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Purpose: This study aimed to evaluate the prognostic value of the lymphocyte-C-reactive
protein ratio (LCR) score, a novel inflammation-based score based on lymphocytes and
C-reactive protein, in hepatocellular carcinoma (HCC) patients treated with curative intent.
Patients and Methods: A total of 1158 HCC patients undergoing surgical resection or
radiofrequency ablation with curative intent were recruited from 3 different centres and
divided into a primary cohort (n=716) and a validation cohort (n=442). Univariate and
multivariate analyses were performed to identify variables associated with overall survival
(OS). The discriminatory accuracy of seven inflammation-based scores was compared by
using the concordance index (C-index).

Results: The LCR score differentiated HCC patients into two groups with distinct prognoses
(1-, 3-, and 5-year OS rates and median OS: 92.9%, 81.9%, 73.3% and 99.2 months and
79.8%, 56.6%, 49.7% and 69.1 months; P<0.001). Multivariate analysis showed that LCR
score, AFP, ALBI score, tumour size, and TNM stage were independently associated with
OS. When patients were stratified according to different disease states, the LCR score could
still differentiate HCC patients into two groups with distinct prognoses (all P<0.005). The
LCR score demonstrated a markedly superior C-index of 0.621 compared with the other
inflammation-based scores (0.503-0.590). These findings were supported by the validation
cohort.

Conclusion: The preoperative LCR score is a novel, stable, and clinically feasible prog-
nostic marker for patients with HCC, independent of liver function, tumour characteristics,
and treatment allocation and is superior to other inflammation-based scores in terms of its
prognostic ability.

Keywords: hepatocellular carcinoma, resection, radiofrequency ablation, prognosis, LCR,

inflammation-based score

Introduction

Hepatocellular carcinoma (HCC) is a major health issue and is the third leading cause
of death from cancer worldwide.' Because of the scarcity of donor organs, surgical
resection and radiofrequency ablation (RFA) are the mainstay curative treatment
options; globally, three-quarters of all new patients undergo these treatments.>
However, a serious disadvantage of local treatment with regard to achieving cure and
long-term survival is the high rate of recurrence, which exceeds 60% at 5 years even in
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patients with small tumours.* In addition, the reported long-
term survival of these patients varies.”’ There is obvious
heterogeneity in patients who are classified by the commonly
used staging systems as having early HCC. Therefore, it is
reasonable to seek inexpensive, readily available, simplified,
and objective approaches to inform clinical decision-making
and stratify patients into different risk groups.

Systemic inflammation via host-tumour interactions is
currently recognized as the seventh hallmark of cancer®
and is intimately involved in tumour development and
metastasis in various malignancies.” ' Based on this
knowledge, haematological components of the systemic
inflammatory response have been combined to develop
inflammation-based prognostic scores, including the
(GPS),"* the modified
Glasgow prognostic score (mGPS),'* the neutrophil-

Glasgow prognostic score
lymphocyte ratio (NLR),"> the platelet-lymphocyte ratio
(PLR),'® the prognostic index (PI),'” and the prognostic
nutritional index (PNI).'® Many studies have shown that
these scores are associated with the survival of cancer
patients, and they have been used clinically as useful
prognostic indicators for cancers, including HCC.'?~°
Recently, a novel prognostic score, the lymphocyte-
C-reactive protein ratio (LCR), based on the preoperative
lymphocyte count and C-reactive protein (CRP), was
reported to be a powerful prognostic marker for colorectal
cancer,”’ gastric cancer and cholangiocarcinoma.’*?*
However, whether the LCR can predict the prognosis of
HCC patients and its superiority to conventional inflam-
mation-based scores remain unclear.

Therefore, this study aimed to evaluate the prognostic
value of the LCR score in patients with HCC with various
disease stages and liver functional statuses and to conduct
a direct comparison of various inflammation-based scores
in a large-scale multicentre cohort.

Patients and Methods

Patients

Consecutive patients who underwent curative hepatic resec-
tion (HR) or RFA at the Sun Yat-sen University Cancer
Center between January 2010 and December 2015 were
enrolled in this study. The diagnosis of HCC was confirmed
pathologically or according to the European Association for
the Study of the Liver (EASL) diagnostic criteria.** Only
patients who met all of the following criteria were enrolled
in the study: (a) age 18-75 years; (b) Child-Pugh class A or
B cirrhosis; (c) absence of extrahepatic metastasis; (d) no

evidence of hepatic decompensation including ascites
refractory to diuretics, oesophageal or gastric variceal
bleeding, or hepatic encephalopathy; and (e) no other antic-
ancer treatments before surgical resection or RFA. Patients
were excluded from the study if one or more of the follow-
ing conditions were met: (a) patients were lost to follow-up;
(b) patients had missing data for classification based on any
of the seven inflammation-based scores; and (c) patients
had other concurrent malignancies. Finally, 716 HCC
patients were enrolled in the primary cohort of this study.

In addition, we evaluated the significance of the
inflammation-based scores in an independent validation
cohort of HCC patients treated with curative intent from
Fudan University Shanghai Cancer Center and the First
Affiliated Hospital of Traditional Chinese Medicine
between January 2013 and December 2016 using the
same inclusion and exclusion criteria. A total of 442
HCC patients were enrolled in the validation cohort.

This study was approved by the Institutional Review
Board of Sun Yat-sen University Cancer Center, Fudan
University Shanghai Cancer Center and the First
Affiliated Hospital of Traditional Chinese Medicine, and
complied with the standards of the Declaration of Helsinki
and current ethical guidelines. Written informed consent
was obtained from each participant.

Laboratory Measurements of
Inflammation-Related Factors in Routine

Blood Tests

All blood values recorded in this study, including CRP,
bilirubin, albumin, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), and o-fetoprotein (AFP)
levels and blood cell, neutrophil, lymphocyte, and platelet
(PLT) counts, were determined within 5—7 days prior to
treatment. Serum CRP levels were measured using latex-
enhanced nephelometry (N-Latex CRP II;
Healthcare Diagnostics, Tokyo, Japan). The LCR was

Siemens

calculated as follows: lymphocyte count (number/mL)/
CRP level (mg/dL)>' The GPS,"”* modified GPS,'
NLR,! PLR,16 PI'7 and PNI'® were constructed as

described in Supplementary Table 1. The albumin-

bilirubin (ALBI) score was recorded to describe liver
function. Tumour stage was recorded according to the
7th edition of The American Joint Committee on Cancer
(AJCC)/International Union Against Cancer (UICC)
tumour-node-metastasis (TNM) classification.
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Treatment Protocols

Hepatic resection was performed using techniques as
described previously.”>*® Resectable disease was defined
according to previously reported criteria as the possibility
to completely remove all tumours while retaining a sufficient
liver remnant to maintain postoperative liver function, as
assessed by the surgical team.”® Pringle’s manoeuvre was
routinely used with a clamp/unclamp time of 10 min/5 min.
RFA was performed using a previously described technique
under real-time ultrasound guidance.”” For patients with
multiple tumours, all lesions were treated in one single ses-
sion. The evaluation of the complete ablation of lesions after
RFA was performed by dynamic computed tomography (CT)
at 4 weeks after treatment. Complete ablation was diagnosed
when a low-density area in both the arterial and portal venous
phases was observed and the size of the area was larger than
the lesion before treatment.”®

Follow-Up

Patients were followed carefully after the initial treatment.
Follow-up examinations included laboratory tests (includ-
ing serum AFP, liver function, and blood tests), abdominal
ultrasonography, and contrast-enhanced CT every 3
months for the first 2 years and every 6 months thereafter.
All patients with HBV-related HCC who were prepared for
treatment for their HCC were counselled by a hepatologist
for antiviral therapy regardless of the serum HBV DNA
result.?’ The follow-up start date was the date of the initial
diagnosis of HCC. The end of follow-up was the time of
the last follow-up (December 2020) or death.

Statistical Analysis

Overall survival (OS) was calculated from the date of the
initial diagnosis of HCC until death or the end of the follow-
up period. Disease-free survival (DFS) was defined as the
interval between the operation and the date of diagnosis of
the first recurrence or the last follow-up. Comparisons were
made using unpaired Student’s ¢-test for continuous variables
and the chi-square test for categorical variables. Survival was
calculated using the Kaplan-Meier method, and comparisons
between groups were made using the Log rank test. The Cox
regression model was used to identify independent predictors
of survival. The concordance index (C-index) method was
used to rank the different inflammation-based scores based
on their capacity to discriminate patients according to the
outcome. To avoid overoptimistic results, the prognostic
performance of all inflammation-based scores was further

validated in an independent external validation cohort. The
statistical analysis was performed using IBM SPSS v.24.0
(SPSS, Armonk, NY, USA) and R 2.13.2 (http://www.r-pro
ject.org/). All statistical tests were 2-tailed, and a p value less
than 0.05 was considered significant.

Results

Patient Characteristics

In the primary cohort, a total of 533 (74.4%) patients under-
went hepatic resection, and 183 (25.6%) patients underwent
RFA. In the validation cohort, a total of 315 (71.3%) patients
underwent hepatic resection, and 127 (28.7%) patients under-
went RFA. For the primary cohort, 149 (20.8%) patients had
an elevated CRP level (>10 mg/L), and 27 (3.8%) patients
had hypoalbuminemia (<35g/L). A minority of patients were
allocated to GPS 2 (5.9%), mGPS 2 (2.1%), NLR 1 (3.6%),
PLR 2 (1.3%), P12 (1.8%), and PNI 1 (9.2%). A total of 409
(57.1%) patients were allocated to LCR 0, and 307 (42.9%)
patients were allocated to LCR 1. The baseline characteristics
of the primary cohort and the validation cohort are provided
in Table 1. In addition, more surgery-related information for
the primary cohort and the validation cohort are provided in
Supplementary Table 2.

OS of the Primary and Validation Cohorts
The median OS times for the primary and validation
cohorts were 87.4 months (range, 3.2—128.2 months) and
68.9 months (range, 3.0-97.3 months), respectively. For
the primary cohort, the 1-, 3-, and 5-year OS rates were
87.3%, 70.6%, and 63.5%, respectively. For the validation
cohort, the 1-, 3- and 5-year OS rates were 89.1%, 71.1%,
and 64.0%, respectively. The relationships between the
inflammation-based scores and OS in the primary cohort
are shown in Figure 1A-G. Elevated GPS, mGPS, PLR,
PI, PNI, and LCR were associated with significantly
reduced OS in the primary cohort (all P<0.05; except for
NLR, P=0.244). However, some overlapping curves were
still observed between GPS 1 and GPS 2, mGPS 1 and
mGPS 2, PLR 1 and PLR 2, and PI 1 and PI 2 (Figure 1).
Interestingly, the LCR score identified two groups of
patients with significantly different OS rates in the primary
cohort (1-, 3- and 5-year OS rates and median OS: 92.9%,
81.9%, 73.3% and 99.2 months) for LCR score =0 (n=409)
and (1-, 3- and 5-year OS rates and median OS: 79.8%,
56.6%, 49.7% and 69.1 months; P<0.001) for LCR score
=1 (n=307; Figure 1G). Importantly, these findings were
supported by the validation cohort (Figure 2).
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Figure | The relationship between the inflammation-based scores and overall survival
Pl, (F) PNI and (G) LCR.

Prognostic Factors in the Primary and
Validation Cohorts

For the primary cohort, univariate analysis showed that white
blood cell (WBC) count, albumin, CRP, AFP, ALBI score,
tumour size, tumour number, macrovascular invasion, treat-
ment, TNM stage, GPS, mGPS, PLR, PI, PNI, and LCR score
were associated with OS (Table 2). Multivariate analysis
showed that only AFP (hazard ratio (HR) 1.53, 95% confi-
dence interval (CI): 1.19-1.96; P=0.001), ALBI score (HR
1.62, 95 CI: 1.24-2.10; P<0.001), tumour size (HR 1.36,
95% CI: 1.01-1.85; P=0.044), TNM stage (HR 2.42, 95%
CI: 1.83-3.20; P<0.001), and LCR score (HR 1.63, 95% CI:
1.25-2.13; P<0.0001) were independently associated with OS
(Table 2). For the validation cohort, the twelve factors corre-
lated with survival in univariate analysis are reported in Table
3. The independent prognostic factors identified by multivari-
ate analysis were AFP (HR 1.72, 95% CI: 1.25-2.37,

$4 9% 108 120 132 12 24 36 48 60 72 84 96 108 120 132

Months Months

| in HCC patients in the primary cohort: (A) GPS, (B) mGPS, (C) NLR, (D) PLR, (E)

P=0.001), tumour size (HR 1.56, 95% CI. 1.06-2.28;
P=0.023), TNM stage (HR 1.98, 95% CI: 1.39-2.82;
P<0.001), and LCR score (HR 1.89, 95% CI: 1.34-2.67,
P<0.0001).

The LCR Score Predicts Prognosis in
Subgroups of HCC Patients with

Different Disease States

We further verified the predictive ability of the LCR score
in HCC patients with different disease states. Kaplan—Meier
curves were generated for the LCR score in the primary
cohort for HCC patients with different treatment allocations
(resection or RFA), TNM stages, ALBI grades, aetiologies
(HBV/non-HBV), AFP levels (<200 ng/mL/>200 ng/mL),
and tumour sizes (<5 cm/>5 cm) (Table 4). When the
patients were stratified according to different disease states,
the LCR score could still differentiate patients into two
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Figure 2 The relationship between the inflammation-based scores and overall survival in HCC patients in the validation cohort: (A) GPS, (B) mGPS, (C) NLR, (D) PLR, (E)

PI, (F) PNI and (G) LCR.

groups with distinct OS (all P<0.005, Table 4 and Figure 3).
In addition, these results were confirmed in the validation
cohort (Table 4 and Figure 4). Next, we further verify the
LCR score’s ability to predict DFS. The LCR score could
still differentiate patients into two groups with distinct DFS
HCC patients with different
(Supplementary Figure 1). These results were also con-

in disease  states

firmed in the validation cohort (Supplementary Figure 2).

Comparison of the LCR Score with
Other Commonly Used

Inflammation-Based Scores

We next used the C-index to determine which inflamma-
tion-based scores performed best in predicting the survival
of HCC patients treated with curative intent. The LCR

scores consistently had higher C-index values (0.621)
than the other scoring systems (0.503-0.590) for HCC in
the primary cohort (Table 5). We found similar results in
the validation cohort (Table 5).

Discussion

The identification of a simple and useful scoring system
that is predictive of the prognosis of patients with HCC
before treatment is an important objective. Our study is
the first to report and validate that the preoperative LCR
score was an independent prognostic risk factor for HCC
patients treated with curative intent, independent of liver
function, tumour characteristics, and treatment allocation.
All findings were reproducible in a second independent
validation cohort. These results will facilitate further
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Table | Baseline Characteristics of the Patients in the Primary and Validation Cohorts

Variables Primary Cohort (n=716) Validation Cohort (n=442)
Age, years 49.2%11.7 48.9+11.9
Male 645 (90.1) 391 (88.5)
Aetiology
HBV 629 (87.8) 391 (88.5)
Non-HBV (HCV/others) 87 (12.2) 51 (11.5)
WBC count, 10°/L 6.6%2.6 6.5+2.8
Neutrophil count, 10°/L 3.9+1.7 3.8+1.7
Lymphocyte count, 10°/L 1.9+1.0 1.8+0.6
Platelet count, 10°/L 180.0+70.9 182.6+69.2
ALT, UL 47.8+43.1 51.8+52.4
AST, UL 46.8+42.6 47.9+46.4
TBIL, mmol/L 14.5£5.9 14.7£6.4
Albumin, g/L
<35 27 (3.8) 14 (3.2)
>35 689 (96.2) 428 (96.8)
CRP, mg/L
<10 567 (79.2) 340 (76.9)
>10 149 (20.8) 102 (23.1)
AFP, ng/mL
<200 362 (50.6) 222 (50.2)
>200 354 (49.4) 220 (49.8)
ALBI score
Grade | 550 (76.8) 329 (74.4)
Grade 2/3 166/0 (23.2/0) 113/0 (25.6/0)

Maximal tumour diameter, cm

<5 331 (46.2) 204 (46.2)

>5 385 (53.8) 238 (53.8)
Tumour number

Solitary 558 (77.9) 358 (81.0)

Multiple 158 (22.1) 84(19.0)
Macrovascular invasion

Yes 91 (12.7) 50 (11.3)

No 625 (87.3) 392 (88.7)
TNM stage

1 374/171 (52.2/23.9) 190/161 (43.0/36.4)

mnv 166/5 (23.2/0.7) 97/4 (19.7/0.9)
Treatment

Resection 533 (744) 315 (71.3)

Radiofrequency ablation 183 (25.6) 127 (28.7)

GPS (0/1/2) 535/139/42 (74.7/19.4/5.9) 335/98/9 (75.8/21.2/2.0)
Modified GPS (0/1/2) 567/134/15 (79.2/18.7/2.1) 340/93/9 (76.9/21.0/2.0)
NLR (0/1) 690/26 (96.413.6) 424/18 (95.9/4.1)

PLR (0/1/2) 606/101/9 (84.6/14.1/1.3) 366/7412 (82.8/16.7/0.5)
PI (0/112) 561/142/13 (78.4/19.8/1.8) 337/99/6 (76.2122.4/1 4)
PNI (0/1) 650/66 (90.8/9.2) 394/48 (89.1/10.9)

LCR (0/1) 409/307 (57.1/42.9) 2261216 (51.1/48.9)

Note: Variables are expressed as the mean * SD or no. (%).

Abbreviations: HBY, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; CRP,
C-reactive protein; AFP, a-fetoprotein; ALBI score, albumin-bilirubin score; TNM, tumour-node-metastasis; GPS, Glasgow prognostic score; mGPS, modified Glasgow prognostic
score; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; Pl, prognostic index; PNI, prognostic nutritional index; LCR, lymphocyte-C-reactive protein ratio.
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for OS in the Primary Cohort

Variables Univariate Multivariate
HR 95% ClI p HR 95% ClI p
Age (>/<50 years) 1.12 1.13-1.43 0.333
Sex (male/female) 1.09 1.38-1.65 0.673
Aetiology (HBV/non-HBV) 1.34 1.10-1.99 0.138
WBC (>/<11¥10%/L) 2.20 1.20-4.02 0.011
PLT (>/<100%10%/L) 1.08 1.34-1.57 0.685
TBIL (>/=17 mmol/L) 1.19 1.09-1.54 0.200
ALB (>/<35 g/L) 2.6l 1.64-4.17 <0.001
CRP (>/=10 mg/L) 2.35 1.81-3.05 <0.001
AFP (>/<200 ng/mL) 1.83 1.44-2.34 <0.001 1.53 1.19-1.96 0.001
ALBI score (I/11-l1) 1.84 1.42-2.38 <0.001 1.62 1.24-2.10 <0.001
Tumour size (>/<5 cm) 2.47 1.91-3.19 <0.001 1.36 1.01-1.85 0.044
Tumour number (>/<I) 2.49 1.94-3.21 <0.001
Macrovascular invasion (yes/no) 3.27 2.44-437 <0.001
Treatment (resection/RFA) 1.49 1.11-2.00 0.008
TNM stage (I/1I-111/1V) 3.56 2.79-4.55 <0.001 2.42 1.83-3.20 <0.001
GPS
0
| 1.92 1.23-2.99 0.004
2 1.25 1.24-2.01 0.350
Modified GPS
0
| 3.55 1.93-6.49 <0.001
2 1.58 1.19-2.99 0.156
NLR (0/1) 1.43 1.28-2.61 0.247
PLR
0
| 2.65 1.18-5.95 0.019
2 1.89 1.24-4.44 0.142
PI (0/1/2)
0
| 3.13 1.54-6.37 0.002
2 1.37 1.52-2.83 0.402
PNI (0/1) 1.69 1.18-2.42 0.004
LCR (0/1) 2.37 1.86-3.02 <0.001 1.63 1.25-2.13 <0.001

Abbreviations: HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; WBC, white blood cell; TBIL, total bilirubin; ALB, albumin; CRP, C-reactive protein; AFP, a-
fetoprotein; ALBI score, albumin-bilirubin score; TNM, tumour-node-metastasis; RFA, radiofrequency ablation; GPS, Glasgow prognostic score; mGPS, modified Glasgow
prognostic score; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; Pl, prognostic index; PNI, prognostic nutritional index; LCR, lymphocyte-C-reactive
protein ratio.
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Table 3 Univariate and Multivariate Analyses of Prognostic Factors for OS in the Validation Cohort

Variables Univariate Multivariate
HR 95% ClI P HR 95% CI p
Age (>/<50 years) 0.92 0.68—-1.26 0.614
Sex (male/female) 0.98 0.61-1.58 0.943
Aetiology (HBV/non-HBV) 0.84 0.66—1.66 0.839
WBC (>/<11¥10%/L) 0.52 0.13-2.08 0.352
PLT (>/<100%10%/L) 1.80 0.98-3.33 0.059
TBIL (>/<17 mmol/L) 1.26 0.91-1.75 0.169
ALB (>/<35 g/L) 1.58 0.74-3.37 0.237
CRP (>/<10 mg/L) 2.02 1.46-2.79 <0.001
AFP (>/<200 ng/mL) 1.96 |.44-2.68 <0.001 1.72 1.25-2.37 0.001
ALBI score (I/1I-11) 1.52 1.10-2.10 0.012
Tumour size (>/<5 cm) 2.57 1.85-3.59 <0.001 1.56 1.06-2.28 0.023
Tumour number (>/<I) 1.72 1.21-2.44 0.002
Macrovascular invasion (yes/no) 3.14 2.14-4.61 <0.001
Treatment (resection/RFA) 1.34 0.95-1.90 0.099
TNM stage (I/II-1I/1V) 2.95 2.13-4.08 <0.001 1.98 1.39-2.82 <0.001
GPS
0
[ 0.63 0.23-1.71 0.364
2 1.34 0.48-3.69 0.577
Modified GPS
0
[ 0.64 0.24-1.74 0.381
2 1.32 0.48-3.66 0.590
NLR (0/1) 1.46 0.72-2.96 0.300
PLR
0
| 0.48 0.07-3.40 0.458
2 0.83 0.11-6.03 0.851
PI (0/1/2)
0
| 2.18 0.30-15.60 0.439
2 4.59 0.64-33.20 0.131
PNI (0/1) 1.30 0.82-2.05 0.263
LCR (0/1) 2.37 1.73-3.25 <0.001 1.89 1.34-2.67 <0.001

Abbreviations: HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; WBC, white blood cell; TBIL, total bilirubin; ALB, albumin; CRP, C-reactive protein; AFP, a-
fetoprotein; ALBI score, albumin-bilirubin score; TNM, tumour-node-metastasis; RFA, radiofrequency ablation; GPS, Glasgow prognostic score; mGPS, modified Glasgow
prognostic score; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; Pl, prognostic index; PNI, prognostic nutritional index; LCR, lymphocyte-C-reactive

protein ratio.
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Table 4 LCR Score Predicts OS in Subgroups of HCC Patients with Different Disease States
Variables Primary Cohort Validation Cohort
No. of Median OS (95% CI), P value | No. of Median OS (95% CI), P value
Patients Months Patients Months
All HCC patients P<0.001 P<0.001
LCR=0 409 99.2 (94.7-103.8) 226 78.4 (74.2-82.6)
LCR=1 307 69.1 (63.1-75.1) 216 58.5 (53.2-63.8)
Resection P<0.001 P<0.001
LCR=0 291 96.1 (90.4-101.7) 158 75.9 (70.6-81.1)
LCR=1 242 67.7 (61.0-74.3) 157 56.7 (50.4-63.1)
RFA P<0.001 P=0.001
LCR=0 118 104.6 (97.5-111.7) 68 83.3 (76.6-90.0)
LCR=1 65 73.8 (61.1-86.5) 59 62.8 (53.4-72.3)
TNM stage | P<0.001 P=0.015
LCR=0 257 111.0 (106.4-115.6) 115 88.6 (84.5-92.6)
LCR=I 117 89.9 (81.5-98.3) 75 78.0 (70.9-85.0)
TNM stage Il P=0.003 P=0.005
LCR=0 93 88.2 (78.2-98.2) 79 70.6 (62.6-78.5)
LCR=I 78 61.2 (50.5-71.8) 82 52.3 (43.8-60.8)
TNM stage l/IV P=0.133 P=0.031
LCR=0 59 56.1 (43.8-68.4) 32 58.7 (45.1-72.3)
LCR=1 112 46.7 (37.3-56.1) 55 39.3 (29.4-49.2)
ALBI grade I P<0.001 P<0.001
LCR=0 348 100.9 (96.0-105.7) 190 79.1 (74.5-83.6)
LCR=1 202 74.7 (67.5-81.9) 139 60.5 (53.9-67.0)
ALBI grade I/l P=0.001 P=0.015
LCR=0 6l 87.2 (75.0-99.3) 36 74.6 (63.3-85.8)
LCR=1 105 57.4 (47.4-67.4) 77 53.7 (45.1-62.3)
Aetiology-HBV P<0.001 P<0.001
LCR=0 363 97.7 (92.8-102.7) 200 77.8 (73.3-82.4)
LCR=1 266 67.8 (61.3-74.3) 191 58.8 (53.1-64.5)
Aetiology-non-HBV P=0.002 P=0.006
LCR=0 46 109.1 (98.5-119.7) 26 81.4 (71.0-91.8)
LCR=1 41 72.6 (58.9-86.2) 25 55.7 (42.2-69.3)
AFP< 200 ng/mL P<0.001 P=0.011
LCR=0 217 100.5 (95.2-105.9) 118 82.1 (76.9-87.3)
LCR=I 145 83.9 (75.9-91.9) 104 70.4 (63.6-77.3)
AFP>200 ng/mL P<0.001 P<0.001
LCR=0 192 93.6 (86.3—100.8) 108 73.5 (67.0-80.1)
LCR=1 162 54.3 (46.4-62.3) 112 47.1 (39.8-54.5)
Tumour size <5 cm P=0.014 P=0.121
LCR=0 257 105.7 (100.6—110.8) 152 82.3 (77.7-86.9)
LCR=1 74 86.9 (76.0-97.9) 52 71.8 (61.7-82.0)
Tumour size >5 cm P<0.001 P=0.004
LCR=0 152 85.6 (77.5-93.6) 74 69.3 (60.9-77.6)
LCR=I 233 62.9 (56.1-69.7) 164 53.6 (47.7-59.5)

Abbreviations: HR, hazard ratio; Cl, confidence interval; OS, overall survival; HBV, hepatitis B virus; AFP, a-fetoprotein; ALBI score, albumin-bilirubin score; TNM,
tumour-node-metastasis; RFA, radiofrequency ablation; LCR, lymphocyte-C-reactive protein ratio.
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Figure 3 The prognostic significance of the LCR score in HCC patients with different disease states in the primary cohort: (A) resection, (B) radiofrequency ablation, (C)
TNM stage |, (D) TNM stage Il, (E) TNM stage lll/1V, (F) ALBI grade |, (G) ALBI grade Il/Ill, (H) aetiology-HBYV, (I) aetiology-non-HBYV, (J) AFP>200 ng/mL, (K) AFP<200 ng/

mL, (L) tumour size<5 cm, and (M) tumour size>5 cm.

clinical research on the importance of systemic inflam-
mation for the prognosis of HCC patients.

HCC is biologically very heterogeneous.**>' It has
also been shown that even for patients in early stages,
those who undergo radical treatment have different
outcomes.* ® To date, a few studies have used highly
sophisticated gene expression analyses to analyse the
complex molecular signatures of HCC to distinguish its
heterogeneity and prognosis.’>** However, these analyses
are currently expensive and have unreliable repeatability;
thus, they have not been widely used in clinical practice.
Therefore, there is an urgent need for an easily determin-
able, simple, widely applicable, low-tech, and inexpensive
marker from blood that can identify patients with very
dismal prognostic features despite treatment.>* In  this

study, subgroup analyses with respect to TNM stage,
treatment allocation, and ALBI grade supported the prog-
nostic relevance of LCR independent of the disease state.
In fact, the present study showed that TNM stage II
patients with low LCR scores had a similar median OS
as TNM stage I patients with high LCR scores (Table 4).
Similar results were found in comparing TNM stage I1I/IV
patients with low LCR scores and TNM stage II patients
with high LCR scores. Even more surprisingly, ALBI
grade I/II patients who had low LCR scores virtually had
better OS rates than patients with ALBI grade I who had
high LCR scores (Table 4). These findings are of key
clinical relevance since the LCR score identified sub-
groups with different prognoses within a defined TNM
stage or ALBI grade and different treatment allocations.
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Figure 4 The prognostic significance of the LCR score in HCC patients with different disease states in the validation cohort: (A) resection, (B) radiofrequency ablation, (C)
TNM stage |, (D) TNM stage Il, (E) TNM stage III/IV, (F) ALBI grade |, (G) ALBI grade II/lll, (H) aetiology-HBY, (1) aetiology-non-HBYV, (J) AFP>200 ng/mL, (K) AFP<200 ng/

mL, (L) tumour size<5 c¢cm, and (M) tumour size>5 cm.

Moreover, lymphocyte and CRP determination are inex-
pensive, reproducible, objective, widely available, and
routinely performed in clinical practice and does not rely
on invasive tissue collection. The reproducibility of our
results was verified in two independent data sets, further
supporting the reliability of the LCR score as a prognostic
marker for HCC patients. In addition, a recent meta-
analysis data provided evidence that transarterial che-
moembolization+RFA offer comparable oncologic out-
comes in patients with HCC as compared with resection
and with added benefit of lower morbidity.>> Whether the
LCR score have a predictive value in combination therapy
needs further investigation.

Accumulating studies have demonstrated the potential of
various types of systemic inflammatory factors as prognostic

markers for determining oncological outcomes in human

malignancies.'”?°>® Notably, there is evidence that the
inflammatory field effect, reflected by elevated CRP, may
be directly involved in tumour progression, which could
explain its prognostic significance in HCC.>’>° Several
risk factors are currently known be associated with HCC
recurrence,  including  inflammation-related  factors.’
However, the question of whether aggressive tumour beha-
viour prompts a prognostically detrimental inflammatory
reaction or whether inflammation per se drives tumour pro-
gression remains to be elucidated.”'? Our study revealed that
high LCR score is significantly associated with aggressive
and invasive factors (AFP, tumor size, tumor number, macro-
vascular invasion) and with high early recurrence of HCC

patients as well (Supplementary Table 3). For all this, further

preclinical studies in HCC are needed to elucidate the causal
mechanisms of LCR in HCC progression.
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Table 5 Concordance Index for the Comparison of Different
Inflammation-Based Scores in the Primary and Validation
Cohorts

Scores C-Index
Primary P value* | Validation P value*
Cohort Cohort
GPS 0.590 0.045 0.579 0.054
mGPS 0.581 0.030 0.574 0.022
NLR 0.503 <0.001 0.506 <0.001
PLR 0.529 <0.001 0.549 0.002
PI 0.582 0.043 0.571 0.014
PNI 0.527 <0.001 0514 <0.001
LCR 0.621 0.622

Note: *Significant differences in the C-index were evaluated between various
inflammation-based scores and the LCR score.

Abbreviations: GPS, Glasgow prognostic score; LCR, lymphocyte-C-reactive pro-
tein ratio; mGPS, modified Glasgow prognostic score; NLR, neutrophil-lymphocyte
ratio; Pl, prognostic index; PLR, platelet-lymphocyte ratio; PNI, prognostic nutri-
tional index.

There were a few potential limitations in this study.
First, although we evaluated the preoperative LCR score in
a large, multicentre cohort of patients with HCC, this was
a retrospective study. Furthermore, another major limita-
tion was that our three data sets included patients with
HCC in an HBV-endemic area. It will certainly be neces-
sary to validate the LCR score in other geographic regions
to extend our results to patients with HCC of various
aetiologies.

In conclusion, our study identified the LCR score as
a novel, non-invasive, inexpensive, objective, available,
and widely applicable prognostic marker for patients with
HCC, irrespective of tumour stage, liver function and
treatment allocation, and the LCR score was superior to
other inflammation-based scores in terms of its prognos-
tic ability. The LCR score may help surgeons determine
surgical risk and oncological risk, thus facilitating the
appropriate perioperative and postoperative management
of patients with HCC.
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