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ABSTRACT

Background: There is an emerging viewpoint that change in body
weight is not sufficiently sensitive to promptly identify clinically
meaningful change in body composition, such as skeletal muscle
depletion.

Objectives: We aimed to determine whether body weight stability
is associated with skeletal muscle depletion and whether skeletal
muscle depletion is prognostic of death independently of change in
body weight.

Methods: This retrospective cohort included 1921 patients with
stage I-III colorectal cancer. Computed tomography (CT)-based
skeletal muscle characteristics and body weight were measured
at diagnosis and after a mean 15.0-mo follow-up. Body weight
stability was defined as weight change less than £5% during follow-
up. Sarcopenia and myosteatosis were defined using established
thresholds for patients with cancer. Multivariable-adjusted logistic
and flexible parametric proportional hazards survival models were
used to quantify statistical associations.

Results: At follow-up, 1026 (53.3%) patients were weight stable.
Among patients with weight stability, incident sarcopenia and
myosteatosis occurred in 8.5% (95% CI: 6.3%, 10.6%) and 13.5%
(95% CI: 11.1%, 15.9%), respectively. Men were more likely
to be weight stable than were women (56.7% compared with
49.9%; P = 0.04). Weight-stable men were less likely to develop
incident sarcopenia (5.4% compared with 15.4%; P = 0.003) and
myosteatosis (9.3% compared with 20.8%; P = 0.001) than weight-
stable women. Among all patients, the development of incident
sarcopenia (HR: 1.40; 95% CI: 1.02, 1.91) and of myosteatosis (HR:
1.41;95% CI: 1.05, 1.90) were associated with a higher risk of death,
independently of change in body weight. Patient sex did not modify
the relation between skeletal muscle depletion and death.
Conclusions: Body weight stability masks clinically meaningful
skeletal muscle depletion. Body composition quantified using
clinically acquired CT images may provide a vital sign to identify
patients at increased risk of death. These data may inform the design
of future cachexia trials. ~ Am J Clin Nutr 2021;113:1482—1489.
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Introduction

Body weight is routinely measured in patients with cancer
(1). Involuntary weight loss of >5% is diagnostic of cachexia
and associated with poor overall survival (2—4). There is an
emerging viewpoint that change in body weight is not sufficiently
sensitive to promptly identify clinically meaningful change in
body composition, such as skeletal muscle depletion (5-7). This
is relevant to oncology because many patients with cancer are
older adults, and aging is associated with decreases in skeletal
muscle mass without concomitant changes in body weight
(8).

The depletion of skeletal muscle, including sarcopenia and
myosteatosis, is prognostic in patients with cancer (9-11).
Despite the development of automated high-throughput methods
to phenotype skeletal muscle using clinically acquired computed
tomography (CT) images (12), these methods have not been
integrated into oncology practice (13). It is unknown if the
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Weight change and body composition in cancer

measurement of skeletal muscle can be used as a vital sign to
identify patients at risk of poor outcome who may benefit from
anabolic interventions before the onset of significant and often
irreversible weight loss (14, 15).

In a cohort of patients with stage I-III colorectal cancer (CRC),
we determined whether body weight stability was associated with
skeletal muscle depletion and whether skeletal muscle depletion
was prognostic of death independently of change in body weight.
We hypothesized that skeletal muscle depletion would occur in
patients with weight stability, and that skeletal muscle depletion
would be associated with a higher risk of death independently of
body weight.

Methods

Study cohort

The C-SCANS (Colorectal-Sarcopenia and Near term Sur-
vival) cohort was derived from the Kaiser Permanente Northern
California (KPNC) cancer registry, with ascertainment of all
patients diagnosed with stage I-III invasive CRC between
the years of 2006 and 2011, aged >18 y, who underwent
surgical resection (n = 4465) (16). Inclusion criteria for this
analysis required that patients have body weight and CT
imaging measures completed within 3 mo of CRC diagnosis
and before surgical resection (n = 3262) and at follow-up after
diagnosis (Supplemental Figure 1) (» = 1921). Compared
with patients with body weight and CT imaging measures
only at baseline, patients with these measures at baseline and
follow-up were statistically significantly younger, more likely
to have a rectal primary cancer, and less likely to have stage |
disease. No other measured variables were associated with patient
inclusion. With exceptions at the socioeconomic extremes,
KPNC patients are representative of the underlying California
population (17). A waiver of written informed consent was
obtained by the study investigators, and this study was approved
by the KPNC and University of Alberta institutional review
boards.

Body weight measures

Body weight was measured and entered into the electronic
medical record by a medical assistant following standardized
clinical procedures of KPNC (e.g., confirming the scale is set
to 0; asking the patient to remove heavy outdoor clothing and,
if possible, remove shoes; and the patient being measured while
standing without movement on the scale) (18). Longitudinal
measures of body weight obtained in clinical practice are valid
and reliable compared with measures obtained for research
purposes (19). Body weight measures that were closest to the
date of CT image acquisition were included in the analysis.
Stability of body weight was defined as a change from —4.99%
to +4.99%, from baseline to follow-up, which is consistent with
our prior analysis (18) and with the observation that weight loss
>5% is diagnostic of cachexia and associated with poor overall
survival (2, 3). In sensitivity analysis, we defined stability of body
weight as a change from —2.0% to +2.0%, from baseline to
follow-up.
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Skeletal muscle measures

Skeletal muscle characteristics were quantified using CT
images originally collected for clinical purposes (e.g., initial
staging of primary CRC and surveillance of recurrent CRC). A
single-slice transverse CT image at the third lumbar vertebra
was used for analysis because this anatomical location is
correlated with whole-body muscle volume (R* = 0.86) (20, 21).
Tissues were demarcated using Hounsfield Unit (HU) thresholds
(22, 23). Cross-sectional muscle area (cm?) was calculated by
summing tissue pixels and multiplying by the pixel surface
area. Muscle density quantifies the extent of lipid contained
within muscle and is a radiologic measure of muscle quality
(HU) (24). Fifty CT images were randomly selected to be
analyzed by 2 investigators to quantify the reproducibility of the
body composition measures, and the remaining CT images were
analyzed by a single investigator. The interrater CVs for muscle
area and muscle density were 1.2% and 0.7%, respectively
(25).

Sarcopenia and myosteatosis were defined using established
sex-specific thresholds that are associated with overall survival
in patients with cancer (26). Sarcopenia was defined as a
skeletal muscle index <43 cm?/m? for men with a BMI (in
kg/mz) <25.0; <53 cm?/m? for men with a BMI >25.0; and
<41 cm?/m? for women irrespective of BMI. Myosteatosis was
defined as a muscle density <41 HU for men and women
with a BMI <25.0 and <33 HU for men and women with a
BMI >25.0 (26). Prevalent sarcopenia (or myosteatosis) was
defined as meeting the aforementioned thresholds at baseline.
The resolution of sarcopenia (or myosteatosis) was defined as
the absence of sarcopenia (or myosteatosis) at follow-up among
patients with prevalent sarcopenia (or myosteatosis) at baseline.
The development of incident sarcopenia (or myosteatosis) was
defined as the presence of sarcopenia (or myosteatosis) at
follow-up among patients without sarcopenia (or myosteatosis)
at baseline.

Survival measures

All-cause death was defined as the time from follow-up
CT image acquisition to death from any cause. CRC death
was defined as the time from follow-up CT image acquisition
to death attributable to CRC. Deaths were identified from
the California State Department of Vital Statistics, US Social
Security Administration, and KPNC membership and utilization
files through 31 December, 2016. Deaths were classified as
cancer-specific if CRC was documented as an underlying or
contributing cause of death on the death certificate.

Covariates

The KPNC electronic medical record was used to obtain
information on age, sex, race and ethnicity, smoking history, and
comorbid health conditions using the Charlson comorbidity index
(27). The KPNC Cancer Registry was used to obtain information
on the anatomical site of cancer, cancer stage (American Joint
Committee on Cancer, 7" Edition) (28), and use of chemotherapy
and radiation treatment approaches.
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TABLE 1 Baseline characteristics overall and stratified by sex and weight change category'

Sex stratified

Men (n = 972) Women (n = 949)
Not weight Not weight
Overall cohort Weight stable stable Weight stable stable
Characteristic (n=1921) (n = 548) (n=424) P (n =478) (n=471) P
Age,y 61 +£11 60 £ 11 61 £ 12 0.39 62+ 11 61 £12 043
Race 0.017 0.19

White 1212 (63.2) 330 (60.2) 293 (69.1) 309 (64.6) 280 (59.4)

Asian 140 (7.3) 38 (6.9) 21 (4.9) 38 (7.9) 43 (9.1)

Hispanic 319 (16.6) 72 (13.1) 54 (12.7) 46 (9.6) 62 (13.2)

Black 234 (12.2) 101 (18.4) 55 (13.0) 83 (17.4) 80 (17.0)

Other or Unknown 16 (0.7) 7(1.3) 1(0.2) 2(0.4) 6(1.3)

Site 0.10 0.09

Colon 1302 (67.8) 355 (64.8) 253 (59.7) 361 (75.5) 333 (70.7)

Rectum 619 (32.2) 193 (35.2) 171 (40.3) 117 (24.5) 138 (29.3)

Stage 0.006 0.55

I 361 (18.8) 126 (23.0) 63 (14.9) 93 (19.5) 79 (16.8)

I 594 (30.9) 177 (32.3) 147 (34.7) 135 (28.2) 135 (28.7)

111 966 (50.3) 245 (44.7) 214 (50.5) 250 (52.3) 257 (54.6)
Chemotherapy 1344 (70.0) 361 (65.9) 315 (74.3) 0.005 317 (66.3) 351 (74.5) 0.006
Radiation 397 (20.7) 125 (22.8) 118 (27.8) 0.07 59 (12.3) 95(20.2) 0.001
Smoking history 0.04 0.003

Never 921 (48.0) 242 (44.2) 158 (37.3) 288 (60.2) 233 (49.5)

Former 756 (39.4) 231 (42.1) 194 (45.8) 144 (30.1) 187 (39.7)

Current 241 (12.6) 72 (13.1) 72 (16.9) 46 (9.6) 51(10.8)

Unknown 3(0.2) 3(0.5) 0(0.0) 0(0.0) 0(0.0)

Charlson Comorbidity Index 0.15 0.10

0 1220 (63.5) 358 (65.3) 262 (61.8) 318 (66.5) 282 (59.9)

1 543 (28.3) 154 (28.1) 120 (28.3) 122 (25.5) 147 (31.2)

>2 158 (8.2) 36 (6.6) 42 (9.9) 38(7.9) 42 (8.9)

Height, m 1.69 £0.11 1.77 £ 0.07 1.76 £+ 0.08 0.35 1.61 £+ 0.07 1.62 £+ 0.07 0.16
Body weight, kg 81.2 £ 20.1 89.1 £18.3 87.2 £ 18.8 0.13 72.5 +18.0 752 +19.8 0.03
BMI, kg/m? 282+£59 284+49 279 +5.1 0.16 27.7+6.3 28.6+72 0.06
Muscle area, cm? 141.8 £37.7 1719 £304 165.4 £29.8 0.001 113.9 £ 19.1 113.8 £204 0.97
Sarcopenia 702 (36.5) 169 (30.8) 153 (36.1) 0.08 181 (37.9) 199 (42.2) 0.17
Muscle density, HU 399+£99 42.0£9.2 40.5+£95 0.01 39.5 £ 10.1 37.4 £ 10.1 0.002
Myosteatosis 590 (30.7) 117 (21.3) 115 (27.1) 0.04 160 (33.5) 198 (42.0) 0.006
Time between acquisition of CT 150+ 3.8 15.0+3.8 15.0+3.8 0.87 15.0+3.8 15.1 £3.7 0.81
images, mo
Change in body weight between —0.4 £8.7 03+£27 0.3 £12.0 0.97 —0.1+2.7 —21+125 0.001

acquisition of CT images, %

'Values are mean + SD or 1 (%) unless otherwise indicated. The x test was used to compare distributions of categorical variables and a 7 test for
distributions of continuous variables. All statistical tests were 2-sided. CT, computed tomography; HU, Hounsfield Unit.

Statistical analysis

Baseline characteristics are presented as means £ SDs or
counts and percentages. To test for differences in baseline
characteristics according to patient sex, the x? test was used
for categorical variables and the ¢ test for continuous variables.
Linear regression models were used to quantify the association
between body weight and skeletal muscle characteristics. Results
from linear regression models are presented as least-squares
means with 95% ClIs. The coefficient of partial determination
(partial R?) from the regression model was used to quantify the
proportion of variance in body weight explained by change in
skeletal muscle characteristics, independently of other covariates
(29). Logistic regression models were used to estimate the
association between skeletal muscle depletion and change in
body weight. Results from logistic regression models are

presented as ORs or predicted probabilities with 95% Cls.
To complement our prior analyses (9, 18), flexible parametric
proportional hazards survival models were used to estimate
the association between skeletal muscle depletion and overall
survival independently of change in body weight (30). Parametric
survival models allow for smooth predictions and the estimation
of relative and absolute effects, while permitting flexibility in the
shape of the baseline hazard function (31). Results from survival
models are presented as HRs or predicted probabilities with
95% Cls. In all regression models, nonlinearity of effects was
estimated with the use of restricted cubic spline terms, and effect
modification by patient sex was evaluated using the likelihood
ratio test. In all regression models, model fit was examined using
graphical and statistical techniques. All regression models were
adjusted for age, race and ethnicity, cancer site, cancer stage,
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FIGURE 1 Association of change in body weight with change in muscle area (A) and muscle density (B) among 972 men (navy blue) and 949 women
(magenta). The percentage of variance of change in body weight explained by muscle area and muscle density was 29.6% (P < 0.001) and 7.2% (P < 0.001),
respectively; patient sex modified the proportion of variance explained by muscle area (P < 0.001) but not muscle density (P = 0.69). R? values represent the
coefficient of partial determination for change in body weight in a multivariable-adjusted regression model. Note the differential y-axis scaling and units of

measure. HU, Hounsfield Unit.

chemotherapy, radiation, smoking history, and the Charlson
comorbidity index. The analyses of incident sarcopenia (or
myosteatosis) at follow-up were restricted to patients without
sarcopenia (or myosteatosis) at baseline. Conversely, the analyses
of resolution of prevalent sarcopenia (or myosteatosis) at follow-
up were restricted to patients with sarcopenia (or myosteatosis)
at baseline. Sensitivity analyses were conducted to determine
how robust the association between skeletal muscle depletion and
overall survival was to unmeasured or uncontrolled confounding
(32). All statistical tests were 2-sided. Stata/MP 15.1 (StataCorp,
LLC) was used for all statistical analyses.

Results

The cohort included 1921 patients. The mean £+ SD age
was 61 £ 11 y (Table 1, Supplemental Table 1). Baseline (at
diagnosis) CT imaging was obtained a mean of 6.7 &= 18.7 d after
biopsy-confirmed diagnosis of CRC. Body weight was obtained a
mean of 3.7 & 4.1 d before CT image acquisition. At baseline, the
mean body weight was 81.2 £ 20.1 kg, BMI 28.2 £ 5.9, muscle
area 141.8 £ 37.7 cm?, and muscle density 39.9 + 9.9 HU. The
baseline prevalence of sarcopenia and myosteatosis was 36.5%
and 30.7%, respectively.

Follow-up body weight and CT imaging were obtained at
a mean of 15.0 £ 3.8 mo after baseline. At follow-up, body
weight, BMI, and muscle density decreased when compared with
baseline, and the magnitude of the difference varied by patient sex
(Supplemental Table 2). The percentage of variance of change
in body weight explained by muscle area and muscle density was
29.6% (P < 0.001) and 7.2% (P < 0.001), respectively; patient
sex modified the proportion of variance explained by muscle area
(Figure 1A) (P < 0.001) but not muscle density (Figure 1B)
(P =0.69).

At follow-up, 1026 (53.3%) patients were classified as weight
stable. In a multivariable-adjusted logistic regression model,

patients classified as weight stable were more likely to be older
(OR per 5-y increase: 1.07; 95% CI: 1.02, 1.13), less likely to
receive chemotherapy (OR: 0.69; 95% CI: 0.55, 0.86), less likely
to be a former (OR: 0.74; 95% CI: 0.60, 0.91) or current (OR:
0.72; 95% CI: 0.54, 0.98) smoker, and more likely to have a
higher baseline muscle area (OR per 10 cm? increase: 1.10; 95%
CI: 1.04, 1.16) and muscle radiodensity (OR per 10-HU increase:
1.23;95% CI: 1.08, 1.41).

Among weight-stable patients, incident sarcopenia and
myosteatosis occurred in 8.5% (95% CIL: 6.3%, 10.6%) and
13.5% (95% CI: 11.1%, 15.9%), respectively. Among weight-
stable patients, the resolution of prevalent sarcopenia and
myosteatosis occurred in 20.0% (95% CI: 15.9%, 24.2%) and
17.1% (95% CI:. 12.7%, 21.4%), respectively. In sensitivity
analyses, results were similar when body weight stability was
defined as a change from —2.0% to +2.0%, from baseline to
follow-up.

Men were significantly more likely to be weight stable than
were women (56.7% compared with 49.9%; P = 0.04). In a
multivariable-adjusted logistic regression model, weight-stable
men were more likely to be of Hispanic ethnicity (OR: 2.00;
95% CI: 1.31, 3.06), less likely to receive chemotherapy (OR:
0.65;95% CI: 0.48, 0.90), less likely to have >3 comorbid health
conditions (OR: 0.59; 95% CI: 0.35, 0.98), and more likely to
have a higher baseline muscle area (OR per 10-cm? increase:
1.11; 95% CI: 1.04, 1.19). In a multivariable-adjusted logistic
regression model, weight-stable women were more likely to be
older (OR per 5-y increase: 1.09; 95% CI: 1.01, 1.18), less
likely to receive chemotherapy (OR: 0.72; 95% CI: 0.53, 0.99) or
radiation (OR: 0.54; 95% CI: 0.32, 0.91), to be a former smoker
(OR: 0.61; 95% CI: 0.45, 0.81), and more likely to have a higher
baseline muscle radiodensity (OR per 10-HU increase: 1.35; 95%
CI: 1.12, 1.62).

Weight-stable men were less likely to develop incident
sarcopenia (5.4% compared with 154%; P = 0.003)



1486 Brown et al.
1.0 1.0
A B
0
2 0.87 8 0.87
2 ®
Q 2
£ 3
] >
€ 06 2 064
S B
o [
3 °
£ 2
S 0.4 ‘s 0.4
] z
3 2
[=] Qo
i 027 E 0.2 —\_/
0.0 0.0-

T T T T T T T
20 15 10 -5 0 5 10 15 20
Change in Body Weight, %

0.8
0.6

0.4

0.21

Probability of Resolution of Prevalent Sarcopenia

0.0
T T T T

T T T T T
20 15 -10 -5 0 5 10 15 20
Change in Body Weight, %

T T T T T T T T T
20 15 -10 -5 0 5 10 15 20
Change in Body Weight, %

0.8

0.6

0.4

0.2

/

Probability of Resolution of Prevalent Myosteatosis

0.0
T T T T T

T T T T
20 15 -10 -5 0 5 10 15 20
Change in Body Weight, %

FIGURE 2 Multivariable-adjusted association of change in body weight with probability of developing sarcopenia during follow-up among patients without
sarcopenia at baseline (A); developing myosteatosis at follow-up among patients without myosteatosis at baseline (B); resolution of sarcopenia at follow-up
among patients with sarcopenia at baseline (C); and resolution of myosteatosis at follow-up among patients with myosteatosis at baseline (D), among men
(navy blue) and women (magenta). Weight-stable men (n = 548) were less likely to develop incident sarcopenia (5.4% compared with 15.4%; P = 0.003) and
myosteatosis (9.3% compared with 20.8%; P = 0.001) than were weight-stable women (n = 478). Weight-stable men (n = 548) were more likely to experience
resolution of prevalent sarcopenia (34.6% compared with 11.7%; P < 0.001) but not resolution of prevalent myosteatosis (17.7% compared with 15.7%; P =
0.72) than were weight-stable women (n = 478). Solid lines represent point estimates and shaded areas represent the corresponding 95% Cls estimated from a

multivariable-adjusted logistic regression model.

(Figure 2A) and myosteatosis (9.3% compared with 20.8%;
P = 0.001) (Figure 2B) than were weight-stable women.
Weight-stable men were more likely to experience resolution
of prevalent sarcopenia (34.6% compared with 11.7%; P <
0.001) (Figure 2C) but not resolution of prevalent myosteatosis
(17.7% compared with 15.7%; P = 0.72) (Figure 2D) than were
weight-stable women.

Patients were observed for a mean of 5.4 4= 2.4y, during which
519 deaths attributable to all causes were observed. Among all
patients, the development of incident sarcopenia (HR: 1.40; 95%
CI: 1.02, 1.91) (Figure 3A) and of myosteatosis (HR: 1.41; 95%
CI: 1.05, 1.90) (Figure 3B) were associated with a higher risk of
death independently of change in body weight. The resolution of
prevalent sarcopenia (HR: 0.86; 95% CI: 0.61, 1.21) (Figure 3C)
and of myosteatosis (HR: 0.74; 95% CI: 0.51, 1.07) (Figure 3D)
were not associated with the risk of death independently of

change in body weight. Weight change did not modify the relation
of incident sarcopenia (P = 0.77) or myosteatosis (P = 0.63)
with death, nor the resolution of prevalent sarcopenia (P = 0.23)
or myosteatosis (P = (0.75) with death. The joint development
of incident sarcopenia and myosteatosis was not multiplicatively
associated with death (P = 0.95) nor was the joint resolution
of prevalent sarcopenia and myosteatosis (P = 0.64). Patient
sex did not modify the relation of incident sarcopenia (P =
0.26) and myosteatosis (P = 0.15), nor resolution of prevalent
sarcopenia (P = 0.89) or myosteatosis (P = 0.84), with
death.

Sensitivity analysis demonstrated that an unmeasured or
uncontrolled confounder must have a minimum HR of 1.85
to explain away the observed association of sarcopenia or
myosteatosis with death. Results were similar in analyses of CRC
death (Supplemental Figure 2).
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higher risk of death independently of change in body weight. The resolution of prevalent sarcopenia (HR: 0.86; 95% CI: 0.61, 1.21) and of myosteatosis (HR:
0.74; 95% CI: 0.51, 1.07) were not associated with the risk of death independently of change in body weight. Solid lines represent point estimates and shaded
areas represent the corresponding 95% Cls estimated from a flexible parametric proportional hazards survival model.

Discussion

In a population-based sample of 1921 patients with stage I-
IIT CRC who survived a median of 15 mo after diagnosis, body
weight stability masked dynamic changes in skeletal muscle.
Despite body weight stability, 1 in 8 and 1 in 7 patients developed
incident sarcopenia and myosteatosis, respectively. Compared
with men, women were particularly vulnerable to experience
skeletal muscle depletion; 1 in 5 women with body weight
stability developed incident sarcopenia or myosteatosis during
the follow-up period. Our findings highlight that the development
of incident skeletal muscle depletion was associated with overall
survival independently of change in body weight. In all patients,
the development of incident sarcopenia and of myosteatosis were
independently associated with a 40% higher RR of death; the
absolute difference in the risk of death at 10 y was ~8.5%.

These results may have implications for clinical care. Body
weight remains an important and easily measured vital sign.

Involuntary weight loss is associated with poor overall survival in
patients with various types and stages of cancer (3, 4). However,
emerging data suggest that skeletal muscle depletion is also
associated with clinical outcome. In 2 meta-analyses, sarcopenia
and myosteatosis at the time of cancer diagnosis were associated
with 40% and 75% higher RRs of death, respectively (33, 34).
Our study extends these prior findings by demonstrating that the
development of incident sarcopenia and myosteatosis after cancer
diagnosis is associated with poor overall survival. Moreover,
skeletal muscle depletion is associated with treatment-related
toxicity, declines in physical functioning, and poorer quality of
life (13).

These results may have implications for clinical research.
Cancer cachexia is a multifactorial syndrome defined by an
ongoing loss of skeletal muscle mass, with or without the loss of
fat mass, that cannot be fully reversed by conventional nutritional
support and leads to progressive functional impairment (2). The
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current diagnostic criterion for cachexia is body weight loss
>5% (or body weight loss >2% in patients with BMI <20)
or sarcopenia (2). Our results demonstrate that in some, but
not all cases, weight loss may not be an adequate surrogate
measure of skeletal muscle depletion. This is of regulatory
importance because randomized clinical trial programs testing
therapeutic agents for cancer cachexia have used weight loss as
an eligibility criterion in patients with stage III and IV cancer
(35). Our observation that body weight stability masks clinically
meaningful changes in skeletal muscle may be useful to refine
eligibility criteria of future therapeutic trials for cachexia in order
to identify patients who may benefit from anabolic intervention
before the onset of weight loss (36, 37).

In our cohort, women with stable body weight were more
likely to develop sarcopenia and myosteatosis than were weight-
stable men. In the study that validated the thresholds that we
used to define sarcopenia and myosteatosis, sarcopenia, but
not myosteatosis, was more common among women than men
(53% compared with 31%; P < 0.001) (26). The reasons for
this dimorphism have not been completely elucidated. Men
and women have distinct muscle fiber characteristics, hormonal
actions, and mitochondrial differences that may collectively
explain the increased susceptibility of women to developing
sarcopenia and myosteatosis (38). In our cohort, the prognostic
association of incident sarcopenia or myosteatosis with death did
not differ by patient sex. Although the susceptibility to sarcopenia
and myosteatosis may differ between men and women, the
clinical consequence of these syndromes (e.g., risk of death) is
similar between the sexes.

There are several limitations to this study. This retrospective
cohort study used clinically acquired data. We did not have
information on patient behaviors that may have influenced
body weight and body composition, such as dietary patterns,
supplement consumption, or participation in specific physical
activities such as weightlifting exercise. We were unable to
differentiate intentional and unintentional weight changes. Body
composition was measured at the third lumbar vertebra. Although
this region is correlated with whole-body muscle volume (20,
21), anatomic differences in the distribution of muscle mass
between men and women may influence our findings. The extent
to which changes in the third lumbar vertebra reflect change in
whole-body skeletal muscle has not been explored. We lacked
measures of body weight or body composition before the cancer
diagnosis; therefore, we cannot rule out the possibility that some
patients experienced tumor-induced changes in body weight
and composition. To be included in our analysis, patients were
required to have repeat CT imaging, which is indicated for
patients with a higher risk of disease recurrence (39). Body
weight and composition were measured at 2 time points, thus we
could not explore the role of weight cycling trajectories over time.

There are several strengths of this study, including the large
population-based sample. Body mass and body composition
were measured objectively, and body composition was quantified
using gold-standard CT imaging (40). The time interval between
baseline and follow-up measures was of sufficient duration to
allow stabilization of acute treatment-related alterations in body
weight (41).

In conclusion, body weight stability masks clinically mean-
ingful change in skeletal muscle. The measurement of body
composition measures using clinically acquired CT images may

Brown et al.

provide a useful vital sign to identify patients at risk of poor
outcome and inform the design of therapeutic trials for cancer
cachexia.
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