanoma patients!’>! which is in line with recent data
in advanced NSCLCUL,

Another phenomenon with potential impact on immunotherapies is clonal hematopoiesis of indeterminate potential (CHIP) which
refers to the presence of a hematopoietic clone with a common leukemia driver mutation without an underlying hematopoietic
diseasel’’l. As CHIP results in a proinflammatory state, an influence of CHIP-positive tumor-infiltrating lymphocytes on the tumor
microenvironment is reasonable. Specific CHIP-mutations, such as mutations in DNA-damage-response genes like TP53, confer to a
survival benefit’®], Such a positive selection bias could potentially impact survival of CART cells, but no solid data on these questions
are available so far.

Advances in this field may improve our understanding of immune therapies and inform treatment decisions in future.

8. Underrepresentation of Older Adults in Clinical Trials

Clinical trials that establish the SOC for the treatment of cancer often exclude older adults based on their age, or comorbidities!’].
Although real-world data can provide valuable evidence, the ultimate goal to improve evidence-based medicine in the field of
geriatric oncology is to provide evidence from randomized controlled trials. In a recent survey among National Cancer Institute (NCI)
Community Oncology Research Program members, comorbidity-attributed trial ineligibility, concern about potential toxicities,
decline of patients or family caregivers to participate, and the general lack of trials that are relevant to older patients were identified
as potential barriers towards trial inclusion for older adults!®’l. Based thereon, the NCI has published recommendations on trial design
for older adults with cancer®!l. The strict incorporation of GA elements was recommended. Furthermore, several strategies to
facilitate enrolment of older adults into clinical trials were suggested. For randomized trials, the SOC arm might be treated with other
treatment intensities as in younger adults; in such cases, the design of a trial that includes only older adults might be superior. The
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inclusion of a parallel cohort of only older adults can be useful to evaluate safety and feasibility and allows for a separate design in
comparison to the regular study design. Another approach is a stratified randomization approach, e.g., a stratification for age and
fitness to minimize imbalances of crucial factors between study arms. Moreover, broad eligibility criteria, the involvement of
community hospitals, and intervention delivery or follow-up requirements that do not differ fundamentally from routine patient care
were recommended®'],

9. Conclusions: Expectations and Demands for Future Trials in Geriatric Oncology

Much progress has been made in prediction of toxicities and reduction of those by geriatric interventions in older adults. Despite this,
treatment tolerability and outcomes remain inferior compared to younger patients. Selected trials, as described above, have started
to tailor treatment intensity and chemotherapy dosing based on toxicity prediction and geriatric assessments.

Personalized treatment approaches based on mutational profiling were established in the last decade for several cancer entities, such
as non-small lung cancer or colorectal cancer which has revolutionized cancer therapy. In addition, the impact of the host is
increasingly recognized as important, especially for immunotherapies. Deciphering the impact of early use of targeted therapies and
immunotherapies in older adults is highly desired.

In conclusion, the importance of “staging the aging” is widely recognized; despite that, the integration of translational aspects of
aging and cancer biology into treatment and study concepts for older patients in addition to functional capacities is currently
underrepresented. We probably need to recognize and integrate multiple layers of personalized therapy modifications, including
patient preferences!®’! as a fully holistic approach. To better understand and integrate patient preferences, novel endpoints need to
be established that represent such preferences. Most likely, such a process needs to be guided by older patient representatives who
support the process to develop provider- versus patient-relevant endpoints. The four major columns of such an approach and their
interplay are depicted in Figure 1. Trials in geriatric oncology should aim at integration of all these aspects.

Cancer-intrinsic Adapted pharma- Patient-intrinsic Patient
[j properties cokinetics properties 1“P | preferenceS@ >
Body composition: Gﬁ:atar:t: g:rt;';iath Curative potential
Mutational profiling of sarcopenia, changes : legibili = versus treatment
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Adaptation of drug dosing Adaptation of immunotherapies

@)

Figure 1. Integration of multiple layers of personalized cancer treatment at older age in future. These four major columns each represent an important field that should be
integrated in future design of trials for older adults with cancer. As these fields require a broad range of diverse skills and specialities, multidisciplinary clinical and

translational teams are needed. Created in Biorender.
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