
Abstract. Background: We evaluated the following
preoperative prognostic factors in patients who underwent
esophagectomy for esophageal cancer: C-Reactive protein
(CRP), neutrophil-to-lymphocyte ratio (NLR), serum
albumin, prognostic nutritional index (PNI), and body mass
index (BMI). Patients and Methods: This retrospective study
included 173 men and 19 women with a mean age of 
65.8 years (range=42-86 years) who were scheduled to
undergo esophagectomy for esophageal cancer. The
association of CRP, NLR, albumin, PNI, and BMI with
various clinicopathological factors and prognosis were
evaluated. Results: Univariate analysis revealed that male
sex, depth of invasion, nodal metastasis, pStage, high CRP,
low PNI, high NLR, and low BMI were significant risk
factors for a poor prognosis. Multivariate analysis identified
depth of invasion, pStage, and BMI as significant prognostic
factors in the Cox proportional hazard model. Conclusion:
The preoperative nutritional status affected the postoperative
survival time in patients with esophageal cancer. In
particular, a low BMI was an independent prognostic factor
for poorer survival in the multivariate analysis.

An increasing number of esophageal carcinomas are
diagnosed worldwide each year (1). The prognosis is poor, and

the overall 5-year survival rate for patients with esophageal
squamous cell carcinoma ranges from 15% to 25% (2). 

The preoperative nutritional status is a very important
factor in esophageal cancer treatment because patients cannot
take in enough food due to local stenosis and become
cachexic with advanced esophageal carcinoma. Some studies
have described benchmarks for nutrition-related prognostic
factors (3 ,4). The serum albumin concentration, body mass
index (BMI), and prognostic nutritional index (PNI) are
reportedly related to postoperative complications and
prognosis (4-6). Additionally, the body’s inflammatory
response plays an important role in tumor occurrence and
development, and is therefore another prognostic factor (7,
8). C-Reactive protein (CRP) is the most commonly used
measure of systemic inflammation in clinical practice, and it
has been shown to be an independent predictor of survival
in patients undergoing surgical resection for several types of
cancers (9, 10). The neutrophil-to-lymphocyte ratio (NLR)
is also a reported prognostic factor that indicates
inflammation immune response to several types of cancers
(11, 12). However, there is no consensus about the
relationship between these factors and a patient’s prognosis.
Additionally, which is the most clinically valuable factor
remains unknown. Therefore, we evaluated the following
preoperative prognostic factors for patients with esophageal
cancer who underwent esophagectomy: CRP, albumin, PNI,
NLR, and BMI. 

Materials and Methods
Patients. This retrospective study included 173 men and 19 women
with a mean age of 65.8 years (range=42-86 years) who were
scheduled to undergo esophagectomy for treatment of esophageal
cancer from February 2004 to November 2014. All patients
underwent R0 resection without preoperative adjuvant therapy.
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Patients who were regarded as having malnutrition at the first visit
received enteral nutrition at 375 to 1500 kcal/day per os until
admission. This study was approved by the Institutional Review
Board of our hospital, and all patients provided written informed
consent before enrollment (approval number 1457). The tumor stage
was classified according to the seventh edition of the TNM
classification of the International Union against Cancer(13). The
mean postoperative follow-up period for the 192 patients was 26.5
months (range=1-108 months).

Nutritional assessment. The preoperative blood cell count and
biochemical examination data were retrospectively extracted from
the medical records. Peripheral blood samples were gathered within
2 weeks before surgery. The NLR was defined as the absolute
neutrophil count divided by the absolute lymphocyte count, and was
categorized into two groups: ≤3.49 and >3.49. 

BMI was calculated according to the standardized definition as
weight in kilograms divided by height in meters squared(14).
Weight and height were measured within 2 weeks prior to surgery.

The PNI was defined as follows: PNI=10 × albumin + 0.005 ×
absolute lymphocyte count(15). 

We used a receiver-operating characteristic curve to determine
the appropriate cutoff values for CRP, albumin, NLR, PNI, and BMI
in the analysis of overall survival. We determined cutoff values for
CRP, albumin, NLR, PNI, and BMI to be 0.18, 3.7, 3.49, 47.7 and
22.5 respectively. 

Surgery. We performed surgery using one of two different techniques.
Of the 192 patients, 141 underwent cervicothoracoabdominal three-
field lymph node dissection through a right-sided thoracotomy
(McKeown procedure). The remaining 51 patients underwent
thoracoabdominal two-field dissection through a right-sided
thoracotomy with reconstruction of the posterior mediastinal route
(Ivor Lewis procedure). The latter patients were elected according to
the indications for operations of our Department (16). Our indications
for this procedure were a tumor located in the middle or lower
thoracic esophagus and restricted to within the esophageal
submucosal layer, and no evidence of neck lymphadenopathy nor any
prominent intramediastinal lymph node swellings on preoperative
examination. 

Statistical analysis. Continuous variables are expressed as the
mean±standard deviation. The associations of CRP, albumin, NLR,
PNI, and BMI with clinicopathological factors were analyzed using
Student’s t-test, the chi-square test, and analysis of variance. Overall
and cancer-specific survival were measured from the day of surgery
and plotted according to the Kaplan–Meier method; the log-rank test
was used for comparison. Cox proportional hazards regression was
used to analyze univariate and multivariate prognostic factors. All
statistical analyses were performed using the JMP software package
(SAS Institute Inc., Cary, NC, USA). Differences were considered
statistically significant at p<0.05.

Results
The clinicopathological characteristics of patients are shown
in Table I. We identified a relationship between CRP and
tumor location (p<0.01), T factor (depth of invasion)
(p<0.0001), and pathological stage (pStage) (p<0.05).
Patients in the low-albumin group were older than those in

the high-albumin group (p<0.05). The low-albumin group
contained no female patients. There was no relationship
between NLR and age, sex, tumor location, or TNM stage.
Patients with low PNI had deeper invasion of tumor than
those with high PNI (p<0.05). There was no relationship
between BMI and age, sex, tumor location, or TNM stage. 
The results of the univariate and multivariate analyses of
overall survival after esophagectomy in patients with
esophageal cancer are shown in Table II. The univariate
analysis revealed that male sex, depth of invasion (pT3, 4),
nodal metastasis (positive), pStage (Stage 3, 4), low BMI,
low PNI, high NLR, and high CRP were significant factors
related to a poor prognosis (Table II; Figures 1 and 2). The
multivariate analysis confirmed depth of invasion, pStage,
and BMI to be independent prognostic factors in patients
who underwent esophagectomy. Moreover, the high-BMI
group had a better prognosis than the low-BMI group in
terms of disease-specific survival (p<0.01) (Figure 2).

Discussion

In our study, patients with a lower BMI had a poorer
prognosis than patients with a higher BMI. A low BMI was
confirmed as an independent poor prognostic factor in the
multivariable logistic regression analysis. Zhang et al.
performed a meta-analysis of the relationship among
complications, survival, and BMI. They showed that a higher
BMI was associated with increased complications and that a
high BMI could improve overall survival when they
analyzed the prognosis in three groups(6). In our cohort, only
two patients (1.0%) had a BMI of >30.0 kg/m2, and 26
patients (13.5%) had a BMI of >25.0 kg/m2. Therefore, we
believe that it was difficult to evaluate the influence of
obesity on the prognosis of our patients who underwent
esophagectomy. In our study, the reason for the poor
prognosis in patients with a lower BMI is thought to have
been their lower nutrition status. 

A low serum albumin concentration is associated with
postoperative complications and prognosis (17). The
preoperative serum albumin concentration was not a
prognostic factor in our study. The preoperative serum
albumin level may not adequately reflect the prognosis in
patients with esophageal cancer.

The PNI was first suggested to be a nutritional index and
a predictor of surgical risk by Buzby et al. in 1980 (18), and
this was corroborated by Onodera et al. in 1984 (15).
Numerous studies have recently shown that a low PNI is an
independent adverse prognostic factor for short-term
postoperative complications and long-term outcomes in
many different types of cancer, including gastric, colorectal,
and esophageal (19-21). Sun et al. reported that PNI might
be an effective predictive indicator for digestive system
carcinoma according to their meta-analysis of cancer arising
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Table I. Patient characteristics.

Characteristic      Total              CRP                              Albumin≤3.7                       NLR                             PNI                                BMI
                        (n=192)

                                          CRP≤      CRP>                 albumin  albumin              NLR≤    NLR>              PNI≤     PNI>                BMI≤    BMI>
                                           0.18        0.18                    ≤3.7       >3.7                 3.49        3.49                 47.7       47.7                  22.5      22.5 
                                          mg/dl      mg/dl                    g/dl         g/dl                (n=150)   (n=42)             (n=65)  (n=127)              kg/m2     kg/m2
                                        (n=110)    (n=82)                 (n=23)   (n=169)                                                                                       (n=108)  (n=84)

Age (years)             
   mean (range)   66.0      65.3       66.9        0.1         70.2       65.4     <0.05    66.3       65.9      0.96   67.7       65.1      0.07     65.4      66.7       0.15
                          (42-86)  (42-80)   (52-86)                  (54-86)   (42-86)              (42-86)   (49-80)            (45-86)  (42-81)             (49-86)  (42-86)
Gender
   Male               173          96           77            0.13       23         150         <0.05  132           41         0.07   60        113         0.46     97          76          0.88
   Female             19          14             5                            0           19                      18             1                      5          14                      11            8            
Location                                                                                                                                             0.33                               0.18                                    
   Ut                     17          11             6          <0.01         1           16           0.11    11             6                      4          13                     10            7          0.67
   Mt                    89          61           28                            7           82                      72           17                    26          63                     47          42            
   Lt                      86          38           48                          15           71                      67           19                    35          51                     51          35            
TNM clinical classification (7th)                                                                                                                                                                                             
T                                                                                                                                                                                                                                          
   T1                     84          65           19          <0.0001     7           77           0.58    68           16         0.36   19          65       <0.05     46          38          0.15
   T2                     23          13           10                            3           20                      18             5                      9          14                       9          14            
   T3                     79          30           49                          12           67                      61           18                    34          45                     48          31            
   T4                       6            2             4                            1             5                        3             3                      3            3                       5            1            
N
   N0                    80          51           29            0.1         11           69           0.92    63           17         0.15   26          54         0.76     43          37          0.91
   N1                    60          31           29                            6           54                      49           11                    20          40                     36          24            
   N2                    34          15           19                            4           30                      22           12                    14          20                     19          15            
   N3                    18          13             5                            2           16                      16             2                      5          13                     10            8            
M
   M0                 170          98           72            0.78       22         148           0.25  134           36         0.52   58        112         0.83     97          73          0.53
   M1                   22          12           10                            1           21                      16             6                      7          15                      11           11            
pStage                                                            <0.05                                     0.17                                0.64                               0.57                                  0.35
   I                        58          43           15                            9           49                      47           11                    16          42                     28          30            
   II                      50          28           22                            3           47                      41             9                    17          33                     31          19            
   III                     60          27           33                          10           50                      44           16                    24          36                     37          23            
  IV                     24          12           12                          1           23                    18             6                    8          16                   12          12            

Ut: Upper thoracic esophagus, Mt: middle thoracic esophagus, Lt: lower thoracic esophagus, CRP: c-reactive protein, NLR: neutrophil-to-lymphocyte
ratio, PNI: prognostic nutritional index, BMI: body mass index.

Table II. Univariate and multivaliate analyses of overall survival after esophagectomy.

Characteristic                                                         Univariate analysis                                                                  Multivariate analysis

                                                             OR                     95% CI                    p-Value                      OR                        95% CI                      p-Value

Age (years)                                           1.24                 0.938-1.654                 0.13                                                                                                 
Gender, male                                        2.43                1.128-10.137                0.0175                        2.12                    0.951-9.048                   0.0704
pT3,4                                                    2.14                 1.565-3.023               <0.0001                        1.45                    1.006-2.178                   0.0463
Nodal metastasis positive                    1.44                 1.070-2.003                 0.0157                        1.36                    0.731-2.681                   0.3367
pStage 3,4                                            1.92                 1.426-2.643               <0.0001                        1.99                    1.042-4.049                   0.0367
BMI (low)                                            1.53                 1.127-2.139                 0.0056                         1.4                     1.023-1.985                   0.0353
PNI (low)                                             1.35                 1.019-1.793                 0.0366                      1.0916                  0.798-1.489                   0.5803
NLR (high)                                           1.6                   1.192-2.128                 0.0022                         1.2                     0.849-1.676                   0.2976
Albumin (low)                                     1.38                 0.930-1.936                 0.1039                                                                                             
CRP (high)                                           1.67                 1.251-2.285                 0.0005                      1.24                   0.9082-1.740                  0.176

BMI: Body mass index, PNI: prognostic nutritional index, NLR: neutrophil-to-lymphocyte ratio, CRP: c-reactive protein, OR: odds ratio, CI:
confidence interval.



in various organs (5). The results of their meta-analysis are
highly suggestive for the role of PNI in cancer treatment, but
only one study addressed esophageal cancer; thus, their
results are not generally applicable to esophageal cancer
treatment. 

The preoperative NLR reflects the patient’s inflammatory
status, clinical stage, and survival rate for some malignancies
(22-25). In their meta-analysis of esophageal cancer, Yodying
et al. reported that the high NLR was associated with tumor
progression and was predictive of poorer survival (8). In our
study, the NLR was a prognostic factor in the univariate
analysis but not in the multivariate analysis. CRP was also a
prognostic factor in the univariate analysis. The patient’s
inflammatory status may play an important role in the
survival of patients with esophageal cancer (26). In a recent
meta-analysis, CRP was reported to be a prognostic factor in

patients with esophageal cancer (10). The Glasgow
prognostic score (GPS) has been also reported as a
prognostic factor in patients who have undergone treatment
for esophageal cancer (27, 28). In the current study, we did
not evaluate the GPS because this score includes both CRP
and serum albumin.  

Conclusion

In the present study, the preoperative nutritional status was
found to affect the postoperative survival time in patients with
esophageal cancer. In particular, BMI was an independent
prognostic factor in the multivariate analysis. We were unable
to determine whether BMI was a cause or an effect; however,
a low preoperative BMI may indicate poor prognosis. We
used the amount of food intake as the basic indicator for
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Figure 1. Relationship between overall postoperative survival and variables. A: Patients in the high C-reactive protein (CRP) group (>0.18 mg/dl)
had a significantly poorer prognosis than those in the low CRP group (≤0.18 mg/dl). B: Patients in the high albumin group (>3.7 g/dl) had a
significantly more favorable prognosis than those in the low albumin group (≤3.7 g/dl). C: Patients in the high neutrophil-to-lymphocyte ratio (NLR)
group (>3.49) had a significantly poorer prognosis than those in the low NLR group (≤3.49). D: Patients in the high nutritional index (PNI) group
(>47.7) had a significantly more favorable prognosis than those in the low PNI group (≤47.7).



nutritional support. However, the BMI may be more
important for the postoperative prognosis. Management of
nutritional support is clearly of importance during the
preoperative treatment of patients with esophageal cancer.
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Figure 2. Relationship between postoperative survival and body mass index (BMI). A: Relationship between overall postoperative survival and BMI.
Patients in the high BMI group had a significantly more favorable prognosis than those in the low BMI group [5-year survival rates: high BMI
group (>22.5 kg/m2), 71.9%; low BMI group (≤22.5 kg/m2), 53.6%; p<0.01]. B: Relationship between disease-specific postoperative survival and
BMI. Patients in the high BMI group had a significantly more favorable prognosis than those in the low BMI group [5-year survival rates: high
BMI group (>22.5 kg/m2), 81.3%; low BMI group (≤22.5 kg/m2), 66.2%; p<0.01].
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