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Abstract
Objectives Sarcopenia and changes in body composition fol-
lowing neoadjuvant chemotherapy (NAC) may affect clinical
outcome. We assessed the associations between CT body
composition changes following NAC and outcomes in oe-
sophageal cancer.
Methods A total of 35 patients who received NAC followed
by oesophagectomy, and underwent CT assessment pre- and

post-NAC were included. Fat mass (FM), fat-free mass
(FFM), subcutaneous fat to muscle ratio (FMR) and visceral
to subcutaneous adipose tissue ratio (VA/SA) were derived
from CT. Changes in FM, FFM, FMR, VA/SA and sarcopenia
were correlated to chemotherapy dose reductions, postopera-
tive complications, length of hospital stay (LOS), circumfer-
ential resection margin (CRM), pathological chemotherapy
response, disease-free survival (DFS) and overall survival
(OS).
Results Nine (26 %) patients were sarcopenic before NAC
and this increased to 15 (43 %) after NAC. Average weight
loss was 3.7 %±6.4 (SD) in comparison to FM index (−1.2±
4.2), FFM index (−4.6±6.8), FMR (−1.2±24.3) and VA/SA
(−62.3±12.7). Changes in FM index (p=0.022), FMR (p=
0.028), VA/SA (p=0.024) and weight (p=0.007) were signif-
icant univariable factors for CRM status. There was no sig-
nificant association between changes in body composition and
survival.
Conclusions Loss of FM, differential loss of VA/SA and
skeletal muscle were associated with risk of CRM positivity.
Key Points
• Changes in CT body composition occur after neoadjuvant
chemotherapy in oesophageal cancer.

• Sarcopenia was more prevalent after neoadjuvant
chemotherapy.

• Fat mass, fat-free mass and weight decreased after neoad-
juvant chemotherapy.

• Changes in body composition were associated with CRM
positivity.

• Changes in body composition did not affect perioperative
complications and survival.
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Introduction

The incidence of oesophageal cancer, and in particular adeno-
carcinoma, is increasing in the Western world owing to the
higher prevalence of known predisposing factors to Barrett’s
oesophagus, such as obesity and gastro-oesophageal reflux
disease in this population [1]. However, the outcome of pa-
tients with oesophageal cancer remains poor with only 1 in 10
patients surviving beyond 10 years [2]. Even in those treated
with curative intent, 5-year overall survival rarely exceeds
40 % [3].

The majority of patients with oesophageal cancer present
with dysphagia and weight loss which could have an
impact on their tolerance to neoadjuvant chemotherapy
and surgery, and subsequent surgical and oncological out-
comes. Although weight loss is commonly seen and easily
assessed in these patients, a more objective assessment of
changes in fat and lean body mass or fat-free mass may be
a better prognostic tool as weight loss secondary to loss of
fat and/or skeletal muscle may have different effects on
clinical outcome. Sarcopenia is defined as skeletal muscle
mass of less than 2 standard deviations (SD) below that of
typical healthy adults [4] and is associated with increased
morbidity and mortality in the non-oncological setting [5,
6]. Nutritional status and changes in body composition
have been shown to affect perioperative surgical outcomes
such as length of hospital stay (LOS) and complication
rates [7, 8]. Sarcopenia is associated with increased toxicity
to 5-fluorouracil (5FU) chemotherapy and its prodrug, cape-
citabine [9, 10], and early evidence suggests similar asso-
ciation with epirubicin as well [11]. In contrast, the associa-
tion between sarcopenia and survival has not been consis-
tently demonstrated in pancreatic, oesophageal, lung and
colorectal cancers [10, 12–15]. The combination of
sarcopenia and obesity appears to portend a poorer prog-
nosis than the presence of either of these factors alone
[13, 14].

There is increased effort to improve perioperative nutri-
tional status in patients with oesophageal cancer owing to
the recognition that weight loss and sarcopenia may be
associated with inferior surgical and oncological outcome
respectively [16]. Computed tomography (CT), magnetic
resonance imaging (MRI) and dual energy X-ray absorp-
tiometry (DEXA) are considered gold standards for evalua-
tion of body composition in clinical practice. As diagnostic
CT is performed in all patients with oesophageal cancer as
part of the patient pathway, body composition analysis
using CT images is readily achievable with no additional
patient burden or cost, with wider clinical utility. We aimed
to evaluate the changes in body composition due to neo-
adjuvant chemotherapy in patients with oesophageal cancer,
and their association with the surgical and survival
outcomes.

Methods and materials

Patients and clinical outcome

Following institutional review board waiver, we retrospective-
ly identified 35 patients with primary oesophageal cancer
treated with neoadjuvant chemotherapy followed by surgical
resection from a prospectively managed institutional database
and who had baseline and post-NAC treatment contrast-
enhanced CT scans available for analysis on the institutional
PACS system.

Medical notes were reviewed to extract the following in-
formation: patient’s height, baseline and post-chemotherapy
weight, neoadjuvant chemotherapy regime, LOS, postopera-
tive complications such as delayed wound healing, chyle leak
and infection/sepsis. Body mass index (BMI) was computed
and obesity was defined as BMI≥30 kg/m2.

Pathological chemotherapy response was classified on the
basis of the tumour regression grade (TRG) as described by
Mandard et al. [17]: 1=no residual cancer cells, 2=rare resid-
ual cancer cells, 3=fibrosis outgrowing residual cancer, 4=
residual cancer outgrowing fibrosis and 5=absence of regres-
sive changes. Patients with TRG 1–3 were grouped as re-
sponders whereas patients with TRG 4–5 were grouped as
non-responders. Positive circumferential resection margin
(CRM) was defined as per the Royal College of Pathologists
criteria, as any tumour involvement or presence of tumour
cells within 1 mm of the resection margin [18].

Overall survival (OS) and disease-free survival (DFS) were
defined from the date of surgery to the date of death and date
of disease relapse respectively. Patients who were alive were
censored at the date of last clinical follow-up.

CT and image analysis

Baseline and post-chemotherapy CT of the thorax and abdo-
men [16–256 multidetector CT (Philips Healthcare, Best,
Netherlands): 120–130 kV, 90–320 mAs, FOV 290–
460 mm, matrix 256–512, reconstructed slice thickness
5 mm] were retrieved from the PACS system for image
analysis. The top of the third lumbar vertebra (L3) which
was defined as the first axial image which clearly showed
the transverse processes was chosen as the standard landmark.
Two consecutive images extending inferiorly from L3 verte-
bra were used to measure the fat and muscle cross-sectional
areas (Fig. 1a–c). Image analysis was performed on a work-
station (Syngo MultiModality Workplace, Siemens AG
Healthcare, Forchheim, Germany). Automated specific tissue
demarcation was performed using the following Hounsfield
unit (HU) thresholds: −29 to +150 (skeletal muscle excluding
visceral organs), −190 to −30 (subcutaneous and intramuscu-
lar adipose tissue) and −150 to −50 (visceral adipose tissue) as
published previously [19–21]. Cross-sectional areas of
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skeletal muscle, visceral and subcutaneous adipose tissues
were obtained.

Total body fat mass (FM) and fat-free mass (FFM) were
estimated using the following regression equations [22]:

Total body FM kgð Þ ¼ 0:042� total adipose tissue at L3 cm2
� �� �þ 11:2

Total body FFM kgð Þ ¼ 0:3 � skeletal muscle at L3 cm2
� �� � þ 6:06

FM and FFM were normalised for stature to derive FM
index and FFM index (kg/m2) respectively:

FM index kg=m2
� � ¼ Total body FM � height� height m2

� �� �

FFM index kg=m2
� � ¼ Total body FFM� height� height m2

� �� �

Subcutaneous fat to muscle ratio (FMR) and visceral to
subcutaneous adipose tissue ratio (VA/SA) were calculated.
The definition of sarcopenia was based on a previous study
performed in patients with cancer by Prado et al. [13]: L3
skeletal muscle index (total L3 skeletal muscle mass normal-
ised for stature) ≤38.5 cm2/m2 for women and ≤52.4 cm2/m2

for men.

Statistical analysis

Data were recorded as mean±standard deviation (SD).
Percentage changes in FM, FFM, FM index, FFM index,

FMR, VA/SA and weight after neoadjuvant chemotherapy
were computed. Comparisons between baseline and post-
treatment parameters were performed using the Wilcoxon
signed-rank test. The correlations between changes in body
composition parameters and weight loss or LOS were per-
formed using Spearman’s rank correlation.

The associations between changes in body composition or
weight change and pathological chemotherapy response, pres-
ence of postoperative complications and CRM status were
analysed using the Mann–Whitney U test. The associations
between presence of sarcopenia, sarcopenic obesity or obesity
and pathological chemotherapy response, presence of postop-
erative complications and CRM status were evaluated using
Fisher’s exact test. Significant univariable factors were includ-
ed in a multivariate logistic regression analysis to adjust for
other confounding factors such as age and/or tumour stage.

Median values were used to dichotomise each parameter.
The associations between changes in body composition pa-
rameters and OS or DFS were performed using the Kaplan–
Meier method. Comparisons between groups were performed
using the log-rank test. A p value less than 0.05 was consid-
ered statistically significant. All analyses were performed
using SPSS 21 statistical package (IBM).

Results

Patient characteristics

Patient and treatment characteristics are summarised in Table 1.
Median follow-up for the entire cohort was 24 months. All
patients received at least one cycle of neoadjuvant chemother-
apy. The median interval between baseline CT and start of
chemotherapy was 37 days (interquartile range (IQR) 24–45)
whereas the interval between post-treatment CT and end of
chemotherapy was 19 days (IQR 10–27). Patients were
reviewed by the dietetics team and received oral nutritional
supplements. Two patients received enteral feeding.

Changes in body composition

There were 9 patients (26 %) who were sarcopenic prior to
treatment and this number increased to 15 (43 %) after che-
motherapy. Eight patients who were sarcopenic prior to che-
motherapy remained so after treatment. However, there were
only 1 (3 %) and 2 (6 %) patients who had sarcopenic obesity
before and after treatment respectively (Table 1).

Table 2 shows the changes in the body composition parame-
ters after neoadjuvant chemotherapy. Analyses using baseline
weight and BMI were limited to 32 patients as baseline weight
was not available for 3 patients. There were 6 (19 %) and 5
(14 %) patients who were classified as obese before and after
NAC, respectively (Table 1). Overall, there was a significant
decrease in FM and FFM indices, VA/SA, weight and BMI after
neoadjuvant chemotherapy. Average weight loss was 3.7%±6.4
in comparison to FM index (−1.7 %±4.2), FFM index (−4.6 %
±6.8), VA/SA (−62.3 %±12.7) and BMI (−3.3 %±6.2).

Fig. 1 aAxial CTat the level of L3 depicting skeletal muscles (pink) excluding intra-abdominal visceral muscles (orange). bAxial CTat the same level
depicting visceral adipose tissue (pink). c Axial CT at the same level depicting total body adipose tissue (pink)
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There were significant correlations between changes in FM
index (r=0.786, p <0.001) and FMR (r=0.671, p <0.001)
after treatment, and changes in weight (Fig. 2a, b).

Association with outcomes

Surgical

Nine patients (26 %) had postoperative complications but
there was no perioperative mortality (Table 1). Changes in
FM index (p=0.022), FMR (p=0.028), VA/SA (p=0.024),
and weight (p=0.007) were significant univariable factors
for CRM status (Electronic Supplementary Material). There

Table 1 Patient and treatment characteristics

Characteristics Number of patients (%)
N=35

Age (years)

Mean (range) 63 (34–78)

Gender

Male 30 (86)

Female 5 (14)

Clinical TNM stagea

I 0

II 10 (28)

III 23 (66)

IV 2 (6)

Pathological TNM stagea

0 2 (6)

I 1 (3)

II 18 (51)

III 14 (40)

Histology

Adenocarcinoma 30 (86)

Squamous cell carcinoma 5 (14)

Neoadjuvant chemotherapy

Types

5-FU 1 (3)

Platinum/5-FU 2 (6)

ECX/ECF 32 (91)

Number of cycles

Median (range) 3 (1–6)

Dose reduction

Yes 4 (11)

No 31 (89)

Pathological chemotherapy response

Responder 12 (34)

Non-responder 23 (66)

Surgery

Laparoscopically assisted oesophagectomy 18 (52)

Left thoracoabdominal oesophagectomy 6 (17)

Ivor Lewis oesophagectomy 4 (11)

Transhiatal oesophagectomy 7 (20)

CRM

Positive 14 (40)

Negative 21 (60)

Length of hospital stay (days)

Median (range) 13 (7–182)

Table 1 (continued)

Characteristics Number of patients (%)
N=35

Postoperative complications

Yes 9 (26)

No 26 (74)

Adjuvant therapy

None 16 (46)

Chemoradiation 9 (26)

Chemotherapy 10 (29)

Sarcopenia

Baseline

Yes 9 (26)

No 26 (74)

Post-treatment

Yes 15 (43)

No 20 (57)

Sarcopenic obesity

Baseline

Yes 1 (3)

No 34 (97)

Post-treatment

Yes 2 (6)

No 33 (94)

Body mass index (BMI) (kg/m2)

Baseline (n=32)

Mean (SD) 26.7 (4.8)

Post-treatment (n=35)

Mean (SD) 25.8 (5.3)

Obese at diagnosis (BMI≥30 kg/m2)

Yes 6 (19)

No 26 (81)

a Staged as per the AJCC Cancer Staging Manual 6th edn
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were no significant associations between changes in FM in-
dex, FFM index, FMR or VA/SA and LOS, pathological
chemotherapy response or presence of postoperative compli-
cations. The presence of sarcopenia was not associated with
CRM status, chemotherapy response or postoperative compli-
cations. As there were very few patients with sarcopenic
obesity, no further analysis was performed in this subgroup.

As changes in FM index and FMR were significantly
correlated with weight change, the former two variables,
changes in VA/SA and clinical tumour stage were included
in the subsequent multivariate logistic regression analysis to
assess for the risk of positive CRM. No significant multivar-
iable factors were found but changes in VA/SA showed a trend
towards significance as a predictor of CRM status (p=0.072)
(Table 3).

Chemotherapy

Weight change following chemotherapy showed a trend to-
wards significance with the need for dose reduction during
neoadjuvant chemotherapy (p=0.054) but changes in FM
index (p=0.876), FFM index (p=0.407), FMR (p=0.678)
and VA/SA (p=0.708) did not. The presence of sarcopenia
prior to treatment was not associated with chemotherapy dose
reduction (p=0.268).

Survival

None of the parameters (changes in FM index, FFM index,
FMR, VA/SA) were significant prognostic factors for OS and
DFS, although a change greater than −5.1 % in FFM index
showed a trend as a prognostic factor for DFS (median DFS
not reached vs. 27.9 months, p=0.076) (Fig. 3). Patients who
were sarcopenic after chemotherapy had inferior overall sur-
vival although this did not reach statistical significance (me-
dian OS 25.6 months vs. not reached, p=0.063) (Fig. 4).

Discussion

Our study showed that patients with oesophageal cancer had
decreased fat mass and fat-free mass with resultant weight loss
after neoadjuvant chemotherapy. However, the magnitude of
these changes was not large and the average differences of
these body composition indices varied between −1 and −5 %.
Of interest, 19 % of our patients were considered obese and
26 % were sarcopenic prior to the start of neoadjuvant che-
motherapy. However, there were only one and two patients
with sarcopenic obesity prior to and after neoadjuvant treat-
ment respectively. Our findings were similar to a study by
Awad et al. who found a low number of patients (3–6 %) with
sarcopenic obesity in those treated with neoadjuvant chemo-
therapy for gastro-oesophageal (GOJ) cancer [15]. These re-
sults suggest that sarcopenic obesity as a potential negative
prognostic index may not be useful in this patient population
compared to other malignancies where this phenomenon is
more prevalent [13, 14].

Our study also showed that changes in FM index, FMR,
VA/SA and weight after chemotherapy were associated with
CRM status, although these factors did not reach statistical

Table 2 Body composition parameters in all patients

Parameters Mean (SD) Range p values*

FFM index (kg/m2)

Baseline 18.47 (2.24) 14.60 to 24.82 0.001

Post-treatment 17.57 (2.14) 14.22 to 22.73

Changes (%) −4.6 (6.8) −22.5 to 7.4

FM index (kg/m2)

Baseline 6.49 (1.40) 4.30 to 10.57 <0.001

Post-treatment 8.61 (2.87) 4.33 to 17.83

Changes (%) −1.7 (4.2) −11.6 to 5.4

FMR

Baseline 1.28 (0.61) 0.19 to 3.37 0.896

Post-treatment 1.26 (0.67) 0.07 to 3.51

Changes (%) −1.2 (24.3) −64.2 to 32.6

Visceral fat (cm2)

Baseline 158.16 (99.87) 9.09 to 353.66 0.038

Post-treatment 139.16 (99.24) 6.96 to 347.32

Changes (%) −8.6 (38.7) −72.3 to 148.0

Subcutaneous fat (cm2)

Baseline 201.20 (96.59) 32.27 to 518.81 0.252

Post-treatment 192.15 (107.64) 10.80 to 545.12

Changes (%) −6.3 (24.4) −66.6 to 43.2

VA/SA ratio

Baseline 1.80 (0.51) 1.21 to 3.23 <0.001

Post-treatment 0.71 (0.41) 0.20 to 2.10

Changes (%) −62.3 (12.7) −83.9 to −34.9

BMI (kg/m2)

Baseline 26.7 (4.8) 19.6 to 37.4 0.005

Post-treatment 25.8 (5.3) 17.2 to 40.8

Changes (%) −3.3 (6.2) −15.0 to 10.5

Weight (kg)

Baseline 78.6 (16.3) 47.6 to 124.0 0.006

Post-treatment 75.8 (17.8) 42.0 to 124.8

Changes (%) −3.7 (6.4) −15.0 to 10.5

FFM fat-free mass, FM fat mass, FMR subcutaneous fat to muscle ratio,
VA/SA ratio visceral to subcutaneous adipose tissue ratio, BMI body mass
index

* p values derived from Wilcoxon-signed rank test
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significance in multivariate analysis. This hypothesis-
generating finding seems to suggest that fat mass, and perhaps
the differential amount of visceral and subcutaneous adipose
tissues, may affect the resectability of primary tumour. An-
other potential reason for this could be that patients with fat
and/or weight loss had more advanced and bulky tumours
which resulted in higher rates of CRM positivity. As a positive
CRM is a poor prognostic factor in oesophageal cancer, this
finding may deserve further evaluation in future studies.

Weight loss has been associated with inferior outcome in
oesophageal cancer. Although weight loss could be easily
assessed in the clinics, it could be attributed to a differential
loss of adipose tissue and/or skeletal muscle which may have
different clinical implications. Firstly, the distribution of che-
motherapeutic agents is dependent on the patient’s body com-
position as hydrophilic drugs will distribute into the lean
compartment whereas lipophilic drugs will distribute to the
fat compartment. Thus, changes in fat mass and fat-free mass
could lead to increased incidence and severity of chemother-
apy toxicities. However, we did not find any significant asso-
ciation between baseline body composition parameters (Elec-
tronic Supplementary Material) or changes in these parame-
ters and the need for chemotherapy dose reductions. All of our
patients received 5-fluoropyrimidine-based chemotherapy.
This differed from previous studies which showed that FFM
or sarcopenia was predictive of toxicities to 5-FU and

capecitabine chemotherapy [9, 10]. In addition, visceral and
subcutaneous adipose tissues have different metabolic and
prognostic significance [23]. Visceral adipose tissue is more
insulin-resistant compared to subcutaneous adipose tissue
[23], and is associated with increased all-cause mortality risk
[24]. Visceral and subcutaneous adipose tissues were also
found to be significant prognostic factors for survival out-
comes in colorectal cancer [25, 26]. In contrast, we did not
find similar associations between adipose tissues and survival
in our cohort of patients with oesophageal cancer.

The clinical impact of body composition in oesophageal
cancer has been investigated in a few studies with variable
conclusions. In one retrospective study, lower CT-derived lean
psoas muscle area had a negative impact on OS and DFS in
patients with oesophageal cancer who underwent transhiatal
oesophagectomywithout neoadjuvant therapy [27]. In another
study, Awad et al. included 47 patients with GOJ cancers, of
which a third had gastric primary and were treated with
neoadjuvant chemotherapy [15]. Both baseline and post-
treatment CT were analysed in this study. The authors found
that 57 % of patients were sarcopenic prior to chemotherapy
and this increased to 79 % after completion of treatment.
Although they found a significant reduction in FM and FFM
during chemotherapy, these parameters were not associated
with non-completion of chemotherapy, increased hospital stay
andmortality, which were not too dissimilar to our findings. In
a separate case-controlled study, low FFM and FFM index,
which were obtained using bioelectrical impedance analysis
(BIA), were shown to be associated with increased LOS in
patients admitted to the medical and surgical wards [7]. How-
ever, cancer patients made up less than 6 % of all patients
studied. FFM and FFM index were found to be more sensitive
than weight loss and BMI in predicting LOS.

Changes in body composition in patients with oesophageal
cancer could have different clinical implications. Loss of
weight, adipose and skeletal tissues could be indicative of

Fig. 2 Scatter plots showing correlation between (a) changes in FM index and weight change, (b) changes in FMR and weight change

Table 3 Multivariate logistic regression analysis for risk of positive
CRM

Parameters HR 95 % CI p value

Change in FM index 0.993 0.744–1.324 0.960

Change in FMR 0.961 0.913–1.012 0.132

Change in VA/SA 0.934 0.867–1.006 0.072

Clinical tumour stage 1.154 0.241–5.530 0.857
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poor nutritional intake secondary to patient and tumour fac-
tors. Worsening dysphagia due to tumour progression, or
anorexia, nausea and vomiting due to chemotherapy are po-
tential causes and warrant prompt clinical evaluation and
intervention which could alter the treatment course. Further-
more, changes in body composition could also affect tolera-
bility to systemic or local therapy, possibly resulting in inferior
locoregional control and survival, although our results did not
support this hypothesis.

Overall, our study benefitted from a similar treatment re-
gime as all patients were treated according to a standard
institutional protocol and received similar nutritional support,
thus minimising any treatment-related confounding factors. In
addition, a single observer performed all the image analysis
which removed the element of interobserver variability. How-
ever, our study has several limitations. Firstly, our study was
based on a small sample size and was not adequately powered
to detect differences in survival. The results of this study

Fig. 3 Disease-free survival
stratified according to changes in
FFM index above and below
median (−5.1 %)

Fig. 4 Overall survival stratified
according to the presence or
absence of sarcopenia after
completion of neoadjuvant
chemotherapy
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should be validated in a larger study. In addition, the retro-
spective nature of this analysis limited the amount of infor-
mation we could obtain from medical records regarding che-
motherapy toxicity and intraoperative complications.We were
unable to analyse the differences in body composition and
clinical outcomes according to gender as the majority of
patients in our study were men. We also did not evaluate the
role of systemic inflammatory response or other nutritional
markers such as albumin, as our primary study aim was to
investigate the changes in body composition after neoadjuvant
chemotherapy. Nonetheless, the prognostic role of gender and
the addition of these serum biomarkers to body composition
indices could be evaluated in future studies.

In conclusion, in our patient cohort, the proportion of
sarcopenic patients increased following neoadjuvant chemo-
therapy, with a reduction in fat mass and fat-free mass. How-
ever, changes in CT body composition parameters did not
affect perioperative or survival outcomes although changes
in fat composition could be related to CRM status.
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