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Introduction: More older adults die from lung cancer worldwide than breast, prostate,
and colorectal cancers combined. Current lung cancer treatments may prolong life, but
can also cause considerable treatment-related toxicity.

Objective: This study is a secondary analysis of a cluster-randomized clinical trial which
evaluated whether providing a geriatric assessment (GA) summary and GA-guided
management recommendations can improve grade 3-5 toxicity among older adults
with advanced lung cancer.

Methods: We analyzed participants aged ≥70 years(y) with stage III & IV (advanced) lung
cancer and ≥1 GA domain impairment starting a new cancer treatment with high-risk of
toxicity within the National Cancer Institute’s Community Oncology Research Program.
Community practices were randomized to the intervention arm (oncologists received GA
summary & recommendations) versus usual care (UC: no summary or recommendations
given). The primary outcome was grade 3-5 toxicity through 3 months post-treatment
initiation. Secondary outcomes included 6-month (mo) and 1-year overall survival (OS),
treatment modifications, and unplanned hospitalizations. Outcomes were analyzed using
generalized linear mixed and Cox proportional hazards models with practice site as a
random effect. Trial Registration: NCT02054741.

Results & Conclusion: Among 180 participants with advanced lung cancer, the mean
age was 76.3y (SD 5.1), 39.4% were female and 82.2% had stage IV disease. The
proportion of patients who experienced grade 3-5 toxicity was significantly lower in the
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intervention arm vs UC (53.1% vs 71.6%, P=0.01). More participants in the intervention
arm received lower intensity treatment at cycle 1 (56.3% vs 35.3%; P<0.01). Even with a
cycle 1 dose reduction, OS at 6mo and 1 year was not significantly different (adjusted
hazard ratio [HR] intervention vs. UC: 6mo HR=0.90, 95% CI: 0.52-1.57, P=0.72; 1 year
HR=0.89, 95% CI: 0.58-1.36, P=0.57). Frequent toxicity checks, providing education and
counseling materials, and initiating direct communication with the patient’s primary care
physician were among the most common GA-guided management recommendations.
Providing a GA summary and management recommendations can significantly improve
tolerability of cancer treatment among older adults with advanced lung cancer.
Keywords: treatment toxicities, geriatric assessment, lung cancer, older adult, clinical trial
INTRODUCTION

Over 75% of all new non-small cell lung cancer (NSCLC)
diagnoses are among adults ≥65 years of age (1). As lung
cancer is generally a disease of older adults, cancer and aging
research is significant because the population of older adults is
large and growing. By 2030, nearly two-thirds of all cancer
diagnoses will be among older adults (2, 3). More older adults
die from lung cancer worldwide than any other cancer type (1).
In the United States, among adults ≥65 years, 289 men and
women per 100,000 will develop lung cancer (4). However,
clinical trials include almost exclusively younger adults, thereby
limiting external generalizability of clinical results to older adults,
particularly in regard to toxicity and response to novel cancer
drugs (5, 6). With the rapid approval of novel cancer drugs, the
lack of evidence among older adults in pivotal trials continues to
grow (7). A lack of clinical trial evidence perpetuates uncertainty
for clinicians, patients, and families regarding important clinical
outcomes such as treatment-related toxicity among older adults
receiving lung cancer treatment within the community oncology
setting. In addition, clinical trials include the healthiest older
adults with little to no information on older adults with complex
geriatric conditions.

Prior research has demonstrated that older adults with cancer
have a high prevalence of characteristics that are associated with
a greater risk of chemotherapy toxicity (8, 9). A geriatric
assessment (GA) can identify areas of vulnerability (e.g.,
functional impairment, cognitive impairment, polypharmacy)
and thus direct GA-guided management for older adults
receiving cancer treatment (10–13). The GA has great potential
to identify areas of vulnerability and develop recommendations
that could help improve outcomes (e.g., treatment toxicity)
among older adults with cancer (14–16). However, this type of
evaluation is not routinely incorporated into the oncology
clinical evaluation. A critical knowledge gap exists in respect to
whether provision of GA information along with GA-guided
management recommendations to the oncology treatment team
would improve outcomes among older adults with advanced
lung cancer receiving cancer treatment with a high risk
of toxicity.

Balancing the benefits and risks of chemotherapy in the older
adult patient population with advanced cancer is challenging
2

because of the dearth of evidence-based data to guide these
decisions (17, 18). Furthermore, older patients who are treated
with chemotherapy are at high risk for adverse outcomes,
including chemotherapy toxicity and functional and physical
consequences (19–21). In addition, older adults are more
susceptible to toxicity from combination chemotherapy plus
newer immunotherapy or targeted kinase inhibitors (22–25).
In a randomized controlled trial by Corre et al, GA-guided lung
cancer treatment strategies have been shown to lower
symptomatic toxicities and improve other clinical outcomes
among older adults receiving chemotherapy for advanced lung
cancer (26). There was no difference seen in overall survival
between the GA-directed arm versus usual care; yet, 23% of the
patients treated in the GA-directed arm did not receive
chemotherapy. A more recent large cluster-randomized
controlled trial (GAP-70+) demonstrated that GA-guided
management recommendations could decrease the proportion
of older adults who experienced a serious grade 3-5 toxicity from
a new cancer treatment regimen for advanced cancer (>80% had
stage IV disease) (27). A lower proportion of patients in the
intervention arm experienced grade 3-5 toxicity (177/349;
50.7%) than in usual care (263/369; 71.3%); relative risk (RR)
was 0.74 (95% CI: 0.64-0.86; p<0.001) (27). GA-guided
recommendations can focus on managing symptomatic
toxicities from cancer treatment among patients with
functional impairments or can be interventions that are known
to improve outcomes of older adults with geriatric syndromes
(e.g., physical therapy and fall prevention education in patients
who are falling or who are at risk for falling).

The primary goal of this secondary GAP-70+ analysis was to
evaluate whether providing a GA summary and GA-guided
management recommendations could decrease grade 3-5
toxicity specifically among older adults with advanced
lung cancer.
METHODS

Study Design
This is a secondary data analysis of the participants with lung
cancer from the cluster-randomized clinical trial entitled
“Geriatric Assessment for Patients 70 years and older (GAP-70
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+; NCT02054741).” Community oncology practices within the
National Cancer Institute Community Oncology Research
Program (NCORP) were randomized to the intervention arm
(oncologists received GA summary & management
recommendations) or usual care (UC: no summary or
recommendations given; notifications were provided to
oncologists for patients who screened positive for depression
and severe cognitive impairment). NCORP practices were
recruited through the University of Rochester National Cancer
Institute (NCI) Research Base network (UR NCORP). NCORP is
a national network of community cancer clinical trial practice
sites in the United States (https://ncorp.cancer.gov/about/).
Practice clusters were comprised of NCORP-affiliated
community oncology practices. Participating practice clusters
represent a large geographic area across the United States of
which 33/40 practices enrolled patients with lung cancer. The UR
Research Base coordinated study activities, but the UR did not
enroll participants. The UR (Rochester, NY, USA) and all
participating practice clusters obtained approval from their
institutional review boards. All patients completed
informed consent.

Participants
Participants were recruited from July 2014-March 2019.
Participants aged ≥70 years(y) with advance solid tumors or
lymphoma and ≥1 GA domain impairment (other than
polypharmacy) starting a new cancer treatment regimen with a
high risk of toxicity within 4 weeks of enrollment were included.
Participants were required to be able to understand English and
provide written informed consent independently or with a
healthcare proxy. For inclusion in this secondary analysis,
participants with advanced (non-surgical stage III/IV) lung
cancer, either NSCLC or extensive stage small cell lung cancer
(ES-SCLC), were selected. Treatment regimens had to include at
least one chemotherapy agent or have a >50% prevalence of
grade 3-5 toxicity as determined by the primary oncologist with
review and approval by a clinical team blinded to study arm at
the Research Base (27, 28). The treating oncologists selected the
specific treatment regimen, dosing, and schedules.

Procedures
Community oncology practice clusters were randomized to the
GA intervention versus UC arm, stratified by large or small based
on prior accrual records. Participants in both arms completed a
GA and were asked about proposed treatment plan before
starting a new treatment regimen. Participants in the
intervention arm were additionally given recommendations
before starting a new treatment regimen. Oncologists in the
intervention arm were provided with a tailored GA summary
and GA-guided management recommendations before any
cancer treatment was initiated. The GA evaluated 8 domains:
comorbidity, cognition, physical performance, functional status,
nutritional status, social support, polypharmacy, and
psychological health. The recommendations provided based on
GA domain impairment can be found in detail in the
supplemental documents of Mohile et al. (27) Oncologists in
the UC arm received notification for depression or severe
Frontiers in Oncology | www.frontiersin.org 3
cognitive impairment on screening tests, but no management
recommendations were provided. There was no patient or
provider blinding as this study evaluated a model of care
rather than a particular treatment agent; however, all research
investigators were blinded to the site assignment when the
treatment and toxicity data were reviewed centrally.

Outcomes
The primary outcome was grade 3-5 toxicity within 3 months of
starting a new treatment regimen. Secondary outcomes included
unplanned hospitalizations, subsequent dose reduction, dose
delay, treatment discontinuation, overall survival (OS) at 6-
month (mo) and 1-year in addition to cycle 1 treatment
intensity (standard vs reduced). Practice staff prospectively
captured toxicities over 3 months using NCI’s Common
Terminology Criteria for Adverse Events (V4.0). Blinded
oncology clinicians reviewed medical records to verify all
treatment and toxicity data. At UR NCORP, two blinded
clinicians reviewed each enrolled patient’s medical record and
treatment regimen and used guidelines and clinical trials to
determine standard dosing and length for treatment regimens.
We evaluated the proportion of patients who received a reduced
intensity regimen (e.g., lower dose or omission of an agent
compared to standard) at cycle one. Standard treatment was
evaluated according to National Comprehensive Cancer
Network guidelines (29) of published phase II/III clinical trials.
The blinded clinicians also reviewed medical records to evaluate
unplanned hospitalizations (an overnight hospital stay for any
reason that was not scheduled), dose reductions, dose delays, and
treatment discontinuation. These were assessed by comparing
what the patient received compared to what was planned by the
oncologist at the start of treatment. Outcomes captured those
changes related to clinical reasons (e.g., toxicity, patient
preference) but not logistical reasons (e.g., holiday).

Statistical Analysis
Descriptive statistics were performed to summarize
demographics, GA measures, baseline clinical characteristics,
and outcome measures. Bivariate analyses using chi-square
tests for categorical variables and t tests for continuous
variables were done to compare differences between study
arms. A Generalized Linear Mixed Model (GLMM) was
applied to analyze the primary outcome of grade 3-5 toxicity
within 3 months with practice site as a random effect and study
arm as a fixed effect. Proportions of patients who experienced
grade 3-5 toxicity in the intervention vs UC arm were calculated
by odds ratio adjusted for practice site. Kaplan-Meier method
was used to estimate 6-month and 1-year OS and the effect of the
intervention on OS was assessed by Cox Shared Frailty Model
with practice sites as random effects. Similar to the primary
outcome, GLMMs were applied to evaluate secondary outcomes
(hospitalization, subsequent dose reduction, dose delay,
treatment discontinuation, and reduced treatment intensity at
cycle 1). Two-sided p values of <0.05 were considered statistically
significant. All analyses were conducted using SAS 9.4 (SAS
Institute, Cary, NC).
March 2022 | Volume 12 | Article 835582

https://ncorp.cancer.gov/about/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Presley et al. Geriatric Assessment Lung Cancer Treatment
RESULTS

Among 180 participants with advanced lung cancer (NSCLC +
ES-SCLC), the mean age was 76.3y (range 70-91, SD 5.1), 39.4%
were female and 82.2% had stage IV disease. Patients in both arms
(64 participants in the intervention and 116 participants in the UC
arm) had similar baseline characteristics including age, sex, race/
ethnicity, marital status, education, and income (Table 1). The
Frontiers in Oncology | www.frontiersin.org 4
majority of participants received platinum doublet chemotherapy
(>70%). The GA domain impairments had similar distributions
across arms. The mean number of geriatric impairments was 4.7
(SD: 1.5) and did not differ between study arms. The physical
performance domain impairment was the most prevalent GA
impaired domain (>90% in both arms). This was followed by
polypharmacy, comorbidity, functional status, and nutritional
domain impairment (Table 1).
TABLE 1 | Patient Characteristics by Study Arm.

All patients Intervention arm Usual care arm P-values
(N = 180) (N = 64) (N = 116)

Age (mean [standard deviation]) 76.3 (5.1) 76.3 (5.3) 76.2 (4.9) 0.88
70-79 138 (76.7%) 46 (71.9%) 92 (79.3%) 0.12*
80-89 37 (20.6%) 17 (26.6%) 20 (17.2%)
≥90 4 (2.2%) 0 (0.0%) 4 (3.5%)
Missing 1 (0.6%) 1 (1.6%) 0 (0.0%)
Sex 0.34
Male 108 (60.0%) 41 (64.1%) 67 (57.8%)
Female 71 (39.4%) 22 (34.4%) 49 (42.2%)
Missing 1 (0.6%) 1 (1.6%) 0 (0.0%)
Race/Ethnicity 0.22*
Non-Hispanic White 164 (91.1%) 55(85.9%) 109 (94.0%)
Black 7 (3.9%) 3 (4.7%) 4 (3.5%)
Others 8 (4.4%) 5 (7.8%) 3 (2.6%)
Missing 1 (0.6%) 1 (1.6%) 0 (0.0%)
Marital Status 0.46*
Single, Never Married 3 (1.7%) 2 (3.1%) 1 (0.86%)
Married/Domestic Partnership 111 (61.7%) 40 (62.5%) 71 (61.2%)
Separated/Widowed/Divorced 65 (36.1%) 21 (32.8%) 44 (37.9%)
Missing 1 (0.6%) 1 (1.6%) 0 (0.0%)
Education 0.99
<High school 36 (20.0%) 13 (20.3%) 23 (19.8%)
High school graduate 58 (32.2%) 20 (31.3%) 38 (32.8%)
Some college or above 85 (47.2%) 30 (46.9%) 55 (47.4%)
Missing 1 (0.6%) 1 (1.6%) 0 (0.0%)
Income 0.49
≤$50,000 100 (55.6%) 39 (60.9%) 61 (52.6%)
>$50,000 39 (21.7%) 12 (18.8%) 27 (23.3%)
Decline to answer 40 (22.2%) 12 (18.8%) 28 (24.1%)
Missing 1 (0.6%) 1 (1.6%) 0 (0.0%)
Cancer stage and lung cancer type 0.05*
Stage III NSCLC 30 (16.7%) 16 (25.0%) 14 (12.1%)
Stage IV NSCLC 148 (82.2%) 48 (75.0%) 100 (86.2%)
ES-SCLC 2 (1.1%) 0 (0.0%) 2 (1.7%)
Prior chemotherapy 28 (15.6%) 7 (10.9%) 21 (18.1%) 0.16
Treatment Regimen (Chi-square test)
Chemo platinum doublet 134(74.4%) 45 (70.3%) 89 (76.7%) 0.38
Chemo+ immunotherapy 21 (11.7%) 8 (12.5%) 13 (11.2%)
Single agent chemo 21 (11.7%) 8 (12.5%) 13 (11.2%)
Other** 4 (2.2%) 3 (4.7%) 1 (0.8%)
Number of Impaired Geriatric Assessment Domains** (mean [SD]) 4.7 (1.5) 4.8 (1.5) 4.7 (1.4) 0.59
Physical performance domain impairment 167 (92.8%) 58 (90.6%) 109 (94.0%) 0.41
Polypharmacy domain impairment 151 (83.9%) 55 (85.9%) 96 (82.8%) 0.58
Comorbidity domain impairment 125 (69.4%) 45 (70.3%) 80 (69.0%) 0.85
Functional status domain impairment 115 (63.9%) 39 (60.9%) 76 (65.5%) 0.54
Nutrition domain impairment 124 (68.9%) 46 (71.9%) 78 (67.2%) 0.52
Cognition domain impairment 61 (33.9%) 23 (35.9%) 38 (32.8%) 0.67
Social support domain impairment 45 (25·0%) 20 (31.3%) 25 (21.6%) 0.15
Psychological status domain impairment 61 (33.9%) 21 (32.8%) 40 (34.5%) 0.82
March
 2022 | Volume 12 | Artic
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Sixty-five percent of all participants experienced a grade 3-5
toxicity (Figure 1). The proportion of patients who experienced
grade 3-5 toxicity was lower in the intervention vs. UC arm
(53.1% vs 71.6%, P=0.01). After accounting for practice sites as a
random effect, the odds of any grade 3-5 toxicity were lower in
the intervention vs. UC arm (Adjusted odds ratio=0.45 95% CI:
0.24-0.86, P=0.01, Figure 2). More participants in the
intervention group received lower intensity treatment at cycle
1 (56.3% vs 35.3%; P<0.01). Unplanned hospitalizations, dose
delay, and early discontinuation were similar across groups.
Subsequent dose reduction post-C1 was significantly higher in
the UC arm (P=0.02, Table 2).

The OS at 6mo and 1 year was not significantly different
between arms (Figures 3A, B: adjusted hazard ratio [HR]
interventions vs. UC: 6mo HR=0.90, 95% CI: 0.52-1.57,
P=0.72; 1 year HR=0.89, 95% CI: 0.58-1.36, P=0.57). Frequent
toxicity checks, providing education and counseling materials,
and initiating direct communication with the patient’s primary
care physician were among the most common GA-guided
interventions recommended and acknowledged by the treating
oncologist (Table 3).
DISCUSSION

Providing GA information and recommendations can improve
tolerability of cancer treatment among older adults with
advanced lung cancer. Despite a significant difference in C1
dose reduction between arms (56.3% in the intervention arm
versus 35.3% in the UC arm), there was no significant difference
in 6-month or 1-year OS. However, there was a significantly
decreased risk of grade 3-5 toxicity for the intervention arm. The
majority of participants received a platinum-based
chemotherapy regimen which is explained by the standard-of-
care treatment at the time this study was conducted. The current
Frontiers in Oncology | www.frontiersin.org 5
standard-of-care is a platinum doublet with immunotherapy for
most patients depending on PD-L1 status. Yet, our findings are
still relevant to current treatment recommendations. With the
addition of immunotherapy now to standard platinum doublets,
the risk of toxicities is potentially even higher (30).
Unfortunately, the proportion of older adults comprise only
41-55% of all patients with NSCLC included in the phase III
clinical trials that led to the drug approvals (30), which are the
healthiest of older adults. The incidence of high-grade toxicities
among older adults with GA domain impairment receiving
chemotherapy + immunotherapy is currently unknown.

This study confirms the utility of a GA among older adults with
advanced lung cancer. The decrease in toxicity is similar to lung
cancer outcome data presented by Corre et al. in the ESOGIA-
GFPC-GECP 08-02 Study (26). Yet, a distinct difference is that
GAP70+ is one of the first studies in the United States to provide
geriatric domain-focused recommendations while letting the
oncology team decide the final cancer treatment regimen. This
is very distinct from the ESOGIA study that used the GA to dictate
the lung cancer treatment regimen. The former approach is likely a
much more palatable design for oncology clinicians in the United
States, where personal and professional autonomy is culturally
prioritized over algorithmic pathway approaches. This approach is
also consistent with a current emphasis on shared patient-provider
decision-making.

The majority of the GA was completed from patient-reported
information. This may cause a barrier to implementation if the
resources are not available either in-person or electronically to
capture the patient-reported information. There are alternative
GA tools (31, 32) such as the G8, the CARG, and CRASH tools
that are shorter than the GA performed in this study; yet, many
are not validated with the use of newer cancer therapeutics and
do not include recommendations to the oncology team.

For advanced NSCLC in the United States, single agent
immunotherapy (IO) is now a Food & Drug Administration-
approved treatment option. Fewer patients who received single
FIGURE 1 | Prevalence of grade 3-5 toxicities over 3 months after the start of new treatment for advanced stage III/IV lung cancer.
March 2022 | Volume 12 | Article 835582
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agent IO experienced grade 3-5 adverse events at 5 years of
follow-up compared to those who received chemotherapy alone
for PD-L1 positive (≥50%) disease (33). However, the trial
comparing chemotherapy + IO versus IO alone (INSIGNA
NCT NCT03793179) is ongoing. The PACIFIC study (34) also
demonstrated an improvement in overall survival with the
addition of durvalumab after concurrent chemoradiation.
Unfortunately, over half of all older adults with advanced lung
cancer are excluded from clinical trials (35). Future directions
Frontiers in Oncology | www.frontiersin.org 6
will hopefully explore GA-guided recommendations in a
prospective clinical trial design among older adults with GA
impairment receiving chemotherapy + IO for stage IV and
chemoradiation therapy for stage III NSCLC. Whether to use
concurrent versus sequential chemoradiation is controversial,
but may have equivalent outcomes for older adults (36).

The majority of patients experienced impairment in physical
performance and issues with polypharmacy. This is similar to
the findings of Gomes et al. in a study of 70 older adults
TABLE 2 | GAP Study Lung Cancer Treatment Secondary Outcomes by Study Arm.

All patients (n = 180) GA arm (n = 64) Usual care arm (n = 116) P values

Unplanned Hospitalization 62 (34.4%) 18 (28.1%) 44 (37.9%) 0.19
Dose delay 55 (30.6%) 18 (28.1%) 37 (31.9%) 0.60
Subsequent dose reduction 40 (22.2%) 8 (12.5%) 32 (27.6%) 0.02
Early discontinuation of treatment 37 (20.6%) 14 (21.9%) 23 (19.8%) 0.74
Reduced dose intensity at cycle 1 77 (42.8%) 36 (56.3%) 41 (35.3%) <0.01
Overall Survival at 6 months* 124 (68.9%) 45 (70.3%) 79 (68.1%) 0.76
Overall Survival at 1 year* 82 (45.6%) 31 (48.4%) 51 (44.0%) 0.56
March 2022 | Volume 12 | Artic
*Censoring is not considered.
FIGURE 2 | Odds ratios of outcome variables associated with the intervention arm, controlling for the site cluster (random effect)*. *All outcomes except reduced
dose intensity at cycle 1 were assessed at 3 months of treatment.
A B

FIGURE 3 | (A) Survival at 6 months based on Kaplan-Meier Estimates and Cox Model*. *Geriatric Assessment Intervention: 70.1% vs. Usual Care: 67.7%;
Adjusted Hazard Ratio: 0.90 95% CI: (0.52-1.57), P = 0.72. (B) Survival at 1 year based on Kaplan-Meier Estimates and Cox Model*. *Geriatric Assessment
Intervention: 47.8% vs. Usual Care: 43.1%; Adjusted Hazard Ratio: 0.89 95% CI: (0.58-1.36), P = 0.57.
le 835582
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receiving IO for advanced NSCLC or malignant melanoma
(37). Similarly, a study of over 200 older adults with lung cancer
receiving treatment and GA demonstrated that handgrip
strength was the most commonly impaired domain in
octogenarians (38). Targeted interventions to improve both
polypharmacy and physician impairment among other GA
domain impairments are possible and should be incorporated
into future research.
Frontiers in Oncology | www.frontiersin.org 7
LIMITATIONS

A very small number of older adults with ES-SCLC were included,
which is not representative of the percentage of patients with
SCLC in the United States. The majority received a platinum-
based chemotherapy regimen, which was standard-of-care
treatment at the time this study was conducted. This high
number of platinum doublet may be higher than that of other
TABLE 3 | Geriatric assessment (GA) recommendations by domain.

Domains Prevalence of the most common GA-guided management recommendations chosen by oncologists in the intervention arm

Comorbidity
(n = 45 impaired in
intervention arm)

- Initiate direct communication (written, electronic, or phone) with patient’s primary care physician about the plan for the patient’s cancer (90.0%)
- Modify treatment choices if applicable to the individual patient. Examples: 1) History of diabetes - avoid neurotoxic agents if another option is
equivalent (27.5%);
2) History of heart failure - minimize volume of agents and/or administer treatments at slower infusion rate (22.5%); 3) History of renal impairment-
adjust as appropriate (25.0%)
- Modify dosage or schedule if there is concern about how the patient will tolerate therapy or if there is a concern about worsening of comorbidities
(42.5%)
- Provide smoking cessation counseling if the patient currently smokes (7.5%)

Cognition (n = 23
impaired in
intervention arm)

- Provide explicit and written instructions for appointments, medications, and treatment (77.3%)
- Medication review - minimize psychoactive and high-risk medications (72.7%)
- Assess decision-making capacity and elicit health care proxy information and input if the patient lacks decision- making capacity (45.5%)
Cancer treatment decision – 1) modify dosage (e.g. 20% dose reduction with escalation as tolerated (40.9%); 2) modify treatment choice (consider
starting with single agent with escalation to doublet if standard at second cycle depending on tolerance) (18.6%); 3) modify treatment regimen (e.g.,
use an option with demonstrated safety and efficacy in older and/or frail adults) (27.3%)
- Give patient/family member handout on delirium risk counseling (22•9%)
- Referral: refer to clinician experienced in memory care (9.1%)
- Confirm someone else will help fill pillbox (54.5%)

Physical
performance*
(n = 58 impaired in
intervention arm)

- Conduct frequent toxicity checks (89.7%)
- Provide information on exercise and exercise prescription (87.2%)
- Provide fall counselling hand-out/information (79.5%)
- Provide hand-out on energy conservation (79.5%)
- Medication Review: minimize psychoactive meds including those used for supportive care (28.2%); minimize duplicative medications (41.0%)
- Treatment modification: consider modification of treatment dose or choice. Examples: 1) consider single agent rather than doublet therapy if
appropriate (20.5%):
2) modify dosage (e.g., 20% dose reduction with escalation as tolerated) (51.3%); 3) modify treatment regimen (e.g., use an option with
demonstrated safety and efficacy in older and/or frail adults) (46.2%)
- Referrals: refer to 1) physical therapist (outpatient or home-based depending on eligibility for home care) (17.9%); 2) occupational therapist (7.7%);
3) aide services (7.7%); 4) personal emergency response information (25.6%); 5) vision specialist if difficulties (12.8%)
- Physical Examination: check orthostatic blood pressure (23.1%) and decrease or eliminate blood pressure meds if blood pressure is low or low
normal (12.8%)

Functional status*
(n = 39 impaired in
intervention arm)

Nutritional status
(n = 46 impaired in
intervention arm)

- Conduct frequent toxicity checks (95.5%)- Give Nutrition hand-out (77.3%)- Give mucositis hand-out (72.7%)- Cancer Treatment: 1) use caution
with highly emetogenic regimens and use another option if appropriate (81.8%); 2) utilize aggressive anti-emetic therapy (86.4%)- Referrals: refer to:
1) Nutritionist/Clinical Dietician (29.5%); 2) dentist if poor dentition or denture issues (2.3%); 3) speech and swallow if difficulty with swallowing
(4.5%)

Social Support
(n = 20 impaired in
intervention arm)

- Confirm documented health care proxy is in medical record (77.8%)
- Modify treatment choice and/or dosage (66.7%)
- Provide referral or information on 1) Social worker via on-site or visiting nurse services (38.9%); 2) visiting nurse service or home health aide (if
meets criteria) (16.7%); 3) transportation or ride services (22.2%); 4) medical insurance advising, advocacy, and negotiation (11•1%); 5) community
resource mobilization (16.7%)

Polypharmacy
(n = 55 impaired in
intervention arm)

- Ask patient to bring in prescribed and over-the-counter medications and supplements to review at the next visit (45.3%)
- Contact primary care provider to help reduce regimen complexity (17.0%)
- Reduce medicines solely used for hypertension or diabetes if appropriate (including dose and number of medications) (17.0%)
- Consult the pharmacist who fills the patient’s scripts to synchronize medication refills whenever possible (3.8%)
- Have pharmacist meet with the patient to evaluate drug interactions and medication counseling (7.5%)
- Recommend pillbox and/or medication calendar (30.2%)
- Provide written instructions (at the sixth-grade level) to patient/caregiver for taking new medications (60.4%)
- Provide hand out on polypharmacy (79.2%)

Psychological
health (n = 21
impaired in
intervention arm)

- Provide written or verbal communication with primary care physician (41•1%)
- Referral: refer to 1) counseling or psychotherapy (9.5%); 2) social work (14.3%); 3) spiritual counseling or Chaplaincy services (14.3%); 4) palliative
care if other physical and/or cancer symptoms are present (14.3%).
- Initiate pharmacologic therapy if appropriate in conjunction with primary care provider (14.3%)
*Recommendations for physical performance and functional status impairments are combined and presented together.
ADL, Activity of Daily Living; OARS, Older American Resources and Services; TSH, thyroid stimulating hormone.
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countries and may not be necessarily generalizable to other
countries or geographic regions. The standard of care treatment
has also changed since the study period, and now includes a
combination of chemotherapy + IO; in addition, older adults may
have received single agent IO, which would not have met the high-
toxicity regimen inclusion criteria. There was a higher number of
stage IIIB patients in the intervention than the usual care arm,
which could affect the secondary survival endpoints. Future
studies would need to use survival as the primary endpoint and
stage as a stratification factor for randomization. This study
required a full GA assessment, which is often not possible in
routine clinical cancer care. Due to the nature of this secondary
data analysis and small sample size of the subgroup of patients
with lung cancer, the analysis focusing on hematologic and non-
hematologic toxicities separately and the secondary endpoints
analyses may be lacking sufficient statistical power. Future
prospective properly powered study may be needed to confirm
these promising results. These limitations may reduce the overall
generalizability of the study results.
CONCLUSION

The use of a GA assessment and recommendations can result in
upfront treatment dose reduction and a decrease in high-grade
toxicity among older adults with advanced lung cancer without
compromising survival outcomes. This is one of the first subset
analyses in the United States to demonstrate the importance of
GA recommendations in geriatric oncology treatment among
older adults with advanced lung cancer.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Oncology | www.frontiersin.org 8
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The University of Rochester (Rochester, NY, USA)
and all participating practice clusters obtained approval from their
institutional review boards. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

SM and CP: conceptualization. SM, EC, MF, and MM: data
collection. MM, EC, RH, and DS: data analysis. CP and PV:
drafting original version. CP and SM: supervision. All authors
read and approved the final version of this manuscript.
FUNDING

This work was supported by the National Cancer Institute:
R01CA177592, U01CA233167, UG1CA189961, The Ohio State
University Comprehensive Cancer Center, and The National
Institute of Aging (CP, 1K76AB074923-01, MW, K76AG064431,
SM, K24AG056589, R33AG059206, DS, 1K01AG070310-01A1).
Research reported in this publication was supported by The Ohio
State University Comprehensive Cancer Center and the National
Institutes of Health under grant number P30 CA016058.
ACKNOWLEDGMENTS

The authors wish to acknowledge the contributions of
Kamila Jaroniec, M.F.A., Technical Editor, Div. of Medical
Oncology, Dept. of Internal Medicine, The Ohio State
University Wexner Medical Center, in the revision of this
manuscript. We thank the patients for their participation.
REFERENCES
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA: A

Cancer J Clin (2021) 71:7–33. doi: 10.3322/caac.21654
2. Smith BD, Smith GL, Hurria A, Hortobagyi GN, Buchholz TA. Future of

Cancer Incidence in the United States: Burdens Upon an Aging, Changing
Nation. J Clin Oncol (2009) 27:2758–65. doi: 10.1200/JCO.2008.20.8983

3. Hurria A, Naylor M, Cohen H. Improving the Quality of Cancer Care in an
Aging Population: Recommendations From an Iom Report. JAMA (2013)
310:1795–6. doi: 10.1001/jama.2013.280416

4. Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu M, et al. SEER
Cancer Statistics Review, 1975-2017. Bethesda, MD: National Cancer Institute
(2021).

5. Hutchins LF, Unger JM, Crowley JJ, Coltman CA Jr, Albain KS.
Underrepresentation of Patients 65 Years of Age or Older in Cancer-
Treatment Trials. N Engl J Med (1999) 341:2061–7. doi: 10.1056/
NEJM199912303412706

6. Murthy VH, Krumholz HM, Gross CP. Participation in Cancer Clinical
Trials: Race-, Sex-, and Age-Based Disparities. JAMA (2004) 291:2720–6. doi:
10.1001/jama.291.22.2720

7. Sedrak MS, Freedman RA, Cohen HJ, Muss HB, Jatoi A, Klepin HD, et al.
Older Adult Participation in Cancer Clinical Trials: A Systematic Review of
Barriers and Interventions. CA: A Cancer J Clin (2021) 71:78–92. doi: 10.3322/
caac.21638

8. Mohile SG, Xian Y, DaleW, Fisher SG, RodinM,MorrowGR, et al. Association of
a Cancer Diagnosis With Vulnerability and Frailty in Older Medicare
Beneficiaries. J Natl Cancer Inst (2009) 101:1206–15. doi: 10.1093/jnci/djp239

9. Mohile SG, Fan L, Reeve E, Jean-Pierre P, Mustian K, Peppone L, et al.
Association of Cancer With Geriatric Syndromes in Older Medicare
Beneficiaries. J Clin Oncol (2011) 29:1458–64. doi: 10.1200/JCO.2010.31.6695

10. Kenis C, Bron D, Libert Y, Decoster L, Van Puyvelde K, Scalliet P, et al.
Relevance of a Systematic Geriatric Screening and Assessment in Older
Patients With Cancer: Results of a Prospective Multicentric Study. Ann
Oncol (2013) 24:1306–12. doi: 10.1093/annonc/mds619

11. Repetto L, Fratino L, Audisio RA, Venturino A, Gianni W, Vercelli M, et al.
Comprehensive Geriatric Assessment Adds Information to Eastern
Cooperative Oncology Group Performance Status in Elderly Cancer
Patients: An Italian Group for Geriatric Oncology Study. J Clin Oncol
(2002) 20:494–502. doi: 10.1200/JCO.2002.20.2.494

12. Kenis C, Decoster L, Van Puyvelde K, De Grève J, Conings G, Milisen K, et al.
Performance of Two Geriatric Screening Tools in Older Patients With Cancer.
J Clin Oncol (2014) 32:19–26. doi: 10.1200/JCO.2013.51.1345

13. Cuccia F, Mortellaro G, Mazzola R, Donofrio A, Valenti V, Tripoli A, et al.
Prognostic Value of Two Geriatric Screening Tools in a Cohort of Older
March 2022 | Volume 12 | Article 835582

https://doi.org/10.3322/caac.21654
https://doi.org/10.1200/JCO.2008.20.8983
https://doi.org/10.1001/jama.2013.280416
https://doi.org/10.1056/NEJM199912303412706
https://doi.org/10.1056/NEJM199912303412706
https://doi.org/10.1001/jama.291.22.2720
https://doi.org/10.3322/caac.21638
https://doi.org/10.3322/caac.21638
https://doi.org/10.1093/jnci/djp239
https://doi.org/10.1200/JCO.2010.31.6695
https://doi.org/10.1093/annonc/mds619
https://doi.org/10.1200/JCO.2002.20.2.494
https://doi.org/10.1200/JCO.2013.51.1345
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Presley et al. Geriatric Assessment Lung Cancer Treatment
Patients With Early Stage Non-Small Cell Lung Cancer Treated With
Hypofractionated Stereotactic Radiotherapy. J Geriatr Oncol (2020) 11:475–
81. doi: 10.1016/j.jgo.2019.05.002

14. Rodin MB, Mohile SG. A Practical Approach to Geriatric Assessment in
Oncology. J Clin Oncol (2007) 25:1936–44. doi: 10.1200/JCO.2006.10.2954

15. Hurria A, Cirrincione CT, Muss HB, Kornblith AB, Barry W, Artz AS, et al.
Implementing aGeriatric Assessment in CooperativeGroup Clinical Cancer Trials:
CALGB 360401. J Clin Oncol (2011) 29:1290–6. doi: 10.1200/JCO.2010.30.6985

16. Pal SK, Katheria V, Hurria A. Evaluating the Older Patient With Cancer:
Understanding Frailty and the Geriatric Assessment. CA Cancer J Clin (2010)
60:120–32. doi: 10.3322/caac.20059

17. Dale W, Mohile SG, Eldadah BA, Trimble EL, Schilsky RL, Cohen HJ, et al.
Biological, Clinical, and Psychosocial Correlates at the Interface of Cancer and
Aging Research. J Natl Cancer Inst (2012) 104:581–9. doi: 10.1093/jnci/djs145

18. Hurria A, Mohile SG, Dale W. Research Priorities in Geriatric Oncology:
Addressing the Needs of an Aging Population. J Natl Compr Canc Netw
(2012) 10:286–8. doi: 10.6004/jnccn.2012.0025

19. Hoppe S, Rainfray M, Fonck M, Hoppenreys L, Blanc JF, Ceccaldi J, et al.
Functional Decline in Older Patients With Cancer Receiving First-Line
Chemotherapy. J Clin Oncol (2013) 31:3877–82. doi: 10.1200/JCO.2012.47.7430

20. Kenis C, Decoster L, Bastin J, Bode H, Van Puyvelde K, De Grève J, et al.
Functional Decline in Older Patients With Cancer Receiving Chemotherapy:
A Multicenter Prospective Study. J Geriatr Oncol (2017) 8:196–205. doi:
10.1016/j.jgo.2017.02.010

21. Presley CJ, Arrato NA, Janse S, Shields PG, Carbone DP, Wong ML, et al.
Functional Disability Among Older Versus Younger Adults With Advanced
Non–Small-Cell Lung Cancer. JCO Oncol Practice:OP (2021) 17(6):e848–58.
doi: 10.1200/OP.20.01004

22. Kyriakou F KP, Papamichael D. Targeted Agents: Review of Toxicity in the
Elderly Metastatic Colorectal Cancer Patients. Targeted Oncool (2011) 6:245–
51. doi: 10.1007/s11523-011-0198-1

23. Meoni G CFL, Lucherini E, Di Costanzo F. Medical Treatment of Advanced
non-Small Cell Lung Cancer in Elderly Patients: A Review of the Role of
Chemotherapy and Targeted Agents. J Geriatric Oncol (2013) 4:282–90. doi:
10.1016/j.jgo.2013.04.005

24. Zustovich F, Novara G. Advanced Kidney Cancer: Treating the Elderly. Expert
Rev Anticancer Ther (2013) 13:1389–98. doi: 10.1586/14737140.2013.846095

25. Grothey A VCE, Sobrero A, Siena S, Falcone A, Ychou M, et al. Regorafenib
Monotherapy for Previously Treated Metastatic Colorectal Cancer (CORRECT):
An International, Multicentre, Randomised, Placebo-Controlled, Phase 3 Trial.
Lancet (2013) 381:303–12. doi: 10.1016/S0140-6736(12)61900-X

26. Corre R, Greillier L, Caër HL, Audigier-Valette C, Baize N, Bérard H, et al. Use
of a Comprehensive Geriatric Assessment for the Management of Elderly
Patients With Advanced Non–Small-Cell Lung Cancer: The Phase III
Randomized ESOGIA-GFPC-GECP 08-02 Study. J Clin Oncol (2016)
34:1476–83. doi: 10.1200/JCO.2015.63.5839

27. Mohile SG, Mohamed MR, Xu H, Culakova E, Loh KP, Magnuson A, et al.
Evaluation of Geriatric Assessment and Management on the Toxic Effects of
Cancer Treatment (GAP70+): A Cluster-Randomised Study. Lancet (2021)
398(10314):1894–904. doi: 10.1016/S0140-6736(21)01789-X

28. MohamedMR, Kyi K, Mohile SG, Xu H, Culakova E, Loh KP, et al. Prevalence
of and Factors Associated With Treatment Modification at First Cycle in
Older Adults With Advanced Cancer Receiving Palliative Treatment. J Geriatr
Oncol (2021) 12(8):1208–13. doi: 10.1016/j.jgo.2021.06.007

29. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR, Bharat A, et al.
NCCN Guidelines Insights: Non-Small Cell Lung Cancer, Version 2.2021.
J Natl Compr Canc Netw (2021) 19:254–66. doi: 10.6004/jnccn.2021.0013

30. Presley CJ, Gomes F, Burd CE, Kanesvaran R, Wong ML. Immunotherapy in
Older Adults With Cancer. J Clin Oncol (2021) 39:2115–27. doi: 10.1200/
JCO.21.00138
Frontiers in Oncology | www.frontiersin.org 9
31. Almodovar T, Teixeira E, Barroso A, Yin T, Liang Y. Elderly Patients With
Advanced NSCLC: The Value of Geriatric Evaluation and the Feasibility of
CGA Alternatives in Predicting Chemotherapy Toxicity. Pulmonology (2019)
25:40–50. doi: 10.1016/j.pulmoe.2018.07.004

32. Gridelli C, Balducci L, Ciardiello F, Di Maio M, Felip E, Langer C, et al.
Treatment of Elderly Patients With Non-Small-Cell Lung Cancer: Results of
an International Expert Panel Meeting of the Italian Association of Thoracic
Oncology. Clin Lung Cancer (2015) 16:325–33. doi: 10.1016/j.cllc.2015.02.006

33. Brahmer JR, Rodriguez-Abreu D, Robinson AG, Hui R, Csőszi T, Fülöp A,
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