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Abstract
Objective Both subcutaneous adipose tissue (SAT) and neutrophil-to-lymphocyte ratio (NLR) are

associated with the prognosis of hepatocellular carcinoma (HCC). Subcutaneous adipose tissue is

an immunonutritional indicator, and NLR reflects the inflammatory status. The purpose of this

study was to ascertain the validity of SAT/NLR as potential prognostic biomarkers in HCC patients

who are undergoing liver resection.

Methods This retrospective study encompassed the sequential enrollment of 682 patients diag-

nosed with HCC who underwent liver resection. The patients were categorized into high and

low SAT/NLR groups using the median value, and forward stepwise logistic regression was utilized

to ascertain independent predictors for one-year HCC recurrence. In order to minimize the influ-

ence of confounding variables, a propensity score matching (PSM) analysis was conducted between

patients in high and low SAT/NLR groups. The Kaplan–Meier method was employed to assess and

compare the recurrence-free survival (RFS) and overall survival (OS) between the two groups.

Results The study divided patients into two groups based on their SAT/NLR levels: high SAT/NLR

(≥35.34) and low SAT/NLR (<35.34) groups. Forward stepwise logistic regression analysis

revealed that low SAT/NLR (p< 0.001), tumor size ≥50 mm (p< 0.001), alpha–fetoprotein level

>200 ng/mL (p< 0.001), and presence of liver cirrhosis (p< 0.001) were significantly associated

with one-year recurrence of HCC. Moreover, the results suggest that RFS and OS were
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significantly shorter in the low SAT/NLR group compared to the high SAT/NLR group, both before

and after PSM (p< 0.05).
Conclusions The preoperative biomarker SAT/NLR shows potential as a prognostic biomarker

for one-year recurrence and prognosis in patients with HCC undergoing liver resection.

Keywords
Hepatocellular carcinoma, resection, subcutaneous adipose tissue, recurrence, prognosis

Introduction

Liver cancer is globally ranked as the sixth most lethal type of cancer, with hepatocellular
carcinoma (HCC) accounting for over 80% of primary liver cancer cases.1 Liver resection
is widely recognized as the primary method for achieving curative treatment for HCC, as
supported by multiple guidelines.2–5 Following the Barcelona Clinic Liver Cancer
(BCLC) system, Western practice guidelines recommend liver resection for patients
with HCC at a very early to early stage, while Asian practice guidelines limit its use to
those with intermediate-stage HCC. Overall, patients with HCC undergoing liver resec-
tion exhibit varied outcomes, with five-year survival rates ranging from 35% to 70%6–8

and one-year recurrence rates ranging from 20% to 50%.9 The observed variations can be
ascribed to disparities in tumor burdens, histopathological status, immune response
status, and nutrition status. In order to improve risk stratification and enhance prognostic
accuracy, it is crucial to identify efficacious prognostic biomarkers for HCC patients
undergoing liver resection.

In the realm of cancer progression, the significant effects of the inflammatory response
and immunonutrition on the mechanisms of priming, proliferation, angiogenesis, and
migration are widely recognized.10 Various reports suggest that HCC fosters an environ-
ment marked by inflammation, immunosuppression, and nutritional inadequacies, both
locally and systemically.11–15 These circumstances pose significant challenges that can
adversely affect clinical outcomes and the efficacy of therapeutic interventions. For
instance, studies have shown that HCC displays elevated levels of myeloid-derived sup-
pressor cells in the tumor microenvironment, and HCC patients exhibit higher propor-
tions of regulatory T cells in their peripheral blood.16–18 The neutrophil-to-lymphocyte
ratio (NLR) is a marker of inflammation in peripheral blood, which can reflect the sys-
temic immune and inflammatory status, and can be measured by blood routine, fast
and convenient to obtain and low price. Elevated NLR indicates the relative increase
of neutrophils, relative decrease of lymphocytes and immune imbalance.19

Neutrophil-to-lymphocyte ratio has been reported to be associated with various inflam-
matory conditions,20,21 elevated NLR was reported in patients with cancer.22

Neutrophil-to-lymphocyte ratio have been recognized as dependable prognostic
markers for anticipating the clinical outcomes of HCC.16–18 In recent years, several
studies revealed that altered body composition is associated with survival in several
malignancies.23,24 Compared to commonly used anthropometry, such as body mass
index or waist circumference, measurements on computed tomography (CT) scans
allow an adequate differentiation of body composition components, including visceral
and subcutaneous fat distribution, and are considered as the gold standard technique
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for assessing skeletal muscle mass.23,25 Moreover, existing scholarly literature has con-
firmed that subcutaneous adipose tissue (SAT) is a dependable marker of immunonutri-
tion and possesses considerable prognostic significance for HCC patients.26,27 In brief, an
increased NLR and a decline in SAT contribute to the promotion of tumor growth, while a
decreased NLR and an augmentation in SAT exert a suppressive influence on tumor
development. Consequently, the proposed biomarker SAT/NLR combines the advan-
tages of both SAT and NLR, potentially leading to enhanced predictive precision.

In light of the indeterminate prognostic implications of preoperative SAT/NLR in
HCC patients undergoing liver resection, this study aims to appraise the prognostic
utility of SAT/NLR in this specific patient population and ascertain its suitability as an
optimal biomarker for HCC prognosis.

Materials and methods

Study patients

This is a single-cohort, retrospective, and observational study. A total of 682 patients who
underwent liver resection as initial therapy between August 2013 and November 2020
were consecutively enrolled in the survey. This retrospective observational study was
approved by the institutional review boards of the Second Xiangya Hospital of Central
South University and waived the requirement for informed consent as all data were ana-
lyzed retrospectively and anonymously. And this study was conducted in accordance
with the ethical principles of the Declaration of Helsinki and STROBE28 guidelines.

The flowchart of the study patients is shown in Figure 1. Patients were included when
the following criteria were met (1) age >18 years; (2) preserved liver function; (3) Eastern

Figure 1. Diagram of the study population.
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Cooperative Oncology Group performance status of 0; (4) absence of macrovascular
invasion or extrahepatic metastasis; and (5) only a single tumor present. Exclusion criteria
were as follows: (1) absence of laboratory information within one week before surgery (n
= 22); (2) absence of CT imaging within one month before surgery (n= 18); (3) incom-
plete follow-up data (n= 15); and (4) poor imaging quality (n= 5). In total, 622 patients
were ultimately included and evaluated.

Data collection

The clinical data involved in this study including: age, gender, BCLC stage, Child–Pugh
class, liver cirrhosis, portal hypertension, splenomegaly, satellite nodule, underlying liver
disease, and tumor size. The laboratory data including: neutrophil, lymphocyte, platelet,
and monocyte counts; serum albumin, total bilirubin, ALBI grade, and alpha–fetoprotein
(AFP) levels. The calculated values of NLR, PLR, MLR, SII, and SIRI were obtained
using the subsequent formulas: NLR=N/L, PLR= P/L, MLR=M/L, SII=N× P/L,
SIRI=N×M/L. (Note: P= platelet count; N= neutrophil count; L= lymphocyte
count; M=monocyte count.) The patients underwent CT scans up to one month prior
to the surgical procedure. R0 resection was achieved in all patients with preserved
liver function (Child–Pugh grade A classification, an indocyanine green 15-min retention
rate of less than 30%, and a future remnant liver volume exceeding 40% of the standar-
dized liver volume for patients with liver fibrosis or cirrhosis, or greater than 30% for
those without liver fibrosis or cirrhosis) included in this study. Additionally, according
to China Liver Cancer Staging, liver resection may be considered for patients presenting
with splenomegaly and portal hypertension.29 The CT images were subjected to inde-
pendent evaluation by two radiologists, possessing 11 and 20 years of experience in
abdominal imaging, respectively. The data collected at the level of the third lumbar ver-
tebra included measurements of SAT, visceral adipose tissue (VAT), and total adipose
tissue (TAT) expressed in square centimeters (Figure 2). In instances where the two radi-
ologists disagreed on the interpretation of imaging characteristics, a consensus was
reached to determine the final decision.

Recurrence evaluation and follow-up

The primary aim of this study is to assess the correlation between different SAT/NLR
level and one-year recurrence rate of HCC after liver resection. In order to mitigate poten-
tial confounding and selection bias, propensity score matching (PSM) was employed. The
primary clinical endpoint was recurrence-free survival (RFS), defined as the duration
between liver resection and tumor recurrence. The secondary endpoint was overall sur-
vival (OS), defined as the duration between liver resection and death from any cause.

Statistical analyses

Categorical variables were assessed through the utilization of the χ2 test or the Fisher
exact test. Continuous variables are reported as mean and SD if they satisfy normal dis-
tribution, and differences in means are compared using independent t-tests; if they do not
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satisfy normal distribution they are reported as median (interquartile spacing), and differ-
ences in medians are compared using Mann–Whitney U test. To identify the most effect-
ive marker, a forward stepwise logistic regression model was employed, incorporating
both univariate and multivariate analyses. The comparison of one-year postoperative
recurrence, RFS, and OS between the Low SAT/NLR and High SAT/NLR groups was
conducted using the χ2 test and the log-rank test, both before and after matching.
Statistical analyses were performed using the SPSS 26.0 statistical software, and a two-
sided value of p< 0.05 denoted statistical significance.

Results

Baseline patients characteristics

A total of 622 patients were included in the study, with 528 males (84.9%) and 94 females
(15.1%). The statistical power for this sample size was determined to be 0.99 using
G-power software, employing a post-hoc power analysis with an effect size of 0.25, α
error probability of 0.05, and n= 622. The prevalence of HBV infection in the study

Figure 2. L3 vertebral level CT plain scan of a HCC patient (A), the red area represents

subcutaneous fat deposition (B), the green area represents visceral fat deposition (C), and the blue

area represents the total fat deposition (D). HCC: hepatocellular carcinoma; CT: computed

tomography.
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cohort was 76.0%, with BCLC stage A accounting for the majority at 92.0%. The median
values for SAT and NLR were 35.34 cm2 (IQR: 22.39–55.31) and 2.42 (IQR: 1.81–3.25),
respectively. Tables 1 and 2 present comprehensive baseline characteristics for both the
entire sample and the two distinct groups.

Potential predictive factors for one-year recurrence

In the present study, a total of 230 patients (37.0%) experienced recurrence within a
one-year period. The diagnostic efficacy of various biomarkers and their respective
cutoff points were assessed using ROC curves. The median value of the potential biomar-
kers was established as the cutoff point for the ROC analysis. The area under the curve
values for the PNI, MLR, NLR, PLR, SII, SIRI, SAT, VAT, TAT, and SAT/NLR were
0.539, 0.613, 0.629, 0.573, 0.607, 0.625, 0.676, 0.622, 0.666, and 0.709, respectively
(Figure 3). In the univariate analysis, a significant correlation was observed between
early recurrence of HCC and various factors, including liver cirrhosis (p= 0.004), pres-
ence of satellite nodule (p < 0.001), BCLC stage (p= 0.004), AFP level >200 ng/mL (p <
0.001), tumor size ≥50 mm (p< 0.001), NLR≥ 2.42 (p< 0.001), MLR≥ 0.23 (p <
0.001), SIRI≥ 0.76 (p < 0.001), SII≥ 368.53 (p< 0.001), SAT< 87.91 cm2 (p < 0.001),
TAT< 173.32 cm2 (p < 0.001), and SAT/NLR< 35.34 (p< 0.001). Subsequently, a
forward stepwise multivariate analysis was conducted using the significant risk factors
identified in the univariate analysis. This analysis revealed that the presence of liver cir-
rhosis, tumor diameter ≥50 mm, AFP≥ 200 ng/mL, and SAT/NLR<35.34 was inde-
pendent biomarkers that exhibited a correlation with early recurrence of HCC
following liver resection. The odds ratios and 95% confidence intervals for these biomar-
kers are presented in Table 3.

Impact of low and high SAT/NLR on the RFS and OS before PSM

Compared with low SAT/NLR group, the high SAT/NLR group had a significantly
longer median RFS before PSM (high SAT/NLR, 46.3 months [95% CI: 33.7–58.8]
vs. low SAT/NLR, 12.9 months [95% CI: 8.7–17.1]; p < 0.001) (Figure 4(a)) and OS
(high SAT/NLR, 112.8 months [95% CI: 69.0–156.6] vs. Low SAT/NLR, 52.1
months [95% CI: 37.9–66.3]; p < 0.001) (Figure 4(b)).

Impact of low and high SAT/NLR on the RFS and OS after PSM

To mitigate the influence of selection bias, PSM was conducted using a caliper value of
0.1, yielding a total of 266 patient pairs. The baseline characteristics of the matched
patients exhibited no statistically significant disparities (refer to Table 4). Following
the matching process, the high SAT/NLR group demonstrated a notably extended
median RFS (high SAT/NLR 39.7 months [95% CI: 29.9–49.5] vs. low SAT/NLR,
13.5 months [95% CI: 8.4–18.6]; p< 0.001) (Figure 5(a)) and OS (high SAT/NLR
81.8 months [95% CI: 74.3–89.3] vs. Low SAT/NLR, 59.9 months [95% CI: 43.0–
76.8]; p= 0.02) (Figure 5(b)).
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Table 1. Baseline clinical characteristics of patients in the total cohorts.

Baseline characteristics Total cohort (n= 622)

Age (years)a 53.31± 11.72
Gender (N, %)

Male 528 (84.9)
Female 94 (15.1)

Underlying liver diseases (N, %)
Absence 70 (11.3)
HBV infection 473 (76.0)
Others 79 (12.7)

Liver cirrhosis (N, %)
Absence 306 (49.2)
Presence 316 (50.8)

Portal hypertension (N, %)
Absence 499 (80.2)
Presence 123 (19.8)

Splenomegaly (N, %)
Absence 341 (54.8)
Presence 281 (45.2)

Satellite nodule (N, %)
Absence 575 (92.4)
Presence 47 (7.6)

Child–Pugh class (N, %)
A 600 (96.5)
B 22 (3.5)

AFP level (N, %)
≤200 ng/mL 385 (61.9)
>200 ng/mL 237 (38.1)

BCLC stage (N, %)
0 50 (8.0)
A 572 (92.0)

ALBI grade (N, %)
1 275 (44.2)
2 341 (54.8)
3 6 (1.0)

Tumor size (mm)b 50.0 (30.0–77.0)
Serum albumin (g/L)b 38.8 (36.1–41.4)
Total bilirubin (mg/dL)b 13.6 (10.3–18.2)
Neutrophils (×109)b 3.39 (2.42–4.47)
Lymphocytes (×109)b 1.36 (1.06–1.72)
Platelet (×109)b 158 (113–216)
Monocytes (×109)b 0.31 (0.24–0.43)
NLRb 2.42 (1.81–3.25)
MLRb 0.23 (0.18–0.31)
PLRb 112.5 (81.6–155.5)
SIRIb 0.76 (0.46–1.25)
SII scoreb 368.53 (225.56–595.87)
SAT (cm2)b 87.91 (62.32–116.03)
VAT (cm2)b 76.59 (47.87–114.97)

(Continued)
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Table 1. (continued)

Baseline characteristics Total cohort (n= 622)

TAT (cm2)b 173.32 (112.19–227.93)
SAT/NLRb 35.34 (22.39–55.31)
PNIb 46.15 (42.49–49.35)
Recurrence within one year (N, %)

Absence 392 (63.0)
Presence 230 (37.0)

aData are presented as the mean± SD.
bData are presented as median and IQR.

BCLC: Barcelona Clinic Liver Cancer; HBV: hepatitis B virus; ALBI: albumin-bilirubin index; AFP: alpha–

fetoprotein; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR:

monocyte-to-lymphocyte ratio; SII: systemic immune inflammation; SIRI: systemic inflammation response index;

PNI: prognostic nutritional index; SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue areas; TAT:

total adipose tissue areas.

Figure 3. Comparison of the AUCs for PNI, MLR, NLR, PLR, SII, SIRI, SAT, VAT, TAT, and SAT/

NLR in predicting one-year recurrence of HCC after liver resection. SAT: subcutaneous adipose

tissue; NLR: neutrophil-to-lymphocyte ratio; HCC: hepatocellular carcinoma; VAT: visceral

adipose tissue; TAT: total adipose tissue; AUC: area under the curve.

8 Science Progress 107(4)



T
ab

le
2.

C
lin
ic
al
ch
ar
ac
te
ri
st
ic
s
o
f
lo
w

SA
T
/N

L
R
an
d
h
ig
h
SA

T
/N

L
R
co
h
o
rt
.

C
h
ar
ac
te
ri
st
ic
s

W
h
o
le
co
h
o
rt

(n
=
6
2
2
)

L
o
w

SA
T
/N

L
R
(n
=
3
1
1
)

H
ig
h
SA

T
/N

L
R
(n
=
3
1
1
)

p

A
ge

(y
e
ar
s)
a

5
3
.3
1
±
1
1
.7
2

5
2
.7
8
±
1
1
.8
6

5
3
.8
4
±
1
1
.5
8

0
.2
6
2

G
e
n
d
e
r
(N

,
%
)

0
.0
1
4

M
al
e

5
2
8
(8
4
.9
)

2
7
5
(8
8
.4
)

2
5
3
(8
1
.4
)

F
e
m
al
e

9
4
(1
5
.1
)

3
6
(1
1
.6
)

5
8
(1
8
.6
)

U
n
d
e
rl
yi
n
g
liv
e
r
d
is
e
as
e
s
(N

,
%
)

0
.6
9
4

A
b
se
n
ce

7
0
(1
1
.3
)

3
4
(1
0
.9
)

3
6
(1
1
.6
)

H
B
V

4
7
3
(7
6
.0
)

2
3
4
(7
5
.2
)

2
3
9
(7
6
.8
)

O
th
e
rs

7
9
(1
2
.7
)

4
3
(1
3
.8
)

3
6
(1
1
.6
)

L
iv
e
r
ci
rr
h
o
si
s
(N

,
%
)

0
.0
7
8

A
b
se
n
ce

3
0
6
(4
9
.2
)

1
4
2
(4
5
.7
)

1
6
4
(5
2
.7
)

P
re
se
n
ce

3
1
6
(5
0
.8
)

1
6
9
(5
4
.3
)

1
4
7
(4
7
.3
)

P
o
rt
al
h
yp
e
rt
e
n
si
o
n
(N

,
%
)

0
.2
6
8

A
b
se
n
ce

4
9
9
(8
0
.2
)

2
4
4
(7
8
.5
)

2
5
5
(8
2
.0
)

P
re
se
n
ce

1
2
3
(1
9
.8
)

6
7
(2
1
.5
)

5
6
(1
8
.0
)

Sp
le
n
o
m
e
ga
ly
(N

,
%
)

0
.0
4
4

A
b
se
n
ce

3
4
1
(5
4
.8
)

1
5
8
(5
0
.8
)

1
8
3
(5
8
.8
)

P
re
se
n
ce

2
8
1
(4
5
.2
)

1
5
3
(4
9
.2
)

1
2
8
(4
1
.2
)

Sa
te
lli
te

n
o
d
u
le
(N

,
%
)

0
.4
4
8

A
b
se
n
ce

5
7
5
(9
2
.4
)

2
8
5
(9
1
.6
)

2
9
0
(9
3
.2
)

P
re
se
n
ce

4
7
(7
.6
)

2
6
(8
.4
)

2
1
(6
.8
)

C
h
ild
–
P
u
gh

cl
as
s
(N

,
%
)

0
.0
8
2

A
6
0
0
(9
6
.5
)

2
9
6
(9
5
.2
)

3
0
4
(9
7
.7
)

B
2
2
(3
.5
)

1
5
(4
.8
)

7
(2
.3
)

B
C
L
C
st
ag
e
(N

,
%
)

0
.1
4
0

0
5
0
(8
.0
)

2
0
(6
.4
)

3
0
(9
.6
)

A
5
7
2
(9
2
.0
)

2
9
1
(9
3
.6
)

2
8
1
(9
0
.4
)

A
L
B
I
gr
ad
e
(N

,
%
)

0
.5
1
1

1
2
7
5
(4
4
.2
)

1
3
2
(4
2
.4
)

1
4
3
(4
6
.0
)

2
3
4
1
(5
4
.8
)

1
7
5
(5
6
.3
)

1
6
6
(5
3
.4
)

(C
on
tin
ue
d)

Li et al. 9



T
ab

le
2.

(c
o
n
ti
n
u
e
d
)

C
h
ar
ac
te
ri
st
ic
s

W
h
o
le
co
h
o
rt

(n
=
6
2
2
)

L
o
w

SA
T
/N

L
R
(n
=
3
1
1
)

H
ig
h
SA

T
/N

L
R
(n
=
3
1
1
)

p

3
6
(1
.0
)

4
(1
.3
)

2
(0
.6
)

A
F
P
le
ve
l
(N

,
%
)

0
.0
0
6

≤
2
0
0
n
g/
m
L

3
8
5
(6
1
.9
)

1
7
6
(5
6
.6
)

2
0
9
(6
7
.2
)

>
2
0
0
n
g/
m
L

2
3
7
(3
8
.1
)

1
3
5
(4
3
.4
)

1
0
2
(3
2
.8
)

Se
ru
m

al
b
u
m
in

(g
/L
)b

3
8
.8

(3
6
.1
–
4
1
.4
)

3
8
.6

(3
5
.7
–
4
1
.3
)

3
9
.0

(3
6
.6
–
4
1
.4
)

0
.1
6
5

To
ta
l
b
ili
ru
b
in

(m
g/
d
L
)b

1
3
.6

(1
0
.3
–
1
8
.2
)

1
3
.2

(1
0
.2
–
1
8
.5
)

1
4
.0

(1
0
.5
–
1
8
.1
)

0
.9
2
7

T
u
m
o
r
si
ze

(m
m
)b

5
0
.0

(3
0
.0
–
7
7
.0
)

5
6
.0

(3
4
.0
–
9
1
.0
)

4
3
.0

(2
9
.0
–
6
3
.0
)

<
0
.0
0
1

N
e
u
tr
o
p
h
il
(×
1
0
9
)b

3
.3
9
(2
.4
2
–
4
.4
7
)

3
.8
8
(2
.8
8
–
5
.0
4
)

2
.9
6
(2
.2
3
–
3
.8
9
)

<
0
.0
0
1

L
ym

p
h
o
cy
te

(×
1
0
9
)b

1
.3
6
(1
.0
6
–
1
.7
2
)

1
.1
8
(0
.9
3
–
1
.5
0
)

1
.5
7
(1
.2
5
–
1
.9
5
)

<
0
.0
0
1

P
la
te
le
t
(×
1
0
9
)b

1
5
8
(1
1
3
–
2
1
6
)

1
6
3
(1
1
6
–
2
2
3
)

1
5
4
(1
1
1
–
2
0
6
)

0
.0
9
8

M
o
n
o
cy
te
s
(×
1
0
9
)b

0
.3
1
(0
.2
4
–
0
.4
3
)

0
.3
2
(0
.2
4
–
0
.4
6
)

0
.3
0
(0
.2
4
–
0
.4
1
)

0
.1
0
7

N
L
R
b

2
.4
2
(1
.8
1
–
3
.2
5
)

3
.1
7
(2
.4
1
–
4
.0
3
)

1
.9
1
(1
.5
0
–
2
.4
2
)

<
0
.0
0
1

M
L
R
b

0
.2
3
(0
.1
8
–
0
.3
1
)

0
.2
7
(0
.2
1
–
0
.3
8
)

0
.2
0
(0
.1
6
–
0
.2
5
)

<
0
.0
0
1

P
L
R
b

1
1
2
.5

(8
1
.6
–
1
5
5
.5
)

1
3
2
.6

(9
7
.4
–
1
8
7
.3
)

9
5
.1

(6
8
.8
–
1
2
8
.9
)

<
0
.0
0
1

SI
R
Ib

0
.7
6
(0
.4
6
–
1
.2
5
)

1
.0
1
(0
.6
4
–
1
.7
0
)

0
.5
8
(0
.4
0
–
0
.8
5
)

<
0
.0
0
1

SI
Ib

3
6
8
.5
3
(2
2
5
.5
6
–
5
9
5
.8
7
)

4
7
9
.2

(3
0
6
.0
–
8
3
1
.3
)

2
8
8
.3

(1
7
4
.8
–
4
2
1
.2
)

<
0
.0
0
1

SA
T
(c
m

2
)b

8
7
.9
1
(6
2
.3
2
–
1
1
6
.0
3
)

6
7
.4
2
(4
7
.6
5
–
8
4
.7
1
)

1
1
2
.8
7
(9
0
.3
4
–
1
4
3
.7
0
)

<
0
.0
0
1

V
A
T
(c
m

2
)b

7
6
.5
9
(4
7
.8
7
–
1
1
4
.9
7
)

5
5
.9
9
(3
5
.7
0
–
8
8
.4
5
)

9
8
.7
5
(6
9
.9
0
–
1
3
4
.3
0
)

<
0
.0
0
1

T
A
T
(c
m

2
)b

1
7
3
.3
2
(1
1
2
.1
9
–
2
2
7
.9
3
)

1
2
0
.3
5
(8
9
.1
2
–
1
7
6
.1
0
)

2
1
5
.5
6
(1
7
0
.8
5
–
2
8
4
.6
1
)

<
0
.0
0
1

SA
T
/N

L
R
b

7
0
.3
8
(4
1
.9
7
–
1
0
9
.3
1
)

2
2
.4
8
(1
4
.4
9
–
2
8
.7
6
)

5
5
.3
1
(4
3
.3
6
–
7
8
.4
4
)

<
0
.0
0
1

P
N
Ib

4
6
.1
5
(4
2
.4
9
–
4
9
.3
5
)

4
4
.7

(4
1
.3
–
4
8
.0
)

4
7
.0

(4
3
.7
–
5
0
.4
)

<
0
.0
0
1

R
e
cu
rr
e
n
ce

w
it
h
in

o
n
e
ye
ar

(N
,
%
)

<
0
.0
0
1

A
b
se
n
ce

3
9
2
(6
3
.0
)

1
5
1
(4
8
.6
)

2
4
1
(7
7
.5
)

P
re
se
n
ce

2
3
0
(3
7
.0
)

1
6
0
(5
1
.4
)

7
0
(2
2
.5
)

a
D
at
a
ar
e
p
re
se
n
te
d
as

th
e
m
e
an

±
SD

.
b
D
at
a
ar
e
p
re
se
n
te
d
as

m
e
d
ia
n
an
d
IQ

R
.

B
C
L
C
:
B
ar
ce
lo
n
a
C
lin
ic
L
iv
e
r
C
an
ce
r;
H
B
V
:
h
e
p
at
it
is
B
vi
ru
s;
A
L
B
I:
al
b
u
m
in
-b
ili
ru
b
in

in
d
e
x
;
A
F
P
:
al
p
h
a–
fe
to
p
ro
te
in
;
N
L
R
:
n
e
u
tr
o
p
h
il-
to
-l
ym

p
h
o
cy
te

ra
ti
o
;
P
L
R
:

p
la
te
le
t-
to
-l
ym

p
h
o
cy
te

ra
ti
o
;
M
L
R
:
m
o
n
o
cy
te
-t
o
-l
ym

p
h
o
cy
te

ra
ti
o
;
SI
I:
sy
st
e
m
ic
im
m
u
n
e
in
fl
am

m
at
io
n
;
SI
R
I:
sy
st
e
m
ic
in
fl
am

m
at
io
n
re
sp
o
n
se

in
d
e
x
;
P
N
I:
p
ro
gn
o
st
ic

n
u
tr
it
io
n
al
in
d
e
x
;
SA

T
:
su
b
cu
ta
n
e
o
u
s
ad
ip
o
se

ti
ss
u
e
;
V
A
T
:
vi
sc
e
ra
l
ad
ip
o
se

ti
ss
u
e
ar
e
as
;
T
A
T
:
to
ta
l
ad
ip
o
se

ti
ss
u
e
ar
e
as
.

10 Science Progress 107(4)



Table 3. Assessment of potential risk factors for 1-year HCC recurrence after liver resection.

Variables
Recurrence within
one year (n= 230)

No recurrence
within one
year (n= 392)

p value

Univariate Multivarite

Age (N, %) 0.103
≤50 93 (40.4) 133 (33.9)
>50 137 (59.6) 259 (66.1)

Sex (N, %) 0.683
Male 197 (85.7) 331 (84.4)
Female 33 (14.3) 61 (15.6)

Underlying liver diseases (N, %) 0.763
Absence 28 (12.2) 42 (10.7)
HBV 175 (76.1) 298 (76.0)
Others 27 (11.7) 52 (13.3)

Liver cirrhosis (N, %) 0.004 <0.001
Absence 96 (41.7) 210 (53.6)
Presence 134 (58.3) 182 (46.4)

Portal hypertension (N, %) 0.174
Absence 178 (77.4) 321 (81.9)
Presence 52 (22.6) 71 (18.1)

Splenomegaly (N, %) 0.395
Absence 121 (52.6) 220 (56.1)
Presence 109 (47.4) 172 (43.9)

Satellite nodule (N, %) <0.001 -
Absence 199 (86.5) 376 (95.9)
Presence 31 (13.5) 16 (4.1)

Child–Pugh class (N, %) 0.402
A 220 (95.7) 380 (96.9)
B 10 (4.3) 12 (3.1)

BCLC stage (N, %) 0.004 -
0 9 (3.9) 41 (10.5)
A 221 (96.1) 351 (89.5)

ALBI grade (N, %) 0.338
1 96 (41.7) 179 (45.7)
2 133 (57.8) 208 (53.1)
3 1 (0.4) 5 (1.3)

AFP level (N, %) <0.001 <0.001
≤200 ng/mL 113 (49.1) 272 (69.4)
>200 ng/mL 117 (50.9) 120 (30.6)

Tumor size (N, %) <0.001 <0.001
<50 mm 80 (34.8) 239 (61.0)
≥50 mm 150 (65.2) 153 (39.0)

Serum albumin (N, %) 0.112
≤35.00 g/L 46 (20.0) 59 (15.1)
>35.00 g/L 184 (80.0)) 333 (84.9)

Total bilirubin (N, %) 0.471
≤17.10 mg/dL 158 (68.7) 280 (71.4)
>17.10 mg/dL 72 (31.3) 112 (28.6)

NLR (N, %) <0.001 -

(Continued)
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Discussion

Hepatocellular carcinoma is a prototypical inflammation-associated cancer, with ∼90%
of the HCC burden being associated with prolonged inflammation owing to viral hepa-
titis, excessive alcohol intake, NAFLD, or NASH.1 The immune microenvironment
plays a pivotal role in the pathogenesis of HCC.1 In HCC, the presence of immune infil-
trates is associated with a better prognosis, likely owing to more effective antitumor
immunity.1 This study included some peripheral blood inflammatory markers and
body composition for studying the immune and nutritional status of patients. It has

Table 3. (continued)

Variables
Recurrence within
one year (n= 230)

No recurrence
within one
year (n= 392)

p value

Univariate Multivarite

<2.42 87 (37.8) 225 (57.4)
≥2.42 143 (62.2) 167 (42.6)

MLR (N, %) <0.001 -
<0.23 94 (40.9) 223 (56.9)
≥0.23 136 (59.1) 169 (43.1)

PLR (N, %) 0.077
<112.5 104 (45.2) 206 (52.6)
≥112.5 126 (54.8) 186 (47.4)

SIRI (N, %) <0.001 -
<0.76 87 (37.8) 224 (57.1)
≥0.76 143 (62.2) 168 (42.9)

SII (N, %) <0.001 -
<368.53 90 (39.1) 221 (56.4)
≥368.53 140 (60.9) 171 (43.6)

PNI (N, %) 0.164
<46.15 123:(53.5) 187 (47.7)
≥46.15 107 (46.5) 205 (52.3)

SAT (N, %) <0.001 -
<87.91 cm2 142 (61.7) 169 (43.1)
≥87.91 cm2 88 (38.3) 223 (56.9)

VAT (N, %) 0.245
<76.59 cm2 122 (53.0) 189 (48.2)
≥76.59 cm2 108 (47.0) 203 (51.8)

TAT (N, %) <0.001 -
<173.32 cm2 136 (59.1) 175 (44.6)
≥173.32 cm2 94 (40.9) 217 (55.4)

SAT/NLR (N, %) <0.001 <0.001
<35.34 160 (69.6) 151 (38.5)
≥35.34 70 (30.4) 241 (61.5)

BCLC: Barcelona Clinic Liver Cancer; HBV: hepatitis B virus; ALBI: albumin-bilirubin index; AFP: alpha–

fetoprotein; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR:

monocyte-to-lymphocyte ratio; SII: systemic immune inflammation; SIRI: systemic inflammation response index;

PNI: prognostic nutritional index; SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue areas; TAT:

total adipose tissue areas; HCC: hepatocellular carcinoma.
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been shown that PNI is an independent predictor of survival in patients with early HCC
after microwave ablation and in HCC patients receiving targeted therapy.12,30,31 Lower
levels of PNI have been noted in other inflammatory conditions such as type 2 diabetes
mellitus and infections.32,33 The results of this study results reported that PNI levels were
lower in the low SAT / NLR group, but there was no significant association with HCC
recurrence after liver resection. It has been shown that MLR can evaluate the prognosis
of patients undergoing RFA and TACE.31,34,35 MLR is suggested as a disease marker in
malignancy, functional bowel conditions, and gastrointestinal conditions.34,36 The results
of this study results reported that MLR is increased in low SAT/NLR patients, in the uni-
variate analysis, a significant correlation was observed between early recurrence of HCC
and MLR≥ 0.23(p < 0.05), but MLR is not an independent biomarkers that exhibited a
correlation with early recurrence of HCC following liver resection. It has been found

Figure 4. Log rank tests were used to compare RFS (a) and OS (b) between high SAT/NLR and

low SAT/NLR groups before PSM. SAT: subcutaneous adipose tissue; NLR:

neutrophil-to-lymphocyte ratio; PSM: propensity score matching; RFS: recurrence-free survival;

OS: overall survival.

Figure 5. Log rank tests were used to compare RFS (a) and OS (b) between high SAT/NLR and

low SAT/NLR groups after PSM. SAT: subcutaneous adipose tissue; NLR:

neutrophil-to-lymphocyte ratio; PSM: propensity score matching; RFS: recurrence-free survival;

OS: overall survival.
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Table 4. Clinical characteristics of low SAT/NLR and high SAT/NLR cohort after propensity score

matching.

Characteristics Low SAT/NLR (n= 266) High SAT/NLR (n= 266) p

Age (N, %) 0.857
≤50 95 (35.7) 97 (36.5)
>50 171 (64.3) 169 (633.5)

Gender (N, %) 0.452
Male 232 (87.2) 226 (85.0)
Female 34 (12.8) 40 (15.0)

Underlying liver diseases (N, %) 0.655
Absence 30 (11.3) 26 (9.8)
HBV 199 (74.8) 208 (78.2)
Others 37 (13.9) 32 (12.0)

Liver cirrhosis (N, %) 0.340
Absence 125 (47.0) 136 (51.1)
Presence 141(53.0) 130 (48.9)

Portal hypertension (N, %) 0.395
Absence 206 (77.4) 214 (80.5)
Presence 60 (22.6) 52 (19.5)

Splenomegaly (N, %) .931
Absence 145 (54.5) 146 (54.9)
Presence 121 (45.5) 120 (45.1)

Satellite nodule (N, %) 0.868
Absence 247 (92.9) 246 (92.5)
Presence 19 (7.1) 20 (7.5)

Child–Pugh class (N, %) 0.337
A 255 (95.9) 259 (97.4)
B 11 (4.1) 7 (2.6)

BCLC stage (N, %) 0.626
0 19 (7.1) 22 (8.3)
A 247 (92.9) 244 (91.7)

ALBI grade (N, %) 0.688
1 115 (43.2) 119 (44.7)
2 147 (55.3) 145 (54.5)
3 4 (1.5) 2 (0.8)

AFP level (N, %) 0.129
≤200 ng/mL 156 (58.6) 173 (65.0)
>200 ng/mL 110 (41.4) 93 (35.0)

Tumor size (N, %) 0.544
<50 mm 135 (50.8) 142 (53.4)
≥50 mm 131 (49.2) 124 (46.6)

Serum albumin (g/L)a 38.6 (35.8–41.3) 38.8 (36.3–41.4) 0.555
Total bilirubin (mg/dL)a 13.2 (10.2–18.2) 14.2 (10.7–18.3) 0.539
Recurrence within one year (N, %) <0.001

Absence 132 (49.6) 204 (76.7)
Presence 134 (50.4) 62 (23.3)

aData are presented as median and IQR.

BCLC: Barcelona Clinic Liver Cancer; HBV: hepatitis B virus; ALBI: albumin-bilirubin index; AFP: alpha–

fetoprotein; SAT: subcutaneous adipose tissue; NLR: neutrophil-to-lymphocyte ratio.
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that high platelet count predicts poor prognosis in HCC patients undergoing TACE.37

Also, platelet indices were linked with survival in intensive care population.38 It has
been shown that no significant difference in platelet values between low and high
SAT/NLR groups. In our study, the univariate analysis and forward stepwise multivariate
analysis revealed that the presence of liver cirrhosis, tumor diameter ≥50 mm, AFP≥
200 ng/mL, and SAT/NLR< 35.34 were independent biomarkers that exhibited a correl-
ation with early recurrence of HCC following liver resection.

Currently, the therapeutic strategies for HCC primarily consider variables such as
tumor burden, liver function, and performance status. However, the incorporation of
patients’ inflammation and immune status into clinical guidelines is insufficient. In this
study, we propose a novel index, the SAT/NLR ratio, which combines systemic inflam-
matory marker and adipose tissue quantity. The SAT/NLR ratio, which integrates the
advantages of both SAT and NLR, exhibited superior efficacy in assessing one-year
recurrence of HCC patients following liver resection, surpassing other inflammatory or
nutritional indices. Typically, an elevated NLR indicates an intensified inflammatory
response, while a reduced SAT signifies suboptimal nutritional status. Consequently,
HCCs that display a low SAT/NLR often demonstrate a vigorous inflammatory reaction
(high NLR). Additionally, due to their compromised nutritional state (low SAT), these
HCCs are unable to adequately self-regulate, leading to the perpetuation of the inflamma-
tory response. The prolonged existence of inflammation further undermines immune
functionality, ultimately culminating in the recurrence, invasion, and metastasis of
tumors.39

The results of this study suggest that HCC patients with a high SAT/NLR prior to
treatment have a better RFS and OS outcome following liver resection, in comparison
to HCC patients with a low SAT/NLR. Previous scholarly works have consistently
demonstrated a strong correlation between nutritional status, inflammatory response,
and the advancement of malignant diseases.40–42 Wang et al. discovered that a heightened
baseline NLR serves as a dependable prognostic indicator for individuals with HCC
undergoing liver resection, while Sun et al. demonstrated a correlation between an ele-
vated preoperative NLR and unfavorable prognosis in HCC patients receiving liver trans-
plantation.41,43 Moreover, recent academic inquiries have unveiled the presence of a
novel nutritional metric referred to as the adipose tissue index, which exhibits potential
as a prospective prognostic marker for individuals afflicted with HCC. For instance,
Ohara et al. have illustrated a substantial association between heightened radiodensity
of SAT and an unfavorable prognosis among HCC patients, whereas Labeur et al.
have demonstrated that a diminished adipose tissue index serves as a highly predictive
factor for HCC patients undergoing sorafenib treatment.44,45 However, it is crucial to rec-
ognize the constraints associated with the aforementioned variables. The exclusive util-
ization of the NLR solely offers understanding into the inflammatory condition of the
body, while the employment of the SAT solely reflects the nutritional status.
Consequently, the amalgamation of both SAT (as a measure of nutrition) and NLR (as
an indicator of inflammation) through the combined application of SAT/NLR has the
potential to augment the predictive abilities in patients with HCC undergoing liver resec-
tion. The results obtained from both univariate and multivariate analyses provide evi-
dence of a substantial correlation between elevated SAT/NLR and the one-year
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recurrence of HCC. Moreover, the Kaplan–Meier survival analysis reveals that low SAT/
NLR continues to be an unfavorable biomarker for both OS and RFS, both prior to and
following PSM.

The existing body of literature highlights a strong correlation between inflammation,
nutrition, and the advancement of malignancies. In the context of tumor microenviron-
ments, both tumor cells and immune cells possess the capability to generate diverse cyto-
kines, including pro-inflammatory cytokines, growth factors, and chemokines, as part of
the inflammatory process, all of which contribute to the progression of tumors.46,47

Neutrophils and lymphocytes, along with other blood components, play a significant
role in initiating the inflammatory process. Peripheral blood neutrophils can be mobilized
toward the tumor stroma and undergo differentiation into tumor-associated neutrophils.
These neutrophils possess the capability to promote tumor progression and confer resist-
ance to therapeutic interventions through various mechanisms.48,49 Neutrophils possess
the ability to migrate toward the tumor microenvironment and release reactive oxygen
species, thereby initiating genetic instability and inducing cellular DNA damage, ultim-
ately contributing to the development of cancer and facilitating tumor advancement.50

Lymphocytes have been found to have a significant impact on the development and
advancement of tumors, as indicated by research showing a positive association
between increased lymphocyte infiltration in tumors and enhanced survival rates
among individuals with HCC.51 Similarly, γδ T cells have demonstrated the ability to
rapidly identify and react to various tumor antigens.52 Also T-cell activation status has
been proved to influence HCC recurrence.53 Neutrophil-to-lymphocyte ratio, as a
monitor of the systemic inflammatory response, reflects the dynamic changes in periph-
eral blood neutrophils and lymphocytes and the balance between the inflammatory
response and the immune system. In contrast, the SAT complex serves as a reliable indi-
cator of the body’s nutritional status, subsequently affecting the efficacy of the immune
surveillance mechanism and the timely detection of recurrent tumor cells.20,44,45 Overall,
both the NLR and SAT exhibit associations with the prognosis of HCC. However, their
individual responses are confined to either nutritional or inflammatory aspects. As a
result, the utilization of both aforementioned indicators may potentially provide improved
predictive effectiveness. Considering that an elevated inflammatory index denotes a
strong inflammatory reaction, whereas a reduced SAT signifies inadequate nutritional
condition, we have developed a novel composite indicator, SAT/NLR, which integrates
these two measurements. This integration allows for the acquisition of a more reliable
prognostic tool for HCC. The clinical significance of this study lies in the provision of
a relatively convenient and non-invasive biomarker, specifically the combination of
inflammation and nutrition status, for predicting the recurrence and long-term survival
of HCC patients who have undergone liver resection. This biomarker has the potential
to aid clinicians in identifying patients at higher risk of recurrence, thereby enabling per-
sonalized adjuvant therapy following radical surgical interventions.

Based on the aforementioned noteworthy findings, it is essential to acknowledge the
inherent limitations present in this study. First and foremost, it is crucial to acknowledge
that this study employed a retrospective design obtained from a single institution, making
it susceptible to potential biases, particularly selection bias. Larger, multicenter studies
are needed to confirm the results of the present study. Secondly, it is important to

16 Science Progress 107(4)



highlight that our study was conducted in a region with a high prevalence of hepatitis B
virus, whereas hepatitis B is not the primary cause of HCC in Europe or America.
Therefore, it is advisable to exercise caution when extrapolating our findings to the
global population.

Conclusion

In summary, a decreased SAT/NLR ratio may be indicative of unfavorable prognosis in
patients with HCC. Consequently, incorporating SAT/NLR as a biomarker may be prac-
tical in a clinical setting, enabling clinicians to develop more rational and personalized
treatment strategies.
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