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Abstract

Background Nutritional impairment is common in cancer patients and is associated with poor outcomes. Only few
studies focused on cachexia. We assessed the prevalence of cachexia in older cancer patients, identified associated risk
factors, and evaluated its impact on 6 month overall mortality.
Methods A French nationwide cross-sectional survey (performed in 55 geriatric oncology clinics) of older cancer
patients aged ≥70 referred for geriatric assessment prior to treatment choice and initiation. Demographic, clinical,
and nutritional data were collected. The first outcome was cachexia, defined as loss of more than 5% of bodyweight
over the previous 6 months, or a body mass index below 20 kg/m2 with weight loss of more than 2%, or sarcopenia
(an impaired Strength, Assistance with walking, Rise from chair, Climb stairs and Falls score) with weight loss of more
than 2%. The second outcome was 6 month overall mortality.
Results Of the 1030 patients included in the analysis [median age (interquartile range): 83 (79–87); males: 48%;
metastatic cancer: 42%; main cancer sites: digestive tract (29%) and breast (16%)], 534 [52% (95% confidence inter-
val: 49–55%)] had cachexia. In the multivariate analysis, patients with breast (P < 0.001), gynaecologic (P < 0.001),
urinary (P < 0.001), skin (P < 0.001), and haematological cancers (P = 0.006) were less likely to have cachexia than
patients with colorectal cancer. Patients with upper gastrointestinal tract cancers (including liver and pancreatic can-
cers; P = 0.052), with previous surgery for cancer (P = 0.001), with metastases (P = 0.047), poor performance status
(≥2; P < 0.001), low food intake (P < 0.001), unfeasible timed up-and-go test (P = 0.002), cognitive disorders
(P = 0.03) or risk of depression (P = 0.005), were more likely to have cachexia. At 6 months, 194 (20.5%) deaths
were observed. Cachexia was associated with 6 month mortality risk (adjusted hazard ratio = 1.49; 95% confidence
interval: 1.05–2.11) independently of age, in/outpatient status, cancer site, metastatic status, cancer treatment, depen-
dency, cognition, and number of daily medications.
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Conclusions More than half of older patients with cancer managed in geriatric oncology clinics had cachexia. The
factors associated with cachexia were upper gastrointestinal tract cancer, metastases, poor performance status, poor
mobility, previous surgery for cancer, cognitive disorders, a risk of depression, and low food intake. Cachexia was
independently associated with 6 month mortality.
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Introduction

Cancer is one of the leading causes of morbidity and mortal-
ity worldwide. Age is a major risk factor for cancer; indeed,
more than half of all cancer patients are 70 or more years
old.1,2 The ongoing increase in life expectancy means that this
proportion will increase. It now appears to be essential to
take account of age-related features when managing patients
with cancer.3,4 Indeed, the prevalence of malnutrition, mood
disorders, and functional and cognitive impairments increase
with age, and are associated with poor outcomes in older
patients with cancer.3 Consequently, the International Society
of Geriatric Oncology recommends performing a geriatric
assessment as a comprehensive health appraisal for guiding
targeted geriatric interventions and selecting appropriate
cancer treatments.4 In France, the National Cancer Institute
created geriatric oncology coordination units in order to
implement the routine geriatric assessment of older patients
with cancer.5

Nutritional alterations are common in patients with cancer,
and especially so in older people.6,7 The term ‘cachexia’ is now
preferred to ‘malnutrition’ for cancer patients because of the
complexity of catabolic pathway activation and the promi-
nence of muscle loss (sarcopenia, in the presence or absence
of fat mass loss) in the pathophysiology of cancer-related
nutritional alterations.8,9

Cachexia is currently defined as either (i) loss of more than
5% of the patient’s stable body weight over the previous
6 months, (ii) a body mass index (BMI) below 20 kg/m2 and
weight loss of more than 2%, or (iii) low muscle mass consis-
tent with sarcopenia and weight loss of more than 2%.9

Nutritional impairment is associated with a worse response
to treatment, greater treatment toxicity, early withdrawal or
discontinuation,10–14 more frequent infections,15,16 prolonged
hospitalization,17 and lower survival rates.18–20 Low muscle
mass (assessed using computerized tomography scan mea-
surements of muscle mass) has also been associated with
poor survival and treatment response in older patients with
cancer.21–24 However, the definition of sarcopenia involves
two aspects: muscle quantity (the muscle mass estimated on
imaging) and muscle quality (i.e. strength and functionality).
The recent revised European consensus on the definition

and diagnosis of sarcopenia25 considers that muscle quality
is a better predictor of poor outcomes than muscle mass. This
expert working group recommended the use of the Strength,
Assistance with walking, Rise from chair, Climb stairs and Falls
(SARC-F) questionnaire for screening sarcopenia because of
the instrument’s low cost, convenience, and quickness of
administration.26 The SARC-F is a five-item self-questionnaire
on the patient’s limitations in strength, walking, rising from
a chair, climbing stairs, and the number of falls in the past
year.27 It is a validated screening tool of sarcopenia and has
been shown to predict adverse outcomes in large cohorts of
older patients.28 The SARC-F score is also a highly specific
screening tool of low muscle strength.29

Over the last 10 years, several observational studies have
evaluated malnutrition or isolated sarcopenia in older pa-
tients with cancer.20,22–24,30 However, cachexia per se (i.e. a
combination of weight loss, low BMI, and low muscle mass)
has been overlooked. Most of these studies were performed
in a single centre, had a small sample size, and used different
nutritional assessment tools. The frequencies of malnutrition
and low muscle mass (measured on a CT scan) in these
studies ranged from 3% to 83% and from 38% to 62%,
respectively,20,22–24,30 depending on the definition used, the
tumour site, and the cancer stage.

No prospective, multicentre, studies of cachexia have fo-
cused on older patients with cancer. Only two single-centre
study of small number of patients reported a cachexia preva-
lence of 62% (n = 100)31 and 39% (n = 33)32 among older pa-
tients with cancer. In one study using structural equation
modelling approach, where cachexia was defined as a latent
variable, it was associated with poor overall survival.33

Thus, cachexia in older patients with cancer is a public
health issue that need to be anticipated, diagnosed rapidly,
and managed effectively. However, this condition is not often
considered in clinical practice, and specific risk factors have
yet to be well characterized.30

First objectives were to evaluate the prevalence of ca-
chexia prior to treatment initiation in cancer patients aged
70 or over, identify any associated risk factors with cachexia,
and describe the implementation of nutritional support in
this population. Second objective was to study the associa-
tion between cachexia and 6 month overall mortality.
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Materials and methods

Study design and patients

We first performed a nationwide cross-sectional survey of
French hospitals participating in the national network of geri-
atric oncology clinics (55 centres). The survey was conducted
over a 6 week period (from 1 November to 14 December) in
2017 and again in 2018. The eligibility criteria were as
follows: age ≥ 70, histologically confirmed cancer, referral to
the geriatric oncology clinic by an oncologist, a radiation
therapist or a surgeon for geriatric assessment prior to the
choice and implementation of an anticancer strategy or a
new therapeutic modality (chemotherapy, targeted therapy,
hormone therapy, immunotherapy, radiotherapy, or surgery).
Patients were not included if they were unable to understand
information about the study and/or give their consent to
participation. For the present analysis, only patients with
complete weight loss and SARC-F data were included.
Additionally, patients from 48 centres participated in the
longitudinal study, for whom survival data were recorded at
6 months of follow-up.

All participants provided informed consent prior to
inclusion in the study. The study was approved by the local
independent ethics committee (CCP Ile de France XI, Paris,
France; reference: IDRCB 2017-A01397-46, 17035). The
study was registered at ClinicalTrials.gov (NCT03390816)
and has therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments.

For the purposes of the present analysis, we included
patients with available data on the baseline BMI, weight loss
within the previous 6 months, and SARC-F score.

Data collection

Demographic data (age, gender, family situation, and in/out
patients), cancer-related data [site, metastasis status (distant
localization), and any cancer treatment in the previous
12 months], and Eastern Cooperative Oncology Group
Performance Status (ECOG-PS) were recorded at the first
geriatric oncology consultation, as part of the geriatric
assessment.

Geriatric data in the following seven domains were
assessed during a geriatric assessment, using a standardized
case report form: functional status, mobility, cognitive status,
mood, comorbidities, polypharmacy, and nutritional status.
Dependency was defined as loss of self-sufficiency for one
or more of six activities of daily living (ADL).34 Mobility was
assessed with the walking timed ‘up-and-go’ (TUG) test.35

Impaired mobility was defined as a TUG test completion time
of more than 20 s or inability to perform the test. Sarcopenia
was assessed using the five-item SARC-F. Patients with an

abnormal total score of 4 or more were classified as having
sarcopenia.27 Cognitive impairment was defined as a Mini
Mental State Examination score below 24 out of 3036 or the
presence of a physician-diagnosed cognitive disorder. Risk
of depressed mood was defined as a mini-Geriatric Depres-
sion Scale (GDS) score of 1 or more out of 4.37 Comorbidities
were assessed using the updated Charlson comorbidity
index,38 and cancer and metastatic statuses were coded
accordingly. For each patient, the number of daily prescribed
drugs was recorded. The following comorbidities were
recorded: depression during the previous 12 months, chronic
heart failure, dementia, chronic lung disease, rheumatic
disease, liver disease, kidney failure (creatinine clearance
< 30 mL/min), diabetes with chronic complications, and
hemiplegia.

Nutritional status was assessed using the bodyweight at
baseline, usual bodyweight before cancer disease, loss of
weight over the previous 6 months, BMI, upper arm circum-
ference, good dental health (yes/no), food intake (≤2/3 or
>2/3 of last meal), and dysgueusia (yes/no). Two laboratory
parameters [serum C-reactive protein (CRP) and albumin
levels] were recorded. High serum CRP was defined as
≥10 mg/L and low albumin, as <35 g/L.

The final planned treatment decision could consist on
curative or palliative treatment or supportive care alone.

The first outcome was cachexia, defined as fulfilment of
one or more of the following criteria: (i) loss of more than
5% of the patient’s stable bodyweight over the previous
6 months, (ii) a BMI below 20 kg/m2 and weight loss of more
than 2%, or (iii) sarcopenia (abnormal SARC-F score ≥ 4/10),
and weight loss of more than 2%.9 The second outcome
was 6 month mortality, defined as the time from evaluation
to death within 6 months or to the last follow-up for cen-
sored patients. Vital status was determined by telephoning
the patients or their family or by extracting data from
medical records.

The potential risk factors for cachexia included the
above-mentioned sociodemographic and oncologic parame-
ters, five validated geriatric tests (ADL, TUG, Mini Mental State
Examination, mini-GDS, and the updated Charlson comorbid-
ity index), cognitive disorders, depression, polypharmacy,
and nutritional parameters (dental health, dysgueusia, and
food intake).

Statistical analyses

Prevalence of cachexia was estimated along with its 95%
confidence interval (CI) in the total population and by cancer
site. The patient characteristics were presented for the total
study population and according to cachexia. Quantitative
variables were described as the median (interquartile range)
and qualitative variables were described as the number (per-
centage). A univariate analysis was performed to assess
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associations between cachexia and the various factors stud-
ied; the results were expressed as a crude odds ratio [95%
CI]. Factors associated (P < 0.2) with cachexia in the univar-
iate analysis were included in a multivariable logistic regres-
sion model. A stepwise backward procedure was used to
sequentially remove factors (based on P < 0.05) and identify
those independently associated with cachexia. Interaction
terms were tested, and potential confounding factors were
investigated.

In a sensitivity analysis, missing values of explanatory
variables were imputed by applying a 10-fold multiple impu-
tations with chained equations and combining the estimates
according to Rubin’s rules.

Six-month overall survival was calculated by the Kaplan–
Meier method and compared across cachectic and
non-cachectic groups by the log-rank test. Univariate and
multivariate Cox proportional hazards analyses were con-
ducted after 6 months of follow-up. Crude and adjusted haz-
ard ratios were estimated along with their 95% CIs. Known
prognostic factors for mortality were studied.18,19,21 Recursive
partitioning analysis39 was carried out to determine optimal
threshold for continuous variables (i.e. age ≥ 85 was the opti-
mal value with the greatest difference in outcome). Discrimi-
native performance of the final model was evaluated by
Harrell’s C-index. The proportional hazard assumption was

tested using Schoenfeld residual plots and the Grambsch–
Therneau test, and it was retained.

All analyses were performed using Stata software (Version
15, StataCorp, USA). The threshold for statistical significance
was set to P < 0.05. All tests were two-tailed.

Results

Characteristics of the study population

Among 1241 patients assessed for eligibility, 1030 patients
from 55 participating geriatric oncology clinics were included
in the cross-sectional study analysis (Figure 1). When com-
pared with the population not included in this analysis
(n = 211), the analysed population featured a lower propor-
tion of hospitalized patients (34% vs. 47%, respectively;
P < 0.001) and of patients with metastases (40% vs. 49%,
respectively; P = 0.03). There were no other significant differ-
ences in demographic, clinical, and geriatric characteristics
between included and non-included patient populations.

Of the 954 patients from the participating centres in the
longitudinal study, 835 patients had follow-up data available
and were used for the survival analysis (Figure 1). When com-
pared with the population not included in this analysis

Figure 1 Study flow chart.
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(n = 119), the analysed population featured a lower propor-
tion of hospitalized patients (23% vs. 36%, respectively;
P = 0.008) and of patients with supportive care alone (8%
vs. 21%; P < 0.001); analysed patients were less likely to
present cognitive disorders (36% vs. 52%, P = 0.004) and

depression risk (42% vs. 55%; P = 0.02) There were no other
significant differences in demographic and clinical character-
istics between included and non-included patients.

The study population’s general and nutritional characteris-
tics are summarized respectively in Tables 1 and 2. The

Table 1 Demographic and clinical characteristics (n = 1030)

Features

Total
(N = 1030)

No cachexiaa

(N = 496)
With cachexiaa

(N = 534)

N % N % N %

Age in years, median (IQR) 83 79–87 83 79–87 83 79–87
Gender, female 537 52.1 282 56.9 255 47.8
In/outpatient status
Hospitalization 355 34.6 132 26.7 223 41.8
Consultation 672 65.4 362 73.3 310 58.2

Cancer type
Breast 167 16.2 118 23.8 49 9.2
Colorectal 157 15.2 59 11.9 98 18.4
Upper gastrointestinal tractb 144 14.0 34 6.9 110 20.6
Lung 105 10.2 38 7.7 67 12.6
Gynaecological 97 9.4 57 11.5 40 7.5
Urinary tract 91 8.8 51 10.3 40 7.5
Prostate 81 7.9 40 8.1 41 7.7
Haematologicalc 55 5.3 27 5.4 28 5.2
Skin 44 4.3 27 5.4 17 3.2
Head and neck 39 3.8 18 3.6 21 3.9
Otherd 50 4.9 27 5.4 23 4.3

Metastasise (missing data n = 8) 407 42.1 166 35.7 241 48.0
Current therapy (missing data n = 18)
Surgery 302 29.8 185 37.4 117 22.6
Chemotherapy 492 48.6 217 43.8 275 53.2
Radiotherapy 245 24.2 130 26.3 115 22.2
Targeted therapy 75 7.4 39 7.9 36 7.0
Hormone therapy 128 12.6 81 16.4 47 9.1
Immunotherapy 38 3.8 24 4.8 14 2.7
Supportive care 98 9.7 27 5.5 71 13.7

Prior therapyf (missing data n = 1) 318 30.9 143 28.8 175 32.8
Surgery 173 54.4 72 50.4 101 57.7
Chemotherapy 89 27.9 32 22.4 57 32.6
Radiotherapy 48 15.1 18 12.6 30 17.1
Targeted therapy 15 4.7 3 2.1 12 6.9
Hormone therapy 64 20.1 34 23.8 30 17.4
Immunotherapy 7 2.2 3 2.1 4 2.3

Poor ECOG-PS (≥2) (missing data n = 29) 440 44 139 29 301 57.7
Dependency (ADL ≤ 5/6) (missing data n = 8) 343 33.6 115 23.3 228 43.1
Timed up and go test (missing data n = 86)
≤20 s 587 62.2 330 71.3 257 53.4
>20 s 250 26.5 114 24.6 136 28.3
Unable to perform the test 107 11.3 19 4.1 88 18.3

Cognitive impairmentg (missing data n = 84) 361 38.2 145 30.9 216 45.3
Impaired mini-GDS (risk of depression: ≥1/4)
(missing data n = 94)

400 42.7 146 32.6 254 52

Updated Charlson comorbidity index, median
(IQR) (missing data n = 37)

5 3–7 4 2–6 6 3–7

Number of daily prescribed drugs, median
(IQR) (missing data n = 8)

6 3–9 6 3–8 6 4–9

ADL, activities of daily living; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; GDS, Geriatric Depression Scale; MMSE,
Mini Mental State Examination.
aCachexia was defined as the presence of one or more of the following criteria: weight loss >5% over the previous 6 months; or
BMI < 20 kg/m2 and weight loss >2%; or abnormal SARC-F score (≥4/10) and weight loss >2%.

bOesophagus, stomach, liver, and pancreas
cHaematological malignancies included Hodgkin lymphoma (n = 2), non-Hodgkin lymphoma (n = 19), myelodysplastic syndromes
(n = 9), acute leukaemia (n = 5), myeloma (n = 2), chronic lymphocytic leukaemia (n = 2) and Waldenström’s macroglobulinaemia
(n = 1).
dSarcoma (n = 17), unknown origin (n = 11), thyroid (n = 4), other (n = 18).
eExcluding haematological malignancies.
fCancer treatment in previous 12 months.
gImpaired MMSE score (<24) or physician-diagnosed cognitive disorder.
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median (interquartile range) age was 83 [79–87] years, 52%
of the patients were female, and 42% had metastases. The
main cancer sites were the digestive tract (29%) and the
breast (16%). The most frequent comorbidities were rheuma-
tologic disease (20.2%), renal disease (18.2%), chronic lung
disease (14.4%), diabetes (13.1%), and congestive heart fail-
ure (12.9%). Thirteen per cent of patients were underweight
(BMI < 20 kg/m2), 47% had lost more than 5% of their
bodyweight in the previous 6 months, and 38% of patients
had sarcopenia (i.e. an abnormal SARC-F score).

Prevalence of cachexia

Cachexia was present in 534 patients [51.8% (95% CI = 48.7–
54.9%)]. The prevalence of cachexia was 62.8% among hospi-
talized patients (n = 223), 46.1% among outpatients (n = 310),
68.4% among patients with poor ECOG-PS (≥2) (n = 301),
39.2% among patients with good PS (0–1) (n = 220), 46.9%
among patients with localized cancer (n = 284), and 59.1%
among patients with metastatic cancer (n = 246).

The prevalence of cachexia by tumour site was as follows:
76.4% (n = 110) in patients with upper gastrointestinal tract
cancers (liver, pancreatic, oesophageal, and gastric cancers),
63.8% (n = 67) in lung cancer, 62.4% (n = 98) in colorectal can-
cer, 53.9% (n = 21) in head and neck cancer, 50.9% (n = 28) in
haematological cancers, 50.6% (n = 41) in prostate cancer,
44% (n = 40) in urinary cancers, 41.2% (n = 40) in

gynaecological cancers (uterus, ovary, cervical, vulval, and
vaginal), and 29.3% (n = 49) in breast cancer (Figure 2).

Factors associated with cachexia

In a univariate analysis (Table 3), the following patients
were more likely to have cachexia: hospitalized patients, pa-
tients with upper gastrointestinal tract cancers (compared
with patients with colorectal cancer) and those with metas-
tases, poor ECOG-PS (≥2), dependency, impaired mobility,
previous cancer treatment, poor dental health, dysgueusia,
low food intake, cognitive impairment, risk of depression,
or a high updated Charlson comorbidity index. Conversely,
female patients and patients with urinary tract, breast,
gynaecological, skin, or other cancer types (compared
with patients with colorectal cancer) were less likely to have
cachexia.

In the multivariate analysis (Table 3), factors indepen-
dently associated with higher risk of cachexia were as follows:
metastases, previous cancer surgery, poor ECOG-PS, unfeasi-
ble TUG test, low food intake, cognitive impairment, and risk
of depression. Association between upper gastrointestinal
tract cancer and cachexia was borderline significant:
P = 0.052. In contrast, urinary tract, breast, gynaecological,
haematological, skin, and other cancers were independently
associated with lower risk of cachexia.

Table 2 Nutritional characteristics (N = 1030)

Features

Total
(N = 1030)

No cachexiaa

(N = 496)
With cachexiaa

(N = 534)

N % N % N %

BMI (kg/m2)
<20 132 12.8 20 4.0 112 21.0
20–24.9 429 41.7 179 36.1 250 46.9
25–29.9 307 29.8 197 39.7 110 20.6
≥30 161 15.6 100 20.2 61 11.4

Weight loss within previous 6 months
Minimal (≤5%) 549 53.3 496 100.0 53 9.9
Moderate (>5% to <10%) 213 20.7 0 0.0 213 39.9
Severe (≥10%) 268 26.0 0 0.0 268 50.2

Sarcopenia, SARC-F score ≥ 4 389 37.8 112 22.6 277 51.9
Upper arm circumference (missing data n = 42)
<21 cm 66 6.7 11 2.3 55 10.8
21–22 cm 120 12.1 41 8.5 79 15.6
>22 cm 802 81.2 429 89.2 373 73.6

Poor dental health status (missing data n = 17) 221 21.8 91 18.6 130 24.8
Low food intake (≤2/3 of last meal) (missing data n = 17) 236 23.3 46 9.4 190 36.3
Dysgueusia (missing data n = 16) 127 12.5 44 9.0 83 15.8
Low serum albumin (<35 g/L) (missing n = 325) 280 39.7 85 26.6 195 50.6
High serum CRP (≥10 mg/L) (missing data n = 391) 338 52.9 109 38.9 229 63.8
Nutritional support (missing data n = 20) 393 38.9 98 20.3 295 55.9
Fortified diet 204 51.9 53 54.1 151 51.2
Oral nutritional supplements 323 82.2 77 78.6 246 83.4
Enteral nutrition 18 4.6 0 0.0 18 6.1
Parenteral nutrition 17 4.3 3 3.1 14 4.7

BMI, body mass index; CRP, C-reactive protein; SARC-F, Strength, Assistance with walking, Rise from chair, Climb stairs and Falls score.
aCachexia was defined as the presence of one or more of the following criteria: weight loss >5% over the previous 6 months; or
BMI < 20 kg/m2 and weight loss >2%; or abnormal SARC-F score (≥4/10) and weight loss >2%.
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In a sensitivity analysis, when we included serum CRP
status in the multivariate analysis (n = 486 patients with com-
plete data), we found that an elevated serum CRP level
(≥10 mg/L) was associated with cachexia [adjusted OR (95%
CI) = 1.69 (1.01–2.64); P = 0.020].

Multiple imputation for missing data yielded similar results
(n = 1030; data not shown).

Nutritional support

Nutritional support was implemented for 393 patients (39%
of the total study population). Among patients with ca-
chexia, 55.2% (n = 295/534) received nutritional support:
at least one nutritional support modality was implemented
for 170 patients (57.6%); this mainly corresponded to oral
nutritional supplements (n = 124, 73%). Two nutritional
support modalities were implemented in 116 patients
(39.3%)—mainly oral nutritional supplements and a fortified
diet (n = 107, 92.2%). Nine patients (3%) received enteral or
parenteral nutrition in addition to a fortified diet and oral
nutritional supplements.

Survival analysis

The median follow-up time was 6.1 months (range
0.03–30.3). The 6 month overall survival was 74.7% (95% CI
71.5–77.7%).

The 6 month overall survival rate for patients without
cachexia was 84.5% (80.3–87.9%) and 66.1% (61.2–70.5%)
for patients with cachexia. Kaplan–Meier curves for overall

6 month survival according to cachexia are presented in
Figure 3. Patients with and without cachexia showed signifi-
cant differences in overall survival (log-rank P < 0.0001).

In the univariate analysis, most variables were signifi-
cantly associated with 6 month overall survival (Table 4).
Briefly, factors associated with greater overall mortality
were older age, cachexia, hospitalization at inclusion, meta-
static cancer, upper digestive tract, pancreas and liver
cancers, lung cancer, haematological malignancies and other
cancers (compared with colorectal cancer), palliative treat-
ment and supportive care (compared with curative cancer
treatment), poor performance status, impaired mobility,
dependency, a greater index of comorbidities, a greater
number of prescribed medications, cognitive impairment,
and risk of depression.

Nutritional support was strongly correlated with cachexia
(Cramer’s V = 0.38; P < 0.0001), and they had similar HR
[2.49 (95% CI: 1.87–3.31) and 2.46 (1.80–3.35), respectively]
(Table 4), suggesting that both variables measure the same
clinical dimension. Therefore, nutritional support was not
included in the multivariate analysis.

In the multivariate analysis (Table 4), after adjusting for
age, inpatient status, anticancer treatment, ADL, number of
prescribed medications, cognitive impairment, cancer site,
and metastatic status, cachectic patients had a higher risk
of 6 month mortality than non-cachectic patients (adjusted
hazard ratio = 1.49; 95% CI: 1.05–2.11). Models had good dis-
crimination (Harrell’s C-index: 0.76). Replacing ADL from the
model by ECOG-PS or TUG—both strongly correlated with
ADL (Cramer’s V > 0.50), showed similar results for cachexia:
adjusted hazard ratio = 1.48; 1.04–2.12; P = 0.031 and 1.56;
1.09–2.23; P = 0.016, respectively.

Figure 2 Prevalence of cachexia by cancer site.
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Discussion

The present prospective multicentre cross-sectional study is
the first to have focused on cachexia in older patients with
cancer managed in geriatric oncology clinics. We found that
the prevalence of this condition was high (51.8%) in our
study population. Furthermore, the prevalence of cachexia
depended on the cancer site; higher frequencies were ob-
served in patients with upper gastrointestinal tract cancer.
Previous surgery, poor ECOG-PS (PS ≥ 2), low BMI (<20),
low food intake (≤2/3 of last meal), low mobility, a risk of de-
pression (mini-GDS ≤ 1/4), and impaired cognitive function
were independently associated with an elevated risk of
cachexia. Overall, 38.9% of the total study population and
only 55.9% of the patients with cachectic received nutritional

Figure 3 Kaplan–Meier curves of overall 6 month survival according to
cachexia.

Table 3 Univariate and multivariate analyses of factors associated with cachexia

Features

Univariate analysis
(N = 1030)

Multivariate analysis
(N = 780)

OR (95% CI) P value OR (95% CI) P value

Age 1.00 (0.98–1.02) 0.822 ―

Gender, ref. female 0.69 (0.54–0.89) 0.004 ―

Family situation, ref. single 1.00 0.263 ―

Married/cohabiting 1.57 (0.95–2.58) 0.075 ―

Divorced 1.24 (0.62–2.46) 0.544 ―

Widowed 1.35 (0.81–2.25) 0.246 ―

Hospitalized patients vs. outpatients 1.97 (1.51–2.57) <0.0001 ―

Cancer site, ref. colorectal 1.00 <0.0001 1.00 <0.0001
Breast 0.25 (0.16–0.40) <0.0001 0.22 (0.12–0.39) <0.0001
Upper gastrointestinal tracta 1.95 (1.18–3.22) 0.009 1.94 (0.99–3.78) 0.052
Lung 1.06 (0.64–1.77) 0.820 0.99 (0.51–1.93) 0.983
Gynaecological 0.42 (0.25–0.71) 0.001 0.27 (0.13–0.53) <0.0001
Urinary tract 0.47 (0.28–0.80) 0.005 0.29 (0.14–0.58) <0.0001
Prostate 0.62 (0.36–1.07) 0.081 0.55 (0.27–1.14) 0.106
Haematological 0.62 (0.34–1.16) 0.136 0.31 (0.13–0.71) 0.006
Skin 0.38 (0.19–0.75) 0.006 0.21 (0.09–0.53) <0.0001
Head and neck 0.70 (0.35–1.43) 0.328 0.56 (0.23–1.37) 0.207
Otherb 0.51 (0.27–0.98) 0.042 0.18 (0.07–0.41) <0.0001

Metastasis (yes vs. no) 1.66 (1.29–2.13) <0.0001 1.44 (1.01–2.05) 0.047
Cancer treatment in previous 12 months 1.00 0.165 ―

Surgery 1.37 (0.99–1.91) 0.060 2.12 (1.33–3.37) 0.001
Chemotherapy 1.73 (1.10–2.72) 0.017 ―

Radiotherapy 1.58 (0.87–2.87) 0.133 ―

Targeted therapy 3.78 (1.06–13.5) 0.040 ―

Hormone therapy 0.81 (0.49–1.34) 0.412 ―

Immunotherapy 1.24 (0.28–5.57) 0.779
ECOG-PS (≥2 vs. 0–1) 3.33 (2.56–4.33) <0.0001 2.57 (1.70–3.88) <0.0001
TUG, ref. ≤20 s 1.00 <0.0001 1.00 0.007
>20 s 1.53 (1.14–2.06) 0.005 1.02 (0.66–1.57) 0.931
Unable to perform the test 5.95 (3.53–10.0) <0.0001 3.19 (1.54–6.61) 0.002

Dependency (ADL ≤ 5/6) 2.49 (1.90–3.26) <0.0001 ―

Poor dental health 1.44 (1.07–1.95) 0.017 ―

Dysgueusia 1.91 (1.29–2.81) 0.001 ―

Food intake (≤2/3 vs. >2/3 of last meal) 5.48 (3.85–7.79) <0.0001 3.67 (2.28–5.91) <0.0001
Cognitive impairment 1.85 (1.42–2.41) <0.0001 1.50 (1.04–2.16) 0.030
Risk of depression (mini-GDS ≥ 1/4) 2.25 (1.72–2.93) <0.0001 1.66 (1.17–2.35) 0.005
Updated Charlson comorbidity index 1.13 (1.07–1.18) <0.0001 ―

Number of daily prescribed medications 1.02 (0.99–1.06) 0.174 ―

ADL, activities of daily living; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; GDS, Geriatric Depression Scale; MMSE,
Mini Mental State Examination; OR, odds ratio; TUG, timed up and go test.
aOesophagus, stomach, liver, and pancreas.
bSarcoma (n = 17), unknown origin (n = 11), thyroid (n = 4), and other (n = 18).
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support. Cachexia was significantly associated with 6 month
mortality, independently of age, in/outpatient status, cancer
site, metastatic status, cancer treatment, functional status,
cognition, and number of daily medications.

Cachexia has a key role in the pathogenesis of frailty.40

These common syndromes in older people partly overlap
and are characterized by loss of fat-free mass, in particular
loss of skeletal muscle. In the present study, we adapted
an international consensus definition of cachexia. Instead
of using the muscle mass measured on CT to identify pa-
tient with sarcopenia, we used the SARC-F score. Even
though the SARC-F was not designed as a diagnostic tool,
it has a very high specificity and is relevant and easy to
use in routine clinical practice. Furthermore, the SARC-F
reliably is correlated with sarcopenia and low muscle
strength.28,29,41 The SARC-F measures muscle quality more
than it does quantity, which is a better way of predicting
adverse outcomes.25

Concerning prevalence of cachexia, Dunne et al.31 re-
ported a similar prevalence (62%) in a cohort of patient with
a mean age of 79.9 years (range: 66–95 years). Surprisingly,
this study found no statistically significant differences in

prevalence of cachexia by cancer type or stage, but probably
suffered from a small patient number (n = 100), a heteroge-
neous cohort (with previously and not previously treated
patients) and a monocentric recruitment. Cachexia was not
associated with altered GDS, fatigue, performance status, or
falls; only an instrumental ADL score (≥1 impairment) was sig-
nificantly associated with cachexia in Dunne et al.’s univariate
analysis. No other studies have looked for associated factors
with cachexia, but many have looked for associated factors
with malnutrition. Indeed, in most of the past studies, the
terms malnutrition and cachexia have been used inter-
changeably. Nowadays, definitions are better differentiated
in terms of pathophysiology and consensual definitions for
both terms have been established. There is a recent consen-
sus to prefer the term cachexia in cancer patients, because
weight loss in this context is not only due to a low food intake
but also to catabolic pathways and muscle loss.9

Several studies have looked at malnutrition in older
patients with cancer.7,42,43 The prevalence ranged from 32%
to almost 45%. This prevalence depends of the cancer site.
Similarly, the prevalence in our study was lowest in patients
with prostate and breast cancers and highest in patients with

Table 4 Univariate and multivariate analysis of factors associated with 6 months overall survival

Features

Univariate analysis (N = 835) Multivariate analysis (N = 756)

HR (95% CI) P value aHR (95% CI) P value

Age ≥ 85 years 1.47 (1.11–1.95) 0.008 1.39 (1.01–1.92) 0.046
Gender, ref. female 0.85 (0.64–1.12) 0.244 —

Cachexia 2.46 (1.80–3.35) <0.001 1.49 (1.05–2.11) 0.024
Nutritional supporta 2.49 (1.87–3.31) <0.001 —

Cancer site, ref. colorectal <0.001 <0.001
Head and neck 1.52 (0.63–3.67) 0.351 1.85 (0.72–4.80) 0.204
Upper digestive tract/Pancreas and liver 2.86 (1.63–5.04) <0.001 2.74 (1.49–5.02) 0.001
Prostate 1.37 (0.66–2.82) 0.394 0.85 (0.38–1.88) 0.680
Urinary tract 1.57 (0.79–3.15) 0.201 1.69 (0.82–3.49) 0.159
Lung 3.11 (1.71–5.64) <0.001 2.14 (1.12–4.10) 0.022
Breast 0.54 (0.25–1.19) 0.126 0.67 (0.29–1.54) 0.342
Gynaecologic 1.76 (0.91–3.42) 0.095 2.01 (0.98–4.13) 0.058
Hematologic 2.31 (1.14–4.69) 0.02 1.50 (0.68–3.30) 0.314
Skin 1.55 (0.67–3.60) 0.304 1.43 (0.59–3.44) 0.425
Other 4.83 (2.55–9.17) <0.001 3.39 (1.65–6.98) 0.001

Metastasis (Yes vs. No) 2.19 (1.64–2.92) <0.001 1.51 (1.04–2.20) 0.028
Previous anticancer treatment (<12 months) 1.06 (0.79–1.43) 0.698 —

Treatment, ref. curative
Palliative treatment 3.45 (2.46–4.83) <0.001 2.27 (1.52–3.39) <0.001
Supportive care 6.00 (3.77–9.54) <0.001 2.75 (1.63–4.65) <0.001

ECOG-PS (≥2 vs. 0–1) 2.93 (2.17–3.95) <0.001 —

TUG, ref. ≤20 s <0.001 —

>20 s 1.56 (1.10–2.21) 0.012
Not able to do the test 3.35 (2.28–4.92) <0.001

Impaired ADL (≤5/6) 2.64 (1.99–3.50) <0.001 1.63 (1.17–2.28) 0.004
Updated Charlson index 1.20 (1.14–1.27) <0.001 —

Number of daily prescribed medications 1.09 (1.05–1.13) <0.001 1.05 (1.00–1.09) 0.051
Hospitalized patients vs. outpatients 2.26 (1.71–3.00) <0.001 1.40 (1.01–1.94) 0.043
Risk of depression (mini-GDS ≥ 1/4) 1.95 (1.45–2.63) <0.001 —

Cognitive impairment 2.13 (1.59–2.87) <0.001 1.70 (1.23–2.34) 0.001

ADL, activities of daily living; aHR, adjusted hazard ratios; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard
ratios; mini-GDS, mini-Geriatric Depression Scale; TUG, timed up and go test.
aMultivariate model not adjusted for nutritional support because of collinearity with cachexia.
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upper digestive (oesophageal/gastric) cancer and pancreatic
cancer. In one of this study, malnutrition was strongly associ-
ated with poor PS and impaired mobility.42 Other studies in
older patients with cancer have found a relationship between
malnutrition and poor PS44,45 or between malnutrition and
functional impairment, a prolonged hospital stay or discharge
to a skilled nursing facility.46,47

In the present study, only 55.9% of the patients with ca-
chexia received nutritional support. Unfortunately for the pa-
tients, this value is in line with the literature data. Indeed, the
prevalence of nutritional support in malnourished patients
with cancer ranges from as little as 30% to no more than
60%.48–51 Several studies have identified barriers to the use
of nutritional support in cancer patients and have demon-
strated that a lack of provider (practitioner) awareness,
knowledge, and training is one of the main problems.52,53

Greater awareness and better training for practitioners might
therefore improve the implementation of nutritional support
for patients with cancer.

In our longitudinal study, 20.5% of patients were dead at
6 months of follow-up. Cachexia was independently associ-
ated with higher 6 month mortality after adjustment for
relevant prognostic factors. In the Dunne et al.’s study,
80% (80/100) of patients died in the 5 years of follow-up
and cachexia was also associated with overall mortality
after adjustment for cancer type and stage.31 A more re-
cent study, also reported that cachexia, defined by the
Fearon criteria, was associated with overall mortality, with
a 3.2 years of follow-up both in older patients without
cancer (n = 67) and with cancer (n = 33) (adjusted for
age, sex, albumin, and CRP).32 These two studies displayed
longer follow-up but suffered from small effectives and
monocentric recruitment. Finally, the study of Pamoukdjian
et al. found an association between cachexia and 6 month
mortality, although cachexia was defined as a latent
variable using observed variables related to nutrition and
inflammation.33

Our nationwide cohort survey is the largest yet to have re-
ported on cachexia in older patient with cancer. We were
able to identify independent factors significantly associated
with cachexia; this might help clinicians not only to screen
for cachexia but also to actively treat or mitigate these
associated factors. It is of particular importance because
cachexia is independently associated with overall 6 month
mortality in our study. One limitation of the present study
was our use of a clinical definition of sarcopenia, rather than
a CT measurement of muscle mass. This choice might bring a
sur-estimation of the cachexia prevalence. However, the use
of this definition is highly relevant regarding prognostic
value and clinical applicability.25,26,28,29,41 Furthermore, 211
patients were not included in the cross-sectional analysis
because of missing data. However, they did not greatly
differ from the analysed cohort in terms of demographic
and clinical characteristics. In addition, only 48 of 55 centres

participated in the longitudinal study regarding 6 month
mortality. These centres did not record follow-up informa-
tion, which should not create a systematic bias. During fol-
low-up, 119 patients of 954 were lost at follow-up (12.5%).
Data concerning factors associated with mortality must be
viewed with caution. Lastly, there may have been selection
bias because all the study patients had been referred to a
geriatrician; these patients were probably frailer than pa-
tients who were not referred and thus not included in the
study.

Our study can help practitioners to identify high risk older
patients for cachexia that could benefit from multimodal
approach including nutritional support.

In conclusion, more than half of older patients with
cancer managed in geriatric oncology clinics had cachexia.
Upper gastrointestinal tract cancer, metastases, poor perfor-
mance status, poor mobility, previous cancer surgery, cogni-
tive disorders, risk of depression, and low food intake were
positively associated with cachexia. Nutritional support was
implemented only in just over half of the patients with ca-
chexia. Cachexia was significantly associated with 6 month
mortality after adjustment of relevant prognostic factors.
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