Journals of Gerontology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2016, Vol. 71, No. 12, 1653-1660

GERONTOLOGICAL

Advance Access publication March 22, 2016
SOCIETY OF AMERICA®

A
X
A

Research Article

Four Distinct Health Profiles in Older PatientsWith Cancer:
Latent Class Analysis of the Prospective ELCAPA Cohort

EmilieFerrat,"?Etienne Audureau,ElenaPaillaud'*EvelyneLiuu,*Christophe Tournigand,®*®
Jean-Leon Lagrange,’ Florence Canoui-Poitrine,’* Philippe Caillet,’** and
Sylvie Bastuji-Garin'*#*; on behalf of the ELCAPA Study Group

'Clinical Epidemiology and Ageing (CEpiA) Unit EA 7376, Université Paris Est (UPEC), A-TVB DHU, IMRB, F-94010 Créteil, France. 2Primary Care
Department, Faculté de médecine, Université Paris Est, UPEC, F-94010 Créteil France. *Department of Public Health, AP-HP, Hopital Henri-Mondor,
F-94010 Créteil, France. *“Unité de coordination en oncogériatrie (UCOG), AP-HP, Hopital Henri-Mondor, F-94010 Créteil, France. *Department of
Medical Oncology, AP-HP, Hopital Henri-Mondor, F-94010 Créteil, France. ®Université Paris Est (UPEC), Early detection of Colon Cancer using
Molecular Markers and Microbiota (EC2M3) Unit EA7375, UPEC, F-94010 Créteil, France. "Department of Radiation Oncology, AP-HP, Hapital
Henri-Mondor, F-94010 Créteil, France. ®Clinical Research Unit (URC Mondor), AP-HP, Hopital Henri-Mondor, F-94010 Créteil, France.

*These two authors contributed equally to the study.

Address correspondence to Emilie Ferrat, MD, MsC, Faculté de médecine, département de médecine générale, 8 rue du général Sarrail, F-94010
Créteil, France. E-mail: emilie.ferrat@u-pec.fr

Received September 11, 2015; Accepted March 1, 2016

Decision Editor: Stephen Kritchevsky, PhD

Abstract

Background: Several studies have evaluated the independent prognostic value of impairments in single geriatric-assessment (GA) components
in elderly cancer patients. None identified homogeneous subgroups. Our aims were to identify such subgroups based on combinations of GA
components and to assess their associations with treatment decisions, admission, and death.

Methods: We prospectively included 1,021 patients aged >70 years who had solid or hematologic malignancies and who underwent a GA in
one of two French teaching hospitals. Two geriatricians independently selected candidate GA parameters for latent class analysis, which was
then performed on the 821 cases without missing data. Age, gender, tumor site, metastatic status, and inpatient versus outpatient status were
used as active covariates and predictors of class membership. Outcomes were cancer treatment decisions, overall 1-year mortality, and 6-month
unscheduled admissions. Sensitivity analyses were performed on the overall population of 1,021 patients and on 375 newly enrolled patients.
Results: We identified four classes: relatively healthy (LC1, 28%), malnourished (LC2, 36 %), cognitive and mood impaired (LC3, 15%), and
globally impaired (LC4, 21%). Tumor site, metastatic status, age, and in/outpatient status independently predicted class membership (p <
.001). In adjusted pairwise comparisons, compared to LC1, the three other LCs were associated with higher risks of palliative treatment, death,
and unscheduled admission (p <.05). LC4 was associated with 1-year mortality and palliative treatment compared to LC2 and LC3 (p < .05).
Conclusion: We identified four health profiles that may help physicians select cancer treatments and geriatric interventions. Researchers may
find these profiles useful for stratifying patients in clinical trials.

Keywords: Frailty—Geriatric assessment—OQOutcomes—Cancer—Epidemiology

In Europe and the United States, approximately 60% of cancers are
diagnosed in patients aged 265 years, and 70% of cancer deaths
occur in this group (1,2). Older patients with cancer raise therapeu-
tic challenges, as they constitute a heterogeneous population with
various combinations of comorbidities, disabilities, and geriatric
syndromes. The International Society of Geriatric Oncology and US

National Comprehensive Cancer Network recommend a geriatric
assessment (GA) to detect multidomain health problems potentially
associated with poorer outcomes and to introduce interventions
effective on those problems that may be reversible (3,4). Several stud-
ies have assessed associations between GA domains and adverse out-
comes (5-8). However, most of them evaluated the prognostic value
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of single GA components in isolation from one another. Balducci
and coworkers reported three profiles of older patients with can-
cer, based on theoretical considerations: fit, vulnerable, and frail. No
studies have used a statistical approach to identify homogeneous
health profiles (9). Applying statistical techniques to combinations
of small numbers of GA components might identify health profiles
associated with adverse outcomes, thereby providing treatment guid-
ance and allowing the development of targeted interventions appro-
priate for the needs associated with each profile.

Latent class analysis (LCA) is a patient-centered approach specif-
ically designed to reliably identify subgroups of patients when they
exist (10). LCA has been used successfully to investigate, character-
ize, and validate disease subtypes, as well as to stratify patients into
risk groups and to predict treatment responses (11-15).

We therefore used LCA in a population of older inpatients and
outpatients with various cancer types to identify health profiles
based on combinations of GA findings. We then assessed whether
these profiles were associated with treatment decisions and/or with
adverse outcomes such as 6-month unscheduled admissions and
1-year overall mortality.

Methods

Population and Data Source

We used data from the ELCAPA survey (ELderly CAncer PAtients),
a prospective cohort study of consecutive patients aged >70 years
who had newly diagnosed, histologically documented, solid, or
hematologic malignancies; and who were referred by oncologists,
radiotherapists, surgeons, or other specialists to one of two teaching
hospitals in the Paris urban area, France, for a pretherapeutic GA
(16); such referral occurred for about 60% of all older patients seen
for cancer (8). For the present analysis (ELCAPA_09), we selected
patients recruited between 2007 and 2012 (n = 1,021). Informed
consent was obtained from all study patients prior to inclusion. The
protocol was approved by the appropriate ethics committee (CPP
Ile-de-France I, Paris, France).

At baseline, all patients underwent a GA before treatment deci-
sions were made, as described previously (16). A trained geriatrician
assessed the following GA domains: function and mobility, nutri-
tional status, cognition, mood, social environment, comorbidities,
and polypharmacy. Age, gender, cancer characteristics, and the
planned cancer treatment were recorded. Vital status was determined
from the medical records or public records office. Unscheduled
admissions during the 6 months after study inclusion were identified
by medical record review.

Indicators Used to Determine GA-Based Health

Profiles

LCA is a multivariate regression technique designed to describe
relationships between a set of observed dependent variables (ie,
latent class indicators) and an unobserved categorical latent variable
(17). The objective is to find the smallest number of groups such
that patients in one group are similar to one another but distinct
from patients in other groups (18,19). Appropriate selection of the
latent class indicators is of paramount importance, as it constrains
the ability to identify latent classes. We used a two-step approach
for selection of the health indicators. First, we compiled a list of 46
potentially relevant health indicators (Online Supplement 1). Due to
statistical considerations, and because many items were highly cor-
related (eg, Activities of Daily Living score [ADL] and ECOG-PS),

two senior geriatricians specialized in geriatric oncology (P.C. and
E.L.) independently selected 10 indicators, covering all GA domains,
which they considered most relevant. The two geriatricians then dis-
cussed those indicators about which their opinions differed. They
reached a consensus about six indicators, which were then used for
LCA. These indicators were functional impairment (ADL < 5/6)
(20); cognitive impairment (Mini-Mental State Examination score
< 24/30) (21); malnutrition defined as one or more of the follow-
ing criteria as recommended by the French National Authority for
Health: at least 10% weight loss in 6 months or 5% in 1 month
and/or body mass index less than 21kg/m? and/or Mini-Nutritional
Assessment score less than 17/30 and/or serum albumin level less
than 35g/L (22); inadequate social environment defined as absence
of a primary caregiver or of adequate support at home or of a strong
circle of family and friends able to meet the needs of the patient at
the time of the evaluation (16); depression diagnosed by a semistruc-
tured interview to identify criteria for a major depressive episode
from the Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) (23); and number of severe (grade 3-4) comorbidities
as assessed by the Cumulative Illness Rating Scale for Geriatrics
(CIRS-G; 0,1, >2) (24). Second, we performed multiple correspond-
ence analysis to ensure that each indicator selected by the experts
contributed significantly to the first principal component of the cor-
responding GA domain (25). To characterize the classes and predict
class membership, we considered the following active covariates:
tumor site, metastatic status, age, gender, and in/outpatient status at
the time of the GA. Age was dichotomized based on the median (<80
versus >80 years).

Outcomes

The following outcomes were chosen to assess the prognostic value
of the health profiles identified by LCA: overall 1-year mortality,
unscheduled admissions within 6 months following the GA, and
whether the final planned treatment strategy was palliative or cura-
tive. Curative treatment was defined as any necessary therapeutic
strategy expected to achieve the cure of cancer. Palliative treatment
was defined as any interventions or therapeutic strategy intended to
relieve symptoms of the cancer (that may include palliative chem-
otherapy or radiation therapy in order to decrease the burden of
malignant cells if responsible of these symptoms), and to ensure opti-
mal patient comfort.

Statistical Analysis

Latent class analysis

We first used an iterative model-building process to perform LCA on
the 821 patients without missing data, based on the six selected indi-
cators. We obtained models containing one to eight classes. For each
model, we used a one-step approach involving simultaneous estima-
tion of the latent-class model of interest and of a logistic regression
model whose latent classes were related to the set of the five active
covariates. This method minimizes classification error (26-28). We
used a variety of criteria to identify the best fitting LCA model, since
no single approach is universally accepted (29-33). We considered
the parameters listed in Table 1, and we selected the solution that
had the greatest number of parameters in agreement: (a) nonsignifi-
cant bootstrap p value for the model fit using the likelihood-ratio
chi-square statistic (L2); (b) lowest values for the Bayesian informa-
tion criteria (BIC), sample-size-adjusted BIC (SABIC), and Akaike
information criterion with 3 as the penalized factor (AIC3); and (c)
nonsignificant improvement in fit between models having k classes
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Table 1. Goodness-of-Fit Indices of Latent Class Models Comprising One to Eight Classes (n = 821 patients): The ELCAPA_09 Study
Bootstrap L2 BLRT

No. of Classes p-Value BIC (LL) SABIC (LL) AIC3 (LL) P-Value Entropy

1 <.001 6750.76 6728.53 6724.78 - 1

2 .008 6071.60 5992.21 5978.97 <.001 .76

3 .048 6077.52 5940.97 5917.97 <.001 .70

4% 140 6098.26 5904.55 5871.92 <.001 71

S 102 6178.29 5927.42 5885.16 158 .70

6 .066 6259.65 5951.61 5899.73 154 71

7 .072 6338.50 5973.30 5911.79 152 74

8 .028 6421.39 5999.03 5927.89 .302 .76

Notes: AIC3 = adjusted Akaike information criterion; BIC = Bayesian information criterion; BLRT = bootstrapped likelihood ratio test; L2 = likelihood ratio;

LL = log likelihood; SABIC = sample-size-adjusted Bayesian criterion.

*Model selected as providing the best fit, as demonstrated by a nonsignificant bootstrap L2 p value for goodness of fit and the lowest SABIC and AIC3 values;

BLRT showed no improvement in fit of the five-class solution compared to the four-class solution. The null hypothesis for the BLRT test is that the k-1 model

fits. Entropy values closer to 1 indicate better fit.

versus k-1 classes, as assessed using the bootstrapped likelihood-
ratio test (BLRT). Local independence was tested using bivariate
residuals and discrimination was assessed using entropy, with val-
ues of 0.6 or higher indicating good class separation (34). LCA was
performed using Latent Gold software 5.0 (Statistical Innovations,
Belmont, MA).

Outcomes associated with the identified latent classes

To assess the prognostic value of the latent classes, patients were
assigned to classes based on their posterior class membership
probabilities.

The log-rank test was used for global and pairwise compari-
sons of mortality across LCs. Then, stratified Cox models were
built to deal with the time-dependent variable in/outpatient status
(8,35). The models were adjusted for age; year of inclusion; final
planned treatment strategy (curative/palliative/not reported), used as
a confounder; and the composite variable including tumor site and
metastatic status, to account for a previously reported interaction
(8). Hazard ratios (HRs) and their 95% confidence intervals (Cls)
were estimated. The prevalences of planned palliative treatment and
unscheduled admissions were compared globally across LCs using
the Wald test obtained from logistic models adjusted for age, year
of inclusion, in/outpatient status, tumor site and metastatic status,
and final planned treatment strategy (this latter factor was included
only in the model with admissions, as a confounder). Odds ratios
(ORs) and their 95% ClIs were estimated. Model discrimination
was assessed using Harrell’s C-index with bootstrapped 95% Cls or
ROC-AUC (95% CI), as appropriate. Calibration was assessed using
the Gr@nnesby and B@rgan or Hosmer-Lemeshow test (good fit if p
> 0.20), as appropriate.

For all outcomes, analyses were performed using STATA soft-
ware version 12.0 (StataCorp, College Station, TX), based on two-
sided tests at the p < 0.05 level. p Values for pairwise comparisons
were corrected using the false discovery rate (FDR) method for mul-
tiple comparisons (36).

Sensitivity analyses

To test our results for robustness, three sensitivity analyses were
performed. First, we used the missing data procedure implemented
in Latent GOLD software under the missing-at-random hypothesis
(n = 1,021) (33). Second, we applied the LCA according to meta-
static status, using the missing data procedure and then validating

the result on outcomes. Third, to validate our typology in a different
patient sample and to test the stability over time of 1-year mortality
prediction, we applied the posterior membership probabilities from
our main analysis to a new sample of 375 patients enrolled prospec-
tively in the ELCAPA cohort between 2012 and 2014.

Results

Identified Latent Classes

Of the 1,021 included elderly patients with cancer, 821 (80.4%) had
complete data for all six selected indicators. Their median age was
80 [76-84] years, 52.0% were male, 20.3% had colorectal cancer,
and 43.1% had metastatic disease. A four-class solution showed the
best fit, with a nonsignificant bootstrap L2 p value and the lowest
SABIC and AIC3 values; BLRT showed no improvement in fit of
the five-class solution compared to the four-class solution (Table 1).

Table 2 reports the characteristics of the 821 patients with the
conditional probabilities of the indicators and covariates for each of
the four LCs, interpreted as the probability of each indicator being
present in class members. Of the 821 patients, 232 (28.3%) belonged
to LC1,294 (35.8%) to LC2,124 (15.1%) to LC3,and 171 (20.8%)
to LC4. LC1 patients had low probabilities of GA indicator impair-
ments; we therefore labeled this class “relatively healthy”. LC2 was
characterized chiefly by a high probability of malnutrition and was
labeled “malnourished”. LC3 patients had higher probabilities of
cognitive and functional impairments, depressive mood, inadequate
social environment, and one or more severe comorbidities compared
with LC1 and LC2; in contrast, the probabilities of malnutrition,
functional impairment, and having two or more severe comorbidi-
ties were lower than in LC4; we labeled this class “cognitive and/or
mood impaired.” LC4 patients had high probabilities of functional
and cognitive impairments, depressive mood, malnutrition, and
severe comorbidities; compared with both LC1 and LC2, LC4 was
also associated with a higher probability of inadequate social envi-
ronment; this class was labeled “globally impaired.”

Factors independently associated with class membership
were tumor site (p < 0.001), metastatic status (p < 0.001), age
(p < 0.001), and in/outpatient status (p < 0.001; Table 2). LC1
was characterized by higher probabilities of nonmetastatic cancer,
breast or prostate cancer, age < 80 years, and outpatient status at
the time of the GA; LC2 by higher probabilities of digestive cancer,
metastatic disease, age < 80 years, and outpatient status at the time
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Table 2. Parameter Estimates for the Four-Class Solution (n =821 patients): The ELCAPA_09 Study

Prevalence of LC1

LC2 LC3 LC4

Indicators

Among the 821 Relatively

Malnourished, Cognitive and/or Mood Globally Impaired, Global

Patients, N (%) Healthy, N =232 N =294 Impaired, N = 124 N=171 p-Value!
Probability of membership in each class 28.3 35.8 15.1 20.8
expressed as %
Conditional probabilities* of (%)
Indicators
Functional impairment (ADL < 5/6) 267 (32.5) 3.3 13.6 58.1 86.4
Cognitive impairment (MMSE < 24/30) 222 (27.0) 10.9 11.2 59.2 53.1
Malnutrition* 421 (51.3) 1.0 66.2 49.8 95.4
Inadequate social environment! 163 (19.9) 8.0 16.1 36.2 30.6
Depression (DSM 1V criteria) 236 (28.8) 9.5 22.0 48.7 521
No. of severe comorbidities (grade 3-4 CIRS-G)
0 353 (43.0) 78.5 48.1 16.2 5.4
1 219 (26.7) 18.2 33.5 32.7 222
>2 249 (30.3) 3.3 18.4 51.3 72.4
Active covariates
Tumor site
Colorectal 167 (20.3) 10.6 30.2 16.5 19.3 <.001
Breast 147 (17.9) 33.9 7.8 33.9 4.0
Prostate 105 (12.8) 27.5 4.1 1.5 15.9
Upper gastrointestinal tract/liver 128 (15.6) 3.5 25.5 0.1 26.1
Urinary system 119 (14.5) 16.1 17.3 10.9 10.2
Hematologic malignancies 7(8.2) 3.1 8.1 14.0 10.9
Other tumors® 8 (10.7) 5.1 7.1 26.0 13.6
Metastatic status
MO 345 (42.0) 65.1 37.9 51.9 10.6 <.001
M1/Mx 354 (43.1) 24.7 50.7 19.3 72.4
Not reported or NA 122 (14.9) 10.2 11.4 28.9 17.0
Male gender 427 (52.0) 50.3 55.5 25.8 67.3 .083
Age >80y 376 (45.8) 37.9 31.9 75.9 58.4 <.001
Outpatient at time of GA 523 (63.7) 98.8 66.6 66.0 9.4 <.001

Notes: ADL = Activities of Daily Living; CIRS-G = Cumulative Illness Rating Scale for Geriatrics; DSM IV = Diagnostic and Statistical Manual of Mental

Disorders; GA = geriatric assessment; LC =
examination; Mx = metastatic status not assessable; NA = not applicable.

*Probability of each indicator being present in patients belonging to this class.

p Value obtained using the Wald test.

latent class; MO = absence of distant metastases; M1 = presence of distant metastases; MMSE = mini mental state

Presence of one or more of the following criteria: at least 10% weight loss in 6 months or 5% in 1 month and/or body mass index less than 21 kg/m? and/or

Mini Nutritional Assessment score less than 17/30 and/or serum albumin less than 35 g/L.

SUpper gastrointestinal tract included stomach and esophagus; urinary system included bladder, upper urinary tract, and kidneys; and other tumors included

tumors of the ovary, uterus, lung, head and neck, skin, thyroid, and unknown primary sites.

IInadequate social environment was defined as absence of a primary caregiver or of adequate support at home or of a strong circle of family and friends able

to meet the needs of the patient at the time of the evaluation.

of the GA; LC3 by higher probabilities of breast cancer or tumors
in the “other” category (ovary, uterus, lung, head and neck, skin,
thyroid, and unknown primary location), nonmetastatic disease,
age > 80 years, and outpatient status at the time of the GA; and
LC4 by higher probabilities of upper gastrointestinal tract/liver
cancer, metastatic disease, age >80 years, and inpatient status at
the time of the GA.

Outcomes

Vital status was unknown for 20/821 (2.4%) patients. The Kaplan—
Meier 1-year mortality curves for each LC showed significant dif-
ferences across classes (Figure 1). By univariate analysis, 1-year
mortality was lower in LC1 (10.3%; 95% CI [7.0-14.9]) than in
LC2 (40.0% [34.3-46.2]), LC3 (41.7% [32.1-52.8]), and LC4
(83.5% [76.8-89.1]; all p values <.001 in pairwise comparisons).
No difference was found between LC2 and LC3 (p = .84). LC4

patients had the highest 1-year mortality rate (all p values <.001 in
pairwise comparisons).

The multivariate analysis showed significant associations
between LCs and 1-year overall mortality, 6-month unscheduled
admissions, and planned treatment strategy (Table 3).

Adjusted pairwise comparisons showed that LC1 was associ-
ated with a lower risk of 1-year overall mortality compared with
the other LCs. Patients in LC4 had a higher risk of 1-year mortality
compared with those in LC2 or LC3 (all p values <.05). Adjusted
pairwise comparisons showed that both a palliative treatment deci-
sion and unscheduled admission were significantly less common
among LC1 patients than among patients in the other LCs (Table 3).
Compared to LC2 and LC3, LC4 was significantly associated with a
palliative treatment decision (all p values <.05); unscheduled admis-
sions did not differ significantly across L2, L3, and L4. All models
demonstrated good discrimination (c-index mortality model, 0.76



Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 12 1657

o
S
-
® Lct
2
N
s
2
5 o 4 coandies
> 0
= ° Log-Rank test; p<.001
E
0
S N
<4
a @ Lca
o
S
O T T T
0 5 10 15
N at risk (N of events) Time since evaluation (months)
LC1 247 (5) 234 (8) 221 (6) 209 (5) 187
Lc2 280 (46) 227 (23) 193 (26) 158 (10) 136
Lc3 102 (15) 78(12) 61 (4) 55 (6) 45
Lca 172 (87) 71(22) 46 (9) 32(11) 20
_____ (Lc2) Relatively healthy (LC1)

Globally impaired (LC4) +-+=-Cognitive and/or mood impaired (LC3)

Figure 1. Kaplan-Meier plots of overall 1-year survival after the comprehensive
geriatric evaluation, for each of the four latent classes (n = 801 patients): the
ELCAPA_09 study.

[95% CI: 0.73-0.78]; admissions model, 0.75 [0.72-0.79]; and
palliative treatment model, 0.90 [0.88-0.92]) and good calibration
(p > .20 for all models).

Sensitivity Analyses

The sensitivity analysis performed on the overall population
of 1,021 patients showed that the four-class solution was best.
When applied separately to the patients with (2 = 439) and
without (7 = 424) metastases, LCA showed persistence of the
four-profile typology, with only minimal changes in prevalences
and patterns that were chiefly ascribable to differences in the
distribution of indicators and covariates (Online Supplement
4). The adjusted analysis of outcomes produced findings very
similar to those in the overall population (Online Supplement
5). Of the 375 newly enrolled patients, 91 (24.3%) belonged to
LC1, 131 (34.9%) to LC2, 87 (23.2%) to LC3, and 66 (17.3%)
to LC4. Adjusted 1-year mortality showed similar findings as in
the main analysis, and model discrimination was good (c-index,
0.76 [95% CI: 0.72-0.81] and calibration (p > 0.20; Online
Supplement §).

Discussion

We identified four profiles of older patients with cancer, namely, rela-
tively healthy (LC1, 28 %), malnourished (LC2, 36 %), cognitive and/
or mood impaired (LC3, 15%), and globally impaired (LC4, 21%).
Factors independently associated with class membership were age,
tumor site, metastatic status, and in/outpatient status. Compared
with LC1 patients, LC2, LC3, and LC4 patients more often had a
palliative treatment decision, unscheduled admissions within the
next 6 months, and a fatal outcome within 1 year. Finally, patients
belonging to LC4 more often had a higher 1-year mortality rate and
planned palliative treatment compared with those in LC2 and LC3;
for unplanned admissions, no differences were demonstrated across
these three LCs. The same profiles were found in nonmetastatic and
metastatic patients.

Comparison With the Literature
In previous studies of older patients with cancer, GA components
such as mental health, comorbidities, polypharmacy, malnutrition,

and mobility or functional impairment were associated with
adverse outcomes including mortality (5-8,37). However, most
studies assessed the prognostic value of single GA components. In
contrast, we used a patient-centered approach to identify clusters
of GA components that defined classes of patients. Few classifica-
tions of older patients with cancer have been published (9,38). The
first was developed by Balducci and coworkers based on theoreti-
cal considerations and clinical expertise instead of on a statistical
analysis designed to identify health profiles (9). Three groups were
defined: fit patients, who were functionally independent and free
of serious comorbidities; vulnerable patients with dependency for
one or more IADLs and/or with one or two comorbid conditions;
and frail patients, aged over 85 years and/or with dependency for
one or more ADLs, three or more comorbid conditions, and one
or more geriatric syndromes. A somewhat different classification
is used in the International Society of Geriatric Oncology guide-
lines designed to assist in selecting cancer treatments and geriatric
interventions in older men with prostate cancer (37): the factors
taken into account in the previous classification, together with
malnutrition, are used to distinguish four groups, namely, fit,
vulnerable, frail, and too sick. Fit patients have no comorbidities
(CIRS-G), IADL dependency, or malnutrition; vulnerable patients
are dependent in one or more IADLs (but in no ADLs) or have
one uncontrolled comorbidity (CIRS-G Grade 3) or are at risk for
malnutrition; frail patients are dependent for one or more ADLs or
have two or more uncontrolled comorbidities or severe malnutri-
tion; and too sick patients have a very poor health status due to a
combination of impairments.

Interestingly, our LCs partially match the classification described
by Balducci and coworkers (9) the fit group resembles our relatively
healthy class (LC1) and the frail group our globally impaired class
(LC4) (9), whereas the malnourished class (LC2) and cognitive and/
or mood impaired class (LC3) share features with the vulnerable
group (38). The vulnerable group in previous classifications may
encompass two distinct profiles (our LC2 and LC3) with different
health care needs. Although these two LCs were associated with sim-
ilar 1-year overall mortality, they might differ regarding toxicities
and/or disabilities during follow-up.

In previous studies, the Balducci classification predicted adverse
outcomes such as mortality (39,40). The 1-year mortality gradient
from LC1 to LC2/LC3 and LC4 in our study supports the validity of
our results. Malnutrition was not specifically considered by Balducci
and coworkers (9) despite being a well-documented prognostic fac-
tor in older patients with cancer (8,41). In keeping with this adverse
effect of malnutrition, the risks of unscheduled 6-month admissions
and of 1-year mortality were similar to those in LC2, defined based
on malnutrition, and in LC3, defined based on cognitive and/or
mood impairment.

An original finding from our study is that malnutrition was the pre-
dominant characteristic of the LC2 profile, whereas LC3 and LC4 were
defined chiefly by an accumulation of impairments and/or diseases.
This could be related to the consequences of the cancer disease course,
as suggested by the higher proportion in LC2 of patients with digestive
cancer often associated with early malnutrition. Consequently, direct
implication may be an extensive assessment and management of those
patients for malnutrition (42,43). The extremely short life expectancy
of patients in LC4, defined by global impairment, suggests that this
profile may identify patients in whom early palliative care is likely to
be the most beneficial management strategy. These associations link-
ing cancer, demographic characteristics, and outcomes to specific latent
classes support the validity of our typology.
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Strengths and Limitations

To our knowledge, this is the first study investigating health profiles
among elderly inpatients and outpatients with various cancers, based
on GA findings and using a patient-centered statistical approach.
The diversity of our population regarding cancer sites and stages
reflects everyday practice and supports the external validity of our
findings, together with the existence of all tumor sites (i.e., probabili-
ties > 0) in each health profile (Table 2 and Online Supplement 2).
Moreover, we chose to study a diverse population in order to deter-
mine whether shared factors predicted frailty and poor outcomes in
older patients with cancer.

The assessment of GA domains using validated scales supports
the applicability of our results to other health care institutions. We
adjusted the Cox models for predictors of 1-year overall mortality
previously identified by our group (8), excluding the indicators used
to define the LCs. Neither an imputation of missing health-indicator
data nor a reassessment of the prognostic value in a new ELCAPA
cohort sample substantially changed our results, supporting the
robustness of our findings. Moreover, the persistence of the same
profiles in patients with and without metastases supports the exter-
nal validity of our findings. In this subgroup analysis, the minimal
changes in prevalences and patterns were chiefly ascribable to dif-
ferences in the distribution of indicators and covariates between the
two subgroups.

Our study has several limitations. First, identified LCs depend in
part on the number and nature of the indicators selected for intro-
duction into the model. However, we used a two-step approach to
select the indicators: first, the experts chose indicators that accu-
rately reflected the GA domains, and the relevance of these indi-
cators was then checked using multiple correspondence analysis.
Data on toxicities were not available. To validate the outcomes
data, we used posterior class membership probabilities, which may
have underestimated associations (27). Finally, although the inclu-
sion of patients with various tumor sites and stages increases the
general applicability of our results, the numbers of patients with
each tumor site were too small for subgroup analyses.

Implications

The aim of our study was to understand the heterogeneity of popu-
lations of older patients with cancer, to describe combinations of
impairments, and to identify naturally occurring uniform subgroups.
Our findings have several clinical and research implications. First,
the identification of four health profiles among elderly patients with
cancer may help physicians to differentiate patients based on levels
of risk. This improved risk stratification might translate into greater
accuracy in determining the optimal cancer-treatment plan and
allow the provision of geriatric interventions tailored to the needs of
each profile. Second, the four profiles might prove useful to research-
ers for stratifying older patients in clinical trials of cancer treatments
and/or geriatric interventions.

Future developments of our research project will seek to con-
firm the four-class typology and to assess its accuracy in predict-
ing mortality, admissions, and toxicities in an independent external
sample. Analyses of subgroups based on tumor site would be of
interest. Our typology differs from the prognostic scores developed
to help physicians distinguish levels of risk of severe toxicity in
older patients with cancer (44,45), because latent class analysis
is not developed from outcomes, being instead validated by out-
comes. After external validation of our classification in an inde-
pendent cohort, we plan to develop an online calculator based on
the scoring equations and designed to classify patients, thereby

providing treatment guidance and assisting in the development of
interventions specifically targeted at the needs associated with each
of the four profiles.

Conclusion

The identification of four health profiles among elderly inpatients
and outpatients with various cancer types, based on findings from
a GA, may help physicians to select interventions for both the can-
cer and any age-related impairments in these patients with complex
health care needs. Researchers may find these profiles useful for
stratifying patients in clinical trials.

Supplementary Material

Please visit the article online at http://gerontologist.oxfordjournals.
org/ to view supplementary material.
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