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Abstract

Background: Many older adults with cancer have >2 impairments on geriatric assessment, which affects present and future frailty status, treat-
ment tolerability, and outcomes. Our objective was to identify and describe distinct geriatric assessment impairment classes using latent class
analysis (LCA) in older patients with gastrointestinal malignancies and assess 1-year mortality.

Methods: We used the Cancer & Aging Resilience Evaluation (CARE) Study, a registry of older adults (>60 years) at University of Alabama at
Birmingham. The analytic cohort included patients with gastrointestinal malignancies who completed a self-administered geriatric assessment
(CARE tool) before chemotherapy and had >1 geriatric assessment impairment. Thirteen geriatric assessment impairments were used as indica-
tors in LCA. Resultant classes were described, mortality was estimated, and risk contrasts (differences and hazard ratios) were calculated with
95% confidence intervals. For comparison, estimates were provided for frailty categories (robust, prefrail, and frail) determined from 44 items
in the CARE tool. Stratified analyses included high-risk (pancreatic, hepatobiliary, and esophageal) versus low-risk gastrointestinal cancers, and
stage (IV vs I-llI).

Results: Six geriatric assessment impairment classes were identified: Mild impairment (LC1); Social support impairment (LC2); Weight loss
alone (LC3); Impaired, low anxiety/depression (LC4); Impaired with anxiety/depression (LC5); and Global impairment (LC6). One-year mortality
was 14%, 22%, 29%, 34%, 50%, and 50% for LC1-LC8, respectively. For frailty categories, estimates ranged from 18% (robust) to 40% (frail).
In stratified analyses, LC4-LC6 consistently had higher mortality estimates compared to LC1.

Conclusions: The 6 geriatric assessment impairment classes showed a wider spread of mortality estimates compared to frailty categories and
could be used to identify vulnerable patients and to plan interventions.
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Cancer is broadly considered a disease of aging with half of
new diagnoses occurring among adults age 65 or older (1).
Although age is not a contraindication for chemotherapy
treatment, older patients often have co-occurring impair-
ments that warrant consideration (2,3). It is estimated that
more than half of older adults with cancer have >2 health
impairments (4,5). Thus, the presence of multiple impair-
ments is common for older adults with cancer and contrib-
utes to heterogeneity between patients and variable treatment
tolerability.

In acknowledging these challenges, the American Society of
Clinical Oncology (ASCO) and other clinical guidelines rec-
ommend using geriatric assessment to identify vulnerabilities
that are not regularly captured in oncology assessments (6,7).
Geriatric assessment is an extensive evaluation of multiple

health domains (eg, physical function, falls, depression, cog-
nition, nutrition, and comorbidity) using a variety of clinical
tools (6). Geriatric assessment can be used to tailor interven-
tions, and geriatric assessment can also identify frailty—a
syndrome and state of increased vulnerability due to accrued
impairments in multiple body systems that confers dimin-
ished ability to respond to stressors (eg, treatment, illness,
and injury) (8,9). Geriatric assessment is effective in reducing
chemotherapy-related toxic effects (10,11); however, success-
ful interventions often require multidisciplinary teams includ-
ing geriatric oncologists, nurse practitioners, social workers,
physical/occupational therapists, nutritionists, and pharma-
cists. Thus, intervention on geriatric impairments requires
knowledge of co-occurring impairments and coordination
between healthcare providers.
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To facilitate intervention planning and improve service
coordination, it is important to identify impairment patterns
from the multiple domains in a geriatric assessment. Our
objective was to identify and describe distinct geriatric assess-
ment impairment classes using latent class analysis (LCA) in
older patients with gastrointestinal malignancies and to assess
1-year mortality by class.

Method

Data Source and Study Sample

This study included older patients (260 years) with gastro-
intestinal malignancies in the Cancer & Aging Resilience
Evaluation (CARE) Registry who completed the CARE
tool, a self-administered, patient-reported geriatric assess-
ment adapted from the Cancer and Aging Research Group
geriatric assessment developed by Hurria and colleagues
(12-14). This self-administered geriatric assessment has
high clinical utility considering the short median time for
completion for CARE Registry participants (10 minutes;
interquartile range: 10-16 minutes) (13). Additionally, the
geriatric assessment measures and the frailty index derived
from this fully patient-reported geriatric assessment have
high criterion validity as they have been shown to be good
predictors of overall survival and adverse treatment-related
outcomes (ie, functional decline and treatment-related tox-
icity) (15,16).

The study sample included patients who completed the
CARE tool between July 2017 and February 2022 with com-
plete information on impairments, >1 reported impairment,
and no prior chemotherapy in the past 6 months and before
starting current chemotherapy (“prechemotherapy sample,”
see Supplementary Figure 1 for inclusion). This study was
exempted from institutional review board review (IRB) by the
University of North Carolina at Chapel Hill Office of Human
Research Ethics. The CARE registry study was approved by
the University of Alabama at Birmingham IRB and written
consent was obtained from each participant.

Indicators Used to Determine Impairment Profiles

We conducted LCA using 13 geriatric assessment impair-
ments defined in the CARE tool as latent class indicators
(Supplementary Table 1) (5). Indicators were dichotomized
based on the presence or absence of the impairment and
included recent falls (>1 falls in the past 6 months); walking
(significant limitations in walking one block); instrumental
activities of daily living (IADL, >2 impairments); activities
of daily living (ADL, >1 impairment); weight loss (>3% loss
within 1 month or 6% loss within 6 month based on the
abridged version of the patient-generated subjective global
assessment, abPG-SGA, thresholds defining moderate impact
weight loss) (17-19); low activity (Eastern Cooperative
Oncology Group Performance Status, ECOG-PS >3); social
activity interference (reported “most” or “all of the time”);
multimorbidity (>4 comorbidities reported on the Older
Americans and Services comorbidity measure (20-22); low
social support (ie, someone to help at most “some of the
time” on the Medical Outcomes Study Social Support Survey
[23,24]); anxiety (Patient-Reported Outcomes Measurement
Information System, PROMIS, Anxiety T-score>60);
depression (PROMIS Depression T-score >60 [25]); cogni-
tive impairment (PROMIS Cognitive Function T-score <40
[26,27]); and polypharmacy (>9 daily medications [28]).

Outcomes

Vital status and date of death were identified up to October
2021 using patient name, social security number, and linkage
with LexisNexis. Zip code and date of diagnosis were used
for confirmation.

Patient Characteristics

Demographics were reported in the CARE tool and
included race (White, Black or African American, Native
American or Alaskan, Asian, Native Hawaiian, other),
ethnicity (Hispanic or Latino, non-Hispanic), education
level (less than high school, high school graduate, associ-
ate/Bachelors, advanced degree), and marital status (sin-
gle, widowed/divorced, married). Additional information
from electronic health records was extracted by a trained
researcher and included age, patient-reported gender, height
and weight (measured <2 weeks before treatment started)
for calculation of body mass index (BMI), cancer type and
stage, and current chemotherapy treatment line. For data
cleaning purposes, patients reporting current weight of
<50 pounds were excluded. BMI was categorized (under-
weight, normal, overweight, or obese), and incorporated
Asian- (222.2 and 226.9 kg/m?) and Black-specific (>23.4 and
>28.1 kg/m?) cutoff points for overweight and obese catego-
ries (29). High-risk malignancies (pancreatic, hepatobiliary,
and esophageal cancers) and low-risk malignancies (colorec-
tal, gastrointestinal stromal tumors, neuroendocrine tumors,
and other) were categorized based on typical estimated sur-
vival and 1-year mortality (15,30).

Frailty score was calculated based on the principles of defi-
cit accumulation using 44 health deficit items in the CARE
tool. Scores were calculated for patients who responded to
>24 items (31-36). Items were coded as indicating the presence
of deficit (“1”), absence (“0”), or intermediate responses (eg,
“sometimes” or “maybe”; “0.5”), and scores were assigned to
represent the overall proportion of deficits (range 0-1). Frailty
scores were categorized using previously defined thresholds:
robust (0-0.2), prefrail (0.2-0.35), and frail (>0.35) (14,37).

Statistical Analysis

Latent class analysis is a statistical procedure used to detect
heterogeneity in a sample and to identify subgroups (38). As
a form of person-centered mixture modeling, LCA uses par-
ticipant responses and cross-classification of categorical indi-
cator variables to identify latent (or unobserved) groups that
share response patterns (38,39). The underlying assumption
is that membership in latent classes is antecedent and explains
patterns of responses, indicator variables, or scales (39,40).
Responses on each indicator are assumed to be conditionally
independent of each other given latent class (LC) membership
(38). Models with varying number of classes were fit to the
data, and posterior probabilities for membership in each class
were estimated for respondents.

In the prechemotherapy impairment sample (7 =464,
Supplementary Figure 1), we conducted LCA using the 13
impairment indicators to model LC probabilities. The number
of latent classes used to fit the data was determined iteratively
by evaluating models with 1 to 8 classes. Models were evalu-
ated quantitatively and qualitatively using the following cri-
teria: (1) lower values for Akaike information criteria (AIC),
Bayesian information criteria (BIC), and adjusted Bayesian
information criterion (aBIC); (2) bootstrapped likelihood
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ratio tests (BLRT, 1000 replicates); (3) entropy; and (4)
based on interpretation of resultant classes and clinical input
(41). BLRT tests the null hypothesis that modeling & classes is
adequate compared to modeling k + 1 classes; p values < .05
indicated that the larger model fit the sample better. Entropy
assessed discrimination and values >0.8 indicated acceptable
class separation (40). Using each patient’s posterior probabil-
ities for the k classes, we assigned patients to 1 LC based on
maximum posterior class membership probability.

To facilitate interpretation and labeling, we evaluated geri-
atric assessment impairment probabilities for each LC and
incorporated clinical input. For the overall sample and each
LC, we reported patient characteristics using counts and per-
centages for categorical characteristics and median, first quar-
tile, and third quartile for continuous characteristics.

For patients enrolled in the registry before October 2021,
we evaluated mortality risk using Kaplan—-Meier methods for
each LC. Kaplan—Meier curves were plotted for each LC, and
curves based on frailty categories were plotted for compari-
son. Based on the Kaplan-Meier curves, multiple latent classes
had few events occurring after 18 months; therefore, mor-
tality risk estimates were provided for 6, 12, and 18 months
after completion of the CARE tool—180, 365, and 540 days,
respectively. Given the high expected mortality for the tar-
get older adult patient population, 12-month estimates were
the focus for summarizing results in text and for exploratory
analyses.

At each time point of interest, we compared risk between
classes using risk differences and 95% confidence intervals for
the contrasts. The LC with the largest class size was selected
as the referent class. We additionally used Cox proportional
hazards models to estimate hazard ratios based on patient
follow-up time up to 18 months. We calculated crude esti-
mates and estimates from models singly adjusted for demo-
graphics (age, sex), cancer characteristics (high- vs low-risk
cancer, stage 4 cancer), or prognostic indices (BMI, frailty).
Given our descriptive intent and the small size of some latent
classes, we did not assess fully adjusted models.

In exploratory analyses, we calculated stratified 1-year
mortality risks for each LC based on cancer type (high-risk
vs low-risk) and stage (IV vs I-III) and evaluated the order
of mortality estimates for each stratum. For each LC, we also
estimated differences in 1-year mortality between strata and
confidence intervals for mortality differences.

As a sensitivity analysis, we conducted single-value impu-
tation to include patients with missing impairment items;
missing indicators were recoded to “no impairment.” The
imputed, impairment sample included 600 patients with mor-
tality outcomes available for 579. Analyses were conducted
using SAS statistical software version 9.4 (PROC LCA and
PROC LIFETEST; SAS Institute Inc., Cary, NC) and Kaplan—
Meier curves were generated using R statistical software ver-
sion 4.1.1. (survminer package; Comprehensive R Archive
Network, CRAN).

Results

Overall Study Sample

The analytic sample (median age 69 years, 43% women)
included 464 patients that were predominately White/
Caucasian (Table 1). The sample had an equal percentage
of patients with high-risk and low-risk cancers, 42% had
stage IV disease, and 74% were planning to receive their

first chemotherapy treatment. Although all of the included
patients had >1 impairment; 57% reported 1-3 impairments
(Supplementary Figure 1). Based on the CARE frailty index,
30% of the sample was considered robust (7 =137); the
remaining sample had equal percentages of patients consid-
ered prefrail (7 = 163, 35%) and frail (7 = 164, 35%).

Latent Class Analysis—Model Fit and Class
Identification

The LCA model fit criteria indicated that 6 classes fit the sam-
ple best (Table 2). ABIC was lowest for these results. BLRT p
values for models with 1 to 5 latent classes were < .05 indicat-
ing that larger models were preferred; a BLRT p value > .05
indicated that 6 classes fit the data adequately relative to
larger models. After assigning patients to individual classes,
posterior probabilities for the 6 classes were >80%. The
impairment latent classes were labeled based on impairment
probabilities and clinical input (Figure 1, Supplementary
Table 2):

e LC1: Mild impairment, 7 = 130 (28 %). Characterized by
low probabilities (<30%) for functional impairments (ie,
falls, walking, IADLs, and ECOG-PS), anxiety, depres-
sion, cognition, and social support; multimorbidity and
polypharmacy probabilities were >60% and >40%,
respectively.

e LC2: Social support impairment, 7n=356 (12%).
Characterized by 100% social support impairment, 45 %
probability of weight loss, and low (<5%) probability
for functional impairments, multimorbidity, anxiety, or
depression.

e LC3: Weight loss alone, 7 = 72 (16%) Characterized by
100% weight loss with low probabilities (<20%) for
other impairments.

e LC4: Moderate impairment with low anxiety/depression,
n =105 (23%), hereafter referred to as “impaired, low
anxiety/depression” class. Characterized by higher prob-
abilities for functional impairments, weight loss, and
social activity impairments compared to LC1; and low
probabilities for anxiety/depression.

e LCS5: Moderate impairment with anxiety/depression,
n=>51 (11%), hereafter referred to as “impaired with
anxiety/depression” class. Characterized by higher
impairment probabilities than LC1 for functional
impairments, weight loss, social activity, social support,
and cognition; and high probabilities (>85%) for anxi-
ety/depression.

e LCé6: Global impairment, 7 =50 (11%). Characterized
by higher impairment probabilities than the impaired
classes (LC4 and LCS) for functional domains including
>90% probability walking impairment and ECOG-PS
impairment, and 100% probability of IADL and ADL
impairment. Probability of social activity impairment
and multimorbidity was also greater than LCS5, but prob-
abilities for anxiety/depression were <50%.

Characteristics by Latent Class

Although the 6 impairment classes had similar age distribu-
tions, the social support impairment class and global impair-
ment class had lower percentages of women compared to the
others (Table 1). The percentage of patients in non-White/
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Characteristics, 7 (%) Overall Mild Social Support ~ Weight Impaired, Low Impaired With Global
Sample Impairment Impairment Loss Alone  Anxiety/Depression Anxiety/Depression  Impairment
(n=464) (n=130) (n=356) (n=72) (n=105) (n=51) (n=350)

Age (median, IQR) 69 (64-75) 70 (65-76) 68 (62-75) 67 (63-73) 70 (64-75) 68 (64-74) 71 (65-76)
Gender

Male 266 (57.3)  72(55.4) 35(62.5) 40 (55.6) 59 (56.2) 28 (54.9 32 (64.0)

Female 198 (42.7) 58 (44.6) 21 (37.5) 32 (44.4) 46 (43.8) 23 (45.1) 18 (36.0)
Race

White/Caucasian 359 (77.4) 107 (82.3) 49 (87.5) 57(79.2) 72 (68.6) 36 (70.6) 38 (76.0)

Black/African American 93 (20.0) 21 (16.2) 6 (10.7) 12 (16.7) 28 (26.7) 15 (29.4) 11 (22.0)

Asian 6 (1.3) 0 (0.0) 1(1.8) 2 (2.8) 2(1.9) 0 (0.0) 1(2.0)

American Indian/Alaska 2 (0.4) (0.0) 0(0.0) 0 (0.0) 2(1.9) 0 (0.0) 0(0.0)

Native

Other/unknown 4(0.9) 2 (1.5) 0(0.0) 1(1.4) 1(1.0) 0 (0.0) 0(0.0)
Education level

Less than high school 69 (14.9) 23 (17.7) 3(54) 5(6.9) 20 (19.1) 10 (19.6) 8 (16.0)

High school graduate 218 (47.0) 60 (46.2) 26 (46.4) 34 (47.2) 47 (44.8) 23 (45.1) 28 (56.0)

Associate/bachelors 119 (25.7) 31 (23.9) 17 (30.4) 26 (36.1) 26 (24.8) 10 (19.6) 9 (18.0)

Advanced degree 51(11.0) 16 (12.3) 9 (16.1) 7(9.7) 10 (9.5) 5(9.8) 4 (8.0)

Unknown 7 (1.5) 0 (0.0) 1(1.8) 0 (0.0) 2(1.9) 3(5.9) 1(2.0)
Marital status

Single, never married 29 (6.3) 7 (5.4) 3(54) 2(2.8) 13 (12.4) 2 (3.9) 2 (4.0)

Widowed/divorced/ 155(33.4) 43 (33.1) 31(55.4) 13 (18.1) 22 (21.0) 28 (54.9) 18 (36.0)

separated

Married 272 (58.6) 78 (60.0) 21 (37.5) 57(79.2) 67 (63.8) 19 (37.3) 30 (60.0)

Unknown 8(1.7) 2 (1.5) 1(1.8) 0 (0.0) 3(2.9) 2 (3.9) 0 (0.0)
Cancer type

Low risk 233 (50.2) 76 (58.5) 36 (64.3) 30 (41.7) 42 (40.0) 27 (52.9 22 (44.0)

High risk 231 (49.8) 54 (41.5) 20 (35.7) 42 (58.3) 63 (60.0) 24 (47.1 28 (56.0)
Cancer stage

I-111 268 (57.8) 88 (67.7) 41 (73.2) 37 (51.4) 49 (46.7) 30(58.8 23 (46.0)

v 196 (42.2) 42 (32.3) 15 (26.8) 35 (48.6) 56 (53.3) 21 (41.2 27 (54.0)
Chemotherapy treatment
(current)

1 343 (73.9) 102 (78.5) 43 (76.8) 54(75.0) 81 (77.1) 31 (60.8) 32 (64.0)

2-4 10 (2.2) 4(3.1) 2 (3.6) 1(1.4) 2(1.9) 1(2.0) 0(0.0)

>5 62 (13.4) 13 (10.0) 5(8.9) 9 (12.5) 10 (9.5) 11 (21.6) 14 (28.0)

Unknown 49 (10.6) 11 (8.5) 6 (10.7) 8 (11.1) 12 (11.4) 8 (15.7) 4(8.0)
BMI category

Underweight 21 (4.5) 2 (1.5) 2(3.6) 3(4.2) 5(4.8) 3(5.9) 6(12.0)

Normal weight 169 (36.4) 34 (26.2) 24 (42.9) 30 (41.7) 37 (35.2) 29 (56.9) 15 (30.0)

Overweight 142 (30.6) 47 (36.2) 15 (26.8) 25 (34.7) 28 (26.7) 11 (21.6) 16 (32.0)

Obese 124 (26.7) 45 (34.6) 14 (25.0) 13 (18.1) 31 (29.5) 8 (15.7) 13 (26.0)

Unknown 8 (1.7) 2 (1.5) 1(1.8) 1(1.4) 4(3.8) 0 (0.0) 0 (0.0)
Frailty

Robust 137 (29.5) 36 (27.7) 47 (83.9) 42 (58.3) 10 (9.5) 2 (3.9) 0 (0.0)

Prefrail 163 (35.1) 68 (52.3) 9 (16.1 29 (40.3) 45 (42.9) 12 (23.5) 0(0.0)

Frail 164 (35.3) 26 (20.0) 0(0.0) 1(1.4) 50 (47.6) 37 (72.6) 50 (100.0)
Comorbidities

Other cancers or 102 (22.0) 33 (25.4) 9 (16.1) 16 (22.2) 21 (20.0) 12 (23.5) 11 (22.0)

leukemia

Arthritis or rheumatism 178 (38.4) 71 (54.6) 13 (23.2) 17 (23.6) 37 (35.2) 20 (39.2) 20 (40.0)

Glaucoma 33(7.1) 9(6.9) (1.8) 4(5.6 10 (9.5) (7.8) 5(10.0)

Emphysema/chronic 45 (9.7) 15 (11.5) 6) 3 (4.2 11 (10.5) 8) 9 (18.0)

bronchitis
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Table 1. Continued

Characteristics, 7 (%) Opverall Mild Social Support ~ Weight Impaired, Low Impaired With Global

Sample Impairment Impairment Loss Alone  Anxiety/Depression Anxiety/Depression  Impairment
(n=464) (n=130) (n=356) (n=72) (n=105) (n=51) (n=350)

High blood pressure 294 (63.4) 101 (77.7) 28 (50.0) 42 (58.3) 65(61.9) 25 (49.0) 33 (66.0)

Heart disease 99 (21.3) 43 (33.1) 3(5.4) 7(9.7) 22 (21.0) 7 (13.7) 17 (34.0)

Circulation trouble in 99 (21.3) 34 (26.2) 3(5.4) 6(8.3) 22 (21.0) 11 (21.6) 23 (46.0)

arms/legs

Diabetes 158 (34.1) 61 (46.9) 12 (21.4) 17 (23.6) 41 (39.1 8 (15.7 19 (38.0)

Stomach or intestinal 178 (38.4) 58 (44.6) 12 (21.4) 20 (27.8 39 (37.1) 23 (45.1) 26 (52.0)

disorders

Osteoporosis 51(11.0)  16(12.3) 5(8.9) 3(4.2) 15 (14.3) 7 (13.7) 5(10.0)

Chronic liver or kidney 87 (18.8) 27 (20.8 7 (12.5) 10 (13.9) 22 (21.0 9(17.7 12 (24.0)

disease

Stroke 36 (7.8) 10 (7.7) 1(1.8) 5(6.9) 7 (6.7) 4(7.8) 9 (18.0)

Depression 91(19.6) 22 (16.9) 2 (3.6 6(8.3) 12 (11.4) 29 (56.9) 20 (40.0)

Note: BMI = body mass index; CARE = Cancer and Aging Resilience Evaluation; IQR = interquartile range.

Table 2. Accuracy and Fit of Latent Class Models With 1-8 Classes

Mild Impairment (LC1, n=123) Social support impairment (LC2, n=54)

(N=464) s s
ecoc-Ps W ECOG-PS
R valng e ang W
No. of Classes p Value il Som e —
Social iﬁﬂ.ﬁii | | Soc\al:;::‘\g:z
LL AIC BIC ABIC BLRT Entropy D sonon
Polyprermac, I Pt
1 -3300 2066 2120 2078 <001  1.00 O paiment Probabiities O paiment Probabilties.
2 2991 1477 1588 1503 <001 0.83
‘Weight loss alone Impaired, low anxiety/depression
3 22945 1411 1581 1451 <001 0.78 (LC3, n=69) (LC4, n=102)
4 -2898 1347 1574 1400 .002 0.77 coodss m Ecodes
S -2873 1323 1609 1390 .005 0.79 s —— e e
6 22850 1306 1650 1387 .066  0.79 e —
7 22832 1298 1700 1392 .052  0.81 i | i
8 2814 1290 1750 1398 .025 0.80 0 05 0a 05 00 07 00 00 10 e an0s 04 05 06 01 08 06 10

Note: AIC = Akaike information criterion; ABIC = adjusted Bayesian
information criterion; BIC = Bayesian information criterion;
BLRT = bootstrap likelihood ratio test; LL = log likelihood.

non-Caucasian categories was greatest in the 2 impaired
classes and the global impairment class. Patients belonging
to the social support impairment and impaired with anxi-
ety/depression classes reported greater percentages of being
widowed, divorced, or separated compared to the other
impairment classes. For all classes besides the social support
impairment class, high-risk cancers and stage IV cancers were
>40% and >30%, respectively. The impaired with anxiety/
depression class and the global impairment class had the
greatest percentages of patients planning to receive their 2nd
chemotherapy treatment or beyond. Patients in each LC were
mostly (>50%) overweight or obese except for the impaired
with anxiety/depression class (37%). The global impairment
class had the largest percentage of patients considered under-
weight (12%) compared to the other impairment classes
(<6%).

The mild impairment class mostly had patients considered
prefrail and 20% were frail. Patients belonging to the social
support impairment and weight loss alone classes were pre-
dominately robust or prefrail. For the impaired classes, >90%
of patients were prefrail or frail. All patients belonging to the

Impairment Probabilities Impairment Probabilities

Impaired with anxiety/depression Global impairment
(LC5, n=50) (LC6, n=47)

1ADL 1ADL
ADL ADL
ECOG-PS ECOG-PS
Recent falls Recent falls
Walking Walking
Weight loss Weight loss
Social support
Social activity
Anxiety
Depression
Cognition
Multimorbidity
Polypharmacy

Social support
Social activity
Anxiety
Depression
Cognition
Multimorbidity
Polypharmacy

00 01 02 03 04 05 06 07 08 09 1.0
Impairment Probabilities

00 01 02 03 04 05 06 07 08 09 1.0
Impairment Probabilities

Figure 1. [tem impairment probabilities for each latent class (N = 464)
2. aPosterior probability of class membership is as follows: 0.815, 0.904,
0.832, 0.800, 0.916, 0.913 for LC1-LC8, respectively. ADL = activities
of daily living; ECOG-PS = Eastern Cooperative Oncology Group
Performance Status; IADL = instrumental activities of daily living;

LC = latent class.

global impairment class were frail. Regarding comorbidities,
the social support impairment and weight loss alone classes
generally had lower percentages compared to the other
impairment classes. The global impairment class had the
highest percentage of patients reporting stroke.

Mortality by Latent Classes

Among 445 patients enrolled in the registry before October
2021, 62 (14%), 112 (25%), and 134 (30%) deaths occurred
within 6, 12, and 18 months, respectively. Kaplan-Meier
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Figure 2. Kaplan—-Meier curves for mortality by latent impairment class
and by frailty status (CARE registry sample, 2017-2021, N = 445).
CARE = Cancer and Aging Resilience Evaluation; LC = latent class.

curves are presented in Figure 2, and the order of 12-month
mortality estimates was as follows: mild impairment class
(14%); social support impairment class (22%); weight loss
alone class (29%); impaired, low anxiety/depression class
(34%); impaired with anxiety/depression class (50%); global
impairment class (50%). At each time point of interest, the
spread of mortality estimates was wider for the latent impair-
ment classes compared to estimates based on frailty status.

For 6-,12-, and 18-month mortality, risk contrasts showed
that estimates were greater for LC3, LC4, LCS5, and LC6 com-
pared to LC1 (Figure 3). For the 3 time points of interest,
mortality estimates for LC2 (social support impairment) were
either not estimable or had small differences with LC1 (ie,
<10% difference). Crude and adjusted hazard ratios using
data up to 18 months of follow-up showed similar results
(Supplementary Figure 3). LC2 had hazard ratio point esti-
mates ranging from 1.0 to 1.5 compared to LC1, whereas the
remaining latent classes had point estimates greater than or
equal to 2.0: LC3 versus LC1 (HR range: 2.0 to 2.7 across
crude and adjusted models), LC4 versus LC1 (HR range:
2.3 t0 2.7), LC5 versus LC1 (HR range: 3.3 to 3.9), and LC6
versus LC1 (HR range: 4.2 to 4.6).

In stratified analyses, 1-year mortality estimates for the
impairment classes ranged from 29% to 75% for high-risk
cancers and 3% to 32% for low-risk cancers (Supplementary
Table 3). For strata by cancer stage, estimates ranged from
13% to 62% for stage IV and from 15% to 42% for stage
I-1II (Supplementary Table 4). Across all strata, LC4, LCS,
and LC6 consistently had higher-ranked mortality estimates
compared to LC1.

Sensitivity Analyses

After single-value imputation for missing impairments, we
included an additional 136 patients (Supplementary Table
5) and were able to replicate the 6 latent impairment classes
(Supplementary Figure 4, Supplementary Table 6). Among 579
patients with follow-up data for mortality outcomes, 85 (15%),
149 (26%), and 178 (31%) deaths occurred within 6, 12, and
18 months, respectively. Compared to primary analyses, there
were slight differences in the composition of the resultant latent
classes; however, Kaplan-Meier plots were similar to primary
analyses (Supplementary Figure 5). The order of 12-month
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Figure 3. Absolute differences in risk of mortality by latent impairment
class (CARE registry sample, 2017-2021, N = 445). CARE = Cancer and
Aging Resilience Evaluation; Cl = confidence interval; LC = latent class.

mortality estimates differed from primary analyses: social sup-
port impairment class (21%), mild impairment class (24%);
weight loss alone class (28%); global impairment class (37%);
impaired, low anxiety/depression class (46%); and impaired
with anxiety/depression class (50%).

Compared to patients belonging to the mild impair-
ment class (LC1), estimated mortality risk was greater
for the global impairment class (LC6) and the moderate
impairment classes (LC4, LCS) at 6-, 12-, and 18-month
timepoints (Supplementary Figure 6). LC4 and LCS had
the greatest estimated 12-month and 18-month mortality
(range: 46%-50%). Additionally, based on risk difference
and hazard ratio results, the estimated risk of mortality was
similar, lower, or not estimable for patients belonging to the
social support impairment class (LC2) compared to LC1
(Supplementary Figures 6 and 7). Patients characterized by
weight loss alone (LC3) also had risk contrast estimates
that indicated similar or only slightly elevated mortality
risk compared to LC1.

Stratified analyses by cancer type and stage showed that
LC4 and LCS consistently had high 1-year mortality estimates
compared to LC1 (Supplementary Tables 7 and 8). Mortality
estimates for LC6 were relatively high for both strata by can-
cer type (1l-year risk range: 48%-53%) and moderate for
patients with low-risk cancer (24%). Compared to these esti-
mates for LC6, the estimated mortality for LC6 was lower
among patients with stage I-III cancer (16%).

Discussion

In this registry sample of older adults with gastrointestinal
cancers, we identified 6 latent impairment classes from patient
responses on a geriatric assessment: mild impairment class; social
support impairment class; weight loss alone class; impaired, low
anxiety/depression class; impaired with anxiety/depression class;
and global impairment class. Compared to the social support
impairment class and weight loss alone class, the latter 3 impair-
ment classes were characterized by a confluence of multiple
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impairments. The latter 3 classes also had greater estimated mor-
tality compared to the mild impairment class, although estimates
varied across analyses and stratifications. As expected, stratified
analyses by cancer type and by stage showed that high-risk gas-
trointestinal cancers and stage-4 disease were associated with
higher estimated mortality; this was generally consistent across
the 6 latent impairment classes. Within each stratum by cancer
type and by stage, the latter 3 classes generally had the highest
ranked mortality estimates among the impairment classes.

These results highlight the clinical value of identifying
patients with multiple concurring impairments on geriatric
assessment and shed light on impairment patterns, which can
facilitate intervention planning. For example, cancer rehabil-
itation with occupational and physical therapy services for
older adults with cancer could be used to address functional
impairments and decrease disability caused by cancer and its
treatments (42). These services are underutilized (43), which
is problematic considering that unaddressed cancer- and
treatment-related conditions like fatigue, lymphedema, and
chemotherapy-induced peripheral neuropathy could precip-
itate life-long disability (44,45). Additionally, weight loss and
social support impairment in older adults with cancer could
be alleviated with dietitian and social worker services, respec-
tively (46,47). Anxiety/depression can also be addressed
through pharmacotherapy or psychotherapy, and psychiatry
referrals may involve structured psychosocial interventions
(48-50). For older patients with gastrointestinal cancers,
nutrition or dental intervention may need to be coupled with
cancer rehabilitation services to address weight loss, malnutri-
tion, and functional deficits. Additionally, older patients with
these impairments who also suffer from anxiety/depression
or social isolation may be particularly vulnerable to adverse
outcomes and require intervention to prevent further deterio-
ration of functional capabilities (51). Our research highlights
the importance of intervention packaging to support older
patients with multiple impairments and distinct profiles.

This study builds off of the ELCAPA study, which pre-
viously used LCA and a limited set of geriatric assessment
impairments to identify 4 health profiles in older adults
with cancer: relatively healthy, malnourished, cognitive
and/or mood impaired, and globally impaired (52). We
used LCA on a sample of older patients with >1 reported
impairment, and incorporated geriatric assessment impair-
ments that were excluded in the previous study, for exam-
ple, IADL, walking, falls, and anxiety. The present latent
impairment classes are also focused on older patients with
gastrointestinal cancers—a population in which disease
course directly affects malnutrition and weight loss—and
demonstrate the variable vulnerability that comes with
weight loss alone versus weight loss combined with func-
tional impairments and other impairment states, such as
anxiety or depression.

Other noteworthy health profiles have been identified by
Balducci and Extermann (53) and the International Society
of Geriatric Oncology (54). In these categorizations, both
IADL and ADL assessments were included to capture mod-
erately impaired and strongly impaired patients. Our work
also highlights the importance of including both assess-
ments. The impaired classes and global impairment class
had TADL impairment probabilities >50%, whereas only
the global impairment class had high ADL impairment
probability. Thus, while ADLs may identify the most vulner-
able patients, the inclusion of multiple functional domains

allowed for the identification of patients with moderate
impairment.

Study limitations include generalizability to other popula-
tions with gastrointestinal cancers due to the CARE Registry
setting, an academic site in southeastern United States.
Another limitation was the restriction to patients with com-
plete impairment information. This may exclude patients who
skipped questions due to survey fatigue or patients in poor
health who failed to report impairments; however, sensitivity
analyses still identified high vulnerability for patients assigned
to the impaired and global impairment classes. Additionally,
the geriatric assessment was completed by the patient alone,
which is subject to information bias. Despite this limitation,
the use of a fully patient-reported geriatric assessment made
it feasible to assess a large older adult and clinical popula-
tion. Another study strength was in the inclusion of all avail-
able geriatric assessment impairments, which better leveraged
LCA’s clustering capabilities for identifying unique impairment
classes. Future studies should evaluate the validity of impair-
ment classes in larger and more diverse samples and assess
intermediate outcomes, such as treatment toxicities, modifica-
tions, and discontinuations.

Using patient responses on geriatric assessment and LCA, we
identified 6 unique profiles that describe impairment patterns
for older patients with gastrointestinal cancer. Knowledge on
the co-occurrence of geriatric assessment impairments in this
population can facilitate intervention planning and coordi-
nation of support services for older adults as they undergo
cancer treatment.

Supplementary Material

Supplementary data are available at The Journals of
Gerontology, Series A: Biological Sciences and Medical
Sciences online.
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