
Abstract. Background: The aim of this study was to
elucidate the impact of postoperative inflammatory response
on prognosis in patients with stage I thoracic esophageal
squamous cell carcinoma (ESCC). Materials and Methods:
Seventy-five consecutive patients who underwent subtotal
esophagectomy for clinical stage I thoracic ESCC were
reviewed retrospectively. Maximum serum CRP level
(CRPmax) and white blood celI count (WBCmax) were
evaluated as postoperative inflammatory parameters.
Prognostic factors were analyzed using Cox proportional
hazards modeling. Results: Optimal cut-off values were 
10.7 mg/dl for CRPmax and 19,700/mm3 for WBCmax. On
univariate analyses, older age, worse performance status,
higher WBCmax, and infectious complications were
significantly associated with poorer overall survival.
Multivariate analysis revealed WBCmax >19,700/mm3 to be
an independent prognostic factor for poorer overall survival
(hazard ratio=3.356; 95% confidence interval=1.221-9.220;
p=0.019). Conclusion: A high WBCmax in the early
postoperative phase, but not infectious complications, was
an independent prognostic factor for poor overall survival
in patients with clinical stage I thoracic ESCC. 

Transthoracic esophagectomy is the mainstay of treatment for
local and locoregional disease in thoracic esophageal cancer.
Despite significant improvements in the assessment of operative
risk, surgical techniques, and perioperative management,

esophagectomy for esophageal cancer is the most invasive
surgical treatment and is associated with a high morbidity and
mortality rates following surgery for gastrointestinal cancer. 

Inflammation has been shown to play important roles in the
initiation, progression, and metastasis of cancer cells (1). In
clinical studies, accumulating evidence has also indicated that
the preoperative systemic inflammatory status of patients with
cancer affect prognosis (2-4). On the other hand, evidence is
lacking concerning the relationship between postoperative
inflammatory status and prognosis in such patients. Several
studies have demonstrated that postoperative infectious
complications are associated with tumor recurrence and
worsened prognosis for various malignancies, including
esophageal cancer (5-9). In the early postoperative phase,
because the systemic inflammatory response is mainly caused
not only by infectious complications, but also by surgical stress,
both influences should be considered when studying the
association between postoperative inflammatory response and
prognosis. However, relatively few studies have investigated the
relationship between the postoperative inflammatory response
(including surgical stress and complications) and prognosis (10-
12). The significance of postoperative inflammatory response
in the early phase after surgery on survival in patients with
esophageal cancer thus remains unclear.

In this study, we hypothesized that the postoperative
inflammatory response, including surgical stress and
infectious complications, would affect long-term outcomes
after esophagectomy. The aim of this study was to elucidate
the impact of the postoperative inflammatory response for
prognosis in patients with stage I thoracic esophageal
squamous cell carcinoma (ESCC).

Materials and Methods

The clinical data of consecutive patients who underwent subtotal
esophagectomy with two- or three-field lymphadenectomy and
reconstruction using a gastric tube by cervical anastomosis for
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clinical stage I thoracic ESCC at Osaka City University Hospital
(Osaka, Japan) between January 2000 and December 2015 were
retrospectively reviewed. All patients were diagnosed with ESCC
by biopsy before initial treatment. Patients who underwent
preoperative chemotherapy and patients with concomitant multiple
cancers were excluded. A final total of 75 patients were included.
Six patients underwent endoscopic resection resulting in non-
curative resection as a prior treatment. Since January 2009, 500 mg
of methylprednisolone has been administered to patients within 30
min of the start of surgery. Adjuvant chemotherapy was scheduled
for patients with pathologically positive lymph node metastasis.
This retrospective study was approved by the Ethics Committee at
our Institution (approval no. 4067) and was conducted in accordance
with the principles of the Declaration of Helsinki. 

The pretreatment staging workup in principle included physical
examination, laboratory tests, upper gastrointestinal endoscopy,
contrast-enhanced computed tomography (CT) between the neck
and upper abdomen, and positron-emission tomography–CT as
necessary. On the basis of these examinations, tumor stage was
assessed according to the seventh edition of the Union for
International Cancer Control TNM Classification of Malignant
Tumors (13). 

Patients with pathological stage I tumors were followed-up every
6 months for 5 years, and annually thereafter, while patients with
pathological stage II and III were followed every 4 months for the
initial 2 years, every 6 months for the next 3 years, and annually
thereafter. On a semiannual basis or on suspicion of recurrence, a
clinical history was taken, and a physical examination, routine blood
tests, measurement of squamous cell carcinoma antigen, and
enhanced CT between the neck and upper abdomen were performed.
Positron-emission tomography–CT was conducted as necessary.
Recurrence was diagnosed according to the findings of these
scheduled examinations. If the patient had not visited the hospital,
follow-up information was obtained from telephone calls to the
patient, family members, or their referring physician.

The following data were obtained: age, sex, body mass index
(BMI), Eastern Cooperative Oncology Group performance status
(PS), American Society of Anesthesiology score, tumor location,
clinical T-stage, operative procedure, operative time, blood loss,
maximum postoperative serum C-reactive protein (CRPmax) level
and white blood cell (WBCmax) count, postoperative infectious
complications, tumor size, and pathological findings were evaluated.
Postoperative CRPmax and WBCmax were defined as the highest
levels of these parameters identified between surgery and discharge.
The serum CRP level and WBC count were assessed on
postoperative days 1, 2, 3, 4, 6 and 8 in principal, and additionally
based on the condition of the patient, such as suspicion of a
postoperative complication.

Cut-off determination and primary outcomes. To set cut-off values
for continuous variables, time-dependent receiver operating
characteristic (ROC) curve analyses for 5-year overall survival (OS)
as the endpoint were performed, and maximal Youden indices were
calculated. All patients were classified into two groups based on
these cut-off values. 

Statistical analysis. Fisher’s exact test or the chi-square test was
used for analyzing associations between categorical variables. OS,
relapse-free survival (RFS), and cancer-specific survival (CSS) were
calculated from the start date of treatment (endoscopic resection or

operation) to the date of last follow-up or death, to the confirmed
date of recurrence or death, and to the date of last follow-up or
death due to esophageal cancer, respectively. Survival rates were
calculated by the Kaplan–Meier method, and survival curves were
compared with the log-rank test. Uni- and multivariate analyses for
OS were conducted with Cox proportional hazards models.
Multivariate analysis was performed using variables which in
univariate analyses had associations with values of p<0.05. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were calculated.
Values of p<0.05 were considered significant. These statistical
analyses were performed using SPSS software (SPSS, Chicago, IL,
USA), except for the time-dependent ROC curve analyses that were
performed with R-project Software version 3.4.3.

Results

Time-dependent ROC curve analyses. Time-dependent ROC
analyses showed areas under the curve (AUCs) predicting 5-
year OS were 0.656 for age, 0.679 for BMI, 0.562 for
operative time, 0.719 for blood loss, 0.541 for CRPmax, 0.750
for WBCmax, and 0.567 for tumor size. Age of 67 years, BMI
of 20.7 kg/m2, operative time of 634 min, blood loss of 
450 ml, CRPmax of 10.7 mg/dI, WBCmax of 19,700/mm3, and
tumor size of 20 mm provided maximal Youden indices, and
were therefore selected as the cut-off values. 

Clinicopathological characteristics and prognostic factors for
OS. Relationships between clinicopathological characteristics
and survival are shown in Table I. All patients underwent R0
resection. The median age of patients was 64 years
[interquartile range (IQR)=57.5-69 years], and the majority
were male (81.3%). Median BMI was 20.7 kg/m2 (IQR=19.1-
23.0 kg/m2). The majority of patients had a PS of 0 (97.3%).
Operative procedures in thoracic approach consisted of video-
assisted thoracic surgery for 65 patients, and open
thoracotomy for 10 patients. Median operative time, blood
loss, CRPmax, WBCmax, and tumor size were 561 min
(IQR=507-621 min), 420 ml (IQR=280-800 ml), 17.8 mg/dl
(IQR=11.8-20.8 mg/dl), 13,400/m3 (IQR=11,700-17,800/m3),
and 29 mm (IQR=20-40 mm), respectively.

Postoperative infectious complications were observed in
22 patients (29.3%), including pneumonia in 13 cases,
anastomotic leakage in five cases, bowel perforation in three
cases, and wound infection, enteritis, bronchitis, and
strangulated ileus in one case each, respectively. No
postoperative mortality was encountered. 

The results of uni- and multivariate analyses for OS are
summarized in Tables I and II. In the univariate analyses,
age, PS, WBCmax, and infectious complications were
significantly associated with OS. On multivariate analysis for
OS using variables with p<0.05 on univariate analyses,
increasing age (HR=2.836; 95% CI=1.169-6.883; p=0.021)
and high WBCmax (HR=3.356; 95% CI=1.221-9.220;
p=0.019) were identified as independent prognostic factors. 
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Associations between WBCmax and clinicopathological
variables, and frequency of high/low WBCmax according to
postoperative day are listed in Table III and Figure 1,
respectively. Higher BMI and infectious complications were
significantly associated with WBCmax (p=0.001).

Survival. Median follow-up for survivors was 91.5 months
(IQR=52.5-123.3 months). Two patients were lost to follow-

up within 5 years, with 16 months as the shortest follow-up
period for survivors. Recurrence was observed in nine cases,
with a median time to recurrence of 14 months (range=8-39
months). A total of 23 deaths were observed. 

Five-year OS, RFS and CSS rates for the entire study
population were 78.2%, 74.7%, and 91.1%, respectively.
Kaplan–Meier survival curves comparing OS, RFS, and CSS
according to WBCmax are shown in Figure 2. For OS and
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Table I. Univariate analyses of prognostic factors for overall survival (OS) of patients with clinical stage I thoracic esophageal squamous cell
carcinoma (n=75; 5-year OS for the whole cohort=78.2%). 

                                                                                                                                                                                      Univariate                                  

Variable                                     Subgroup                            5-Year OS (%)            Patients, n (%)                         HR (95% CI)                         p-Value

Age                                            ≤67 Years                                    86.5                         48 (64.0)                         1                                                        
                                                  >67 Years                                    63.7                         27 (36.0)                         2.959 (1.287-6.804)                     0.011
Gender                                      Male                                            74.9                         61 (81.3)                         1                                                        
                                                  Female                                         92.9                         14 (18.7)                         0.145 (0.019-1.085)                     0.060
BMI                                           ≤20.7 kg/m2                                89.9                         40 (53.3)                         1                                                        
                                                  >20.7 kg/m2                                65.2                         35 (46.7)                         2.037 (0.881-4.711)                     0.096
Performance status                   0                                                   79.0                         73 (97.3)                         1                                                        
                                                  1                                                   50.0                           2 (2.7)                           5.290 (1.206-23.199)                   0.027
ASA                                          1                                                   91.7                         12 (16.0)                         1                                                        
                                                  2, 3                                              75.2                         63 (84.0)                         0.886 (0.328-2.396)                     0.812
Location                                    Upper                                          59.7                         11 (14.7)                         1                                                    0.083
                                                  Middle                                         80.7                         45 (60.0)                         0.314 (0.113-0.870)                     0.026
                                                  Lower                                          84.2                         19 (25.3)                         0.455 (0.143-1.442)                     0.181
Clinical T stage                        1a                                                 79.0                         15 (20.0)                         1                                                        
                                                  1b                                                78.3                         60 (80.0)                         0.694 (0.271-1.776)                     0.446
Operative procedure                 VATS                                          83.5                         65 (86.7)                         1                                                        
                                                  Open                                            50.0                         10 (13.3)                         1.990 (0.770-5.140)                     0.155
Operative time                          ≤634 min                                     80.6                         60 (80.0)                         1                                                        
                                                  >634 min                                     67.7                         15 (20.0)                         1.743 (0.701-4.332)                     0.232
Blood loss                                 ≤450 g                                         89.9                         41 (54.7)                         1                                                        
                                                  >450 g                                         64.3                         34 (45.3)                         1.930 (0.827-4.502)                     0.128
CRPmax                                     ≤10.7 mg/dl                                93.8                         16 (21.3)                         1                                                        
                                                  >10.7 mg/dl                                74.7                         59 (78.7)                         4.630 (0.619-34.661)                   0.136
WBCmax                                    ≤19,700/mm3                              85.0                         62 (82.7)                         1                                                        
                                                  >19,700/mm3                              44.9                         13 (17.3)                         3.953 (1.662-9.401)                     0.002
Infectious complication           Absent                                         85.6                         53 (70.7)                         1                                                        
                                                  Present                                         61.0                         22 (29.3)                         3.014 (1.322-6.871)                     0.009
Tumor size                                ≤20 mm                                       92.3                         26 (34.7)                         1                                                        
                                                  >20 mm                                       71.2                         49 (65.3)                         1.272 (0.523-3.094)                     0.595
Differentiation                          Well                                             92.3                         14 (18.7)                         1                                                    0.821
                                                  Moderate                                     77.7                         36 (48.0)                         1.371 (0.442-4.256)                     0.585
                                                  Poor                                             70.3                         25 (33.3)                         1.099 (0.321-3.765)                     0.880
Lymphovascular invasion        Absent                                         82.7                         43 (57.3)                         1                                                        
                                                  Present                                         72.0                         32 (42.7)                         1.319 (0.580-2.998)                     0.508
Pathological T stage                 1a                                                 86.4                         24 (32.0)                         1                                                        
                                                  1b, 2                                            74.1                         51 (68.0)                         1.239 (0.508-3.022)                     0.638
Lymph node metastasis            Absent                                         84.5                         48 (64.0)                         1                                                        
                                                  Present                                         67.1                         27 (36.0)                         1.108 (0.474-2.587)                     0.813
Pathological TNM stage          I                                                   84.1                         47 (62.7)                         1                                                        
                                                  II, III                                            68.5                         28 (37.3)                         1.030 (0.442-2.400)                     0.945

BMI: Body mass index; ASA: American Society of Anesthesiology; VATS: video-assisted thoracic surgery; CRP: C-reactive protein; WBC: white
blood cell count; TNM: tumor-node-metastasis; CI: Confidence intervaI; HR: hazard ratio.



RFS, but not CSS, 5-year rates were significantly lower in
the group with high WBCmax (p=0.001, p=0.004, and
p=0.112, respectively).

Subgroup analysis. A subgroup analysis according to the
presence of infectious complications was conducted. Kaplan-
Meier survival curves comparing OS based on WBCmax in
patients with and without infectious complications are shown
in Figure 3. The OS was significantly lower in the group with
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Figure 1. Frequency of high/low maximum postoperative white blood
celI count (WBCmax) according to postoperative days. 

Figure 2. Kaplan–Meier survival curves of overall, relapse-free, cancer-
specific survival in patients with clinical stage I thoracic esophageal
squamous cell carcinoma according to maximum postoperative white
blood celI count (WBCmax). A: The 3- and 5-year overall survival rates
were 93.5% and 85.0% in the group with a low WBCmax, and 44.9%
and 44.9% in that with a high WBCmax (p=0.001). B: The
corresponding 3- and 5-year relapse-free survival rates were 88.6% and
80.6%, and 46.2% and 46.2%, respectively (p=0.004). C: The
corresponding 3- and 5-year  cancer-specific survivaI rates were 95.0%
and 93.1%, and 75.0% and 75.0%, respectively (p=0.112). 

Table II. Multivariate analysis of prognostic factors for overall survival
of patients with clinical stage I thoracic esophageal squamous cell
carcinoma (n=75). 

Variable                                                                   Multivariate

                                                              HR (95% CI)                 p-Value

Age
   ≤67 Years                                       1                                                
   >67 Years                                      2.836 (1.169-6.883)             0.021
Performance status
   0                                                     1                                                
   1                                                     1.752 (0.356-8.611)             0.490
WBCmax
   ≤19,700/mm3                                1                                                
   >19,700/mm3                                3.356 (1.221-9.220)             0.019
Infectious complication
   Absent                                           1                                                
   Present                                           1.636 (0.614-4.363)             0.325

CI: Confidence interval; HR: hazard ratio; WBC: White blood cell
count.
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Figure 3. Kaplan–Meier curves of overall survival according to
maximum postoperative white blood celI count (WBCmax) in patients
without infectious complications (A: p=0.039) and in patients with
infectious complications (B: p=0.138). 

Table III. Relationships between clinicopathological characteristics and
maximum postoperative white blood celI count (WBCmax) in patients with
clinical stage I thoracic esophageal squamous cell carcinoma (n=75). 

Variable                                    Low WBCmax    High WBCmax p-Value
                                                       (n=62)                 (n=13)

Age, years
  Median (IQR)                      63.5 (58.8-69.0)      67 (56-72)      0.669
Gender, n (%)
  Male                                           48 (77.4)              13 (100)          
  Female                                        14 (22.6)                 0 (0)           0.110*
BMI, kg/m2
  Median (IQR)                      20.6 (18.8-22.3)  23.7 (20.1-24.5)  0.032
Performance status, n (%)
  0                                                  61 (98.4)             12 (92.3)          
  1                                                    1 (1.6)                  1 (7.7)          0.319*
ASA, n (%)
  1                                                  12 (19.4)                 0 (0)             
  2/3                                              50 (80.6)              13 (100)        0.111*
Location
  Upper                                          8 (12.9)                3 (23.1)           
  Middle                                        38 (61.3)               7 (53.8)           
  Lower                                         16 (25.8)               3 (23.1)         0.641
Clinical T-stage, n (%)
  1a                                                12 (19.4)               3 (23.1)           
  1b                                                50 (80.6)             10 (76.9)        0.716*
Operative procedure, n (%)
  VATS                                         55 (88.7)             10 (76.9)          
  Open                                            7 (11.3)                3 (23.1)         0.364*
Operative time, min
  Median (IQR)                        563 (510-620)     537 (493-634)   0.823
Blood loss, g
  Median (IQR)                        410 (256-823)     460 (310-930)   0.644
CRPmax, mg/dI
  Median (IQR)                         16.0 (10.9-20.7)   20.7 (14.1-24.8)  0.068
Infectious complication, 
n (%)
  Absent                                        49 (79.0)               4 (30.8)           
  Present                                        13 (21.0)               9 (69.2)         0.001*
Tumor size, mm
  Median (IQR)                          26.0 (19.5-40.0)   38.0 (22.5-51.5)   0.113
Differentiation, n (%)
  Well                                            11 (17.7)               3 (23.1)           
  Moderate                                    31 (50.0)               5 (38.5)           
  Poor                                            20 (32.3)               5 (38.5)         0.746
Lymphovascular invasion, 
n (%)
  Absent                                        36 (58.1)               7 (53.8)           
  Present                                        26 (41.9)               6 (46.2)         0.780
Pathological T stage, n (%)
  1a                                                20 (32.3)               4 (30.8)           
  1b, 2                                           42 (67.7)               9 (69.2)      >0.99*
Lymph node metastasis, n (%)
  Absent                                        39 (62.9)               9 (69.2)           
  Present                                        23 (37.1)               4 (30.8)         0.759*
Pathological TNM stage, 
n (%)
  I                                                  38 (61.3)               9 (69.2)           
  II, III                                           24 (38.7)               4 (30.8)         0.756*
Recurrence, n (%)
  Absent                                        56 (90.3)             10 (76.9)          
  Present                                          6 (9.7)                 3 (23.1)         0.183*

BMI: Body mass index; ASA: American Society of Anesthesiology;
VATS: video-assisted thoracic surgery; CRP: C-reactive protein; TNM:
tumor-node-metastasis; IQR: interquartile range. *Fisher’s exact test.

Table IV. Cause of death in patients with clinical stage I thoracic
esophageal squamous cell carcinoma (n=75) according to maximum
postoperative white blood celI count (WBCmax).

                                   Low WBCmax          High WBCmax         p-Value
                                   (n=62), n (%)            (n=13), n (%)

Total                             15 (24.2%)                  8 (61.5%)                 
Primary disease             3 (4.8%)                    2 (15.4%)               0.205*
Other disease                 6 (9.7%)                    5 (38.5%)               0.019
Other cancer                  6 (9.7%)                    1 (7.7%)              >0.99*

*Fisher’s exact test.



a high WBCmax among patients without infectious
complications (p=0.039), while no significant difference was
seen among patients with infectious complications (p=0.138).

Cause of death. Causes of death according to WBCmax are
shown in Table IV. The proportion of patients who died of
other disease was significantly higher in the group with a
high WBCmax (38.5%) than in that with a low WBCmax
(9.7%, p=0.019), whereas no significant differences were
evident in rates of patients who died of primary disease and
other cancer.

Discussion

The present study evaluated the prognostic impact of the
postoperative inflammatory response due to surgical stress
and infectious complications in 75 patients with clinical
stage I thoracic ESCC. We found that a high WBCmax after
esophagectomy was an independent prognostic factor for OS,
but infectious complications were not. Our results suggest
that a higher WBCmax in the early phase after surgery affects
OS independently of the occurrence of postoperative
infectious complications.

Many previous studies have reported that postoperative
complications are involved in tumor recurrence and worsened
long-term outcomes for various types of cancer (5, 6, 8, 14).
Potential explanations for the correlation between
postoperative complications and worse prognosis are as
follows: i) Some cytokines and growth factors induced by the
inflammatory response may promote the proliferation and
metastasis of residual cancer cells (1). ii) Host
immunosuppression caused by the systemic inflammatory
response may lead to a compromised immune response to
residual tumor cells (15). In the present study, a high
postoperative WBCmax was significantly associated with poor
OS, but not recurrence or CSS, although trends were seen. A
plausible explanation for this result is that insufficient residual
cancer cells would be present after curative resection, because
the study cohort included only patients with clinical stage I
thoracic ESCC. On the other hand, our results suggest that a
higher inflammatory response in the early postoperative phase
worsened the general condition and immunological status,
leading to worse OS, which may have been associated with
early death within 2 years in our study. Less surgical stress,
and postoperative management to prevent and treat
complications early are important to improve survival in
patients who undergo esophagectomy. 

In our study, infectious complications were not an
independent prognostic factor, whereas a postoperative high
WBCmax, which could reflect the magnitude of the systemic
inflammatory response in the early phase after surgery, was.
Furthermore, subgroup analysis of patients with an infectious
complication revealed worse OS in the group with a high

WBCmax group than in that with a low WBCmax. These results
imply that the magnitude of the systemic inflammatory
response due to surgical stress and postoperative infectious
complications after esophagectomy is more important for
predicting prognosis than the infectious complication itself.

As markers reflecting systemic inflammatory response, we
estimated the WBC count and serum CRP level because these
are the most commonly evaluated markers of inflammation in
postoperative management. Several reports have shown the
utility of postoperative serum CRP level as a prognostic factor
(10, 11, 16-18), but few have examined the association
between postoperative WBC count and prognosis. Our study is
consistent with that of Okumura et al., who showed that
prolonged leukocytosis after curative surgery was significantly
associated with poorer OS and RFS in advanced gastric cancer
(12). In contrast, Saito et al. reported that the WBC count was
not significantly associated with RFS, although postoperative
elevation of serum CRP (≥12 mg/dl) was an independent
prognostic factor in patients with gastric cancer (10). In the
present study, postoperative WBCmax was shown to be an
independent prognostic factor for OS, although CRPmax was
not. Unlike previous studies, we determined cut-off values of
WBCmax and CRPmax based on the results of time-dependent
ROC curve analyses, representing a statistical approach.
Consequently, WBC count was shown to be superior to serum
CRP level in terms of the ability to predict prognosis in our
cohort. To the best of our knowledge, this is the first report to
show a significant association between postoperative maximum
WBC count and OS in patients with esophageal cancer.

Minimally invasive esophagectomy (MIE), such as video-
assisted thoracic surgery, have recently gained wide
acceptance because this less invasive approach is expected
to reduce the surgical stress associated with postoperative
systemic inflammation, leading to better prognosis. However,
whether MIE is less invasive, and offers better effects in
terms of long-term outcome than conventional open
esophagectomy remains unclear. A recent meta-analysis
demonstrated better OS in an MIE group than in an open
esophagectomy group (19). Yamashita et al. reported that
MIE not only Ied to a reduced postoperative inflammatory
response, but also to significantly more favorable prognosis
than open esophagectomy in a propensity score-matched
analysis (20). Randomized controlled phase III trials are
needed to clarify the superiority of MIE compared with open
esophagectomy in terms of long-term outcomes. 

The present study has certain limitations that warrant
consideration. Firstly, this was a retrospective study
conducted at a single institution, and the sample size was
small. Secondly, factors that might potentially affect
prognosis such as comorbidities could not be excluded.
Within these limitations, the present study demonstrated that
a high WBCmax after esophagectomy, but not infectious
complications, was an independent prognostic factor for OS.
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Large-scale prospective studies are needed to further validate
the utility of postoperative WBCmax in predicting OS for
patients with esophageal cancer.

Conclusion

A high WBCmax in the early phase after surgery was an
independent prognostic factor for OS in patients with clinical
stage I thoracic ESCC. Estimation of the WBC count is
inexpensive and easily available from laboratory data in
daily clinical practice. Our results suggest that reducing
surgical stress and minimizing infectious complications may
improve long-term outcomes for patients undergoing
esophagectomy for clinical stage I thoracic ESCC.
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