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Background: We aim to investigate the prognostic value of several nutrition-based indices, 

including the prognostic nutritional index (PNI), performance status, body mass index, serum 

albumin, and preoperative body weight loss in patients with gastric cancer (GC).

Materials and methods: We retrospectively analyzed the records of 1,330 consecutive 

patients with GC undergoing curative surgery between October 2000 and September 2012. 

The relationship between nutrition-based indices and overall survival (OS) was examined using 

Kaplan–Meier analysis and Cox regression model.

Results: Following multivariate analysis, the PNI and preoperative body weight loss were the 

only nutritional-based indices independently associated with OS (hazard ratio [HR]: 1.356, 95% 

confidence interval [CI]: 1.051–1.748, P=0.019; HR: 1.152, 95% CI: 1.014–1.310, P=0.030, 

retrospectively). In stage-stratified analysis, multivariate analysis revealed that preoperative body 

weight loss was identified as an independent prognostic factor only in patients with stage III GC 

(HR: 1.223, 95% CI: 1.065–1.405, P=0.004), while the prognostic significance of PNI was not 

significant (all P0.05). In patients with stage III GC, preoperative body weight loss stratified 

5-year OS from 41.1% to 26.5%. When stratified by adjuvant chemotherapy, the prognostic 

significance of preoperative body weight loss was maintained in patients treated with surgery 

plus adjuvant chemotherapy and in patients treated with surgery alone (P0.001; P=0.003).

Conclusion: Preoperative body weight loss is an independent prognostic factor for OS in 

patients with GC, especially in stage III disease. Preoperative body weight loss appears to be a 

superior predictor of outcome compared with other established nutrition-based indices.

Keywords: nutritional status, preoperative body weight loss, prognosis, gastric cancer, adjuvant 

chemotherapy

Introduction
Gastric cancer (GC) is the second most common cause of cancer-related deaths 

worldwide, with a high incidence of recurrence and metastasis.1–3 The postoperative 

survival of patients with GC remains unsatisfactory despite great improvements in 

surgical procedures and multidisciplinary treatment.4,5 Prevention and individualized 

treatment are considered the best choices to reduce GC mortality rates.6 Therefore, 

efforts to identify prognostic factors that select high-risk patients for targeted, indi-

vidualized therapy have increased.

Nutritional status has been closely linked to cancer mortality.7,8 Recently, studies 

have proved that several nutrition-based indices, such as the prognostic nutritional 

index (PNI), body mass index (BMI), serum albumin, and preoperative body weight 

loss, have important prognostic value across varied malignancies, including GC.9–12 

A study of 1,249 cases from Chen et al found that a low BMI might be associated 

with poorer survival among patients with stage III–IV GC.13 Hinata et al reported 

that impaired performance status was associated with an unfavorable prognosis in 

patients with urothelial carcinoma of the bladder who underwent radical cystectomy.14 
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One recent study revealed that preoperative PNI values 

maybe a useful predictor of long-term survival in patients 

with stage I and II GC.15 However, another study showed 

that PNI was a useful marker for predicting the long-term 

outcomes in patients with stage I and III GC.16 Therefore, 

the relationship between the nutrition-based indices and GC 

prognosis remains inconclusive.

In this large-scale retrospective study, we investigated 

the prognostic value of several nutrition-based indices in 

patients undergoing curative resection for GC.

Materials and methods
study population
We retrospectively analyzed clinicopathological data from 

1,330 consecutive GC patients who received surgical resec-

tion at Sun Yat-sen University Cancer Center between 

October 2000 and December 2012. Experienced surgeons 

performed D2 gastrectomy with R0 resection following the 

Japanese Research Society for Gastric Cancer guidelines.17 

All patients had histologically confirmed stage I–III gastric 

adenocarcinoma. Our study complied with the standards of 

the Declaration of Helsinki, and the Ethics Committee of 

Sun Yat-sen University Cancer Center approved the study. 

All patients provided written informed consent.

Patients who met all the following eligibility criteria 

were included in the study: 1) the medical record contained 

all clinicopathological data and follow-up data, 2) no 

neoadjuvant chemotherapy or radiotherapy, 3) no other 

synchronous malignancy, and 4) no preoperative intravenous 

nutrition (eg, albumin) 1 month prior to surgery.

The patients’ clinicopathological data were retrieved 

from our hospital information system. The blood sample 

was collected within 2 weeks prior to surgery. Unintentional 

preoperative body weight loss in the previous 6 months 

was recorded at the time of diagnosis. The time from diag-

nosis to surgery was ~7 days for most of the patients in 

our study. Tumors were staged using the seventh edition 

of the American Joint Committee on Cancer tumor–

node–metastasis (TNM) classification.18 According to current 

guidelines, patients with high-risk stage II or III GC and no 

marked comorbidities precluding chemotherapy use were 

offered primarily 5-fluorouracil-based adjuvant chemo-

therapy after surgery.19

Follow-up
All patients were routinely examined every 6 months dur-

ing the first 2 years after surgery and every year thereafter. 

Postoperative follow-up assessment included laboratory 

testing, gastroscopy, and dynamic CT. The final follow-up 

date was June 25, 2015. Overall survival (OS) was defined 

as the time from the date of surgery until death or the last 

available follow-up.

nutrition-based indices
Based on the standard Eastern Cooperative Oncology Group 

response criteria, performance status was recorded prior 

to surgery. Serum albumin was analyzed using standard 

threshold.

The PNI was calculated as follows: patients with a com-

bined albumin (g/L) × total lymphocyte count ×109/L of 45 

were assigned a score of 0. Patients with this total score 45 

were assigned a score of 1.20

The preoperative body weight loss was defined as “no, 

or limited” (10%) or “severe” (10%), and the BMI was 

categorized as previously described (18.5 kg/m2, 18.5 

to 25.0 kg/m2, 25.0 kg/m2).11,13

statistical analysis
Comparisons between groups were performed using the 

Pearson chi-square test and the Kruskal–Wallis test. Survival 

curves were calculated using the Kaplan–Meier method and 

were generated from univariate data. The log-rank test was 

used to determine differences in survival rates between the 

curves. All significant variables (P0.05) in the univariate 

analysis were entered into a multivariate Cox proportional 

hazard model. All variables were assessed for interaction 

and collinearity. Statistical analyses were performed using 

the IBM SPSS 19.0 software (IBM Corporation, Armonk, 

NY, USA). Two-sided P-values 0.05 were considered 

significant.

Results
Of the 1,330 enrolled patients, the median age at the time of 

diagnosis was 59 years (range 19–89 years). Of all patients, 

905 (68%) were males and 425 (32%) were females. A total 

of 220 patients had stage I disease, 334 had stage II, and 776 

had stage III (Table 1). The median follow-up period was 

35 months (range 1–179). During the follow-up period, 524 

(39.4%) patients died. A total of 806 (60.6%) patients were 

alive at the last follow-up. None of the patients died within 

the first 30 days after surgery.

Our univariate analysis showed that, of all measures of 

nutrition-based indices, PNI, serum albumin, and preopera-

tive body weight loss were associated with OS (Table 2). 

However, on multivariate analysis, only PNI (hazard ratio 

[HR]: 1.356, 95% confidence interval [CI]: 1.051–1.748, 
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P=0.019), and preoperative body weight loss (HR: 1.152, 

95% CI: 1.014–1.310, P=0.030) were independently associ-

ated with OS (Figure 1), along with age (HR: 1.441, 95% CI: 

1.068–1.787, P0.001), histological grade (HR: 1.382, 95% 

CI: 1.051–1.748, P=0.014), tumor location (HR: 0.761, 95% 

CI: 0.687–0.843, P0.001), and seventh TNM stage (HR: 

3.341, 95% CI: 2.755–4.052, P0.001).

In stage-stratified analysis, multivariate analysis revealed 

that preoperative body weight loss was independently asso-

ciated with OS in stage III disease (HR: 1.223, 95% CI: 

1.065–1.405, P=0.004; Figure 2), whereas PNI was only 

marginally associated (HR: 1.299, 95% CI: 0.990–1.706, 

P=0.059; Table S1). However, in stage I and II disease, the 

prognostic significance was not significant (all P0.05). In 

patients with stage III GC, preoperative body weight loss 

stratified 5-year OS from 41.1% to 26.5%. When stratified 

by adjuvant chemotherapy, the prognostic significance of 

preoperative body weight loss was maintained in patients 

treated with surgery plus adjuvant chemotherapy and in 

patients treated with surgery alone (P0.001; P=0.003; 

Figure 3).

The relationship between the preoperative body weight 

loss and clinicopathologic characteristics in GC patients is 

shown in Table 3. Severe preoperative body weight loss was 

associated with larger tumor size (P0.001), elevated PNI 

(P0.001), elevated performance status (P0.001), lower 

BMI (P0.001), lower serum albumin level (P0.001), 

and higher TNM stage (P0.001). Of note, the prognostic 

significance of preoperative body weight loss was maintained 

when stratified by PNI (PNI 0: P0.001; PNI 1: P=0.003).

Discussion
Malnutrition is prevalent among surgical patients with gastro-

intestinal malignancy.21,22 However, the association between 

nutritional status and prognosis in GC patients undergoing 

curative surgery is unclear. In the present study, we explored 

the prognostic value of several nutrition-based indices. We 

found that preoperative body weight loss was an independent 

prognostic factor for OS, especially in patients with stage III 

disease, and may have comparable prognostic ability to other 

established nutrition-based indices.

Accumulating evidence has indicated that cancer and 

nutritional status are closely linked.23,24 However, the under-

lying reasons why preoperative malnutrition causes a poor 

outcome remain unclear. Several potential mechanisms 

have been proposed for the relationship. First, malnutrition 

impairs immunological functions, resulting in an increased 

risk of postoperative infectious and metastasis.25 Second, 

malnutrition, as a chronic or subacute state, combines varying 

degrees of undernutrition and inflammatory activity, which 

contribute to a change in body composition and diminished 

function.26,27 Third, malnutrition can lead to various postop-

erative complications, reduced therapeutic efficacy of drugs, 

and more importantly, the activation of systemic inflamma-

tory response.28

Over the last several decades, the value of preoperative 

nutritional status to predict outcome has attracted increasing 

attention. One recent prospective study, which used pretreat-

ment BMI to assess nutritional status, showed that nutritional 

status might be a prognostic factor in older patients with GC.29 

Table 1 general characteristics of 1,330 gastric cancer patients

Characteristics No of patients (%)

age (years)
60 704 (52.9)
60 626 (47.1)

sex
Male 905 (68.0)
Female 425 (32.0)

Tumor size (cm)
5 738 (55.5)
5 592 (44.5)

Tumor location upper third 511 (38.4)
Middle third 278 (20.9)
lower third 541 (40.7)
histological grade

Well differentiated 225 (16.9)
Poorly differentiated 1,105 (83.1)

Prognostic nutritional index
0 1,187 (89.2)
1 143 (10.8)

Performance status
0 364 (27.4)
1 910 (68.4)
2 56 (4.2)

Body mass index (kg/m2)
18.5 550 (41.4)
18.5 to 25.0 443 (33.3)
25.0 337 (25.3)

serum albumin (g/l)
35 1,207 (90.8)
35 123 (9.2)

Preoperative body weight loss
no 684 (51.4)
limited 512 (38.5)
severe 134 (10.1)

Tumor–node–metastasis stage
i 220 (16.5)
ii 334 (25.1)
iii 776 (58.3)

adjuvant chemotherapy
no 513 (38.6)
Yes 817 (61.4)
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van der Schaaf et al reported that patients with esophageal 

cancer who experienced severe preoperative body weight loss 

had decreased 5-year survival after surgery but no increased 

risk of postoperative complications.11 A study by Lien et al 

revealed that preoperative serum albumin level not only 

reflected the nutritional condition but also predicted the long-

term outcome in patients with GC.30 In addition, the impact 

of the PNI on prognosis in GC remains unclear, especially 

in stage-stratified analysis.15,16 However, in our study, mul-

tivariate analysis revealed that the preoperative body weight 

loss was a predictor of OS, especially in patients with stage 

III GC. Obviously, in the context of curative resectable GC, 

the preoperative body weight loss might exert more potent 

prognostic value than other nutrition-based indices, includ-

ing the PNI, performance status, BMI, and serum albumin. 

Furthermore, our conclusions are supported by other stud-

ies. One group found that body weight loss, both before and 

during radiotherapy, were valuable prognostic indicators 

for 5-year disease-specific survival in patients with head 

and neck cancer.31 Another study reported that critical body 

weight loss had independent prognostic impact on long-term 

survival in patients with nasopharyngeal carcinoma.32 Until 

now, few studies explored the relationship between preop-

erative body weight loss and survival in patients with GC. 

Table 2 Univariate and multivariate analyses of overall survival in 1,330 patients undergoing curative resection for gastric cancer

Characteristics Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

age (years) 0.001 0.001
60 1 1
60 1.489 (1.254, 1.768) 1.441 (1.210, 1.717)

sex 0.735
Male 1
Female 1.032 (0.859, 1.241)

Tumor size (cm) 0.001 0.847
5 1 1
5 1.736 (1.461, 2.062) 0.982 (0.819, 1.178)

Tumor location 0.001 0.001
Upper third 1 1
Middle/lower third 0.675 (0.612, 0.745) 0.761 (0.687, 0.843)

histological grade 0.012 0.014
Well differentiated 1 1
Poorly differentiated 1.379 (1.072, 1.774) 1.382 (1.068, 1.787)

Prognostic nutritional index 0.001 0.019
0 1 1
1 1.627 (1.274, 2.078) 1.356 (1.051, 1.748)

Performance status 0.187
0 1
1/2 0.894 (0.756, 1.056)

Body mass index (kg/m2) 0.056
18.5 1
18.5 0.901 (0.809, 1.003)

serum albumin (g/l) 0.001 0.064
35 1 1
35 1.704 (1.316, 2.206) 1.293 (0.985, 1.697)

Preoperative body weight loss 0.001 0.030
no 1 1
limited/severe 1.340 (1.184, 1.517) 1.152 (1.014, 1.310)

Tumor–node–metastasis stage 0.001 0.001
i 1 1
ii/iii 3.568 (2.961, 4.299) 3.341 (2.755, 4.052)

adjuvant chemotherapy 0.388
no 1
Yes 0.925 (0.776, 1.104)

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Our study may add to the evidence that preoperative body 

weight loss is a valuable prognostic factor for GC. Patients 

with severe preoperative body weight loss usually have 

a poorer quality of life, a decreased response to adjuvant 

treatment, and an increased risk of chemotherapy-induced 

toxicity. We speculated that all these individual factors 

might lead to a poor clinical outcome. In addition, whether 

a targeted preoperative nutritional intervention can improve 

outcomes in these patients is worth further study.33

In our study, we found that severe preoperative body weight 

loss was associated with larger tumor size and higher TNM 

stage. The observation was consistent with previous studies 

that indicated that poor nutritional status was significantly 

parallel to tumor progression and more aggressive tumor 

behavior.34 Of note, many studies have revealed that preopera-

tive body weight loss is also affected by tumor location. Taste 

changes and food aversion, which result in discomfort and 

difficulties with eating, usually play an important role in body 

weight loss.35 In fact, we also hypothesize that there might be a 

relationship between tumor location and early satiety, leading 

to more body weight loss than an alternative tumor location. 

However, we did not find an association between severe preop-

erative body weight loss and tumor location, and prospective 

multicenter clinical studies are warranted as validation studies. 

In addition, the prognostic significance of preoperative body 

weight loss was still maintained when stratified by adjuvant 

chemotherapy. Dewys et al also reported that body weight 

loss was associated with a significantly decreased survival 

in patients receiving chemotherapy for various cancers.36 As 

shown in Figure 3, patients with severe preoperative body 

weight loss treated with surgery alone seem to have better OS 

than those treated with surgery plus adjuvant chemotherapy. 

Although we did not carry out a statistical analysis because of 

the limited number of cases, we speculated that patients with 

severe preoperative body weight loss might not benefit from 

adjuvant chemotherapy. Furthermore, whether preoperative 

body weight loss could aid in the selection of GC patients 

likely to benefit from adjuvant chemotherapy would be of 

considerable interest. Future studies, especially prospective 

randomized controlled studies, are needed.

Figure 1 Overall survival of patients with gastric cancer based on the preoperative 
body weight loss (A) and Pni (B).
Abbreviation: Pni, prognostic nutritional index.

Figure 2 Overall survival based on the preoperative body weight loss in patients 
with stage iii gastric cancer.
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In clinical practice, patients with severe preoperative 

body weight loss may need less aggressive adjuvant treat-

ment, or should perhaps forego it. Furthermore, these patients 

may need closer follow-up and early intervention based on 

objective tests. Finally, patients with severe preoperative 

body weight loss may benefit from early nutritional support. 

Despite promising results from nutritional intervention, no 

large-scale prospective studies have investigated the role of 

early nutrition support in these patients.

Figure 3 Overall survival based on the preoperative body weight loss in patients 
with gastric cancer (A) treated with surgery and adjuvant chemotherapy and (B) 
treated with surgery alone.

Table 3 correlation of preoperative body weight loss with clinic-
opathologic characteristics

Characteristics No  
(n=684)

Limited  
(n=512) 

Severe  
(n=134)

P-value

age (years)
60 366 269 69 0.889
60 318 243 65

sex
Male 216 164 45 0.901
Female 468 348 89

Tumor size (cm)
5 429 252 57 0.001
5 255 260 77

Tumor location
Upper third 250 211 50 0.161
Middle third 137 115 26
lower third 297 186 58

histological grade
Well differentiated 127 79 19 0.241
Poorly differentiated 557 433 115

Prognostic nutritional index
0 626 457 104 0.001
1 58 55 30

Performance status
0 236 105 23 0.001
1 426 380 104
2 22 27 7

Body mass index (kg/m2)
18.5 239 229 82 0.001
18.5 to 25.0 228 176 39
25.0 217 107 13

serum albumin (g/l)
35 638 462 107 0.001
35 46 50 27

Tumor–node–metastasis stage
i 158 54 8 0.001
ii 174 136 24
iii 352 322 102

adjuvant chemotherapy
no 278 190 45 0.211
Yes 406 322 89

Limitations
Our study has several limitations. First, it was a retrospective 

single-center study. However, surgical procedures, laboratory 

assays, and patient follow-up were standardized and uniform 

during the entire study period. Second, we lacked the postopera-

tive nutritional status, which might have confounded the results. 

Nevertheless, our large sample size provided a valid base to 

assess the prognostic value of nutrition-based indices.

Conclusion
Preoperative body weight loss is independently associated 

with OS in patients with GC, especially in stage III disease. 

Preoperative body weight loss may have better clinical 
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prognostic value than other established nutrition-based indi-

ces for identifying high-risk patients with GC.
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Table S1 Univariate and multivariate analyses of overall survival in 776 stage iii patients undergoing curative resection for gastric 
cancer

Characteristics Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

age (years) 0.001 0.009
60 1 1
60 1.459 (1.210, 1.759) 1.290 (1.065, 1.564)

sex 0.668
Male 1
Female 1.045 (0.856, 1.275)

Tumor size (cm) 0.083
5 1
5 1.183 (0.978, 1.431)

Tumor location 0.001 0.001
Upper third 1 1
Middle/lower third 0.785 (0.705, 0.874) 0.805 (0.720, 0.900)

histological grade 0.106
Well differentiated 1
Poorly differentiated 1.272 (0.950, 1.704)

Prognostic nutritional index 0.005 0.059
0 1 1
1 1.455 (1.118, 1.894) 1.299 (0.990, 1.706)

Performance status 0.049 0.087
0 1 1
1/2 0.826 (0.684, 0.999) 0.843 (0.693, 1.025)

Body mass index (kg/m2) 0.035 0.101
18.5 1 1
18.5 0.880 (0.782, 0.991) 0.903 (0.800, 1.020)

serum albumin (g/l) 0.008 0.137
35 1 1
35 1.450 (1.100, 1.911) 1.246 (0.933, 1.663)

Preoperative body weight loss 0.003 0.004
no 1 1
limited/severe 1.227 (1.073, 1.403) 1.223 (1.065, 1.405)

Depth of tumor 0.001 0.002
T1/T2 1 1
T3/T4 1.540 (1.318, 1.800) 1.375 (1.123, 1.684)

levels of lymph node 0.001 0.001
n0/n1 1 1
n2/n3 1.758 (1.531, 2.019) 1.542 (1.349, 1.763)

adjuvant chemotherapy 0.005 0.113
no 1 1
Yes 0.753 (0.618, 0.916) 0.849 (0.694, 1.040)

Abbreviations: CI, confidence interval; HR, hazard ratio.
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