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ABSTRACT

Background: The diagnostic performance of tools used to screen vulnerability in
older cancer patients varies widely. We assessed the diagnostic performance of gait
speed (GS) for assessing vulnerability in such patients.

Methods: All consecutive outpatients 65 years and older were referred for
geriatric oncology assessment (GA) before a therapeutic decision between November
2013 and April 2016 in a bicentric observational and prospective cohort study.
Vulnerability was defined as impaired score on at least one of the 6 domains of the
GA. GS and the G8 index and G8 modified index were assessed at the first geriatric
oncology visit during the GA. Sensitivity, specificity, positive and negative predictive
value and positive and negative likelihood ratio were estimated. The accuracy of
the three tools was analysed by the area under the receiver operating characteristic
curve (AUC).

Results: Among 269 included patients (mean [SD] age, 81.3 years [5.9]; 55%
women, 94.4% solid tumors; 39.4% with metastasis), 252 (93.7%) had impaired GA.
With the GS threshold of 1 m/s, sensitivity was 79.4% (95% CI, 73.8-84.2), specificity
64.7% (38.3-85.8), and AUC 82.0 (74.0-90.0). The corresponding values for the G8
index were 90.1% (85.7-93.5), 35.3% (14.2-61.7), and 79.0 (70.0-88.0) and G8
modified index were 89.3% (84.8-92.8), 64.7% (38.3-85.8), and 84.0 (74.0-92.0).

Conclusions: GS < 1 m/s with a single measure could be used as a new screening
tool for detecting vulnerability in older cancer outpatients. This first external validation
of the G8 modified index was very good.
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INTRODUCTION

With the ageing of society, oncologists will see
increasing numbers of older cancer patients. Indeed, older
cancer patients present 60% to 70% of newly diagnosed
cancers. Treatment guidelines are based on clinical studies,
from which older patients have often been excluded [1],
so the transportability of the guidelines to older patients
is uncertain.

This older cancer population is heterogeneous in
comorbidities, physical reserve, functional status and
socioeconomic environment [2]. Geriatric assessment
(GA) is recommended by the International Society of
Geriatric Oncology (SIOG) [3] and has been used to detect
disabilities and comorbid conditions that could contribute
to an older patient’s vulnerability, predisposing to poor
outcomes and treatment complications [4].

However, GA is time- and resource-consuming
and not necessary for all patients, so physicians have
developed shorter screening tools to identify patients
who need a GA in a multidisciplinary approach. These
screening tools could distinguish fit older cancer patients,
who are able to receive standard cancer treatment, from
vulnerable patients, who should receive a full assessment
to determine the most appropriate treatment plan [3].

Several screening tools for vulnerability have been
developed, but their performance varies widely. Recently,
the performance of 17 different screening tools was
assessed, in 22 studies involving a total of 5950 older
cancer patients (median age 65-79 years, with various
cancer types). Vulnerability was defined by at least one
or two impaired GA domains. Among these tools, the G8
index was the most promising, with sensitivity greater than
80%, specificity greater than 60% and negative predictive
value (NPV) 35% to 78% [3]. More recently, the G8 index
was optimized with only six items. This G8 modified index
was validated with 414 older cancer patients (median age
81 years, with various solid and haematological cancers)
with better sensitivity (89.2%) and specificity (79%) than
the G8 index and NPV 52.8% [5].

In a systematic review [6], we suggested the use
of gait speed (GS) as screening tool for vulnerability at
the threshold of 1 m/s in older cancer patients aged 65
and older for two main reasons. These data were based on
45 prospective cohort studies and involved 46845 older
ambulatory people with mean age ranging from 65 to 89.6
years. First, GS was significantly associated with adverse
events of frailty such as disability, falls, hospitalizations
and death. Second, GS is a single item and may be a quick,
easy, and reliable alternative screening test [7].

Here, we hypothesized that GS could be used as
a single tool to screen for vulnerability in older cancer
patients.

We assessed the diagnostic performance of GS for
assessing vulnerability in comparison to the G8 and G8
modified indices.

RESULTS

Patients

Among the 406 patients aged 65 and older with
cancer between November 2013 and April 2016 who were
referred to a geriatrician for a GA, 269 outpatients (66.3%
95%CI 61.4-70.8) were eligible for this study (Figure 1).
We excluded 112/406 patients (27.6% 95%CI 23.3-32.2)
because of missing data (at least one missing domain).
Patients with and without missing data did not differ in
mean age (81.3 years [5.9] vs 81.3 years [5.8], P = 0.97),
mean gait speed (0.67 m/s [0.38] vs 0.71 m/s [0.37], P
= 0.26), metastatic status (33.9% vs 39.4%, P =0.31) or
functional status assessed by the ECOG-PS (ECOG-PS >
1, 51.8% vs 40.9%, P =0.05).

Characteristics of patients with abnormal GA

The frequency of abnormal GA was 93.7% (n =
252/269) (95% CI 90.1-96.3). Overall, 94.4% had a solid
cancer, and the two most common tumor sites were breast
and colorectal (baseline characteristics in Table 1). Many
patients had ECOG-PS <1 (56.7%). Dependency in IADL
was the most common impaired domain. The mean (SD)
GS was 0.69 (0.37 [IQR 0-1.53]), the median (IQR) G8
index was 11 [2.5-16], and median G8 modified index
was 17 [0-35]. The median number of impaired domains
was 3 [1-6]. The mean GS decreased significantly with
increasing number of impaired domains (Table 2).

Correlation among GA tests (Table 3)

The number of impaired GA domains was inversely
correlated with GS and G8 index — the Spearman rho
for GS was -0.71 and the G8 index was -0.56 (both P <
0.0001) — but was positively and significantly correlated
with the G8 modified index (Spearman rho = 0.55, P <
0.0001).

Diagnostic performance of the three tests to
screen for abnormal GA

On varying the threshold of GS, the threshold
of 1 m/s conferred the best sensitivity, with acceptable
specificity (Table 4). The most sensitive tool was the G8
index but it had the lowest specificity. Specificities for
GS and the G8 modified index were better than for the
G8 index and were both similar. The NPV for the three
tests was low. The negative likelihood ratio (NLR) for
the G8 modified index was very good and acceptable for
the G8 index and GS. With two GA domains impaired as
the reference, GS sensitivity increased substantially and
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specificity remained acceptable; the specificity of the G8
and G8 modified indices decreased substantially. The
diagnostic performance of GS was unchanged when it was
excluded from the GA reference test and when incomplete
cases were included (at least one domain missing). The
sensitivity analysis by tumor site and metastatic status
remained acceptable at the threshold of 1 m/s.

Figure 2, compares the discriminative value assessed
by AUC the for the three tools for one GA domain
impaired. The AUC for the three tools was 82% (95%
CI 74.0-90.0) for GS, 79% (70.0-88.0) for the G8 index
and 84% (74.0-92.0) for the G8 modified index. The three
tools had very good discrimination; the best in absolute
value was the GS and G8 modified indices. The AUCs
for the three tests did not differ in screening abnormal GA
(GS/G8, P =0.50; GS/G8 modified, P = 0.79)

DISCUSSION

This is the first study to assess the diagnostic
performance of GS as a screening tool in geriatric
oncology and the first external validation of the G8
modified index. The GS and G8 modified indices had good
diagnostic performance as tools to screen abnormal GA
in a population of older outpatients with untreated cancer
and with several tumor locations. Indeed, in the validation
against the reference test (at least 1 abnormal test result),
sensitivity was good, 79.4% and 89.3% for GS and the G8
modified index. The specificity was moderate, 64.7%, for
both tools. In contrast, the sensitivity of the G8 index was
very good, 90.1%, but the specificity was very low, 35.3%.
The threshold of 1 m/s for GS maximized sensitivity with
moderate specificity, and the proportion of patients with
impaired GS was 76.5%.

n= 406

Outpatients referred for GA and potentially elligible

Excluded (n=137) : 37.7%

- Age<65(n=2)

- No histology, and/or diagnosis not confirmed
(n=6)

- Non-malignant tumor (n=12)

h 4

A 4

- Atleast one missing data from GA:
=  Cognition (n=107)

Mood (n=4)

Functional status (n=3)

Nutrition (n= 2)

Mobility (n=1)

n= 269

QOutpatients with full GA (6 domains) analyzed

A 4 h 4

Normal GA (n=17)

Abnormal GA (n=252)

GA: geriatric assessment

Figure 1: Flow the selection of patients.
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Table 1: Baseline clinical characteristics of 269 older cancer outpatients with geriatric assessment (GA).

Variables All patients Patients with normal GA Patients with abnormal GA P value”
n=269 n=17 (6.3%) n=252 (93.7%)

Age (y), mean (SD) [min-max] 81.3 (5.8) [65-97] 81.4 (5.4) [70-90] 81.3 (5.9) [65-97] 0.90

Gender (women) 148 (55) 8(47.1) 140 (55.6) 0.49

Cancer site: 0.73

Breast 57 (21.2) 4(23.5) 53(21.0)

Colorectal 45 (16.7) 8 (47.0) 37 (14.7)

Lung 41 (15.2) 2(11.8) 39 (15.5)

Liver 32(11.9) 1(5.9) 31(12.3)

Pancreas and bile duct 20 (7.4) 0 20 (8.0)

Hematological malignancies 15(5.5) 1(5.9) 14 (5.5)

Gynecological 14 (5.2) 0 14 (5.5)

Urologic malignancies 13 (5.0) 0 13(5.2)

Esophagus and stomach 12 (4.4) 0 12 (4.8)

Unknown primary site 5(2.0) 0 5(2.0)

Others™ 15 (5.5) 1(5.9) 14 (5.5)

Metastatic: 106 (39.4) 9(52.9) 97 (38.5) 0.30

ECOG-PS (>1): 110 (40.8) 1(5.9) 109 (43.3) 0.001

G8 index (0-17):

Median [IQR] 11[2.5-17] 13 [10.5-17] 11 [2.5-16]

<14 238 (88.4) 11(64.7) 227 (90.1) 0.001

G8 modified index (0-35):

Median [IQR] 17 [0-35] 3[0-17] 17 [0-35]

>6 231 (85.8) 6(35.3) 225 (89.3) <0.0001

Gait speed (m/s):

Mean (SD) [IQR] 0.71 (0.37) [0-1.53] 1.07 (0.18) [0.79-1.33] 0.69 (0.37) [0-1.53] <0.0001

<1m/s 206 (76.5) 6(35.3) 200 (79.4) <0.0001

Comorbidities (CIRS-G):

Total > 14 111 (41.2) 0 111 (44) 0.0001

No. of grade 3 (severe) > 1 159 (59.1) 0 159 (63.1) <0.0001

No. of grade 4 (very severe) > | 60 (22.3) 0 60 (23.8) 0.01

Dependency:

IADL < 4/4 166 (61.7) 0 166 (65.9) <0.0001

ADL < 5/6 86 (31.9) 0 86 (34.1) 0.001

Malnutrition:

BMI < 21 kg/m’ 34 (12.6) 0 34 (13.5) 0.14

Albumin level < 35 g/l (n=237) 73 (30.8) 0 73 (33) 0.003

Mobility:

SPPB < 9/12 124 (46.1) 0 124 (49.2) <0.0001

Depressed mood:

Mini-GDS > 1 124 (46.1) 0 124 (49.2) <0.0001

Cognition:

MMSE < 24/30 148 (55) 0 148 (58.7) <0.0001

No. of domains impaired: <0.0001

0 17 (6.3) 17 (100) 0

1 41 (15.2) 0 41 (16.3)

2 32(11.9) 0 32(12.7)

3 55(20.4) 0 55(21.8)

4 52(19.3) 0 52 (20.6)

5 59(21.9) 0 59(23.4)

6 13 (4.8) 0 13(5.2)

median [IQR] 3[1-6]

Abbreviations: ADL: activity of daily living; BMI: body mass index; CIRSG: cumulative illness rating scale geriatric; ECOG-
PS: eastern cooperative oncology group performans status; IADL: instrumental activity of daily living; IQR: interquartile
range; mini-GDS: mini geriatric depression scale ; MMSE: mini mental state examination ; SPPB: short physical performance

battery

* Chi-square test or Fisher’s exact test for qualitative variables and Student t test or Wilcoxon’s test for quantitative variables
** other: skin (melanoma/squamous carcinoma: 4), mesothelioma (3), sarcoma (3), anal (2), thymus (1), head and neck (1),

duodenum (1)
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Table 2: Gait speed (GS) by number of domains impaired in 269 older cancer outpatients.

No. of impaired No. of impaired domains (median Patients GS P value’
domains [interquartile range]) (n, %) (m/s) (mean [SD])
- 3 [0-6] - - <0.0001
0 17 (6.3) 1.07 (0.18)
1 41 (15.2) 1.06 (0.22)
2 32(11.9) 0.96 (0.18)
3 55 (20.4) 0.74 (0.30)
4 52(19.3) 0.62 (0.29)
5 59(21.9) 0.40 (0.31)
6 13 (4.8) 0.22 (0.30)
* Kruskal-Wallis test
Table 3: Correlations among GS, G8 index and G8 modified index and GA domains.
Comorbidities Dependency Nutrition Mobility Mood Cognition
CIRSG total IADL ADL BMI Albumin SPPB / SPPB-modified Mini-GDS MMSE
level
GS -0.28" 0.58" 0.59 -0.08 0.34° 0.87°/0.77" -0.31° 0.41°
G8 index -0.18" 0.53" 0.42" 0.37" 035" 0.44"/0.40" -0.34" 031"
G8 modified  0.24" -0.56" -0.43" -0.14" -0.35" -0.42" /-0.38 0.32" -0.31"
Correlation: Spearman’s rho test
* P<0.05

This result agrees with the available data for
community-dwelling older people, showing 1 m/s
GS strongly associated with complications related to
frailty (early death, falls, disability and hospitalization/
institutionalization) [6] and predicting 10-year survival
in a large meta-analysis of studies involving 34,485
community-dwelling older people aged 65 years and older
[8]. Therefore, GS may be an indicator of vitality because
of its multidimensional integration of disturbances in
multiple organ systems [8].

In our study, the frequency of vulnerability (at
least one abnormal GA domain) was very high (93.7%).
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The frequency of vulnerability varied widely across
studies conducted in geriatric oncology probably because
of the heterogeneity of older cancer patients included
in these studies (various cancers or not, solid cancers
or haematological malignancies, threshold of age at
inclusion), variation in definition of abnormal GA (1 or 2
domains impaired), number of geriatric domains assessed
(3-8), and scales used to assess each geriatric domain and
the threshold used for each scales [2]. A further analysis
of these previous studies showed that when mobility was
assessed in a full GA by using walking tests (timed get-
up-and-go test or short physical performance battery), the
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Figure 2: Receiver operating characteristic curves to screen for abnormal GA in 252 older cancer outpatients.

Comparison of GS with G8 index and G8 modified index.
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Table 4: Diagnostic performances of GS, G8 index and G8 modified index to screen for abnormal GA.

Screening tools

Se (%)
95%CI

Sp (%)
95%CI

PPV (%)
95%CI

NPV (%)
95%CI

PLR
95%CI

NLR
95%CI

GS<1.1m/s 88.9(84.3-92.5)  47.1(23.0-72.2)
GS <1ms 79.4(73.8-842)  64.7 (38.3-85.8)
GS < 0.9 m/s 702 (64.2-75.8)  76.5(50.1-93.2)
GS <0.8 m/s 53.6(47.2-59.9)  94.1 (71.3-99.9)
G8 index < 14/17 90.1(85.7-93.5) 353 (14.2-61.7)

G8 modified index > 6/35

89.3(84.8-92.8)

64.7 (38.3-85.8)

GS< 1.1 m/s 93.8(89.7-96.5)  39.7 (27.0-53.4)
GS <1m/s 86.7(81.4-91.0)  60.3 (46.6-73.0)
GS < 0.9 m/s 79.6 (73.5-84.8)  77.6 (64.7-87.5)
GS < 0.8 m/s 62.1(552-68.7)  91.4(81.0-97.1)
G8 index < 14/17 93.4(89.1-963)  29.3 (18.1-42.7)

G8 modified index > 6/35
G8 index modified > 7/35
G8 index modified > 8/35
G8 index modified > 9/35
G8 index modified > 10/35

91.9 (87.4-95.2)
89.1 (84.1-93.0)
86.3 (80.9-90.6)
81.0 (75.1-86.1)
773 (71.0-82.7)

36.2 (24.0-49.9)
41.4 (28.6-55.1)
483 (35.0-61.8)
48.3 (35.0-61.8)
483 (35.0-61.8)

GS<1.1m/s 88.9(84.4-92.5)  50.0 (24.7-75.3)
GS <1mJs 79.4(73.9-843)  68.8 (41.3-89.0)
GS < 0.9 m/s 70.0 (63.9-75.5)  75.0 (47.6-92.7)
GS < 0.8 m/s 53.4(47.0-59.6)  93.8(69.8-99.8)

G8 index < 14/17
G8 modified index > 6/35

90.1 (85.8-93.5)
89.3 (84.9-92.8)

37.5 (15.2-64.6)
68.8 (41.3-89.0)

96.1 (92.8-98.2)
97.1 (93.8-98.9)
97.8 (94.4-99.4)
99.3 (96.0-100)
95.4(91.9-97.7)
97.4 (94.4-99.0)

85.0(79.7-89.3)
88.8 (83.7-92.8)
92.8 (88.0-96.1)
96.3 (91.6-98.8)
82.8(77.4-87.3)
84.0 (78.6-88.5)
84.7(79.3-89.2)
85.8 (80.4-90.2)
85.1(79.4-89.7)
84.5(78.6-89.3)

96.6 (93.3-98.5)
97.6 (94.4-99.2)
97.8 (94.4-99.4)
99.3 (96.0-100)
95.8 (92.4-98.0)
97.8 (95.0-99.3)

At least 1 domain impaired in complete cases (n=252):

222 (10.1-39.2)
17.5 (9.1-29.1)
14.8 (8.1-23.9)
12.0 (7.0-18.8)
19.4 (7.5-37.5)

28.9 (15.4-45.9)

At least 2 domains impaired in complete cases (n=211):

63.9 (46.2-79.2)
55.6 (42.5-68.1)
51.1(40.2-61.9)
39.8 (31.5-48.7)
54.8 (36.0-72.7)
55.3(38.3-71.4)
51.1(36.1-65.9)
49.1 (35.6-62.7)
41.2 (29.4-53.8)
36.8 (26.1-48.7)

At least 1 domain impaired and excluding GS (n=253):

22.2 (10.1-39.2)
17.5 (9.1-29.1)
13.6 (7.2-22.6)
11.3 (6.5-17.9)
19.4 (7.5-37.5)

28.9 (15.4-45.9)

1.67 (1.07-2.63)
224 (1.17-4.29)
2.98 (1.26-7.05)
9.10 (1.35-61.18)
1.39(0.97-1.98)
2.53(1.32-4.82)

1.55 (1.25-1.92)
2.18 (1.58-3.01)
3.5 (2.19-5.76)
7.20 (3.09-16.75)
1.32 (1.11-1.56)
1.44 (1.18-1.75)
1.52 (1.21-1.89)
1.66 (1.29-2.15)
1.56 (1.21-2.02)
1.49 (1.15-1.93)

1.77 (1.08-2.90)
2.54(1.22-5.27)
2.79 (1.19-6.56)
8.53 (1.27-57.15)
1.4 (0.98-2.11)
2.85 (1.38-5.92)

At least 1 domain impaired and including complete and incomplete cases (n=364):

GS< 1.1 m/s 89.3 (85.6-92.2) 47.1(23.0-72.2)
GS <1 nv/s 79.6 (75.1-83.6) 64.7 (38.3-85.8)
GS <0.9m/s 69.1(64.1-73.9) 76.5(50.1-93.2)
GS <0.8m/s 55.1(49.8-60.3) 94.1 (71.3-99.9)
G8 index < 14/17 90.1 (86.6-93.0) 35.3(14.2-61.7)

G8 modified index > 6/35

88.5(84.7-91.6)

64.7 (38.3-85.8)

97.3 (94.9-98.8)
98.0 (95.6-99.3)
98.4 (96.0-99.6)
99.5 (97.3-100)
96.8 (94.3-98.4)
98.2 (96.1-99.3)

17.0 (7.6-30.8)
12.9 (6.6-22.0)
10.4 (5.7-17.1)
8.9 (5.2-14.1)
14.3 (5.4-28.5)
20.8 (10.8-34.1)

At least 1 domain impaired in complete cases of breast cancer (n=53):

At least 1 domain impaired in complete cases of colorectal cancer (n=37):

95.7 (85.5-99.5)
97.4 (86.5-99.9)
97.3 (85.8-99.9)
100 (83.8-100)

91.2 (76.3-98.1)
90.0 (73.5-97.9)
92.0 (74.0-99.0)
94.7 (74.0-99.9)

20.0 (2.5-55.6)
16.7 (3.6-41.4)
15.0 (3.2-37.9)
15.4 (4.4-34.9)

45.5 (16.7-76.6)
33.3(11.8-61.6)
30.0 (11.9-54.3)
26.9 (11.6-47.8)

At least 1 domain impaired in complete cases of lung cancer (n=39):

At least 1 domain impaired in complete cases of localized status (n=155)

At least 1 domain impaired in complete cases of metastatic status (n=97):

GS< 1.1 m/s 84.9 (72.4-93.3) 50.0 (6.8-93.2)
GS <1mis 71.7(57.7-832)  75.0 (19.4-99.4)
GS < 0.9 m/s 67.9(53.7-80.1)  75.0 (19.4-99.4)
GS <0.8m/s 58.5 (44.1-71.9) 100 (83.8-100)
GS< 1.1 m/s 83.8(68.0-93.8)  62.5 (24.5-91.5)
GS <1m/s 73.0(55.9-86.2)  62.5 (24.5-91.5)
GS < 0.9 m/s 622 (44.8-77.5)  75.0 (34.9-96.8)
GS < 0.8 m/s 48.6 (31.9-65.6)  87.5(47.3-99.7)
GS< 1.1 m/s 87.2(72.6-95.7) 50.0 (1.3-98.7)
GS <1m/s 74.4 (57.9-87.0) 50.0 (1.3-98.7)
GS < 0.9 m/s 64.1 (47.2-78.8) 50.0 (1.3-98.7)
GS <0.8 m/s 46.2 (30.1-62.8) 100 (9.4-100)

GS< 1.1 m/s 87.7 (81.5-92.5) 37.5(8.5-75.5)
GS<1mis 774(70.0-83.7)  62.5(24.5-91.5)
GS <0.9 m/s 67.1(59.1-744)  75.0 (34.9-96.8)
GS < 0.8 m/s 51.6 (43.5-59.7) 100 (51.8-100)
GS<1.1m/s 90.7 (83.1-95.7)  55.6 (21.2-86.3)
GS<1mis 82.5(73.4-89.4)  66.7 (29.9-92.5)
GS < 0.9 m/s 75.3(65.5-83.5)  77.8(40.0-97.2)
GS < 0.8 m/s 56.7 (46.3-66.7)  88.9 (51.8-99.7)

97.1 (85.1-99.9)
96.7 (82.8-99.9)
96.2 (80.4-99.9)

100 (74.0-100)

96.5 (91.9-98.8)
97.6 (93.0-99.5)
98.1 (93.4-99.8)
100 (93.3-100)

95.7 (89.2-98.8)
96.4 (89.8-99.2)
97.3 (90.7-97.2)
98.2 (90.4-100)

16.7 (0.4-64.1)
9.1 (0.2-41.3)
6.7 (0.2-31.9)
8.7 (1.1-28.0)

13.6 (2.9-34.9)
12.5 (4.2-26.8)
10.5 (4.0-21.5)
9.6 (4.3-18.1)

35.7 (12.8-64.9)
26.1 (10.2-48.4)
97.3(90.7-99.7)
16.0 (7.2-29.1)

1.68 (1.07-2.64)
2.25 (1.18-4.30)
2.93 (1.24-6.94)
9.36 (1.39-62.85)
1.39 (0.97-1.98)
2.50 (1.31-4.77)

1.69 (0.63-4.55)
2.86 (0.52-15.8)
2.71 (0.49-14.9)

2.23(0.90-5.52)
1.94 (0.77-4.86)
2.48 (0.72-8.47)
3.89 (0.60-25.0)

1.74 (0.43-7.0)
1.48 (0.36-6.01)
1.28 (0.31-5.22)

1.40 (0.81-2.40)
2.06 (0.84-5.07)
2.68 (0.80-8.95)

2.04 (0.98-4.24)
2.47(0.97-6.26)
3.38(0.99-11.5)
5.10 (0.79-32.6)

0.23 (0.12-0.43)
0.31 (0.20-0.48)
0.38 (0.28-0.53)
0.49 (0.41-0.58)
0.28 (0.13-0.59)
0.16 (0.10-0.27)

0.15 (0.08-0.28)
0.22 (0.14-0.32)
0.26 (0.19-0.35)
0.41 (0.34-0.50)
0.22 (0.11-0.43)
0.22 (0.12-0.39)
0.26 (0.16-0.43)
0.28 (0.18-0.43)
0.39 (0.26-0.57)
0.47 (0.32-0.67)

0.22 (0.12-0.40)
0.29 (0.19-0.45)
0.40 (0.28-0.56)
0.49 (0.41-0.59)
0.26 (0.12-0.54)
0.15 (0.09-0.25

0.22 (0.12-41.0)
0.31 (0.21-0.47)
0.40 (0.29-0.54)
0.47 (0.40-0.56)
0.28 (0.13-0.57)
0.17 (0.11-28.0)

0.30(0.09-0.97)
0.37 (0.18-0.76)
0.42 (0.21-0.85)
0.41 (0.30-0.57)

0.25 (0.10-0.64)
0.43 (0.20-0.91)
0.50 (0.28-0.89)
0.58 (0.39-0.88)

0.25 (0.05-1.28)
0.51 (0.11-2.26)
0.71 (0.16-3.05)
0.53 (0.40-0.72)

0.32 (0.12-0.87)
0.36 (0.19-0.66)
0.43 (0.27-0.69)
0.48 (0.41-0.56)

0.16 (0.07-0.39)
0.26 (0.14-0.49)
0.31(0.19-0.52)
0.48 (0.35-0.67)

Abbreviations: Se: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; PLR: positive

likelihood ratio; NLR: negative likelihood ratio.

frequency of vulnerability was higher and varied from
60% to 94% [9-15]. In contrast, when mobility was not
assessed, the frequency of vulnerability was substantially
lower, from 28% to 88% [16-23]. However, in our study,
when mobility was excluded from the definition of
abnormal GA, the proportion of vulnerable patients was
unchanged. In addition, in our study, the high frequency
of vulnerability was probably due to a residual selection
bias of patients. Indeed, patients were referred for GA

because they were suspected to be frail, which increased
the proportion of vulnerable patients and limited that of
non-vulnerable patients. Therefore, the NPV for the three
tests was low.

As in the study by Soubeyran et al., we found a
similar and good sensitivity, as well as AUC, for the G8
index, but the specificity was very low [9,10]. Although we
used the same definition of vulnerability and same number
of domains of GA as the previous study, we included only
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outpatients and had a greater proportion of metastatic
cancers, and the scales used substantially differed between
the studies. Indeed, in our study, nutrition was assessed by
albumin level and BMI, whereas in the Soubeyran et al.
study, nutrition was assessed by using the Mini-Nutritional
Assessment. However, low BMI was uncommon in our
study (12.6%). Moreover, the assessment of mobility
and mood differed, but the two studies found similar
correlations between the different screening tools. These
differences may explain the low specificity of the GS8
index in our study. For the same reasons, we found a lower
specificity for the G8 modified index.

Furthermore, GS seems to have similar diagnostic
performance as the Vulnerable Elders Survey 13 (VES-
13), another screening tool for vulnerability widely used
in geriatric oncology studies with sensitivity from 57% to
87% and specificity from 62% to 100% [2], but not used
in our study.

GS was robust to sensitivity analyses involving
changes in the definition of abnormal GA, missing data
handling, and variation of threshold. Moreover, it showed
homogeneity across tumor sites. The joint analysis of
the performance of the three tools showed similar and
good diagnostic performance, with the best specificity
observed for GS and the G8 modified index. Although
the proportion of people with abnormal GA may appear
high in our study, it should be noted that patients were
referred for a GA because they were suspected to be frail
and that more than one third of patients was metastatic.
We expect in a general population of older cancer patients
a smaller proportion of frail and metastatic patients
leading to lower estimates of at risk patients. The three
tools being comparable for diagnostic performance, what
benefits would it have to use gait speed? First, gait speed
may serve as a single-item screening tool to determine
which patients need a geriatric multidisciplinary approach
to care [24]. Indeed, gait speed may serve as a marker
of physiological reserve and potentially could quantify
overall health status [25]. Second, gait speed might be
used to identify older cancer adults with increased risk of
early mortality [26]. Third, gait speed might be monitored
over time, with a decline indicating an adverse event that
requires evaluation and follow-up. However inadequate
space and the need of chronometer could be obstacles to
the routine assessment in oncologic setting. Furthermore,
our study is the first external validation of the G8 modified
index, which showed very good diagnostic performance
(discrimination ability: 84%) to detect vulnerable patients,
with similar sensitivity (89.3%).

However, our study has several limitations. First,
liver cancer was strongly represented. Indeed, one of the
recruitment centers (Jean Verdier hospital) specializes
in hepatocellular carcinoma. Also, we did not include
inpatients because of difficulties in measuring GS with
inpatients. We recognize a selection bias of patients in
that included patients were referred for GA. Finally, the

relatively small number of patients per tumor site led
to wide confidence intervals of performance indices in
subgroup analyses.

In practice, GS and the G8 modified index could be
used in routine practice to screen for vulnerability in older
cancer outpatients and to identify patients who need a GA.
Further studies are needed to validate the performance of
GS in an external cohort and measure the acceptability of
these tools by cancer physicians in routine practice.

Conclusions: GS < 1 m/s with a single measure
could be a new tool to screen vulnerability in older cancer
outpatients for selecting patients for a GA. The external
validation of the G8 modified index was very good.
Indeed, GS and the G8 modified index are as good as the
G8 index in detecting vulnerability, but external validation
of GS is needed to confirm these data and to measure the
acceptability of this tool in routine practice.

MATERIALS AND METHODS

We followed the Standards for Reporting Diagnostic
Accuracy studies (STARD) recommendations [27].

Study design and population

The Physical Frailty in Elderly Cancer patients (PF-
EC) survey is a prospective observational bicentric cohort
study that started in November 2013. All consecutive older
outpatients referred for geriatric oncology assessment in
two university hospitals in the greater Paris area, Avicenne
hospital (Bobigny, France) and Jean Verdier hospital
(Bondy, France), were included. Patients were referred by
oncologists, radiotherapists, surgeons, or other specialists
when a diagnosis of cancer was highly suspected or
confirmed histologically, and when a frailty was suspected
before a therapeutic decision.

We included every outpatient age 65 and older
with cancer confirmed histologically (except for some
hepatocellular carcinomas, the diagnosis of which can
be made by dynamic imagery in patients with underlying
cirrhosis [28]), regardless of cancer type, stage or
treatment, who presented up to April 2016. Patients with
at least one domain of geriatric assessment missing were
excluded. The inclusion date was the date of the first
geriatric oncology visit.

We performed a cross-sectional analysis of baseline
data of the PF-EC cohort.

Informed consent was obtained from studied
patients before inclusion.

The study was approved by a local ethics committee
(CLEA, Avicenne Hospital, Bobigny, France).
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Tests methods

All tests methods were performed at the first
geriatric oncology visit during the GA.

GS was measured for patients walking over a short
distance (4 m) at a usual pace [6]. Patients had to walk
along a corridor with the following directions: “Please
begin walking at your normal pace” after the order “Go.”
They walked for 2 m before the measurement began and
stopped 2 m after the end of the measurement (8 m in
total). Patients could use their cane if necessary. GS was
measured by use of a chronometer by dividing the distance
in meters (4 m) by the time in seconds (m/s). The best of
two measures was retained. If a patient could not walk,
the GS was scored as “0”. A slow GS was defined as < 1
m/s [6].

The G8 index is used to assess the risk of
vulnerability in older cancer patients and includes eight
items: appetite changes, weight loss, mobility, neuro-
cognitive problems, body mass index (BMI), number of
medications, self-reported health and age. The total G8
index score ranges from 0 to 17. The cutoff score for an
“impaired” reference test G8 score is < 14 [10].

The G8 modified index includes six items: weight
loss, neuro-cognitive problems, number of medications,
self-reported health, performance status and history of
heart failure or coronary artery disease. The total G8
modified index score ranges from 0-35. The cutoff value
for an “impaired” reference test G8 modified score is > 6

[5].

GA reference test (GA)

For each patient, a geriatrician and a nurse
specialized in geriatric oncology (FP and AF) performed
the GA at the first geriatric oncology visit, following the
recently updated recommendations of the SIOG [29].
The assessment involved the following six domains.
Comorbidities were assessed by the Cumulative
Illness Rating Scale-Geriatric (CIRSG). A total score
dichotomized by a median (> 14) or at least one
comorbidity grade 3 (severe) or grade 4 (very severe)
condition, excluding the current cancer, was considered
impaired [30]. Dependency was defined by an Activities
of Daily Living (ADL) score < 5/6 and/or an Instrumental
ADL (IADL) score simplified to four items (phone,
transports, medications, and financial) < 4/4 [31,32].
Malnutrition was defined by BMI < 21 kg/m? and/or
albumin level < 35 g/I [33]. Albumin level was measured
by the immuno-turbidimetric assay method during the first
3 weeks after the GA. Mobility was assessed by the Short
Physical Performance Battery (SPPB) score, a composite
walking test that includes GS measurement (0-4 points),
balance (0-4 points) and rising from a chair (0-4 points).

Mobility was considered impaired with SPPB score < 9/12
[34]. Mood impairment was defined by a Mini-Geriatric
Depression Scale (Mini-GDS) score of at least 1/4 [35].
Cognition impairment was defined by a Mini Mental State
Examination (MMSE) score < 24/30[36]. Abnormal GA
was defined as an impaired score on at least one of the six
domains.

Covariate data collected during the GA

Data collected during the GA included age and
gender; cancer characteristics (site, tumor extension:
locations or metastatic/diffuse); Eastern Cooperative
Oncology Group performance status (ECOG-PS),
classified as not impaired (0-1) or impaired (2-4); and
number of impaired domains of the GA.

Outcome

The primary outcome was the the vulnerability
defined by an abnormal GA.

Statistical analysis

Qualitative data are described with number (%)
and quantitative data with mean (SD) (or median,
interquartile range [IQR]). Comparisons involved chi-
square test or Fisher’s exact test for qualitative variables
and Student ¢ test or Wilcoxon’s test for quantitative
variables. We assessed correlation by the Spearman rho
test. Correlation was considered very low (0-0.2), low
(0.2-0.4), moderate (0.4-0.6), strong (0.6-0.8) or very
strong (> 0.8). Diagnostic performance was assessed by
sensitivity, specificity, positive predictive value (PPV),
NPV, positive likelihood ratio (PLR) and negative
likelihood ratio (NLR). The accuracy of the screening
tools was analysed by the area under the receiver operating
characteristic curve (AUC). Comparison of AUCs
involved bootstrapping the difference in AUC two-by-two
and testing it with a Z-test.

Sensitivity analyses were performed to test the
robustness of the results by 1) varying thresholds of gait
speed (0.8, 0.9, 1 and 1.1 m/s), 2) using a cutoff of > 2
impaired tests to define abnormal GA (reference test),
3) excluding GS measurement from the reference GA
to minimize incorporation bias (we used an adapted
SPPB test [0-8] with a threshold of 6 to define mobility
impairment), 4) including incomplete cases (i.e., patients
with at least one GA domain missing [considering
abnormal GA with at least one impaired score among
available GA domains and normal GA with all normal
scores among available GA domains]), and 5) by cancer
site (breast, colorectal and lung) and metastatic status
(localized, metastasis).
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All tests were two-sided, with P<0.05 considered
statistically significant. Data were analysed by using R
v3.2.2 (R Foundation for Statistical Computing, Vienna,
Austria, http://www.R-project.org)

Author contributions

Conception and design: F. Pamoukdjian, F. Canoui-
Poitrine, G. Sebbane, E. Paillaud

Acquisition of data: F. Pamoukdjian, T. Aparicio, N.
Ganne, P. Wind, C. Martinez-Tapia, E. Audureau, L. Zelek

Analysis and interpretation of data: F. Pamoukdjian,
F. Canoui-Poitrine, C. Longelin-Lombard, L. Zelek, E.
Paillaud

Drafting the article: F. Pamoukdjian, F. Canoui-
Poitrine, E. Paillaud

Reviewing the article: F. Pamoukdjian, F. Canoui-
Poitrine, C. Longelin-Lombard, T. Aparicio, N. Ganne,
P. Wind, C. Martinez-Tapia, E. Audureau, G. Sebbane, L.
Zelek, E. Paillaud

Final approval: F. Pamoukdjian, F. Canoui-Poitrine,
C. Longelin-Lombard, T. Aparicio, N. Ganne, P. Wind, C.
Martinez-Tapia, E. Audureau, G. Sebbane, L. Zelek, E.
Paillaud

ACKNOWLEDGMENTS

We thank L Smales for revising the manuscript.

CONFLICTS OF INTEREST

The authors declare having no conflicts of interest.

REFERENCES

1. Lewis JH, Kilgore ML, Goldman DP, Trimble EL, Kaplan
R, Montello MJ, Housman MG, Escarce JJ. Participation of
patients 65 years of age or older in cancer clinical trials. J
Clin Oncol. 2003; 21:1383-89.

2. Liuu E, Caillet P, Curé H, Anfasi N, De Decker L,
Pamoukdjian F, Canoui-Poitrine F, Soubeyran P, Paillaud
E. [Comprehensive geriatric assessment (CGA) in elderly
with cancer: For whom?] [Article in French]. Rev Med
Interne. 2016; 37:480-88.

3. Decoster L, Van Puyvelde K, Mohile S, Wedding U, Basso
U, Colloca G, Rostoft S, Overcash J, Wildiers H, Steer C,
Kimmick G, Kanesvaran R, Luciani A, et al. Screening
tools for multidimensional health problems warranting a
geriatric assessment in older cancer patients: an update on
SIOG recommendations. Ann Oncol. 2015; 26:288-300.

4.  Hamaker ME, Vos AG, Smorenburg CH, de Rooij SE,
van Munster BC. The value of geriatric assessments in
predicting treatment tolerance and all-cause mortality in
older patients with cancer. Oncologist. 2012; 17:1439-49.

10.

11.

12.

13.

14.

15.

16.

Martinez-Tapia C, Canoui-Poitrine F, Bastuji-Garin S,
Soubeyran P, Mathoulin-Pelissier S, Tournigand C, Paillaud
E, Laurent M, Audurecau E, ELCAPA Study Group.
Optimizing the G8 Screening Tool for Older Patients With
Cancer: Diagnostic Performance and Validation of a Six-
Item Version. Oncologist. 2016; 21:188-95.

Pamoukdjian F, Paillaud E, Zelek L, Laurent M, Lévy V,
Landre T, Sebbane G. Measurement of gait speed in older
adults to identify complications associated with frailty: A
systematic review. J Geriatr Oncol. 2015; 6:484-96.

Abellan van Kan G, Rolland Y, Houles M, Gillette-
Guyonnet S, Soto M, Vellas B. The assessment of frailty in
older adults. Clin Geriatr Med. 2010; 26:275-86.

Studenski S, Perera S, Patel K, Rosano C, Faulkner K,
Inzitari M, Brach J, Chandler J, Cawthon P, Connor EB,
Nevitt M, Visser M, Kritchevsky S, et al. Gait speed and
survival in older adults. JAMA. 2011; 305:50-58.

Bellera CA, Rainfray M, Mathoulin-Pélissier S, Mertens C,
Delva F, Fonck M, Soubeyran PL. Screening older cancer
patients: first evaluation of the G-8 geriatric screening tool.
Ann Oncol. 2012; 23:2166-72.

Soubeyran P, Bellera C, Goyard J, Heitz D, Curé¢ H,
Rousselot H, Albrand G, Servent V, Jean OS, van Praagh
I, Kurtz JE, Périn S, Verhaeghe JL, et al. Screening for
vulnerability in older cancer patients: the ONCODAGE
Prospective Multicenter Cohort Study. PLoS One. 2014;
9:¢115060.

Liuu E, Canoui-Poitrine F, Tournigand C, Laurent M,
Caillet P, Le Thuaut A, Vincent H, Culine S, Audureau
E, Bastuji-Garin S, Paillaud E, ELCAPA Study Group.
Accuracy of the G-8 geriatric-oncology screening tool
for identifying vulnerable elderly patients with cancer
according to tumour site: the ELCAPA-02 study. J Geriatr
Oncol. 2014; 5:11-19.

Kenig J, Zychiewicz B, Olszewska U, Richter P. Screening
for frailty among older patients with cancer that qualify for
abdominal surgery. J Geriatr Oncol. 2015; 6:52-59.

Baitar A, Van Fraeyenhove F, Vandebroek A, De Droogh
E, Galdermans D, Mebis J, Schrijvers D. Evaluation of the
Groningen Frailty Indicator and the G8 questionnaire as
screening tools for frailty in older patients with cancer. J
Geriatr Oncol. 2013; 4:32-38.

Hamaker ME, Mitrovic M, Stauder R. The G8 screening
tool detects relevant geriatric impairments and predicts
survival in elderly patients with a haematological
malignancy. Ann Hematol. 2014; 93:1031-40.

Mohile SG, Bylow K, Dale W, Dignam J, Martin K,
Petrylak DP, Stadler WM, Rodin M. A pilot study of
the wvulnerable elders survey-13 compared with the
comprehensive geriatric  assessment for identifying
disability in older patients with prostate cancer who receive
androgen ablation. Cancer. 2007; 109:802-10.

Kellen E, Bulens P, Deckx L, Schouten H, Van Dijk
M, Verdonck I, Buntinx F. Identifying an accurate pre-

www.impactjournals.com/oncotarget

50401

Oncotarget



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

screening tool in geriatric oncology. Crit Rev Oncol
Hematol. 2010; 75:243-48.

Biganzoli L, Boni L, Becheri D, Zafarana E, Biagioni
C, Cappadona S, Bianchini E, Oakman C, Magnolfi SU,
Di Leo A, Mottino G. Evaluation of the cardiovascular
health study (CHS) instrument and the Vulnerable Elders
Survey-13 (VES-13) in elderly cancer patients. Are we still
missing the right screening tool? Ann Oncol. 2013; 24:494—
500.

Kristjansson SR, Nesbakken A, Jordhey MS, Skovlund
E, Audisio RA, Johannessen HO, Bakka A, Wyller
TB. Comprehensive geriatric assessment can predict
complications in elderly patients after elective surgery for
colorectal cancer: a prospective observational cohort study.
Crit Rev Oncol Hematol. 2010; 76:208-17.

Velghe A, Petrovic M, De Buyser S, Demuynck R, Noens
L. Validation of the G8 screening tool in older patients with
aggressive haematological malignancies. Eur J Oncol Nurs.
2014; 18:645-48.

Kenis C, Schuermans H, Cutsem EV, Verhoef G,
Vansteenkiste J, Vergote I, Schoffski P, Milisen K,
Flamaing J, Wildiers H. P8 Screening for a geriatric risk
profile in older cancer patients: a comparative study of the
predictive validity of three screening tools. Crit Rev Oncol
Hematol. 2009; 72:S22.

Kenis C, Decoster L, Van Puyvelde K, De Gréve J,
Conings G, Milisen K, Flamaing J, Lobelle JP, Wildiers
H. Performance of two geriatric screening tools in older
patients with cancer. J Clin Oncol. 2014; 32:19-26.
Luciani A, Ascione G, Bertuzzi C, Marussi D, Codeca C,
Di Maria G, Caldiera SE, Floriani I, Zonato S, Ferrari D,
Foa P. Detecting disabilities in older patients with cancer:
comparison between comprehensive geriatric assessment
and vulnerable elders survey-13. J Clin Oncol. 2010;
28:2046-50.

Molina-Garrido MJ, Guillen-Ponce C. Comparison of two
frailty screening tools in older women with early breast
cancer. Crit Rev Oncol Hematol. 2011; 79:51-64.

Cesari M. Role of gait speed in the assessment of older
patients. JAMA. 2011; 305:93-94.

Studenski S, Perera S, Wallace D, Chandler JM, Duncan
PW, Rooney E, Fox M, Guralnik JM. Physical performance
measures in the clinical setting. ] Am Geriatr Soc. 2003;
51:314-22.

Studenski S, Perera S, Patel K, Rosano C, Faulkner K,
Inzitari M, Brach J, Chandler J, Cawthon P, Connor EB,
Nevitt M, Visser M, Kritchevsky S, et al. Gait speed and
survival in older adults. JAMA. 2011; 305:50-58.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou
PP, Irwig L, Lijmer JG, Moher D, Rennie D, de Vet HC,
Kressel HY, Rifai N, Golub RM, et al. STARD 2015: an
updated list of essential items for reporting diagnostic
accuracy studies. BMJ. 2015; 351:h5527.

European Association For The Study Of The Liver,
European Organisation For Research And Treatment
Of Cancer. EASL-EORTC clinical practice guidelines:
management of hepatocellular carcinoma. J Hepatol. 2012;
56:908-43.

Wildiers H, Heeren P, Puts M, Topinkova E, Janssen-
Heijnen ML, Extermann M, Falandry C, Artz A, Brain
E, Colloca G, Flamaing J, Karnakis T, Kenis C, et al.
International Society of Geriatric Oncology consensus on
geriatric assessment in older patients with cancer. J Clin
Oncol. 2014; 32:2595-603.

Miller MD, Paradis CF, Houck PR, Mazumdar S, Stack
JA, Rifai AH, Mulsant B, Reynolds CF 3rd. Rating chronic
medical illness burden in geropsychiatric practice and
research: application of the Cumulative Illness Rating
Scale. Psychiatry Res. 1992; 41:237-48.

Katz S, Downs TD, Cash HR, Grotz RC. Progress in
development of the index of ADL. Gerontologist. 1970;
10:20-30.

Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living.
Gerontologist. 1969; 9:179-86.

Paillaud E, Liuu E, Laurent M, Le Thuaut A, Vincent H,
Raynaud-Simon A, Bastuji-Garin S, Tournigand C, Caillet
P, Canoui-Poitrine F, ELCAPA Study Group. Geriatric
syndromes increased the nutritional risk in elderly cancer
patients independently from tumour site and metastatic
status. The ELCAPA-05 cohort study. Clin Nutr. 2014;
33:330-35.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RIJ,
Berkman LF, Blazer DG, Scherr PA, Wallace RB. A short
physical performance battery assessing lower extremity
function: association with self-reported disability and
prediction of mortality and nursing home admission. J
Gerontol. 1994; 49:M85-94.

JP, Nassif RF, Léger JM, Marchan F.
[Development and contribution to the validation of a brief

Clément

French version of the Yesavage Geriatric Depression
Scale]. [Article in French] Encephale. 1997; 23:91-99.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental
state”. A practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res. 1975; 12:189-98.

www.impactjournals.com/oncotarget

50402

Oncotarget



