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Abstract

Background/purpose of the study We aimed to evaluate the performance of neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and their combination (combined NLR-PLR, CNP) in predicting overall survival (OS) and
recurrence-free survival (RFS) in a large cohort of unselected hepatocellular carcinoma (HCC) patients.

Methods Training and validation cohort data were retrieved from the Italian Liver Cancer ITA.LI.CA) database. The optimal
cut-offs of NLR and PLR were calculated according to the multivariable fractional polynomial and the minimum p value
method. The continuous effect and best cut-off categories of NLR and PLR were analyzed using multivariable Cox regres-
sion analysis. A shrinkage procedure adjusted over-fitting hazard ratio (HR) estimates of best cut-off categories. C-statistic
and integrated discrimination improvement (IDI) were calculated to evaluate the discrimination properties of the biomarkers
when added to clinical survival models.

Results 2,286 patients were split into training (n=1,043) and validation (n=1,243) cohorts. The optimal cut-offs for NLR
and PLR were 1.45 and 188, respectively. NLR (HR 1.58, 95% CI 1.11-2.28, p=0.014) and PLR (HR 1.79,95% CI 1.11-
2.90, p=0.018) were independent predictors of OS.

When incorporated into a clinical prognostic model that includes age, alpha-fetoprotein (AFP), the CHILD—Pugh score,
and the Barcelona Clinic Liver Cancer (BCLC) staging system, CNP had a significant incremental value in predicting OS
(IDI 1.3%, p=0.04). Data were confirmed in the validation cohort. Neither NLR nor PLR significantly predicted RFS in
the training cohort.

Conclusions NLR, PLR, and CNP independently predicted shorter OS in HCC patients. The addition of CNP to the survival
prediction model significantly improved the model’s accuracy in predicting OS.

Alba Rocco, Costantino Sgamato and Filippo Pelizzaro equally
contributed.
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Graphical Abstract

Systemic inflammatory response markers improve the discrimination for prognostic model in hepatocellular
carcinoma

Training Cohort ( n. 1043)
+ Validation Cohort (n. 1243)

* Neutrophil-to-lymphocyte ratio (NLR)
m » Platelet-to-lympocyte ratio (PLR)

* Combined NLR-PLR (CNP)

NLR, PLR and CNP were independent predictors of overall survival (OS) in HCC

CNP had a significant incremental value in predicting OS (IDI 1.3%, p=0.04) when
added to a clinical prognostic model, including age, alpha-fetoprotein (AFP), CHILD-
Pugh score and Barcelona Clinic Liver Cancer (BCLC) staging system
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Introduction

Hepatocellular carcinoma (HCC) is the seventh most com-
mon cancer and the second leading cause of cancer-related
deaths worldwide. The overlap between incidence and mor-
tality (830,000 deaths per year) reflects the dismal progno-
sis of this disease, likely due to the late diagnosis and the
high recurrence rate [1]. Accurate prognostic evaluation of
patients with HCC is essential to optimize treatment strate-
gies and improve the outcomes. However, stratifying death
risk can be challenging because HCC is a unique malignancy
that typically develops in the setting of pre-existing liver dis-
ease (primarily cirrhosis), thus raising the competing risk of
dying from cancer progression and liver decompensation [2].

Over the last 20 years, several prognostic systems have
been introduced, mainly based on variables commonly
accepted as survival-associated factors in patients with
HCC, such as tumor burden, residual liver function, and
general clinical conditions (performance status) [3]. Alpha-
fetoprotein (AFP) is the only serum biomarker included in
some of these models despite its suboptimal accuracy as a
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prognostic indicator [4]. Therefore, it is a compelling argu-
ment to identify other potential non-invasive biomarkers to
refine the patient’s prognosis.

In recent years, increasing evidence has demonstrated that
the systemic inflammatory response (SIR) plays a crucial
role in the pathogenesis and progression of liver cirrhosis
as well as in the development and advancement of different
types of cancer [3, 6].

Circulating SIR markers, including the neutrophil-lym-
phocyte ratio (NLR), platelet-lymphocyte ratio (PLR), or
their combination (combined NLR and PLR: CNP) reflect
the balance between pro-tumor inflammation associated with
platelets and neutrophils and the anti-tumor immune response
mediated by lymphocytes. These convenient, easily obtainable
and repeatable biomarkers have been proven to have prognos-
tic significance in patients with different cancers [7-9]. How-
ever, studies analyzing the prognostic accuracy of serum SIR
markers in HCC patients do not allow definitive conclusions
on their utility in clinical practice [10—14].

Based on these premises, we aimed to analyze the prog-
nostic accuracy of NLR, PLR, and CNP in a large cohort of
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Caucasian patients with HCC included in the Italian Liver
Cancer (ITA.LI.CA.) database.

Material and methods
Patients

The ITA.LI.CA registry currently includes 7782 patients
consecutively diagnosed with HCC and managed in 24
Italian centres from January 1987 to December 2022.
Participating institutions prospectively collect clinical
data about patients with HCC and update them every two
years. The group coordinator (F.T., Bologna University)
regularly checks entries for consistency. Whenever a clari-
fication or additional information is deemed necessary,
relevant cases are returned to the recruiting centre before
the final inclusion. The ITA.LI.CA database management
conforms to the past and current Italian legislation regard-
ing privacy, and the present study conforms to the ethical
guidelines of the Declaration of Helsinki. The study was
approved by the Institutional Review Board of the ITA.
LI.CA coordinating centre, Alma Mater Studiorum Uni-
versity of Bologna, on 15th May 2012 (approval number
99/2012/0/0ss). Written informed consent was obtained
from all participants.

In the ITA.LI.CA registry, demographic data, etiology of
liver disease, and comorbidities are systematically collected.
From the entire database, we selected patients who were
diagnosed with HCC for the first time and were treatment-
naive during the period from January 2000 and December
2022 with available pertinent laboratory data at the time
of the first HCC treatment and a lag time of less than six
months between HCC diagnosis and treatment. Exclusion
criteria were as follows: concomitant severe comorbidities
(advanced renal, cardiac, pulmonary, and/or thyroid disor-
ders), and incomplete data.

Data from 1,043 HCC patients (from January 2000 to
December 2018) and 1,243 HCC patients (from January
2019 to December 2022) were reviewed as training and
internal validation cohorts, respectively. Treatment of
chronic viral hepatitis was performed according to cur-
rent guidelines at the time of enrolment [15-19]. Diagno-
sis of liver cirrhosis was defined at the time of enrolment
based on the combination of laboratory and imaging tests.
The Child—Pugh class, Model for End-Stage Liver Disease
(MELD) score, ascites and hepatic encephalopathy, and
clinically significant portal hypertension (CSPH) were also
recorded. Since hepatic venous pressure gradient (HVPG)
measurement, the gold standard method for diagnosing
CSPH is not generally performed in clinical practice,
the diagnosis was based on unequivocal signs of CSPH

(splenomegaly, esophageal varices, ascites, and platelet
count < 150 x 10°/L).

Laboratory data, such as white blood cell (WBC) count,
neutrophil count, lymphocyte count, platelet (PLT) count,
international normalized ratio (INR), albumin, total biliru-
bin, creatinine, and AFP are regularly registered in the data-
base. The prognostic cut-off value of AFP was arbitrarily set
at 400 ng/mL. For our study, we analysed laboratory data
obtained at the time of the first HCC diagnosis.

SIR biomarkers definition

The NLR was calculated as absolute neutrophil count (the
number of neutrophils/puL) divided by absolute lymphocyte
count (number of lymphocytes/pL). The PLR was calcu-
lated as absolute platelet count (the number of platelets/
pL) divided by absolute lymphocyte count (number of
lymphocytes/pL).

Diagnosis and staging of HCC

The diagnosis of HCC was made according to the guide-
lines available at the time of inclusion. Among the patients
selected for this study, the diagnosis of HCC was confirmed
by histology in 211 out of 1043 (20%) cases in the training
cohort and in 235 out of 1243 (19%) cases in the validation
cohort. In the remaining cases the diagnosis of HCC was
based on radiologic criteria at imaging (4-phase multide-
tector computed tomography [CT]) or dynamic contrast-
enhanced magnetic resonance [MRI]. Dynamic imaging
techniques assessed the location, size and number of nod-
ules, macrovascular invasion (MVI), and extrahepatic spread
(EHS). HCC was staged according to Barcelona Clinic Liver
Cancer (BCLC) [20] and ITA.LI.CA staging systems [21].
The diagnosis of HCC recurrence was similar to that of the
initial disease diagnosis.

Treatment and follow-up

Treatments for HCC, including liver transplantation (LT),
liver resection (LR), percutaneous radiofrequency ablation
or other ablative techniques (ABL), transarterial chemoem-
bolisation/embolisation or radioembolisation (IAT, intra-
arterial therapies), systemic therapies (mainly sorafenib,
SOR) and best supportive care (BSC) were performed
according to BCLC criteria.

Overall survival (OS) was defined as the time inter-
val from treatment to the date of death, last follow-up, or
data censoring (i.e. 31st December 2018 for the training
cohort and 31st December 2022 for the validation cohort).
Recurrence-free survival (RFS) was defined as the time
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interval between treatment and the first evidence of disease
recurrence, excluding cases of HCC detected within three
months following treatment. It was evaluated in the subset of
patients who underwent potentially curative therapy, namely
LT, LR, and ABL.

Statistical analysis

Continuous variables were described using mean and stand-
ard deviation (SD) or median and interquartile range (IQR)
according to their distribution. The differences were com-
pared using the Student’s t-test and the Mann—Whitney U
test. Categorical variables were reported as the number of
cases and percentages, and the differences were compared
using the Chi-square test. A histogram graphically described
the distribution of NLR and PLR, whereas a scatterplot and
the Spearman rho coefficient highlighted the correlation
between biomarkers.

The associations between NLR and PLR and clinical
factors or staging systems known to be related to HCC
prognosis, such as age at diagnosis, AFP, BCLC stage and
Child-Pugh score, were analyzed using the Wilcoxon Rank
Sum and Signed Rank Tests for dichotomous variables and
the Kruskal-Wallis Rank Sum Test for categorical variables.

The Cox proportional hazard model was used to test the
prognostic role of NLR and PLR on both OS and RFS. In
the first univariate analysis, NLR and PLR were tested as
continuous variables after the linearity assumption was
tested using fractional polynomials. In a second univariate
analysis, NLR and PLR were tested as categorical variables
dichotomized according to the best cut-off value that mini-
mizes the p-value of hazard ratio (HR). According to the
identified cut-offs, OS and RFS curves were estimated using
the Kaplan—Meier method and compared with a two-sided
log-rank test.

For each biomarker (and for both continuous effect
and best cut-off categories), a multivariable analysis was
performed using covariates: age, AFP, BCLC stage and
Child-Pugh score. A shrinkage procedure with 95% con-
fidence interval (CI) was calculated using the bootstrap-
percentile method to adjust for over-fitting HR estimates of
best cut-off categories [22].

To evaluate the incremental clinical value and the dis-
crimination properties of SIR biomarkers, we compared
the basic clinical model with those including biomarkers
(continuous or categorical) using C-statistic and integrated
discrimination improvement (IDI) measures. Data were
analyzed using R software version 4.1.2 (R Foundation for
Statistical Computing, Vienna, Austria).
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Results

Demographic and tumor characteristics
of the enrolled population

A total of 2,286 patients who met the eligibility criteria
were enrolled. One thousand forty-three were included in
the training cohort and 1,243 in the validation cohort. The
flow chart of the study is shown in Fig. 1.

The baseline demographic, clinical, and laboratory find-
ings of HCC patients are summarised in Table 1.

Inflammatory markers and association with clinical
prognostic factors

The median NLR and PLR were 2.22 (IQR 1.63-3.18) and
87 (IQR 58-124). Both biomarkers showed a skewed dis-
tribution and were positively correlated (rho=0.56) (Sup-
plementary Fig. 1).

As far as concerned the association between NLR and
PLR and clinical prognostic factors (age, AFP, Child—Pugh
score and BCLC stage), PLR correlated with age [PLR rho:
0.15, p<0.001], and its median value was significantly
lower in patients with AFP >400 ng/mL than in those with
AFP <400 ng/ml (84 [IQR 56-119] vs 96 [IQR 65-133],
p=0.002). NLR was associated with the Child—Pugh score
(»<0.001), whereas both biomarkers were associated with
BCLC staging, progressively increasing with tumor burden
(p<0.001 and p<0.001 for NLR and PLR, respectively
(Supplementary Table 1).

SIR biomarkers are independent prognostic factors
of 0S

According to fractional polynomial analysis, NLR was asso-
ciated with OS as a logarithmic function [HR 1.61 (95% CI
1.39-1.86, p<0.001)] while PLR was linearly associated
with OS [HR 1.16 (95% CI 1.04-1.29, p <0.01)] (Fig. 2,
panel A & C). The best cut-offs minimizing the p-value of
HR in the training cohort were 1.45 for NLR and 188 for
PLR, respectively (Fig. 2, panels b & d).

Eight hundred and forty-four patients (81.4%) had
NLR > 1.45, and 76 (7.3%) patients had PLR > 188.

In the univariate model, both biomarkers were associated
with OS irrespective of shrinkage procedure (Shrunken coef-
ficients: NLR HR 1.86, 95% CI 1.40-2.48, p <0.001, and
PLR HR 1.57, 95% CI 1.08-2.30, p=0.019, respectively).
In the multivariate model adjusted for the clinical covari-
ates reported to be prognostic (age, AFP, Child—Pugh score,
and BCLC stage), both NLR and PLR were significantly
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ITA.LI.CA. database registry

n=7,782)
HCC diagnosis before 1° January 2000
(n=1,053)
HCC patients
(n =6,729)

Training Cohort (January 2000-December 2018)
(n =4,796)

Validation Cohort (January 2019-December 2022)
(n=1,933)

« Lag time between diagnosis and
treatment longer than six months

(n=846)

» Ongoing acute infection at the time
of enrolment (r= 418)

A

« Concomitant severe comorbidities
(r=591)

*Lack of a complete set of the
baseline laboratory data (n=1,898)

HCC patientsincluded in the study

(n =1,043)

Fig. 1 Flow-chart of the study

associated with OS (NLR: HR 1.65, 95% CI 1.18-2.29,
p=0.003, and PLR: HR 1,87, 95% CI 1.24-2.81, p=0.003).
By applying a shrinkage procedure to adjust for over-fitting
HR estimates, both NLR > 1.45 (HR 1.58,95% CI 1.11-2.28,
p=0.014) and PLR > 188 (HR 1.79, 95% CI 1.11-2.90,
p=0.018) remained associated with OS (Table 2).

An inflammation-based score was created by combining
NLR with PLR (combined NLR-PLR score, CNP) and ana-
lyzed as a continuous and dichotomous variable after iden-
tifying the best cut-off. Patients were then classified as fol-
lows: those with both NLR and PLR below their respective
cut-off entered in the CNP=0 group (=197, 19%), those
with either NLR or PLR above the cut-off were classified in
the CNP=1 group (n=772, 74%), and those with both NLR
and PLR above their respective cut-off were classified in the
CNP =2 group (n=74, 7%).

» Lag time between diagnosis and
treatment longer than six months
(n=26)

* Ongoing acute infection at the time
of enrolment (r= 92)

« Concomitant severe comorbidities
(r= 148)

*Lack of a complete set of the
baseline laboratory data (n=424)

HCC patientsincluded in the study

(n =1,243)

Survival analysis

When the study was censored (31st December 2022), the
median follow-up times were 40 and 27 months in the train-
ing and validation cohorts, respectively. The median OS for
each treatment was as follows: 31 [20-83] months for LT,
68 [51—68] months for LR, 55 [48—65] months for ABL,
33 [28-39] months for IAT, 7 [6-9.7] months for SOR, and
3 [2-5] months for BSC.

Figure 3 shows the survival trees of OS in the training
cohort according to the different SIR markers. Median OS
time was significantly higher in patients with NLR and
PLR below the cut-off values (p <0.0001 for NLR and
p=0.00015 for PLR, respectively) (Fig. 3, panels a and
b). Likewise, CNP stratified patients according to their
prognosis since median OS was significantly lower in CNP
2 [26 months (95% CI 20—41)] than in CNP 1 [38 months

@ Springer



920

Hepatology International (2025) 19:915-928

Table 1 Baseline demographic,
clinical and laboratory findings,

and HCC characteristics in the
studied population

@ Springer

Training Cohort (n=1043) Validation Cohort (n=1243)

Patient factors
Males
Age (years)
BMI (kg/m?)
Liver disease characteristics
Etiology (n, %)
Viral
Non-viral
Combo
Cirrhosis (n, %)
CRPH (n, %)
Child—Pugh class (n, %)
A
B
C
MELD
ECOG-PS>0
Laboratory data
Albumin (gr/dL)
Total serum bilirubin (mg/dL)
INR
Creatinine (mg/dL)
Na+ (mmol/dL)
K+ (mmol/dL)
AFP (ug/L)
Hb (gr/dL)
WBC (10° cells/mm?)
Neutrophiles (10% cells/mm?)
Lymphocytes (10° cells/mm?)
PLT (10 cells/mm3)
Tumor characteristics
Single tumor (n,%)
MTD (mm, median [IQR])
MVI (n, %)
EHS (n, %)
BCLC stage (n, %)
0

o Q0w

ITA.LI.CA stage(n, %)
0
A
B
C
Main treatment (n, %)
LT
LR
ABL
IAT
SOR
BSC

813 (78) 992 (80)
69 [60-75] 68.8 [60.6—76.5]
25.8 [23-29] 26.0 [23.4—29.1]

700 (67) 518 (42)
97(9) 500 (40)

246 (24) 225 (18)

889 (88) 1003(81)

733 (76) 658 (53)

622 (70) 687 (68)

240 (27) 268 (27)

27 (3) 48 (5)

9 [8-12] 9.1[8-12]
252 (24) 335(27)

3.7 [3.3-4] 3.8[3-4]
1[0.7-1.6] 0.94 [0.6-1.5]
1.2[1.1-1.3]) 1.14 [1.1-1.3]
0.8 [0.7-1] 0.86 [0.7-1.]
139 [137-141] 139 [137-141]
4.1[3.8-4.4] 4.2[3.9-4.5]
9 [4-44) 8.1[3.5-87]
13 [11.6-14.4] 13 [11.4-14.3]
5.1 [4-6.5] 5.7 [4.3-7.7]
3[2.2-4.1] 3.4 [2.4-4.6]
1.31 [1-1.8] 1.35 [1-1.8)

109 [77-161] 134 [87-194]

700 (67) 1032 (83)
30 [20-43] 30 [20-55]
246 (24) 192(15)
45(5) 102(8)
154 (15) 60 (5)
439 (42) 610 (49)
154 (15) 141 (11
249 (24) 360 (29)
47 (4) 72 (6)
233(22) 219 (18)
429 (41) 367 (29)
227 (22) 448 (36)
154 (15) 209 (17)
29 (3) 112 (9)
194 (19) 281 (23)
348 (33) 360 (29)
329 (31) 269 (22)
86 (8) 116 (9)
57 (6) 105 (8)
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Table 1 (continued)

Data are described as number (%) or median [IQR]

BMI body mass index, CRPH clinically relevant portal hypertension, MTD maximal tumor diameter, MV]
macrovascular invasion, EHS extrahepatic spread, LT liver transplantation, LR liver resection, ABL percuta-
neous ablation, /AT intra-arterial therapies, SC systemic chemotherapy, BSC best supportive care

a b HR by different cutoff
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Fig.2 Continuous association and best cut-off of NLR and PLR bio-
markers. Smoothed graph of the association of NLR (panel a) and
PLR (panel c) following evaluation of the linearity assumption using
fractional polynomials; note the logarithmic shape of NLR. The best

(95% CI 33-42)] or CNP 0 [76.8 months, 95%CI 54.6- not
achieved] patients (p <0.0001) (Fig. 3, panel C).

CNP was a significant predictor of OS, irrespective of
the underlying etiology of liver disease (p <0.001 for viral
etiology, p =0.047 for non-viral etiology, and p =0.042
for combined etiology). Finally, CNP significantly pre-
dicted OS in the subgroups of patients undergoing ABL
(p=0.037) and IAT (p=0.011), whereas it did not pre-
dict OS in the subgroups of patients who underwent LR
(»p=0.51), SOR (p=0.27), and BSC (n =57, p=0.63).

cut-off value minimizes the p value of the HR for NLR (panel b) and
PLR (panel d). Value crossing HR =1 represents the median value for
each biomarker

Similar results were observed in the validation cohort
(Supplementary Fig. 2). Patients with NLR and PLR
below the cut-off values had significantly higher median
OS time (p <0.001 for NLR and p <0.001 for PLR, respec-
tively) (Supplementary Fig. 2, panels A and B). CNP was
able to stratify patients according to their prognosis since
median OS was significantly lower in CNP 2 [18 months
(95% CI 12.9-38.5)] than in CNP 1 [45.3 months (95%
CI 31.8-NA)] or CNP 0 [NA months, 95%CI 41.4-NA]
patients (»p <0.0001) (Supplementary Fig. 2, panel C).
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Table 2 Analysis of biomarkers

. Original Shrunken coefficients
best cut-off for OS Bootstrap CI
HR (95% CI) D HR (95% CI) p

NLR cut-off > 1.45
Unadjusted model 1.91 (1.45-2.52) <0.0001 1.86 (1.40-2.48) <0.001
Adjusted model 1.65 (1.18-2.29) 0.003 1.58 (1.11-2.28) 0.014

PLR cut-oft > 188
Unadjusted model 1.64 (1.20-2.24) 0.002 1.57 (1.08-2.30) 0.019
Adjusted model 1.87 (1.24-2.81) 0.003 1.79 (1.11-2.90) 0.018

NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, HR hazard ratio, CI confidence

interval

Discrimination properties of SIR biomarkers

Three different models were fitted to evaluate the poten-
tial role of NLR, PLR, and CNP in predicting survival,
together with established prognostic factors. The basic
model included standard prognostic factors: age, AFP,
Child-Pugh score, and the BCLC staging system. The sec-
ond model included all the above-mentioned variables plus
the biomarkers (log-transformed NLR and PLR) considered
as continuous variables, with tests for possible interactions.
The third model replaced the continuous biomarkers with
the CNP score. This progression of models allows for a
comparison of predictive accuracy and interpretability by
assessing if the addition of serum SIR biomarkers (in con-
tinuous or composite form) significantly enhances survival
prediction beyond traditional prognostic factors.

The results are shown in Table 3. Log NLR (HR 1.33,
95% CI 1.09-1.62, p=0.004) and CNP (HR 2.69, 95% CI
1.79—-4.06, p < 0.001) were significantly associated with OS.

Adding Log-NLR to the basic model did not improve the
reclassification index (IDI 0.8 [-0.1-2.2%], p=0.07). On
the other hand, compared to the basic model, the addition
of CNP significantly improves the model’s reclassification
index (IDI 1.3% [0.1-2.7%], p=0.04). When we included
the ITA.LI.CA staging system among baseline prognos-
tic factors, the addition of both continuous biomarkers or
CNP did not improve the reclassification index (IDI 0.8
[-0.1-1.7%], p=0.11 and IDI 0.8 [-0.1-2.3%], p=0.06,
respectively) (Supplementary Table 2). The prognostic per-
formance of SIR markers was confirmed in the validation
cohort (Supplementary Table 3 and Supplementary Table 4).

Recurrence analysis
A subsample of 571 patients who underwent curative treat-
ments (LT, LR, or ABL) was considered for the recurrence

analysis. Two-hundred and twenty-four recurrences were
recorded during the follow-up period (39%), with a median
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RFS of 13.9 months (95% CI 3.9-36). The 5 years recur-
rence rates were 3% for LT, 38% for LR, and 43% for ABL.
Early recurrence rates (with a 24 month cut-off) were 41%
for LR and 46.5% for ABL, whereas none of the patients
who underwent LT experienced early recurrence. The
median RFS for each treatment modality was as follows:
17 months [8-29] for LR, and 13 months [6—24] for ABL.

There was no significant difference in median RFS time
between patients with NLR (p=0.69) or PLR (p=0.43)
above the cut-offs and those below them. (Supplementary
Fig. 3, panels A and B). Similarly, CNP was not significantly
associated with RFS (p =0.67) (Supplementary Fig. 3, panel
O).

Discussion

SIR markers are progressively gaining consensus as predic-
tors of cancer survival, although the mechanisms by which
they impact tumor biology remain unclear. Inflammatory
cells, such as platelets and neutrophils, can contribute to
tumor cell invasion into the peripheral blood [23]. Platelets
could protect circulating tumor cells from shear stresses dur-
ing circulation, induce epithelial-mesenchymal transition,
and promote tumor cell extravasation to metastatic sites
[24-26]. Neutrophils can enhance the adhesion and seed-
ing of tumor cells in distant organs through the secretion
of circulating growth factors [27-29]. Conversely, lympho-
cytes are crucial in defence against tumors, dictating the host
immune response to malignancy by inducing cytotoxic cell
death and inhibiting tumor cell proliferation and migration
[30].

The relationship between NLR and HCC prognosis was
first described by Halazun et al., who demonstrated that
NLR > 5 predicted poor OS and a high recurrence rate in
patients undergoing LT for HCC [27]. The prognostic per-
formance of NLR was then confirmed in HCC patients,
mainly of Asian ethnicity, who received curative or palliative
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Fig.3 Kaplan—Meier curves of
survival data of HCC patients
(n=1,043) according to NLR
(a) and PLR (b) best cut-offs
and CNP (c¢). Time on the x-axis
represents months of observa-
tion (follow-up extended up to
206 months). The table with
subjects at risk is reported for
each biomarker at each specific
time point. P value is a log-rank
test
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Table 3 Comparison of discrimination for a new model including baseline prognostic factors and SIR markers in respect to baseline prognostic

factors alone. Reference staging system: BCLC

Clinical Clinical + continuous biomarker Clinical + categorical biomarkers
HR 95% CI P value HR 95% CI pvalue HR 95% CI P value
Age 1.01 (1.004-1.02) 0.005 1.01 (1.00-1.02) 0.007 1.01 (1.00-1.02) 0.004
AFP>400ng/ 1.38 (1.10-1.73)  0.006 1.41 (1.12-1.77) 0.003 1.40 (1.11-1.76) 0.004
ml
CHILD score
A (Ref.) 1 - - 1 - - 1 - -
B 1.50 (1.22-1.85) <0.001 1.47 (1.18-1.81) <0.001 1.48 (1.20-1.83) <0.001
C 0.97 (0.46-2.01) >09 0.93 (0.45-1,95) 09 091 (0.44-1.89) 0.8
BCLC stage
Very Early 1 - - 1 - - 1 - -
(ref.)
Early 1.66 (1.12-2.47)  0.012 1.62 (1.09-2.41) 0.017 1.62 (1.09-2.40) 0.018
Intermediate ~ 2.77 (1.79-4.28) <0.001 2.60 (1.68-4.03) <0.001 2.62 (1.69-4.06) <0.001
Advanced 4.36 (2.90-6.54) <0.001 4.04 (2.68-6.08) <0.001 4.01 (2.66-6.03) <0.001
Terminal 11 (5.51-21.8) <0.001 10.6 (5.32 -21) <0.001 10.3 (5.2-20.6) <0.001
Log (NLR) 1.33 (1.09-1.62) 0.004
PLR 1.00 (0.99-1.00) 0.3
CNP
0 1 - -
1 1.60 (1.20-2.13) 0.001
2 2.69 (1.79-4.06) <0.001
C-index (95% 0.71 (0.68-0.73) 0.71 (0.68-0.74) 0.72 (0.68-0.74)
CIh
IDI Ref. 0.8% (—0.1%-2.2%, p=0.07) 1.3% (0.1%, —2.7%, p=0.04)

AFP alpha fetoprotein, BCLC Barcelona clinic liver cancer, NLR neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio, CNP com-
bined NLR-PLR, C-Index concordance index, /DI integrated discrimination index, HR hazard ratio, CI confidence interval

therapy [11, 12]. Likewise, other reports demonstrated that
elevated pre-treatment PLR values predicted an unfavour-
able OS (HR=1.73; 95% CI 1.46-2.04; p <0.00001) and
RFS (HR=1.30; 95% CI 1.06-1.60; p=0.01) irrespective
of therapy [31]. Nevertheless, these biomarkers are far from
routinely used in clinical practice due to the heterogeneity
in study design, sample size and lack of standardized cut-
off values, usually set up by the receiver operating charac-
teristic (ROC) method. Indeed, this conventional statistical
approach, widely used and easy to apply for determining an
"optimal" cut-off in binary outcomes, can lead to a loss of
information, reduced statistical power, and an increased risk
of false positives [32].

Our study used the multivariable fractional polynomial
and minimum p-value methods that considered the effect
of each possible functional form of NLR and PLR, or cut-
off points, for survival analysis. These approaches enabled
us to identify the cut-off most strongly correlated with
the outcomes (OS and RFS). By applying these cut-offs
(1.45 for NLR and 188 for PLR), we could confirm that
NLR and PLR effectively stratify HCC patients in terms
of prognosis. Indeed, patients with biomarker values above

@ Springer

their respective cut-off had a median OS time significantly
lower than their counterparts (NLR p <0.0001, and PLR
p=0.00015). Furthermore, at univariable and multivariable
analysis adjusted for clinical covariates associated with HCC
prognosis, both NLR and PLR remained independent prog-
nostic factors for OS.

Since our cut-offs remain highly data-dependent, carrying
with a serious risk of the type I error and an overestimation
of the effect of the prognostic value in absolute terms, we
also applied a bootstrap resampling approach that, together
with a shrunk estimate, allowed us to obtain CIs with the
desired coverage. Notably, even after applying the shrinkage
procedure, both NLR and PLR remained significant predic-
tors of survival. Interestingly, when we tested the prognos-
tic performance of CNP in our population, it was able to
stratify patients into three groups with different median OS,
confirming that patients with both NLR and PLR above the
cut-off had a worse prognosis.

Generally, even when a biomarker has been proven
to predict a disease outcome, it still needs to be demon-
strated whether it can improve the survival prediction of
commonly used prognostic models (such as cancer stage).
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Subsequently, it must be determined whether it warrants
routine measurement.

The discrimination of a risk prediction model, i.e. the
ability to differentiate between individuals who will experi-
ence the event of interest and those who will not, is typically
assessed using the area under the ROC curve (AUC). How-
ever, the AUC has been criticized for its limited sensitivity
when comparing models, especially if the baseline model
already performs well [33]. In contrast, IDI is not dependent
on risk categorization but considers changes in predicted
risk, overcoming some of the limitations of AUC. Notably,
adding CNP to the survival prediction model, including age,
AFP levels, Child—Pugh score and BCLC staging, improved
the IDI value (0.013, p=0.04), suggesting that CNP signifi-
cantly enhanced the model’s ability to predict OS.

Regarding HCC recurrence, literature data on the prog-
nostic significance of NLR and PLR are somewhat contro-
versial. Heterogeneity in study design, variability in sample
size and characteristics of enrolled populations, and lack of
standardised cut-off values of SIR biomarkers can account
for the discrepancy in the results [34]. In our study, nei-
ther NLR nor PLR significantly predicted HCC recurrence.
There are several potential reasons for the lack of association
between SIR markers and RFS. The retrospective design of
the study introduces the risk of information bias, despite
efforts to minimise this. Additionally, our cohort had more
favorable tumor characteristics, with a higher number of
patients having Child—Pugh class A or B, a single nodule,
and a median tumor diameter of less than 50 mm. Further-
more, SIR markers may reflect other aspects of disease that
are not directly related to cancer, and therefore may not
accurately predict HCC recurrence.

In recent years, the approval of antiprogrammed cell
death-1 (PD-1) antibodies, which act as immune check-
point inhibitors (ICIs), has revolutionized the treatment
landscape for HCC. We have not had long-term observa-
tions of patients undergoing ICI therapy. However, a recent
pooled meta-analysis of 44 studies involving 5,322 patients
confirmed the predictive value of baseline SIR biomarkers,
such as NLR, for OS also in HCC patients receiving ICI
treatment (HR1.95, p <0.001) [35].

We are aware that some shortcomings may have influ-
enced our study. First, this is a retrospective study, so a
potential selection bias and some unintended biases are
predictable. Second, we lack external validation although
the bootstrap resampling method used in the training set
and the internal validation, at least in part, overcome this
limitation, allowing us to establish a stable prognostic
"multiparametric” model taking tumor burden, liver func-
tion, and inflammatory status into account. The CRP is not
routinely taken for examination in the treatment of HCC
patients. Lastly, since neutrophil, platelet, and lymphocyte
levels are influenced by infections, inflammation in other

tissues, and medications taken before HCC treatment, these
factors should be considered when interpreting NLR and
PLR measurements.

On the other hand, we believe that including a large
cohort of HCC patients managed with different strategies,
extended follow-up, and a rigorous statistical approach
strengthens our results. Indeed, to the best of our knowledge,
this is the largest Western series of HCC patients in whom
the reliability of pre-treatment SIR markers in predicting OS
and RFS has been rigorously tested and validated.

In conclusion, our study showed that NLR, PLR, and their
combination, CNP, are reliable predictors of prognosis in
patients with HCC, enhancing the accuracy of traditional
factors like cancer stage and liver function. Thus, due to
their non-invasiveness, ease of determination, repeatability,
and low cost, these biomarkers are strong candidates for
improving prognosis prediction in HCC patients. External
validation by prospective and well-powered studies would
be needed before their routine adoption in clinical practice.
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