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Abstract

Background Palliative systemic treatment in patients with advanced or metastatic esophagogastric cancer may result in im-
proved overall survival and quality of life but can also lead to considerable toxicity. In various cancer types, severe muscle mass
depletion (sarcopenia) and poor muscle strength are associated with decreased survival and increased chemotherapy-related
toxicity. The aim of this study is to determine the impact of body composition on survival and chemotherapy toxicity in
esophagogastric cancer patients treated with first-line palliative chemotherapy.
Methods A total of 88 patients with advanced esophagogastric cancer treated with standard first-line palliative systemic
therapy consisting of capecitabine and oxaliplatin (CapOx) between January 2010 and February 2017 were included. Skeletal
muscle index (SMI), reflecting muscle mass, and skeletal muscle density (SMD), associated with muscle strength, were mea-
sured using pre-treatment of all patients and evaluation computed tomography scans after three treatment cycles of 65 pa-
tients and were used to determine sarcopenia and sarcopenic obesity (i.e. sarcopenia and body mass index >25 kg/m2). The
associations between body composition (SMI, SMD, sarcopenia, and sarcopenic obesity) and survival and toxicity were
assessed using univariable and multivariable Cox and logistic regression analyses, respectively.
Results Of 88 patients, 75% was male, and median age was 63 (interquartile range 56–69) years. The majority of patients
had an adenocarcinoma (83%). Before start of treatment, 49% of the patients were sarcopenic, and 20% had sarcopenic obe-
sity. Low SMD was observed in 50% of patients. During three cycles CapOx, SMI significantly decreased, with a median de-
crease of 4% (interquartile range �8.6–�0.4). Median progression-free and overall survival were 6.9 and 10.1 months. SMI,
SMD, sarcopenia, and sarcopenic obesity (both pre-treatment and after three cycles) were neither associated with
progression-free nor overall survival. Pre-treatment SMD was independently associated with grade 3–4 toxicity (odds ratio
0.94; 95% confidence interval 0.89–1.00) and sarcopenic obesity with grade 2–4 neuropathy (odds ratio 3.82; 95% confidence
interval 1.20–12.18).
Conclusions Sarcopenia was not associated with survival or treatment-related toxicity in advanced esophagogastric cancer
patients treated with CapOx. Pre-treatment sarcopenic obesity was independently associated with the occurrence of grade
2–4 neurotoxicity and skeletal muscle density with grade 3–4 toxicity.
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Introduction

Esophagogastric cancer is often diagnosed when curative
treatment options are not available.1,2 Palliative chemo-
therapy is considered standard treatment because it can
improve survival and quality of life in incurable eso-
phagogastric cancer patients.3,4 Currently, doublet therapy
with a fluoropyrimidine and platinum compound is recom-
mended as first-line palliative chemotherapy, providing a
survival benefit of several months.5,6 Unfortunately, chemo-
therapy often causes toxicity, which may result in dose re-
ductions, suspension, and discontinuation of chemotherapy
and can thereby compromise treatment efficacy. Excess
toxicity may also lead to a reduction in quality of life.
The identification of patient or tumour characteristics that
are related to toxicity and survival has the potential to im-
prove quality of care by enabling more individually aligned
treatment plans.

A characteristic of increasing interest is the loss of
skeletal muscle mass. In various cancer types, the deple-
tion of skeletal muscle mass (sarcopenia) is associated
with decreased survival and increased risk of complica-
tions after surgery and systemic treatment-related
toxicity.7–10 Muscle mass can be easily determined by as-
sessment of skeletal muscle index (SMI) using computed
tomography (CT) scans that are routinely acquired for
pre-treatment staging and treatment evaluation. Further-
more, muscle strength or quality is associated with
skeletal muscle density (SMD), which can be measured
then as well.11–14

Previous studies in esophagogastric cancer patients dur-
ing curative treatment found that sarcopenia was associ-
ated with increased chemoradiotherapy-related toxicity,
increased post-operative complications, and decreased sur-
vival rates.15–20 Furthermore, during neoadjuvant treat-
ment, sarcopenic obesity has been associated with higher
risk of dose reductions.21 However, studies investigating
the association between muscle mass and outcome in
the palliative setting are limited. Only one study investi-
gated SMD in a small study population in gastric cancer
patients and found that low SMD is associated with poor
survival.11 No studies in the palliative have investigated
the association between muscle mass depletion and toxic-
ity. Investigating the relation between muscle mass loss
and outcome in advanced esophagogastric cancer patients
seems relevant because weight loss is common during pal-
liative treatment (due to cancer-related cachexia and dys-
phagia resulting in malnutrition), which could lead to the
loss of skeletal muscle mass.22,23

The aim of our study was to explore associations between
skeletal muscle mass and density, sarcopenia and sarcopenic
obesity, and survival and chemotherapy toxicity in
esophagogastric cancer patients treated with first-line pallia-
tive chemotherapy.

Material and methods

Study population

Between January 2010 and July 2017, all patients in the Aca-
demic Medical Center with incurable esophageal, gastro-
esophageal junction, or gastric cancer that received at least
one cycle of standard first-line palliative systemic therapy
consisting of capecitabine and oxaliplatin (CapOx) were in-
cluded in the study (n = 118). Patients that did not have a
CT scan or a positron emission tomography-CT scan contain-
ing images of the third lumbar vertebra within 60 days prior
to start of treatment (n = 25) and patients that had palliative
systemic treatment before a scan was made (n = 5) were ex-
cluded. A total of 88 patients with at least one useful CT scan
were ultimately included, of which 65 had a second (evalua-
tion) CT scan performed after three (n = 60) or two (n = 5)
cycles of chemotherapy (Figure 1).

Treatment

Standard first-line palliative systemic therapy consisted of the
fluoropyrimidine capecitabine (1000 mg/m2, taken orally two
times a day from Days 1–14) and platinum compound
oxaliplatin (130 mg/m2, administered intravenously on Day 1)
in a three weekly cycle, with a maximum of six successive cy-
cles followed by capecitabine monotherapy. Optionally,
oxaliplatin could be reintroduced in case of progressive disease
during capecitabine monotherapy. Treatment was discon-
tinued in case of disease progression, inacceptable toxicity,
or on patient’s request. Toxicity was assessed using the Com-
mon Terminology Criteria for Adverse Events (version 4.03)
by recording the highest Common Terminology Criteria for

Figure 1 Flowchart displaying patient selection. CT, computed
tomography.
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Adverse Events grade of each adverse event throughout all cy-
cles of first-line treatment.24 Survival was calculated from the
day metastatic disease was histologically confirmed or, if not
available, diagnosed by imaging (n = 2), to date of death
(overall survival), date of radiological progression according
to Response Evaluation Criteria in Solid Tumors, clinical pro-
gression on CapOx or capecitabine monotherapy (progres-
sion-free survival; PFS), and lost-to-follow-up or end of
follow-up (19 March 2018).

Skeletal muscle index and skeletal muscle density
assessment

Pre-treatment CT scans (CT 1) and evaluation CT scans after
the second or third treatment cycle (CT 2) with administration
of intravenous contrast were assessed for body composition.
According to the CT protocol in our centre, patients were
scanned in the late portal venous phase, as routinely per-
formed in cancer patients, with a tube voltage of 120 kV, reg-
ularly used in contrast-enhanced scans. The medical imaging
software Slice-O-Matic® (version 5.0; Tomovision, Montreal,
Quebec, Canada) was used to identify and demarcate the
skeletal muscle compartments at the L3 level using pre-
determined cut-off points for Hounsfield units (HU) (�29 to
+150).8,14,25 Using two single-slice axial images, the average
surface areas of the psoas muscles, abdominal wall muscles,
and paraspinal muscles, in which transverse and spinous pro-
cesses were visible, were used to determine muscle area. CT
scans were analysed by a trained investigator (M. P.). SMI
(cm2/m2) was determined by normalizing the obtained muscle
area (cm2) for squared body height (m2). SMD was expressed
as mean HU-value of the skeletal muscle cross sectional areas.

We used specific cut-off values for SMI and SMD that are
correlated with reduced survival in a large cohort consisting
of patients with solid tumours, taking into account BMI and
sex as defined by Martin et al.8 Sarcopenia was defined as
SMI <43 cm2/m2 in male patients with BMI <25 kg/m2 and
SMI <53 cm2/m2 if BMI >25 kg/m2; in female patients,
sarcopenia was set at SMI <41 kg/m2 irrespective of BMI.
Cut-off values for SMD were < 41 HU in non-overweight pa-
tients (BMI <25 kg/m2) and <33 HU if BMI >25 kg/m2 for
both sexes. Sarcopenic obesity was defined as sarcopenia
combined with overweight or obesity (BMI >25 kg/m2).

Statistical analysis

Patient and tumour characteristics are presented as mean
with standard deviation, median with interquartile range
(IQR), or counts and percentages. SMI and SMD of CT 1 and
CT 2 were compared using the paired t-test orWilcoxon signed
rank test, whichever was appropriate. Correlations between
continuous variables were determined using Pearson’s

correlation coefficient in case of normally distributed data
and Spearman in non-normally distributed data. The associa-
tion of SMI and SMD with survival, toxicity, and response on
chemotherapy was tested using Cox proportional hazard and
logistic regression, respectively. Variables were added as con-
founders to multivariable regression analyses if the
association/correlation of the variable with both the determi-
nant and the outcome had a P value lower than 0.2.

For all other analyses, a P value lower than 0.05 was
regarded as statistically significant. Statistical analyses were
performed with IBM SPSS Statistics for Windows (Version
24.0 IBM Corp. Armonk, NY, USA).

Results

Patient characteristics

Characteristics of the 88 included patients are displayed in
Table 1. Seventy-five percent of the patients were male,

Table 1. Patient characteristics and body composition

All patients
(n = 88)

Baseline characteristics
Men—no (%) 66 (75.0%)
Age in years—median (IQR) 63.0 (56–69)
Tumour location—no (%)
Oesophagus 47 (53.4%)
Gastro-esophageal junction 25 (28.4%)
Stomach 16 (18.2%)

Histology—no (%)
Adenocarcinoma 73 (83.0%)
Squamous cell carcinoma 15 (17.0%)

WHO performance status—no (%)
0 or 1 78 (88.6%)
≥2 10 (11.4%)

Reported weight loss before start of treatment
—no (%)
<8% 49 (55.7%)
≥8% 38 (43.2%)
Unknown 1 (1.1%)
Prior curative treatment—no (%) 40 (45.5%)

Metastatic dissemination—no (%)
Only lymphatic 29 (33.0%)
Hematogenous 59 (67.0%)

Number of metastatic sites—no (%)
0 or 1 37 (42.0%)
≥2 51 (58.0%)

Treatment and toxicity
Days between CT 1 and start of CapOx—

median (IQR)
18 (7.3–29.0%)

Days between CT 1 and CT 2—median (IQR) 79 (66.5–89.0%)
Number of completed CapOx cycles—no (%)
1–3 39 (44.3%)
4–6 40 (45.5%)
>6 9 (10.2%)
Capecitabine monotherapy—no (%) 37 (42.0%)
Toxicity grade 3 or 4—no (%) 32 (36.4%)
Neuropathy grade 2–4—no (%) 18 (20.5%)
Hematologic toxicity grade 3–4—no (%) 21 (23.9%)
Dose reduction or delay—no (%) 56 (63.3%)

CapOx, capecitabine/oxaliplatin; IQR, interquartile range.
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and median age at diagnosis of metastatic disease was
62.2 years (IQR 56–69). The majority of the patients had an
adenocarcinoma (83% vs. 17% squamous cell carcinoma),
and 47 (53%) of the tumours were localized in the oesopha-
gus, 25 (28%) around the gastro-esophageal junction, and
16 (18%) in the stomach, respectively. A total of 143 (93%)
scans were performed in our centre; all scans were assessed
by expert radiologists from our centre. Median time between
the baseline CT (CT 1) and start of the first CapOx cycle was
18 days (IQR 7.5–32).

The majority of the patients had one to three (n = 39, 44%)
or four to six cycles (n = 40, 46%) of CapOx, and 42% of the
patients continued with capecitabine monotherapy after
CapOx. In 56 patients (63%), doses of capecitabine and/or
oxaliplatin were reduced or postponed due to toxicity.
Thirty-two patients (36%) had grade 3–4 toxicity (including
hematologic toxicity); 18 patients (21%) experienced periph-
eral sensory neuropathy grade 2 or higher.

Body composition

Table 2 shows SMI, SMD, BMI, and the number of sarcopenic
and sarcopenic obese patients in CT 1 and CT 2 for all pa-
tients, men and women. Mean pre-treatment SMI was
46.9 cm2/m2 for all patients, and 48.0 and 38.4 cm2/m2 for
male and female patients, respectively, which differed signif-
icantly (P< 0.001; Table 2). Mean pre-treatment SMD for the
entire group was 37.8 HU and did not differ between men
and women in CT 1 (P = 0.265). Fifty percent of all patients
had a SMD below cut-off value (Table 2), reflecting poor qual-
ity of muscle tissue. Nearly half of the patients had
sarcopenia before start of treatment (48.9%), and 19.7%
had sarcopenic obesity.

Skeletal muscle index was significantly lower on the sec-
ond CT scan in the whole group and for male and female pa-
tients independently (P < 0.001, P < 0.001, and P = 0.011,
respectively), with a median difference of �4.0% (IQR
�8.6–�0.4%) for all patients. SMD and BMI were compara-
ble in CT 1 and CT 2 (P = 0.840 and P = 0.122, respectively).
The proportion of patients with sarcopenia increased over
time (CT 1 49% vs. CT 2 55%) in all patients (Table 2). The
amount of sarcopenic obese patients increased from 19% in
CT 1 to 22% in CT 2 (P < 0.001).

Survival

One patient was excluded for survival analyses because
trastuzumab was added to CapOx after the third treatment
cycle. Median progression-free survival of remaining patients
(n = 87) was 6.9 months (IQR 3.7–10.3), and overall survival
was 10.1 months (IQR 5.0–16.1). Ta
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In both univariable and multivariable regression analyses,
SMI and SMD (pre-treatment and after three cycles) were
not independently associated with progression-free or overall
survival. Sarcopenia in CT 2 was significantly associated with
progression-free survival in univariable analysis [hazard ratio
0.56; 95% confidence interval (CI) 0.33–0.95] but not in mul-
tivariable analysis. Sarcopenia (pre-treatment), sarcopenic
obesity, low SMD, and BMI did not impact PFS and overall
survival, neither did the difference in SMI (ΔSMI), SMD
(ΔSMD), or BMI (ΔBMI) between CT 2 and CT 1 (Table 3).

Toxicity

Univariable and multivariable logistic regression analyses for
grade 3–4 toxicity and grade 2–4 peripheral sensory neurop-
athy are presented in Table 4.

Pre-treatment SMD (CT 1) was associated with the occur-
rence of grade 3–4 toxicity [odds ratio (OR) 0.94; 95% CI
0.89–1.00] in both univariable and multivariable logistic re-
gression analyses, and sarcopenic obesity (CT 1) with grade
2 or more peripheral sensory neuropathy (OR 3.82; 95% CI
1.20–12.18). All other parameters were not independently
related to (neuro)toxicity.

Discussion

In this first study exploring skeletal muscle features of incur-
able esophagogastric cancer patients treated with first-line
palliative systemic therapy with CapOx, sarcopenia and low
muscle density were observed in (nearly) half of our patients

(48.9% and 50.0%, respectively). SMI, SMD, sarcopenia,
sarcopenic obesity, or BMI (pre-treatment and after three cy-
cles of CapOx) and change in SMI were not related to
progression-free or overall survival, whereas a higher SMD
was independently associated with a lower risk of grade
3–4 toxicity. Sarcopenic obesity was significantly related with
neuropathy.

Although several studies in lung cancer, gastrointestinal
cancer, and lymphoma patients, both pre-treatment
SMI7,8,26 and SMD8,11,27–30 were associated with overall sur-
vival. We did not observe this association, either due to lim-
ited power of our study or the relatively large number of
overweight patients in our population with baseline
sarcopenia [17 of 43 (39.5%); Table 2] that could have been
a protective factor for survival, a phenomenon that is re-
ferred to as the obesity paradox.8,31 Other causes of the spe-
cifics of esophagogastric cancer patients have to be identified
in future studies. In addition, the difference in skeletal muscle
mass index pre-treatment and after three cycles of CapOx
(ΔSMI) was not associated with survival, in contrast to earlier
findings in metastatic colorectal patients who received first-
line treatment with CapOx.30 However, ΔSMI tended towards
statistical significance in multivariable analysis for PFS (hazard
ratio 0.94; 95% CI 0.86–1.02), indicating increase of muscle
mass could prolong PFS. Possibly, either the limited time be-
tween the two CT scans and duration of treatment or the
small group of patients resulted in these differences in
outcome.

A decrease in SMD was independently associated with a
higher chance of grade 3 or 4 toxicity. SMD is associated with
strength or quality of muscle mass: a lower SMD is related to
fat infiltration in muscles or myosteatosis, which is a

Table 3. Univariable and multivariable Cox regression analysis

Progression-free survival Overall survival

Univariable analysis Multivariable analysisa Univariable analysis Multivariable analysisb

HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value

SMI CT 1, cm2/m2 1.01 0.99–1.03 0.243 0.99 0.97–1.02 0.647 1.02 0.99–1.04 0.231 0.99 0.97–1.02 0.588
SMI CT 2, cm2/m2 1.02 1.00–1.04 0.060 1.00 0.97–1.04 0.900 1.03 1.00–1.05 0.049 1.00 0.97–1.03 0.862
ΔSMI, cm2/m2 1.02 0.94–1.11 0.601 0.94 0.86–1.02 0.116 0.97 0.90–1.05 0.544 0.97 0.88–1.06 0.481
Sarcopenia CT 1 0.72 0.47–1.11 0.136 0.78 0.47–1.30 0.343 0.70 0.44–1.10 0.123 0.94 0.59–1.50 0.787
Sarcopenia CT 2 0.56 0.33–0.95 0.031 0.76 0.41–1.41 0.385 0.53 0.30–0.91 0.022 0.88 0.47–1.64 0.686
Sarcopenic obesity CT 1 0.90 0.52–1.56 0.703 0.61 0.32–1.16 0.133 0.79 0.45–1.40 0.424 0.88 0.50–1.54 0.656
Sarcopenic obesity CT 2 0.87 0.47–1.62 0.663 0.95 0.49–1.86 0.890 0.98 0.52–1.84 0.940 0.90 0.45–1.79 0.765
SMD CT 1, HU 1.01 0.98–1.03 0.562 1.01 0.98–1.04 0.588 1.00 0.98–1.03 0.609 1.00 0.97–1.03 0.754
SMD CT 2, HU 1.01 0.98–1.04 0.540 0.99 0.96–1.02 0.528 1.00 0.98–1.03 0.765 0.98 0.95–1.01 0.255
ΔSMD, HU 1.02 0.99–1.06 0.213 0.98 0.94–1.01 0.198 1.00 0.97–1.04 0.852 1.00 0.96–1.04 0.839
Low SMD CT 1 1.04 0.68–1.61 0.850 1.05 0.64–1.73 0.835 0.94 0.60–1.47 0.789 1.40 0.85–2.31 0.193
BMI CT 1, kg/m2 0.99 0.95–1.04 0.719 0.95 0.90–1.01 0.100 0.99 0.95–1.04 0.809 0.97 0.92–1.02 0.181
BMI CT 2, kg/m2 1.01 0.95–1.06 0.828 1.00 0.94–1.07 0.862 1.03 0.98–1.10 0.237 0.98 0.92–1.04 0.417
ΔBMI, kg/m2 0.93 0.73–1.17 0.533 0.84 0.64–1.10 0.205 0.91 0.70–1.17 0.460 0.86 0.67–1.09 0.204
Overweight (BMI ≥25 kg/m2) 1.03 0.65–1.64 0.890 0.84 0.50–1.42 0.513 1.03 0.64–1.67 0.895 0.96 0.60–1.55 0.868

BMI, body mass index; CI, confidence interval; CT, computed tomography; HR, hazard ratio; HU, Houndsfield units; SMD, skeletal muscle
density; SMI, skeletal muscle index. Confounders multivariable analyses.
aSex, age, WHO performance status ≥2, number of metastatic sites ≥2.
bSex, age, WHO performance status ≥2, number of metastatic sites ≥2, hematogenous metastatic dissemination.
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pathological condition.9,27,32,33 Myosteatosis is hypothesized
to be a preliminary state for sarcopenia and therefore a more
accurate representative of muscle function than the SMI.27

Half of our patients had a pre-treatment SMD that was be-
yond cut-off values, which is in line with the 58.5% of low
SMD in the study with metastatic gastric cancer patients in
which the same cut-off values of Martin et al. were used.11

Patients with sarcopenic obesity had greater risk of grade
2–4 peripheral sensory neuropathy (OR 3.82; 95% CI 1.20–
12.18). A possible explanation is that oxaliplatin is a lipophilic
agent and accumulates in the fat tissue compartments. In pa-
tients with excess fat, this may result in longer exposure to
the drug that could lead to increased risk of neuropathy in
sarcopenic obesity patients.34,35 Currently, dosing chemo-
therapy is performed base on body surface area, which is
based on a patient’s height and weight and used as an index
for chemotherapy dosing, without taken body composition
into account. This could result in overdosing in patients with
sarcopenic obesity because of their high body surface area
and decreased muscle mass, as reported in previous
studies.10,20,34,36

In our study, we found that BMI did not differ between CT
1 and CT 2 although muscle mass decreased significantly,
which supports earlier findings stating that muscle mass is
not necessarily associated with BMI and that loss of muscle
mass could be accompanied by growth of adipose tissue.13,35

Accordingly, there were significantly more patients with
sarcopenia and sarcopenic obesity at the time of the evalua-
tion CT scan than at the pre-treatment scan. Given the ob-
served relation with sarcopenic obesity and neurotoxicity
and SMD and toxicity grade 2–4, interventions to prevent de-
crease of SMI and SMD during palliative systemic treatment
could prevent toxicity. Given the complex pathologic process

of cachexia and sarcopenia and according to increasing evi-
dence, these interventions should ideally be multimodal and
at least consist of nutritional support, physical exercise per-
haps combined with pharmacological interventions. This
could prevent (pre) cachectic patients from developing re-
fractory cachexia, a stage of cancer cachexia associated with
progressive cancer not responding to anticancer treatment,
low performance status, and short life expectancy.23,37 In
our study, we observed a median decrease of 4% in SMI
and an increase of sarcopenic (obese) patients after only
three cycles of chemotherapy, stressing the urgency that
these preventive measures need to be applied in an early
stage of treatment.

We are aware of several limitations in our study. Firstly,
our study comprised a limited number of patients; neverthe-
less, it is the largest cohort esophagogastric cancer patients
treated with palliative systemic therapy in which these analy-
ses are performed. Secondly, patients without available CT
scans were excluded from the analysis, which could lead to
a possible selection bias created due to exclusion of patients
without available CT scans. Furthermore, sample size was too
small to perform subanalyses between sarcopenic patients
with overweight and obesity, because obese sarcopenic pa-
tients may have a worse survival.38 Moreover, we could not
determine the relation between skeletal muscle features
and quality of life, clinical outcomes, or muscle function or
strength because these data were not prospectively collected
in our study. In metastatic lung cancer patients treated with
first-line systemic therapy, clinical outcomes and global
quality of life were positively associated with skeletal muscle
features.39 This deserves further study in esophagogastric
cancer patients. Lastly, approximately 7% of included CT
scans were not performed in our centre. Although in all CT

Table 4. Univariable and multivariable logistic regression analysis.

Toxicity grade 3 or 4 Peripheral sensory neuropathy grade ≥ 2

Univariable analysis Multivariable analysisa Univariable analysisb

OR 95% CI P value OR 95% CI P value OR 95% CI P value

SMI CT 1, cm2/m2 1.01 0.97–1.06 0.600 1.00 0.96–1.06 0.734 0.99 0.93–1.05 0.645
SMI CT 2, cm2/m2 1.00 0.95–1.06 0.930 1.00 0.95–1.05 0.924 0.97 0.91–1.04 0.376
ΔSMI, cm2/m2 0.96 0.83–1.10 0.521 0.97 0.84–1.11 0.633 0.98 0.84–1.14 0.784
Sarcopenia CT 1 0.88 0.37–2.11 0.778 0.87 0.36–2.11 0.764 1.87 0.65–5.38 0.248
Sarcopenia CT 2 1.59 0.57–4.44 0.379 1.48 0.52–4.23 0.462 0.75 0.24–2.32 0.618
Sarcopenic obesity CT 1 1.29 0.44–3.80 0.647 1.19 0.39–3.60 0.760 3.82 1.20–12.18 0.024
Sarcopenic obesity CT 2 0.94 0.27–3.21 0.916 0.91 0.26–3.22 0.886 1.30 0.35–4.91 0.699
SMD CT 1, HU 0.94 0.89–0.99 0.019 0.94 0.89–1.00 0.037 1.02 0.97–1.09 0.435
SMD CT 2, HU 0.95 0.89–1.00 0.080 0.95 0.90–1.01 0.109 1.07 0.99–1.14 0.074
ΔSMD, HU 0.99 0.93–1.05 0.724 0.99 0.93–1.06 0.741 0.98 0.91–1.04 0.464
Low SMD CT1 1.81 0.75–4.37 0.186 1.75 0.72–4.28 0.219 0.57 0.20–1.63 0.294
BMI CT 1, kg/m2 1.06 0.96–1.17 0.243 1.04 0.95–1.15 0.403 0.97 0.86–1.10 0.675
BMI CT 2, kg/m2 1.03 0.92–1.15 0.611 1.03 0.92–1.15 0.649 0.85 0.71–1.03 0.099
ΔBMI, kg/m2 0.80 0.52–1.22 0.306 0.88 0.56–1.38 0.567 1.03 0.64–1.65 0.902
Overweight (BMI ≥25 kg/m2) 1.11 0.44–2.78 0.830 0.87 0.33–2.35 0.790 1.87 0.65–5.39 0.249

BMI, body mass index; CI, confidence interval; CT, computed tomography; HU, Houndsfield units; OR, odds ratio; SMD, skeletal muscle
density; SMI, skeletal muscle index. Confounders multivariable analyses.
aWHO performance status ≥2.
bThere were no confounders, so only univariable analysis was performed.
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scans intravenous contrast was used, differences in contrast-
enhancement phases and tube voltages might affect calcula-
tions of determinants used in our study.40,41

In conclusion, skeletal muscle mass and density,
sarcopenia, and sarcopenic obesity are not associated with
survival in advanced esophagogastric cancer patients treated
with first-line chemotherapy. However, low SMD is indepen-
dently associated with the occurrence of grade 3–4 toxicities
and sarcopenic obesity with grade 2–4 peripheral sensory
neuropathy. Research focusing on interventions to increase
or prevent decrease of muscle mass index and density and
adjustment of chemotherapy doses to muscle mass could
be valuable in preventing chemotherapy toxicity in these pa-
tients in the future.

Ethical standards

Our study was considered Medical Research Involving Human
Subjects Act (WMO) exempt by the Medical Ethics

Committee of the Amsterdam UMC. Therefore, formal
approval of the Medical Ethics Committee was not necessary.
The authors certify that they comply with the ethical guidelines
for publishing in the Journal of Cachexia, Sarcopenia and
Muscle: update 2017.42

Conflicts of interest

M.G.H.v.O. has received unrestricted research grants from
Bayer, Lilly, Merck Serono, and Roche. H.W.M.v.L. has served
as a consultant for Celgene, Lilly, and Nordic and has received
unrestricted research funding from Bayer, Celgene, Lilly,
Merck Serono, MSD, Nordic, and Roche. The other authors
have nothing to disclose.

References

1. Haj Mohammad N, Bernards N, van Putten
M, Lemmens VEPP, van Oijen MGH, van
Laarhoven HWM. Volume-outcome rela-
tion in palliative systemic treatment of
metastatic oesophagogastric cancer. Eur J
Cancer 2017;78:28–36.

2. Wagner AD, Unverzagt S, Grothe W, Kleber
G, Grothey A, Haerting J, et al. Chemother-
apy for advanced gastric cancer. Cochrane
Database Syst Rev 2010; https://doi.org/
10.1002/14651858.CD004064.pub3.

3. Janmaat VT, Steyerberg EW, van der Gaast
A, Mathijssen RHJ, Bruno MJ,
Peppelenbosch MP, et al. Palliative chemo-
therapy and targeted therapies for esopha-
geal and gastroesophageal junction cancer.
Cochrane Database Syst Rev 2017;2017.

4. Al-Batran SE, Ajani JA. Impact of chemo-
therapy on quality of life in patients with
metastatic esophagogastric cancer. Cancer
2010;116:2511–2518.

5. Cunningham D, Starling N, Rao S, Iveson
T, Nicolson M, Coxon F, et al. Capecita-
bine and oxaliplatin for advanced
esophagogastric cancer. N Engl J Med
2008;358:36–46.

6. Waddell T, Verheij M, Allum W, Cunning-
ham D, Cervantes A, Arnold D. Gastric
cancer: ESMO-ESSO-ESTRO clinical prac-
tice guidelines for diagnosis, treatment
and follow-up. Eur J Surg Oncol
2014;40:584–591.

7. Lanic H, Kraut-Tauzia J, Modzelewski R,
Clatot F, Mareschal S, Picquenot JM, et al.
Sarcopenia is an independent prognostic
factor in elderly patients with diffuse large
B-cell lymphoma treated with
immunochemotherapy. Leuk Lymphoma
2014;55:817–823.

8. Martin L, Birdsell L, MacDonald N, Reiman
T, Clandinin MT, McCargar LJ, et al. Cancer
cachexia in the age of obesity: skeletal
muscle depletion is a powerful prognostic
factor, independent of body mass index. J
Clin Oncol 2013;31:1539–1547.

9. Hopkins JJ, Sawyer MB. A review of body
composition and pharmacokinetics in on-
cology. Expert Rev Clin Pharmacol
2017;2433:1–10.

10. Prado CMM, Baracos VE, McCargar LJ,
Reiman T, Mourtzakis M, Tonkin K, et al.
Sarcopenia as a determinant of chemother-
apy toxicity and time to tumor progression
in metastatic breast cancer patients receiv-
ing capecitabine treatment. Clin Cancer Res
2009;15:2920–2926.

11. Hayashi N, Ando Y, Gyawali B, Shimokata T,
Maeda O, Fukaya M, et al. Low skeletal
muscle density is associated with poor sur-
vival in patients who receive chemother-
apy for metastatic gastric cancer. Oncol
Rep 2016;35:1727–1731.

12. Gibson DJ, Burden ST, Strauss BJ, Todd C,
Lal S. The role of computed tomography
in evaluating body composition and the in-
fluence of reduced muscle mass on clinical
outcome in abdominal malignancy: a sys-
tematic review. Eur J Clin Nutr
2015;69:1079–1086.

13. Mourtzakis M, Prado CMM, Lieffers JR,
Reiman T, McCargar LJ, Baracos VE. A prac-
tical and precise approach to quantification
of body composition in cancer patients
using computed tomography images ac-
quired during routine care. Appl Physiol
Nutr Metab 2008;33:997–1006.

14. Shen W, Punyanitya M, Wang Z, Gallagher
D, St.-Onge M-P, Albu J, et al. Total body

skeletal muscle and adipose tissue vol-
umes: estimation from a single abdominal
cross-sectional image. J Appl Physiol
2004;97:2333–2338.

15. Järvinen T, Ilonen I, Kauppi J, Salo J,
Räsänen J. Loss of skeletal muscle mass
during neoadjuvant treatments correlates
with worse prognosis in esophageal can-
cer: a retrospective cohort study. World J
Surg Oncol 2018;16:17–19.

16. Elliott JA, Doyle SL, Murphy CF, King S,
Guinan EM, Beddy P, et al. Sarcopenia:
prevalence, and impact on operative and
oncologic outcomes in the multimodal
management of locally advanced esopha-
geal cancer. Ann Surg 2017;266:822–830.

17. Zhuang C-L, Huang D-D, Pang W-Y, Zhou C-
J, Wang S-L, Lou N, et al. Sarcopenia is an
independent predictor of severe postoper-
ative complications and long-term survival
after radical gastrectomy for gastric cancer.
Medicine (Baltimore) 2016;95:e3164.

18. Levolger S, Van Vugt JLA, De Bruin RWF,
IJzermans JNM. Systematic review of
sarcopenia in patients operated on for gas-
trointestinal and hepatopancreatobiliary ma-
lignancies. Br J Surg 2015;102:1448–1458.

19. Tamandl D, Paireder M, Asari R, Baltzer PA,
Schoppmann SF, Ba-Ssalamah A. Markers
of sarcopenia quantified by computed to-
mography predict adverse long-term out-
come in patients with resected
oesophageal or gastro-oesophageal junc-
tion cancer. Eur Radiol 2016;26:1359–1367.

20. Antoun S, Borget I, Lanoy E. Impact of
sarcopenia on the prognosis and treatment
toxicities in patients diagnosed with can-
cer. Curr Opin Support Palliat Care
2013;7:383–389.

Body composition in advanced esophagogastric cancer 205

Journal of Cachexia, Sarcopenia and Muscle 2019; 10: 199–206
DOI: 10.1002/jcsm.12371

https://doi.org/10.1002/14651858.CD004064.pub3.
https://doi.org/10.1002/14651858.CD004064.pub3.


21. Anandavadivelan P, Brismar TB, Nilsson M,
Johar AM, Martin L. Sarcopenic obesity: a
probable risk factor for dose limiting toxic-
ity during neo-adjuvant chemotherapy in
oesophageal cancer patients. Clin Nutr
2016;35:724–730.

22. Mak M, Bell K, Ng W, Lee M. Nutritional
status, management and clinical outcomes
in patients with esophageal and gastro-
oesophageal cancers: a descriptive study.
Nutr Diet 2017;74:229–235.

23. Fearon K, Strasser F, Anker SD, Bosaeus I,
Bruera E, Fainsinger RL, et al. Definition
and classification of cancer cachexia: an in-
ternational consensus. Lancet Oncol
2011;12:489–495.

24. National Institute of Cancer. Common Ter-
minology Criteria for Adverse Events
(CTCAE). NIH Publication 2010 https://doi.
org/10.1080/
00140139.2010.489653.;53:829–847.

25. van Vugt JLA, Levolger S, Gharbharan A,
Koek M, Niessen WJ, Burger JWA, et al. A
comparative study of software
programmes for cross-sectional skeletal
muscle and adipose tissue measurements
on abdominal computed tomography scans
of rectal cancer patients. J Cachexia
Sarcopenia Muscle 2017;8:285–297.

26. Peng P, Hyder O, Firoozmand A, Kneuertz
P, Schulick RD, Huang D, et al. Impact of
sarcopenia on outcomes following resec-
tion of pancreatic adenocarcinoma. J
Gastrointest Surg 2012;16:1478–1486.

27. Chu MP, Lieffers J, Ghosh S, Belch AR, Chua
NS, Fontaine A, et al. Skeletal muscle radio-
density is an independent predictor of re-
sponse and outcomes in follicular lymphoma
treated with chemoimmunotherapy. PLoS
One 2015;10:1–11.

28. Rollins KE, Tewari N, Ackner A, Awwad A,
Madhusudan S, Macdonald IA, et al. The

impact of sarcopenia and myosteatosis on
outcomes of unresectable pancreatic can-
cer or distal cholangiocarcinoma. Clin Nutr
2016;35:1103–1109.

29. van Dijk DPJ, Bakens MJAM, Coolsen MME,
Rensen SS, van Dam RM, Bours MJL, et al.
Low skeletal muscle radiation attenuation
and visceral adiposity are associated with
overall survival and surgical site infections
in patients with pancreatic cancer. J Ca-
chexia Sarcopenia Muscle 2017;8:317–326.

30. Blauwhoff-Buskermolen S, Versteeg KS, De
Van Der Schueren MAE, Den Braver NR,
Berkhof J, Langius JAE, et al. Loss of muscle
mass during chemotherapy is predictive for
poor survival of patients with metastatic
colorectal cancer. J Clin Oncol 2016;34:
1339–1344.

31. Kalantar-Zadeh K, Horwich TB, Oreopoulos
A, Kovesdy CP, Younessi H, Anker SD,
et al. Risk factor paradox in wasting dis-
eases. Curr Opin Clin Nutr Metab Care
2007;10:433–442.

32. Goodpaster BH, Kelley DE, Thaete FL, He J,
Ross R. Skeletal muscle attenuation deter-
mined by computed tomography is associ-
ated with skeletal muscle lipid content. J
Appl Physiol 2000;89:104–110.

33. Aubrey J, Esfandiari N, Baracos VE, Buteau
FA, Frenette J, Putman CT, et al. Measure-
ment of skeletal muscle radiation attenua-
tion and basis of its biological variation.
Acta Physiol 2014;210:489–497.

34. Gérard S, Bréchemier D, Lefort A, Lozano S,
Abellan Van Kan G, Filleron T, et al. Body
composition and anti-neoplastic treatment
in adult and older subjects—a systematic re-
view. J Nutr Heal Aging 2016;20:878–888.

35. Baracos VE, Arribas L. Sarcopenic obesity:
hidden muscle wasting and its impact for
survival and complications of cancer ther-
apy. Ann Oncol 2018;29:ii1–ii9.

36. Prado C, Maia Y, Ormsbee M, Sawyer M,
Baracos V. Assessment of nutritional status
in cancer—the relationship between body
composition and pharmacokinetics. Anti-
cancer Agents Med Chem 2013;13:
1197–1203.

37. Aversa Z, Costelli P, Muscaritoli M. Cancer-
induced muscle wasting: latest findings in
prevention and treatment. Ther Adv Med
Oncol Rev 2017;9:369–382.

38. Prado CM, Lieffers JR, McCargar LJ, Reiman
T, Sawyer MB, Martin L, et al. Prevalence
and clinical implications of sarcopenic obe-
sity in patients with solid tumours of the
respiratory and gastrointestinal tracts: a
population-based study. Lancet Oncol
2008;9:629–635.

39. Bye A, Sjøblom B, Wentzel-Larsen T,
Grønberg BH, Baracos VE, Hjermstad MJ,
et al. Muscle mass and association to qual-
ity of life in non-small cell lung cancer pa-
tients. J Cachexia Sarcopenia Muscle
2017;8:759–767.

40. van Vugt JLA, Coebergh van den Braak RRJ,
Schippers HJW, Veen KM, Levolger S, de
Bruin RWF, et al. Contrast-enhancement
influences skeletal muscle density, but not
skeletal muscle mass, measurements on
computed tomography. Clin Nutr 2017;1–8.

41. van der Werf A, Dekker IM, Meijerink MR,
Wierdsma NJ. de van der Schueren MAE,
Langius JAE. Skeletal muscle analyses:
agreement between non-contrast and
contrast CT scan measurements of skeletal
muscle area and mean muscle attenuation.
Clin Physiol Funct Imaging 2018;38:
366–372.

42. von Haehling S, Morley JE, Coats AJS, Anker
SD. Ethical guidelines for publishing in the
Journal of Cachexia, Sarcopenia and Muscle:
update 2017. J Cachexia Sarcopenia Muscle
2017;8:1081–1083.

206 W.P.M. Dijksterhuis et al.

Journal of Cachexia, Sarcopenia and Muscle 2019; 10: 199–206
DOI: 10.1002/jcsm.12371

https://doi.org/10.1080/00140139.2010.489653.
https://doi.org/10.1080/00140139.2010.489653.
https://doi.org/10.1080/00140139.2010.489653.

