
Abstract. Aim: The aim of this study was to assess changes
in body composition during neoadjuvant chemotherapy
(NAC) and investigate whether chemotherapy-related
toxicities affect body composition in patients with
esophageal cancer. Patients and Methods: In ninety-four
patients who underwent NAC for esophageal cancer, body
composition was assessed before and after NAC.
Associations between the incidence of toxicities and change
in body composition during NAC were investigated.
Results: Forty-four (46.8%) and 50 (53.2%) out of 94
patients were defined as having sarcopenia before and after
NAC, respectively. There was no significant difference in
the incidence of any toxicity pre-treatment between patients
with sarcopenia and those without sarcopenia. No
significant reduction in skeletal muscle mass or fat mass
was observed in the patients during NAC (p=0.501 and
p=0.072). However, patients who experienced grade 4
neutropenia or febrile neutropenia during NAC showed a
significantly larger decrease in change of skeletal muscle
mass compared to patients who did not experience those
toxicities (p=0.013 and 0.036, respectively). Conclusion:
The incidence of serious adverse events such as febrile
neutropenia and grade 4 neutropenia is associated with a
significant reduction of skeletal muscle mass during NAC.
We should make an effort to reduce the incidence of

adverse events in order to maintain an appropriate body
composition during NAC.

Esophagectomy has been the mainstay of treatment for
esophageal cancer for decades, but the prognosis of patients
undergoing surgery alone is not favorable (1, 2). Therefore,
neoadjuvant treatment such as neoadjuvant chemotherapy
(NAC) and neoadjuvant chemoradiotherapy has been widely
adopted for esophageal cancer (3-6). Neoadjuvant treatment
may influence the nutritional status including body weight
and body composition in patients with esophageal cancer. 

Sarcopenia, which is characterized by a loss of skeletal
muscle mass (SMM), has been widely studied in older people
and is known to impair physical performance and survival in
geriatric populations (7, 8). Recently, sarcopenia has received
great attention in the oncology field. The presence of sarcopenia
is negatively associated with treatment efficacy in patients with
cancer. Sarcopenic patients with several types of cancer have
been shown to be more susceptible to postoperative
complications compared with non-sarcopenic patients; these
complications occasionally lead to impaired overall survival (9-
12). Pre-existing sarcopenia is associated with chemotherapy-
related toxicity and can have a negative impact on treatment
efficacy and the prognosis of patients (13, 14). These findings
imply that the body composition before chemotherapy can
affect the incidence of chemotherapy-related toxicity. However,
changes in body composition during chemotherapy, especially
NAC, have not been fully investigated, and there are no data
about how chemotherapy-related toxicities influence the body
composition of patients with cancer.

In this study, we aimed to assess changes in body
composition during NAC and investigate whether
chemotherapy-related toxicities affect body composition in
patients with esophageal cancer who underwent NAC.     
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Patients and Methods 

Patients. From January 2013 to August 2016, 275 patients with
esophageal cancer underwent surgery at the Department of
Digestive Surgery, Osaka International Cancer Institute. Among
them, 123 patients received NAC for clinical stages IB, II, III or IV
esophageal cancer without distant organ metastasis based on the
seventh edition of the International Union Against Cancer (UICC)
TNM classification (15). Of these 123 patients, 94 who underwent
an assessment of body composition before and after NAC were
included in this study. All patients were histologically proven for
having esophageal squamous cell carcinoma. The Human Ethics
Review Committees of Osaka International Cancer Institute, Osaka,
Japan approved the study protocol.

Neoadjuvant chemotherapy. The NAC regimen that was used during
the study period involved a combination of either 5-fluorouracil 
(5-FU), cisplatin, and adriamycin (ACF) or 5-FU, cisplatin, and
docetaxel (DCF) (16). In the ACF regimen, 5-FU was administered
at a dose of 700 mg/m2 via continuous intravenous infusion on days
1 through 7, cisplatin was administered at a dose of 70 mg/m2, and
adriamycin was administered at a dose of at 35 mg/m2 via rapid
intravenous infusion on day 1. In the DCF regimen, 5-FU was
administered at a dose of 700 mg/m2 via continuous intravenous
infusion on days 1 through 5, cisplatin was administered at a dose
of 70 mg/m2, and docetaxel was administered at a dose of 70 mg/m2
via rapid intravenous infusion on day 1. In both regimens, basically,
two courses of chemotherapy were used, and the courses were
separated by a 3-to-4 week interval, except when the tumor did not
show any sign of significant regression after the first course of
chemotherapy. All patients underwent surgery 3-6 weeks after
completion of NAC.

Assessment of body composition. Body composition was assessed
before NAC and 3-5 weeks after the completion of NAC with
multifrequency bioelectrical impedance (BIA) with eight electrodes
(InBody 720: Biospace, Tokyo, Japan). Various parameters of body
composition, including SMM, body fat mass (BFM) and fat free
mass (FFM) were automatically measured by InBody 720. The
normal range of SMM in each patient was shown by InBody 720,
and ranged from 90% to 110% of the standard SMM, which was
calculated according to the age, gender and height of each patient
(12, 17). In this study, sarcopenia was defined as an SMM under the
lower limit of the standard SMM (< 90% of the standard). Relative
change in SMM was calculated as follows: (SMM after NAC–SMM
before NAC)/SMM before NAC. 

Evaluation of chemotherapy-related toxicities, postoperative
complications and response to chemotherapy. Toxicities were
graded according to the Common Terminology Criteria for Adverse
Events version 4.0 (18). Postoperative complications were defined
as any complication classified as grade 3 or higher according to the
Clavien Dindo classification (19). 

The degree of tumor regression in surgical specimens was
classified histopathologically into five categories (20, 21). The
percentage of viable residual tumor cells within the total cancerous
tissue was assessed as follows: Grade 3, no viable residual tumor
cells; grade 2, less than 1/3 residual tumor cells; grade 1b, 1/3-2/3
residual tumor cells; grade 1a, more than 2/3 residual tumor cells;
grade 0, no significant response to chemotherapy.

Statistical analysis. The Chi-square test was used to compare the
incidence of chemotherapy-related toxicities between the sarcopenic
group and the non-sarcopenic group. A paired t-test was used to
compare body weight and body composition before NAC and after
NAC, and Student’s t-test was used to examine the relationship
between chemotherapy related-toxicity and relative change of body
composition during NAC. The Mann-Whitney’ U-test was used to
examine the relationship between sarcopenia and the response to NAC.
Continuous variables are expressed as the mean±standard deviation
(SD). p-Values less than 0.05 were considered to indicate statistical
significance. All analyses were carried out using the StatView software
package version 5.0 (SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics. The characteristics of the 94 patients
who were included in this study are listed in Table I. All
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Table I. Patient characteristics.

Characteristic                                                                        Value

Total number                                                                           94
Age (years)*                                                                       64.2±8.8
Gender (male/female)                                                           76/18
Body mass index (kg/m2)*                                                21.3±3.9
Tumor location                                                                          
   Upper third                                                                          12 
   Middle third                                                                         48 
   Lower third                                                                          34 
Tumor depth                                                                              
   cT1b                                                                                      6
   cT2                                                                                       17
   cT3                                                                                       60
   cT4                                                                                       11
Nodal status                                                                               
   cN0                                                                                       18
   cN1                                                                                       46
   cN2-3                                                                                   30
cStage                                                                                        
   IB                                                                                          5
   II                                                                                           24
   III                                                                                          54
   IV                                                                                         11
Chemotherapy regimen                                                             
   DCF                                                                                      88
   ACF                                                                                       6
Cycle of neoadjuvcant chemotherapy                                      
   1                                                                                            12
   2                                                                                            77
   3                                                                                             5
Operation performed                                                                 
   Transthoracic subtotal esophagectomy                              71
   Thoracoscopic subtotal esophagectomy                             16
   Two-stage operation                                                             5
   Exploratory thoracotomy                                                    2

DCF: Docetaxel, cisplatin plus 5-fluorouracil (5-FU); ACF: adriamycin,
cisplatin plus 5-FU. *Data are presented as the mean±SD.



patients received at least one cycle of cisplatin-based NAC.
Tumor resection was undertaken for all patients after NAC,
but two patients underwent exploratory thoracotomy because
of tumor invasion to the trachea or the descending aorta. 

Change in body composition during chemotherapy. Before
NAC, 44 (46.8%) out of the 94 patients were identified as
having sarcopenia. After the completion of NAC, the number
of patients with sarcopenia rose slightly to 50 (53.2%)
(p=0.382). 

There was no significant difference in body weight before
and after NAC (p=0.501, Table II). SMM also did not
significantly change during NAC. 

Relationship between sarcopenia at the baseline and toxicity.
Grade 4 leucopenia, grade 4 neutropenia, and febrile
neutropenia were observed during NAC in 29.8%, 68.1%
and 53.2% of patients, respectively. There was no significant
difference in the incidence of these toxicities between the
sarcopenic and non-sarcopenic groups at baseline (p=0.078,
p=0.385, and p=0.319, Table III). There was no significant
difference in the incidence of non-hematological toxicities
such as diarrhea and stomatitis between the groups (p=0.826,
and p=0.524, Table III).

Relationship between toxicity and relative change in body
composition after NAC. We investigated the relationship
between chemotherapy-related toxicity and relative change
in body composition during NAC to examine whether
chemotherapy-related toxicity influences body composition.
Patients who experienced grade 4 neutropenia or febrile
neutropenia during NAC showed a significantly larger
relative decrease in SMM compared to patients who did not
experience such high grade toxicities (p=0.013 and p=0.036,
Table IV). Furthermore, there was significant difference in
relative change in FMM between patients with grade 4
neutropenia or febrile neutropenia during NAC and those
with milder toxicity (p=0.029 and p=0.046). 

Relationship between sarcopenia and efficacy and
postoperative complications. There was no significant
difference in pathological response to chemotherapy in the
sarcopenic and non-sarcopenic groups (p=0.357, Table V).
Among 92 patients who underwent subtotal esophagectomy,
postoperative complications occurred in 34 (37.0%). The
incidence of pneumonitis, anastomotic leakage and infectious
complications including pneumonitis, surgical site infection
and empyema was 12.8%, 7.6% and 18.5%, respectively.
There was no significant difference in the incidence of any
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Table II. Change in body composition during neoadjuvant chemotherapy (NAC).

Measure                                                       Pre-NAC                             Post-NAC                             Change during NAC                            p-Value

Body weight (kg)                                        57.9±12.0                              58.0±11.9                                        0.2±2.7                                        0.587
Skeletal muscle mass (kg)                         25.0±4.8                                24.9±4.8                                        –0.1±1.8                                        0.501
Body fat mass (kg)                                     12.5±6.9                                12.1±6.5                                        –0.4±1.9                                        0.072
Fat free mass (kg)                                       45.4±7.8                                45.9±8.1                                          0.5±2.3                                        0.029

Data are presented as the mean±SD.

Table III. Relationship between sarcopenia before neoadjuvant chemotherapy and chemotherapy-induced toxicity.

Adverse event                                 Grade                      Sarcopenic group (n=44)                     Non-sarcopenic group (n=50)                         p-Value

Leucopenia                                       0-3                                          27                                                              39                                                 0.078
                                                            4                                            17                                                              11                                                     
Neutropenia                                      0-3                                          16                                                              14                                                 0.385
                                                            4                                            28                                                              36                                                     
Febrile neutropenia                            0                                            23                                                              21                                                 0.319
                                                            3                                            21                                                              29                                                     
Diarrhea                                            0-1                                          21                                                              25                                                 0.826
                                                          2-4                                          23                                                              25                                                     
Stomatitis                                          0-1                                          29                                                              36                                                 0.524
                                                          2-4                                          15                                                              14                                                     



postoperative complication between patients with sarcopenia
and those without sarcopenia after NAC (p=0.694). There
was no significant difference in the incidence of
pneumonitis, infectious complications or anastomotic
leakage between the two group after NAC (p=0.748,
p=0.607 and p=0.315).

Discussion

In this study, we assessed the changes in body composition
during NAC, and investigated whether chemotherapy-
related toxicity could affect the body composition in
patients with esophageal cancer who underwent NAC. We
found a number of noteworthy findings. Firstly, sarcopenia
before NAC was not associated with the incidence of
chemotherapy-related toxicities. Secondly, the proportion of
patients with sarcopenia did not significantly increase
although approximately half of the patients (46.8%) were
sarcopenic before NAC and a significant reduction of SMM
during NAC was not evident in all patients. Thirdly,
however, the incidence of febrile neutropenia and grade 4
neutropenia during NAC was significantly associated with
a reduction of SMM.

Our study indicates that serious toxicities during
chemotherapy had a negative effect on the body composition
of patients with cancer. Chemotherapy causes a wide variety
of chemotherapy-related toxicities such as appetite loss, bone
marrow suppression, diarrhea and stomatitis; those side-
effects can sometimes lead to dose reduction of
chemotherapeutic drugs and to the discontinuation of
chemotherapy. There is an increasing body of evidence that
pre-treatment altered body composition is associated with the
incidence of chemotherapy-related toxicities (13, 14).
However, conversely, how chemotherapy-related toxicities

influence body composition of patients with cancer remains
unknown. To our knowledge, this is the first report to
demonstrate that the incidence of serious chemotherapy-
related toxicities is associated with significant changes in
body composition such as SMM and FFM during NAC. 

In this study, the proportion of sarcopenic patients
remained relatively unchanged after NAC, and a significant
reduction of SMM was not observed in all patients with
esophageal cancer. This result is inconsistent with previous
studies (22, 23). Yip et al. assessed the changes in body
composition after NAC in 35 patients with esophageal cancer
who underwent NAC; the authors evaluated computed
tomography (CT) images at the level of the third lumbar
vertebra (L3), and showed that the proportion of patients
with sarcopenia increased from 26% to 43% after NAC (22).
Awad et al. carried out a study that included 47 patients with
esophageal cancer who underwent CT scan before and after
NAC to assess body composition, and reported that the
proportion of patients with sarcopenia significantly increased
from 57% to79 % (p=0.046), and significant reduction in
FMM and BFM was observed during NAC (23). In those
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Table IV. Relationship between chemotherapy-induced toxicity and relative change in body composition after neoadjuvant chemotherapy.

Adverse event                  Grade       Cases        Relative change      p-Value         Relative change         p-Value         Relative change             p-Value
                                                                                  in SMM                                          in BFM                                            in FMM

All                                                        94               –0.25±6.6                                         6.2±53.7                                           1.2±5.2                           
Leucopenia                        0-3            66                 0.6±5.5                0.056                  3.9±29.5                 0.531                  1.5±4.7                      0.307
                                             4              28               –2.2±8.4                                         11.5±88.3                                           0.3±6.2                           
Neutropenia                       0-3            30                 1.8±5.0                0.036                  1.8±19.4                 0.596                  2.9±5.0                      0.029
                                             4              64               –1.2±7.0                                           8.2±63.8                                           0.4±5.2                           
Febrile neutropenia             0              44                 1.5±4.6                0.013                  2.3±17.1                 0.512                  2.3±4.6                      0.046
                                             3              50               –1.8±7.7                                           9.6±72.1                                           0.2±5.5                           
Diarrhea                             0-1            46                 0.9±5.28              0.088                  0.9±21.1                 0.359                  1.3±4.2                      0.889
                                           2-4            48               –1.4±7.6                                         11.2±79.3                                           1.1±6.1                           
Stomatitis                           0-1            65                 0.4±5.8                0.182                  1.0±23.2                 0.161                  1.4±5.2                      0.581
                                           2-4            29               –1.6±8.1                                         17.8±90.0                                           0.4±5.3                           

SMM: Skeletal muscle mass; BFM: body fat mass; FFM: fat free mass. Data are presented as the mean±SD.

Table V. Relationship between sarcopenia and response to neoadjuvant
chemotherapy.

Response         Sarcopenic group     Non-sarcopenic group      p-Value

Total                             43                                 49                               
Grade 0                           2                                   1                          0.357
Grade 1a                       13                                 20                               
Grade 1b                        9                                 12                               
Grade 2                        13                                 11                               
Grade 3                           6                                   5                               



previous studies, almost all patients had adenocarcinoma, in
contrast to squamous cell carcinoma, as in our study.
Therefore, the mean pre-NAC body mass index (BMI) in
previous studies was much higher than in our study (26.7
and 24.6 kg/m2 in previous studies vs. 21.3 kg/m2 in our
study). One possible explanation for the inconsistencies
between our results and previous studies is that nutritious
status might be maintained in a certain number of patients
because of nutritional management during NAC in our study.

Our study showed that pretreatment sarcopenia was not
associated with an increased incidence of chemotherapy-
related toxicities. This result is inconsistent with a number
of previous studies that examined patients with cancer other
than esophageal cancer. In patients with metastatic breast
cancer, sarcopenia is reported to be a significant predictor of
chemotherapy-related toxicities such as diarrhea and
stomatitis (13). In renal cancer and hepatocellular carcinoma,
sarcopenia is associated with dose-limiting toxicities of
molecular target drugs (24, 25), and sarcopenic patients
experienced significantly more chemotherapy-related
toxicities than did non-sarcopenic patients with colorectal
cancer (26). In patients with esophageal cancer, the effect of
pretreatment sarcopenia on the incidence of chemotherapy-
related toxicities is controversial. Tan et al. demonstrated
dose-limiting toxicities in 37 (41.6%) out of 89 patients who
underwent NAC for esophago-gastric cancer and that
sarcopenia was significantly associated with dose-limiting
toxicities in multivariate analysis (27). Yip et al.
demonstrated that pre-treatment sarcopenia was not
associated with dose reduction of chemotherapy (22). The
effect of pre-treatment sarcopenia on the incidence of
chemotherapy-related toxicities may depend on the type of
cancer and the chemotherapeutic regimens used. 

In this study, sarcopenia before surgery was not associated
with the occurrence of postoperative complications. This
finding is in accordance with several previous studies. Awad
et al. showed that a low FFM after NAC did not increase the
duration of the postoperative hospital stay and in-hospital
mortality in esophageal cancer (23). Yip et al. showed that
there was no significant relationship between changes in
body composition during NAC and the occurrence of
postoperative complications (22). In contrastd, Ida et al.
demonstrated that the reduction in SMM and FMM during
NAC was larger in patients with postoperative complications
than in those without (28). Reisinger et al. showed that there
was no significant association between reduction of SMM
and mortality in 123 patients who underwent NAC (29).
These previous studies, as well as our study, had only a
relatively small number of patients. Larger studies are
required to determine the influence of the presence of
sarcopenia and changes in body composition during
neoadjuvant therapy on postoperative outcome in patients
with esophageal cancer who receive neoadjuvant therapy.

The explanation for the current result, i.e. that the
occurrence of febrile neutropenia was associated with an
increased reduction in SMM is not entirely clear. One potential
explanation is that systemic inflammation due to febrile
neutropenia causes a reduction in SMM. The reduction in
SMM is caused by an imbalance in protein metabolism, which
is a dynamic balance between protein degradation and protein
synthesis (30). The activation of inflammatory signal pathways
is suggested to stimulate protein degradation in skeletal muscle
(31). Several pro-inflammatory proteins, such as interleukin-6
and tumor necrosis factor-α, play a pivotal role in the
modulation of the inflammatory signaling pathway during
reduction of SMM (32-34). Thus, the associations between
inflammatory markers such as interleukin-6 and tumor necrosis
factor-α and changes in body composition during NAC should
be examined in further studies.

This study has several limitations. Firstly, this study
included only a relatively small number of patients from a
single Institution. Secondly, we assessed the influence of
change in body composition during NAC on short-term but
not long-term outcomes. Whether change in body composition
during NAC has a negative impact on the long-term survival
of patients could be evaluated in future studies. Thirdly, we
used BIA methods to assess changes in body composition,
whereas many previous studies used computed tomographic
imaging at the L3 level. BIA is non-invasive and quick
method, and can measure whole body skeletal muscle mass
(17, 35, 36), in contrast to a cross-sectional area of muscle on
one computed tomographic image. However, BIA indirectly
calculates body tissue content such as total body water, FMM
and SMM by measuring tissue conductivity. Therefore, BIA
measurements, particularly single frequency BIA, can be
influenced by abnormal hydration states such as under- or
over-hydration (37, 38). Further studies are needed to compare
BIA with other methods such as computed tomography,
magnetic resonance imaging and dual-energy X-ray
absorptiometry in terms of clinical relevance of the assessment
of changes in body composition during NAC. 

In conclusion, the present study showed that sarcopenia
before NAC was not associated with the incidence of
chemotherapy-related toxicities and that SMM was not
markedly reduced during NAC in the entire group. However,
the incidence of serious adverse events during NAC such as
febrile neutropenia or grade 4 neutropenia was significantly
associated with reduction in SMM and FMM. We should make
an effort to reduce the incidence of serious adverse events in
order to maintain an appropriate body composition during NAC.  
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