
© The Author 2015. Published by Oxford University Press on behalf of the Gerontological Society of America. All rights reserved.  
For permissions, please email: journals.permissions@oup.com

1

Journals of Gerontology: MEDICAL SCIENCES, 2015, 1–8
doi:10.1093/gerona/glv025

Original Article

Research Article

Predictors of 1-Year Mortality in a Prospective 
Cohort of Elderly Patients With Cancer
Emilie Ferrat,1,2 Elena Paillaud,1,3 Marie Laurent,1,3 Aurélie Le Thuaut,1,4,5 
Philippe Caillet,1,3 Christophe Tournigand,6 Jean-Léon Lagrange,7 
Florence Canouï-Poitrine,1,4 and Sylvie Bastuji-Garin,1,4,5; on behalf of the 
ELPACA Study Group*
1Université Paris Est, A-TVB DHU, CEpiA (Clinical Epidemiology and Ageing) Unit EA 4393, UPEC, F-94010, Créteil, 
France. 2Primary Care Department, School of Medicine, Paris East Créteil University (UPEC), France. 3Geriatric 
Oncology Coordination Unit (UCOG), 4Public Health Department, 5Clinical Research Unit (URC Mondor), 6Medical 
Oncology Department, and 7Radiotherapy Department, Henri-Mondor Teaching Hospital, APHP, Créteil, France.

*The ELCAPA Study Group was composed of two oncologists (S. Culine and C. Tournigand), one radiation oncologist (J. 
-L. Lagrange), five geriatricians (P. Caillet, M. Laurent, E. Liuu, E. Paillaud, and H. Vincent), three epidemiologists (F. Canouï-
Poitrine, S. Bastuji-Garin, and E. Audureau), one pharmacist (M. Carvahlo-Verlinde), one biostatistician (A. Le Thuaut), 
one clinical research medical doctor (N. Reinald), and two clinical research assistants (C. Poumba and J. Francese).

Address correspondence to Emilie Ferrat, MD, MPH, Primary Care department, School of Medicine, Paris East Créteil 
Univer sisty (UPEC), France. Email: emilie.ferrat@u-pec.fr

Background. Mortality prediction is crucial to select the optimal treatment in elderly cancer patients. 
Our objective was to identify cancer-related factors and Comprehensive Geriatric Assessment 
(CGA) findings associated with 1-year mortality in elderly inpatients and outpatients with cancer.
Methods. We prospectively included patients aged ≥70 years who had solid or hematologic 
malignancies and in whom the CGA was performed by geriatricians in two French teaching hospitals. 
We identified independent predictors of 1-year mortality after study inclusion, using multivariate Cox 
models stratified on inpatient/outpatient status. We built three multivariate Cox models, since strong 
correlations linked activities of daily living (ADL), Eastern Cooperative Oncology Group Performance 
Status (ECOG-PS), and timed get-up-and-go test (GUG) results; and since physicians’ preferences 
for these three assessments vary. A  sensitivity analysis was performed using multiple imputation.
Results. Of the 993 patients (mean age, 80.2 years; 51.2% men), 58.2% were outpatients and 46% had 
metastatic disease. Colorectal cancer was the most common malignancy (21.4%). Mortality rates after 
6 and 12 months were 30.1% and 41.2%, respectively. In all models, tumor site and metastatic status 
(p < .001), age >80 years (p < .05), higher number of severe comorbidities (p < .05), and malnutrition 
(p < .001) were associated with death independently from impaired ECOG-PS (p < .001), ADL (p < 
.001), and GUG (p < .001). The adverse effect of metastatic status differed significantly across tumor 
sites, being greatest for breast and prostate cancer (p < .001). Multiple imputation produced similar 
results.
Conclusion. The predictors of 1-year mortality identified in our study may help physicians select 
the optimal cancer-treatment strategy in elderly patients.
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In Europe and the United States, approximately 60% of cancers are 
diagnosed in patients aged 65 years and older, and 70% of cancer deaths 
occur in patients older than 65 years (1,2). Predicting outcomes, particu-
larly mortality, is crucial to select the optimal treatment for elderly cancer 
patients but raises major challenges related to the heterogeneity of this 
population. Obstacles to optimal cancer treatment include the presence 
of comorbidities, disabilities, and geriatric syndromes. Comorbidities 
not only compete with cancer as a cause of death but also increase the 
risk of cancer- or treatment-related complications. A crucial step in eve-
ryday clinical practice is a comprehensive assessment of overall health 
status designed to identify those patients who require closer monitoring 
and specific treatment interventions, as well as to limit aggressive treat-
ments in vulnerable patients at high risk for short-term death related 
to comorbidities, functional impairments, or frailty. The International 
Society of Geriatric Oncology (SIOG) and U.S. National Comprehensive 
Cancer Network (NCCN) (3,4) recommend a Comprehensive Geriatric 
Assessment (CGA) to detect multidomain health problems potentially 
associated with poorer outcomes, thereby improving cancer treatment 
selection (5–7). In addition, some of these problems may be reversible if 
appropriately managed (8). However, the CGA is time-consuming and 
the CGA components most closely associated with outcomes remain 
unclear. Identifying these components would benefit outcome prediction. 
Moreover, oncologists who cannot obtain a full CGA for their patients 
could use those individual components to guide treatment decisions. 
Only two studies assessed both cancer-related factors and CGA findings 
associated with early death (within 6 and 12 months) in elderly cancer 
patients, and their results are conflicting (9,10). In one study, only cancer-
related factors independently predicted 1-year mortality (9); whereas, 
in the other, not only advanced tumor stage, but also malnutrition and 
impaired mobility independently predicted 6-month mortality (10).

We hypothesized that both cancer-related factors and CGA find-
ings predicted 1-year mortality among elderly cancer patients. Our 
objective was to identify these predictors in a prospective study of 
elderly inpatients and outpatients with various cancer types.

Methods

Population
The ELCAPA (ELderly CAncer PAtient) survey is a prospective cohort 
study that included consecutive patients aged 70 years or older who 
had newly diagnosed solid or hematologic malignancies and were 
referred by oncologists, radiotherapists, surgeons, or other specialists 
to two geriatric oncology clinics in teaching hospitals in the Paris 
urban area, France. For the present study (ELCAPA06), we selected 
the 993 patients recruited between 2007 and 2012 whose follow-up 
data were available (Figure 1). The inclusion date was the date of 
the first geriatric oncology visit. 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).

Geriatric Assessment and Data Collection
For each patient, a geriatrician performed a CGA, collecting all vari-
ables listed in Table 1. The social environment was considered good 
if the patient had a primary caregiver, support at home, or a strong 
circle of friends and family capable of meeting the patient’s needs at 
the time of the evaluation. Otherwise, the social environment was con-
sidered inappropriate. Functional status was considered abnormal if 
the activities of daily living (ADL) score was less than or equal to 5/6 
(11) or the Eastern Cooperative Oncology Group performance sta-
tus (ECOG-PS) was greater than or equal to 2 (12). Impaired mobil-
ity was defined as a timed get-up-and-go test (GUG) more than 20 
seconds and/or a GUG score greater than or equal to 3/4 (13). As 

recommended by the French National Authority for Health (14), mal-
nutrition was defined as 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/m2 and/or Mini-Nutritional Assessment (MNA) 
score less than 17/30 (15) and/or serum albumin level less than 35 g/L. 
A Mini-Mental State Examination score (MMSE) less than  24/30 was 
considered abnormal (16). Depressive mood was defined as a Mini-
Geriatric Depression Scale (mini-GDS) score greater than or equal to 
1/4 (17) or presence of depressive symptoms based on the DSM-IV cri-
teria (18). Comorbidities were a physician diagnosis of heart failure, 
coronary heart disease, cardiac arrhythmia, chronic obstructive pul-
monary disease, hypertension more than or equal to 140/90 mm Hg, 
renal failure (creatinine clearance estimated by Cockcroft-Gault 
algorithm <60 mL/min or <30 mL/min for mild/moderate and severe 
renal failure, respectively), poststroke neurologic sequelae, diabetes 
mellitus, and urinary and/or fecal incontinence. The number of organ 
systems affected by grade 3–4 (severe) comorbidities was assessed 
using the Cumulative Illness Rating Scale for Geriatrics (CIRS-G) 
(19). Polypharmacy was defined as taking five or more drugs per day, 
including prescribed standing, prescribed as-needed, and over-the-
counter medications (20). After the CGA, a multidisciplinary meeting 
was held to decide the cancer treatment strategy, which could consist 
in one or more of the following: chemotherapy, surgery, hormonal 
therapy, radiotherapy, and supportive care. We also assessed the fol-
lowing potential predictors of 1-year mortality: age, sex, tumor site, 
metastatic status (M0, no distant metastases; M1, distant metastases; 
Mx, metastatic status unknown; NA not applicable), planned treat-
ment decision (palliative or curative), and planned treatment modali-
ties (chemotherapy [yes/no], surgery [yes/no], hormonal therapy [yes/
no], radiotherapy [yes/no], and supportive care [yes/no]), treatment 
change defined as a difference between the initially planned treat-
ment proposed by the oncologists and the treatment finally selected 
during a multidisciplinary meeting (no change, treatment intensifica-
tion by adding one or more modalities; treatment de-escalation by 
removing at least one modality, or replacement of specific cancer treat-
ment by supportive care) (21). Tumor sites were classified as follows: 
colorectal, breast, prostate, upper gastrointestinal tract (stomach and 
esophagus) and liver, urinary system (bladder, upper urinary tract, 
and kidney), hematologic malignancies, and other tumors (including 
ovary, uterus, lung, head and neck, skin, thyroid, and unknown pri-
mary). Age was dichotomized using the median value (≤≤80 vs >80), 
which provided the best Akaike information criterion (AIC) value 
(22). Outpatient/inpatient status, year of inclusion, planned treatment 
decision, planned treatment modalities, and changes in planned treat-
ment were considered potential confounders.

Figure 1. Flow diagram of participants.
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Table 1. Patient Characteristics and Baseline Variables Associated With Overall 1-y Mortality by Univariate Analysis

Variables Patients  
(N = 993)

Survivors  
(N = 614)

Nonsurvivors  
(N = 379)

Unadjusted† p Value‡

N (%)* N (%)* N (%)* HR (95% CI)

General characteristics
 Year of patient inclusion
  2007 98 (9.9) 49 (8.0) 49 (50.0) 1.00 (referent) .158
  2008 146 (14.7) 88 (14.3) 58 (15.3) 0.88 (0.60–1.28)
  2009 219 (22.1) 126 (20.5) 93 (24.5) 0.90 (0.63–1.27)
  2010 165 (16.6) 111 (18.1) 54 (14.2) 0.62 (0.42–0.92)
  2011 181 (18.2) 117 (19.1) 64 (16.9) 0.78 (0.54–1.13)
  2012 184 (18.5) 123 (20.0) 61 (16.1) 0.73 (0.50–1.07)
 Age, y
  Mean (SD) 80.2 (5.6)
  >80 446 (44.9) 251 (40.9) 195 (51.5) 1.44 (1.18–1.77) <.001
 Male gender 509 (51.2) 290 (47.2) 218 (57.5) 1.39 (1.14–1.71) .001
 Tumor site
  Colorectal 213 (21.4) 143 (23.3) 70 (18.5) 1.00 (referent) <.001
  Upper gastrointestinal tract/liver 174 (17.5) 70 (11.4) 104 (27.4) 2.64 (1.95–3.58)
  Breast 169 (17.0) 144 (23.5) 25 (6.6) 0.41 (0.26–0.64)
  Prostate 109 (11.0) 83 (13.5) 26 (6.9) 0.72 (0.46–1.12)
  Other urologic malignancies 139 (14.0) 85 (13.8) 54 (14.2) 1.30 (0.91–1.85)
  Hematologic malignancies 83 (8.4) 48 (7.8) 35 (9.2) 1.49 (0.99–2.23)
  Other 106 (10.7) 41 (6.7) 65 (17.2) 2.78 (1.98–3.89)
 Metastatic status (n = 921)
  M0 414 (45.0) 323 (57.7) 91 (25.2) 1.00 (referent) <.001
  M1 414 (45.0) 186 (33.2) 228 (63.2) 3.48 (2.73–4.44)
  Mx 10 (1.0) 3 (0.5) 7 (1.9) 6.14 (2.84–13.25)
  NA 83 (9.0) 48 (8.6) 35 (9.7) 2.38 (1.61–3.52)
 Inpatient status 415 (41.8) 170 (27.7) 245 (64.6) 3.83 (3.10–4.73) <.001
 Palliative treatment decision (n = 884) 472 (54.4) 196 (36.7) 276 (78.9) 5.08 (3.93–6.58) <.001
 Changes in planned treatment (n = 926)
  No change 796 (86.0) 518 (89.9) 278 (79.4) 1.00 (referent) <.001
  De-escalation 116 (12.5) 48 (8.3) 68 (19.4) 2.16 (1.65–2.81)
  Intensification 14 (1.5) 10 (1.8) 4 (1.2) 0.78 (0.29–2.09)
 Planned cancer treatment modalities
  Surgery (n = 868) 278 (32.0) 229 (43.0) 49 (14.6) 0.27 (0.20–0.37) <.001
  Chemotherapy (n = 854) 352 (41.2) 223 (42.6) 129 (39.1) 0.82 (0.66–1.03) .085
  Hormonal therapy (n = 880) 146 (16.6) 127 (23.7) 19 (5.5) 0.23 (0.14–0.36) <.001
  Radiotherapy (n = 858) 210 (24.5) 165 (31.5) 45 (13.5) 0.38 (0.28–0.53) <.001
  Supportive care (n = 859) 228 (26.5) 75 (14.2) 153 (46.1) 3.97 (3.19–4.93) <.001
Social
 Lives alone (n = 989) 374 (37.8) 234 (38.2) 140 (37.1) 0.96 (0.78–1.18) .688
 Inadequate social support§ (n = 989) 203 (20.5) 114 (18.6) 89 (23.7) 1.30 (1.02–1.65) .032
 Nursing home resident (n = 990) 69 (7.0) 46 (7.5) 23 (6.1) 0.88 (0.58–1.34) .543
Function/mobility
 GUG ≥ 3 and/or >20 s (n = 985) 448 (45.5) 191 (31.4) 257 (68.4) 3.81 (3.06–4.74) <.001
 ECOG-PS (n = 991)
  0–1 488 (49.2) 393 (64.0) 95 (25.2) 1.00 (referent) <.001
  2 168 (17.0) 104 (16.9) 64 (17.0) 2.27 (1.65–3.12)
  3–4 335 (33.8) 117 (19.1) 218 (57.8) 6.12 (4.80–7.81)
 ADL score ≤ 5/6 (n = 913) 314 (34.4) 124 (21.8) 190 (55.1)) 3.84 (3.10–4.75) <.001
Malnutrition|| 538 (54.4) 242 (39.5) 296 (78.7) 4.55 (3.55–5.83) <.001
Emotional and cognitive function
 MMSE score < 24 (n = 909) 235 (25.9) 121 (21.0) 114 (34.2) 2.02 (1.61–2.53) <.001
 Mini-GDS score ≥ 1 (n = 878) 303 (34.5) 153 (27.3) 150 (47.3) 2.10 (1.68–2.62) <.001
 Depression, DSM-IV criteria (n = 964) 278 (28.8) 129 (21.4) 149 (41.3) 2.20 (1.78–2.71) <.001
Comorbidities/polypharmacy
 Heart failure (n = 985) 123 (12.5) 57 (9.3) 66 (17.6) 1.98 (1.52–2.59) <.001
 Coronary artery disease (n = 991) 215 (21.7) 124 (20.2) 91 (24.1) 1.16 (0.92–1.47) .205
 Cardiac arrhythmia (n = 989) 299 (30.1) 163 (26.5) 136 (35.9) 1.46 (1.18–1.80) <.001
 Hypertension ≥ 140/90 mm Hg (n = 988) 650 (65.8) 400 (65.2) 250 (66.7) 1.06 (0.85–1.31) .620
 Diabetes mellitus (n = 988) 221 (22.4) 130 (21.2) 91 (24.3) 1.17 (0.92–1.48) .190
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Outcome
The primary outcome was overall 1-year mortality following the 
CGA. Vital status was determined from the medical records or pub-
lic records office.

Statistical Analysis
Categorical variables are described as numbers and percentages and 
quantitative variables as mean (SD) or median (interquartile range) 
according to their distribution. Overall survival was defined as the 
time from evaluation to death within 1 year or to last follow-up for 
censored patients. Overall survival was estimated using the Kaplan–
Meier method, and survival curves were compared using the logrank 
test for categorical variables and Wald test based on a univariate Cox 
model for quantitative variables. Cox proportional hazards regres-
sion was performed to estimate unadjusted hazard ratios (HRs) and 
their 95% confidence intervals (95% CIs). Variables associated with p 
values less than .20 by univariate analysis were selected for multivari-
ate analysis. Confounders and interactions were assessed in bivariate 
models. Log-linearity for quantitative variables was tested. To avoid 
introducing strongly correlated variables into multivariate Cox mod-
els, we assessed correlations using Cramer’s V for categorical vari-
ables and the nonparametric Spearman’s rank correlation (Rho) for 
quantitative variables; values greater than 0.50 were taken to indicate 
strong correlations (23,24). The choice of the most relevant variables 
relied on clinical relevance, the missing data rate (<15%) to avoid 
potential section bias, and the AIC. The proportional hazards (PH) 
assumption was tested using Schoenfeld residual plots and tests (25). 
We used stratified Cox models to deal with time-dependent variables 
(ie, inpatient/outpatient status). Model discrimination was assessed 
using Harrell’s C-index with bootstrapped 95% CIs (26). Model 
goodness-of-fit was assessed using the GrØnnesby and BØrgan cali-
bration test (27) (good fit if p > .20) and Cox-Snell residuals (28). We 
considered that the model associated with the lowest AIC value had 
the best fit. These analyses were conducted after excluding patients 
with missing data.

Sensitivity Analysis
We estimated missing values for the covariates independently associ-
ated with 1-year mortality in the final model using the multiple-mul-
tivariate-imputations-by-chained-equations procedure in STATA, 
with the missing-at-random assumption. All predictors in the multi-
variate models and outcome were used to impute missing values, and 
20 imputed datasets were created. Logistic regression for binary and 
ordinal variables, multinomial logistic regression for categorical var-
iables with k greater than 2 classes, and predictive mean matching 
for quantitative variables were performed to impute missing values 
(29). Similarly, we performed a second sensitivity analysis includ-
ing the treatment modalities using multiple imputation as the total 
missing value rate for all treatment modalities was more than 15%.

Subgroup Analyses
We performed subgroup analyses of potential associations linking func-
tional measures (GUG, ADL score, and ECOG-PS) to 1-year mortality 
according to age, gender, metastatic status (M0 vs M1/Mx), planned 
treatment decision, and ECOG-PS (<3 vs ≥3). We also performed an 
analysis confined to patients with ECOG-PS less than 3, to assess the 
potential added value of the GUG and ADL score in this population.

All tests were two-sided, and p values less than or equal to .05 
were considered significant. Analyses were performed using STATA 
software version 12.0 (StataCorp, College Station, TX).

Results

Study Population
Table 1 reports the main patient characteristics. Mortality rates after 
6 and 12 months were 30.1% (27.3–33.1) and 41.2% (38.0–44.5), 
respectively. At 6 and 12 months, information on vital status was 
unavailable for 84 (8.5%) and 160 (16.1%) patients, respectively, 
who were born abroad or for whom the place of birth was not 
recorded or the public records office failed to provide information.

Variables Patients  
(N = 993)

Survivors  
(N = 614)

Nonsurvivors  
(N = 379)

Unadjusted† p Value‡

N (%)* N (%)* N (%)* HR (95% CI)

 Chronic obstructive pulmonary disease (n = 984) 66 (6.7) 29 (4.7) 37 (9.9) 1.90 (1.35–2.67) <.001
 Renal dysfunction (Cockcroft, mL/min) (n = 864)
  Absent 320 (37.0) 219 (41.1) 101 (30.5) 1.00 (referent) .001
  Mild-moderate (clearance < 60 mL/min) 459 (53.1) 270 (50.7) 189 (57.1) 1.37 (1.07–1.74)
  Severe (clearance < 30 mL/min) 85 (9.8) 44 (8.3) 41 (12.4) 1.94 (1.33–2.76)
 Poststroke neurologic sequelae (n = 988) 33 (3.3) 19 (3.1) 14 (3.7) 1.38 (0.81–2.36) .232
 Urinary and/or fecal incontinence (n = 988) 230 (23.3) 118 (19.3) 112 (29.9) 1.77 (1.42–2.21) <.001
 Number of severe comorbidities (grade 3–4, CIRS-G) (n = 940)
  Median (IQR) 1 (0–2) 0 (0–1) 1 (0–3) 1.47 (1.38–1.57) <.001
 Polypharmacy (≥5 drugs/d) (n = 957) 648 (67.7) 372 (61.8) 276 (77.8) 1.94 (1.51–2.50) <.001

Notes: ADL = activities of daily living; CIRS-G = Cumulative Illness Rating Scale for Geriatrics; ECOG-PS = Eastern Cooperative Oncology Group performance 
status; GUG = timed get-up-and-go test; HR = hazard ratio; IQR = interquartile range; M0 = absence of distant metastases; M1 = presence of distant metastases; 
Mini-GDS = Mini-Geriatric Depression Scale; MMSE = Mini-Mental State Evaluation; Mx = metastatic status unknown; NA = not applicable.

*Data are number (%) for qualitative variables and mean (SD) or median (range) for quantitative variables.
†Unadjusted HRs obtained using univariate Cox models.
‡Logrank test for categorical variables and Wald test for quantitative variables.
§Absence of a primary caregiver or of adequate support at home or of a strong network of family and friends able to meet the needs of the patient at the time 

of the evaluation.
||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 <21 kg/m2 and/or Mini-Nutritional 

Assessment score <17/30 and/or serum albumin <35 g/L.

Table 1. Continued
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Variables Associated With Overall 1-Year Mortality
Tumor site was significantly associated with mortality: compared 
to colorectal cancer (reference category), breast cancer was associ-
ated with significantly lower 1-year mortality and upper gastroin-
testinal tract/liver cancer and other malignancies with significantly 
higher 1-year mortality (Table  1). A  significant interaction was 
found between tumor site and metastatic status (p < .001): the 
adverse effect of having metastatic disease differed across tumor 
sites, being highest in breast and prostate malignancies. As the uni-
variate analysis stratified by metastatic status (M0 vs M1) yielded 
similar findings in both groups (Supplementary Table 1), we per-
formed analyses based on a composite variable including tumor 
site and metastatic status, with nonmetastatic colorectal cancer as 
the reference category. Because patients with nonmetastatic pros-
tate or breast cancer had few events and similar HR values, we 
pooled these two groups. For the “other cancer” site, we pooled 
nonmetastatic and metastatic cancers, as well as Mx and M1 can-
cers, because the numbers of patients were small and HRs (95% 
CIs) closely similar.

Multivariate Models
Because we found strong correlations linking ADL, ECOG-PS, and 
GUG (all Cramer’s V > .55), and because the choice among these 
three markers varies with physician preference, we built three sepa-
rate multivariate Cox models, one for each marker. As treatment 

decision correlated strongly with metastatic status and ECOG-PS 
(all Cramer’s V > .50), and supportive care correlated strongly with 
chemotherapy (Cramer’s V = .51), neither was considered for the mul-
tivariate analyses. Independent predictors of 1-year mortality, namely 
tumor site, metastatic status, functional impairment, mobility impair-
ment, higher number of severe comorbidities, older than 80 years, and 
malnutrition, were similar across the three models (Table 2). Gender, 
social support, depression, cardiovascular diseases, diabetes, chronic 
obstructive pulmonary disease, renal dysfunction, polypharmacy, and 
incontinence were not significant predictors by multivariate analysis.

All three models had good discrimination (Harrell’s c-index: 
GUG model, 0.77 [95% CI: 0.74–0.79]; ECOG-PS model, 0.78 
[0.75–0.80]; and ADL model, 0.76 [0.73–0.78]) and good calibra-
tion (p > .20 for all models). The ECOG-PS model had the best fit 
(lowest AIC and best calibration).

Sensitivity Analyses
Multiple imputation analyses with or without the addition of treat-
ment modalities produced closely similar results (Supplementary 
Tables 2 and 3.)

Subgroup Analyses
Analyses of associations between functional measures and 1-year 
mortality stratified by age, gender, metastatic status (M0 vs M1/
Mx), planned treatment decision, and ECOG-PS (<3 vs ≥3) 

Table 2. Multivariable Cox Regression Analyses Identify Factors Predicting 1-y Mortality

Model 1 With  
GUG (N = 821)

Model 2 With  
ECOG-PS (N = 827)

Model 3 With  
ADL (N = 767)

Adjusted HR† (95% CI) p‡ Adjusted HR† (95% CI)‡  p Adjusted HR† (95% CI) p‡

Tumor site and metastatic status
  Colorectal M0 1.00 (referent) <.001 1.00 (referent) <.001 1.00 (referent) <.001
  Colorectal M1/Mx 2.16 (1.27–3.68) 2.07 (1.21–3.52) 2.01 (1.15–3.51)
  Upper gastrointestinal tract/liver M0 2.36 (1.30–4.27) 2.32 (1.28–4.20) 1.99 (1.07–3.71)
  Upper gastrointestinal tract/liver  
  M1/Mx

6.89 (4.12–11.53) 6.32 (3.78–10.57) 5.42 (3.15–9.31)

  Breast or prostate M0 0.16 (0.05–0.56) 0.14 (0.04–0.47) 0.14 (0.04–0.49)
  Breast M1/Mx 2.46 (1.31–4.63) 2.06 (1.10–3.87) 2.16 (1.12–4.13)
  Prostate M1/Mx 3.21 (1.70–6.09) 2.73 (1.44–5.19) 2.78 (1.43–5.39)
  Other urologic malignancies M0 3.35 (1.74–6.48) 3.19 (1.66–6.15) 2.69 (1.38–5.24)
  Other urologic malignancies M1/Mx 3.81 (2.11–6.87) 3.69 (2.06–6.62) 3.62 (1.94–6.75)
  Hematologic malignancies* 2.45 (1.37–4.39) 2.00 (1.12–3.57) 1.95 (1.07–3.57)
  Other malignancies M0/M1/Mx 4.54 (2.65–7.80) 4.02 (2.35–6.88) 3.86 (2.21–6.76)
Age > 80 y 1.27 (1.01–1.60) .040 1.32 (1.05–1.66) .018 1.31 (1.03–1.66) .028
GUG ≥ 3 and/or >20 s 2.39 (1.84–3.10) <.001  —  —
ADL score ≤ 5/6 —  — 1.73 (1.31–3.00) <.001
ECOG-PS —  —
  0–1 1.00 (referent) <.001
  2 1.57 (1.10–2.44)
  3–4 3.33 (2.42–4.58)
Number of severe comorbidities  
(grade 3–4, CIRS-G)§

1.14 (1.04–1.24) .005 1.11 (1.02–1.22) .021 1.14 (1.04–1.25) .007

Malnutrition 2.11 (1.57–2.83) <.001 1.81 (1.34–2.45) <.001 2.13 (1.57–2.89) <.001

Notes: ADL = activities of daily living; CIRS-G = Cumulative Illness Rating Scale for Geriatrics; ECOG-PS = Eastern Cooperative Oncology Group performance 
status; GUG = timed get-up-and-go test; HR = hazard ratio; M0 = absence of distant metastases; M1 = presence of distant metastases; Mx = metastatic status unknown.

*Metastatic status not applicable.
†All Cox models were stratified by outpatient/inpatient status at the time of evaluation and adjusted for year of patient inclusion and changes in planned 

cancer treatment.
‡p of heterogeneity for nonordinal variables and p of trend for ordinal variables.
§Per additional comorbidity.
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produced closely similar findings (Figure 2). When we confined the 
analysis to patients with ECOG-PS less than 3, abnormal GUG 
was associated with early death (HR: 1.90 [1.32–2.75]; p = .001), 
whereas abnormal ADL score was not (HR: 0.90 [0.52–1.53]). 
When focusing only on patients with ECOG-PS less than 3, includ-
ing the GUG produced slightly better discrimination (C = 0.77 
[0.73–0.81]) compared to the same model without the GUG (C = 
0.76 [0.72–0.80]); however, including ADL did not improve dis-
crimination (C = 0.77 [0.73–0.80] with ADL and C = 0.77 [0.73–
0.80] without ADL).

Discussion
In our large cohort of elderly inpatients and outpatients with various 
tumor sites, both cancer-related factors and CGA findings were inde-
pendently associated with overall 1-year mortality. Cancer-related 
predictors were tumor site and metastatic status. Predictors identi-
fied by the CGA were older than 80 years, functional impairment 
(ECOG-PS or ADL), mobility impairment (GUG), higher number of 
severe comorbidities, and malnutrition. The adverse effect of meta-
static status was greatest for breast and prostate cancers.

The lower overall 1-year mortality rate in our study (41.2%) 
compared to previous reports (64%–68%) may be partly ascrib-
able to our large number of patients with breast or prostate cancer 
(28.0%) (9,30). In the Eurocare study, the 1-year relative survival 
rate was higher in elderly patients with cancer at either of these sites 
compared to other sites (31). In the two previous studies focusing on 
early death (within 6 and 12 months), metastatic status or advanced 
disease was independently associated with death, in keeping with our 
results, although neither study reported an interaction between tumor 

site and metastatic status (9,10). In addition, we found a significant 
association between older age and 1-year mortality that was not iden-
tified in the two previous studies (9,10), perhaps because their patient 
populations were younger (75 and 77 years, respectively, vs 80 years 
in our study). Furthermore, studies focusing on longer term survival 
in elderly cancer patients showed an independent association between 
older age and death (32–34).A consensus is lacking about the age 
cutoff that best predicts mortality in elderly cancer patients, and we 
consequently used the median value (80  years). Although patients 
85 years and older had a high prevalence of frailty, dependence, and 
geriatric syndromes in earlier studies (35), the median age of 80 years 
was the best cutoff for predicting 1-year mortality in our study. The 
independent association between early death and mobility impair-
ment (GUG) has been reported previously (10). In contrast, neither of 
the two above-mentioned studies found an association between early 
death and functional status (ADL or ECOG-PS) (9,10). One study in 
patients with colorectal cancer and a mean age of 73.5 years assessed 
changes in functional status and health care service utilization over 
the pretreatment to posttreatment period and found that ADL was 
independently associated with 6-month mortality (36). In several 
other studies, functional impairment assessed using the ADL (37–39) 
or ECOG-PS (38,40,41) was associated with death in elderly cancer 
patients, in keeping with our findings. Our study supports the GUG 
as a relevant predictor of 1-year mortality in patients whose func-
tion is globally preserved (ECOG-PS < 3). Instrumental ADLs were 
not considered, as the 37% missing data rate carried a risk of induc-
ing selection bias. Although an independent association between a 
higher number of severe comorbidities and death has been reported 
(32,42,43), the two studies of early death found no significant effect 
of the number of severe comorbidities according to the CIRS-G or 

Figure 2. Associations between functional measures (A = GUG, B = ADL, and C = ECOG-PS) and death in prespecified subgroups. ADL = activities of daily living; 
ECOG-PS = Eastern Cooperative Oncology Group performance status; GUG = timed get-up-and-go test.
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Charlson score (9,10). Cancer treatment may worsen comorbidities, 
thereby hastening death. The NCCN has therefore recommended 
that effects of comorbidities on life expectancy be evaluated before 
treatment initiation (4). No single comorbidity was independently 
associated with 1-year mortality in our study. In keeping with our 
results, several studies in cancer patients documented a major inde-
pendent prognostic effect of malnutrition as assessed by the MNA, 
weight loss, or serum albumin (10,37,41,44,45). To our knowledge, 
we provide the first evidence that malnutrition defined as percent 
weight loss in the past 6 months or 1 month and/or body mass index 
and/or MNA and/or serum albumin independently predicts 1-year 
mortality in elderly inpatients and outpatients with cancer.

The diversity of our patient population reflects everyday practice 
and strengthens the external validity of our results. Other strong points 
of our study are the use of validated scales to assess the CGA domains, 
in compliance with current international guidelines; this also supports 
the applicability of our results to other healthcare institutions. We 
took confounders into account and adjusted all models for year of 
cohort inclusion to avoid potential bias due to changes in cancer man-
agement over time. We also adjusted for planned treatment modalities 
in a sensitivity analysis and for CGA-based changes in planned treat-
ment modalities, to factor in potential effects of treatment intensity on 
survival. Indeed, we previously reported that after the CGA, the initial 
cancer treatment plan was modified for 78 (20.8%) of 375 patients, 
usually to decrease treatment intensity (21). Another study found that 
the geriatric oncology consultation led to a modification of the cancer 
treatment plan in more than one third of cases (46).

The similar results of the sensitivity analyses support the robust-
ness of our findings. Finally, we chose to build three different models, 
because strong correlations linked the functional markers (ie, ADL, 
ECOG-PS, and GUG), and since physicians’ preferences for these three 
assessments vary. Potential limitations of our study are that treatments 
were not included among potential confounders in the complete-case 
analysis, because of the high missing data rate, and that we assumed 
the best available treatments were used in all patients and produced 
the same relative benefits across all risk groups. However, a sensitiv-
ity analysis including treatment modalities after multiple imputation 
yielded closely similar findings. Data about causes of death were not 
available. Therefore, we could not investigate if the same factors both 
predicted cancer-specific death and death from other causes. The 
inclusion of patients with various tumor sites and stages increases the 
general applicability of our results, but the numbers of patients with 
each tumor site are too small for subgroup analyses. The inclusion of 
elderly cancer patients referred by physicians for a geriatric evaluation 
may have introduced selection bias.

Conclusion
Both cancer-related factors (tumor site and metastatic status, espe-
cially in breast and prostate cancer) and CGA findings (functional 
and mobility impairments, malnutrition, and number of severe 
comorbidities) as well as age older than 80 years independently pre-
dicted 1-year mortality in elderly inpatients and outpatients with 
various cancer types. Several CGA findings that may interfere with 
cancer treatments may be amenable to improvement (eg, malnu-
trition, functional status, and certain comorbidities). Physicians 
involved in managing elderly cancer patients should primarily 
assess function, nutrition, and comorbidities. Several randomized 
trials assessing the impact of the CGA on outcomes such as mortal-
ity, quality of life, and chemo-toxicity in elderly cancer patients are 
ongoing (http://www.clinicaltrials.gov/ct2/show/record/NCT0174

9995?term=Comprehensive+Geriatric+Assessment+AND+Cancer
&rank=1). Finally, we are conducting a randomized trial to assess 
the impact of the CGA combined with a geriatric intervention pro-
gram on treatment decision making and on patient function, nutri-
tional status, quality of life, and overall survival in a population 
of elderly patients with head and neck cancer (clinical trials.gov 
NCT02025062).
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Funding
This work was supported by a grant from the French National 
Cancer Institute (Institut National du Cancer, INCA). The INCA had 
no role in the design and conduct of the study; collection, manage-
ment, analysis, and interpretation of the data; preparation, review, 
and approval of the manuscript; or decision to submit the manu-
script for publication.

Acknowledgment 
We thank A. Wolfe, MD, for editing the manuscript.

References
 1. Yancik R. Population aging and cancer: a cross-national concern. Cancer 

J. 2005;11:437–441.
 2. Micheli A, Mugno E, Krogh V, et al. Cancer prevalence in European regis-

try areas. Ann Oncol. 2002;13:840–865.
 3. Extermann M, Aapro M, Bernabei R, et al. Use of Comprehensive Geri-

atric Assessment in older cancer patients: recommendations from the task 
force on CGA of the International Society of Geriatric Oncology (SIOG). 
Crit Rev Oncol Hematol. 2005;55:241–252.

 4. National Comprehensive Cancer Network. NCCN Clinical Practice 
Guidelines in Oncology: Senior Adult Oncology Version 1.  2013. 
https://www.nccn.org/store/login/login.aspx?ReturnURL=http://www.
nccn.org/professionals/physician_gls/pdf/nhl.pdf. Accessed January 29, 
2014.

 5. Puts MT, Hardt J, Monette J, Girre V, Springall E, Alibhai SM. Use of 
geriatric assessment for older adults in the oncology setting: a systematic 
review. J Natl Cancer Inst. 2012;104:1133–1163. doi:10.1093/jnci/djs285

 6. Extermann M, Hurria A. Comprehensive Geriatric Assessment for older 
patients with cancer. J Clin Oncol. 2007;25:1824–1831.

 7. Tucci A, Ferrari S, Bottelli C, Borlenghi E, Drera M, Rossi G. A Com-
prehensive Geriatric Assessment is more effective than clinical judgment 
to identify elderly diffuse large cell lymphoma patients who benefit from 
aggressive therapy. Cancer. 2009;115:4547–4553.

 8. Paillaud E, Liuu E, Laurent M, et al. Geriatric syndromes increased the nutri-
tional risk in elderly cancer patients independently from tumour site and met-
astatic status. The ELCAPA-05 cohort study. Clin Nutr. 2014;33:330–335. 
doi:10.1016/j.clnu.2013.05.014

 9. Hamaker ME, Buurman BM, van Munster BC, Kuper IM, Smorenburg 
CH, de Rooij SE. The value of a Comprehensive Geriatric Assessment for 
patient care in acutely hospitalized older patients with cancer. Oncologist. 
2011;16:1403–1412. doi:10.1634/theoncologist.2010-0433

 10. Soubeyran P, Fonck M, Blanc-Bisson C, et al. Predictors of early death risk 
in older patients treated with first-line chemotherapy for cancer. J Clin 
Oncol. 2012;30:1829–1834.  doi:10.1200/JCO.2011.35.7442

 11. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness 
in the aged. The index of ADL: a standardized measure of biological and 
psychosocial function. JAMA. 1963;185:914–919.

Journals of Gerontology: MEDICAL SCIENCES, 2015, Vol. 00, No. 00 7

 at IN
SERM

 on M
ay 22, 2015

http://biom
edgerontology.oxfordjournals.org/

D
ow

nloaded from
 



 12. Orr ST, Aisner J. Performance status assessment among oncology patients: 
a review. Cancer Treat Rep. 1986;70:1423–1429.

 13. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional 
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39:142–148.

 14. Haute Autorité de Santé. Nutritional Support Strategy for Protein-Energy 
Malnutrition in the Elderly. 2007. http://www.has-sante.fr/portail/plugins/
ModuleXitiKLEE/types/FileDocument/doXiti.jsp?id=c_630900. Accessed 
January 29, 2014.

 15. Vellas B, Guigoz Y, Garry PJ, et  al. The Mini Nutritional Assessment 
(MNA) and its use in grading the nutritional state of elderly patients. 
Nutrition. 1999;15:116–122.

 16. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical 
method for grading the cognitive state of patients for the clinician. J Psy-
chiatr Res. 1975;12:189–198.

 17. Clément JP, Nassif RF, Léger JM, Marchan F. Development and contribu-
tion to the validation of a brief French version of the Yesavage Geriatric 
Depression Scale. Encephale. 1997;23:91–99.

 18. American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed. Washington, DC: American Psychiatric Associa-
tion; 1994.

 19. Miller MD, Towers A. A Manual of Guidelines for Scoring the Cumulative 
Illness Rating Scale for Geriatrics (CIRS-G). Pittsburgh, PA: University of 
Pittsburgh; 1991.

 20. Gnjidic D, Hilmer SN, Blyth FM, et al. Polypharmacy cutoff and outcomes: 
five or more medicines were used to identify community-dwelling older 
men at risk of different adverse outcomes. J Clin Epidemiol. 2012;65:989–
995.

 21. Caillet P, Canoui-Poitrine F, Vouriot J, et  al. Comprehensive Geriatric 
Assessment in the decision-making process in elderly patients with can-
cer: ELCAPA study. J Clin Oncol. 2011;29:3636–3642. doi:10.1200/
JCO.2010.31.0664

 22. Bozdogan H. Model Selection and Akaike’s Information Criterion 
(AIC): the general theory and its analytical extensions. Psychometrika. 
1987;52:345–370.

 23. Fan C, Oh DS, Wessels L, et  al. Concordance among gene-expression-
based predictors for breast cancer. N Engl J Med. 2006;355:560–569.

 24. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. 
New Jersey: Lawrence Erlbaum; 1988.

 25. Grambsch PM, Therneau TM. Proportional hazards tests and diagnostics 
based on weighted residuals. Biometrika. 1994;81:515–526.

 26. Pencina MJ, D’Agostino RB. Overall C as a measure of discrimination in 
survival analysis: model specific population value and confidence interval 
estimation. Stat Med. 2004;23:2109–2123.

 27. Grønnesby JK, Borgan O. A method for checking regression models in sur-
vival analysis based on the risk score. Lifetime Data Anal. 1996;2:315–328.

 28. Cox DR, Snell EJ. A general definition of residuals (with discussion). J R 
Stat Soc Ser B (Methodol). 1968;30:248–275.

 29. White IR, Royston P, Wood AM. Multiple imputation using chained equa-
tions: Issues and guidance for practice. Stat Med. 2011;30:377–399.

 30. Maione P, Perrone F, Gallo C, et al. Pretreatment quality of life and func-
tional status assessment significantly predict survival of elderly patients 
with advanced non-small-cell lung cancer receiving chemotherapy: a prog-
nostic analysis of the multicenter Italian lung cancer in the elderly study. J 
Clin Oncol. 2005;23:6865–6872.

 31. Quaglia A, Tavilla A, Shack L, et  al. The cancer survival gap between 
elderly and middle-aged patients in Europe is widening. Eur J Cancer. 
2009;45:1006–1016. doi:10.1016/j.ejca.2008.11.028

 32. Wedding U, Röhrig B, Klippstein A, Pientka L, Höffken K. Age, 
severe comorbidity and functional impairment independently con-
tribute to poor survival in cancer patients. J Cancer Res Clin Oncol. 
2007;133:945–950.

 33. Clough-Gorr KM, Stuck AE, Thwin SS, Silliman RA. Older breast 
cancer survivors: geriatric assessment domains are associated with 
poor tolerance of treatment adverse effects and predict mortality over 
7  years of follow-up. J Clin Oncol. 2010;28:380–386. doi:10.1200/
JCO.2009.23.5440

 34. Hamaker ME, Seynaeve C, Wymenga AN, et al. Baseline Comprehensive 
Geriatric Assessment is associated with toxicity and survival in elderly 
metastatic breast cancer patients receiving single-agent chemotherapy: 
results from the OMEGA study of the Dutch breast cancer trialists’ group. 
Breast. 2014;23:81–87. doi:10.1016/j.breast.2013.11.004

 35. Balducci L, Extermann M. Management of cancer in the older person: a 
practical approach. Oncologist. 2000;5:224–237.

 36. Bailey C, Corner J, Addington-Hall J, Kumar D, Haviland J. Older patients’ 
experiences of treatment for colorectal cancer: an analysis of functional 
status and service use. Eur J Cancer Care (Engl). 2004;13:483–493.

 37. Maestu I, Muñoz J, Gómez-Aldaraví L, et  al. Assessment of functional 
status, symptoms and comorbidity in elderly patients with advanced non-
small-cell lung cancer (NSCLC) treated with gemcitabine and vinorelbine. 
Clin Transl Oncol. 2007;9:99–105.

 38. Bamias A, Lainakis G, Kastritis E, et al. Biweekly carboplatin/gemcitabine 
in patients with advanced urothelial cancer who are unfit for cisplatin-
based chemotherapy: report of efficacy, quality of life and geriatric assess-
ment. Oncology. 2007;73:290–297.

 39. Koroukian SM, Xu F, Bakaki PM, Diaz-Insua M, Towe TP, Owusu C. 
Comorbidities, functional limitations, and geriatric syndromes in relation 
to treatment and survival patterns among elders with colorectal cancer. 
J Gerontol A  Biol Sci Med Sci. 2010;65:322–329. doi:10.1093/gerona/
glp180

 40. Kristjansson SR, Jordhoy MS, Nesbakken A, et al. Which elements of a 
Comprehensive Geriatric Assessment (CGA) predict post-operative com-
plications and early mortality after colorectal surgery? J Geriatr Oncol. 
2010;1:57–69.

 41. Kanesvaran R, Li H, Koo KN, Poon D. Analysis of prognostic factors of 
Comprehensive Geriatric Assessment and development of a clinical scoring 
system in elderly Asian patients with cancer. J Clin Oncol. 2011;29:3620–
3627. doi:10.1200/JCO.2010.32.0796

 42. Winkelmann N, Petersen I, Kiehntopf M, Fricke HJ, Hochhaus A, Wed-
ding U. Results of Comprehensive Geriatric Assessment effect sur-
vival in patients with malignant lymphoma. J Cancer Res Clin Oncol. 
2011;137:733–738. doi:10.1007/s00432-010-0933-5

 43. Firat S, Bousamra M, Gore E, Byhardt RW. Comorbidity and KPS are 
independent prognostic factors in stage I non-small-cell lung cancer. Int J 
Radiat Oncol Biol Phys. 2002;52:1047–1057.

 44. Langius JA, Bakker S, Rietveld DH, et al. Critical weight loss is a major 
prognostic indicator for disease-specific survival in patients with head 
and neck cancer receiving radiotherapy. Br J Cancer. 2013;109:1093–
1099. doi:10.1038/bjc.2013.458

 45. Di Fiore F, Lecleire S, Rigal O, et  al. Predictive factors of survival in 
patients treated with definitive chemoradiotherapy for squamous cell 
esophageal carcinoma. World J Gastroenterol. 2006;12:4185–4190.

 46. Girre V, Falcou MC, Gisselbrecht M, et al. Does a geriatric oncology con-
sultation modify the cancer treatment plan for elderly patients? J Gerontol 
A Biol Sci Med Sci. 2008;63:724–730.

8 Journals of Gerontology: MEDICAL SCIENCES, 2015, Vol. 00, No. 00

 at IN
SERM

 on M
ay 22, 2015

http://biom
edgerontology.oxfordjournals.org/

D
ow

nloaded from
 


