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ABSTRACT

Background. This study aimed to evaluate the predictive

value of the preoperative Controlling Nutritional Status

(CONUT) score, which comprehensively reflects protein

and lipid metabolism as well as the immunocompetence

among patients with stage 2 or 3 gastric cancer.

Methods. From a retrospective database of 3484 patients

who underwent gastrectomy for gastric cancer at nine

Japanese institutions between 2010 and 2014, data for 626

patients with stage 2 or 3 cancer were retrieved. The study

evaluated the significance of the associations between the

optimal CONUT score cutoff values with the prognosis and

the incidence of postoperative complications.

Results. The study determined that 2 was the optimal

CONUT score cutoff value for predicting mortality 2 years

after surgery. The patients with a CONUT score of 2 or

higher (CONUT-high group) were significantly older and

had a worse Eastern Cooperative Oncology Group perfor-

mance status, lower body mass index, and more advanced

tumor-node-metastasis stage than the patients with a

CONUT score lower than 2 (CONUT-low group). Overall,

the survival time was significantly shorter in the CONUT-

high group than in the CONUT-low group [hazard ratio

(HR) 1.97; P\ 0.0001]. A multivariable analysis showed

that the CONUT score was an independent prognostic

factor of overall survival. The CONUT score more sig-

nificantly reflected the overall survival for patients who

underwent postoperative adjuvant chemotherapy than for

those who underwent surgery alone. Additionally, a high

preoperative CONUT score was significantly associated

with an increased incidence of postoperative pneumonia

and prolonged hospitalization.

Conclusions. The study results suggest that the preopera-

tive CONUT score may be a useful predictor of

postoperative short- and long-term outcomes for patients

with stage 2 or 3 gastric cancer.

Despite improvements in diagnostic and treatment

methods, gastric cancer remains a major cause of cancer-

related mortality worldwide.1,2 Immune-nutritional status

is known to be a factor that influences cancer treatment

outcomes such as surgical morbidity and tolerance to

chemotherapy.3–5 Patients with advanced gastric cancer

typically are malnourished because of persistent bleeding
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and inflammation at the site of the tumor and because of

digestive tract obstruction.1,6 Objective evaluation of

impaired nutritional status, ideally at the latent stage, may

therefore facilitate several decisions regarding the optimal

management of patients with gastric cancer.

Ideal indicators that reflect immune-nutritional status

should be simple to use, inexpensive, quickly measured,

objective, and available before surgery. The Controlling

Nutritional Status (CONUT) score comprehensively eval-

uates protein metabolism, immunocompetence, and lipid

metabolism7,8 and is widely used to select patients for

intervention by nutritional support teams and to predict

patients’ responses to nutritional therapy.9–11

The CONUT score also has attracted attention as a

prognostic indicator for cancer patients, and Kuroda et al.12

found in their analysis of 416 patients with resectable gas-

tric cancer that patients with a high preoperative CONUT

score had significantly shorter overall survival time than

those with a low CONUT score. However, their study was

limited because it was a single-institution study with a

small sample and because it included stage 1 patients who

likely had a small number of recurrences. Additionally, the

study had a long period of data acquisition accompanied by

large changes in disease backgrounds and standard

treatments.

This study aimed to analyze a multicenter data set

acquired within a 5-year period to evaluate the value of the

preoperative CONUT score as a predictor of short- and

long-term outcomes for patients with stage 2 or 3 gastric

cancer.

MATERIALS AND METHODS

Patients

We conducted a retrospective review of the clinical data

for 3484 patients who underwent gastrectomy for gastric

cancer at nine institutions between January 2010 and

December 2014. The patients provided written informed

consent for surgery and for use of their clinical data as

required by the institutional review board at each partici-

pating institution.

We selected 626 patients based on the following inclu-

sion criteria: no preoperative treatment, R0 resection with

systematic lymphadenectomy performed in accordance

with the Japanese Gastric Cancer Treatment Guidelines,13

pathologic stage 2 or 3 gastric cancer based on the tumor-

node-metastasis (TNM) classification system of the Inter-

national Union Against Cancer (UICC) Classification of

Malignant Tumors, 8th edition,14 and availability of suffi-

cient clinical data for analysis (Fig. 1a). Patients with

gastric stump cancer and those who underwent extended

surgery (e.g., pancreaticoduodenectomy and Appleby’s

procedure) or limited surgery without systemic lym-

phadenectomy were excluded from the study.

Patient Management

Postoperative follow-up evaluation included physical

examinations, laboratory tests, and enhanced computed

tomography (chest and abdominal cavity) once every

6 months for 5 years or until recurrence.15 Postoperative

adjuvant chemotherapy with either S-1 (an oral fluoropy-

rimidine derivative) for 12 months or capecitabine plus

oxaliplatin for 6 months was recommended to all patients

as postoperative adjuvant treatment unless contraindicated

by the patient’s condition or the patient’s refusal.16,17

Treatment after recurrence was determined on the basis of

the evidence available at the time of treatment and the

patient’s condition.

Quality of Surgery

To guarantee the quality of the gastrectomy and sys-

temic lymphadenectomy, institutions at which more than

50 gastrectomies for gastric cancer were performed per

year, in accordance with the Japanese Gastric Cancer

Treatment Guidelines,13 were selected to participate in this

multi-institutional study. Board-certified surgeons from the

Japanese Society of Gastroenterological Surgery performed

or supervised all surgery. A central review was not

performed.

The CONUT Score

The CONUT score was calculated from the serum albu-

min value, total lymphocyte count (TLC), and serum

cholesterol value (Table S1).8,9 Blood tests to calculate the

CONUT score were performed within 3 days before surgery.

To compare the predictive value of the CONUT score with

that of other parameters, blood cell counts, total protein, urea

nitrogen, creatinine, bilirubin, C-reactive protein (CRP), the

estimated glomerular filtration rate (eGFR), the lymphocyte-

to-monocyte ratio (LMR = TLC/monocyte count), the pla-

telet-to-lymphocyte ratio (PLR = TLC/platelet count 9

100), the neutrophil-to-lymphocyte ratio (NLR = neutrophil

count/TLC), the platelet-to-neutrophil ratio (PNR = neu-

trophil count/platelet count 9 100), Onodera’s prognostic

nutritional index (PNI = 10 9 albumin [g/dL] ? 0.005 9

TLC), and the albumin-to-bilirubin index (ALBI = [log 10

bilirubin {lmol/L}] 9 0.66) ? [albumin {g/L}] 9 -

0.085) were measured or calculated.6,18 The Glasgow

Prognostic Scale (GPS) and modified GPS (mGPS) also were

evaluated based on preoperative blood test results.19
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TABLE 1 Patient demographics and perioperative clinical characteristics

Variables CONUT-low

(n = 337)

n (%)

CONUT-high

(n = 289)

n (%)

P Value

Mean age (years) 65.7 ± 10.9 70.5 ± 10.4 \ 0.0001

Sex 0.1538

Male 226 (67) 209 (72)

Female 111 (33) 80 (28)

Preoperative symptom

Absent 186 (55) 150 (52) 0.4106

Present 151 (45) 139 (48)

Performance status

0 294 (87) 209 (72) \ 0.0001

1 39 (12) 61 (21)

2/3 4 (1) 19 (7)

Mean preoperative BMI 22.5 ± 3.4 21.5 ± 3.5 \ 0.0001

Tumor location

Entire 2 (1) 14 (5) 0.0002

Upper third 96 (28) 69 (24)

Middle third 136 (40) 92 (32)

Lower third 103 (31) 114 (39)

Multifocal lesions

Absent 322 (96) 267 (93) 0.1292

Present 15 (4) 21 (7)

Tumor size (mm)

\ 50 183 (54) 115 (40) 0.0002

C 50 153 (46) 174 (60)

Type of gastrectomy

Total gastrectomy 125 (37) 104 (36) 0.7746

Partial gastrectomy 212 (63) 185 (64)

Mean dissected lymph nodes 40.2 ± 16.3 38.0 ± 16.3 0.1697

Mean operative time (min) 262 ± 66 264 ± 77 0.9622

Mean EBL: ml (range) 226 (0–1600) 260 (0–6362) 0.0733

Differentiation

Differentiated 137 (41) 131 (45) 0.2386

Undifferentiated 200 (59) 158 (55)

T factor

pT1 16 (5) 11 (4) 0.0798

pT2 55 (16) 32 (11)

pT3 140 (42) 112 (39)

pT4 126 (37) 134 (46)

Pathologic lymph node metastasis

Absent 75 (22) 52 (18) 0.1850

Present 262 (78) 237 (82)

N factor 0.1133

pN0 75 (22) 52 (18)

pN1 91 (27) 70 (24)

pN2 93 (28) 76 (26)

pN3 78 (23) 91 (32)
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Clinically relevant postoperative complications were clas-

sified into grades 2–5 based on the Clavien–Dindo

classification.20

Statistical Analysis

The predictive value and optimal cutoff of the variables,

including the CONUT score, were assessed using receiver

operating characteristic (ROC) curve analysis of death

TABLE 2 Prognostic factors of overall survival for 626 patients with stage 2 or 3 gastric cancer

Variables Univariate Multivariable

HR 95% CI P Value HR 95% CI P Value

Age C 65 Years 1.78 1.28–2.53 0.0005 1.63 1.14–2.37 0.0065

Sex Male 1.21 0.87–1.71 0.2535

Preoperative symptom Present 1.08 0.80–1.46 0.5935

Preoperative BMI C 25 kg/m2 1.17 0.79–1.79 0.4426

Carcinoembryonic antigen [ 5 ng/ml 2.26 1.62–3.12 \ 0.0001 1.73 1.21–2.45 0.0033

Carbohydrate antigen 19-9 [ 37 IU/ml 2.06 1.44–2.89 0.0001 1.56 1.08–2.22 0.0192

Preoperative CONUT score C 2 1.97 1.45–2.67 \ 0.0001 1.74 1.26–2.41 0.0007

Tumor location Lower third 0.95 0.70–1.31 0.7692

Multifocal lesions Present 1.01 0.56–2.04 0.9871

Tumor size C 50 mm 1.67 1.23–2.30 0.0010 1.16 0.82–1.65 0.4071

Type of gastrectomy Total 1.73 1.28–2.34 0.0004 1.45 1.04–2.03 0.0278

Operative time C 240 min 1.44 1.05–2.00 0.0234 1.10 0.78–1.58 0.5920

EBL [ 200 ml 1.24 0.92–1.70 0.1606

Postoperative complicationa Present 1.39 1.00–1.89 0.0467 1.02 0.71–1.44 0.9222

Tumor differentiation Undifferentiated 1.29 0.95–1.77 0.0983

Lymphatic involvement Present 2.52 1.22–6.42 0.0096 1.50 0.70–3.91 0.3178

Vascular invasion Present 1.87 1.25–2.90 0.0017 1.61 1.04–2.62 0.0336

Infiltrative growth type Invasive 1.46 1.07–1.97 0.0165 1.57 1.12–2.19 0.0088

Pathologic tumor depth pT4 1.99 1.47–2.69 \ 0.0001 1.34 0.96–1.92 0.0825

Pathologic lymph node metastasis pN1-3 2.08 1.35–3.38 0.0006 1.75 1.09–2.96 0.0186

Adjuvant chemotherapy Performed 0.81 0.60–1.11 0.1902

HR hazard ratio, CI confidence interval, BMI body mass index, CONUT Controlling Nutritional Status, EBL estimated blood loss
aGrades 2 to 4 using the Clavien–Dindo classification

TABLE 1 continued

Variables CONUT-low

(n = 337)

n (%)

CONUT-high

(n = 289)

n (%)

P Value

TNM stage

2A 101 (30) 59 (20) 0.0085

2B 67 (20) 54 (19)

3A 100 (30) 84 (29)

3B 51 (15) 66 (23)

3C 18 (5) 26 (9)

Adjuvant chemotherapy

Absent 122 (36) 120 (42) 0.1731

Present 215 (64) 169 (58)

CONUT Controlling Nutritional Status, BMI body mass index, EBL estimated blood loss, TNM tumor-node-metastasis
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within 2 years after surgery. Qualitative variables were

compared between the two patient groups using the Chi

square test, and quantitative variables were compared using

the Mann–Whitney U test. Survival rates were estimated

using the Kaplan–Meier method. The Cox proportional

hazards model and multivariable analysis were used to

determine the hazard ratio associated with each variable.

Statistical analysis was performed using JMP 13 software

(SAS Institute Inc., NC, USA). A P value lower than 0.05

indicated a significant difference.

RESULTS

Patients’ Demographics and Clinical Characteristics

The mean age of the 626 patients was

67.9 ± 10.9 years, and the male-to-female ratio was

435–191. The median CONUT score was 1 (range 0–11),

and total gastrectomy was performed for 229 patients

(36.6%). Gastric cancer was pathologically diagnosed as

stages 2A (n = 160), 2B (n = 121), 3A (n = 184), 3B

(n = 117), and 3C (n = 44). Postoperative adjuvant

chemotherapy was administered to 384 of the patients

(61.3%). The median postoperative follow-up period was

49.2 months or until death.

Determination of the Optimal CONUT Score Cutoff

Value for Predicting Survival

According to ROC curve analysis, the optimal CONUT

score cutoff value that significantly correlated with mor-

tality within 2 years after surgery was 2 (Fig. 1b). The

CONUT score area under the curve was 0.656, which was

higher than the AUC of its components as follows: TLC

(0.595), serum albumin concentration (0.630), total

cholesterol concentration (0.634), and other parameters,

which are described earlier (Fig. 1c).

Comparison of Patients’ Clinical Characteristics

Based on the optimal CONUT score cutoff determined

using ROC curve analysis, 626 patients were subdivided

into the CONUT-low group (score\ 2; n = 337) and the

CONUT-high group (score C 2, n = 289). The patients in

the CONUT-high group were significantly older and had a

worse Eastern Cooperative Oncology Group performance

status, a lower body mass index, larger tumors, and more

advanced TNM stages (Table 1). However, no significant

differences were observed regarding sex, type of gastrec-

tomy, or whether the postoperative adjuvant chemotherapy

was administered.

Gastrectomy for gastric cancer; n = 3484

Preoperative treatment n = 188

R0 resection n = 2972 R1/2 resection n = 324

pStage II/III; n = 1171 pStage I; n = 1801

Gastric stump cancer n =35
Extended surgery n = 3
Limited surgery n = 3

Insufficient data for analysis; n = 506

Included in analysis; n = 626

0.5

0.55

0.6

0.65

Neu
tro

ph
il

Ly
mph

oc
yte

M
on

oc
yte

Hem
og

lob
in

Pl
ate

let
To

tal
 pr

ote
in

Albu
min

Cho
les

ter
ol

Urea
 ni

tro
ge

n
Crea

tin
ine

Bili
ru

bin CRP
eG

FR
LM

R
PL

R
NLR PN

R
PN

I
ALB

I
GPS

mGPS

CONUT 
sc

or
e

A
re

a 
un

de
r t

he
 c

ur
ve

0.0
0.0

0.2

0.4

0.6

0.8

1.0

0.2 0.4 0.6 0.8 1.0

Cutoff 2;
Sensitivity 0.66
Specificity 0.58

AUC = 0.656

1 - Specificity

Se
ns

iti
vi

ty

a b

c

FIG. 1 a Study design. b Receiver operating characteristic curve analysis of the preoperative Controlling Nutritional Status (CONUT) score of

interest for predicting cancer-related death within 2 years after surgery. c Comparison of the predictive value of candidate parameters

460 S. Ryo et al.



Prognostic Impact of the Preoperative CONUT Score

The patients in the CONUT-high group were more

likely to experience a shorter overall survival after curative

gastrectomy than those in the CONUT-low group

(Fig. 2a). However, disease-free survival was only mar-

ginally shortened in the CONUT-high group, and the

difference in the survival curves was not statistically sig-

nificant (Fig. 2a).

We performed multivariable analysis to further evaluate

the prognostic significance of the CONUT score. A pre-

operative CONUT-high score, age of 65 years or older,

increased preoperative serum carcinoembryonic antigen

and carbohydrate antigen 19-9 levels, total gastrectomy,

pathologic vascular invasion, invasive growth, and lymph

node metastasis were identified as independent predictors

of poor overall survival (Table 2). The CONUT-high

group experienced a slightly higher incidence of recurrence

at all sites (peritoneum, lymph nodes, liver, lung, and bone)

(Fig. S1).

When the patients were categorized into the three groups

based on their CONUT score (CONUT score of 0–1, 2–5,

or 6–11), their overall survival became incrementally

worse as the CONUT score increased (Fig. 2b).

Postoperative Treatment and the CONUT Score

To further explore the clinical implications of the pre-

operative CONUT score for patients with stage 2 or 3

gastric cancer, we performed a subgroup analysis after

stratifying the patients based on whether they received

postoperative adjuvant chemotherapy. The overall survival

times were significantly shorter for the patients in the

CONUT-high group than for those in the CONUT-low

group, regardless of the presence or absence of postoper-

ative adjuvant chemotherapy (Fig. S2).

CONUT Score and Postoperative Complications

We next evaluated the association between the preop-

erative CONUT score and the incidence of postoperative

complications. The overall incidence of clinically relevant

postoperative complications was 31.5% in the CONUT-

high group and 26.4% in the CONUT-low group. Death

within 90 days after surgery occurred for one patient in the

CONUT-low group (0.3%) and four patients in theCONUT-

high group (1.4%). The median postoperative stay was sig-

nificantly longer in the CONUT-high group (14 days; range

7–306 days) than in the CONUT-low group (13 days; range
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4–198 days) (P\0.0001). The incidence of postoperative

pneumonia was significantly higher in the CONUT-high group

than in the CONUT-low group (Fig. 3a).

When the patients were subdivided based on age, pre-

operative body mass index, surgical procedure, and disease

stage, those in the CONUT-high group experienced more

postoperative complications among all the subpopulations,

particularly those with a body mass index of 22 kg/m2 or

higher and partial gastrectomy (Fig. 3b).

DISCUSSION

We used a multicenter consolidated database with a

large contemporary patient cohort amassed during a short

period to determine whether the preoperative CONUT

score predicted postoperative complications and long-term

postoperative survival for patients who underwent radical

gastrectomy. The findings showed that the preoperative

CONUT score served as a significant predictor of the short-

and long-term outcomes for patients with stage 2 or 3

gastric cancer.

The CONUT score was originally proposed by Gonzalez

et al.21 as an integrated nutritional index to predict the

length of hospitalization. Although the CONUT score can

be calculated from parameters that are easy to acquire such

as the serum albumin concentration, total cholesterol

concentration, and lymphocyte count (representing protein

metabolism, lipid metabolism, and immunocompetence,

respectively), it is known to correlate closely with results

of the Subjective Global Assessment, which is frequently

used to assess a patient’s nutritional condition.9,11,21–23

These easy-to-use indices could provide inexpensive,

prompt, and unbiased preoperative evaluation. Moreover,

several reports have suggested that the CONUT score

predicts perioperative complications and the long-term

prognosis of patients with malignancies such as colorectal

cancer, lung cancer, and breast cancer.9,11,12,23,24

Consistent with these reports, our data showed that the

CONUT score had a greater predictive value for patient

prognosis than each of its components and other blood

parameters, and that it was an independent predictor of

overall survival for patients with gastric cancer. Moreover,

the overall survival for patients increased incrementally as

the CONUT score increased. The prognostic value of this

index, originally intended as an integrated nutritional

index, is not surprising because malnutrition and

immunosuppression are known to influence a cancer

patient’s prognosis adversely.25–27 For example, the con-

centration of circulating vascular endothelial cell growth

factors increase in malnourished, immunocompromised

patients with ovarian and gastrointestinal cancer.28,29

Additionally, the complex state of malnutrition and
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immunosuppression facilitates chronic inflammatory reac-

tions that are mediated by cytokines, which are secreted

from cancer cells.26,30,31 Chronic inflammation and mal-

nutrition also are major causes of the decrease in helper T

cell population levels, interleukin-2 and -3 levels, and T

cell blastogenic responses, which lead to compromised

tumor immunity and increased dissemination of tumor

cells.30–32

To the best of our knowledge, this is the first study to

determine the correlation between the CONUT score and

complications after gastrectomy with systematic lym-

phadenectomy among patients with stage 2 or 3 gastric

cancer. For example, the incidence of pneumonia was

significantly higher in the CONUT-high group, which may

have been directly associated with the patients’ compro-

mised immune-nutritional status. Conversely, although

malnutrition adversely affects wound healing,6,18 the inci-

dence of anastomotic leakage, which is among the worst

complications after gastric cancer surgery, was unexpect-

edly similar between the CONUT-low and -high groups.

However, our data suggest that the CONUT score may be

an objective perioperative risk-assessment tool. Efforts to

decrease preoperative CONUT scores through implemen-

tation of aggressive nutritional support before surgery may

contribute to reducing the incidence of complications and

could improve patient prognosis. A prospective large-scale

intervention trial using the CONUT score as the eligibility

criterion or as a parameter for evaluating the effect of

treatment is warranted to explore these possibilities and to

improve general practice procedures.

The current study had certain limitations, primarily

because of its retrospective nature. Moreover, we did not

have detailed information on compliance and the relative

dose intensities of postoperative chemotherapy. Addition-

ally, the issue of the influence that neoadjuvant treatments

have on immune-nutrition status and the postoperative

course remains unresolved because pretreated patients

were excluded from the analysis.

In conclusion, the study results indicate that the preop-

erative CONUT score is a significant predictor of short-

and long-term outcomes for patients with stage 2 or 3

gastric cancer. Routine calculation of the CONUT score is

therefore advisable before patients undergo gastrectomy.
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