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A B S T R A C T

Purpose
Emerging evidence suggests muscle depletion predicts survival of patients with cancer.

Patients and Methods
At a cancer center in Alberta, Canada, consecutive patients with cancer (lung or GI; N � 1,473) were
assessed at presentation for weight loss history, lumbar skeletal muscle index, and mean muscle
attenuation (Hounsfield units) by computed tomography (CT). Univariate and multivariate analyses were
conducted. Concordance (c) statistics were used to test predictive accuracy of survival models.

Results
Body mass index (BMI) distribution was 17% obese, 35% overweight, 36% normal weight, and 12%
underweight. Patients in all BMI categories varied widely in weight loss, muscle index, and muscle
attenuation. Thresholds defining associations between these three variables and survival were determined
using optimal stratification. High weight loss, low muscle index, and low muscle attenuation were
independently prognostic of survival. A survival model containing conventional covariates (cancer diagnosis,
stage, age, performance status) gave a c statistic of 0.73 (95% CI, 0.67 to 0.79), whereas a model ignoring
conventional variables and including only BMI, weight loss, muscle index, and muscle attenuation gave a c
statistic of 0.92 (95% CI, 0.88 to 0.95; P � .001). Patients who possessed all three of these poor prognostic
variables survived 8.4 months (95% CI, 6.5 to 10.3), regardless of whether they presented as obese,
overweight, normal weight, or underweight, in contrast to patients who had none of these features, who
survived 28.4 months (95% CI, 24.2 to 32.6; P � .001).

Conclusion
CT images reveal otherwise occult muscle depletion. Patients with cancer who are cachexic by the
conventional criterion (involuntary weight loss) and by two additional criteria (muscle depletion and
low muscle attenuation) share a poor prognosis, regardless of overall body weight.

J Clin Oncol 31:1539-1547. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Involuntary weight loss has long been recognized as
a hallmark of malignancy, and its culmination in
emaciation still bears the ancient Greek name, ca-
chexia. Unintentional weight loss � 5% was shown
30 years ago to predict reduced survival and in-
creased treatment toxicity in multiple cancers,1 and
it continues to define grade 1 weight loss in the
Common Criteria of Adverse Events.2 Demograph-
ics of body weight have changed considerably since
this benchmark was established. Overweight and
obesity are now prevalent in Westernized coun-
tries,3,4 and the marked shift in body weight renders
the definition of clinically significant weight loss in
patients with cancer increasingly unclear. There are
inconsistencies as to what oncologists consider clin-

ically important weight loss (varying from 5% to �
20%).5,6 Levels of body mass index (BMI) associated
with lower survival are also highly variable (across
race/ethnicity, age, disease condition), as cited by
various authorities and authors (ranges, � 18.5, �
20, and � 22 kg/m2).7,8

Recent findings add new complexities to our
ability to interpret human body weight. Obesity
seems to confer a survival advantage in patients with
diseases associated with wasting, including cancer,
rather than a disadvantage, as understood from
studies of all-cause mortality.9 Also, body weight
and weight loss vary considerably in their
composition. Simultaneous loss of skeletal muscle
and gain of adipose tissue can occur, culminating in
the condition of sarcopenic obesity10; we recently
found that sarcopenia (severe muscle depletion)
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was independently prognostic of lower survival in obese patients
with cancer in a model including conventional covariates.11 Dispa-
rate behavior of skeletal muscle and adipose tissue has been ac-
knowledged by an international consensus of experts on cancer
cachexia, newly redefined as being characterized by loss of skeletal
muscle, with or without loss of fat mass.12 Muscle depletion is
characterized by both a reduction in muscle size and increased
proportion of inter- and intramuscular fat13; fat infiltration may be
a further manifestation of the wasting process.

Bearing in mind these inconsistencies and evolving concepts,
weight loss and body composition in underweight, normal weight,
overweight, and obese patients with cancer seem due for a contempo-
rary re-evaluation. We undertook to define the prognostic signifi-
cance of weight loss and two aspects of muscle (lumbar skeletal muscle
index [SMI] and muscle attenuation [MA]) determined by computed
tomography (CT) imaging in a population-based cohort of patients
with solid tumors.

PATIENTS AND METHODS

Population Cohort and Data Acquisition

This study was approved by the institutional research ethics
board as a minimal-risk study (medical record review of standard
clinical assessments). Some details of the study cohort have been
described elsewhere.11 Data were collected from January 2004 to Jan-
uary 2007 on adult patients with a diagnosis of GI or respiratory tract
cancer referred to outpatient medical oncology clinics at the Cross
Cancer Institute, a tertiary cancer treatment center serving northern
Alberta (population approximately 1.8 million; Fig 1). Patients were
assessed at their initial visit to medical oncology before receiving any
cancer treatment; all data were collected at this time point. The cohort
was observed prospectively thereafter.

Age, sex, dates of birth and death, cancer diagnosis, and cancer
stage were obtained from the Alberta Cancer Registry, certified by the
North American Association for Central Cancer Registries. Cancer
stage was based on the American Joint Committee on Cancer (version
01.04.00) stage groupings I, II, III, and IV.

Anthropometric Measures

Height and weight histories over the 6 months preceding referral
to our cancer center and performance status (PS) were collected using
the patient-generated Subjective Global Assessment (PG-SGA), com-
pleted by patients at their initial visit to medical oncology (ie, before
initiation of treatment). The PG-SGA includes a lay-language version
of the Eastern Cooperative Oncology Group PS. The PG-SGA is ac-
cepted by the Oncology Nutrition Dietetic Practice Group of the
Academy of Nutrition and Dietetics as the standard for nutrition
assessment in patients with cancer.14 Patient-reported variables have
been validated.15-17 BMI categories typically applied to older adults
were selected a priori: � 20.0, underweight; 20.0 to 24.9, normal
weight; 25.0 to 29.9, overweight; and � 30.0 kg/m2, obese.

CT Image Analysis

CT scans completed with a spiral CT scanner for initial cancer
staging and routine diagnostic purposes were used to quantify skeletal
muscle area and attenuation.11,18 Cross-sectional imaging using CT or
magnetic resonance imaging is suggested as the preferred method for

analyzing muscle mass in patients with cancer.12 CT scans completed
within 30 days of patients’ initial visits were deemed to accurately
represent muscle status at presentation. Two adjacent axial images
within the same series, at the third lumbar vertebra, were selected for
analysis of total muscle cross-sectional area (cm2) and averaged for
each patient.11,18-20 CT image parameters included: contrast enhanced
or unenhanced, 5-mm slice thickness, 120 kVp, and approximately
290 mA. Individuals (L.M., L.B., R.M.) were trained to correctly iden-
tify and quantify lumbar vertebrae and the following muscles: rectus
abdominus, abdominal (lateral and oblique), psoas, and paraspinal
(quadratus lumborum, erector spinae). An intraobserver coefficient
of variation of 1.3% was required, which is consistent with other
reports in the literature.11,18,21 Observers were blinded to patients’
survival status. Muscles were quantified within a Hounsfield unit
(HU) range of �29 to 150 HU19 using Slice-O-Matic software (v.4.3;
Tomovision, Montreal, Quebec, Canada). Muscle area was normal-
ized for height in meters squared (m2) and reported as lumbar SMI
(cm2/m2).11,18 Mean MA (HU) is reported for the entire muscle area
at the third lumbar vertebra.

Statistics

Differences between groups were analyzed using independent t
(continuous variables) and Pearson’s �2 tests (categorical variables)
where appropriate. Correlations between continuous variables were
assessed using Pearson correlation coefficients. The primary outcome
was overall survival, defined as the number of days surviving after the

Referral to regional medical oncology center

Date of initial assessment
Completion of PG-SGA

Patients with completed PG-SGA
(n = 2,115)

Patients with a usable CT image
(n = 1,473)

Patients analyzed
(n = 1,473)

Identification of patients with usable CT image

6-month
weight history

CT image window
of ± 30 days

Death

Fig 1. Patient flow diagram showing study timeline and patient selection. A total of 642
patients were excluded. A majority (64%) of patients’ scans were excluded for technical
reasons: 31% had computed tomography (CT) � 30 days from initial assessment, 20%
did not have lumbar region included in scan, and 13% had a portion of the analyzable area
cut off from field of view. Thirty-six percent did not have a CT scan. PG-SGA,
patient-generated Subjective Global Assessment.
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Table 1. Patient Clinical Characteristics by Sex at Initial Assessment

Characteristic

Men (n � 828) Women (n � 645)

PNo. % No. %

Age, years .932
Mean 64.7 64.8
SD 11.2 11.5

Cancer site .015
Colon/rectum 459 55 314 48
Respiratory tract 229 28 211 12
Pancreas 71 9 75 33
Esophageal 17 2 7 1
Stomach 33 4 18 3
Other GI� 19 2 20 3

Cancer stage .258
I 35 4 35 5
II 143 17 91 14
III 233 28 176 27
IV 417 50 343 53

ECOG PS .341
0 171 21 128 20
1 399 48 289 45
2 129 16 115 18
3 121 15 101 16
4 8 1 12 2

Height, cm � .001
Mean 175.5 161.1
SD 6.9 6.9

Weight, kg � .001
Mean 80.1 65.3
SD 16.2 15.7

BMI, kg/m2† .003
Mean 26.0 25.1
SD 4.9 5.8

BMI category, kg/m2† � .001
� 20.0 67 8 114 18
20.0 to 24.9 300 36 236 37
25.0 to 29.9 328 40 183 28
� 30.0 133 16 112 17

Weight loss‡ .328
Mean �7.5 �7.1
SD 7.7 7.8

CT image analysis
Lumbar total muscle cross-sectional area, cm2 � .001

Mean 158.3 107.1
SD 28.0 18.3

Skeletal muscle index, cm2/m2§ � .001
Mean 51.5 41.3
SD 8.9 7.0

Muscle attenuation, HU .040
Mean 35.5 34.5
SD 8.6 10.2

NOTE. All measures were collected at time of initial patient assessment. CT scans for image analysis were collected within 30 days of initial assessment and are
representative of patients’ baseline condition.

Abbreviations: BMI, body mass index; CT, computed tomography; ECOG PS, Eastern Cooperative Oncology Group performance status; HU, Hounsfield unit; SD,
standard deviation.

�Other GI cancers: digestive tract and accessory organs.
†BMI calculated as patient weight (kg)/height (m)2.
‡Weight loss in 6 months before initial assessment calculated with the following formula: �(current weight �kg� � weight 6 months ago �kg�) / weight 6 months

ago (kg)� � 100%; negative values indicate weight loss.
§Skeletal muscle index calculated as lumbar total muscle cross-sectional area (cm2)/height (m)2.

Skeletal Muscle Depletion Is Prognostic Independent of BMI
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initial visit by each patient. Patients were observed until their deaths or
until August 26, 2010, at which time they were censored at the last date
they were documented to have been alive.

Optimalstratification,22 astatisticalmethodsimilar toreceiveroper-
atorcurveanalysis,wasusedtosolvespecificthresholdvalueswithinthree
continuous covariates. Optimal stratification is based on log-rank statis-
tics that best separate patients with respect to time to an event outcome
(death). It is appropriate to determine survival-related threshold values
empirically using statistical methods such as optimal stratification, where
therelationshipwithsurvival for thatcovariate isnotknown(ie,MA).For
some covariates, there may be published thresholds, but these may be
valuesthatweresolvedindissimilarpatientpopulationsand/orinrelation
tooutcomesotherthansurvival. Inourstudy,wedefinedthresholdvalues
related to overall survival for three continuous variables (percent weight
loss,SMI,andMA); thresholds for these threevariableswereexaminedby
sexandBMI.Throughoutthetext,werefertoweightloss,SMI,andMAas
body composition variables.

The Kaplan-Meier method was used to establish effects of each
variable on survival; log-rank tests were used to compare survival
curves. Univariate and multivariate analyses for overall survival were
conducted using the Cox proportional hazards model; hazard ratios
(HRs) and corresponding 95% CIs were obtained. Analysis completed
using SPSS version 18.0 (SPSS, Chicago, IL).

Concordance (c) statistics were used to assess the discrimination
of a model to predict overall survival.23 A c statistic of 0.5 indicates the
model predicts the outcome as well as chance (ie, equal numbers of
true and false positives), 0.7 to � 0.8 indicates acceptable discrimina-
tion, 0.8 to � 0.9 indicates excellent discrimination, 0.9 to 0.99 is
outstanding discrimination, and 1.0 is perfect prediction.24 The c
statistic is applicable to all regression models, including survival mod-
els.25 Overall c statistics and 95% CIs were estimated using a macro in
SAS (version 9.1.3; SAS Institute, Cary, NC). Results were considered
significant at the P � .05 level.

RESULTS

Population Cohort

Of 2,115 consecutive patients, 642 were excluded because they
lacked a CT image that could be evaluated, as explained in Figure 1.
Baseline data are presented for 1,473 included patients (Table 1).
There were 966 deaths; median overall survival was 16.7 months (95%
CI, 15.2 to 18.2); median follow-up for patients alive at censoring was
21.2 months (95% CI, 17.4 to 24.9).

Patients exhibited wide variation in body composition (Table 1).
More than half of patients (52%) presented as overweight or obese.
More men were overweight than women, and more women were
underweight. Overall, the population was losing weight; weight loss
occurred in all BMI categories. Wide variation in SMI and MA was
recorded in men and women. SMI was significantly correlated to BMI
in men (r � 0.6; P � .001) and women (r � 0.6; P � .001; Fig 2A).
Figure 2B1-3 illustrates BMI variation for three women with an iden-
tical amount of skeletal muscle; notably, the morbidly obese (B1) and
overweight (B2) women depicted have no more muscle than the
completely cachexic woman (B3), whose BMI was 15.0 kg/m2. Figure
2B4-6 highlights skeletal muscle variation for three women with iden-
tical BMI (29.4 kg/m2); these three women varied � two-fold in their
SMI. Low MA occurred in patients across all BMI categories, and this

feature correlated weakly but significantly with BMI (r � �0.4;
P � .001). Variation in MA across individuals with the same SMI and
BMI is shown in Figure 2C. In this illustration, areas of low attenua-
tion, spanning from �29 to 29 HU, appear in light gray.

Optimal Stratification

Threshold values associated with lower survival are listed in Table
2. Weight loss � 8% was associated with lower survival, independent
of sex or BMI; 44% of patients presented with � 8% weight loss. SMI
varied between men and women, as expected.11,18 Threshold values
demarcating significantly lower survival were defined as sarcopenia;
we use this term hereafter. Using these thresholds, the prevalence of
sarcopenia was 53% in women versus 31% in men (P � .001). MA
varied with BMI, not with sex. The overall prevalence of MA below
threshold values demarcating significantly reduced survival was 49%.

Survival

Variables examined by univariate analysis (Table 3) were: age
(� 65 v � 65 years), sex, PS (1, 2, 3, or 4 v 0), cancer diagnosis
(pancreatic, esophageal, stomach, respiratory tract, other GI v colorec-
tal), cancer stage (II, III, or IV v I), BMI (25.0 to 29.9, 20.0 to 24.9, or
� 20.0 v � 30.0 kg/m2), and threshold values (defined in Table 2) for
weight loss, SMI, and MA.

Two multivariate analyses were conducted, and the c statistics of
these models were compared (Table 3). Variables significant at the
univariate level were entered into the multivariate models. A conven-
tional multivariate model (model one) containing cancer diagnosis,
stage, sex, age, and PS revealed expected values, with strong contribu-
tions of PS, cancer diagnosis, and stage. The c statistic for the conven-
tional multivariate model was 0.73 (95% CI, 0.67 to 0.79; P � .001).
Prior work established the independent prognostic value of BMI,
weight loss,1,9,12 and sarcopenia,11 and model two was designed to test
the prognostic value of these variables. In contrast to model one, the
model including only four body composition variables gave a c statis-
tic of 0.92 (95% CI, 0.88 to 0.95; P � .001), indicating excellent
discrimination of overall survival.

The survival discrimination conferred by BMI, weight loss, sar-
copenia, and low MA is summarized in Table 4. Overall survival was
examined for the presence of zero, one or two, or all three prognostic
body composition variables by BMI categories and by cancer site for
overweight/obese patients. Overall, BMI was predictive of survival,
with the heaviest patients showing the longest survival. Weight loss,
sarcopenia, and low MA discriminated obese patients into disparate
survival groups; obese patients with none of these variables had the
longest survival (35.6 months; twice the overall median survival of
16.7 months) in contrast to obese patients with three poor prognostic
variables, who survived only 8.5 months. Similar discrimination of
survival was observed in overweight and obese patients (survival
curves are presented in Appendix Fig A1, online only). For patients
with BMI � 20.0 kg/m2, there was less discrimination; survival was
short regardless of the number of prognostic body composition fea-
tures. The majority of these patients (92%) had weight loss, sarcope-
nia, and/or low MA. Even so, patients with BMI � 20.0 kg/m2 and all
three poor prognostic variables had lower survival (P � .03) than
patients with none of them. Survival discrimination by three prognos-
tic body composition variables was particularly strong in overweight/
obese patients overall; this was true for the overweight/obese patients
in the individual tumor groups of our sample (Table 4). Patients with
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colorectal cancer had a longer overall survival compared with poorer-
prognosis diseases (ie, lung cancer; Table 4); however, the three prog-
nostic variables resulted in similar discrimination of survival. The c
statistics were 0.91 (95% CI, 0.84 to 0.96)) for colorectal and 0.93 (95%
CI, 0.86 to 0.97) for lung cancers.

Perhaps the most striking feature of this analysis was the uni-
formly short survival among patients exhibiting all three pre-existing
conditions: weight loss, sarcopenia, and low MA (fifth column in
Table 4). Independent of their BMI, these patients survived 8.4
months (95% CI, 6.5 to 10.3) compared with patients with none of
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these features, who survived 28.4 months (95% CI, 24.2 to 32.6; P �
.001). Survival of patients with weight loss, sarcopenia, and low MA
was all but indistinguishable from the survival of patients who would
be considered frankly cachexic by most people (underweight, with
severe muscle depletion; 8.3 months; 95% CI, 5.6 to 10.9).

DISCUSSION

This exercise in prognostication was based on information typically
found in the clinical record of patients with cancer: BMI, weight loss,
and diagnostic images. The information content of clinical diagnostic
images is often not exploited beyond assessment of tumor location,
size, and response; here, we used these to derive information of poten-
tial clinical relevance. This population showed considerable variation
in body weight, weight loss, and both the amount and radiation
attenuation of skeletal muscle at the time of presentation, and these
features predicted survival. Specifically, the following four factors
were identified: BMI � 25.0 kg/m2 (overweight/obese), in both sexes,
for increased survival; weight loss � 8%, in both sexes, for lower
survival; sarcopenia, defined by sex- and BMI-specific threshold val-
ues, for lower survival; and low muscle attenuation, defined by BMI-
specific threshold values, for lower survival.

The most common current definition of sarcopenia is appendicular
SMI� two standard deviations below that typical of healthy adults (men,
7.26 kg/m2; women, 5.45 kg/m2). We did not use dual-energy x-ray
absorptiometry and, consequently, did not report using these units of
measure. The sex-specific cutoffs for lumbar SMI associated with mortal-
ity in this study are similar to values we previously reported for obese
patients with cancer (men, 52.4 cm2/m2; women, 38.5 cm2/m2). We
additionally demonstrate cutoffs specific to nonobese men and women.

In accordance with a conventional view of cancer cachexia, patients
who appear thin or wasted frequently have a history of weight loss, de-
pleted skeletal muscle mass, and a poor prognosis. Such conventionally
cachexic patients with cancer were evident, if relatively rarely, in this
population. Patients in our cohort were more commonly overweight or
obese, but they often harbored occult, severe pre-existing muscle deple-
tion.Diagnostic imagingprovidesadditional important insight,especially
for patients who are not thin or wasted in appearance and who may be
normal weight, overweight, or obese. We feel this is of increasing impor-
tance as the world prevalence of overweight/obesity continues to climb;
these patients have a survival no longer than patients who are frankly
cachectic if they have simultaneous weight loss, sarcopenia, and low MA.

The prognostic value of the latter three variables is striking, generating by
themselves a c statistic of 0.92, for excellent discrimination of overall
survival. Survival differences predicted by these variables, particularly in
patients with heavier body weights, are also striking; this distinction was
greatest in overweight/obese patients with three prognostic variables, and
thiswastruefortheoverallsampleanditsspecifictumorgroups(Table4).
C statistics are valuable tools to evaluate the performance of survival
models. The discrimination provided by the model based on weight loss,
sarcopenia, and MA compares favorably with the conventional model
and with c statistics of other cancer survival models reported in the litera-
ture(0.6 to0.8).17,26,27 Alimitationtousingthecstatistic,andafactor that
may explain the c statistics achieved here, is that a subset of patients
included in this study with poor prognosis may have been discriminated
by the features we measured.

Theexactbasisofthesesurvivaldifferencesremainsunknown.Some
authorshavesuggestedthesurvivaladvantageconferredbyobesity relates
to the relatively large energy store in a context where energy balance is
likely to be negative, and the stores are drawn on.9 Associations between
weight loss and toxicity of chemotherapy have been known for a long
time.1 Sarcopenia was recently described to be associated with major
chemotherapy toxicities resulting in dose reduction, dose delay, or defin-
itive termination of therapy. This was true in patients treated with fluoro-
pyrimidines, anthracyclines, and tyrosine kinase inhibitors, suggesting a
generalized intolerancetotherapy insarcopenicpatients.28-30 Thesuscep-
tibility of sarcopenic individuals to infections during hospitalization and
in nursing homes has also been described,31 and this also fits within a
theme of generalized inability of individuals with severe muscle depletion
to react appropriately to stress. Both premature termination of treatment
and infection are possible contributors to shortened survival. We also
speculate that pre-existing weight loss and changes in skeletal muscle may
be driven by comorbid conditions, such as inflammation, which are
numerous in advanced cancer populations, predict survival,26,32 and re-
quire further study. Low MA has been associated with obesity, diabetes,
detraining, and some forms of muscle atrophy33 but has not previously
been studied in relation to either cancer outcome or survival. Both the
etiology and prognostic significance of low MA in patients with cancer
remain matters for further study.

Our findings provide evidence in support of the proposed inter-
national consensus definition of cancer cachexia as a multifactorial
syndrome defined by an ongoing loss of skeletal muscle mass with or
without loss of fat mass.12 The key diagnostic criteria for cancer ca-
chexia proposed by the cachexia consensus authors include weight

Table 2. Threshold Values� Significantly Associated With Low Survival

BMI Category (kg/m2)

SMI (cm2/m2)† Skeletal MA (HU)‡ Weight Loss (%)§

Men Women Men Women Men Women

Underweight (� 20.0) � 43 � 41 � 41 � 41 � 8 � 8
Normal weight (20.0 to 24.9) � 43 � 41 � 41 � 41 � 8 � 8
Overweight (25.0 to 29.9) � 53 � 41 � 33 � 33 � 8 � 8
Obese (� 30.0) � 53 � 41 � 33 � 33 � 8 � 8

Abbreviations: BMI, body mass index; HU, Hounsfield unit; MA, muscle attenuation; SMI, skeletal muscle index.
�Threshold values defined using optimal stratification based on log-rank statistics to best separate patients with respect to time to death.
†Sarcopenia defined as SMI below these threshold values.
‡Low MA defined as skeletal MA below these threshold values.
§Period of weight loss was 6 months preceding patient’s initial medical assessment at our cancer center.
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loss � 5% and sarcopenia. The results presented here using survival
analysis can be used to further refine these diagnostic criteria to in-
clude weight loss and specific criteria for sarcopenia and low MA. We
believe the label cachexia may be applied to all patients affected by the
three factors of weight loss, sarcopenia, and low MA because these
patients are unified by their equally poor prognosis.
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