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Abstract

Background: Maintenance of function during cancer treatment is important to older adults. 

Characteristics associated with pretreatment life-space mobility and changes during non-small cell 

lung cancer (NSCLC) treatment remain unknown.

Methods: This mixed methods cohort study recruited adults age ≥65 with advanced NSCLC 

starting palliative chemotherapy, immunotherapy, and/or targeted therapy from a Comprehensive 

Cancer Center, Veterans Affairs, and safety-net clinic. Patients completed geriatric assessments 

including Life-Space Assessment (LSA) pretreatment and at one, two, four, and six months after 

treatment initiation. LSA scores range from 0-120 (greater mobility); LSA <60 is considered 

restricted. We used mixed-effects models to examine pretreatment LSA, change from 0-1 month, 

and change from 1-6 months. A subgroup participated in semi-structured interviews pretreatment 

and at two and six months to understand the patient experience of life-space change. For each 

interview participant, we created joint displays of longitudinal LSA scores juxtaposed with 

illustrative quotes.

Results: Among 93 patients, median age was 73 (range 65-94). Mean pretreatment LSA score 

was 67.1. On average, LSA declined 10.1 points from pretreatment to one month and remained 

stable at six months. Pretreatment LSA score was associated with several demographic, clinical, 

geriatric assessment, and symptom characteristics. LSA decline at one month was greater among 

patients with high anxiety (slope −12.6 versus −2.3, P=0.048). Pretreatment body mass index <21 

kg/m2 was associated with LSA improvement from 1-6 months (slope 4.1 vs −0.04, P=0.003). 

Joint displays illustrated the impact of different life-space trajectories on patients’ lives in their 

words.

Conclusion: Older adults with NSCLC have low pretreatment life space with many developing 

restricted life space during treatment. Incorporating life-space assessments into clinical cancer 

care may help older adults concretely visualize how treatment might impact their daily function 

to allow for informed decision making and identify early changes in mobility to implement 

supportive interventions.

Keywords

geriatric oncology; lung cancer; life-space mobility; cancer treatment; mixed methods

INTRODUCTION

Non-small cell lung cancer (NSCLC), the leading cause of cancer mortality worldwide, 

largely affects older adults.1, 2 NSCLC and its treatments are associated with a high 

symptom burden3, 4 and functional impairment.5 Maintenance of function during treatment 

is critically important to older adults with cancer.6 Yet, studies of functional changes during 

NSCLC treatment among older adults remain limited.7
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Life-space mobility (LSM) is the ability to move within one’s environment from the home to 

the greater community.8, 9 Because mobility through the community incorporates physical, 

psychosocial, and environmental factors, LSM moves beyond traditional measures of 

function such as activities of daily living (ADL), which focus on performance of individual 

activities in isolation. In the general older population, lower LSM is associated with higher 

mortality, worse quality of life (QOL), and greater healthcare utilization.9–11 Despite the 

growing literature linking LSM to important outcomes, there is a dearth of information 

among older adults with cancer.12–14

To address this gap, we aimed to characterize the trajectory of LSM during systemic NSCLC 

treatment among older adults, identify characteristics associated with pretreatment LSM and 

changes over time, and illustrate how changes in LSM during treatment impact older adults’ 

daily lives in their own words.

METHODS

Study design and participants

The “Treatment Toxicity Through the Patient’s Lens” study is a prospective, mixed methods 

cohort study. We recruited older adults with NSCLC from a Comprehensive Cancer Center, 

Veterans Affairs, and safety-net oncology clinics. Eligible patients were age ≥65, had stage 

III-IV15 or recurrent NSCLC, starting a new palliative systemic treatment (chemotherapy, 

immunotherapy, and/or targeted therapy), able to speak English and/or a Chinese dialect, and 

provide informed consent. Treating oncologists determined treatment eligibility as part of 

routine care. Treatment was continued until progression or intolerance. Patients undergoing 

surgery and/or thoracic radiation were excluded. Radiation to metastases was allowed. We 

followed patients for six months or until treatment discontinuation, whichever occurred 

earlier.

To minimize missing data, participants were asked to identify proxy respondents who were 

age ≥18, able to speak English and/or a Chinese dialect, and provide informed consent. 

Proxys completed non-symptom assessments if patients became unable to continue active 

participation.

A subgroup of English-speaking patients participated in a qualitative substudy to understand 

the lived experience of LSM during NSCLC treatment. Participants were purposively 

sampled to represent a diverse range of pretreatment function based on the oncologist’s 

overall impression of function. Participants underwent three in-depth, semi-structured 

interviews prior to treatment initiation and at two and six months. They were asked 

open-ended questions that explored their baseline LSM and changes during treatment 

(see Supplemental Materials for interview guides). Interviews were audio recorded and 

transcribed.

The study was approved by the University of California, San Francisco Institutional Review 

Board and the San Francisco Veterans Affairs. From 8/2017 through 2/2020, 120 eligible 

patients were approached and 93 consented (78% enrollment rate). The most common 

reason for declining participation was being overwhelmed with cancer care.
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Measures

Dependent variable—LSM was measured using the Life-Space Assessment8 (LSA, 

Supplemental Material) prior to initiation of treatment, and at one, two, four, and six 

months after treatment initiation, or until treatment discontinuation, whichever occurred 

earlier. The LSA measures mobility during the past four weeks across five life-space levels. 

For each level, patients report whether they had been to that level, how frequently, and 

how independently. Composite scores range from 0-120 (greater mobility). As points of 

reference, a LSA score <60 is considered restricted LSM16, 17 and a change of ≥5 is 

clinically important based on its association with walking status.18

Due to COVID-19 shelter-in-place orders, data collected after 2/29/2020 were excluded 

since LSM no longer primarily reflected participants’ abilities.

Independent variables—Demographics included age, gender, patient-reported race, 

primary language, education, partner status, and living situation. Clinical characteristics 

were abstracted from the medical record (i.e., smoking history, histology, stage, metastases, 

prior NSCLC treatment).

Prior to initiation of the new systemic treatment, participants completed the Cancer and 

Aging Research Group geriatric assessment19 with validated measures to assess six domains 

(Supplemental Table S1): function,20–24 comorbidity,22 cognition,25 nutrition,26 mood,27 

and social support.28 Symptom assessment included morning and evening fatigue and 

energy,29, 30 pain,31 and shortness of breath.31

Data analysis

Statistical analysis—We summarized patient characteristics with descriptive statistics. 

To determine our model design, we reviewed a spaghetti plot of LSA scores along with a 

plot of adjusted means from a model treating timepoint as an arbitrary categorical predictor 

(Supplemental Figure S1). To model pretreatment LSA scores, change from pretreatment to 

one month, and change from one to six months, we used linear mixed-effects models with 

fixed effects for time (modeled as a linear spline with a knot at one month), the characteristic 

of interest (e.g., age), and the interaction of the time spline and the characteristic. Models 

included a random intercept for each participant to account for intrasubject correlation of 

repeated measurements. Patients who died within six months were assigned an LSA score 

of zero for the next assessment. Unadjusted mixed-effects models of LSA scores were 

conducted for each characteristic. Models examining primary language and smoking status 

were adjusted for race based on a priori associations.32 We included only pretreatment 

predictors in these models to mimic information available to oncologists risk stratifying 

older adults during decision making.

To identify geriatric assessment and symptom characteristics independently associated with 

our outcomes, each geriatric assessment and symptom characteristic was tested in a separate 

mixed-effects model adjusted for demographic and clinical characteristics associated with 

LSA score. To address missing covariates, we used multiple imputation to estimate 

education for 12 patients.
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Given the complex relationship between body mass index (BMI) and cancer outcomes,33 

we conducted additional analyses to further explore the associations between pretreatment 

BMI and LSA. Pretreatment BMI was reexamined in tertiles to evaluate for a U-shaped 

association with LSA. To examine the associations of pretreatment BMI with pretreatment 

LSA score and different measures of physical function, we used t-tests and chi-square tests. 

We used a mixed-effects model to examine changes in weight during treatment according to 

pretreatment BMI.

All statistical analyses were performed using Stata/SE 15.1 (StataCorp, Texas). Two-sided 

tests with P<0.05 were considered statistically significant.

Mixed methods analysis—Interview transcripts were analyzed using the constant 

comparative method and thematic analysis.34 Codes and themes were iteratively discussed 

by a multidisciplinary team (oncology, geriatrics, palliative medicine, nursing, psychology) 

to refine coding, resolve disagreements through consensus, and identify overarching themes. 

Saturation was reached when no new themes emerged. To integrate the quantitative and 

qualitative data, we used a convergent mixed methods design with joint displays.35 LSA 

scores were plotted for each interview participant juxtaposed with representative quotes 

describing LSM for each interview timepoint. Joint displays for all interview participants 

were compared and four were selected to represent different trajectories during treatment 

(i.e., stable, decline, decline then recovery). To qualitatively describe quantitative findings, 

we identified patient quotes illustrating characteristics associated with LSA score.

RESULTS

Demographic and clinical characteristics

We enrolled 93 patients with NSCLC with a median age of 73 (IQR 68-80, range 65-94). 

A quarter were age ≥80 (Table 1). The cohort was 63.4% White, 25.8% Asian, 5.6% Black, 

and 5.6% other races. The majority completed college or graduate education. Many had 

received prior NSCLC treatment (71.0%). During the study, 35.5% received immunotherapy, 

31.2% targeted therapy, 22.6% chemoimmunotherapy, and 10.7% chemotherapy. Six 

patients died during follow up.

Pretreatment geriatric and symptom assessment results

Prior to initiation of treatment, 14.0% had a Karnofsky Performance Status (KPS) <70% 

(Table 1). Dependence in instrumental ADL (IADL) was common (66.3%). Two-thirds had 

a low Montreal Cognitive Assessment (MoCA) score and 21.5% had a pretreatment BMI 

<21 kg/m2. Using the Mental Health Inventory-13, 39.2% had a high depression score and 

71.6% had a high anxiety score. For symptoms, 38.5% reported high morning fatigue and a 

quarter reported pain or shortness of breath.

Pretreatment LSA results

Mean pretreatment LSA score was 67.1 (95% CI 60.9, 73.2; range 4-120; 37.6% restricted 

LSM; Figure 1A). Pretreatment LSA was not associated with age or gender (Supplemental 

Table S2). Lower pretreatment LSA was associated with Asian (P<0.001) and other 
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non-White races (P=0.02), Chinese language (P<0.001), high school education or less 

(P=0.001), and non-adenocarcinoma histology (P=0.02; Table 2). Never smokers had a 

lower pretreatment LSA compared with former smokers (P=0.02; Table 2). The associations 

of language and smoking status with pretreatment LSA were no longer statistically 

significant after adjustment for race. Patients without prior lung cancer surgery had 

lower pretreatment LSA than those who had undergone surgery (P=0.045). There was no 

difference in pretreatment LSA by current treatment group (Supplemental Table S2).

In unadjusted analyses, 11 geriatric assessment and symptom characteristics were associated 

with lower pretreatment LSA including KPS <70, dependence in ≥1 ADL or IADL (Figure 

1B), slow Timed Up and Go (TUG), low Short Physical Performance Battery (SPPB), 

having ≥3 comorbidities or low hemoglobin, involuntary weight loss, high depression score, 

high morning fatigue, and pain (all P<0.05; Table 2).

After adjusting for race, education, histology, and prior surgery; dependence in ≥1 ADL 

(P=0.03) or IADL (P<0.001), low SPPB (P=0.001), ≥3 comorbidities (P=0.049), high 

depression score (P=0.03), high morning fatigue (P=0.002), and pain (P=0.01) remained 

associated with lower pretreatment LSA (Table 3).

Pretreatment to one month: Change in LSA score results

Overall, the average LSA score declined 10.1 points at one month after treatment initiation 

(95% CI −14.3, −6.0; P<0.001; Figure 1A). Only anxiety score was associated with change 

in LSA score from pretreatment to one month (P=0.048; Table 2). In unadjusted analysis, 

patients with a high pretreatment anxiety score experienced a 12.6-point decline in LSA 

score from pretreatment to one month (95% CI −18.0, −7.2; Figure 1C). In contrast, patients 

with a normal anxiety score had stable LSA scores from pretreatment to one month (slope 

−2.3, 95% CI −11.0, 6.4). After adjusting for race, education, histology, and prior surgery, 

the association between high anxiety score and decline in LSA score from pretreatment to 

one month remained statistically significant (P=0.04; Table 3).

One to six months: Change in LSA score results

Overall, the average LSA score was stable from one to six months after treatment initiation 

(slope 0.8 points per month; 95% CI −0.3, 1.9; P=0.17; Figure 1A). Only BMI <21 kg/m2 

was associated with change in LSA score from one to six months (P=0.003; Table 2). 

Patients with a BMI <21 kg/m2 experienced a 4.1-point increase in LSA score per month 

from one to six months (95% CI 1.6, 6.5; Figure 1D). In contrast, patients with a BMI 

≥21 kg/m2 had stable LSA scores (slope −0.04 points per month, 95% CI −1.3, 1.2). After 

adjusting for race, education, histology, and prior surgery, the association between BMI 

<21 kg/m2 and improvement in LSA score from one to six months remained statistically 

significant (P=0.004; Table 3).

Additional analyses were performed to further explore the association between low BMI 

and improvement in LSA. When pretreatment BMI was recategorized as tertiles, the lowest 

tertile (BMI 16.5-22.5 kg/m2) remained associated with improvement in LSA from one 

to six months. During NSCLC treatment, weight remained relatively stable regardless of 
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pretreatment BMI. There were no differences in pretreatment LSA, KPS, ADL, IADL, TUG, 

SPPB, or falls by pretreatment BMI group.

Mixed methods results

Twenty patients participated in the qualitative substudy (Supplemental Table S3). Joint 

displays representing different LSM trajectories during NSCLC treatment are shown in 

Figure 2 (stable, decline, decline then recovery). These examples were selected because 

these patients received the same combination of chemoimmunotherapy (carboplatin, 

pemetrexed, pembrolizumab) but experienced different changes in their LSM. Decreased 

LSM was experienced as exhaustion to the point that “one flight up the stairs to my 
bedroom was like walking five miles” (Figure 2C) and wanting to “stay in bed all day long 
because you are just wiped out” (Figure 2D). In Figure 2D at the six-month interview, the 

patient described how using a wheelchair actually helped her improve her LSM because she 

otherwise “didn’t have the energy to get to the car.”

The association between IADL dependence and low pretreatment LSA score was a 

prominent theme in the qualitative substudy:

“No energy. […] I literally couldn’t do much of anything–fix food. I couldn’t 
even get up and fix me a sandwich if I wanted to.” (74-year-old woman starting 

chemotherapy, pretreatment interview describing prior chemotherapy)

Several patients described high morning fatigue and restricted LSM:

“I got up, felt weary, laid there on the couch and slept for about 6 hours.” (87-year-

old man starting chemotherapy, pretreatment interview)

Anxiety influenced LSM in various ways including a fear of infection and fear of needing 

help when away from home:

“I just didn’t go outside. I didn’t want to get an infection from other people who’ve 
got something.” (73-year-old man on chemoimmunotherapy, two-month interview)

“I just felt like […] you shouldn’t drive because you go out and get weak and 
then need somebody to come and get you. And I didn’t have anybody at that time 
that I felt would just run over and come get me.” (79-year-old woman starting 

chemoimmunotherapy, pretreatment interview)

DISCUSSION

In a diverse cohort of older adults starting a new systemic NSCLC treatment, mean 

pretreatment LSA was 67.1, which declined, on average, 10.1 points at one month and did 

not recover at six months after treatment initiation. This prospective cohort study is the first 

to identify characteristics associated with pretreatment LSM and changes during NSCLC 

treatment among older adults. In fact, this study is one of only a handful of studies on LSM 

among patients with cancer12–14 and the first focused on NSCLC.

Overall, our cohort began with a high prevalence of IADL dependence (66.3%), low MoCA 

scores (67.7%), and high anxiety scores (71.6%). The mean pretreatment LSA score of 67.1 
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is worse than normative population data for older adults without cancer (e.g., median LSA 

score for 70- to 74-year-olds is 86).36 To illustrate, an LSA score of 67 may reflect a person 

who can travel within their neighborhood independently but needs personal assistance 

to travel to places within their town. Further, the 10.1-point decline that these patients 

experienced is greater than the minimal important change of 5, which is associated with 

worsening walking ability.18

High pretreatment anxiety score was the only characteristic associated with decline in LSM 

at one month. Among patients with NSCLC, anxiety is associated with higher symptom 

severity, depression, lower QOL, and lung cancer stigma.37 Studies on the role of anxiety 

in life-space decline in the general older adult population are limited. While fear of falling 

specifically has been linked to life-space decline among community-dwelling older adults,38 

there are no other studies on anxiety or fear of infection and LSM among older adults with 

cancer.

Our finding that older adults with NSCLC with high pretreatment anxiety, sometimes 

due to fear of infection, are more likely to experience life-space decline when starting 

chemotherapy, immunotherapy, and/or targeted therapy has clinical implications for 

anticipatory guidance. While some chemotherapy regimens do result in neutropenia, which 

increases an older adult’s risk for serious infection, immunotherapy and targeted therapy for 

NSCLC do not commonly increase infection risk.39, 40 For patients starting immunotherapy 

and targeted therapy, reassurance can be provided that patients, in general, do not need to 

limit their LSM during the initial month of treatment and should be encouraged to maintain 

their mobility to minimize deconditioning. Older adults with high anxiety symptoms should 

receive psycho-oncology resources to provide additional support as they begin NSCLC 

treatment.41

The only characteristic associated with change in LSM from one to six months after 

treatment initiation was a pretreatment BMI <21 kg/m2. This association was unexpected 

since a lower BMI is considered a risk factor for malnutrition among older adults42 and is 

associated with worse survival among patients with NSCLC.43 In our study, older adults 

with a low pretreatment BMI had similar pretreatment LSA scores, were not more fit at 

enrollment, and were not more likely to gain weight during treatment. In contrast to a 

study of community-dwelling older adults without cancer where involuntary weight loss 

was associated with more rapid decline in LSM,44 we did not find an association between 

pretreatment involuntary weight loss and change in LSM. To understand this complex 

relationship between BMI and LSM, further research is needed to move beyond the poor 

surrogate measure of BMI to evaluate the role of body composition33 including sarcopenic 

obesity45 and myosteatosis,46 both of which are not captured by BMI.

In addition, we found that neither pretreatment LSM nor change during treatment were 

independently associated with chronological age or pretreatment KPS, which are routinely 

relied upon to risk stratify patients with cancer. In a systematic review of functional status 

during systemic cancer treatment among older adults, results were mixed with many studies 

reporting no association between age or performance status with functional decline and 

a few studies reporting an association.7 In studies of chemotherapy toxicity among older 
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adults, KPS does not predict severe adverse events whereas a geriatric assessment-based risk 

score that includes age is predictive.47 Our results highlight the need to assess older adults 

beyond age and performance status to understand baseline LSM and risk for decline.

While high pretreatment morning fatigue was associated with lower pretreatment LSM, 

it was not associated with change in LSA score during NSCLC treatment. In contrast, 

interview participants described feeling “exhausted” or “wiped out” when their LSA score 

declined. This difference between our quantitative and qualitative findings may be related 

to changes in fatigue during treatment, which were not included in this analysis given 

our focus on pretreatment characteristics for risk stratification prior to treatment initiation. 

Additionally, future research should explore measures of other aspects of fatigue such as 

fatigability48 to determine if a different pretreatment measure of fatigue might be associated 

with life-space decline.

Whereas many prior studies on functional decline during cancer treatment among older 

adults focused on chemotherapy,7 our study also included immunotherapy and targeted 

therapy, which are common NSCLC treatments with more favorable toxicity profiles on 

average than chemotherapy.49 Interestingly, type of systemic NSCLC treatment was not 

associated with change in LSA score during treatment, meaning that older adults who 

received immunotherapy and/or targeted therapy experienced decline in their LSM similar 

to older adults who received chemotherapy. It is important to counsel older adults and their 

caregivers on the potential impact of all of these systemic treatments on their LSM in order 

to inform shared decision making, plan for possible life-space decline, and minimize any 

negative impacts if they occur.

Through our innovative longitudinal mixed methods design, our joint displays provided a 

unique lens into how quantitative changes in LSM are experienced qualitatively by older 

adults with NSCLC. These joint displays help put LSA scores and treatment toxicity into 

the context of patients’ lives. Our findings provide support for LSM as a relevant, patient-

centered measure of function that should be considered for inclusion in clinical cancer 

care and geriatric oncology research on the impact of cancer treatment on older adults. 

Further research is warranted to study joint displays as potential tools to enhance discussions 

of treatment toxicity during shared decision making and patient education. In addition, it 

will be important to understand how older adults with cancer prioritize maximizing LSM 

compared to other related but distinct priorities such as maintaining functional independence 

or QOL.

With the COVID-19 pandemic, LSM was abruptly restricted globally for people of all ages 

as shelter-in-place and social distancing guidelines were implemented. In general, frail older 

adults without cancer with a restricted LSM experience a greater negative impact on their 

QOL compared with non-frail older adults.50 During the COVID-19 pandemic, older adults 

with cancer were more likely to report LSM decline than older adults without cancer.12 

While we used a data cut-off date of 2/29/2020 for this analysis to remove the effect of 

the pandemic and instead focus on patients’ underlying LSM, the pandemic has served as a 

reminder of the importance of LSM on our physical and mental health.
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This study has several limitations. Although the broad eligibility criteria allowed for 

enrollment of a diverse participant population from diverse practice settings, all recruitment 

sites were in San Francisco, which may limit generalizability to other regions. In our 

longitudinal models, we chose to include only pretreatment characteristics to mimic 

information available to oncologists risk stratifying patients before treatment initiation. 

Therefore, we did not include change in function or symptoms during treatment as 

predictors of LSM. While our longitudinal mixed methods design uniquely allowed us to 

examine how older adults with NSCLC experience changes in LSM, we only included 

English-speaking in the qualitative substudy. Lastly, the third interview at six months 

after treatment initiation was added to the study after the first seven patients had already 

completed their participation, so some important longer-term perspectives may have been 

missed initially.

In conclusion, many older adults with NSCLC have low pretreatment LSM and experience 

further declines in mobility during treatment. Incorporating LSA into clinical cancer care 

and research may help older adults concretely visualize how treatment might impact their 

daily function to allow for informed decision making and identify early changes in mobility 

to implement supportive interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

Key Points:

• Among older adults with lung cancer, average pretreatment life-space 

mobility was low.

• High anxiety and low BMI were associated with life-space decline and 

improvement during treatment, respectively.

Why does this matter?

Life-space assessments may help older adults better understand how treatment impacts 

their lives.
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Figure 1. Unadjusted Life-Space Assessment (LSA) plots.
A) Overall LSA results from pretreatment to six months after systemic NSCLC treatment 

initiation (N=93).

B) Pretreatment dependence in ≥1 instrumental activities of daily living (IADL) is 

associated with lower pretreatment LSA scores. Although IADL is not associated with 

change in LSA score during NSCLC treatment, patients with a low pretreatment LSA score 

may spend their entire time during treatment with restricted life space (LSA score <60).

C) High pretreatment Mental Health Inventory-13 anxiety score is associated with steeper 

decline in LSA score from pretreatment to one month.

D) Pretreatment body mass index (BMI) <21 kg/m2 is associated with improvement in LSA 

score from one to six months after systemic NSCLC treatment initiation.
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Figure 2. Joint displays.
Joint displays integrating quantitative plots of Life-Space Assessment scores with qualitative 

patient descriptions of life-space mobility. All four patients shown received the same 

chemoimmunotherapy non-small cell lung cancer treatment.

Abbreviations: F, female; M, male; yo, year old.
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Table 1.

Patient characteristics (N=93).

Characteristic n (%)

Demographic and clinical characteristics

Age, years 65-69 29 (31.2)

70-74 26 (28.0)

75-79 14 (15.1)

80+ 24 (25.8)

Female 53 (57.0)

Race White 59 (63.4)

Asian 24 (25.8)

Black 5 (5.6)

Other 5 (5.6)

Primary language English 79 (85.0)

Chinese 14 (15.0)

Education ≤High school 19 (23.5)

College 37 (45.7)

Graduate level 25 (30.9)

Partnered 53 (60.2)

Lives alone 18 (19.4)

Smoking status Former smoker 59 (63.4)

Never smoker 29 (31.2)

Current smoker 5 (5.4)

Histology Adenocarcinoma 77 (82.8)

Squamous cell 12 (12.9)

Other 4 (4.3)

Stage IIIA-C 6 (6.5)

IVA 36 (38.7)

IVB 51 (54.8)

Brain metastasis 24 (25.8)

Prior lung cancer treatment Any prior lung cancer treatment 66 (71.0)

Prior radiation 40 (43.0)

Prior chemotherapy 35 (37.6)

Prior targeted therapy 26 (28.0)

Prior immunotherapy 17 (18.3)

Prior surgery 16 (17.2)

Current treatment Immunotherapy 33 (35.5)

Targeted therapy 29 (31.2)

Chemotherapy and immunotherapy 21 (22.6)

Chemotherapy 10 (10.8)
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Characteristic n (%)

Pretreatment geriatric assessment and symptom characteristics

Provider-rated Karnofsky Performance Status <70 13 (14.0)

Dependent in ≥1 ADL 18 (19.4)

Dependent in ≥1 IADL 55 (66.3)

TUG ≥13.5 sec 29 (33.3)

SPPB ≤9 43 (46.2)

Fall(s) in last 6 months 12 (14.8)

≥3 comorbidities 36 (38.7)

Low hemoglobin (<10 g/dL for women, <11 g/dL for men) 11 (12.0)

Creatinine clearance <60 ml/min 33 (36.3)

MoCA score <26 63 (67.7)

Involuntary weight loss in last 6 months 47 (58.0)

BMI <21 kg/m2 20 (21.5)

MHI-13 depression score ≥12 29 (39.2)

MHI-13 anxiety score ≥6 53 (71.6)

Poor tangible social support 32 (41.0)

High morning fatigue 30 (38.5)

High evening fatigue 23 (29.9)

Low morning energy 61 (78.2)

Low evening energy 35 (45.5)

Pain (quite a bit or very much) 20 (26.7)

Shortness of breath (quite a bit or very much) 19 (25.0)

Abbreviations: ADL, activities of daily living; BMI, body mass index; g/dL, gram per deciliter; IADL, instrumental activities of daily living; 

kg/m2, kilogram per meter square; MHI, Mental Health Inventory; ml/min, milliliters per minute; MoCA, Montreal Cognitive Assessment; TUG, 
Timed Up and Go; SPPB, Short Physical Performance Battery.

Missing data: education n=12, partner status n=5, IADL n=10, TUG n=6, falls n=12, hemoglobin n=1, creatinine clearance n=2, weight loss n=12, 
depression n=19, anxiety n=19, social support n=15, morning fatigue/energy n=15, evening fatigue/energy n=16, pain n=18, shortness of breath 
n=17
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Table 2.

Unadjusted results: Characteristics associated with pretreatment LSA score and monthly changes from 0-1 mo 

and 1-6 mo after initiation of NSCLC treatment (N=93).

Characteristic
Mean pretreatment LSA 

score (95% CI) P 
a Pretreatment to 1 mo change 

in LSA score (95% CI) P 
a

1-6 months change/
month in LSA score 

(95% CI) P 
a

Demographic and clinical characteristics

Race

 White 77.8 (70.9, 84.6) Ref −11.6 (−16.8, −6.4) Ref 1.3 (−0.17, 2.7) Ref

 Asian 45.5 (34.7, 56.3) <0.001 −8.1 (−16.3, 0.1) 0.48 0.9 (−1.2, 3.0) 0.78

 Other 55.9 (39.2, 72.7) 0.02 −6.3 (−19.1, 6.5) 0.44 −1.5 (−4.7, 1.7) 0.13

Primary language

English 72.1 (65.9, 78.4) Ref −10.8 (−15.3, −6.2) Ref 0.7 (−0.5, 1.9) Ref

 Chinese 38.4 (23.6, 53.2) <0.001 −6.2 (−16.8, 4.5) 0.44 1.4 (−1.5, 4.3) 0.66

Education

≤High school 48.9 (37.1, 60.8) Ref −15.0 (−24.2, −5.8) Ref 2.0 (−0.6, 4.7) Ref

 College 72.8 (64.3, 81.3) 0.001 −4.6 (−10.8, 1.6) 0.07 0.9 (−0.6, 2.4) 0.47

 Graduate 75.9 (65.5, 86.2) 0.001 −11.8 (−19.6, −4.0) 0.60 −1.0 (−3.3, 1.3) 0.09

Smoking status

 Former 72.6 (65.1, 80.0) Ref −10.9 (−16.0, −5.7) Ref 1.4 (−0.1, 2.5) Ref

 Never 57.2 (46.5, 67.8) 0.02 −7.4 (−14.9, −0.03) 0.46 −0.8 (−2.8, 1.2) 0.07

 Current 59.6 (33.9, 85.3) 0.34 −21.1 (−41.8, −0.3) 0.35 9.6 (−18.1, 37.4) 0.56

Adenocarcinoma histology

 No 50.9 (36.5, 65.4) Ref −10.3 (−20.3, −0.4) Ref 2.5 (−0.2, 5.2) Ref

 Yes 70.4 (63.8, 77.0) 0.02 −10.0 (−14.6, −5.5) 0.96 0.4 (−0.8, 1.7) 0.18

Prior surgery

 No 64.2 (57.6, 70.9) Ref −9.8 (−14.4, −5.2) Ref 0.8 (−0.5, 2.0) Ref

 Yes 80.6 (66.1, 95.2) 0.045 −11.8 (−21.7, −2.0) 0.71 0.9 (−1.7, 3.4) 0.93

Pretreatment geriatrics assessment and symptom characteristics

Provider-rated Karnofsky Performance Status <70

 No 71.0 (64.7, 77.3) Ref −10.2 (−14.7, −5.7) Ref 0.9 (−0.3, 2.1) Ref

 Yes 42.8 (27.2, 58.4) 0.001 −9.8 (−21.0, 1.4) 0.95 0.1 (−3.0, 3.3) 0.67

Dependent in ≥1 activities of daily living

 No 72.0 (65.5, 78.4) Ref −9.4 (−14.1, −4.8) Ref 0.5 (−0.7, 1.7) Ref

 Yes 46.7 (33.5, 59.8) 0.001 −13.4 (−23.0, −3.7) 0.47 2.1 (−1.0, 5.2) 0.35

Dependent in ≥1 instrumental activities of daily living

 No 87.9 (78.7, 97.2) Ref −6.2 (−13.7, 1.3) Ref −0.2 (−2.0, 1.7) Ref

 Yes 58.6 (52.0, 65.2) <0.001 −11.1 (−16.4, −5.9) 0.30 1.3 (−0.1, 2.7) 0.24

Timed Up and Go ≥13.5 seconds

 No 74.8 (67.9, 81.7) Ref −7.6 (−12.8, −2.5) Ref 1.2 (−0.2, 2.5) Ref

 Yes 58.8 (49.1, 68.6) 0.01 −15.9 (−23.2, −8.5) 0.07 −0.2 (−2.1, 1.8) 0.28
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Characteristic
Mean pretreatment LSA 

score (95% CI) P 
a Pretreatment to 1 mo change 

in LSA score (95% CI) P 
a

1-6 months change/
month in LSA score 

(95% CI) P 
a

Short Physical Performance Battery ≤9

 No 77.8 (70.1, 85.5) Ref −9.8 (−15.4, −4.2) Ref 0.9 (−0.5, 2.3) Ref

 Yes 54.6 (46.3, 62.9) <0.001 −10.7 (−16.9, −4.5) 0.83 0.5 (−1.3, 2.3) 0.73

≥3 comorbidities

 No 75.0 (67.8, 82.2) Ref −7.2 (−12.4, −1.9) Ref 0.3 (−1.1, 1.6) Ref

 Yes 54.5 (45.4, 63.5) 0.001 −15.4 (−22.2, −8.6) 0.06 1.7 (−0.2, 3.7) 0.23

Low hemoglobin (<10 g/dL for women, <11 g/dL for men)

 No 70.0 (63.8, 76.2) Ref −10.0 (−14.5, −5.6) Ref 0.7 (−0.4, 1.9) Ref

 Yes 42.6 (25.8, 59.4) 0.003 −12.7 (−24.8, −0.6) 0.69 0.9 (−3.5, 5.3) 0.96

Body mass index <21 kg/m2

 No 66.8 (59.9, 73.7) Ref −9.0 (−13.7, −4.3) Ref −0.04 (−1.3, 1.2) Ref

 Yes 67.9 (54.7, 81.1) 0.89 −13.9 (−22.5, −5.2) 0.34 4.1 (1.6, 6.5) 0.003

Involuntary weight loss in last 6 months

 No 77.5 (68.0, 87.0) Ref −9.2 (−16.0, −2.4) Ref 0.4 (−1.2, 2.1) Ref

 Yes 62.3 (54.2, 70.3) 0.02 −10.0 (−15.7, −4.2) 0.87 1.1 (−0.5, 2.6) 0.59

MHI-13 depression score ≥12

 No 77.2 (69.3, 85.1) Ref −6.5 (−12.4, −0.6) Ref 0.5 (−0.9, 1.9) Ref

 Yes 61.4 (51.6, 71.3) 0.01 −14.8 (−22.1, −7.5) 0.08 1.8 (−0.4, 3.9) 0.33

MHI-13 anxiety score ≥6

 No 80.7 (69.0, 92.3) Ref −2.3 (−11.0, 6.4) Ref 0.2 (−2.0, 2.4) Ref

 Yes 67.2 (59.9, 74.5) 0.06 −12.6 (−18.0, −7.2) 0.048 1.3 (−0.1, 2.7) 0.43

High morning fatigue

 No 79.4 (72.2, 86.5) Ref −7.5 (−13.3, −2.0) Ref 0.1 (−1.2, 1.7) Ref

 Yes 52.4 (43.4, 61.4) <0.001 −12.5 (−19.7, −5.3) 0.30 1.8 (−0.1, 3.7) 0.20

Pain

 No 74.0 (66.7, 81.3) Ref −8.9 (−14.3, −3.5) Ref 0.7 (−0.6, 2.0) Ref

 Yes 54.8 (42.6, 66.9) 0.008 −10.7 (−19.6, −1.8) 0.74 0.7 (−2.0, 3.5) 0.99

Abbreviations: CI, confidence interval; g/dL, gram per deciliter; kg/m2, kilogram per meter squared; MHI, Mental Health Inventory; Ref, 
reference.

a
P-values <0.05 are in bold.
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Table 3.

Adjusted
a
 associations with pretreatment LSA score and monthly changes from 0-1 mo and 1-6 mo after 

initiation of NSCLC treatment (N=93).

Characteristic
Mean pretreatment LSA 

score (95% CI) P 
b Pretreatment to 1 mo change 

in LSA score (95% CI) P 
b 1-6 mo change/mo in 

LSA score (95% CI) P 
b

Provider-rated Karnofsky Performance Status <70

 No 84.3 (75.5, 93.1) Ref −10.3 (−14.8, −5.8) Ref 0.9 (−0.3, 2.1) Ref

 Yes 70.9 (53.6, 88.2) 0.10 −9.3 (−20.5, 2.0) 0.86 0.3 (−2.8, 3.4) 0.72

Dependent in ≥1 activities of daily living

 No 85.0 (76.3, 93.6) Ref −9.6 (−14.2, −4.9) Ref 0.5 (−0.7, 1.7) Ref

 Yes 70.0 (55.1, 84.8) 0.03 −13.2 (−22.8, −3.5) 0.51 2.3 (−0.7, 5.4) 0.28

Dependent in ≥1 instrumental activities of daily living

 No 97.2 (87.6, 106.9) Ref −6.6 (−14.1, 1.0) Ref −0.2 (−2.1, 1.7) Ref

 Yes 73.9 (65.3, 82.5) <0.001 −11.2 (−16.5, −5.9) 0.32 1.4 (−0.04, 2.8) 0.19

Timed Up and Go ≥13.5 seconds

 No 84.9 (76.5, 93.4) Ref −7.7 (−12.9, −2.5) Ref 1.2 (−0.2, 2.5) Ref

 Yes 75.9 (63.9, 87.8) 0.11 −16.2 (−23.5, −8.9) 0.06 −0.1 (−2.0, 1.9) 0.31

Short Physical Performance Battery ≤9

 No 89.1 (80.0, 98.2) Ref −10.0 (−15.6, −4.4) Ref 1.0 (−0.5, 2.4) Ref

 Yes 73.2 (62.8, 83.7) 0.002 −10.6 (−16.8, −4.3) 0.89 0.5 (−1.2, 2.3) 0.71

≥3 comorbidities

 No 87.2 (78.5, 95.9) Ref −7.5 (−12.7, −2.2) Ref 0.2 (−1.1, 1.6) Ref

 Yes 73.1 (62.1, 84.1) 0.01 −15.1 (−21.9, −8.3) 0.08 1.8 (−0.1, 3.8) 0.19

Low hemoglobin (<10 g/dL for women, <11 g/dL for men)

 No 84.5 (75.9, 93.1) Ref −9.4 (−14.7, −5.7) Ref 0.8 (−0.4, 1.9) Ref

 Yes 68.5 (50.7, 86.2) 0.05 −10.4 (−24.6, −0.4) 0.72 1.2 (−3.2, 5.6) 0.84

Involuntary weight loss in last 6 months

 No 88.9 (78.3, 99.5) Ref −9.6 (−16.3, −2.8) Ref 0.4 (−1.3, 2.0) Ref

 Yes 81.2 (71.2, 91.1) 0.19 −10.0 (−15.8, −4.3) 0.92 1.2 (−0.4, 2.8) 0.47

Body mass index <21 kg/m2

 No 83.3 (73.4, 93.3) Ref −9.1 (−13.8, −4.4) Ref 0.02 (−1.2, 1.2) Ref

 Yes 83.8 (71.5, 96.0) 0.95 −13.9 (−22.5, −5.2) 0.34 3.7 (1.5, 6.5) 0.004

MHI-13 depression score ≥12

 No 90.6 (82.3, 99.0) Ref −6.8 (−12.7, −1.0) Ref 0.5 (−1.0, 1.9) Ref

 Yes 79.9 (69.6, 90.3) 0.04 −15.0 (−22.3, −7.6) 0.09 1.7 (−0.4, 3.9) 0.33

MHI-13 anxiety score ≥6

 No 88.3 (77.2, 99.4) Ref −2.2 (−11.0, 6.5) Ref 0.2 (−2.0, 2.4) Ref

 Yes 86.7 (77.5, 95.9) 0.79 −13.0 (−18.4, −7.6) 0.04 1.3 (−0.1, 2.7) 0.45

High morning fatigue

 No 89.9 (81.6, 98.1) Ref −8.0 (−13.7, −2.4) Ref 0.2 (−1.2, 1.7) Ref
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Characteristic
Mean pretreatment LSA 

score (95% CI) P 
b Pretreatment to 1 mo change 

in LSA score (95% CI) P 
b 1-6 mo change/mo in 

LSA score (95% CI) P 
b

 Yes 72.2 (61.5, 82.9) 0.001 −12.6 (−19.8, −5.4) 0.33 1.9 (−0.004, 3.7) 0.18

Pain

 No 89.2 (80.6, 97.9) Ref −9.3 (−14.7, −3.9) Ref 0.7 (−0.6, 2.0) Ref

 Yes 74.4 (62.3, 86.5) 0.02 −10.5 (−19.4, −1.6) 0.83 0.7 (−2.0, 3.4) 1.00

Abbreviations: CI, confidence interval; g/dL, gram per deciliter; kg/m2, kilogram per meter squared; LSA, life-space assessment; MHI, Mental 
Health Inventory; ml/min, milliliters per minute; mo, month; NSCLC, non-small cell lung cancer.

a
Each geriatric assessment characteristic is tested in a separate linear mixed-effects model adjusted for race, education, histology, and prior surgery. 

Multiple imputation was used to estimate education for 12 patients. Results shown set covariates to the following values: white race, college 
education, adenocarcinoma histology, no prior surgery.

b
P-values <0.05 are in bold.
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