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Abstract

Background In clinical practice, it is not unusual to treat oncologic patients whose tumor markers are within normal range,
even with advanced cancer. The Controlling Nutritional Status (CONUT) score could provide a useful nutritional and
immunological prognostic biomarker for cancer patients. In this study, we assessed the prognostic value of the CONUT
score for patients with gastric cancer, including a subgroup analysis with stratification based on serum carcinoembryonic
antigen (CEA) level.

Methods We retrospectively reviewed the medical records of 368 consecutive patients who underwent curative laparoscopy-
assisted gastrectomy. The prognostic value of the CONUT score was compared between patients with a low (<2) and high
(=3) score, with propensity score matching (PSM) used to control for biasing covariates (Depth of tumor, Lymph node
metastasis, pathological TNM (pTNM) stage).

Results Overall survival (OS) among all patients was independently predicted by the tumor stage (hazard ratio (HR): 2.231,
p=0.001), the CONUT score (HR: 2.254, p=0.001), and serum CEA level (HR: 1.821, p=0.025). Among patients with a
normal preoperative serum CEA level, tumor stage (HR: 2.350, p=0.007), and the CONUT score (HR: 1.990, p =0.028)
were independent prognostic factors of OS. In the high serum CEA level group, tumor size (HR: 2.930, p=0.015) and the
CONUT score (HR: 3.707, p=0.004) were independent prognostic factors of OS.

Conclusions It is advantageous to use both CEA level and the CONUT score to assess the prognosis of patients with gastric
cancer, which reflect both tumor-related factors and host-related factors, respectively.
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Gastrectomy is the mainstay curative treatment for gastric
cancer, although surgical outcomes remain poor due to the
aggressive biological behavior of these tumors [1]. To pre-
cisely individualize treatment, and thus, improve the survival
of patients with gastric cancer, it would be useful to have a
comprehensive set of perioperative biomarkers that are pre-
dictive of postoperative survival [2, 3]. Biological param-
eters for evaluating immunonutritional status or screening
tools for predicting the prognosis of cancer patients, such as
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the Glasgow prognostic score, the nutritional index, and the
geriatric nutritional risk index, are limited in their clinical
application, with no consensus having been reached regard-
ing their usefulness for patients with gastric cancer [4, 5].
The Controlling Nutritional Status (CONUT) score is cal-
culated using three parameters, the serum albumin concen-
tration, total cholesterol concentration, and total peripheral
lymphocyte count, which reflect host protein metabolism,
lipid metabolism, and immune function, respectively [6]. As
the CONUT score reflects both nutritional and immune sta-
tus, we hypothesized that this score could be a useful nutri-
tional and immunological biomarker to predict prognosis
among cancer patients, allowing for effective customization
of treatment, based on an individual’s host-related factors,
to improve long-term survival. The clinical significance
of establishing an independent, and yet complementary
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prognostic biomarker other than conventional tumor mark-
ers, is emphasized by the findings that carcinoembryonic
antigen (CEA), which is a useful tumor marker for sev-
eral cancers, including gastric cancer [7-9], is not neces-
sarily elevated in all patients with cancer, even in those
with advanced cancer [10], making treatment challenging.
Accordingly, the purpose of our study was to evaluate the
prognostic and predictive value of the CONUT score, after
curative gastrectomy, to predict survival among patients with
gastric cancer.

Materials and methods
Patients

We retrospectively reviewed the medical records of 368
consecutive patients who underwent curative laparoscopy-
assisted gastrectomy for histologically confirmed gastric
adenocarcinoma, with RO resection, at the Department of
Digestive and General surgery, Shimane University Faculty
of Medicine, between January 2010 and December 2016.
The median follow-up period for survival analysis was 35.3
months (4.0-97.0 months). The pathological Tumor-Node-
Metastasis (TNM) classification was determined based on
the 7th edition of the American Joint Committee on Cancer
TNM classification system [11]. Postoperative complications
were evaluated using the Clavien—Dindo classification, and
clinically relevant complications were defined as those with
a grade >2 [12]. To reduce the biasing effect of different
distributions of covariates between groups of patients with
a low and high CONUT score, a propensity score-matched
(PSM) analysis was performed for depth of tumor, lymph
node metastasis, and pathological TNM (pTNM) stage.

Laparoscopy-assisted gastrectomy was performed in all
patients, including lymph node dissection performed as per
the Japanese Gastric Cancer Treatment Guidelines (Version
3) [13]. Adjuvant chemotherapy, using 5-fluorouracil-based
regimens, was recommended to patients with a histologically
advanced gastric cancer.

The requirement for informed consent was waived
because of the retrospective nature of this cohort study. All
procedures were approved by the Institutional Review Board
(IRB) and were in accordance with the Helsinki Declaration
of 1965 and later versions (UMIN: 000030472).

Perioperative management

We introduced a multidisciplinary management team,
including surgeon, anesthesiologist, dental hygienist doctor,
pharmacist, nutritionist, and rehabilitation technician. This
team mainly managed dental cleaning, medication assis-
tance, physical exercise and rehabilitation, and nutritional
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support. We provided preoperative enteral nutrition to opti-
mize preoperative condition as possible, which aimed to
decrease the incidence rate of postoperative complications.

Postoperative outcome evaluation

Clinical findings and surgical outcomes were extracted from
the medical records. The observation period was from the
date of surgery until the date of death or loss to follow-up.
Overall survival (OS) was calculated from the date of pri-
mary gastrectomy to the date of death from any cause or the
date of the last follow-up.

Evaluation of preoperative nutritional indices

All laboratory data used for calculating the preoperative
nutritional status were obtained within 1 week before sur-
gery. The CONUT score was calculated according to three
parameters (serum albumin concentration, total cholesterol
concentration, and total lymphocyte count in peripheral
blood), and was classified into four categories (normal, mild,
moderate, and severe risk of malnutrition), as described in
Table 1. A receiver operating characteristic curve of the pre-
operative CONUT score was generated from the outcomes
of the multiple logistic regression analysis of OS. The area
under the curve (AUC) estimation method was used to deter-
mine the predictive value of the CONUT for OS. Patients
were classified in the high CONUT score group (the mal-
nourished group), and in the low CONUT score group (the
well-nourished group).

Statistical analyses

The PSM analysis was performed using R statistical package
(version 3.1.3; http://www.r-project.org). All statistical anal-
yses were conducted using the JMP software for Windows
(version 12; SAS Institute, Cary, NC, USA). Continuous
variables were expressed as the mean + standard deviation

Table 1 Controlling Nutritional Status index score: assessment of
malnutritional state

Parameter Malnutritional state

Normal Mild Moderate Severe
Albumin (g/dl) 2350 3.00-3.49 2.50-2.99 <2.50
Score 0 2 4 6
Total lymphocyte count 21600 1200-1599 800-1199 <800

(mg/ml)

Score 0 1 2 3
Total cholesterol (mg/dl) =180  140-179 100-139 <100
Score 0 1 2 3
Total score 0-1 2-4 5-8 9-12
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when normally distributed, or as median and interquartile
range for non-parametric data. The differences between
groups were analyzed using Student’s ¢ test for continuous
variables with parametric distribution and Kruskal-Wallis
test for non-parametric distributed variables. Frequencies
were compared using the chi-squared test. OS was calculated
using the Kaplan—Meier method, and between-group differ-
ences were evaluated using the log-rank test.

Cox proportional hazard regression models were con-
structed to calculate hazard ratios (HRs) and 95% confidence
intervals (Cls). Univariate analyses were performed to iden-
tify the variables associated with OS. Variables with a p
value < 0.05 on univariate analyses were entered into a mul-
tivariate logistic regression analysis, with a p value <0.05
was considered statistically significant.

Results

Receiver operating curve of CONUT score for OS
analysis and CONUT value according to the serum
level of CEA

The optimal cutoff score of the CONUT was set at 2, based
on the 5-year postoperative OS (sensitivity, 65.0%; specific-
ity, 57.9%; and AUC, 0.625) (Fig. 1A).

No association between the CONUT score and
the serum CEA level was detected using a one-way
Kruskal-Wallis analysis (p =0.546). The mean CONUT
score for patients with a normal serum CEA level (n=157)
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Fig.1 A Receiver operating curve for postoperative survival was
plotted to verify the optimum cutoff value of CONUT score for OS.
B CONUT values in propensity score-matched 210 gastric cancer
patients according to the serum level of CEA. Kruskal-Wallis test:

was 2.6 +2.2, compared to 2.8 +2.3 for patients (n=153)
with a high serum CEA level (Fig. 1B).

Relationships between CONUT score
and clinicopathological features

Based on the CONUT cutoff score, <2263 patients
(71.5%) were classified into the well-nourished group,
with 105 (28.5%) patients, having a CONUT score > 3,
classified into the malnourished group. As shown in
Table 2, the CONUT score was significantly associ-
ated with age (p <0.001), white blood cell count (WBC;
p <0.001), tumor size (p <0.001), operative procedure
(p=0.041), depth of tumor (p <0.001), lymph node
metastasis (p =0.005), pTNM stage (p <0.001), CRP level
(» <0.001), and postoperative complications (p =0.026).
PSM adequately balanced the distribution of confound-
ing variables (depth of tumor, lymph node metastasis, and
pTNM stage) between the low and high CONUT score
groups, with 105 matched pair identified, with a standard-
ized or individualized follow-up, and used in subsequent
analyses (Table 2).

Preoperative American Society of Anesthesiologists
(ASA) physical status classification and preoperative
comorbidities, such as hypertension, dyslipidemia, diabe-
tes mellitus, respiratory functional disorder, history of the
other organ cancers, cardiovascular disease, cerebrovas-
cular disease, diabetes mellitus, or liver dysfunction were
not significantly associated with CONUT (data unshown).
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p=0.546. Each box represents interquartile ranges with median as
horizontal line. Vertical bars indicate the maximum to minimum
range
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Table 2 Relationships between CONUT score and clinicopathological features before and after propensity score matching

Characteristics Total patients  All patients Total patients ~ Propensity score-matched patients
CONUT CONUT
<2 >3 p value <2 >3 p value
(n=263) (n=105) (n=105) (n=105)
Age (years) 69 (36-89) 77 (43-91) <0.001 70 (36-89) 77 (43-91) <0.001
Gender 0.537 0.537
Male 254 184 (70.0%) 70 (66.7%) 146 76 (72.4%) 70 (66.7%)
Female 114 79 (30.0%) 35(33.3%) 64 29 (27.6%) 35 (33.3%)
BMI 22.4 (15.4-31.6) 22.0 (13.9-32.8) 0.084 22.2 (15.4-30.1) 22.0 (13.9-32.8) 0.296
WBC 5800 (3160- 5070 (510-9750)  <0.001 5920 (3160- 5070 (510-9750) <0.001
10,300) 10,300)
Location of tumor 0.198 0.372
EGJ 11 7 (2.7%) 4 (3.8%) 8 4 (3.8%) 4 (3.8%)
U 70 47 (17.9%) 23 (21.9%) 46 23 (21.9%) 23 (21.9%)
M 162 125 (47.5%) 37 (35.2%) 85 48 (45.7%) 37 (35.2%)
L 125 84 (31.9%) 41 (39.0%) 71 30 (28.6%) 41 (39.0%)
Tumor size (mm) 36 (3-180) 55 (5-170) <0.001 40 (4-180) 55 (5-170) 0.002
Procedure 0.041 0.436
LTG 82 51(19.4%) 31(29.5%) 62 31(29.5%) 31 (29.5%)
LPG 37 31 (11.8%) 6 (5.7%) 17 11 (10.5%) 6 (5.7%)
L(A)DG 249 181 (68.8%) 68 (64.8%) 131 63 (60.0%) 68 (64.8%)
Differentiation 0.576 0.728
Well 71 54 (20.5%) 17 (16.2%) 30 13 (12.4%) 17 (16.2%)
Moderate 134 96 (36.5%) 38 (36.2%) 77 39 (37.1%) 38 (36.2%)
Poor 163 113 (43.0%) 50 (47.6%) 103 53 (50.5%) 50 (47.6%)
Depth of tumor <0.001 1.000
Tla-1b 192 158 (60.1%) 34 (32.4%) 68 34 (32.4%) 34 (32.4%)
2 48 31 (11.8%) 17 (16.2%) 34 17 (16.2%) 17 (16.2%)
3 54 32 (12.2%) 22 (21.0%) 44 22 (21.0%) 22 (21.0%)
4a—4b 74 42 (16.0%) 32 (30.5%) 64 32 (30.5%) 32 (30.5%)
Lymph node metastasis 0.005 0.996
NO 244 189 (71.9%) 55 (52.4%) 110 55 (52.4%) 55 (52.4%)
N1 40 23 (8.7%) 17 (16.2%) 35 18 (17.1%) 17 (16.2%)
N2 42 25 (9.5%) 17 (16.2%) 34 17 (16.2%) 17 (16.2%)
N3 42 26 (9.9%) 16 (15.2%) 31 15 (14.3%) 16 (15.2%)
p TNM stage <0.001 0.986
la—1b 217 175 (66.5%) 42 (40.0%) 83 41 (39.0%) 42 (40.0%)
2a-2b 65 36 (13.7%) 29 (27.6%) 59 30 (28.6%) 29 (27.6%)
3a-3c 86 52 (19.8%) 34 (32.4%) 68 34 (32.4%) 34 (32.4%)
Operation time (min) 398 (218-836) 399 (177-911) 0.390 403 (218-836) 399 (177-911) 0.201
Intraoperative bleeding (ml) 50 (0-3600) 100 (0-5850) 0.059 85 (0-3600) 100 (0-5850) 0.846
CEA antigen (ng/ml) 3.2(0.7-161.1) 3.4 (0.8-163.3) 0.207 3.4 (0.7-84.7) 3.4 (0.8-163.3) 0.666
CRP (mg/l) 0.06 (0.002-7.09)  0.24 (0.01-6.25) <0.001 0.08 (0.002-7.09)  0.24 (0.01-6.25) <0.001
Postoperative complications 0.026 0.242
Present 106 67 (25.5%) 39 (37.1%) 70 31(29.5%) 39 (37.1%)
Absent 262 196 (74.5%) 66 (62.9%) 140 74 (70.5%) 66 (62.9%)
Adjuvant chemotherapy 0.368 0.011
Yes 100 68 (25.9%) 32 (30.5%) 82 50 (47.6%) 32 (30.5%)
No 268 195 (74.1%) 73 (69.5%) 128 55 (52.4%) 73 (69.5%)

CONUT Controlling Nutritional Status, CEA carcinoembryonic antigen, BMI body mass index, WBC white blood cell, EGJ esophagogastric
junction, U upper, M middle, L lower, LTG laparoscopic total gastrectomy, LPG laparoscopic proximal gastrectomy, L(A)DG laparoscopic-
(assisted) distal gastrectomy, pTNM stage pathological TNM stage, CRP C-reactive protein
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Cox regression analysis of propensity score-matched
cohort

Univariate analyses identified advanced pTNM stage
(p=0.002), high CONUT score (p=0.003), high
serum CEA level (p =0.027), and operative procedure
(p=0.007) as being significantly associated with a worse
OS. On the multivariate analysis, pTNM stage (hazard
ratio (HR): 1.970, 95.0% CI 1.199-3.235; p =0.007),
CONUT score (HR: 2.441, 95.0% CI 1.463-4.071;
p <0.001), serum CEA level (HR: 1.832, 95.0% CI
1.104-3.038; p=0.019), and operative procedure (HR:
1.943,95.0% CI 1.165-3.239; p=0.011) were confirmed
as independent prognostic factors for OS among the PSM
subgroup (Table 3).

OS analysis stratified by the CONUT score
and the serum CEA level in the propensity
score-matched cohort

In the PSM subset, Kaplan—-Meier analysis and the log-
rank test revealed a worse prognosis, in terms of OS,
among patients with a high, compared to a low, CONUT
score (p <0.001). The 5-year OS rates for patients with
a low and high CONUT score was 73.8% and 49.8%,
respectively (Fig. 2A).

Also, in the PSM subset, 53 patients with a high serum
CEA level had a significantly lower OS, compared to
the 157 patients with a normal CEA level (p =0.020;
Fig. 2B). The 5-year OS rates for patients with normal
and high CEA levels were 67.5% and 45.4%, respectively.

Relationship between the CONUT score
and the clinicopathological features of patients
stratified by serum CEA level

Based on a CEA cutoff level of 5.0 ng/ml, 157 patients
(74.8%) were included in the normal serum CEA group and
53 patients (25.2%) in the high CEA group. Among the 157
patients with a normal preoperative serum CEA level, 81
patients (51.6%) were classified in the low CONUT score
group and the remaining 76 patients (48.4%) in the high
CONUT score group, based on a CONUT cutoff score of
2. The CONUT score was significantly associated with age
(p=0.006), WBC (p=0.006), tumor size (p =0.003), and
C-reactive protein (CRP) level (p <0.001).

Among the 53 patients with a high preoperative
serum CEA level, 24 (45.3%) were classified in the low
CONUT score group (well nourished) and the remain-
ing 29 (54.7%) in the high CONUT score (malnourished),
based on a CONUT cutoft score of 2. The CONUT score
was significantly associated with age (p=0.015), WBC
(»p=0.022), CRP level (p =0.020), postoperative complica-
tions (p =0.004), and adjuvant chemotherapy (p=0.046)
(Table 4).

Cox regression analysis of 0S among groups
stratified for serum CEA level

On univariate analyses for patients with a normal serum CEA
level, an advanced pTNM stage (p =0.008), high CONUT
score (p=0.032), and operative procedure (p=0.038) were
significantly associated with a worse OS. On multivariate
analysis, pTNM stage (HR: 2.065, 95% CI 1.106-3.856;
p=0.023), CONUT score (HR: 2.240, 95% CI 1.181-4.249;

Table 3 Univariate and multivariate analyses to assess the prognostic factors in propensity score-matched gastric cancer patients

Variables Category or characteristics Patients (n=210) Univariate analysis Multivariate analysis

HR 95% CI pvalue HR 95% CI p value
Gender (Female/male) 64/146 1.282 0.764-2.240 0.355
Age (<70/>70) 84/126 1.416 0.852-2.428 0.183
BMI (>18.5/< 18.5) 185/25 1.226  0.566-2.355 0.580
Tumor size (<50 mm/>50 mm) 105/105 1.622  0.993-2.704 0.053
Differentiation (well & mod/poor) 107/103 1.559 0.956-2.578 0.075
pTNM stage (1,2/3) 142/68 2.152 1.323-3.493 0.002 1970 1.199-3.235 0.007
CONUT (£2/>23) 105/105 2.139 1.304-3.589 0.003 2.441 1.463-4.071 <0.001
CEA (<5.0/>25.0) 157/53 1.802 1.074-2.960 0.027 1.832 1.104-3.038 0.019
CRP (<0.5/>20.5) 165/45 1.479 0.846-2.481 0.164
Operative procedure (PG & DG/TG) 148/62 1.973 1.207-3.224 0.007  1.943 1.165-3.239 0.011
Postoperative complications (Absent/present) 140/70 1.483 0.887-2.428 0.130
Adjuvant chemotherapy (Nol/yes) 128/82 0.787 0.472-1.286 0.342

BMI body mass index, CONUT Controlling Nutritional Status, CEA carcinoembryonic antigen, CRP C-reactive protein, PG laparoscopic proxi-
mal gastrectomy, DG laparoscopic-(assisted) distal gastrectomy, 7G laparoscopic total gastrectomy
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Fig.2 A Postoperative OS based on CONUT score in propensity score-matched 210 gastric cancer patients. B Postoperative OS based on serum

CEA level in 210 gastric cancer patients

p=0.014), and operative procedure (HR: 1.825, 95% CI
0.951-4.249; p=0.071) were independent prognostic factors
of OS (data unshown).

On univariate analyses for patients with a high serum
CEA level, a large tumor size (p=0.004) and a high CONUT
score (p=0.014) were significantly associated to a worse OS.
On multivariate analysis, tumor size (HR: 2.930, 95% CI
1.228-7.655; p=0.015) and the CONUT score (HR: 3.707,
95% CI 1.500-10.607; p=0.004) were independent prognostic
factors of OS (data unshown).

OS analysis stratified by the CONUT score
among groups stratified for serum CEA level

Among patients with a normal serum CEA level, the
Kaplan—Meier analysis and log-rank test identified a signifi-
cantly poorer OS among patients with a high CONUT score,
compared to those with alow CONUT score (p=0.041). The
5-year OS rates for patients with a low and high CONUT score
were 76.2% and 58.6%, respectively.

Among patients with a high serum CEA level, a high
CONUT score was associated with a significantly poorer OS
than those with a low CONUT score (p=0.004). The 5-year
OS rates for patients with a low and high CONUT score were
67.9% and 28.3%, respectively (Fig. 3).

@ Springer

Discussion

There is good that cancer prognosis is not only related to
tumor factors, but also patient status, including nutritional
status and systemic inflammation [14, 15]. The clinical
applicability of the CONUT score has been limited to the
evaluation of nutritional status, although recently, it has
received greater attention as a predictive biomarker of
survival among patients with different types of cancers
[16, 17]. The CONUT score is calculated from the serum
albumin concentration, total cholesterol concentration,
and total lymphocyte count in peripheral blood, and, thus,
reflects protein reserves, caloric depletion, and impaired
immune defenses, respectively.

Cholesterol is an essential immunocomponent of cel-
lular membranes. It has numerous biological functions,
including membrane fluidity and membrane protein activ-
ity, which potentially correlate with the initiation and
progression of cancer and the immune response. Conse-
quently, immunocompetent cells gain their capacity to
exert an immunological response against the spread of
tumor [18, 19]. Thus, hypocholesterolemia may contrib-
ute to a worse cancer prognosis. Lymphocytes play a fun-
damental role in the host’s anticancer immune status by



Surgical Endoscopy (2019) 33:4143-4152 4149
Table 4 Relationships between CONUT score and clinicopathological features in serum CEA level-stratified gastric cancer patients
Characteristics Total patients ~ Normal serum CEA Total patients  Elevated serum CEA

CONUT CONUT

<2 >3 p value <2 >3 p value

(n=381) (n=76) (n=24) (n=29)

Age (years) 70 (36-89) 77 (43-91) 0.006 69 (54-87) 79 (56-88) 0.015

Gender 0.785 0.143
Male 107 56 (69.1%) 51(67.1%) 39 20 (83.3%) 19 (65.5%)

Female 50 25 (30.9%) 25 (32.9%) 14 4 (16.7%) 10 (34.5%)
BMI 22.2 (15.4-29.8) 21.9 (13.9-32.8) 0.563 22.3(18.8-30.1) 22.1 (14.9-30.7) 0.288
WBC 5910 (3160-9830) 5135 (510-8110)  0.006 6100 (3830- 5060 (3080-9750) 0.022
10,300)

Location of tumor 0.680 0.081
EGJ 8 4.(4.9%) 4(5.3%) 0 0 (0%) 0 (0%)

U 31 18 (22.2%) 13 (17.15) 15 5(20.8%) 10 (34.5%)
M 67 36 (44.4%) 31 (40.8%) 18 12 (50.0%) 6 (20.7%)
L 51 23 (28.4%) 28 (36.8%) 20 7 (29.2%) 13 (44.8%)

Tumor size (mm) 40 (4-180) 55 (8-150) 0.003 48 (12-140) 54 (5-170) 0.275

Procedure 0.318 0.797
LTG 44 24 (29.6%) 20 (26.3%) 18 7 (29.2%) 11 (37.9%)

LPG 13 9 (11.1%) 4(5.3%) 4 2 (8.3%) 2(6.9%)
L(A)DG 100 48 (59.3%) 52 (68.4%) 31 15 (62.5%) 16 (55.2%)

Differentiation 0.314 0.435
Well 21 8(9.9%) 13 (17.1%) 9 5(20.8%) 4 (13.8%)
Moderate 58 29 (35.8%) 29 (38.2%) 19 10 (41.7%) 9 (31.0%)
Poor 78 44 (54.3%) 34 (44.7%) 25 9 (37.5%) 16 (55.2%)

Depth of tumor 0.973 0.894
Tla-1b 54 28 (34.6%9 26 (34.2%) 14 6 (25.0%) 8 (27.6%)

2 24 13 (16.0%) 11 (14.5%) 10 4(16.7%) 6 (20.7%)
3 32 17 (21.0%) 15 (19.7%) 12 5(20.8%) 7 (24.1%)
4a—4b 47 23 (28.4%) 24 (31.6%) 17 9(37.5%) 8 (27.6%)

Lymph node 0.906 0.784
metastasis
NO 87 44 (54.3%) 43 (56.6%) 23 11 (45.8%) 12 (41.4%)

N1 26 15 (18.5%) 11 (14.5%) 911 3 (12.5%) 6 (20.7%)
N2 23 11 (13.6%) 12 (15.8%) 10 6 (25.0%) 5(17.2%)
N3 21 11 (13.6%) 10 (13.2%) 31 4(16.7%) 6 (20.7%)

p TNM stage 0.996 0.878
la-1b 66 34 (42.0%) 32 (42.1%) 17 7(29.2%) 10 (34.5%)
2a-2b 43 22 (27.2%) 21 (27.6%) 16 8 (33.3%) 8 (27.6%)
3a-3c 48 25 (30.9%) 23 (30.3%) 20 9 (37.5%) 11 (37.9%)

Operation time 398 (218-836) 404 (177-911) 0.2623 440.5(293-729) 399 (249-881) 0.497
(min)

Intraoperative 80 (0-3600) 50 (0-1960) 0.665 115 (0-2230) 220 (0-5850) 0.407
bleeding (ml)

CRP (mg/l) 0.08 (0.002-7.09)  0.24 (0.01-6.25)  <0.001 0.07 (0.01-5.35)  0.24 (0.01-3.16)  0.020

Postoperative 0.825 0.004
complications
Present 53 28 (34.6%) 25 (32.9%) 17 3 (12.5%) 14 (48.3%)

Absent 104 53 (65.4%) 51 (67.1%) 36 21 (87.5%) 15 (51.7%)

Adjuvant chemo- 0.067 0.046
therapy
Yes 59 36 (44.4%) 23 (30.3%) 23 14 (58.3%) 9 (31.0%)

No 98 45 (55.6%) 53 (69.7%) 30 10 (41.7%) 20 (69.0%)

CONUT Controlling Nutritional Status, CEA carcinoembryonic antigen, BMI body mass index, WBC white blood cell, EGJ esophagogastric
junction, U upper, M middle, L lower, LTG laparoscopic total gastrectomy, LPG laparoscopic proximal gastrectomy, L(A)DG laparoscopic-

(assisted) distal gastrectomy, pTNM stage pathological TNM stage, CRP C-reactive prote
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Fig.3 A Postoperative OS 1.0
based on CONUT score in 157
gastric cancer patients with
normal serum CEA level. B 0.8
Postoperative OS based on ’
CONUT score in 53 gastric _
cancer patients with high serum £
CEA level S 06 . it a s
=
E 04 \
O
0.2 ——— CONUT<2 & CEA<5.0 (n=281) -
——— CONUT>3 & CEA<5.0(a=76) —P2=0041 | ,_0826
——— CONUT <2 & CEA>5.0 (n =24) =—2=0.115
0o L CONUT=3&CEAZS0 (n=20) —p=0004 | —p=0.064
0 12 24 36 48 60 72 84 96
No. at risk Time after gastrectomy (months)
CONUT<2 & CEA<5.0 81 69 53 37 25 16 8 5 1
CONUT >3 & CEA<5.0 76 58 44 32 22 13 6 3 2
CONUT<2 & CEAZ>5.0 24 23 19 12 10 9 4 2 1
CONUT =3 & CEA>5.0 29 21 15 11 5 3 1 1 1

inducing apoptosis and by inhibiting cancer cell prolifera-
tion, invasion, and migration [20]. Therefore, lymphocy-
topenia may lead to tumor progression. Hypoalbuminemia
reflects not only malnutrition or hypercatabolism, but also
systemic inflammation, which frequently induces a state
of hypercytokinemia, resulting in an impaired immune
response against cancer cells [21]. Therefore, the CONUT
score reflects not only nutritional status but also the status
of systemic inflammation and immune response [22]. In
our retrospective study, we elucidated that patients with
gastric cancer who had a high CONUT score (malnour-
ished group) had a significantly poorer prognosis in terms
of OS than those with a low CONUT score (well-nourished
group). In addition, patients with a high CONUT score had
a poorer tolerance to postoperative adjuvant chemotherapy
than those with a low CONUT score (p=0.011). There-
fore, the poor tolerability of malnourished patients to anti-
cancer treatment may explain the worse prognosis for OS
in this group. These patients could possibly benefit from
preoperative nutritional intervention and more intensive
multimodal treatments.

Previous reports suggested that tumor-related factors,
such as pTNM stage and CEA, were likely to be most reli-
able prognostic predictor for gastric cancer. Tumor markers
play a significant role in the detection of tumors, treatment
selection, the monitoring of the therapeutic response, and
surveillance of various kinds of cancers. CEA is one of
the most widely and frequently used tumor markers, espe-
cially for patients with gastrointestinal cancers [5, 6]. How-
ever, tumor markers, including CEA, are not always reli-
able in establishing a definitive diagnosis and determining
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appropriate management of cancers as they lack the high
sensitivity and specificity needed [23], even for advanced
cancers. Therefore, in this study, we evaluated the utility of
the CONUT as a potent predictive factor of survival, with
a high CONUT score (indicative of malnourishment) being
significantly associated to a worse OS, regardless of serum
CEA level. In other words, the CONUT score was a signifi-
cantly reliable and independent predictive biomarker of sur-
vival among patients treated for gastric cancer using gastrec-
tomy. These findings support the widely accepted hypothesis
that the overall survival of cancer patients is not only deter-
mined by tumor characteristics alone, but also associated
with host-related inflammation and malnutrition [14, 15].
Given these findings, patients with gastric cancer who have
a high CONUT score could benefit from a more intensive
follow-up, even after curative gastrectomy, with a preopera-
tive nutritional intervention being of possible clinical benefit
to improve the surgical outcomes in these patients.

On the other hand, the Nutritional Risk Index (NRI) was
originally established by Bouillanne et al. for the screen-
ing index of the nutritional status of elderly hospitalized
patients. NRI only requires measurements of height, weight,
and serum albumin level [24]. Serum albumin may reflect
chronic under-nutrition and deconditioning related to poor
dietary habits. Malnutrition is one of the most common
complicated disorders in gastrointestinal cancer patients.
Therefore, biochemical markers, such as the albumin level,
are the most commonly used markers of nutrition status.
However, the relationship between the NRI and the morbid-
ity of patients with gastrointestinal cancer has not yet been
reported. Accordingly, the future study should evaluate the
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predictive value of short and long-term outcomes of gas-
trointestinal cancer patients after laparoscopic curative
gastrectomy.

Despite our important findings, there are a few limitations
to the current study which need to be acknowledged. This
study was a retrospective single-institution design using a
relatively small sample size. Potential factors that can affect
inflammation-based and nutritional markers, such as medi-
cations, cannot be excluded. In addition, other biomarkers
such as rapid turnover proteins (transferrin, transthyretin,
retinol-binding protein) were not adequately assessed.
Therefore, future prospective randomized studies are war-
ranted to investigate the significance of preoperative nutri-
tional intervention for improving surgical outcome in gastric
cancer patients.

Despite the above limitations, the CONUT is a convenient
and useful biomarker to estimate nutritional status and for
predicting OS among patients with gastric ulcer. Therefore,
the CONUT score could be used as a complementary bio-
marker with the CEA level. In conclusion, the CONUT score
is an objective, non-invasive, and readily available prognos-
tic biomarker that has the potential to guide individualized
treatment strategies to improve survival among patients with
gastric cancer.
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