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Methods
Studied patients

From a medical database of Tokushima University Hospital, 
Tokushima, Japan, 3-year disease-free survivors having undergone a 
transthoracic esophagectomy with gastric tube reconstruction between 
2005 and 2012 were selected retrospectively. Among these patients, we 
chose 24 patients (20 men and 4 women; mean age 67.8 ± 10.1 years old) 
in whom records of body weight and CT were available at least 3 points 
for 3 years, i.e., (1) 3-6 months, (2)10-24 months, (3)~36 months after 
surgery). We excluded those who received adjuvant chemotherapy 
after surgery to exclude the effect of chemotherapy [13]. Laboratory 
data and CT scan were retrospectively collected from medical records. 
The Ethics Committee at Tokushima University Hospital approved the 
study. 

Data analysis

Body weight of the patients was recorded at each visit to outpatient 
department of the hospital. Body weight was measured at each visit. 
CT was recorded at random by each doctor according to clinical needs. 
In order to study the change in body composition, we only chose 
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Abstract
Weight loss especially muscle wasting is of critical importance to cancer patients because of their negative effects on survival, functional status, and tolerability of 
chemotherapy. This study aimed to clarify changes in body composition in long-tern survivors after esophageal cancer surgery. Twenty-four patients were assessed for 
serial weight and body composition, at baseline and again until 3 years after surgery. Computed tomography scan was used to assess body composition. These patients 
manifested a decline in mean body weight from 59.3 ± 7.5 kg to 47.5 ± 8.5 kg after 24 months (p<0.01). Then they started to recover their body weight. Abdominal 
fat mass in men and subcutaneous fat mass in women (p<0.05) increased significantly, but skeletal muscle area at the L3 vertebral level dropped continuously (p<0.05 
in men) even after 2 years. 

The patients after surgery for esophageal cancer initially lost their body weight but they regained their body weight after 2 years. However, the increase in body 
weight was the result of the increase in fat mass, but not of the increase in muscle mass. Special nutrition support and exercise training will be needed to improve 
their nutritional status.

Introduction
In 2014 global cancer statistics, esophageal cancer was the 7th among 

the cancer types for estimated deaths [1,2]. Although there have been 
great improvements in survival over the past 35 years, overall 5-year 
survival rates still ~20% for esophageal cancer [1,3]. Weight loss is one 
of the most pronounced side effects after surgery for esophageal cancer 
even in long-term disease-free survivors [4,5]. During surgery, part of 
the lesser curvature of the stomach is removed for reconstruction of 
gastric tubulization, and they may no longer be able to eat large amount 
of meals. Treatment side effects like loss of appetite, reflux and stricture 
and dumping syndrome also make it difficult for patients to maintain 
weight after surgery. Some of the patients, however, may start to regain 
their body weight several years after surgery. However, the change in 
body weight and the body mass index lack accuracy to detect fat free 
mass (FFM) [6,7]. Among several component of FFM, loss of muscle 
mass is related to increasing mortality, worse clinical outcomes, and 
impaired quality of life [8,9]. There have been many studies in change 
in body weight after surgery but no studies evaluated the serial changes 
in body composition in these patients. In the present study, changes in 
body composition were studied by computed tomography (CT) among 
3-year survivors after surgery for esophageal cancer. Muscle loss is 
generally held to be a more serious concern in terms of malnutrition. 
CT or magnetic resonance imaging can differentiate muscle from 
other soft lean tissues although bioelectric impedance or whole-body 
K assessments do not distinguish them. Quantification of the loss of 
muscle mass allows early screening of malnutrition and helps to carry 
out optimal nutritional support.
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those in whom CT was recorded at least following three time points: 
(1) 3-6 months, (2)10-24 months, (3)~36 months after surgery. We 
chose these points from the change in body weight, i.e., in early phase 
body weight decreased rapidly, then body weight was stable for a while, 
and then after 36 month body weight started to gain. In some of the 
patients, data were also available after 4 years. CT at third vertebra (L3) 
was selected, which section contains visceral and subcutaneous adipose 
tissue and many muscles (the psoas, paraspinal muscles, transversus 
abdominus, external and internal oblique abdominals, and rectus 
abdominus). In this section, skeletal muscle and adipose tissue areas 
correspond to whole-body tissue quantities for patients with cancer [6]. 
CT Hounsfield unit ranges used for specific tissues included - 29 to 150 
for skeletal muscle, 2190 to 230 for subcutaneous and intermuscular 
adipose tissue, and -150 to 250 for visceral adipose tissue. Boundaries 
were corrected manually as necessary. Biochemical evaluation included 
hemoglobin, CRP, BUN, creatinine and albumin. 

Data are expressed as means and standard deviations. The 
comparison of means was carried out using the paired and unpaired 
Student t test of. P values <0.05 were considered to be significant. 

Results
Change in body weight and BMI

Table 1 shows baseline characteristics of the studied patients and 
changes in body weight. Figure 1 shows the change in BMI after surgery. 
Body weight as well as BMI decreased rapidly initially until 6 months 
(p<0.01). The maximum loss of body weight and BMI was 10.1 ± 3.5 
kg and 3.96 ± 1.11 kg/m2, respectively (p<0.01). Their body weight was 
relatively stable between 6 and 24 months, and after then the patients 
started to regain their body weight and BMI (p<0.05; 24 vs. 48 month).

Changes in body composition

Figure 2 shows the changes in body composition in total patients. 
Decreased subcutaneous and visceral fat mass was observed 12~24 
months after surgery (p<0.05), but then these values started to increase 
similarly with changes in BMI. Muscle mass still continued to decrease 
after 2 years (p<0.05 in men), suggesting that the recovery of body 
weight is mostly from fat tissues and not from muscle. Table 2 shows 
the changes in body composition in men and women. Muscle mass and 
both visceral and subcutaneous fat masses were decreased at 1-2 years 
after surgery in both men and women (both p<0.01). In men muscle 
mass was still decreasing (p<0.05) but not in women after 3 years. 
Interestingly, after 3 years visceral fat was increased in men (p<0.05) 
and subcutaneous fat was increased in women (p<0.05). Figure 2 
also shows change in the serum albumin levels. Serum albumin also 
recovered at 3 years after surgery (p<0.01). 

We divided these patients into two groups according to the degrees 
of loss of muscle and compared the incidences of complications (ileus 
and dehiscence) between those greater and smaller muscle mass 
before operation. We could not find any significant differences in 
these complications between two groups, i.e., ileus 2 patients each, and 

Age (year) 67.8 ± 10.1
Height(m) 1.62 ± 0.06
Body weight (kg)
Before operation 59.3 ± 7.5
After operation 57.1 ± 6.8
6 month 48.5 ± 7.8
12 month 50.9 ± 6.2
24 month 47.5 ± 8.5
36 month 49.5 ± 7.9
48 month 49.7 ± 8.2

Table 1. Baseline characteristics of the studied patients and changes in body weight 
(n=24).

 

 

Figure 1. Change in body mass index (BMI) after surgery for esophagus cancer. BMI 
dropped rapidly early after surgery and is stable between 6 and 24 months. Then, BMI starts 
to increase after 24 months.  + and * are p<0.01 and p<0.05 vs. after surgery.

Figure 2. Change in body composition and serum albumin levels after esophagotomy. 
*p<0.01 vs. baseline.

Table 2. Change in body composition after surgery.

 

Men (n=20) Women (n=4)
Muscle mass (cm2)
  Baseline 28.57 ± 4.19 23.75 ± 3.84
  1-2 years 24.68 ± 5.07* 17.41 ± 2.74*
  3 years 21.57 ± 4.15* 17.93 ± 3.92*
Subcutaneous fat(cm2)
 Baseline 17.85 ± 5.16 20.93 ± 11.4
 1-2 years 10.13 ± 5.15* 7.05 ± 5.15*
 3 years 11.27 ± 6.34* 10.25 ± 1.07*
Visceral fat (cm2)
 Baseline 23.22 ± 11.13 9.26 ± 6.7
 1-2 years 8.61 ± 6.95* 2.77 ± 3.49*
3 years 11.86 ± 8.91* 2.49 ± 2.09*

+

* p<0.01 vs. baseline, + and ++ p<0.05 and p<0.10, respectively between indicated groups.

+ 

+ 
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dehiscence 1 patient in greater muscle mass group and 2 patients in 
smaller muscle mass group. As they were the survivors, we could not 
compare survival rate. 

Discussion
Body composition evaluation is a valuable technique to assess 

nutritional status. In the present study, we measured the change in 
body composition in patients after surgery for esophageal cancer 
using computed tomography. The patients lost their body weight early 
stage after surgery, but most of the survivors started to increase their 
body weight after 24 months. Both fat and muscle tissue significantly 
decreased in early stages after surgery. After 2 years, fat tissue increased, 
i.e., visceral fat in men and subcutaneous fat in women, respectively 
(both p<0.05), but muscle mass did not increase. 

Loss of muscle mass is related to mortality in patients with chronic 
diseases [14], cancer, and elderly patients in long-stay facilities [15]. 
As the sensitivity of BMI for detecting loss of muscle mass is reduced, 
increased body weight did not reflect muscle mass in survivors 
with esophageal cancer surgery. In agreement with our study, after 
hematopoietic stem cell transplantation, the increase in BMI is the 
result of the increase in fat mass, but not of the increase in FFM [16]. 
Also, during recovery after an acute illness, weight gain 6 months after 
ICU discharge could be mostly related to an increase in fat mass (+7 kg) 
while fat free mass only increased by 2 kg. By identifying the patients 
gaining weight but reporting no or insufficient FFM, body composition 
evaluation could contribute to influencing the nutritional support 
that would have been stopped in the absence of body composition 
evaluation.

The detection of malnutrition is usually based on measurements of 
weight and height, calculations of BMI, and the percentage of weight 
loss. Evaluation of body composition is valuable to assess nutritional 
status. In 441 patients with non-small cell lung cancer, FFM loss 
determined by computerized tomography (CT) was observed in each 
BMI category [17], and in young adults with all types of cancer, an 
increase in FM together with a decrease in FFM were reported.

FFM loss is correlated with survival in different clinical settings 
[17-19]. Thus, administering the same doses of chemotherapy drugs 
to a patient with a low FFM compared to a patient with a normal 
FFM would increase the risk of chemotherapy toxicity [19]. These 
data suggest that FFM loss could have a direct impact on the clinical 
outcome of cancer patients. 

Recently, CT was used to evaluate the disease prognosis in relation 
to muscle wasting. In cancer patients, sarcopenia as assessed by CT 
measurement of the total skeletal muscle cross-sectional area is an 
independent predictor of the survival of patients with hematopoietic 
[17], bronchopulmonary [18], gastrointestinal [19], and pancreatic 
cancers [20]. These data suggest that FFM loss could have a direct 
impact on the clinical outcome of cancer patients. As muscle is biggest 
protein storage in the body and it gives an evaluation of nutritional 
status. Muscle mass also allows evaluation of the disease prognosis and 
outcome [18-20].

In the present study, body weight was checked frequently, but 
we could not obtain CT data at the same timing, as this study was 
not prospective. Therefore, this study did not reveal the features of 
all patients after esophageal surgery. All studied patients we chose, 
showed relatively better clinical course after surgery than those who 
were ill or died. Thus we could not compare the effect of body muscle 
mass on prognosis or adverse effects. However, the results of our study 

showed muscle mass wasting still continued long after surgery even in 
these patients. 

Conclusion
Diagnostic computer tomography can be used to assess body 

composition and may be useful for nutritional assessment in patients 
after esophageal cancer surgery. These patients initially lost both fat 
and muscle after surgery, but they regained their body weight after 
2 years. However, the increase in body weight was the result of the 
increase in fat mass, but not of muscle mass, suggesting that nutritional 
compromise persists in long-term survivors of esophageal cancer 
operation. This study only showed the change in body composition, 
and we do not know how to prevent muscle wasting in these patients. 
The complexity of treating esophageal and gastric cancer necessitates 
the need for a multimodality approach [21,22]. Special nutrition 
support including exercise training should be tested in the future to 
improve their nutritional status.
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