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Email: ashimizu@shinshu-u.ac.p Methods: Patients with hepatocellular carcinoma (n = 374) were catego-

rized into high- and low-Naples prognostic score groups; their postoperative
outcomes were compared. Prognostic and risk factors for severe post-
operative complications were identified using multivariate analyses.
Results: The low-Naples prognostic score group had significantly longer
overall and recurrence-free survivals than the high-Naples prognostic score
group (p = 0.03 and 0.04, respectively). Subgroup analysis revealed a
superior predictive value of the NPS in the group with a single tumor
(p = 0.03), tumor diameter <5 cm (p = 0.04), and tumor stage | or Il
(p = 0.04). A high NPS was an independent prognostic factor for overall
survival (hazard ratio, 1.45; 95% confidence interval (Cl), 1.01-2.05; and
p = 0.04). The NPS 2—4 group had a higher incidence of the Clavien—Dindo
grade > llla postoperative complications than the 0—1 group (p = 0.03) and
a score of 2—4 was identified as an independent risk factor for the Clavien—
Dindo grade > llla postoperative complications (odds ratio, 2.06; 95% ClI,
1.01—4.20; and p = 0.05).

Conclusions: The NPS effectively predicts postoperative outcomes in
patients with hepatocellular carcinoma.
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1 | INTRODUCTION

Liver cancer is the sixth most common cancer and the
second leading cause of cancer mortality worldwide
according to the GLOBOCAN 2020." Hepatocellular
carcinoma (HCC) is the most common liver cancer that
develops in hepatocytes owing to chronic inflammatory
liver diseases.”? Although various treatment options
exist for HCC, including surgery and chemotherapy, the
recurrence rate is high leading to a dismal prognosis.>
Hepatectomy is the first-choice therapy for HCC; how-
ever, it can lead to posthepatectomy liver failure (PHLF)
and other severe complications that are not always
predictable preoperatively.

Previous studies have revealed that inflammation-
based prognostic scores (IBPSs), such as neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ra-
tio, and lymphocyte-to-monocyte ratio (LMR), could be
markers of outcomes of HCC surgeries.*® Recently,
new markers based on the IBPSs or nutritional indices
have been established, among which the Naples
prognostic score (NPS) has been garnering significant
attention. The NPS is evaluated based on serum al-
bumin, total cholesterol (TC) levels, NLR, and LMR and
reflects inflammation, malnutrition, and immunosup-
pression.”~® Moreover, the NPS has been reported to
be a remarkable marker of short- and long-term out-
comes in various types of cancers.””'® However,
studies focusing on the relationship between post-
operative outcomes or prognosis after surgery for HCC
and NPS are rare.’

This study aimed to clarify the impact of NPS on the
prognosis and incidence of postoperative complications
in HCC.

2 | METHODS

21 | Patients

This research was conducted at the Division of Gastro-
enterological, Hepato-Biliary-Pancreatic, Transplantat-
ion, and Pediatric Surgery, Department of Surgery,
Shinshu University Hospital, Japan. We retrospectively
analyzed 374 patients who underwent initial hepatec-
tomy for HCC between January 2007 and December
2021. Fifteen patients who underwent noncurative re-
sections were excluded from the survival analysis
(Figure 1).

The protocol for this research project has been
approved by a suitably constituted Ethics Committee of
the institution and it conforms to the provisions of the
Declaration of Helsinki (the Shinshu University Hospital
Ethics Committee, Approval No. 5244). An opt-out
procedure was applied to the website to obtain
informed consent and patients who refused to partici-
pate were excluded.

2.2 | Data collection and endpoint
assessment

Clinicopathological data were retrospectively extracted
from medical records and analyzed. Preoperative lab-
oratory data were obtained 1-3 days prior to surgery.
The NPS was assessed using serum albumin, TC
levels, NLR, and LMR as previously described by
Galizia G et al'® a score of 0 or 1 was given with
reference to the cutoff value (serum albumin >4.0 g/dl,
TC > 180 mg/dl, NLR <2.96, and LMR >4.44) for each
item and the sum of the scores was calculated. The
participants were divided into three groups; participants
with scores of 0, 1-2, and 3—4 were assigned to groups
0, 1, and 2, respectively. Survival was compared be-
tween the low- (NPS group 0—1) and high- (NPS group
2) NPS groups in the entire cohort and subgroups, and
prognostic factors were identified using multivariate
analysis. The final pathological stage was identified
using the eighth edition of the TNM Classification of
Malignant Tumors by the Union for International Cancer
Control (UICC). Postoperative complications were
assessed using the Clavien—-Dindo classification
(CD)."® The incidence of complications was compared
between the two groups classified by the NPS values
and risk factors were identified.

2.3 | Perioperative management and
surgical procedure

The indications for hepatectomy were evaluated based
on the Makuuchi criteria.’” The extent of hepatectomy
was moderated in accordance with tumor localization
and various scores indicating liver function or fibrosis
(e.g., serum levels of type IV collagen 7s domain 18
and the remnant hepatocellular uptake index'®).

Postoperative surveillance was performed as pre-
viously described.?°

2.4 | Statistical analysis

Comparative evaluations between the high- and low-
NPS groups were undertaken with the % test or
Fisher's exact test for categorical attributes and the
Wilcoxon rank sum test for quantitative attributes.
Categorical variables were summarized as number and
relative proportions and continuous variables as me-
dian values and ranges. The Kaplan—Meier method
was used to analyze overall survival (OS) and
recurrence-free survival (RFS), and the statistical sig-
nificance of the survival curves was analyzed using the
log-rank test. Median survival time (MST) was defined
as the median OS or RFS. Subgroup analysis of the OS
was performed to explore the predictive value of the
NPS for distinct populations. The results of the
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FIGURE 1

subgroup analyses are summarized using a forest plot.
Univariate and multivariate analyses for prognostic and
risk factors for postoperative complications were per-
formed using the Cox proportional hazards and multiple
logistic regression models, respectively. Hazard ratios
(HRs) and odds ratios (ORs) with 95% confidence in-
tervals (Cls) were also calculated and presented. p-
values <0.05 were considered statistically significant.
All statistical analyses were performed using JMP
version 13.2.1 (SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Baseline demographic and clinical
characteristics

The baseline demographic and clinicopathological
features of the patients are summarized in Table 1. The
NPS of the entire cohort was as follows: group 0, n = 40
(11.1%); group 1, n = 210 (58.5%); and group 2,
n = 109 (30.4%). In the patients' baseline de-
mographics, age (p < 0.01), rate of alcoholic liver dis-
ease (p < 0.01), and preoperative serum level of total
bilirubin (p < 0.01) of the high-NPS group were signif-
icantly higher than those of the low-NPS group; oper-
ative findings were comparable between groups. The
final pathology showed a significantly larger tumor
diameter (p = 0.01) in the high-NPS group, whereas the
UICC TNM staging did not show a significant difference
between the high- and low-NPS groups.

3.2 | Survival analysis

The OS and RFS of the low-NPS group were signifi-
cantly longer than those of the high-NPS group (MST
[OS], 108 vs. 92 months, p = 0.03; Figure 2B and MST
[RFS], 34 vs. 23 months, p = 0.04; Figure 2B,
respectively).

___l _____ I

109 patients
assigned to High-NPS group |

Analysis for Survival

Patient selection criteria flowchart. NPS, Naples prognostic score.

Subgroup analysis revealed that a high NPS was
significantly associated with poor OS in patients' sub-
groups of single tumor (HR, 1.59; 95% ClI, 1.05-2.39;
and p = 0.03), small tumor (diameter <5 cm) (HR,
1.55; 95% CI, 1.02-2.35; and p = 0.04), and UICC
stage | or Il (HR, 1.49; 95% CI, 1.01-2.18; and
p = 0.04) (Figure 3). Moreover, OS and RFS were
significantly longer than those of the high-NPS group
for patients with a single tumor smaller than 5 cm
(MST [OS], 134 vs. 105 months, p = 0.01; Figure S1a
and MST [RFS], 54 vs. 27 months, p = 0.02;
Figure S1b, respectively).

3.3 | Analysis of prognostic factors
Univariate and multivariate analyses of the OS were
performed to explore the prognostic factors. In the
univariate analysis, multiple tumors (p = 0.03), tumor
diameter >5 cm (p < 0.01), portal vein invasion
(p < 0.01), alpha-fetoprotein level >10 ng/ml (p = 0.01),
and high NPS (p = 0.04) were significantly associated
with poor OS (Table 2). Multivariate analysis using the
Cox proportional hazards model with variables with
significant differences in the univariate analysis showed
portal vein invasion (HR, 2.43; 95% ClI, 1.68-3.48; and
p < 0.01), multiple tumors (HR, 1.51; 95% CI, 1.04—
2.18; and p = 0.03), and high NPS (HR, 1.45; 95% Cl,
1.02-2.05; and p = 0.04) as the independent prognostic
factors for the OS (Table 2). The multivariate analysis
for RFS also revealed a high NPS as one of the inde-
pendent prognostic factors (HR, 1.33; 95% CI, 1.00-
2.52; p = 0.05; and Table $1).

3.4 | Assessment of postoperative
complications

The postoperative mortality rate was 0.3% (n = 1), and
the morbidity rates of CD all grade and CD grade > llla
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TABLE 1 Patients' background, operative findings, and pathological findings.
Low-NPS High-NPS
Variables n = 250 n =109 p Value
Age?, year 70 (16-85) 73 (44-89) 0.001°
Sex 0.472
Male 188 (75.2) 78 (71.6)
Female 62 (24.8) 31 (28.4)
Body mass index?, kg/m? 229 (13.4-45.2) 224 (16.2-34.7) 0.214
Underlying liver disease
Hepatitis B virus 105 (42.0) 49 (45.0) 0.603
Hepatitis C virus 95 (38.0) 51 (46.8) 0.120
Alcohol 39 (15.6) 6 (5.5) 0.005°
NASH/NAFLD 19 (7.6) 6 (5.5) 0.464
Liver cirrhosis 37 (33.9) 77 (30.8) 0.557
Diabetes mellitus 88 (35.2) 34 (31.2) 0.459
Total bilirubin®, mg/dl 0.84 (0.28-2.81) 0.71 (0.15-2.08) <0.001°
Indocyanine green retention 12.0 (2.7-46.4) 12.9 (2.6-89.0) 0.630
rate at 15 min?, %
Alfa-fetoprotein®, ng/mL 8.0 (0.7-186800) 9.3 (1.1-54059) 0.442
Operative procedure 0.245
Hemihepatectomy 22 (8.8) 17 (16.0)
Sectionectomy 49 (19.6) 22 (20.2)
Segmentectomy 84 (33.6) 30 (27.5)
Partial 95 (38.0) 40 (36.7)
Operation time®, min 344 (82—-990) 353 (121-694) 0.157
Blood loss?®, ml 300 (0-5100) 350 (0-6600) 0.085
Blood transfusion 30 (12.0) 21 (19.3) 0.076
Tumor diameter?, cm 29 (0.9-17.0) 3.5 (1.3-16.5) 0.008°
Multiple tumors 60 (24.0) 25 (22.9) 0.827
Vascular invasion
Portal vein invasion 56 (22.4) 33 (30.6) 0.106
Hepatic vein invasion 26 (10.4) 19 (17.6) 0.066
UICC Staging, 8th edition 0.180
1A 55 (22.4) 13 (12.0)
B 87 (34.8) 38 (35.2)
Il 77 (30.8) 41 (38.0)
1A 14 (5.6) 9 (8.3)
nB 16 (6.4) 7 (6.5)

Note: Figures in parentheses are percentage unless otherwise specified.
Abbreviations: NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; NPS, Naples prognostic score; UICC, Union for International Cancer

Control.
®median (range).
®p < 0.05.
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FIGURE 2 Kaplan—-Meier curves for the overall survival (OS) and recurrence-free survival (RFS) of the participants stratified by high- and low-
NPS groups. The OS (A) and RFS (B) of the high-NPS group are significantly lower than that of the low-NPS group (OS, p = 0.03 and RFS,
p = 0.04). NPS, Naples prognostic score; OS, overall survival; RFS, recurrence-free survival. [Colour figure can be viewed at

wileyonlinelibrary.com]
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FIGURE 3 Subgroup analysis for the survival predictability of the Naples prognostic score (NPS). A high NPS is a significant prognostic
factor for overall survival in patients with single tumor (p = 0.03), small tumor (diameter <5 cm) (p = 0.04), and tumor stage | or Il (p = 0.04).
NPS, Naples prognostic score. [Colour figure can be viewed at wileyonlinelibrary.com]

complications were 56.1% (n =
(n = 69), respectively.

According to the cutoff value of the NPS, deter-
mined using the receiver operating characteristic
(ROC) curve analysis for severe postoperative compli-
cations (Figure 4), patients were divided into two
groups: the NPS score 0-1 and 2-4 groups.

210) and 18.4%

Postoperative complications were compared between
the two groups. Although the incidence of overall
complications did not show a significant difference be-
tween these groups (57.6% vs. 52.1% and p = 0.35),
the incidence of CD grade > llla postoperative com-

plications was significantly higher in the NPS score 2—4
group than in the NPS score 0—1 group (20.9% vs.
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TABLE 2 Univariate and multivariate analyses of prognostic factors for overall survival.
Univariate Multivariate
Variables Hazard ratio 95% CI p Value Hazard ratio 95% CI p Value
Tumor diameter

<5cm Ref Ref

>5 cm 1.67 1.25-2.40 0.008° 1.28 0.87-1.86 0.206
Multiple tumor

No Ref Ref

Yes 1.52 1.04-2.18 0.030? 1.51 1.04-2.18 0.031?
Alpha-fetoprotein

<10 ng/mL Ref Ref

>10 ng/mL 1.53 1.10-2.16 0.013? 1.20 0.84-1.70 0.317
Portal vein invasion

No Ref Ref

Yes 2.70 1.91-3.80 <0.0012 2.43 1.68-3.48 <0.0012
NPS

Low-NPS Ref Ref

High-NPS 1.45 1.02-2.05 0.040° 1.45 1.02-2.05 0.0412
Abbreviations: Cl, confidence interval; ICG, indocyanine green; NPS, Naples prognostic score.

p < 0.05.
1.0 and ascites (7.6% vs. 1.0% and p = 0.01) were signif-
i icantly higher in the NPS score 2—4 group (Table 3). In
' contrast, there were no significant differences in the

0.8 incidences of posthepatectomy bile leakage (p = 0.48),

pleural effusion (p = 0.92), abdominal infection

0.7 (p = 0.95), and incisional surgical site infection

(p = 0.51) (Table 3).

L Multivariate analysis identified an NPS score of 2—4
o5 as an independent risk factor for the incidence of CD
k= grade > llla postoperative complications (OR, 2.05;
3 0.4 95% CI, 1.01-4.18; and p = 0.05) along with an

indocyanine green retention rate at 15 min >11.8%

0.3

AUC: 0.62
P< 01

0.2
0.1

0.0
00 01 02 03 04 05 06 07 08 09 1.0

1 - Specificity

FIGURE 4 Receiver operating characteristic curve analysis of
the Naples prognostic score (NPS) for postoperative complications
with CD grade > llla. The area under the curve value is 0.62 and
the optimal cutoff value is NPS score 2. CD, Clavien—-Dindo
classification; NPS, Naples prognostic score. [Colour figure can be
viewed at wileyonlinelibrary.com]

11.5% and p = 0.03) (Table 3). Moreover, comparing
the incidence of each postoperative complication, the
incidences of PHLF (20.5% vs. 11.5% and p = 0.04)

(OR, 2.35; 95% ClI, 1.31—4.25; and p < 0.01) and dia-
betes mellitus status (OR, 2.04; 95% Cl, 1.18-3.54; and
p = 0.01) (Table 4).

4 | DISCUSSION

The results of the present study emphasize that the NPS
can predict the prognosis and postoperative complica-
tions of HCC after hepatectomy with high accuracy and
NPS, along with portal vein invasion and multiple tumors,
was found to be an independent prognostic factor.
Moreover, the prognostic value of the NPS is more useful
in patients with UICC stage | or Il HCC.

The NPS is an IBPS developed as a prognostic
marker for colorectal cancer by Galizia et al.'® The NPS
includes factors that reflect nutritional status (albumin
and TC) and inflammation (NLR and LMR) and has
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TABLE 3 Summary of postoperative complications.

NPS score 0-1 NPS score 24 p value
n =96 n =278
Mortality 1 (0.4) 0 0) 1.00
Morbidity
All grade 50 (52.1) 160 (57.6) 0.352
Clavien-Dindo 11 (11.5) 58 (20.9) 0.0337
classification grade > llla
Posthepatectomy liver failure 11 (11.5) 57 (20.5) 0.039%
Posthepatectomy bile leakage 8 (8.3) 30 (10.8) 0.483
Ascites 1 (1.0) 21 (7.6) 0.007°
Pleural effusion 10 (10.4) 30 (10.8) 0.918
Incisional surgical site infection 12 (12.5) 28 (10.1) 0.513
Intraperitoneal infection 5 (5.2) 14 (5.0) 0.947
Note: Figures in parentheses are percentage unless otherwise specified.
Abbreviation: NPS, Naples prognostic score.
®p < 0.05.
TABLE 4 Univariate and multivariate analyses of risk factors for severe complications.
Univariate Multivariate
Variables Odds ratio 95% CI p Value Odds ratio 95% CI p Value
Age
<60 Ref Ref
>60 245 0.94-6.40 0.067 224 0.84-5.99 0.109
Diabetes mellitus
No Ref Ref
Yes 2.09 1.23-3.56 0.007% 2.04 1.18-3.54 0.011%
ICG retention rate at 15 min
<11.8% Ref Ref
>11.8% 2.39 1.39-4.10 0.001% 2.35 1.31-4.25 0.004%
Anatomic resection
No Ref Ref
Yes 1.85 1.04-3.29 0.036° 1.29 0.74-2.61 0.301
NPS score
0-1 Ref Ref
2-4 2.04 1.02-4.07 0.044° 2.05 1.01-4.18 0.048°

Abbreviations: Cl, confidence interval; ICG, indocyanine green; NPS, Naples prognostic score.

ep < 0.05.

been reported to be a novel prognostic marker of
various types of cancer such as colorectal,'®"® lung,®'*
and esophageal’®'® cancers. To our knowledge, only
one study has focused on its usefulness in HCC,® in
which Xie et al. reported the predictability of the NPS for
the OS and RFS and the superiority of NPS over NLR,
LMR, systemic inflammation score, prognostic nutri-
tional index, controlling nutritional status score in 5-year

0S, and time-dependent ROC for OS. The result of our
study supports the study of Xie et al. regarding the
usefulness of the NPS for prognostic implication.
However, their study did not examine the relationship
between postoperative complications and the NPS or
explore in which patients' NPS could predict prognosis
with great accuracy. In the present study, we revealed
that NPS was one of the independent prognostic factors
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and the prognostic predictability of the NPS is superior
in patients with UICC stage I-Il cancers by subgroup
analysis. Various factors, including size, number, tumor
markers, and vascular invasion, are well-known prog-
nostic indicators for HCC, and in this study, multiple
tumors and portal vein invasion were extracted as in-
dependent prognostic factors along with NPS. Notably,
the HR for portal vein invasion was higher than that for
NPS. However, the preoperative diagnosis of micro-
scopic portal vein invasion is challenging, making NPS
advantageous for identifying high-risk groups preoper-
atively. Moreover, identifying patients with a poor
prognosis without highly advanced cancers is generally
considered difficult and the NPS is valuable in this re-
gard. In addition, patients with a high NPS presented
with a significantly high incidence rate of severe com-
plications. To our knowledge, this is the first study to
explore this association in hepatectomy.

The underlying mechanisms of prognostic predic-
tion by the NPS remain controversial; however, the
mechanism has been discussed in several reports.”™
The NPS may reflect the tumor microenvironment
(TME) immune system.®? The main reason for these
claims is that the NPS is an IBPS that integrates the
serum albumin and TC levels and Ilymphocyte,
neutrophil, and monocyte counts, all of which are
associated with the antitumor immune system. Albu-
min and TC levels are well-known indicators of
malnutrition. Furthermore, they also have functions
associated with tumor immunity such as the reflection
of chronic inflammation by the albumin level?"?? and
the maintenance of the immune cell cytoskeleton by
the TC.?*2* Numerous studies have highlighted the
functions of lymphocytes, neutrophils, and monocytes
in TME. Lymphocytes mainly function as tumor sup-
pressors, whereas neutrophils can promote tumor
progression directly?® or suppress lymphocyte function
via inflammation®® and monocytes differentiate into
tumor-associated macrophages.?” Among these im-
mune cells, tumor-infiltrating lymphocytes (TILs) play a
critical role in tumor immunity.?®>?° TILs elicit an im-
mune response against tumor cells via the perforin,
granzyme B, FAS-FAS ligand axis, and cytokines and
induce apoptosis of tumor cells. Furthermore, TILs
activate antitumor responses in the TME by secreting
cytokines. Tanaka et al. demonstrated that peripheral
blood lymphocyte counts correlated with TIL counts,>°
and the inclusion of the two items assessing the
lymphocyte count (NLR and LMR) in the NPS might be
responsible for its high prognostic predictability.
Moreover, antitumor immune mechanisms are closely
related to tumor progression and immune evasion
advances in tandem with tumor progression.?® These
findings are consistent with those of the present study
and support the usefulness of the NPS in predicting
the prognosis of patients with UICC stage |-l HCC.

Furthermore, the NPS is valuable in predicting com-
plications because it serves as an indicator of inflam-
mation, malnutrition, and immunosuppression as
mentioned.

Based on these findings, certain strategies for uti-
lizing the NPS in clinical practice can be anticipated.
First, NPS might be utilized as a marker for neoadjuvant
chemotherapy (NAC) and adjuvant chemotherapy
(AC), including regimens that incorporate immuno-
therapy, which hold promise for clinical application in
the near future. Although additional data collection is
required, administering NAC or AC in patients with high
NPS may enhance their prognosis. Second, modifying
the surgical method or intensifying postoperative man-
agement in patients with an NPS score of 2—4 could
improve surgical outcomes, as these patients experi-
enced relatively frequent severe complications.

The present study has some limitations. First, this
was a single-center retrospective study with a limited
number of patients and various potential bias and
confounding factors cannot be excluded. Second, the
results of this study were based on data from patients
with HCC from 2007 to the present and might not
represent real-world data from the era of immune
checkpoint blockade therapy. Therefore, future large-
scale prospective multicenter studies with meticulous
regulation of all the identified covariates are needed.
Furthermore, a long-term follow-up period is essential
for evaluating the predictive ability of the NPS over
time. Third, this study included no data regarding dif-
ferences in pathological or molecular biological char-
acteristics according to the NPS. Research on these
characteristics is necessary to explore the underlying
mechanisms driving the prognostic implications of NPS,
and prospective validation analyses should also be
conducted to clarify these relationships.

In conclusion, the NPS is an effective predictor of
short- and long-term outcomes after hepatectomy in
patients with HCC and may be a potentially superior
prognostic marker even in patients with non-
advanced HCC.

AUTHOR CONTRIBUTIONS

Kiyotaka Hosoda, Akira Shimizu, Koji Kubota, Tsuyoshi
Notake, Noriyuki Kitagawa, and Yuji Soejima were
involved in the study design and data interpretation.
Kiyotaka Hosoda drafted the manuscript. Kiyotaka
Hosoda, Takahiro Yoshizawa, Hiroki Sakai, Hikaru
Hayashi, and Koya Yasukawa collected and analyzed
the data. Yuji Soejima supervised the study. All authors
critically revised the manuscript, commented on drafts
of the manuscript, and approved the final report.

ACKNOWLEDGMENTS
The authors would like to thank Editage (www.editage.
jp) for English language editing.


http://www.editage.jp
http://www.editage.jp

510 |

HOSODA ET AL.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflicts of
interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

ETHICS STATEMENT

The protocol for this research project has been
approved by a suitably constituted Ethics Committee of
the institution and it conforms to the provisions of the
Declaration of Helsinki (the Shinshu University Hospital
Ethics Committee, Approval No. 5244).

INFORMED CONSENT
An opt-out procedure was applied to the website to
obtain informed consent and patients who refused to
participate were excluded.

SOURCES OF SUPPORT
None.

ORCID
Kiyotaka Hosoda
3676

Akira Shimizu
1697

Koji Kubota © https://orcid.org/0000-0003-0164-7685
Tsuyoshi Notake (© https://orcid.org/0000-0002-2277-
5347

Yuji Soejima

https://orcid.org/0000-0001-6928-

https://orcid.org/0000-0002-5015-

https://orcid.org/0000-0001-5539-9280

REFERENCES

1. Sung, Hyuna, Jacques Ferlay, Rebecca L. Siegel, Mathieu
Laversanne, Isabelle Soerjomataram, Ahmedin Jemal, and
Freddie Bray. 2021. “Global Cancer Statistics 2020: GLOBO-
CAN Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries.” CA: A Cancer Journal for Clinicians
71(3): 209-49. https://doi.org/10.3322/caac.21660.

2. Okamura, Yukiyasu, Teiichi Sugiura, Takaaki Ito, Yusuke
Yamamoto, Ryo Ashida, Katsuhisa Ohgi, Shimpei Ohtsuka,
Takeshi Aramaki, and Katsuhiko Uesaka. 2021. “Changes in
Patient Background and Prognosis after Hepatectomy for He-
patocellular Carcinoma by Hepatitis Virus Infection Status: New
Trends in Japan.” Annals of Gastroenterological Surgery 5(4):
553-66. https://doi.org/10.1002/ags3.12451.

3. Bruix, Jordi, and Morris Sherman. 2011. “Management of He-
patocellular Carcinoma: an Update.” Hepatology 53(3): 1020-2.
https://doi.org/10.1002/hep.24199.

4. Yamamoto, Masateru, Tsuyoshi Kobayashi, Shintaro Kuroda,
Michinori Hamaoka, Sho Okimoto, Naruhiko Honmyo, Megumi
Yamaguchi, and Hideki Ohdan. 2019. *“Verification of
Inflammation-Based Prognostic Marker as a Prognostic Indica-
tor in Hepatocellular Carcinoma.” Annals of Gastroenterological
Surgery 3(6): 667—75. https://doi.org/10.1002/ags3.12286.

5. Mano, Yohei, Ken Shirabe, Yo-ichi Yamashita, Norifumi Har-
imoto, Eiji Tsujita, Kazuki Takeishi, Shinichi Aishima, et al. 2013.
“Preoperative Neutrophil-To-Lymphocyte Ratio Is a Predictor of
Survival after Hepatectomy for Hepatocellular Carcinoma: a

10.

1.

12.

13.

14,

15.

16.

Retrospective Analysis.” Annals of Surgery 258(2): 301-5.
https://doi.org/10.1097/sla.0b013e318297ad6b.

Lin, Shuwen, Ye Lin, Yinghua Fang, Zhikang Mo, Xiaocheng
Hong, Chenggang Ji, and Zhixiang Jian. 2021. “Clinicopatho-
logical and Prognostic Value of Preoperative Lymphocyte to
Monocyte Ratio for Hepatocellular Carcinoma Following Cura-
tive Resection: A Meta-Analysis Including 4,092 Patients.”
Medicine (Baltimore) 100(3): e24153. https://doi.org/10.1097/
md.0000000000024153.

Li, Qing, Rong Cong, Yuting Wang, Fanfei Kong, Jian Ma, Qijun
Wu, and Xiaoxin Ma. 2021. “Naples Prognostic Score Is an In-
dependent Prognostic Factor in Patients with Operable Endo-
metrial Cancer: Results from a Retrospective Cohort Study.”
Gynecologic Oncology 160(1): 91-8. https://doi.org/10.1016/j.
ygyno.2020.10.013.

Li, Shuangjiang, Hongyu Wang, Zhang Yang, Liang Zhao,
Wenyu Lv, Heng Du, Guowei Che, and Lunxu Liu. 2021.
“Naples Prognostic Score as a Novel Prognostic Prediction Tool
in Video-Assisted Thoracoscopic Surgery for Early-Stage Lung
Cancer: a Propensity Score Matching Study.” Surgical Endos-
copy 35(7): 3679-97. https://doi.org/10.1007/s00464-020-
07851-7.

Xie, Ya-Ming, Wenfeng Lu, Jian Cheng, Mugen Dai, Si-Yu Liu,
D.-Dong Wang, T.-Wei Fu, et al. 2023. “Naples Prognostic
Score Is an Independent Prognostic Factor in Patients Under-
going Hepatectomy for Hepatocellular Carcinoma.” Journal of
Hepatocellular Carcinoma 10: 1423-33. https://doi.org/10.2147/
jhc.s414789.

Galizia, Gennaro, Eva Lieto, Annamaria Auricchio, Francesca
Cardella, Andrea Mabilia, Vlasta Podzemny, Paolo Castellano,
Michele Orditura, and Vincenzo Napolitano. 2017. “Naples
Prognostic Score, Based on Nutritional and Inflammatory Sta-
tus, Is an Independent Predictor of Long-Term Outcome in
Patients Undergoing Surgery for Colorectal Cancer.” Diseases
of the Colon & Rectum 60(12): 1273-84. https://doi.org/10.
1097/dcr.0000000000000961.

Nakagawa, Nobuhiko, Suguru Yamada, Fuminori Sonohara,
Hideki Takami, Masamichi Hayashi, Mitsuro Kanda, Daisuke
Kobayashi, et al. 2020. “Clinical Implications of Naples Prog-
nostic Score in Patients with Resected Pancreatic Cancer.”
Annals of Surgical Oncology 27(3): 887-95. https://doi.org/10.
1245/s10434-019-08047-7.

Feng, Ji-Feng, J.-Ming Zhao, Sheng Chen, and Qi-Xun Chen.
2021. “Naples Prognostic Score: A Novel Prognostic Score in
Predicting Cancer-specific Survival in Patients with Resected
Esophageal Squamous Cell Carcinoma.” Frontiers Oncology
11: 652537. https://doi.org/10.3389/fonc.2021.652537.

Kano, Kazuki, Takanobu Yamada, Kouji Yamamoto, Keisuke
Komori, Hayato Watanabe, Kosuke Takahashi, Hirohito Fuji-
kawa, et al. 2021. “The Impact of Pretherapeutic Naples Prog-
nostic Score on Survival in Patients with Locally Advanced
Esophageal Cancer.” Annals of Surgical Oncology 28(8): 4530—
9. https://doi.org/10.1245/s10434-020-09549-5.

Elia, Stefano, Alexandro Patirelis, Georgia Hardavella, Anto-
nella Santone, Federica Carlea, and Eugenio Pompeo. 2023.
“The Naples Prognostic Score Is a Useful Tool to Assess Sur-
gical Treatment in Non-small Cell Lung Cancer.” Diagnostics
(Basel) 13(24): 3641. https://doi.org/10.3390/diagnostics
13243641.

Park, Su Hyeong, Hye Seung Woo, In Kyung Hong, and
Eun Jung Park. 2023. “Impact of Postoperative Naples Prog-
nostic Score to Predict Survival in Patients with Stage II-IIl.”
Colorectal Cancer. Cancers (Basel) 15(20): 5098. https://doi.
org/10.3390/cancers15205098.

Clavien, Pierre A., Jeffrey Barkun, Michelle L. de Oliveira,
Jean Nicolas Vauthey, Daniel Dindo, Richard D. Schulick,
Eduardo de Santibaries, et al. 2009. “The Clavien-Dindo Clas-
sification of Surgical Complications: Five-Year Experience.”


https://orcid.org/0000-0001-6928-3676
https://orcid.org/0000-0001-6928-3676
https://orcid.org/0000-0001-6928-3676
https://orcid.org/0000-0002-5015-1697
https://orcid.org/0000-0002-5015-1697
https://orcid.org/0000-0002-5015-1697
https://orcid.org/0000-0003-0164-7685
https://orcid.org/0000-0003-0164-7685
https://orcid.org/0000-0002-2277-5347
https://orcid.org/0000-0002-2277-5347
https://orcid.org/0000-0002-2277-5347
https://orcid.org/0000-0001-5539-9280
https://orcid.org/0000-0001-5539-9280
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/ags3.12451
https://doi.org/10.1002/hep.24199
https://doi.org/10.1002/ags3.12286
https://doi.org/10.1097/sla.0b013e318297ad6b
https://doi.org/10.1097/md.0000000000024153
https://doi.org/10.1097/md.0000000000024153
https://doi.org/10.1016/j.ygyno.2020.10.013
https://doi.org/10.1016/j.ygyno.2020.10.013
https://doi.org/10.1007/s00464-020-07851-7
https://doi.org/10.1007/s00464-020-07851-7
https://doi.org/10.2147/jhc.s414789
https://doi.org/10.2147/jhc.s414789
https://doi.org/10.1097/dcr.0000000000000961
https://doi.org/10.1097/dcr.0000000000000961
https://doi.org/10.1245/s10434-019-08047-7
https://doi.org/10.1245/s10434-019-08047-7
https://doi.org/10.3389/fonc.2021.652537
https://doi.org/10.1245/s10434-020-09549-5
https://doi.org/10.3390/diagnostics13243641
https://doi.org/10.3390/diagnostics13243641
https://doi.org/10.3390/cancers15205098
https://doi.org/10.3390/cancers15205098

WORLD JOURNAL OF SURGERY

| 511

17.

18.

19.

20.

21.

22.

23.

24.

Annals of Surgery 250(2): 187-96. https://doi.org/10.1097/sla.
0b013e3181b13ca2.

Makuuchi, Masatoshi, Tomoo Kosuge, Tadatoshi Takayama,
Susumu Yamazaki, Tohoru Kakazu, Shinichi Miyagawa, and
Seiji Kawasaki. 1993. “Surgery for Small Liver Cancers.” Sem-
inars in Surgical Oncology 9(4): 298-304. https://doi.org/10.
1002/ssu.2980090404.

Shimizu, Akira, Akira Kobayashi, Takahide Yokoyama, Hiroaki
Motoyama, Hiroshi Sakai, Noriyuki Kitagawa, Tsuyoshi Notake,
Tomoki Shirota, Kentaro Fukushima, and S.-ichi Miyagawa.
2016. “Correlation between the Serum Levels of Type IV
Collagen 7s Domain and the Risk of Intractable Ascites
Following Liver Resection for Hepatocellular Carcinoma: A
Propensity Score-Matched Analysis.” Surgery 160(5): 1244-55.
https://doi.org/10.1016/j.surg.2016.06.024.

Notake, T., A. Shimizu, K. Kubota, T. lkehara, H. Hayashi, K.
Yasukawa, A. Kobayashi, A. Yamada, Y. Fujinaga, and Y.
Soejima. 2021. “Hepatocellular Uptake Index Obtained with
Gadoxetate Disodium-Enhanced Magnetic Resonance Imaging
in the Assessment Future Liver Remnant Function after Major
Hepatectomy for Biliary Malignancy.” BJS Open 5(4). https://doi.
org/10.1093/bjsopen/zraa048.

Hosoda, Kiyotaka, Kentaro Umemura, Akira Shimizu, Koji
Kubota, Tsuyoshi Notake, Noriyuki Kitagawa, Hiroki Sakai,
Hikaru Hayashi, Koya Yasukawa, and Yuji Soejima. 2024. “The
Platelet-To-Lymphocyte Ratio Is a Complementary Prognostic
Factor to Tumor Markers in Predicting Early Recurrence of He-
patocellular Carcinoma after Hepatectomy.” Journal of Surgical
Oncology 129(4): 765—-74. https://doi.org/10.1002/jso0.27564.
McMillan, Donald C. 2009. “Systemic Inflammation, Nutritional
Status and Survival in Patients with Cancer.” Current Opinion in
Clinical Nutrition and Metabolic Care 12(3): 223-6. https://doi.
org/10.1097/mco.0b013e32832a7902.

Landskron, Glauben, Marjorie De la Fuente, Peti Thuwaijit,
Chanitra Thuwaijit, and Marcela A. Hermoso. 2014. “Chronic
Inflammation and Cytokines in the Tumor Microenvironment.”
Journal of Immunology Research 2014: 149185. https://doi.org/
10.1155/2014/149185.

Kritchevsky, S. B., and D. Kritchevsky. 1992. “Serum Choles-
terol and Cancer Risk: an Epidemiologic Perspective.” Annual
Review of Nutrition 12(1): 391-416. https://doi.org/10.1146/
annurev.nu.12.070192.002135.

Takagi, Kosei, Takahito Yagi, Yuzo Umeda, Susumu Shinoura,
Ryuichi Yoshida, Daisuke Nobuoka, Takashi Kuise, Hiroyuki

25.

26.

27.

28.

29.

30.

Araki, and Toshiyoshi Fujiwara. 2017. “Preoperative Controlling
Nutritional Status (CONUT) Score for Assessment of Prognosis
Following Hepatectomy for Hepatocellular Carcinoma.” World
Journal of Surgery 41(9): 2353—60. https://doi.org/10.1007/
s00268-017-3985-8.

Nguyen, Phuong H. D., Martin Wasser, Chong Teik Tan,
Chun Jye Lim, Hannah L. H. Lai, Justine Jia Wen Seow,
Ramanuj DasGupta, et al. 2022. “Trajectory of Immune Evasion
and Cancer Progression in Hepatocellular Carcinoma.” Nature
Communications 13(1): 1441. https://doi.org/10.1038/s41467-
022-29122-w.

Xue, Ruidong, Qiming Zhang, Qi Cao, Ruirui Kong, Xiao Xiang,
Hengkang Liu, Mei Feng, et al. 2022. “Liver Tumour Immune
Microenvironment Subtypes and Neutrophil Heterogeneity.”
Nature 612(7938): 141-7. https://doi.org/10.1038/s41586-022-
05400-x.

Mantovani, Alberto, Federica Marchesi, Alberto Malesci, Luigi
Laghi, and Paola Allavena. 2017. “Tumour-associated Macro-
phages as Treatment Targets in Oncology.” Nature Reviews
Clinical Oncology 14(7): 399—416. https://doi.org/10.1038/
nrclinonc.2016.217.

Hiraoka, Nobuyoshi. 2010. “Tumor-infiltrating Lymphocytes and
Hepatocellular Carcinoma: Molecular Biology.” International
Journal of Clinical Oncology 15(6): 544-51. https://doi.org/10.
1007/s10147-010-0130-1.

Zheng, Xiaogin, Wenjie Jin, Shanshan Wang, and Huiguo Ding.
2021. “Progression on the Roles and Mechanisms of Tumor-
Infiltrating T Lymphocytes in Patients with Hepatocellular Car-
cinoma.” Frontiers in Immunology 12: 729705. https://doi.org/
10.3389/fimmu.2021.729705.

Tanaka, Ryota, Kenjiro Kimura, Shinpei Eguchi, Jun Tauchi,
Masatune Shibutani, Hiroji Shinkawa, Go Ohira, et al. 2020.
“Preoperative Neutrophil-To-Lymphocyte Ratio Predicts Tumor-
Infiltrating CD8(+) T Cells in Biliary Tract Cancer.” Anticancer
Research 40(5): 2881-7. https://doi.org/10.21873/anticanres.
14264.

SUPPORTING INFORMATION

Additional supporting information can be found online in
the Supporting Information section at the end of this
article.


https://doi.org/10.1097/sla.0b013e3181b13ca2
https://doi.org/10.1097/sla.0b013e3181b13ca2
https://doi.org/10.1002/ssu.2980090404
https://doi.org/10.1002/ssu.2980090404
https://doi.org/10.1016/j.surg.2016.06.024
https://doi.org/10.1093/bjsopen/zraa048
https://doi.org/10.1093/bjsopen/zraa048
https://doi.org/10.1002/jso.27564
https://doi.org/10.1097/mco.0b013e32832a7902
https://doi.org/10.1097/mco.0b013e32832a7902
https://doi.org/10.1155/2014/149185
https://doi.org/10.1155/2014/149185
https://doi.org/10.1146/annurev.nu.12.070192.002135
https://doi.org/10.1146/annurev.nu.12.070192.002135
https://doi.org/10.1007/s00268-017-3985-8
https://doi.org/10.1007/s00268-017-3985-8
https://doi.org/10.1038/s41467-022-29122-w
https://doi.org/10.1038/s41467-022-29122-w
https://doi.org/10.1038/s41586-022-05400-x
https://doi.org/10.1038/s41586-022-05400-x
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1007/s10147-010-0130-1
https://doi.org/10.1007/s10147-010-0130-1
https://doi.org/10.3389/fimmu.2021.729705
https://doi.org/10.3389/fimmu.2021.729705
https://doi.org/10.21873/anticanres.14264
https://doi.org/10.21873/anticanres.14264

	Clinical significance of the Naples prognostic score in predicting short‐ and long‐term postoperative outcomes of patients  ...
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Patients
	2.2 | Data collection and endpoint assessment
	2.3 | Perioperative management and surgical procedure
	2.4 | Statistical analysis

	3 | RESULTS
	3.1 | Baseline demographic and clinical characteristics
	3.2 | Survival analysis
	3.3 | Analysis of prognostic factors
	3.4 | Assessment of postoperative complications

	4 | DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	INFORMED CONSENT
	SOURCES OF SUPPORT


