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Introduction

Cancer has become a critical health problem and a leading cause 
of death worldwide (1-4). Cancer-related undernutrition, such 
as malnutrition and weight loss, has been reported frequently 

in patients with malignant neoplastic disease (5,6). Impaired 
nutrition status would increase the risk of antitumor treatment, 
prolong the hospital stay, deteriorate the quality of life and 
therefore influence the clinical outcome. Assessment of baseline 
nutritional status has become a novel method to evaluate the 
prognosis, using a series of nutritional indicators such as body 
mass index (BMI) (7,8), prognostic nutritional index (PNI) 
(9-12) and et al., in patients with head and neck cancer, gastric 
cancer, breast cancer, prostate cancer and pancreatic cancer.

Esophageal cancer is a common malignancy with a high 
burden of morbidity and mortality (4). Compared with other 
digestive cancers, the nutritional condition of patients with 
esophageal cancer is relatively poorer, with more than 70% of 
them suffering from undernutrition at initial diagnosis (13).  
Among these patients with esophageal cancer, reduced 
food intake mostly because of dysphagia always leads to 
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malnutrition, and additional energy demands of systematic 
inflammation further aggravates weight loss and anorexia. The 
underlying correlation between nutritional status and risk of 
postoperative complications has long been discussed, while 
the role of nutritional intervention for malnourished patients 
with esophageal cancer is identified (14). However, baseline 
nutritional condition has received minor attention in risk 
stratification for patients with esophageal cancer.

During the last decade, several studies have explored the 
prognostic impact of baseline nutritional status mostly identified 
by BMI on the outcome of esophageal cancer patients (15-19). 
In these studies, most of which focused on the adenocarcinoma 
patients undergoing surgical resection, didn’t come to an 
agreement. Furthermore, results from Asia, where the esophageal 
squamous cell carcinoma (ESCC) predominates, were rarely 
reported thus far.

Therefore, we conducted this clinical study to investigate the 
prognostic effect of baseline nutrition status in a consecutive 
cohort of ESCC patients from Southern China. In order to screen 
out the most appropriate indicator for nutritional assessment, we 
enrolled the BMI, PNI, Broca Index, ideal bodyweight (IBW) 
and body weight change to identify and compare their values in 
predicting the clinical outcomes of ESCC patients. We sought to 
provide a novel prognostic method for ESCC patients.

Materials and methods

Ethics statement

All patients provided authorized written informed consent for 
their information to be stored in Sun Yat-Sen University Cancer 
Center database and to be used for the research. Study approval 
was obtained from independent ethics committees at Cancer 
Center of Sun Yat-Sen University. The study was undertaken 
in accordance with the ethical standards of the World Medical 
Association Declaration of Helsinki.

Patients

Between January 2007 and December 2008, five hundred and 
two patients who attended Sun Yat-Sen University Cancer 
Center were retrospectively analyzed. All the patients enrolled 
in this study were pathologically diagnosed as ESCC and 
received treatment at our center. Detailed medical records with 
basic demographics (gender, age), detailed medical history and 
medications, as well as patients’ baseline tumor characteristics 
(grade of tumor differentiation and stage by the 6th edition of 
AJCC/UICC TNM system) were collected for subsequent 
analysis. When the treatment finished, each patient was followed 
up every three months by telephone contact for at least 5 years. 
The last follow-up time was January 31st 2012.

Nutritional parameters analyzed

All the information used for calculation of nutritional parameters was 
obtained within one week before any treatment started. The following 
items were selected as concise constitutional evaluation methods: 
BMI = body weight (kg)/height (m)2 (underweight, <18.5 kg/m2), 
percentage of IBW = [height (cm)–80]×0.7/actual body weight (kg)  
for male or [height (cm)–70]×0.6/actual body weight (kg) for 
female(underweight, <90 per cent), Broca index defined as ideal 
weight (kg) defined = height (cm) −100 for male or = height (cm)–105 
for female (underweight, actual body weight >Broca index), and PNI = 
10× albumin (g/dL) +0.005× total lymphocyte count (per mm3) 
(malnutrition, a PNI <50). A weight decrease more than 5% within 
three months was considered weight loss. Anemia was also considered 
as a nutritional item in our study (hemoglobin at least 12.0 g/dL for 
men and at least 11.0 g/dL for women).

Statistical analyses

All statistical analyses were performed by using Statistical 
Package for the Social Sciences (SPSS, Chicago, IL, version 13.0).  
The values were presented as the mean ± standard deviation for 
continuous data.

The Pearson’s χ2 test was used to compare the patient 
distribution between different subgroups. Kaplan-Meier method 
was used to estimate the 5-year overall survival (OS) and the log-
rank test was used to determine the survival differences. OS time 
was calculated from the date of diagnosis to the date of death 
or last follow-up. For patients who remained alive, data were 
censored at the date of last contact. Cox proportional hazards 
model was used in the univariate and multivariate analyses 
for OS to determine the independent prognostic factors. A 
two-sided probability value of less than 0.05 was considered 
statistically significant.

Results

Patient and tumor demographics

A total of 502 ESCC patients were included, with a significant 
male predominance (female/male =0.31). The median age 
at initial diagnosis was 59 years, ranging from 20 to 90 years. 
The mid-thoracic esophageal cancer occurred most frequently 
(314/502, 62.5%) and most tumors had a well or moderate 
tumor grade (grade I-II, 334/502, 66.5%). More than half of the 
patients (286/502, 56.7%) presented with an advanced stage 
disease (stage III-IV) (Table 1).

Pretreatment nutritional status and OS

310 patients (61.8%) must be supplied with semi-fluid/fluid 
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food or even could not orally take food, and 252 patients (50.2%) 
suffered from weight loss before diagnosis. The BMI, percentage 
IBW and PNI for the cohort were 21.83±3.25, 1.01±0.15 
and 53.74±6.77 respectively. There were 75 patients (15.0%) 
considered as underweight, 344 patients (68.5%) as normal and 
83 patients (16.5%) as overweight or obese by BMI. According to 
percentage of IBW, PNI and Broca Index, there were 127 (25.3%),  
139 (27.7%) and 173 patients (34.6%) determined as 

underweight/malnutrition (Table 2).
With a median follow up time of 30 months, the median OS 

for the entire patient group was 37.3 months with the 5-year OS 
rate of 43.0%. The median OS for patients with BMI less than 
18.5, patients with BMI within 18.5-24.9 and patients with BMI 
more than 24.9 were 19.2, 43.2 and 51.6 months, respectively, 
with the 5-year OS rates of 25.2%, 46.1% and 48.1%. (P<0.001) 
(Figure 1A). Percentage of IBW, PNI, Broca Index and weight 
loss were also significantly associated with OS (P<0.01 for all) 
(Table 2, Figure 1B-D).

Univariate analyses and multivariate analyses

Univariate analyses using Cox regression model was performed 
to determine if age, gender, tumor grade, tumor localization, 
performance status, stage by AJCC 6th edition, dietary status, 
anemia or nutritional status (BMI, PNI, percentage IBW and 
Broca Index) were significantly associated with OS. Besides 
the indicators mentioned above for nutritional assessment, 
tumor grade, performance status, disease stage, dietary status 
and anemia were statistically significantly associated with OS. 
(P<0.05 for all) (Table 2).

Multivariate analyses for OS using Cox regression model 
were then performed to determine the independent prognostic 
factors, including all the items showing P values less than 0.05 
in univariate analyses. Only performance status [unfavorable: 
ECOG 2; Hazard ratio (HR), 2.809; 95% confidence interval 
(CI), 1.962-4.020; P<0.001], AJCC 6th stage (unfavorable: stage 
III-IV; HR, 2.427; 95% CI, 1.846-3.191; P<0.001) and BMI 
(unfavorable: <18.5 kg/m2; HR, 1.693; 95% CI, 1.047-2.739;  
P=0.032) were the independent prognostic factors. Weight 
loss and a poorly differentiated type showed a tendency 
toward unfavorable survival, with P values (0.095 and 0.089, 
respectively) less than 0.10 (Table 3).

Relationship between BMI and demographical information of 
ESCC patients

As BMI was an independent prognostic factor for ESCC patients, 
we further explored its correlation with clinicopathological 
characteristics of the entire cohort. As summarized in Table 4, 
patients with BMI <18.5 tended to present with a more advanced 
stage disease and a poorer differentiation grade, with P values 
close to 0.05 (Figure 2A,B). However, there were no differences 
across BMI groups (underweight or not) with respect to all the 
clinicopathological variables analyzed (P>0.05 across all groups).

Discussion

Our study comprehensively compared the prognostic values 
of various nutritional indictors and showed that pretreatment 

Table 1. Patient baseline characteristics.

Characteristics NO. Proportions (%)
Gender

Male 382 76.1
Female 120 23.9

Age (years)
Mean ± SD 58.23±9.33
Median [range] 59 [20-90]

Tumor grade
I-II 334 66.5
III 168 33.5

Localization
Cervical 11 2.2
Upper-thoracic 67 13.3
Mid-thoracic 314 62.5
Lower-thoracic/GEJ 110 22.0

Performance status
ECOG 0-1 455 90.6 
ECOG 2 47 9.4 

AJCC 6th stage
I 38 7.6
II 179 35.7
III 209 41.6
IV 76 15.1

Overall survival
Median OS (months) 37.3
5-year OS rate (%) 43

BMI
Mean ± SD 21.83±3.25
Median (range) 21.57 (14.88-35.56)

Percentage of IBW
Mean ± SD 1.01±0.15
Median (range) 0.99 (0.68-1.63)

PNI
Mean ± SD 53.74±6.77
Median (range) 53 (32-96.5)

GEJ, gastroesophageal junction; ECOG, Eastern Cooperative 
Oncology Group; AJCC, American Joint Committee on Cancer; 
SD, standard deviation; OS, overall survival; BMI, body mass 
index; IBW, ideal bodyweight; PNI, prognostic nutritional index.
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Table 2. Univariate analyses of factors related to overall survival.

Variables NO. Median OS (months) 5-year OS rate (%) HR
95% CI

 P value
Lower Upper

Gender
Male 382 33.2 41.8 Reference 0.152
Female 120 50.8 53.5 0.817 0.616 1.085

Age (years)
<60 277 38.1 43.1 Reference 0.974 
≥60 225 34.9 42.8 1.004 0.791 1.274

Tumor grade
I-II 334 47.8 46.9 Reference 0.010* 
III 168 27.2 35.3 1.377 1.079 1.758

Localization
Cervical 11 45.4 41.7 Reference
Upper-thoracic 67 46.1 46.3 1.135 0.444 2.902 0.792
Mid-thoracic 314 33.9 40.4 1.229 0.506 2.989 0.649
Low-thoracic/GEJ 110 59.3 49.9 1.006 0.402 2.519 0.990

Performance status
ECOG 0-1 455 47.7 46.5 Reference <0.001*

ECOG 2 47 10.7 7.4 3.879 2.763 5.447
AJCC 6th stage

I 38 Not reached 85.5 Reference
II 179 Not reached 56.2 3.708 1.498 9.176 0.005* 
III 209 27.7 35.3 7.408 3.032 18.103 <0.001*

IV 76 10.7 8.2 20.511 8.217 51.198 <0.001*

Weight change
Stable 250 64.9 51.9 Reference <0.001*

Loss 252 27.2 33.8 1.590 1.249 2.016
Diet status

Normal 192 64.9 51.0 Reference 0.002* 
Semi-fluid/fluid/unable 310 28.1 38.0 1.502 1.166 1.935

Anemia
Yes 53 17.2 27.7 Reference <0.001*

No 449 42.7 44.8 0.537 0.379 0.760
BMI

<18.5 75 19.2 25.2 Reference
18.5-24.9 344 43.2 46.1 0.563 0.415 0.764 <0.001*

≥25 83 51.6 48.1 0.513 0.344 0.766 0.001*

Percentage of IBW
<0.9 127 27.1 33.9 Reference 0.009*

≥0.9 375 43.2 46.0 0.705 0.543 0.916
PNI

<50 139 21.5 33.8 Reference 0.002*

≥50 363 44.1 46.5 0.666 0.517 0.859
Broca Index

≤ Body weight 173 50.1 62.8 Reference 0.009*

>Body weight 329 39.2 29.0 1.410 1.091 1.822
GEJ, gastroesophageal junction; ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Committee on Cancer; OS, overall 
survival; CI, confidence interval; BMI, body mass index; IBW, ideal bodyweight; PNI, prognostic nutritional index; *P<0.05.
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Figure 1. Overall survival curves for 502 patients with ESCC stratified by baseline BMI levels (A), by baseline Borca Index status (B), by baseline 
percentage IBW status (C) and by baseline PNI levels (D).
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Table 3. Multivariate analyses of factors related to overall survival.

Variables
Characteristics

HR
95% CI

P value
Unfavorable Favorable Lower Upper

Tumor grade III I-II 1.243 0.967 1.597 0.089

Performance status ECOG 2 ECOG 0-1 2.809 1.962 4.020 <0.001*

AJCC 6th stage III-IV I-II 2.427 1.846 3.191 <0.001*

Weight change Loss Stable 0.804 0.623 1.038 0.095

Diet status Abnormal Normal 1.205 0.816 1.779 0.348

Anemia Yes No 0.755 0.518 1.101 0.144

BMI <18.5 ≥18.5 1.693 1.047 2.739 0.032*

Percentage of IBW <0.9 ≥0.9 1.152 0.743 1.787 0.527

PNI <50 ≥50 0.918 0.696 1.209 0.542

Broca index ≤ BW >BW 1.197 0.898 1.597 0.221

ECOG, Eastern Cooperative Oncology Group; AJCC, American Joint Committee on Cancer; CI, confidence interval; BMI, body mass index; 
IBW, ideal bodyweight; PNI, prognostic nutritional index; *P<0.05.
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BMI was a useful predictor for ESCC patients’ outcome, 
independently from the other clinical and tumor characteristics. 
Meanwhile, BMI, as an indirect indicator for nutritional 
condition, performed more sensitively in predicting the clinical 
outcome of Chinese ESCC patients than other nutritional 
indicators did in the current study.

BMI is a steady nutritional indicator that is used worldwide, 
classifying the whole population into underweight (<18.5 kg/m2),  
normal (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2) and 
obese (≥30 kg/m2) subgroups according to WHO criteria (20). 
Its prognostic impact on outcome has been already proposed 
and demonstrated in a series of cancers (7,8,21,22).

In esophageal cancer patients, BMI has previously been 
recognized as an epidemiological risk factor. A 23-year analysis 
of Norwegian cohort showed that BMI had opposite relations 
in the different histological groups of esophageal cancer, with 
low BMI increasing the risk of ESCC but high BMI decreasing 
the risk of esophageal adenocarcinoma (23). Another Chinese 
population-based prospective study of 22,000 men declared an 
inverse association between BMI and risk of esophageal cancer, 
while lower BMI correlated with increased esophageal cancer-
related mortality (24). In the Western industrial world, the 
prevalence of overweight or obese population has increased 
rapidly over the past several decades as well as the incidence of 
esophageal adenocarcinoma. Thus, a great body of studies has 
been reported exploring the prognostic impact of high BMI in 
the esophageal cancer patients.

In 2009, Skipworth et al. conducted a retrospective study of 
93 esophageal cancer patients undergoing surgical resection and 
found BMI (>25 vs. <25 kg/m2) as well as weight loss didn’t 
display reliably as an independent predictor of poor survival (25).  
Grotenhuis et al. reported their data from a retrospective 
study of 556 Netherlandish patients with esophageal cancer 
undergoing esophagectomy in 2010, showing that BMI class 

Table 4. Correlation between BMI and clinicopathologcial 
characteristics of 502 ESCC patients.

Variables
BMI

P value
<18.5 (n,%) ≥18.5 (n,%)

Age (years)

Mean ± SD 58.11±9.05 58.25±9.39 0.296

Median [range] 58 [34-90] 59 [20-88]

Gender

Male 61 (16.0) 321 (84.0) 0.157

Female 14 (11.7) 106 (88.3)

Tumor grade

I-II 44 (13.2) 290 (86.8) 0.077

III 31 (18.5) 137 (81.5)

Localization

Cervical 1 (9.1) 10 (90.9) 0.089

Upper-thoracic 9 (13.4) 58 (86.6)

Mid-thoracic 52 (16.6) 262 (83.4)

Low-thoracic/GEJ 13 (11.8) 97 (88.2)

Performance status

ECOG 0-1 65 (14.3) 390 (85.7) 0.144

ECOG 2 10 (21.3) 37 (78.7)

AJCC 6th stage

I 2 (5.3) 36 (94.7) 0.062

II 21 (11.7) 158 (88.3)

III 36 (17.2) 173 (82.8)

IV 16 (21.1) 60 (78.9)

GEJ, gastroesophageal junction; ECOG, Eastern Cooperative 
Oncology Group; AJCC, American Joint Committee on Cancer; 
BMI, body mass index; SD, standard deviation.

Figure 2. The patients’ AJCC 6th stage and baseline BMI levels (A); the patients’ tumor grade and baseline BMI levels (B).

200

150

100

50

0

300

250

200

150

100

50

0
I                II               III              IV I-II                                   III

AJCC 6th stage

Co
un

t

Co
un

t

Tumor grade

IBW
<18.5
≥18.5

IBW
<18.5
≥18.5

A B



Sun et al. Prognostic values of various nutritional parameters in ESCC 490

didn’t have prognostic value for short-term or long-term 
outcome (18). Hayashi et al. reported their experience from 
a cohort of patients undergoing surgery without adjuvant 
therapy in M.D. Anderson cancer center in 2010 and showed 
that high BMI (>25 kg/m2) was not an independent prognostic 
factor, which was in consistent with the results of the studies 
conducted by Melis et al. and Shridhar et al. (16,17,19) Another 
Netherlandish study of 736 esophagectomy patients by Blom et al.  
demonstrated a similar finding that a high BMI (>25 kg/m2) 
could not influence the 5-year OS rate (15). Wong et al. reviewed 
all the existing literatures analyzing the impact of elevated BMI 
on esophageal cancer as well as their own institutional outcomes 
from an esophageal cancer database, concluding that patients 
with high BMI didn’t necessarily correlate with increased 
postoperative complications or unfavorable outcome (20).

These studies in which BMI failed to display as a prognostic 
item had several limitations with regard to Asia population. 
Firstly, the BMI of the European or American patients enrolled 
was relatively higher compared with that of Eastern population, 
so that the prognostic impact of low BMI (<18.5 kg/m2) was 
rarely explored and not fully understood. Our cohort of Chinese 
patients presented with a lower mean BMI of 21.83±3.25 kg/m2, 
which was much lower than that reported by Western authors. 
Secondly, ESCC accounted for a small population (10-30%) 
and the relation between BMI and survival in ESCC was not 
explored. Finally, most of these studies included patients with 
early stage or fit enough who could afford a radical resection 
while patients with advanced stage or malnourished condition 
were rarely investigated.

Our study focusing on ESCC only demonstrated that a low 
BMI (<18.5 kg/m2) was an independent indicator for unfavorable 
OS in Chinese patients for the first time. In a large meta-analysis 
by Chinese oncologists (24), the death risk decreased 31% by 
an increased BMI of 5 kg/m2 for ESCC patients. A French study 
with a predominance of ESCC (87/105, 82.5%) declared a similar 
conclusion to our data (26). In that study, 105 patients (87 ESCC) 
with locally advanced esophageal cancer treated with definitive 
chemoradiation were retrospectively analyzed. Baseline nutritional 
status identified by a low albumin level (<35 g/L) and a BMI  
(<18 kg/m2) was associated with inferior survival in these patients. 
Clavier et al. analyzed 143 patients with advanced esophageal 
cancer (ESCC for 79%) from two French institutes and found 
a significantly prognostic impact of baseline nutritional status 
identified by nutritional risk index, a scoring system including 
BMI and albumin level (27).

The survival benefit for our ESCC patients with a relatively 
high BMI (≥18.5 kg/m2) might result from many aspects. A BMI 
less than 18.5 kg/m2 indicated the patient’s energy reservation 
was limited so that the tolerability for antitumor treatment might 
be relatively poor. Studies had found that nutritional intervention 
would decrease the incidence of postoperative complication, and 

hence indirectly supporting this hyposis (28,29). The treatment 
outcome of patients with inferior nutritional status was found to be 
unfavorable in case of undergoing definitive chemoradiation (26).  
Additionally, the poorer nutritional condition of ESCC patients 
identified by a low BMI, which was mostly caused by esophageal 
obstruction and active catabolism of inflammation mediators, 
would reflect the aggressiveness of the disease. Many authors 
demonstrated an inverse association between BMI and clinical 
stage at initial diagnosis (19,30). Similarly, our study found 
a tendency towards the negative association between TNM 
classification and BMI. Another interesting finding of our 
study was that a low BMI tended to be correlated with a poor 
differentiation grade of primary tumor.

Besides BMI, a series of other indicators also showed 
sensitively prognostic value in a couple of cancers, such as 
PNI for pancreatic cancer (12) and gastric cancer (10). These 
indicators were also explored in the current study. The survival 
difference between patient subgroups could be separated 
statistically in log-rank test by PNI, Broca Index, percentage IBW 
and weight loss. Unfortunately, the roles of these indicators as 
significantly independent predictor for OS were not identified 
in multivariate analysis, despite weight loss showed a tendency 
towards poor OS.

Our results are of interest in clinical practice. Baseline nutritional 
assessment using BMI on the basis of initial height and weight 
was objective and useful for predicting the clinical outcome of 
ESCC patients, independently from disease stage and performance 
status. Therefore, the baseline nutritional status should be carefully 
evaluated and it is helpful to the decision of individual treatment 
modality. For the ESCC patients with a low BMI (<18.5 kg/m2), we 
must give intensive nutritional support and improve the nutritional 
status in order to increase the tolerability of aggressive therapy, 
therefore to improve the prognosis. We are looking forward to future 
prospective studies taking the baseline nutritional condition and 
nutritional support into consideration.

The patients enrolled in our study presented with stages 
varying from early stage to metastatic stage, in a way could well 
reflect a real entity for ESCC in China. However, we found it 
was different to deeply investigate the prognostic impact of 
nutritional status on patients treated with different therapeutic 
modalities. That’s a disadvantage of our study.

Conclusions

In conclusion, our results suggest that the baseline nutritional 
status is predictive of OS in Chinese patients with ESCC. 
BMI is a steady indicator for nutritional evaluation and is a 
more sensitive prognostic parameter for ESCC patients, in 
contrast to other nutritional indicators. Furthermore, treatment 
optimization in ESCC patients with a low BMI should integrate 
the modalities and individual nutritional support.
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