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Patients and Methods

Study population. Seven hundred and ninety-five patients who
underwent curative surgery for GC between 2008 and 2016 at our
Institution were reviewed retrospectively. Tumor staging and
pathological findings were classified according to the 15th Japanese
Classification of Gastric Carcinoma issued by the Japanese Gastric
Cancer Association (21). Histopathological type was classified into
two groups: Differentiated and undifferentiated. We performed
surgery according to the Japanese Gastric Cancer Association
guidelines for the treatment of gastric cancer (22). After curative
surgery, patients were followed-up every 3-6 months for the first 2
years after surgery, and the follow-ups continued for 5 years. This
study was approved by the institutional review boards of Kyoto
Prefectural University of Medicine (approval number ERB-C1327). The present study was performed in accordance with the
principles of the Declaration of Helsinki. Before surgery, written
informed consent was acquired from all patients.

Definition of the GNRI. The GNRI was calculated using BMI and
serum albumin level measured before curative surgery as:
GNRI=1.489 × albumin (g/l) + 41.7 × BMI/22.
Patients with BMI >22 kg/m2 were included as having a BMI of
22 kg/m2 according to a previous report (19). Four grades of
nutrition-related risk were defined according to the GNRI (10):
Major risk: GNRI <82; moderate risk: GNRI 82 to <92; low risk:
GNRI 92 to ≤98; and no risk: GNRI >98. Furthermore, patients
were classified into two groups: high GNRI: low and no risk; low
GNRI: major and moderate risk.

Definition of postoperative complications. We analyzed the
complications that occurred after surgery during hospitalization.
Complications of grade II or more as assessed by the Clavien–
Dindo classification were included (23). Infectious complications
included surgical site infection and pneumonia.

Statistical analysis. Categorical variables were compared using the
chi-squared test. Overall survival (OS) and cancer-specific
survival (CSS) analyses were performed using the Kaplan–Meier
method and data were compared using the log-rank test. A
multivariate analysis for prognosis was performed using Cox’s
proportional hazard model to identify independent prognostic
factors for OS, and the hazard ratio (HR) and 95% confidence
interval (CI) were subsequently calculated. All statistical tests used
in this study were two-sided, and a p-value of less than 0.05 was
considered statistically significant. All statistical analyses were
performed using JMP 10 software (SAS institute, Cary, NC, USA).

Results

GNRI and clinicopathological factors. Clinicopathological
factors of all patients are shown in Table I. Table II shows the
association between the GNRI and clinicopathological factors.
Low GNRI was correlated to age ≥75 years (p<0.001), tumor
size ≥45 mm (p<0.001), pathological T factor 3-4 (p<0.001),
the presence of lymph node metastasis (p<0.001), the presence
of lymphatic invasion (p<0.001), venous invasion (p=0.012),
carcinoembryonic antigen level before surgery ≥5 ng/ml
(p=0.004), and pathological stage II-III (p<0.001).
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Table I. Clinicopathological factors of study patients (n=795).
Variable

Age
Median (range)
Gender
Male
Female
BMI, kg/m2
Median (range)
Albumin, g/dl
Median (range)
Tumor size, mm
Median (range)
Histopathological type, n (%)a
Differentiated
Undifferentiated
Pathological T factor, n (%)a
T1
T2
T3
T4
Pathological N factor, n (%)a
N0
N1
N2
Lymphatic invasion, n (%)a
0
1-3
Venous invasiona
0
1-3
CEA, n (%)
<5 ng/ml
≥5 ng/ml
Pathological stagea
I
II
III

Value

534
261

68 (29-89)

(67%)
(33%)

22.1 (5.9-41.4)
4.3 (2.1-5.3)

421
374
487
92
130
86

36 (4-220)

(53%)
(47%)
(61%)
(12%)
(17%)
(10%)

571
159
65

(72%)
(20%)
(8%)

511
284

(64%)
(36%)

443
352

679
116

532
39
224

(56%)
(44%)

(85%)
(15%)

(67%)
(5%)
(28%)

BMI: Body mass index; CEA: carcinoembryonic antigen. ªAccording to
the 15th edition of the Japanese Classification of Gastric Carcinoma (21).

Association between GNRI and prognosis of patients after
curative surgery for GC. Figure 1 shows the association
between the GNRI and prognosis of patients with GC. The
5-year OS and CSS in patients with stage I-III GC were
stratified according to GNRI risk (Figure 1, left panel) and
were found to differ signs, p<0.001. The 5-year OS and
CSS were significantly worse in the group with low GNRI
than those with high GNRI (Figure 1, right panel). The 5year OS rate of the group with low GNRI was 46% and that
with a high GNRI was 84% (p<0.001), whilst the
corresponding CSS rates were 67% and 89%, respectively
(p<0.001).
The 5-year OS and CSS stratified based on pStage are
shown in Figure 2. The low GNRI group had significantly

