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Purpose: The perioperative nutritional status is a potential prognostic factor in gastric cancer patients. This study assessed
the optimal cut-off value of the prognostic nutritional index (PNI) for predicting the survival of patients with early stage
gastric cancer and evaluated its power for predicting the survival after gastric cancer surgery.
Materials and Methods: This study reviewed the data of 8,014 patients with stage T1N0~1M0 and T2~3N0M0 gastric cancer
who underwent a curative gastrectomy without adjuvant chemotherapy between January 2006 and December 2015. The
log-rank test on SAS was conducted to determine the preoperative PNI cut-off value that indicated the most significant
difference in survival, and the clinical features and oncological outcomes were analyzed according to the cut-off value of
the preoperative PNI.
Results: The preoperative PNI cut-off value that indicated the most significant difference in survival was 43.7. Using this
cut-off value, patients were classified into high PNI and low PNI groups. The five-year overall survival rate was 96.9%
and 81.5% for the high and low PNI group, respectively (P<0.001). Considering each stage (Ia, Ib, and IIa), the overall
survival rates were significantly higher for the high PNI group than the low PNI group. Multivariable analysis revealed the
cut-off value of the preoperative PNI to be among the independent risk factors for survival.
Conclusions: The cut-off value of the preoperative PNI that could be used to determine the significant differences in the
survival of patients with early stage gastric cancer was identified and proven to have a significant impact on predicting
survival. (Surg Metab Nutr 2019;10:59-65)
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INTRODUCTION

as well as the choice of the surgical procedure are becoming increasingly important in the field of gastric can-

Although the incidence of gastric cancer has decreased

cer treatment.

in most parts of the world, it is still the 5th most common

The nutritional status of patients has received much at-

malignancy and the 2nd most common cause of cancer

tention as a potential prognostic factor in cancer treat-

death worldwide.[1] However, owing to the development

ment including gastric cancer.[4,5] Even though the prog-

of screening programs, the diagnosis of early gastric can-

nostic impact of the nutritional status in patients with

cer has increased and the survival outcomes are ex-

gastric cancer was not considered to be as important as

cellent,[2,3] indicating that adequate postoperative care

the pathological tumor stage, we previously showed that
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various nutritional parameters were associated with the

Patients with a previous history of other malignancy, gas-

survival of patients with gastric cancer.[5] Unlike tumor

tric surgery, neoadjuvant chemotherapy, or radiotherapy

stage, as the nutritional status of patients can be im-

were excluded.

proved by physicians, and because most patients with
gastric cancer reduce their food intake and experience

2. Data collection

weight loss and intestinal malabsorption after gastric sur-

The clinical data included age, gender, preoperative

gery, surgeons should focus on the postoperative dietary

body weight, body mass index (BMI), American Society of

and gastrointestinal symptoms as well as the nutritional

Anesthesiologists (ASA) score, resection extent (subtotal

status of patients with gastric cancer to improve the

vs. total gastrectomy), approach method (open vs. mini-

quality of life.

mally invasive), laboratory results indicative of the nutri-

The significance of the prognostic nutritional index

tional status such as the serum albumin, hemoglobin, to-

(PNI) has been widely reported and confirmed in many

tal protein, and cholesterol levels and the prognostic nu-

types of cancers. For example, in gastric cancer, a lower

tritional index (PNI). The PNI was calculated pre-

PNI was associated with a more aggressive tumor, higher

operatively and 3, 6, and 12 months postoperatively by

recurrence, poor overall survival, and higher risk of post-

using the following equation: PNI=[10×serum albumin

operative complications.[6-8] Moreover, some authors

(g/dL)]+[0.005×total lymphocyte count]. The tumor char-

have suggested the optimal cut-off value of the PNI for

acteristics included the tumor location (lower, middle,

predicting the survival of patients with gastric cancer.[7]

upper, or whole stomach), tumor size, histological type,

However, the PNI values are not widely used in clinical

Lauren classification, and tumor stage.

practice for gastric cancer because the aggressive nature
of the tumor and the need for adjuvant chemotherapy

3. Statistical analysis

followed by surgery were important factors that resulted

To calculate the preoperative PNI value that indicated

in better survival and the association between nutritional

the most significant difference in survival, we used the

status and tumor aggressiveness is not clear.

log-rank test of SAS. As P-values are close to zero, we

Therefore, in this study, we enrolled patients with early

used the formula “-log10 (P-value)” to obtain a negative

stage gastric cancer, that is stage Ia (T1N0M0), Ib

value for ease of interpretation. When the value of the

(T2N0M0, T1N1M0), and only T3N0M0 out of stage IIa—

“-log10 (P-value)” is the highest, i.e., when the P-value

who are free from the effects of the aggressive nature of

is the smallest, the preoperative PNI at that point is con-

the tumor and the need for adjuvant chemotherapy—to

sidered to be the cut-off value. On the basis of the results

evaluate the prognostic impact of the nutritional status.

of this analysis, the point with the smallest P-value was
selected as the optimal value of the preoperative PNI.

MATERIALS AND METHODS

Then, patients were divided into two groups according to
the cut-off value of the PNI. Several clinicopathological

1. Patients

characteristics and long-term outcome of the two groups

Between January 2006 and December 2015, the data of

were compared by using the SPSS statistical software,

8,014 patients with stage Ia (T1N0M0), Ib (T2N0M0,

version 24 (Chicago, IL, USA). The continuous variables

T1N1M0), and only T3N0M0 out of stage IIa gastric can-

between the groups were compared using the in-

cer who underwent curative gastrectomy without ad-

dependent t-test, and the categorical data were analyzed

juvant chemotherapy were retrospectively collected and

by using the chi-squared test. The overall survival rate

reviewed. Tumors were staged according to the 7th

was estimated using Kaplan–Meier survival curves. The

American Joint Committee on Cancer Staging System.[9]

association between potential risk factors and outcomes
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and the independent effects on overall survival rate were
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RESULTS

evaluated by using Cox proportional-hazards regression
analysis. The differences with P-values ＜0.05 were con-

1. Baseline clinicopathological characteristics and
cut-off value of the PNI

sidered statistically significant.

Table 1 shows the baseline demographic, clinical, laboratory, perioperative, and pathologic characteristics of
the 8,014 patients. Fig. 1 shows the preoperative PNI value that indicated the most significant difference in survival; the cut-off value was 43.7. Using the calculated
cut-off value of the preoperative PNI, patients were divTable 1. Baseline clinicopathological characteristics of the entire patient
population (n=8014)

Age (years)
Sex
Male
Female
Preoperative body weight (kg)
BMI (kg/m2)
ASA score
1
2
3
Preoperative albumin level (g/dL)
Preoperative hemoglobin level (g/dL)
Preoperative total protein level (g/dL)
Preoperative cholesterol level (mg/dL)
Preoperative PNI
Resection extent
Subtotal gastrectomy
Total gastrectomy
Surgical approach
Open
Minimally invasive
Tumor location in the stomach
Lower
Middle
Upper
Whole
Tumor size (cm)
T stage
T1
T2
T3
N stage
N0
N1
N2
WHO classification
Differentiated
Undifferentiated
Lauren classification
Intestinal
Diffuse
Mixed

ided into the high PNI group (n=7870) and the low PNI
group (n=144). As shown in Table 2, the low PNI group

Mean±SD

included patients with older age, lower BMI, higher ASA

57.2±11.6

score, and lower serum albumin, hemoglobin, total pro-

5118 (63.9)
2896 (36.1)
64.4±10.6
24.1±3.0
3713 (46.3)
4125 (51.5)
176 (2.2)
4.4±0.4
13.9±1.7
7.0±0.5
185.4±36.1
54.9±5.1
6668 (83.2)
1346 (16.8)

tein, and cholesterol levels compared to the high PNI
group. In addition, the low PNI group had larger tumors,
deeper depth of tumor invasion, and higher proportion
of differentiated histology and intestinal type gastric cancer compared to the high PNI group.

2. Long-term outcomes
Fig. 2 shows the survival curves of patients according
to the cut-off value of the preoperative PNI. Among all
patients, the 5-year overall survival rate was 96.9% for
the high PNI group and 81.5% for the low PNI group (Fig.

6208 (77.5)
1806 (22.5)
4594 (57.3)
2454 (30.6)
960 (12.0)
6 (0.1)
3.0±1.9

2A, P＜0.001). In addition, the overall survival rates were
significantly higher in the high PNI group than in the low
PNI group considering stage Ia (Fig. 2B, 97.6% vs. 82.4%),

7126 (88.9)
698 (8.7)
190 (2.4)
7707 (96.2)
269 (3.3)
38 (0.5)
3449 (43.0)
4565 (57.0)
3676 (45.9)
3434 (42.8)
904 (11.3)

BMI = body mass index; ASA = American Society of Anesthesiologists;
PNI = prognostic nutritional index; WHO = World Health Organization.

Fig. 1. Results of the log-rank test to calculate the cut-off value of the preoperative prognostic nutritional index (PNI).
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Table 2. Characteristics of the two groups

Age (years)
Sex
Male
Female
Preoperative body weight (kg)
BMI (kg/m2)
ASA score
1
2
3
Preoperative albumin level (g/dL)
Preoperative hemoglobin level (g/dL)
Preoperative total protein level (g/dL)
Preoperative cholesterol level (mg/dL)
Preoperative PNI
Resection extent
Subtotal gastrectomy
Total gastrectomy
Surgical approach
Open
Minimally invasive
Tumor location in the stomach
Lower
Middle
Upper
Whole
Tumor size (cm)
T stage
T1
T2
T3
N stage
N0
N1
N2
WHO classification
Differentiated
Undifferentiated
Lauren classification
Intestinal
Diffuse
Mixed

Pre-op PNI＜43.7
(n=144)

Pre-op PNI≥43.7
(n=7870)

65.9±11.1

57.0±11.6

93 (64.6)
51 (35.4)
59.9±9.9
23.3±3.2

5025 (63.9)
2845 (36.1)
64.5±10.6
24.1±3.0

29 (20.1)
90 (62.5)
25 (17.4)
3.4±0.3
11.5±2.0
6.1±0.7
152.0±34.8
40.7±2.8

3684 (46.8)
4035 (51.3)
151 (1.9)
4.4±0.3
14.0±1.6
7.0±0.5
186.0±35.9
55.1±4.8

118 (81.9)
26 (18.1)

6550 (83.2)
1320 (16.8)

139 (96.5)
5 (3.5)

6069 (77.1)
1801 (22.9)

86 (59.7)
44 (30.6)
14 (9.7)
0 (0.0)
4.2±2.8

4508 (57.3)
2410 (30.6)
946 (12.0)
6 (0.1)
3.0±1.9

103 (71.5)
24 (16.7)
17 (11.8)

7023 (89.2)
674 (8.6)
173 (2.2)

137 (95.1)
6 (4.2)
1 (0.7)

7570 (96.2)
263 (3.3)
37 (0.5)

98 (68.1)
46 (31.9)

3351 (42.6)
4519 (57.4)

99 (68.8)
33 (22.9)
12 (8.3)

3577 (45.5)
3401 (43.2)
892 (11.3)

P-value
＜0.001
0.856

＜0.001
＜0.001
＜0.001

＜0.001
＜0.001
＜0.001
＜0.001
NA
0.683

＜0.001

0.830

＜0.001
＜0.001

0.797

＜0.001

＜0.001

Pre-op = preoperative; PNI = prognostic nutritional index; BMI = body mass index; ASA = American Society of Anesthesiologists; WHO = World Health
Organization.

stage Ib (Fig. 2C, 95.0% vs. 77.8%) and stage IIa (Fig. 2D,

at 3, 6, and 12 months postoperatively were significantly

85.2% vs. 81.0%). A significant association was identified

associated with worse prognosis, as shown in Table 3. On

between the preoperative PNI and overall survival rate.

multivariable analysis using a Cox regression model, the
low preoperative PNI (＜43.7) was among the in-

3. Role of the cut-off value of the preoperative PNI

dependent risk factors predicting poor survival.

as a prognostic marker
On univariable analysis, old age, male sex, low pre-

DISCUSSION

operative PNI, low BMI, total gastrectomy, high ASA
score, advanced stage, differentiated histology, low PNI

The perioperative nutritional status is associated with
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Fig. 2. Survival curves according to the preoperative prognostic nutritional index (PNI) values. (A) in all patients with gastric cancer. (B) in patients with stage
Ia gastric cancer. (C) in patients with stage Ib gastric cancer. (D) in patients with stage IIa gastric cancer.

short- and long-term outcomes after surgery in patients

tumor stage is the strongest predictive factor for tumor

with cancer.[10-13] Malnutrition is a risk factor for surgi-

recurrence and survival, and advanced cancer is asso-

cal site infection; it results in decreased immune function

ciated with gastrointestinal symptoms, weight loss, and

and induces alterations in the inflammatory response,

cachexia. Moreover, adjuvant chemotherapy can also af-

thereby delaying wound healing and lengthening hospital

fect the nutritional status of patients with symptoms of

stay.[14,15] Because most patients reduce their food in-

anorexia, vomiting, abdominal pain, and diarrhea.

take and experience weight loss and intestinal mal-

Therefore, we included patients with early tumor stage,

absorption after gastric cancer surgery,[4] they are sus-

that is stage Ia (T1N0M0), Ib (T2N0M0, T1N1M0), and on-

ceptible to being malnourished; therefore, gastric sur-

ly T3N0M0 out of stage IIa, thereby omitting the effects

geons should focus on postoperative weight loss and the

of tumor stage and chemotherapy on the nutritional sta-

nutritional status to improve the quality of life of

tus and survival of patients.

patients.

The cut-off values of the PNI for postoperative survival

In the current study, we focused on the long-term sur-

of patients with gastric cancer have been calculated in

vival of patients with early stage gastric cancer consider-

previous studies by using the criteria of low 10 percentile,

ing the nutritional status. In advanced gastric cancer, the

mean value, or multiple logistic regression analysis.
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Table 3. Univariable and multivariable analyses for overall survival
Univariable analysis

Multivariable analysis

Risk factor
HR
Age
Sex
Male
Female
Preoperative PNI
＜43.7
≥43.7
BMI
Resection extent
Subtotal
Total
ASA score
1
2
3
Stage
Ia
Ib
IIa
WHO classification
Differentiated
Undifferentiated
Lauren classification
Intestinal
Diffuse
Mixed
Postoperative PNI
3 months
6 months
12 months

95% CI

P-value

HR

95% CI

P-value

1.100

1.088

1.112

＜0.001

1.084

1.071

1.097

＜0.001

0.411

0.318

0.531

ref.
＜0.001

0.428

0.331

0.555

ref.
＜0.001

7.109

5.175

9.766

2.925

2.103

4.067

0.924

0.892

0.957

＜0.001
ref.
＜0.001

0.940

0.906

0.976

＜0.001
ref.
0.001

1.338

1.044

1.714

ref.
0.021

1.134

0.882

1.457

ref.
0.327

2.541
10.151

2.003
7.011

3.222
14.698

ref.
＜0.001
＜0.001

1.160
2.572

0.899
1.738

1.497
3.807

ref.
0.254
＜0.001

2.044
5.050

1.550
3.792

2.696
6.725

ref.
＜0.001
＜0.001

1.404
2.455

1.061
1.826

1.857
3.302

ref.
0.018
＜0.001

0.477

0.388

0.587

ref.
＜0.001

1.200

0.869

1.657

ref.
0.267

0.363
0.617

0.285
0.432

0.463
0.883

ref.
＜0.001
0.008

0.690
0.765

0.477
0.506

0.998
1.157

ref.
0.049
0.205

0.887
0.883
0.897

0.869
0.861
0.872

0.906
0.907
0.923

＜0.001
＜0.001
＜0.001

HR = hazard ratio; CI = confidence interval; PNI = prognostic nutritional index; BMI = body mass index; ASA = American Society of Anesthesiologists; WHO
= World Health Organization.

[7,8,11,16-18] In the current study, we selected the

the preoperative PNI.

cut-off value of the PNI that indicated the most sig-

Although the current retrospective study included a

nificant difference in survival on the log-rank test. Even

large number of patients, the number of patients in the

though the calculated cut-off values are different across

low PNI group was very small and there was a huge dis-

studies, the constant result is that a low PNI is associated

crepancy in the distribution of patients between the two

with worse survival compared to a high PNI. When we

groups. Moreover, because our results were similar even

classified patients into two groups on the basis of the

after propensity score matching, we have not shown

preoperative PNI cut-off value of 43.7, the low PNI group

those results. In addition, we only evaluated the associa-

had older age, lower BMI, larger tumor size, and deeper

tion between overall survival and the preoperative PNI

depth of tumor invasion, indicating the presence of a

and not the association between the cancer-specific sur-

more advanced tumor. In addition, the overall survival

vival or disease-free survival and the preoperative PNI.

rate was significantly better in the high PNI group among

Accordingly, considering that comorbidities and other

all patients and considering each stage (Ia, Ib, and IIa).

causes of death are important factors that influence the

On multivariable analysis, the preoperative PNI was a

overall survival of patients with early stage gastric cancer,

significant prognostic factor for overall survival and the

it would be better to analyze the association between the

postoperative PNI was not shown to be as important as

preoperative PNI and tumor recurrence and cancer-spe-

Ji Hye Jung, et al: PNI in Early Stage Gastric Cancer ❚

cific survival to evaluate the oncological effect of the
preoperative PNI in patients with gastric cancer after
surgery.
Using the PNI value is a very easy method to determine
the nutritional status as well as predict patient survival
and postoperative complications. Because the preoperative nutritional status can be improved via oral or
parenteral supplementation, surgeons can reduce the risk
of developing postoperative complications and improve
the short-term and long-term outcomes of patients. Even
though other factors such as age, sex, tumor stage, and
histology were significant for predicting overall survival
on multivariable analysis, the only modifiable factor before surgery is the nutritional status. Therefore, although
the postoperative PNI values were not significant prognostic factors in our study, we should evaluate the association between the postoperative PNI and survival of patients with advanced gastric cancer who receive adjuvant
chemotherapy after surgery.
In conclusion, the preoperative PNI was an independent prognostic factor in patients with stage I and
IIa (only T3N0M0 out of stage IIa) gastric cancer who underwent

curative

gastrectomy

without

adjuvant

chemotherapy. Surgeons should pay attention to the nutritional status of patients with gastric cancer before surgery and make an effort to improve it, especially in patients with a low PNI value (＜43.7).
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