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Abstract
Purpose  To investigate the change in skeletal muscle mass and evaluate the prognostic impact of sarcopenia on esophageal 
cancer (EC) patients
Methods  The subjects of this retrospective study were 90 EC patients who were treated with neoadjuvant chemotherapy 
(NAC) and subsequent esophagectomy. The skeletal muscle index (SMI) was defined according to computed tomography 
(CT) imaging of the total cross-sectional muscle tissue, measured at the third lumbar level using a volume analyzer before 
NAC and surgery. The SMI was calculated by normalization according to height, and skeletal muscle loss (SML) was defined 
as (pre-NAC SMI value − preoperative SMI value) × 100/pre-NAC SMI.
Results  Sarcopenia was evident in 72 (80.0%) patients before NAC and 77 (85.6%) patients before NAC and surgery. The 
SMI value was decreased in 28 (68.9%) patients and the median SML was 3.3%. The 3-year overall survival rate was 68.9% 
in the low SML group and 0% in the high SML group (P < 0.001). Sarcopenia before NAC or surgery was not significantly 
associated with overall survival. Multivariable analysis identified high SML as an independent prognostic factor.
Conclusions  These results suggest that skeletal muscle loss is associated with a worse long-term outcome for EC patients 
treated with NAC.
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Introduction

Sarcopenia is defined as the progressive loss of skeletal mus-
cle mass (SMM) related to aging or disease and is common 
in patients with cancer [1]. Sarcopenia is associated with 
various outcomes, such as postoperative complications as 
well as response and tolerance to anticancer therapy [2–5]. 
Moreover, several studies have provided evidence that the 
presence of sarcopenia has a negative prognostic impact on 
various types of cancer [2, 3, 6, 7].

Although esophagectomy is currently the mainstay of 
treatment for esophageal cancer (EC), the prognosis of 
patients with EC remains poor [8]. Therefore, a multimodal 

treatment approach, combining surgery with neoadjuvant 
chemotherapy (NAC) or neoadjuvant chemoradiotherapy 
(NACRT), has been attempted [9, 10]. Recently, a more 
intensive chemotherapeutic regimen, with the combina-
tion of docetaxel, cisplatin, and 5-fluorouracil [5-FU], also 
known as “DCF”), was tested in the neoadjuvant setting 
[11]. Chemotherapy is frequently associated with a variety 
of adverse effects that can lead to SMM reduction and nutri-
tional status deterioration [12–14]. However, chemotherapy 
also has the potential to decrease the tumor bulk and reduce 
the risk of micrometastasis. Therefore, an increase in SMM 
may be achieved in responders to chemotherapy, but thus 
far, there is limited information regarding the influence of 
NAC on SMM and the prognostic importance of sarcopenia 
in patients with EC treated with NAC. We conducted the 
present study to investigate the changes in SMM and the 
prognostic impact of sarcopenia on EC treated with NAC 
and subsequent esophagectomy.
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Methods

Patients and data

A total of 119 patients received NAC followed by esophagec-
tomy for clinical Stage IB–III EC between February, 2007 
and August, 2018 at the Nara Medical University Hospital, 
Nara, Japan. Patients without available computed tomog-
raphy (CT) data prior to and after NAC (n = 25) and those 
who underwent R2 resection (n = 4) were excluded from the 
study. The final analysis population comprised 90 patients. 
This study was approved by the Local Ethics Committee on 
Clinical Investigation of Nara Medical University (No. 2164) 
and written informed consent was obtained from all patients.

The following clinicopathological characteristics of the 
patients were collected retrospectively from medical records: 
age, gender, clinical tumor depth before NAC, clinical lymph 
node metastasis before NAC, pathological tumor depth, 
pathological lymph node metastasis, pathological response 
to NAC, adverse events caused by NAC, the serum car-
cinoembryonic antigen (CEA) value and the presence of 
squamous cell carcinoma immediately before surgery, and 
postoperative complications.

The adverse events caused by NAC were evaluated 
according to the National Cancer Institute Common Toxic-
ity Criteria version 4.0. The pathological response to NAC 
was evaluated according to the Japanese Classification of 
Esophageal Cancer as follows: Grade 0, no recognizable 
cytological or histological therapeutic effect; Grade 1a, via-
ble cancer cells account for two-thirds of the tumor tissue; 
Grade 1b, viable cancer cells account for one–two-thirds 
of the tumor tissue; Grade 2, viable cancer cells account 
for less than one-third of the tumor tissue; and Grade 3, no 
viable cancer cells are present [15].

Neoadjuvant chemotherapy

The NAC regimens included DCF (n = 30; 33.3%), divided 
DCF (n = 58; 62.5%) and a combination of 5-FU and cis-
platin (FP) (n = 2; 2.2%). DCF therapy consisted of doc-
etaxel (70 mg/m2) on day 1, cisplatin (70 mg/m2) on day 
1, and 5-FU (700 mg/m2) on days 1–5 of a 21-day cycle. 
The divided DCF therapy consisted of docetaxel (35 mg/
m2) on day 1, cisplatin (6 mg/m2) on days 1–5, and 5-FU 
(350 mg/m2) on days 1–5 of a 14-day cycle. The FP regi-
men consisted of cisplatin (5 mg/m2) and 5-FU (250 mg/m2) 
on days 1–5 of a 14-day cycle. In principle, two courses of 
each regimen were planned. A total of 79 (87.8%) patients 
completed these two courses of therapy. Six (6.7%) patients 
underwent only one course of the therapy because of adverse 
events related to chemotherapy and three (5.5%) patients 
underwent three courses.

Preoperative assessment

The patients principally underwent upper gastrointestinal 
barium meal examination, upper gastrointestinal endoscopy, 
and enhanced CT from the neck to the abdomen before the 
initiation of NAC and surgery, for the evaluation of tumor 
stage and response to NAC. The tumor stage was classified 
according to the seventh edition of the American Joint Com-
mittee on Cancer TNM classification system [16].

Surgical treatment

All patients underwent esophagectomy within 4 weeks after 
the completion of NAC. Subtotal esophagectomy was per-
formed in 87 (96.7%) patients and middle–lower esophagec-
tomy was performed in 3 (3.3%) patients. Three- and two-
field lymph node dissections were performed in 79 (87.8%) 
and 11 (12.2%) patients, respectively.

Measurement of SMM and analysis

Computed tomography (CT) scans were used to assess the 
total cross-sectional transverse areas of skeletal muscles at 
the third lumbar vertebra. The psoas, quadratus lumborum, 
paraspinal, transverse abdominal, external oblique, internal 
oblique, and rectus abdominal muscles were included. The 
images were analyzed using the volume analyzer SYNAPSE 
VINCENT software (Fujifilm Company, Tokyo, Japan). A 
threshold range of − 29 to 150 Hounsfield units was used to 
define the muscles. The measured total muscle area (cm2) 
was normalized according to height in square meters and 
reported as the skeletal muscle index (SMI). Sarcopenia 
was defined based on sex-specific cutoff values. The thresh-
old of the SMI for sarcopenia was 52.4 cm2/m2 in men and 
38.5 cm2/m2 in women [17]. Skeletal muscle loss (SML) was 
defined as follows: %SML = (pre-NAC SMI value − preop-
erative SMI value) × 100/pre-NAC SMI.

Statistical analysis

Continuous variables are expressed as the median 
with ranges and the medians were compared using the 
Mann–Whitney U test. The mean pre-NAC and preoperative 
SMI values were compared using the paired t test. Categori-
cal variables are presented as numbers and percentages and 
the groups were compared using Fisher exact test.

At the time of final follow-up in January, 2019, the 
median follow-up period was 20.8 months. Overall survival 
(OS) was defined as the period from the day of operation 
to the day of death. Disease-specific survival (DSS) was 
defined as the period from the day of operation to the day 
of death caused by EC. Survival curves were produced 
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using the Kaplan–Meier method and differences between 
the curves were analyzed using a log-rank test. The haz-
ard ratio (HR) was calculated using the Cox proportional 
hazards model. A cutoff value for the SML was selected to 
provide the optimal separation between low and high risk in 
terms of the OS. A P value of < 0.05 denoted significance 
and the 95% confidence interval (CI) was calculated. All 
statistical analyses were performed using the SPSS software 
(version 22.0, SPSS, Chicago, IL, USA).

Results

OS and DSS

Sarcopenia was diagnosed in 72 (80.0%) and 77 (85.6%) 
patients before NAC and surgery, respectively (P = 0.43). 
The mean pre-NAC and preoperative SMI were 45.0 and 
43.2, respectively (P = 0.023). The SMI was decreased in 28 
patients (68.9%) and the median SML was 3.3% (− 104.5% 
to 62.2%). Regarding OS, the HR for high SML was high-
est when the cutoff SML was 12.5%; therefore, the cut-
off value of the SML was set at 12.5%. Consequently, 10 
patients (11.1%) with SML ≥ 12.5% and 80 patients (88.9%) 
with SML < 12.5% were classified into high-SML and low-
SML groups, respectively. Table 1 outlines the associations 
between the clinicopathological characteristics of patients 
and survival rates. The 3-year OS rate was 68.9% in the 
low-SML group and 0% in the high-SML group (P < 0.001; 
Fig. 1a). The 3-year DSS rate was 71.6% in the low-SML 
group and 0% in the high-SML group (P < 0.001; Fig. 1b). 
There were no significant differences in the OS and DSS 
rates in terms of sarcopenia before NAC and surgery.

Prognostic value of the SML

In the univariate analysis for OS, the HR for high SML was 
5.601 (95% CI 2.287–13.720, P < 0.001). Other factors that 
correlated significantly with the OS were clinical tumor 
depth before NAC (P = 0.023) and pathological tumor depth 
(P < 0.001). In the multivariate analysis, SML was identified 
as an independent prognostic factor (Table 2). In the univari-
ate analysis for DSS, the HR for high SML was 5.990 (95% 
CI 2.427–14.790, P < 0.001). The multivariable analysis 
identified SML as an independent predictor for DSS.

Cause of death

At the time of final follow-up, 33 patients (28.9%) had died, 
including 26/80 (32.5%) patients in the low-SML group and 
7/10 (70%) patients in the high-SML group (P = 0.034). 
The causes of death were relapse of EC in 20 (25%) and 
6 (60%, P = 0.031) patients, other cancers in 3 (3.8%) and 

Table 1   Clinicopathological characteristics of patients and survival 
rates

OS overall survival, DSS disease-specific survival, NAC neoadjuvant 
chemotherapy, CEA carcinoembryonic antigen, SCC squamous cell 
carcinoma, SML skeletal muscle loss
a Data not available for 2 patients
b Data not available for 15 patients
c Data not available for 22 patients

Variables N 3-Year OS (%) P value 3-Year DSS (%) P value

Age (years)
  ≥ 66 42 57.9 0.381 63.7 0.641
  < 66 48 63.9 63.8
Gender
 Male 77 64 0.595 67.5 0.2
 Female 13 46.9 41.7

Clinical tumor depth before NAC
 T1, T2 25 84.4 0.018 84.4 0.036
 T3, T4 65 53.2 57

Clinical lymph node metastasis before NAC
 Negative 12 78.6 0.499 68.7 0.34
 Positive 78 60.7 62

Pathological tumor depth
 T1, T2 45 90.8 < 0.001 90.8 < 0.001
 T3, T4 45 36.4 39.4

Pathological lymph node metastasis
 Negative 32 72.7 0.441 75 0.162
 Positive 58 56.9 58.8

Adverse events caused by NAC
 Grade 1, 2 58 64.1 0.996 66.8 0.857
 Grade 3, 4 32 58.1 57.9

Pathological response to NACa

 Grade 0, 1a 50 56.4 0.193 56.3 0.052
 Grade 1b, 2, 3 38 70.1 75.1

Postoperative complication
 Absent 36 52 0.48 66 0.491
 Present 54 60.7 62.2

Postoperative infectious complication
 Absent 72 67.4 0.073 69.4 0.024
 Present 18 38.4 40.8

Preoperative serum CEA (ng/ml)b

  < 5 65 69.5 0.052 72.8 0.036
  ≥ 5 10 36 36
Preoperative serum SCC (mg/ml)c

  < 1.5 47 65.3 0.323 68.3 0.522
  ≥ 1.5 21 45.4 47.7
Sarcopenia before NAC
 No sarcopenia 18 72.2 0.605 72.2 0.771
 Sarcopenia 72 60 62.3

Sarcopenia before the operation
 No sarcopenia 13 60 0.958 60 0.837
 Sarcopenia 77 62.3 64.8

SML (%)
  < 12.5 80 68.9 < 0.001 71.6 < 0.001
  ≥ 12.5 10 0 0
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0 (P > 0.999) patients, and reasons other than cancer in 3 
(3.8%) and 1 (10%, P = 0.381) patients, respectively.

SML and clinicopathological characteristics

We subsequently evaluated the relationship between the 
SML and the clinicopathological characteristics of the 
patients (Table 3). Pathological tumor depth was signifi-
cantly greater in the high-SML group than in the low-SML 
group (P = 0.001).

Discussion

The present study evaluated the prognostic impact of sarco-
penia in patients with EC treated with NAC and subsequent 
esophagectomy. Some investigators have linked sarcopenia 
to a negative prognostic impact [6], whereas others have 
not detected a significant association between sarcopenia 
and prognosis in EC patients treated with NAC [18, 19]. 
Recently, Liu et al. [12] evaluated the relationship between 
change in the psoas muscle index (PMI) and the clinical 
outcomes of 84 patients with EC who received NACRT. 

They demonstrated that a decreased PMI during neoadjuvant 
therapy (NAT) was independently associated with postop-
erative survival. Moreover, Järvinen et al. [13] evaluated 
the prognostic impact of sarcopenia and loss of SMM dur-
ing NAT, including NACRT and NAC, in 115 patients with 
EC or junctional cancer, and identified a greater decrease 
in SMI as an independent predictor of OS. To date, there 
are no data on the prognostic impact of SML in EC patients 
treated with NAC. In the present study, the rate of OS was 
significantly lower in the high-SML group than in the low-
SML group. Moreover, the presence of sarcopenia before 
NAC and surgery was not significantly correlated with OS. 
Notably, SML was identified as a predictor of OS, independ-
ent of various factors. These results suggest that high-SML 
may be a reliable predictor of the long-term outcome of EC 
patients treated with NAC.

A previous study found that high loss of muscle mass 
during the course of preoperative chemotherapy was an inde-
pendent predictor of poor relapse-free survival for patients 
with colorectal liver metastases [14]. To date, there are lim-
ited data on the prognostic impact of a change in the SMM 
in patients with EC. Liu et al. [12] reported that patients with 
a decreased PMI during NAT died of EC more frequently 

Fig. 1   Kaplan–Meier estimates for overall (a P < 0.001) and disease-specific survival (b P < 0.001) according to skeletal muscle loss

Table 2   Hazard ratio of high skeletal muscle loss for overall survival and disease-specific survival (Cox proportional hazard model)

SML skeletal muscle loss, HR hazard ratio, CI confidence interval, NAC neoadjuvant chemotherapy

Overall survival Disease-specific survival

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

Unadjusted 5.601 2.287–13.720 < 0.001 5.990 2.427–14.790 < 0.001
Adjusted for age and gender 5.766 2.308–14.410 < 0.001 6.616 2.586–16.930 < 0.001
Adjusted for age, gender and clinical tumor depth before NAC 4.510 1.771–11.490 0.001 5.294 2.005–13.980 < 0.001
Adjusted for age, gender, clinical tumor depth before NAC and 

pathological tumor depth
2.783 1.090–7.110 0.032 3.295 1.246–8.709 0.016
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Table 3   Skeletal muscle 
loss and clinicopathological 
characteristics of the patients

SML skeletal muscle loss, NAC neoadjuvant chemotherapy, CEA carcinoembryonic antigen, SCC squa-
mous cell carcinoma
a Values are presented as the median with ranges
b Data not available for 15 patients
c Data not available for 22 patients
d Data not available for 2 patients
* Indicates a value obtained from the Mann–Whitney U test
** Indicates a value obtained from the Fisher’s exact test

SML < 12.5% (N = 80, %) SML ≥ 12.5% (N = 10, %) P value

Age (years)a 66 (48–77) 68 (49–81) 0.429*

Gender
 Male 68 (85.0) 9 (90.0) > 0.999**

 Female 12 (15.0) 1 (10.0)
Clinical tumor depth before NAC
 T1, T2 25 (31.3) 0 (0) 0.056**

 T3, T4 55 (68.7) 10 (100)
Clinical lymph node metastasis before NAC
 Negative 10 (12.5) 2 (20.0) 0.617**

 Positive 70 (87.5) 8 (80.0)
Pathological tumor depth
 T1, T2 45 (56.3) 0 (0) 0.001**

 T3, T4 35 (43.7) 10 (100)
Pathological lymph node metastasis
 Negative 31 (38.8) 1 (10.0) 0.090**

 Positive 49 (61.2) 9 (90.0)
Preoperative serum CEA (ng/ml)b

  < 5 58 (86.6) 7 (87.5) > 0.999**

  ≥ 5 9 (13.4) 1 (12.5)
Preoperative serum SCC (mg/ml)c

  < 1.5 40 (67.8) 7 (77.8) 0.710**

  ≥ 1.5 19 (32.2) 2 (22.2)
Pathological response to NACd

 Grade 0, 1a 44 (56.4) 6 (60.0) > 0.999**

 Grade 1b, 2, 3 34 (43.6) 4 (40.0)
Adverse events caused by NAC
 Grade 1, 2 51 (63.8) 7 (70.0) > 0.999**

 Grade 3, 4 29 (36.2) 3 (30.0)
Operative time (min)a 549 (291–825) 559 (411–776) 0.437*

Blood loss (ml)a 280 (25–2040) 300 (411–776) 0.965*

Length of postoperative 
hospital stay (days)a

22 (11–182) 28.5 (12–65) 0.852*

Postoperative complication
 Absent 32 (40.0) 4 (40.0) > 0.999**

 Present 48 (60.0) 6 (60.0)
Postoperative infectious complication
 Absent 65 (81.2) 7 (70.0) 0.412**

 Present 15 (18.8) 3 (30.0)
Nutritional support
 Absent 63 (78.8) 7 (70.0) 0.686 **

 Present 17 (21.2) 3 (30.0)
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than those with an increased or stable PMI. In the present 
study, SML was identified as an independent predictor of 
DSS and death caused by EC relapse was significantly more 
common for patients with high SML than for those with low 
SML. These results suggest that the ongoing reduction of the 
SMM after NAC may promote the proliferation of residual 
EC cells, leading to disease recurrence in EC patients treated 
with NAC.

SMM appears to be affected by various factors. In the pre-
sent study, we evaluated the association between SML and 
various clinicopathological factors. High SML was linked 
to a greater risk of a tumor with pathological T3 and T4 
depth than those with low SML. These results indicate that it 
may be difficult to maintain the SMM of patients with bulky 
tumors, possibly because of the reduced intake and greater 
degree of systemic inflammatory responses [1, 13, 20]. In 
contrast, previous studies suggest that the SMM may differ 
between responders and non-responders to chemotherapy. 
Ohta et al. [5] reported that a low SMI was an independent 
predictor of poor pathological response to NAC for EC. Sato 
et al. [21] reported that among the patients with unresect-
able EC who underwent chemoradiotherapy, the response 
rates were significantly lower in those with a low SMI than 
in those with a high SMI. A study of patients with advanced 
urothelial carcinoma receiving chemotherapy by Fukushima 
et al. [7] also found that a change in the SMM was signifi-
cantly associated with response to chemotherapy. In contrast 
to these studies, the present study did not reveal a significant 
association between SML and the pathological response to 
NAC. Further investigations are warranted to clarify the 
mechanism underlying SML after NAC in patients with EC.

Anticancer treatment, including chemotherapy and chem-
oradiotherapy, reduces tumor bulk. However, these modali-
ties have the potential to worsen a patient’s condition and 
nutritional status because of treatment-related toxicities. To 
date, the influence of NAC on the SMM remains uncertain. 
Yip et al. [22] demonstrated that the rate of sarcopenia after 
NAC increased from 26 to 43% in EC patients. Awad et al. 
[23] also found that the rate of sarcopenia increased from 57 
to 79% and that the SMI decreased significantly during NAC 
in patients with EC. Järvinen et al. [13] also reported that 
the median SML after NAT was 2.98%. In the present study, 
the SMI decreased after NAC in 62 patients (68.9%) and the 
median SML after NAC was 3.3%. These results suggest 
that chemotherapy has a negative impact on the SMM of 
patients with EC.

Considering the poor prognosis of patients with high 
SML, the maintenance of the SMM during NAC may be 
of great importance to prevent worse long-term outcomes 
for patients with EC. Improving nutritional status may help 
maintain SMM during NAC. A randomized controlled 
trial demonstrated that lean body mass after esophagec-
tomy was preserved significantly better in a group given 

eicosapentaenoic acid than in a control group [24]. Another 
trial found that the perioperative use of an oral nutritional 
supplement significantly reduced the number of patients 
with a low SMI among those undergoing radical cystectomy 
[25].

Physical exercise has also been suggested to be effec-
tive for improving muscle mass and strength. A case–con-
trol study of patients with hepatocellular carcinoma dem-
onstrated significantly less loss of the SMM in those who 
underwent in-hospital exercise versus the control group 
[26]. However, the effects of SMM maintenance during 
NAC on the long-term outcomes of patients with cancer 
remain unclear. Further trials are required to clarify whether 
nutritional intervention and physical exercise maintain the 
SMM and thereby contribute to prolonging the survival of 
EC patients treated with NAC.

Previous studies have found that the pathological response 
to NAC is an important predictor of patient survival [27]. 
Inconsistent with these results, the present study did not 
identify pathological response to NAC as a prognostic fac-
tor for EC patients treated with NAC. While the relatively 
small number of patients included in this study would have 
influenced this result, the precise reason remains unclear.

The present study had several limitations. First, it was a 
retrospective analysis of a small study population. Second, 
the patients received various chemotherapeutic regimens. 
Third, the timing of CT evaluation and the operation were 
decided independently by each surgeon without any clear 
criteria and based on the general condition of the patient, 
the degree of adverse events related to chemotherapy, and 
other factors. These limitations restrict our ability to draw 
definite conclusions; therefore, further studies are warranted 
to validate the present results.

In conclusion, the present study demonstrated that SML 
was associated with a worse long-term outcome for EC 
patients treated with NAC. Intervention involving nutritional 
support and/or physical exercise during NAC is necessary 
for patients with EC undergoing this type of treatment.
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