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Performance of Four Frailty Classifications in Older Patients
With Cancer: Prospective Elderly Cancer Patients
Cohort Study
Emilie Ferrat, Elena Paillaud, Philippe Caillet, Marie Laurent, Christophe Tournigand, Jean-Léon Lagrange, Jean-
Pierre Droz, Lodovico Balducci, Etienne Audureau, Florence Canouı̈-Poitrine, and Sylvie Bastuji-Garin

A B S T R A C T

Purpose
Frailty classifications of older patients with cancer have been developed to assist physicians in
selecting cancer treatments and geriatric interventions. They have not been compared, and their
performance in predicting outcomes has not been assessed. Our objectives were to assess
agreement among four classifications and to compare their predictive performance in a large cohort
of in- and outpatients with various cancers.

Patients and Methods
We prospectively included 1,021 patients age 70 years or older who had solid or hematologic
malignancies and underwent a geriatric assessment in one of two French teaching hospitals be-
tween 2007 and 2012. Among them, 763 were assessed using four classifications: Balducci, In-
ternational Society of Geriatric Oncology (SIOG) 1, SIOG2, and a latent class typology. Agreement
was assessed using the k statistic. Outcomes were 1-year mortality and 6-month unscheduled
admissions.

Results
All four classifications had good discrimination for 1-year mortality (C-index $ 0.70); discrimination
was best with SIOG1. For 6-month unscheduled admissions, discrimination was good with all four
classifications (C-index$ 0.70). For classification into three (fit, vulnerable, or frail) or two categories
(fit v vulnerable or frail and fit or vulnerable v frail), agreement among the four classifications ranged
from very poor (k # 0.20) to good (0.60 , k # 0.80). Agreement was best between SIOG1 and the
latent class typology and between SIOG1 and Balducci.

Conclusion
These four frailty classifications have good prognostic performance among older in- and outpatients
with various cancers. They may prove useful in decision making about cancer treatments and
geriatric interventions and/or in stratifying older patients with cancer in clinical trials.

J Clin Oncol 35:766-777. © 2017 by American Society of Clinical Oncology

INTRODUCTION

The burden of cancer increases with aging
worldwide.1,2 Older patients with cancer raise
therapeutic challenges, because they constitute
a heterogeneous population with various com-
binations of comorbidities, disabilities, and ge-
riatric syndromes that contribute to frailty.
However, there is no consensus about the best
means of measuring frailty. The two main ap-
proaches are the cumulative deficit model de-
veloped by Rockwood et al and the physical
phenotype described by Fried.3 Neither has been
validated in the geriatric oncology setting. The

International Society of Geriatric Oncology
(SIOG) recommends a geriatric assessment (GA)
to detect previously unidentified impairments,
predict severe treatment-related toxicity and
overall mortality, and improve cancer treatment
selection.4 Balducci et al5 reported a system for
classifying older patients with cancer based on
their GA findings. They identified three groups:
fit, vulnerable, and frail. Fit patients may benefit
from standard cancer treatment, vulnerable pa-
tients from adapted care, and frail patients from
palliative care.6 Another classification, developed
by Droz et al,7 is used in the SIOG guidelines for
older men with prostate cancer (named SIOG1 in
this study); in its updated version (SIOG2), only
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patients with an abnormal G8 screening test are evaluated.8 Again,
patients are categorized into one of three groups: fit, vulnerable, or
frail. These classifications are based on clinical expertise and
consensus.5-8 They have not been compared, and their perfor-
mance in predicting mortality and unscheduled admissions has not
been assessed.9-11 Recently, we used a statistical approach—latent
class (LC) analysis—to combine GA components into homoge-
neous health profiles seen among older patients with cancer.12 We
identified four health profiles: relatively healthy (LC1), malnour-
ished (LC2), cognitively and/or mood impaired (LC3), and globally
impaired (LC4).

Our objectives were to compare these four frailty classifica-
tions in terms of both agreement and performance in predicting
1-year overall mortality and 6-month unscheduled admissions. We
studied a large cohort of in- and outpatients with various cancers
before treatment. We also assessed performance among subgroups
defined by tumor site and metastatic status.

PATIENTS AND METHODS

Population
We used data from ELCAPA (Elderly Cancer Patients), a prospective

cohort survey of consecutive patients age 70 years or older who had newly
diagnosed cancer and were referred to one of the geriatric oncology clinics
of two teaching hospitals in the Paris urban area, France, before cancer
treatment decisions were made.13 For our study (ELCAPA14), we selected
the 763 patients recruited between 2007 and 2012 for whom the data used
in all four classifications were available (Table 1).

Geriatric Assessment and Data Collection
At baseline, all patients underwent a GA, as described previously.14

Domains and indicators used in the Balducci, SIOG1, SIOG2, and LC
typology (LCT) classifications are listed in Table 1.5-8,12,14-19 Data were not
available for three of the geriatric syndromes used in Balducci, namely,
osteoporosis, neglect and abuse, and failure to thrive, which were therefore
disregarded. For other variables unavailable in our database, we used
substitutes (Table 1). We considered the following confounders: outpatient
or inpatient status at the GA, year of patient inclusion, planned treatment
decision (palliative, curative, or not reported), and age (median, # 80 v.
80 years). In addition, given the previously reported greater prognostic
value of metastatic status in breast and prostate malignancies, we also
considered a composite variable combining tumor site and metastatic
status, with nonmetastatic colorectal cancer as the reference category.20

Outcomes
The ability to predict overall 1-year mortality and 6-month un-

scheduled admissions was assessed for each classification. Vital status was
determined from the medical records or public records office; unscheduled
admissions were determined from medical records.

Statistical Analysis
Categorical variables are described as numbers and percentages and

quantitative variables as mean (standard deviation [SD]) or median
(range) depending on distribution. To assess agreement among the four
classifications, we used the k or weighted k statistic, as appropriate21,22;
95% CIs were computed using the bootstrap method with 1,000 replicates.
Level of agreement was assessed as follows: k# 0.20, very poor; k of 0.21 to
0.40, poor; k of 0.41 to 60, moderate; k of 0.61 to 80, good; and k of 0.81 to
1.00, excellent. For all four classifications, we first considered three cat-
egories: fit, vulnerable, and frail. In the SIOG1 classification, patients in the

too-sick and frail groups were pooled in the frail category. For the LCT,
relatively healthy (LC1) patients were categorized as fit, malnourished
(LC2) and those with cognitive and/or mood impairments (LC3) as
vulnerable, and those with global impairment (LC4) as frail.12 Then, we
simplified the classification into two categories, by pooling fit and vul-
nerable patients and comparing them with frail patients and by pooling
vulnerable and frail patients and comparing them with fit patients. For
these last analyses, LC3 patients were categorized as either vulnerable or
frail.12

The log-rank test was used for global comparisons of mortality across
categories. The proportional hazards assumption was assessed using
Schoenfeld residual plots and tests.23 This assumption was met for all
variables in the final models except in- or outpatient status. Stratified Cox
models were developed to deal with this time-dependent variable. Models
were adjusted for age, year of inclusion, final planned treatment strategy,
and the composite variable combining tumor site and metastatic status.20

Hazard ratios (HRs) and their 95% CIs were estimated. We assessed
calibration (level of agreement between observed and predicted 1-year
survival probabilities) using graphs and the slope test.24 P values greater
than .05 indicated good calibration. Discrimination (ability to separate
patients with v without the outcome) was assessed using Harrell’s C-index
with bootstrapped 95% CIs and the Royston-Sauerbrei D statistic (95%
CI).25 C-index values of 0.60 to 0.69, 0.70 to 0.79, and 0.80 to 0.89 suggest
moderate, good, and very good discrimination, respectively.26 Higher D
statistic values indicate better discrimination; no threshold is available.

Prevalences of 6-month unscheduled admissions were compared
globally across categories using the x2 test. Then, we developed logistic
models adjusted for age, year of inclusion, in- or outpatient status, tumor
site and metastatic status, and final planned treatment strategy. Odds ratios
(ORs) and their 95% CIs were estimated. Calibration and discrimination
were assessed by the Hosmer-Lemeshow test and the area under the re-
ceiver operating characteristic curve.27,28 We compared the prognostic
value of the models using the Akaike information criterion and calibration
and discrimination indices.29

Subgroup Analyses
We performed analyses to assess the prognostic performance of the

classifications in subgroups of patients with colorectal (n 5 146), breast
(n5 136), or prostate cancer (n5 98). Models were adjusted for age, year
of inclusion, and metastatic status. Final planned treatment strategy was
not included in the models, because of its collinearity with metastatic
status. We also performed analyses in subgroups of patients with non-
metastatic (n 5 311) or metastatic disease (n 5 328). All tests were two
sided, and P values of .05 or less were considered significant. The false
discovery rate method was chosen to adjust for pairwise comparisons.
Analyses were performed using STATA software (version 13.0; STATA,
College Station, TX).

RESULTS

Study Population
Of the 763 patients, 754 had information about vital status

and 690 about 6-month unscheduled admissions (Fig 1). Mean age
was 80 (SD, 6 5.7) years, 63.6% were outpatients, 52.4% were
men, 19.1% had colorectal cancer, and 46.3% had metastatic
disease. Other characteristics are listed in Appendix Table A1
(online only).

Agreement Among the Four Classifications
By univariable analysis, patient distribution differed signifi-

cantly across the four classifications (all P , .001; Table 2). When
we considered the following categories (fit, vulnerable, or frail; fit v
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vulnerable or frail; and fit or vulnerable v frail), agreement was very
poor to poor between LCTand Balducci and between Balducci and
SIOG2 (Table 3). Agreement was very poor to moderate between
LCT and SIOG2 and between SIOG1 and SIOG2. Agreement was
moderate to good between LCT and SIOG1 and between Balducci
and SIOG1.

Prognostic Performance of the Four Classifications
Univariable analysis showed significant associations linking

each of the four classifications to overall 1-year mortality and to
6-month unscheduled admissions (all P , .001; Tables 4 and 5).
Risks for death and admission increased steadily from the lowest to
highest category with all classifications (trend P , .001).

Vulnerable and frail or frail/too-sick patients according to
Balducci or SIOG1 or SIOG2 had a higher 1-year mortality rate
compared with fit patients (Table 4). Similarly, with LCT, 1-year
mortality was higher in the LC2 (malnourished), LC3 (cognitively
and/or mood impaired), and LC4 (globally impaired) categories.
All four multivariable models showed good calibration (all P. .20;
Table 4; Appendix Fig A1, online only) and good discrimination
(C-index $ 0.70). Discrimination and calibration were best with
SIOG1, followed by LCT.

The risk of 6-month unscheduled admissions was higher in
the vulnerable, frail, and frail/too-sick categories according to
Balducci or SIOG1 and in the LC2, LC3, and LC4 categories
(Table 5), compared with fit patients. With SIOG2, only frail
patients were at higher risk for this outcome. All four multivariable
models had good calibration (all P . .20) and discrimination (C-
index $ 0.70). Discrimination was similar for the four models.

Subgroup Analyses
Discrimination indices varied according to tumor site (Ap-

pendix Tables A2 and A3, online only). For 1-year overall mortality,
discrimination was moderate to good in patients with colorectal

cancer and very good in those with breast or prostate cancer, with
all four classifications. SIOG1 and SIOG2 performed best in pa-
tients with colorectal or breast cancer, whereas performance in-
dices were slightly better for LCT in patients with prostate cancer.

For admissions, discrimination was good in patients with
colorectal or prostate cancer and very good in those with breast
cancer, with all four classifications. SIOG1 and SIOG2 performed
best in patients with colorectal or breast cancer, whereas LCT and
SIOG2 had slightly better performance indices in patients with
prostate cancer. All models displayed good calibration. Discrim-
ination was very good for mortality (C-index 5 0.82 to 0.84) and
good for hospitalizations (C-index 5 0.79 to 0.80) in patients
without metastases but only moderate for both outcomes (C-
index 5 0.65 to 0.69) in patients with metastases (Appendix Table
A4, online only).

DISCUSSION

The four frailty classifications performed well in predicting 1-year
mortality, with slightly better performance for SIOG1, followed by
LCT. Performance in predicting 6-month unscheduled admissions
was similar for the four classifications. However, agreement among
the four classifications was poor to moderate.

Performance of the classifications varied across tumor sites.
For predicting mortality, discrimination was very good for prostate
and breast cancers and lower for colorectal cancer. For predicting
unscheduled admissions, discrimination was very good in patients
with breast cancer. None of the four classifications performed best
for all three tumor sites.

To our knowledge, no previous study has compared the
prognostic performance of these four frailty classifications in
geriatric oncology patients. In keeping with our findings, previous
studies have reported that older patients with various types of
cancer were at higher risk of death if they were categorized as unfit
or frail using Balducci.9-11 Among patients categorized as fit by
SIOG1, SIOG2, and LCT, 40% to 50% were classified as frail by
Balducci. This discrepancy is probably ascribable to differences in
the GA components used to define frailty (eg, malnutrition [not
used in Balducci] and older age [used only in Balducci and LCT]).
The Balducci classification may tend to overdiagnose frailty, be-
cause the risk for mortality seems lower in frail patients using
Balducci (51%) than in frail patients according to the three other
classifications (55% to 81%).

Although the four classifications showed limited agreement
overall, they performedwell in predicting both study outcomes, with
SIOG1 and LCT performing best. This finding may be explained by
the good prognostic value of the GA parameters used. SIOG1 was
developed for older men with prostate cancer but performed well in
our overall population and in our subgroups, especially those with
breast or prostate cancer, suggesting that the GA components used in
this classification may predict poor outcomes for many tumor sites.7

In keeping with this possibility, several studies have shown that
malnutrition, Activities of Daily Living, Instrumental Activities of
Daily Living, and comorbidities are associated with death in older
patients with cancer.20,30,31 Because malnutrition has a strong
prognostic value in older patients with cancer, its absence from the
Balducci classification may explain the slightly lower performance of

Geriatric 
assessment by geriatrician

(N = 1,021)

Missing data for classifications
(n = 258)

Complete data
for classifications

(n = 763)

Missing data
Death
Admissions

  (n = 9)
(n = 73)

Analyzed for 6-month
unscheduled admissions

(n = 690) 

Analyzed for 1-year
overall mortality

(n = 754)

Fig 1. Flow diagram of participants.
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this tool in predicting 1-year mortality. Reported benefits of nu-
tritional intervention include better treatment response and fewer
chemotherapy adverse effects.31,32

As compared with SIOG1, SIOG2 involves two steps (patients
with a G8 score. 14 are considered fit and not evaluated further)
and no longer includes a too-sick category.8 We found that these
changes failed to significantly improve prognostic performance.
However, because the GA is time consuming and not available
everywhere, SIOG2 may be useful in busy practices. The slightly
better discrimination of SIOG1, which does not include chro-
nologic age, suggests that this parameter may have no place in the
core set. Finally, the comparison between the four classifications
suggests that the optimal set of GA components may include at
least disability, number of severe comorbidities, and malnutrition.

Discrimination varied with tumor site and metastatic status.
Discrimination was poorer in groups with a worse prognosis (ie,
those with colorectal cancer; 1-year mortality, 40% v 30% and 18%
in prostate and breast cancers, respectively) and metastatic disease
(60% v 23% in nonmetastatic disease). Poorer discrimination in
colorectal cancer has also been reported with the G8.33-35 Prognostic
performance is known to vary with patient characteristics and
outcomes.36,37 However, there is no obvious explanation for the
consistently poorer discrimination among patients with a worse
prognosis. Conceivably, specific frailty factors associated with
prognosis may bemissing, and/or cutoffs of GA parameters or frailty
may require adjustment according to tumor site and stage. For
example, severity of malnutrition is probably more relevant in
colorectal cancer than presence or absence of malnutrition. Also, the
prognostic performance of GA parameters may be better for tumors
associated with relatively long life expectancies, leading to better
discrimination compared with tumors of higher lethality.36,38

Our findings suggest these four classifications developed by
expert consensus (SIOG1, SIOG2, and Balducci) or statistical
modeling (LCT) provide prognostic information useful in guiding
treatment decisions, stratifying patients in clinical trials, and
detecting impairments amenable to intervention. However, de-
cisions should also take into account physician and patient pref-
erences and risk of toxicities. Cancer treatment decision rules based
on the Balducci and SIOG classifications have been suggested.
However, the discrepancies and performance variability across
classifications indicate a need for better characterization of frailty
according to tumor site and disease stage. GA parameters assessing
malnutrition severity andmobility, if possible with their change over
time, may deserve to be added.39,40 The final step would consist in
randomized trials to assess the impact of classifications on decision
making and patient outcomes such as mortality and toxicities.37,38

The diversity of our patient population reflects everyday
practice and supports the general applicability of our findings. The
assessment of GA domains using validated scales indicates that our
results are probably applicable to other health care institutions. We
adjusted the main analyses for confounders including the final
treatment decision, which may have affected the two study out-
comes. Our analyses in the three subgroups of patients with themost
common cancers strengthen the external validity of our findings.

Regarding limitations, the absence of three of the geriatric
syndromes described in the Balducci classification and the use of
substitutes for other unavailable variables may have resulted in
classification bias. However, the substitutes were similar to the
original variables. Finally, data on toxicities were not available.

In conclusion, despite poor tomoderate agreement among the
four frailty classifications of older patients with cancer (Balducci,
SIOG1, SIOG2, and LCT), performance in predicting 1-year

Table 4. Estimated Value of Four Classification Models in Predicting 1-Year Mortality (n = 754)

Classification
No. (%)

of Patients
No. (%)
of Events P*

HR
(95% CI)† AIC

Test of Calibration
Slope (P )‡

C-index
(bootstrapped

95% CI)
Royston-Sauerbrei

D (95% CI)

Balducci , .001, , .001 3,085.6 .90 0.74 (0.72 to 0.77) 1.40 (1.20 to 1.60)
Fit 97 (12.9) 11 (11.3) 1.00 (reference)
Vulnerable 113 (14.9) 31 (27.4) 1.91 (0.95 to 3.85)
Frail 544 (72.2) 278 (51.1) 2.94 (1.59 to 5.43)

SIOG1 , .001, , .001 3,050.3 .88 0.77 (0.74 to 0.79) 1.83 (1.59 to 2.07)
Fit 147 (19.5) 19 (12.9) 1.00 (reference)
Vulnerable 234 (31.1) 66 (28.2) 1.75 (1.03 to 2.97)
Frail 286 (37.9) 167 (58.4) 3.31 (2.00 to 5.50)
Too sick 87 (11.5) 68 (78.2) 6.12 (3.45 to 10.85)

SIOG2 , .001, , .001 3,076.1 .84 0.75 (0.73 to 0.78) 1.45 (1.25 to 1.65)
Fit 134 (17.8) 11 (8.2) 1.00 (reference)
Vulnerable 112 (14.8) 28 (25.0) 2.08 (1.02 to 4.22)
Frail 508 (67.4) 281 (55.3) 3.69 (1.97 to 6.89)

LC typology , .001, , .001 3,065.3 .92 0.76 (0.73 to 0.78) 1.66 (1.42 to 1.90)
Relatively healthy 227 (30.1) 27 (11.9) 1.00 (reference)
Malnourished 252 (33.4) 110 (43.6) 2.15 (1.34 to 3.47)
Cognitively and/or
mood impaired

103 (13.7) 44 (42.7) 2.66 (1.54 to 4.61)

Globally impaired 172 (22.8) 139 (80.8) 4.84 (2.82 to 8.31)

Note: Percent of patients expressed in columns; percent of events expressed in lines.
Abbreviations: AIC, Akaike information criterion; HR, hazard ratio; LC, latent class; SIOG, International Society of Geriatric Oncology.
*First P value is from log-rank test; second is for trend.
†All Cox models were stratified on in- or outpatient status and adjusted for composite variable, including tumor site and metastatic status, age, year of inclusion, and
treatment decision (palliative, curative, or not reported).
‡P values from test of slope of regression of pseudovalues for event probabilities on predicted event probabilities at 1 year.
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overall mortality and 6-month unscheduled admissions was
consistently good when evaluated in a large cohort of in- and
outpatients with untreated cancer at various sites. The observed
variations in agreement and performance across tumor sites
suggest means of optimizing performance and better character-
izing frailty. Studies of clinical impact are needed to determine
whether classifications deserve to be integrated into the cancer
treatment decision-making process.
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Vulnerable 106 (15.4) 70 (16.7) 36 (13.3) 2.43 (1.17 to 5.04)
Frail 489 (70.9) 272 (64.9) 217 (80.1) 2.33 (1.25 to 4.36)

SIOG1 , .001, , .001 739.5 .85 0.78 (0.75 to 0.82)
Fit 142 (20.6) 115 (27.5) 27 (10.0) 1.00 (reference)
Vulnerable 213 (30.9) 132 (31.5) 81 (29.9) 2.24 (1.28 to 3.92)
Frail 262 (38.0) 130 (31.0) 132 (48.7) 2.82 (1.56 to 5.13)
Too sick 73 (10.5) 42 (10.0) 31 (11.4) 2.17 (0.96 to 4.94)

SIOG2 , .001, , .001 743.0 .48 0.78 (0.74 to 0.81)
Fit 134 (19.4) 109 (26.0) 25 (9.2) 1.00 (reference)
Vulnerable 107 (15.5) 75 (17.9) 32 (11.8) 1.25 (0.63 to 2.47)
Frail 449 (65.1) 235 (56.1) 214 (79.0) 2.04 (1.14 to 3.66)

LC typology , .001, , .001 746.0 .97 0.78 (0.74 to 0.81)
Relatively healthy 216 (31.3) 172 (41.1) 47 (16.2) 1.00 (reference)
Malnourished 233 (33.8) 127 (30.3) 106 (39.1) 1.81 (1.02 to 3.20)
Cognitively and/or
mood impaired

87 (12.6) 50 (11.9) 37 (13.7) 2.33 (1.11 to 4.90)

Globally impaired 154 (22.3) 70 (16.7) 84 (31.0) 2.01 (0.93 to 4.37)

Abbreviations: AIC, Akaike information criterion; AUC, area under the curve; LC, latent class; OR, odds ratio; SIOG, International Society of Geriatric Oncology.
*First P value is from log-rank test; second is for trend.
†All Cox models were stratified on in- or outpatient status and adjusted for composite variable, including tumor site and metastatic status, age, year of inclusion, and
treatment decision (palliative, curative, or not reported).
‡Hosmer-Lemeshow test for G = 10 groups.
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Table A1. Patient Demographic and Clinical Characteristics (N = 763)

Characteristic No. (%)

Outpatient status 485 (63.6)
Age, years
Mean 80.3
SD 5.7
. 80 353 (46.3)

Male sex 400 (52.4)
Tumor site
Colorectal 146 (19.1)
Upper GI tract or liver 121 (15.9)
Breast 136 (17.8)
Prostate 98 (12.8)
Other urologic malignancy 114 (14.9)
Hematologic malignancy 63 (8.3)
Other 85 (11.1)

Metastatic status (n = 708)
M0 311 (43.9)
M1 328 (46.3)
Mx 6 (0.9)
NA 63 (8.9)

Treatment decision
Curative 310 (40.6)
Palliative 366 (48.0)
Not reported 87 (11.4)

Inadequate social support* 154 (20.2)
Timed GUG test score $ 3 and/or . 20 s (n = 761) 346 (45.5)
ECOG PS
0-1 377 (49.4)
2 130 (17.0)
$ 3 256 (33.6)

ADL score # 5 of 6 261 (34.2)
IADL score # 7 of 8 (n = 725) 468 (64.6)
Malnutrition† 394 (51.6)
Malnutrition (n = 721)
Weight loss, 10% in last 6 months and, 5% in last month 517 (71.7)
10% to 15% in last 6months and/or 5% to 10% in last month 105 (14.6)
$ 15% in last 6 months and/or $ 10% in last month 99 (13.7)

MMSE score , 24 of 30 211 (27.7)
Depression (DSM-IV) 222 (29.1)
Delirium 23 (3.0)
$ 1 fall in last 6 months (n = 743) 244 (32.8)
Urinary and/or fecal incontinence (n = 760) 141 (18.6)
No. of grade 3 comorbidities (CIRS-G; n = 695)
Median 1
Range 0-8

No. of grade 4 comorbidities (CIRS-G; n = 695)
Median 0
Range 0-4

Abnormal G8 score (# 14 of 17) 627 (82.2)

Abbreviations: ADL, Activity of Daily Living; CIRS-G, Cumulative Illness Rating
Scale for Geriatrics; DSM-IV, Diagnostic and Statistical Manual of Mental Dis-
orders (fourth edition); ECOG PS, Eastern Cooperative Oncology Group per-
formance status; IADL, Instrumental Activity of Daily Living; MMSE;Mini Mental
State Examination; MNA, Mini Nutritional Assessment; NA, not applicable; SD,
standard deviation.
*Absence of primary caregiver or adequate support at home or strong network
of family and friends able to meet needs of patient at time of evaluation.
†$ One of 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 MNA score score , 17 of 30
and/or serum albumin , 35 g/L.
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Table A2. Estimated Value of Four Classifications for Predicting 1-Year Mortality in Patients With Colorectal, Breast, or Prostate Cancer

Classification
No. (%)

of Patients
No. (%)
of Events P* HR (95% CI)† AIC

Calibration
Slope (P )‡

C-index
(Bootstrapped

95% CI)
Royston-Sauerbrei

D (95% CI)

Colorectal cancer (n = 146)
Balducci .002, .002 454.8 .31 0.65 (0.59 to 0.72) 1.01 (0.56 to 1.46)

Fit 16 (11.0) 1 (6.3) 1.00 (reference)
Vulnerable 25 (28.1) 7 (28.0) 7.39 (0.90 to 60.84)
Frail 105 (71.9) 51 (48.6) 8.24 (1.12 to 60.60)

SIOG1 , .001, , .001 447.1 .27 0.70 (0.63 to 0.76) 1.20 (0.77 to 1.63)
Fit 17 (11.6) 1 (5.9) 1.00 (reference)
Vulnerable 48 (32.9) 11 (22.9) 4.85 (0.62 to 37.81)
Frail 70 (48.0) 39 (55.7) 12.15 (1.65 to 89.42)
Too sick 11 (7.5) 8 (72.7) 13.55 (1.65 to 111.17)

SIOG2 , .001, .001 437.9 .29 0.71 (0.65 to 0.77) 1.28 (0.83 to 1.73)
Fit 14 (9.6) 2 (14.3) 1.00 (reference)
Vulnerable 21 (14.4) 0 (0.0) NA
Frail 111 (76.0) 57 (51.4) 3.91 (0.91 to 16.74)

LC typology , .001, , .001 448.7 .42 0.69 (0.62 to 0.76) 1.29 (0.82 to 1.76)
Relatively healthy 22 (15.1) 4 (18.2) 1.00 (reference)
Malnourished 71 (48.6) 18 (25.4) 0.97 (0.31 to 3.08)
Cognitively and/or
mood impaired

19 (13.0) 9 (47.4) 3.23 (0.91 to 11.48)

Globally impaired 34 (23.3) 28 (82.4) 4.07 (1.17 to 14.15)
Prostate cancer (n = 97)
Balducci , .001, .001 152.0 .19 0.88 (0.82 to 0.94) 2.77 (1.71 to 3.83)

Fit 23 (23.7) 1 (4.3) 1.00 (reference)
Vulnerable 19 (19.6) 0 (0.0) NA
Frail 55 (56.7) 28 (50.9) 5.95 (0.75 to 47.25)

SIOG1 , .001, , .001 161.4 .19 0.85 (0.76 to 0.93) 2.46 (1.46 to 3.46)
Fit 34 (35.0) 3 (8.8) 1.00 (reference)
Vulnerable 29 (29.9) 3 (10.3) 1.52 (0.30 to 7.81)
Frail 22 (22.7) 13 (59.1) 4.05 (0.97 to 16.81)
Too sick 12 (12.4) 10 (83.3) 6.21 (1.10 to 35.11)

SIOG2 , .001, , .001 158.6 .53 0.86 (0.78 to 0.93) 2.73 (1.67 to 3.79)
Fit 46 (47.4) 2 (4.3) 1.00 (reference)
Vulnerable 10 (10.3) 3 (30.0) 3.85 (0.63 to 23.66)
Frail 41 (42.3) 24 (58.5) 5.73 (1.16 to 28.24)

LC typology , .001, , .001 154.0 .84 0.88 (0.81 to 0.94) 3.18 (1.98 to 4.38)
Relatively healthy 59 (60.8) 3 (5.1) 1.00 (reference)
Malnourished 9 (9.3) 4 (44.4) 4.79 (0.92 to 24.96)
Cognitively and/or
mood impaired

2 (2.1) 0 (0.0) NA

Globally impaired 27 (27.8) 22 (81.5) 23.40 (3.24-168.78)
Breast cancer (n = 134)
Balducci .020, .022 151.4 .11 0.85 (0.77 to 0.94) 2.16 (1.36 to 2.96)

Fit 25 (18.7) 0 (0.0) NA
Vulnerable 16 (11.9) 2 (12.5) 0.93 (0.21 to 4.2)
Frail 93 (69.4) 22 (23.7) 1.00 (reference)

SIOG1 , .001, , .001 154.4 .18 0.87 (0.78 to 0.95) 2.54 (1.60 to 3.48)
Fit 45 (33.6) 2 (4.4) 1.00 (reference)
Vulnerable 46 (34.3) 5 (10.9) 2.06 (0.91 to 24.57)
Frail 32 (23.9) 11 (34.4) 4.72 (0.89 to 50.81)
Too sick 11 (8.2) 6 (54.5) 6.73 (0.89 to 50.81)

SIOG2 , .001, .007 149.3 .49 0.87 (0.80 to 0.95) 2.36 (1.54 to 3.14)
Fit 34 (25.4) 0 (0.0) NA
Vulnerable 26 (19.4) 1 (3.9) 0.28 (0.03 to 2.30)
Frail 74 (55.2) 23 (31.1) 1.00 (reference)

LC typology , .001, , .001 155.8 .35 0.86 (0.78 to 0.94) 2.07 (1.31 to 2.83)
Relatively healthy 78 (58.2) 5 (6.4) 1.00 (reference)
Malnourished 18 (13.4) 5 (27.8) 3.29 (0.76 to 14.24)
Cognitively and/or
mood impaired

30 (22.4) 8 (26.7) 3.12 (0.76 to 12.80)

Globally impaired 8 (6.0) 6 (75.0) 3.06 (0.51 to 18.17)

Note: Percent of patients expressed in columns; percent of events expressed in lines.
Abbreviations: AIC, Akaike information criterion; HR, hazard ratio; LC, latent class; NA, not applicable; SIOG, International Society of Geriatric Oncology.
*First P value is from log-rank test for heterogeneity; second is for trend.
†All Cox models were stratified on in- or outpatient status and adjusted for metastatic status, age, and year of inclusion.
‡P values testing whether slope of regression of pseudovalues for event probabilities on predicted event probabilities over all time points at 1 year.

jco.org © 2017 by American Society of Clinical Oncology

Performance of Four Frailty Classifications in the Elderly

http://jco.org


Table A3. Estimated Value of Four Classifications for Predicting 6-Month Unscheduled Admissions in Patients With Colorectal, Breast, or Prostate Cancer

Classification
No. (%)

of Patients

Admissions
No. (%)

P* OR (95% CI)† AIC Calibration(P )‡ AUC (95% CI)No Yes

Colorectal cancer (n = 135)
Balducci .017, .008 168.9 .91 0.79 (0.72 to 0.87)
Fit 16 (11.9) 11 (18.0) 5 (6.8) 1.00 (reference)
Vulnerable 21 (15.6) 13 (21.3) 8 (10.8) 1.98 (0.42 to 9.36)
Frail 98 (72.6) 37 (60.7) 61 (82.4) 5.80 (1.56 to 9.36)

SIOG1 .007, .001 164.1 .36 0.81 (0.74 to 0.89)
Fit 17 (12.6) 13 (21.3) 4 (5.4) 1.00 (reference)
Vulnerable 44 (32.6) 23 (37.7) 21 (28.4) 3.02 (0.77 to 11.82)
Frail 65 (48.1) 23 (37.7) 42 (56.8) 8.70 (2.16 to 35.09)
Too sick 9 (6.7) 2 (3.3) 7 (9.5) 51.97 (3.60 to 749.36)

Droz2 .023, .078 170.7 .86 0.80 (0.72 to 0.87)
Fit 14 (10.4) 7 (11.5) 7 (9.5) 1.00 (reference)
Vulnerable 21 (15.5) 15 (24.6) 6 (8.11) 0.36 (0.08 to 1.71)
Frail 10 (74.1) 39 (63.9) 61 (82.4) 1.59 (0.41 to 6.12)

LC typology .136, .038 175.1 .48 0.77 (0.69 to 0.85)
Relatively healthy 21 (15.6) 13 (21.3) 8 (10.8) 1.00 (reference)
Malnourished 66 (48.9) 32 (52.5) 34 (48.9) 1.24 (0.34 to 4.50)
Cognitively and/or
mood impaired

17 (12.6) 5 (8.2) 12 (16.2) 5.78 (0.94 to 35.68)

Globally impaired 31 (23.0) 11 (18.0) 20 (27.0) 2.16 (0.35 to 13.20)
Prostate cancer (n = 92)
Balducci .360, .159 80.3 .27 0.73 (0.59 to 0.87)
Fit 23 (25.0) 20 (28.2) 3 (14.3) 1.00 (reference)
Vulnerable 19 (20.7) 15 (21.1) 4 (19.0) 3.29 (0.52 to 20.98)
Frail 50 (54.3) 36 (50.7) 14 (66.7) 4.49 (0.87 to 23.22)

SIOG1 .109, .253 80.9 .32 0.73 (0.59 to 0.87)
Fit 34 (37.0) 29 (40.9) 5 (23.8) 1.00 (reference)
Vulnerable 27 (29.3) 21 (29.6) 6 (28.6) 2.77 (0.62 to 12.46)
Frail 22 (23.9) 13 (18.3) 9 (42.8) 12.72 (0.99 to 162.74)
Too sick 9 (9.8) 8 (11.3) 1 (4.8) 14.10 (0.17 to 1157.24)

SIOG2 .080, .032 75.7 .77 0.78 (0.64 to 0.91)
Fit 46 (50.0) 40 (56.3) 6 (28.6) 1.00 (reference)
Vulnerable 10 (10.9) 7 (9.9) 3 (14.3) 4.58 (0.50 to 41.63)
Frail 36 (39.1) 24 (33.8) 12 (57.1) 12.14 (1.82 to 81.09)

LC typology .002, .012 73.2 .50 0.79 (0.65 to 0.92)
Relatively healthy 59 (64.1) 52 (73.2) 7 (33.3) 1.00 (reference)
Malnourished 8 (8.7) 3 (4.2) 5 (23.8) 15.42 (1.82 to 130.26)
Cognitively and/or
mood impaired

2 (2.2) 2 (2.8) 0 (0.0) NA

Globally impaired 23 (25.0) 14 (19.7) 9 (42.9) 40.23 (1.06 to 1529.86)
Breast cancer (n = 124)
Balducci .084, .063 128.7 .94 0.82 (0.73 to 0.90)
Fit 26 (21.0) 24 (25.5) 2 (6.6) 1.00 (reference)
Vulnerable 16 (12.9) 11 (11.7) 5 (16.7) 5.04 (0.68 to 37.45)
Frail 82 (66.1)) 59 (62.8) 23 (76.7) 3.37 (0.59 to 19.20)

SIOG1 .044, .020 127.6 .94 0.83 (0.75 to 0.91)
Fit 43 (34.7) 39 (41.5) 4 (13.3) 1.00 (reference)
Vulnerable 44 (35.5) 30 (31.9) 14 (46.7) 5.04 (1.29 to 19.65)
Frail 26 (21.0) 18 (19.1) 8 (26.7) 2.65 (0.48 to 14.64)
Too sick 11 (8.9) 7 (7.5) 4 (13.3) 2.79 (0.31 to 24.90)

SIOG2 , .001, .001 121.1 .99 0.85 (0.78 to 0.93)
Fit 34 (27.4) 31 (33.0) 3 (10.0) 1.00 (reference)
Vulnerable 25 (20.2) 24 (25.5) 1 (3.3) 0.24 (0.02 to 2.80)
Frail 65 (52.4) 39 (41.5) 26 (86.7) 3.74 (0.79 to 17.57)

LC typology .111, .028 131.1 .73 0.82 (0.73 to 0.91)
Relatively healthy 75 (60.5) 61 (64.9) 14 (46.7) 1.00 (reference)
Malnourished 16 (12.9) 12 (12.8) 4 (13.3) 0.41 (0.06 to 2.98)
Cognitively and/or
mood impaired

26 (21.0) 18 (19.1) 8 (26.7) 2.01 (0.46 to 8.88)

Globally impaired 7 (5.6) 3 (3.2) 4 (13.3) 0.38 (0.02 to 5.65)

Abbreviations: AIC, Akaike information criterion; AUC, area under the curve; LC, latent class; NA, not applicable; OR, odds ratio; SIOG, International Society of Geriatric
Oncology.
*First P values obtained from x2 or Fisher’s exact test. Second P value is for trend.
†All models were adjusted for in- or outpatient status, metastatic status, age, and year of inclusion.
‡Hosmer-Lemeshow test for G = 10 groups.
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Table A4. Calibration and Discrimination Values for Predicting 1-Year Overall Mortality and 6-Month Unscheduled Admissions in PatientsWith andWithout Metastases

Outcome

Classification

Balducci SIOG1 SIOG2 LC Typology

1-year overall mortality
No metastases (M0; n = 311)*

Calibration slope (P )† .66 .65 .83 .37
C-index (bootstrapped 95% CI) 0.83 (0.79 to 0.87) 0.83 (0.79 to 0.87) 0.82 (0.78 to 0.87) 0.84 (0.80 to 0.89)
Royston-Sauerbrei D (bootstrapped 95% CI) 1.85 (1.44 to 2.26) 2.01 (1.56 to 2.46) 1.80 (1.39 to 2.21) 2.04 (1.61 to 2.47)

Metastases (M1; n = 328)*
Calibration slope (P )† .43 .61 .34 .23
C-index (bootstrapped 95% CI) 0.65 (0.61 to 0.68) 0.69 (0.65 to 0.73) 0.66 (0.63 to 0.70) 0.67 (0.63 to 0.71)
Royston-Sauerbrei D (bootstrapped 95% CI) 0.85 (0.60 to 1.10) 1.30 (1.01 to 1.59) 0.92 (0.67 to 1.17) 1.10 (0.83 to 1.37)

6-month unscheduled hospitalizations
No metastases (M0; n = 311)‡

Calibration (P )§ .14 .84 .92 .97
AUC (95% CI) 0.79 (0.74 to 0.85) 0.80 (0.74 to 0.85) 0.80 (0.74 to 0.85) 0.79 (0.74 to 0.85)

Metastases (M1; n = 328)‡
Calibration (P )§ .74 .61 .37 .29
AUC (95% CI) 0.67 (0.61 to 0.73) 0.68 (0.62 to 0.74) 0.66 (0.60 to 0.72) 0.66 (0.60 to 0.73)

Abbreviations: AUC, area under the curve; LC, latent class; SIOG, International Society of Geriatric Oncology.
*No. (%) of events: no metastases, 74 (23.2%); metastases, 200 (59.7%).
†P values testing slope of regression of pseudovalues for event probabilities on predicted event probabilities over all time points at 1 year.
‡No. (%) of admissions: no metastases, 98 (32.6%); metastases, 140 (46.5%).
§Hosmer-Lemeshow test for G = 10 groups.
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Fig A1. Calibration curves with their 95%CIs and tests of slope of the four classification models used to predict 1-year overall mortality in overall population: (A) Balducci,
(B) SIOG1 (C) SIOG2, and (D) latent class typology.
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