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Abstract

BACKGROUND

Over the years, programmed cell death-1 (PD-1) inhibitors have been routinely
used for hepatocellular carcinoma (HCC) treatment and yielded improved
survival outcomes. Nonetheless, significant heterogeneity surrounds the out-
comes of most studies. Therefore, it is critical to search for biomarkers that predict
the efficacy of PD-1 inhibitors in patients with HCC.

AIM
To investigate the role of the C-reactive protein to albumin ratio (CAR) in
evaluating the efficacy of PD-1 inhibitors for HCC.

METHODS

The clinical data of 160 patients with HCC treated with PD-1 inhibitors from
January 2018 to November 2022 at the First Affiliated Hospital of Guangxi
Medical University were retrospectively analyzed.
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RESULTS

The optimal cut-off value for CAR based on progression-free survival (PFS) was determined to be 1.20 using x-tile
software. Cox proportional risk model was used to determine the factors affecting prognosis. Eastern Cooperative
Oncology Group performance status [hazard ratio (HR) = 1.754, 95% confidence interval (95%CI) = 1.045-2.944, P =
0.033], CAR (HR = 2.118, 95%CI = 1.057-4.243, P = 0.034) and tumor number (HR = 2.932, 95%CI = 1.246-6.897, P =
0.014) were independent prognostic factors for overall survival. CAR (HR = 2.730, 95%CI = 1.502-4.961, P = 0.001),
tumor number (HR = 1.584, 95%CI = 1.003-2.500, P = 0.048) and neutrophil to lymphocyte ratio (HR = 1.120, 95%ClI
=1.022-1.228, P = 0.015) were independent prognostic factors for PFS. Two nomograms were constructed based on
independent prognostic factors. The C-index index and calibration plots confirmed that the nomogram is a reliable
risk prediction tool. The ROC curve and decision curve analysis confirmed that the nomogram has a good
predictive effect as well as a net clinical benefit.

CONCLUSION

Overall, we reveal that the CAR is a potential predictor of short- and long-term prognosis in patients with HCC
treated with PD-1 inhibitors. If further verified, CAR-based nomogram may increase the number of markers that
predict individualized prognosis.

Key Words: C-reactive protein to albumin ratio; Hepatocellular carcinoma; Programmed cell death-1 inhibitors; Prognosis;
Nomogram

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study suggests that the ratio of C-reactive protein to albumin (CAR), already studied as prognosticator in other
malignancies may also have a useful role to predict the outcome of hepatocellular carcinoma (HCC). Our study found that
higher CAR levels are associated with poor prognosis in patients with HCC treated with programmed cell death-1 inhibitors.
Nomogram based on CAR can also be used for prognostic risk stratification.

Citation: Li BB, Chen LJ, Lu SL, Lei B, Yu GL, Yu SP. C-reactive protein to albumin ratio predict responses to programmed cell
death-1 inhibitors in hepatocellular carcinoma patients. World J Gastrointest Oncol 2024; 16(1): 61-78

URL: https://www.wjgnet.com/1948-5204/full/v16/i1/61.htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i1.61

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common and difficult-to-treat cancers worldwide[1]. According to the
Global Cancer Statistics 2020, HCC ranks sixth in incidence and third in mortality among all cancers, with annually
approximately 906000 newly diagnosed cases and 830000 deaths annually[2]. Given the lack of specific symptoms and
rapid progression, most patients with HCC are diagnosed at an advanced stage[3]. Late diagnosis, limited therapeutic
options and 1 high recurrence rate are the main reasons for the poor prognosis of HCC[4-6].

In recent years, immunotherapy for HCC at immune checkpoints has made remarkable progress, especially antibodies
targeting programmed cell death-1 (PD-1) and programmed cell death ligand-1 (PD-L1) pathway have promoted the
development of systemic comprehensive therapy for HCC[7-10]. Immune checkpoint blockers targeting PD-1 have been
approved for systemic integrative treatment of HCC with favorable clinical responses and survival benefits[11,12].
However, because the efficacy of PD-1 inhibitors varies widely among individuals, only a small percentage of patients
benefit from anti-PD-1 therapy[13]. In clinical trials using Nivolumab and Pembrolizumab alone to treat patients with
advanced HCC, the objective effective rate was only 17% to 20%[11,14]. Moreover, Pembrolizumab's phase III trial failed
to reach its main endpoint, suggesting the need to identify subgroups of patients most likely to benefit from PD-1
inhibitors[15]. Immune checkpoint inhibitors are also extremely costly agents. Therefore, finding practical and robust
prognostic predictors to identify HCC patients who may benefit from PD-1 therapy has recently become a research
hotspot.

To date, the biomarkers that have been widely studied to predict the response of PD-1 inhibitors and improve the
prognosis of tumor patients are tumor mutation load (TMB) and targeted PD-L1 expression[16-18]. Many studies have
demonstrated that TMB sequencing by a polygenic cancer panel or whole exome can predict the efficacy of PD-1 inhibitor
therapy in patients with multiple types of cancer, but there is little data on TMB being meaningful in patients with HCC
[19,20]. The expression level of PD-L1 has been proved to be a stratification factor for random grouping of various cancer
types or a selective marker for immuno-oncology subgroup analysis[21,22].The expression level of PD-L1 affects the
function of T cells in tumor microenvironment, which is related to the prognosis of patients with HCC[14,23]. However,
because the detection of PD-L1 expression level is expensive, PD-L1 expression level as a marker has not been widely
used in clinical practice. Recent studies have shown that the increase of inflammatory characteristics in HCC tumors is
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associated with improved response and overall survival (OS)[24]. As peripheral blood T cells and tumor infiltrating
lymphocytes have been found to be related to the efficacy of tumor patients treated with PD-1 inhibitors[25,26]. More and
more studies have begun to explore the predictive value of biomarkers derived from peripheral blood, because these
biomarkers are universal, economical, fast, efficient and so on[27,28].

Many studies have found that systemic inflammatory responses affect the occurrence and development of malignant
tumors by regulating the biological microenvironment[29-33]. Based on this concept, several simple and stable inflam-
matory markers have been shown to be associated with prognosis in malignancy, including platelet-to-lymphocyte ratio
(PLR), systemic immune-inflammation index, neutrophil-to-lymphocyte ratio (NLR), prognostic nutritional index and
Glasgow Prognostic Score[34-38]. Recently, a novel inflammatory marker, the C-reactive protein (CRP) to albumin ratio
(CAR), has been reported as an independent prognostic factor in various malignancies. Ren et al[39] reported that CAR
predicted mortality and recurrence rates after resection of HCC. Huang et al[40] reported that the CAR could predict the
outcomes of patients with nasopharyngeal carcinoma treated with chemotherapy. Based on the prognostic role of CAR in
patients with other malignant tumors, we speculate that CAR may be related to the prognosis of HCC patients treated
with PD-1 inhibitors. However, the role of the CAR in HCC patients treated with PD-1 inhibitors has not been evaluated.
Therefore, we conducted this study.

The present study assessed the prognostic performance of the CAR in HCC patients treated with PD-1 inhibitors. We
also constructed nomogram models based on the results of Cox multifactorial analysis for prognostic prediction of OS
and progression-free survival (PFS) in HCC patients treated with PD-1 inhibitors.

MATERIALS AND METHODS

Patients

We conducted a retrospective analysis of patients with HCC who received PD-1 inhibitors in the first affiliated Hospital
of Guangxi Medical University from January 2018 to November 2022. The inclusion criteria for this study were as follows:
(1) Aged at least 18 at diagnosis; (2) clinical or pathological diagnosis of HCC; (3) treatment with PD-1 inhibitors for at
least 3 cycles; (4) Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0-1; and (5) child-Pugh
Class A or B. We initially enrolled 213 patients in the study. The exclusion criteria were as follows: (1) Diagnosis of
secondary liver malignancy or mixed liver malignancy; (2) treatment with PD-1 inhibitors < 3 cycles; (3) child-Pugh Class
C; (4) severe immune-related disease; (5) incomplete baseline data or follow-up information; and (6) suffer from inflam-
matory disease or blood system disease. Fifty-three patients were excluded, and 160 patients with HCC were finally
included for analysis.

PD-1 blockers were administered intravenously at standard doses: Sintilimab 200mg per 2 wk; toripalimab at 3 mg/kg
body weight per 2 wk; tislelizumab at 200 mg per 3 wk; and camrelizumab at 3 mg/kg body weight per 3 wk. Adverse
events (AEs) were assessed according to the Common Terminology Criteria for Adverse Events v5.0. Patients were
treated according to the treatment plan until disease progression (PD) or AEs occurred.

The study was conducted in accordance with the Declaration of Helsinki and was approved by the Medical Ethics
Committee of the First Affiliated Hospital of Guangxi Medical University (2023-E332-01).

Data collection

All data, including basic patient information, treatment strategy, laboratory test results and device results, were obtained
from the electronic medical records and follow-up by phone calls. Serologic results measured within 5 d prior to the
patient's first PD-1 inhibitor treatment were selected. Radiographic response was assessed by computed tomography or
magnetic resonance imaging approximately every 6-12 wk after the start of treatment. Follow-up was performed by
phone call every 2 mo after the start of treatment. The final data collected included age, gender, history of hepatitis virus,
Child-Pugh, laboratory test results, ECOG PS, tumor size, tumor number, macrovascular invasion, extrahepatic
metastases, prior medical history, history of smoking, history of alcohol consumption, Barcelona Clinic Liver Cancer
(BCLC) stage, previous treatment, and survival data. The Child-Pugh classification was assessed according to ascites,
hepatic encephalopathy, albumin, bilirubin and prothrombin time. The CAR was obtained by dividing the CRP (mg/L)
by albumin (g/L). The remaining ratios were obtained as follows: PLR = platelets (10°/L)/lymphocytes (10°/L);
lymphocyte to CRP ratio (LCR) = lymphocytes (10°/L)/CRP(mg/L); NLR = neutrophils (10°/L)/lymphocytes (10°/L).
PFS was defined as the time from initiation of PD-1 inhibitors to recurrence of HCC, PD, or death of the patient from
HCC. OS was defined from initiation of PD-1 therapy until death.

Statistical analysis

R software (version 4.2.2) and SPSS (version 26) were used for statistical analyses. X-tile software was used to obtain the
best cut-off values for continuous variables. Continuous variables were analyzed using f-tests or non-parametric tests,
and categorical variables were analyzed using Pearson's chi-square test or Fisher's exact test. Univariate and multivariate
Cox regression analysis were used to determine the independent predictor variables for PFS and OS. The risk-stratified
survival curves were expressed as Kaplan-Meier curves and analyzed using Log-rank tests. The nomogram and
calibration plots were plotted using the "rms" package, the C-Index was calculated using the "survcomp" package, and the
ROC curves were plotted using the "pROC" package. For all tests, a two-sided P < 0.05 was considered statistically
significant.
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Figure 1 Kaplan-Meier survival curve of hepatocellular carcinoma in low C-reactive protein to albumin ratio group and high C-reactive
protein to albumin group. A: Overall survival; B: Progression-free survival. CAR: C-reactive protein to albumin ratio.

RESULTS

Patient characteristics

The characteristics of HCC patients included in this study are shown in Table 1. A total of 160 patients were included in
this study, including 134 males (83.8%) and 26 females (16.3%).Thirty-nine (24.4%) patients were older than 60 years; 131
(81.9%) had previous hepatitis virus infection; 85 (53.1%) had cirrhosis; 121 (75.6%) had multiple tumors; 71 (44.4%) had
tumor invasion of the portal vein; and 83 (51.9%) had extrahepatic metastasis of the tumor. According to BCLC staging,
most patients presented with BCLC C (n = 120, 75.0%), followed by BCLC B (n = 30, 18.8%) and BCLC A (n = 10, 6.3%).
Using X-tile software, the best cut-off value of CAR was determined to be 1.20 according to PFS. Based on this cut-off
value, patients were included in the low CAR group (n = 94) and high CAR group (1 = 66). The correlation analysis of
clinicopathological factors with CAR is shown in Table 1. CAR was associated with gender (P = 0.045), macroscopic
vascular invasion (P = 0.013) and smoking history (P = 0.013). There was no significant correlation between CAR and age,
hepatitis infection, Child-Pugh grade, alpha-fetoprotein level, ECOG PS, tumor size, tumor number, extrahepatic
metastasis, diabetes, hypertension, alcohol drinking, cirrhosis, previous ablation, previous transcatheter arterial
chemoembolization (TACE), previous surgery and BCLC stage (P > 0.05).

Comparison of low and high CAR survival curves
The median overall survival was 466 d and the median PFS was 168 d. A total of 88 patients (55%) died and 140 (87.5%)
had confirmed programmed death at the last follow-up visit. The Kaplan-Meier method and log-rank test were used to
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Table 1 The correlations between the C-reactive protein to albumin ratio and clinicopathological factors, n (%)

CAR =1.20 (n = 94) CAR > 1.20 (n = 66) Total (n = 160) P value

Age (yr) 0.143
<60 75 (79.8) 46 (69.7) 121 (75.6)
> 60 19 (20.2) 20 (30.3) 39 (24.4)

Gender 0.045
Male 77 (81.9) 57 (86.4) 134 (83.8)
Female 17 (18.1) 9 (13.6) 26 (16.3)

Hepatitis infection 0.988
No 17 (18.1) 12 (18.2) 29 (18.1)
Yes 77 (81.9) 54 (81.8) 131 (81.9)

Child-Pugh grade 0.749
A 75 (79.8) 54 (81.8) 129 (80.6)
B 19 (21.2) 12 (18.2) 31 (19.4)

AFP level (ng/L) 0.365
<400 58 (61.7) 36 (54.5) 94 (58.8)
> 400 36 (38.3) 30 (45.5) 66 (41.3)

ECOG Ps 0.990
0 30 (31.9) 21 (31.8) 51 (31.9)
21 64 (68.1) 45 (68.2) 109 (68.1)

Tumor size (cm) 0.248
<5 26 (27.7) 13 (19.7) 39 (24.4)
>5 68 (72.3) 53 (80.3) 121 (75.6)

Tumor number 0.512
Single 18 (19.1) 10 (15.2) 28 (17.5)
Multiple 76 (80.9) 56 (84.8) 132 (82.5)

Macroscopic vascular invasion 0.013
Absent 60 (63.8) 29 (43.9) 89 (55.6)
Present 34 (36.2) 37 (56.1) 71 (44.4)

Extrahepatic metastasis 0.173
Absent 41 (43.6) 36 (54.5) 77 (48.1)
Present 53 (56.4) 30 (45.5) 83 (51.9)

Diabetes 0.955
No 84 (89.4) 59 (89.4) 143 (89.4)
Yes 10 (10.6) 7 (10.6) 17 (10.6)

Hypertension 0.455
No 81 (86.2) 54 (81.8) 135 (84.4)
Yes 13 (13.8) 12 (18.2) 25 (15.6)

Smoke 0.013
No 60 (63.8) 29 (43.9) 89 (55.6)
Yes 34 (36.2) 37 (56.1) 71 (44.4)

Drink 0.364
No 51 (54.3) 31 (47.0) 82 (51.2)
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Yes 43 (45.7) 35 (53.0) 78 (48.8)

Cirrhosis 0.191
No 40 (42.6) 35 (53.0) 75 (46.9)
Yes 54 (57.4) 31 (47.0) 85 (53.1)

Previous Ablation 0.119
No 87 (92.6) 56 (84.8) 143 (89.4)
Yes 7(7.4) 10 (15.2) 17 (10.6)

Previous TACE 0.505
No 52 (55.3) 40 (60.6) 92 (57.)
Yes 42 (44.7) 26 (39.4) 68 (42.5)

Previous Surgery 0.701
No 57 (60.6) 42 (63.6) 99 (61.9)
Yes 37 (39.4) 24 (36.4) 61 (38.1)

BCLC stage 0.966
A 6 (6.4) 4(6.1) 10 (6.3)
B 17 (18.1) 13 (19.7) 30 (18.8)
C 71 (75.5) 49 (74.2) 120 (75.0)

AFP: Alpha-fetoprotein; ECOG PS: Eastern Cooperative Oncology Group performance status; CAR: C-reactive protein to albumin ratio; TACE:
Transcatheter arterial chemoembolization; BCLC: Barcelona Clinic Liver Cancer.

compare the survival curves between the low and high CAR groups (Figure 1). The results showed that OS was
significantly shorter in patients with high CAR compared to those with low CAR (P < 0.001). Similarly, PFS was
significantly worse in patients with high CAR compared to patients with low CAR (P < 0.001).

Correlation of CAR with patient survival

Multiple clinicopathological factors were included in the Cox proportional hazards model for survival analysis.
Univariate Cox regression analysis showed that ECOG PS (P = 0.005), protein induced by vitamin K absence II (P = 0.014),
CAR (P = 0.000), tumor size (P = 0.002), tumor number (P = 0.004), macrovascular invasion (P = 0.042), smoke (P = 0.024),
previous operation (P = 0.012), CRP (P = 0.005), albumin (P = 0.013), and aspartate aminotransferase (P = 0.000) were
significantly correlated with OS. However, during multivariate Cox regression analysis, only ECOG PS [hazard ratio
(HR) = 1.754, 95% confidence interval (95%CI) = 1.045-2.94, P = 0.033], high CAR (HR = 2.118, 95%CI = 1.057-4.243, P =
0.034) and multiple tumor number (HR = 2.932, 95%CI = 1.246-6.897, P = 0.014) were the independent factors affecting the
prognosis of OS (Table 2). Similarly, univariate Cox regression analysis showed that CAR (P = 0.000), Tumor number (P =
0.028), CRP (P = 0.000), albumin (P = 0.004), LCR (P = 0.026), NLR (P = 0.036) were significantly associated with PFS.
Multivariate Cox regression analysis showed that high CAR (HR = 2.730, 95%CI = 1.502-4.961, P = 0.001), multiple tumor
number (HR = 1.584, 95%CI = 1.003-2.500, P = 0.048) and NLR (HR = 1.120, 95%CI = 1.022-1.228, P = 0.015) were
independent predictors of PFS (Table 3).

Establishment and validation of OS nomogram

Based on the results of multivariate Cox regression, a nomogram was established based on CAR, ECOG PS and tumor
number to predict the OS of patients with HCC treated with PD-1 inhibitors. The nomogram was used to estimate the
overall survival of patients with HCC at 12, 18 and 24 mo by calculating the sum of the factor scores (Figure 2A). Then,
the prediction ability of the nomogram was verified by the concordance index (C-index), receiver operating characteristic
(ROC) curve, calibration plot and decision curve analysis (DCA). The C-index of OS nomogram was 0.721 (95%CI: 0.573-
0.832). The nomogram predicted an area under the ROC curve (AUC) of 0.696 for 12-mo OS, 0.765 for 18-mo OS, and
0.735 for 24-mo OS (Figure 3A). In addition, the calibration plots show the best agreement between the nomogram and
the actual observations (Figure 4A). DCA revealed that the nomogram model provided a high clinical net benefit for
predicting OS at 360, 540 and 720 d (Figure 5A).

Establishment and validation of PFS nomogram

CAR, NLR and tumor number were identified as independent prognostic factors for PFS by multifactorial Cox regression
analysis. Independent prognostic factors were incorporated to create a nomogram to predict PFS in patients with HCC
(Figure 2B). The C-index of the PFS nomogram was 0.665 (95%CI: 0.552- 0.762). The AUC was used to measure the
performance of the PFS nomogram model. The AUC was 0.741, 0.787 and 0.804 for predicting the PFS at 9, 12 and 15 mo
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Table 2 Univariate and multivariate Cox regression analyses of risk factors for overall survival
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Univariate HR (95%Cl) P value Multivariate HR (95%Cl) Pvalue
Age (yr)
<60 1.0
> 60 1.222 (0.763-1.958) 0.403
Gender
Male 1.0
Female 1.127 (0.669-1.898) 0.653
Aetiology
Other 1.0
Viral hepatitis 1.464 (0.810-2.646) 0.207
ECOG PS
0 1.0
21 2.010 (1.229-3.288) 0.005 1.754 (1.045-2.944) 0.033
Child-Pugh grade
A 1.0
B 1.348 (0.798-2.276) 0.264
AFP (ng/mL)
<400 1.0
> 400 1.401 (0.920-2.133) 0.116
PIVKA-IT (mAU/mL)
<100 1.0
>100 1.942 (1.142-3.302) 0.014
CAR
<1.20 1.0
>1.20 2.264 (1.480-3.464) 0.000 2.118 (1.057-4.243) 0.034
Tumor size (cm)
<5 10
>5 2.671 (1.451-4.971) 0.002
Tumor number
Single 1.0
Multiple 3.328 (1.452-7.682) 0.004 2.932 (1.246-6.897) 0.014
Extrahepatic metastasis
- 1.0
+ 1.121 (0.735-1.709) 0.597
Macrovascular invasion
- 1.0
+ 1.550 (1.015-2.367) 0.042
Diabetes
No 1.0
Yes 0.934 (0.467-1.868) 0.848
Hypertension
No 1.0
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Yes 0.902 (0.508-1.602) 0.726
Smoke

No 1.0

Yes 1.634 (1.068-2.501) 0.024
Drink

No 1.0

Yes 1.386 (0.911-2.111) 0.128
Cirrhosis

No 1.0

Yes 0.899 (0.589-1.372) 0.622
Previous TACE

No 1.0

Yes 0.897 (0.587-1.371) 0.615

Previous ablation
No 1.0
Yes 0.719 (0.346-1.497) 0.378

Previous operation

No 1.0

Yes 0.555 (0.351-0.878) 0.012
CRP (mg/L) 1.008 (1.002-1.014) 0.005
ALB (g/L) 0.944 (0.902-0.988) 0.013
AST (U/L) 1.006 (1.003-1.010) 0.000
ALT (U/L) 1.004 (0.998-1.011) 0219
PLR 0.999 (0.997-1.002) 0.562
LCR 0.771 (0.065-9.087) 0.836
NLR 1.036 (0.953-1.126) 0.410

ECOG Ps: Eastern Cooperative Oncology Group Performance Status; AFP: Alpha-fetoprotein; PIVKA-II: Protein induced by vitamin K absence II; CAR: C-
reactive protein to albumin ratio; HR: Hazard ratio; 95%CI: 95% confidence interval; TACE: Transcatheter arterial chemoembolization; CRP: C-reactive
protein; ALB: Albumin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PLR: Platelet to lymphocyte ratio; LCR: Lymphocyte-C reactive
protein ratio; NLR: Neutrophil to lymphocyte ratio.

(Figure 3B).The calibration plot of PFS shows a good consistency between the predicted values and the actual values
(Figure 4B). The DCA curve shows a huge net benefit at different time points, indicating that nomogram has a good
potential clinical validity for predicting PFS (Figure 5B).

Establishment of risk classification system

Based on the nomogram, each patient received a personalized risk score. We use the X-tile software to determine the cut-
off value of the risk score (Figure 6). According to OS nomogram and cutoff value, all patients were divided into low risk
(score: 0-116.32), middle risk (score: 155.96-160.36) and high risk groups (score: 216.32-216.32) according to the OS
nomogram. Similarly, all patients were classified into low risk (score: 3.65-54.01), middle risk (score: 54.26-91.33) and high
risk groups (score: 91.40-142.67) according to the PFS nomogram and cut-off value. The Kaplan-Meier curves showed that
this risk classification system had good stratification and differentiation ability (Figure 7).

DISCUSSION

This study investigated the relationship between clinicopathological factors and prognosis in patients with HCC treated
with PD-1 inhibitors. Multivariate COX regression analysis showed that CAR, tumor number and ECOG PS were
independent prognostic factors for OS. CAR, tumor number and NLR were independent prognostic factors for PFS. In
Kaplan-Meier survival curve analysis, OS and PFS were significantly better in the low-CAR group than in the high-CAR
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Table 3 Univariate and multivariate Cox regression analyses of risk factors for progression free survival.
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Univariate HR (95%Cl) P value Multivariate HR (95%Cl) Pvalue

Age (yr)

<60 1.0

> 60 1.036 (0.706-1.521) 0.856
Gender

Male 1.0

Female 1.181 (0.765-1.824) 0.453
Aetiology

Other 1.0

Viral hepatitis 1.535 (0.962-2.450) 0.072
ECOG PS

0 1.0

21 1.258 (0.881-1.797) 0.206
Child-Pugh grade

A 1.0

B 1.430 (0.926-2.208) 0.106
AFP (ng/mL)

<400 1.0

> 400 1.321 (0.943-1.849) 0.105
PIVKA-IT (mAU/mL)

<100 1.0

>100 1.013 (0.698-1.471) 0.944
CAR

<1.20 1.0

>1.20 3.467 (2.342-5.132) 0.000 2.730 (1.502-4.961) 0.001
Tumor size (cm)

<5 10

>5 1.295 (0.882-1.901) 0.188
Tumor number

Single 1.0

Multiple 1.653 (1.054-2.591) 0.028 1.584 (1.003-2.500) 0.048
Extrahepatic metastasis

- 1.0

+ 1.154 (0.827-1.609) 0.400
Macrovascular invasion

- 1.0

+ 1.083 (0.774-1.514) 0.642
Diabetes

No 1.0

Yes 0.967 (0.573-1.632) 0.900
Hypertension

No 1.0
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Yes 0.969 (0.613-1.530) 0.892
Smoke

No 1.0

Yes 1.349 (0.962-1.892) 0.082
Drink

No 1.0

Yes 1.091 (0.781-1.524) 0.609
Cirrhosis

No 1.0

Yes 1.169 (0.837-1.632) 0.360
Previous TACE

No 1.0

Yes 0.905 (0.646-1.267) 0.561

Previous ablation
No 1.0
Yes 1.361 (0.806-2.297) 0.249

Previous operation

No 1.0
Yes 1.143 (0.812-1.609) 0.442

CRP (mg/L) 1.014 (1.008-1.019) 0.000

ALB (g/L) 0.950 (0.918-0.983) 0.004

AST (U/L) 1.001 (0.997-1.004) 0.771

ALT (U/L) 0.999 (0.993-1.005) 0.643

PLR 1.000 (0.998-1.002) 0.733

LCR 0.064 (0.006-0.722) 0.026

NLR 1.092 (1.006-1.186) 0.036 1.120 (1.022-1.228) 0.015

ECOG Ps: Eastern Cooperative Oncology Group Performance Status; AFP: Alpha-fetoprotein; PIVKA-II: Protein induced by vitamin K absence II; CAR: C-
reactive protein to albumin ratio; HR: Hazard ratio; 95%CI: 95% confidence interval; TACE: Transcatheter arterial chemoembolization; CRP: C-reactive
protein; ALB: Albumin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; PLR: Platelet to lymphocyte ratio; LCR: Lymphocyte-C reactive
protein ratio; NLR: Neutrophil to lymphocyte ratio.

group, which also indicated that CAR could predict patient prognosis. Previous studies have shown that CAR can be
used as a prognostic factor to predict the prognosis of patients with pancreatic cancer, gallbladder cancer, non-small cell
lung cancer, neck squamous cell carcinoma, and cholangiocarcinoma[41-43]. At present, the mechanism of the effect of
CAR on the prognosis of HCC patients is not completely clear, but there are some possible explanations. CAR is a
complex biomarker composed of CRP and albumin, which is affected by both CRP and albumin.

CRP is an acute phase protein produced after inflammation, tissue injury, malignant tumor and other changes[44]. It
has been established that the CRP recognizes exogenous substances or necrotic cells, activates the complement system,
and enhances phagocytosis[45]. CRPs are regulated by cytokines such as IL-1, IL-6 and tumor necrosis factor, which are
co-secreted by malignant tumor cells and host immune cells and are associated with tumor growth, invasion, metastasis
and chemotherapy resistance[46].Therefore, the increase of CRP may mean a poor prognosis of malignant tumors.

Albumin is synthesized by the liver, accounting for about 50% of total plasma protein, maintaining body nutrition and
osmotic pressure, and is one of the main markers reflecting the nutritional status of the body[47,48]. Trauma, malignant
tumors and systemic inflammatory reactions can cause a decrease in albumin synthesis by the liver, promote albumin
catabolism, aggravate capillary infiltration and cause hypoproteinemia[49]. Hypoproteinemia causes decreased collagen
synthesis, increased granuloma formation and hypercellularity, which suppresses the body's immune response and
triggers tumor invasion and drug resistance[50-53]. Previous studies have also demonstrated that albumin is closely
related to the prognosis of patients with HCC[54,55]. Compared with other tests, we have made some progress in this
test. Compared with the expression of TMB and PD-L1, serum CAR not only responds to the inflammatory and immune
status of the body, but also to the nutritional status of the body, which can predict the prognosis of patients with
malignant tumors. Not only that, CAR can be obtained from routine blood tests with no additional medical costs.
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Figure 2 Nomogram models of overall survival and progression-free survival in hepatocellular carcinoma patients. A: Nomogram models of
overall survival at 12, 18 and 24 mo in hepatocellular carcinoma (HCC) patients; B: Nomogram model of progression-free survival at 9, 12 and 15 mo in HCC
patients. C-reactive protein to albumin ratio (CAR) = 0 means CAR < 1.20, CAR = 1 means CAR > 1.20; tumor number = 0 means single tumor, tumor number = 1
means multiple tumors. CAR: C-reactive protein to albumin ratio; NLR: Neutrophil-to-lymphocyte ratio; ECOG PS: Eastern Cooperative Oncology Group performance
status.

Therefore, CAR is affordable, convenient and effective for both clinicians and patients.

We also found that tumor number, ECOG PS and NLR are associated with the prognosis of patients with HCC, which
is consistent with previous studies. Katayama et al[56] confirmed that tumor number can predict the efficacy and
prognosis of patients with HCC after TACE. In a multicenter retrospective study, ECOG PS was confirmed to be a
prognostic factor in patients with unresectable HCC who received PD-1 inhibitors combined with anti-angiogenic therapy
[57]. A meta-analysis showed that NLR is a predictor of outcome after treatment for HCC[58].

We constructed two prognostic nomograms to predict clinical outcomes based on the independent prognostic factors
determined by multivariate Cox regression analysis. The C-index index and calibration plots confirmed that our
nomograms were reliable prediction tools. ROC curve confirms that OS nomogram can well predict patients' OS at 12, 18,
and 24 mo, and also confirms that PFS nomogram has an advantage in predicting PFS at 9, 12, and 15 mo. In addition, we
have established a new risk classification system based on nomogram to help assess the risk level of patients with HCC
treated with PD-1 inhibitors, resulting in individualized treatment and accurate prognosis. Moreover, it is gratifying to
note that ECOG PS is obtained by observing patients, NLR is obtained by routine blood tests, and tumor number is
obtained by routine imaging tests. These markers are simple, easily accessible, non-invasive, repeatable and cost-effective,
and are beneficial to the individual patients as well as the health care system.
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Figure 3 The area under the receiver operating characteristic curve was utilized to weigh up the performance of overall survival and

progression-free survival nomogram models. A: Receiver operating characteristic (ROC) curves for 12-mo, 18-mo, and 24-mo overall survival; B: ROC
curves for 9-mo, 12-mo, and 15-mo progression-free survival. AUC: Area under the receiver operating characteristic curve.
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Figure 4 Calibration curves for nomogram models related to overall survival and progression-free survival. A: Calibration curves of overall

survival at 12 mo, 18 mo and 24 mo; B: Calibration curves of progression-free survival at 9 mo, 12 mo and 15 mo. OS: Overall survival; PFS: Progression-free
survival.

It is worth noting that there are some limitations to our research. First of all, this is a retrospective study, and selection
errors are inevitable. Secondly, only 160 cases were included in this study, and multicenter, larger sample studies are
needed in the future to verify our conclusions.

CONCLUSION

In this study, the CAR was found to be a potential predictor of short- and long-term prognosis in patients with HCC
treated with PD-1 inhibitors. The nomogram based on CAR achieved individualized prediction for patients.
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Figure 5 Decision curve analysis of overall survival and progression-free survival nomograms. A: Decision curve analysis (DCA) of overall
survival at 12, 18, and 24 mo; B: DCA of progression-free survival at 9, 12, and 15 mo.
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Figure 6 The X-tile software is used to determine the cut-off value of the risk score. A: The cut-off value of the overall survival nomogram risk score;
B: The cut-off value of the progression-free survival nomogram risk score.
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Figure 7 Kaplan-Meier curves for risk classification system based on nomogram. A: Risk classification system of overall survival nomogram; B: Risk
classification system of progression-free survival nomogram.

ARTICLE HIGHLIGHTS

Research background

Over the years, programmed cell death-1 (PD-1) inhibitors have been routinely used for hepatocellular carcinoma (HCC)
treatment and yielded improved survival outcomes. Nonetheless, significant heterogeneity surrounds the outcomes of
most studies. Therefore, it is critical to find biomarkers that predict the efficacy of PD-1 inhibitors in patients with HCC.
This may also help in meaningful and cost-effective use of this very costly therapy.

Research motivation
The role of the C-reactive protein to albumin ratio (CAR), whose prognostic value was suggested for various other
malignancies had not yet been in HCC patients treated with PD-1 inhibitors has not been evaluated.
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Research objectives
This study aimed to investigate the performance of the CAR in assessing the efficacy of patients receiving PD-1 inhibitors
for HCC.

Research methods
The clinical data of 160 patients with HCC treated with PD-1 inhibitors from January 2018 to November 2022 at the First
Affiliated Hospital of Guangxi Medical University were retrospectively analyzed.

Research results

Our study confirmed that Eastern Cooperative Oncology Group performance status, CAR and tumor number were
independent prognostic factors for overall survival, while CAR, tumor number and neutrophil-to-lymphocyte ratio were
independent prognostic factors for progression-free survival. Nomogram based on CAR can well evaluate the risk level of
patients with liver cancer treated with PD-1 inhibitors.

Research conclusions
In this study, the CAR was found to be a potential predictor of short- and long-term prognosis in patients with HCC
treated with PD-1 inhibitors. The CAR-based construct of nomogram achieved individualized prediction for patients.

Research perspectives
Further multi-center, large-sample clinical and randomized controlled studies are still needed to help identify additional
risk factors for HCC in patients treated with PD-1 inhibitors.
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