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Purpose: In recent years, a new therapeutic approach, known as immune checkpoint blockade (ICB), has been proposed as approach
to improve outcomes in patients with intermediate stage (Barcelona Clinic Liver Cancer, BCLC B) or advanced stage (BCLC C)
hepatocellular carcinoma (HCC). Unfortunately, only a select patients can benefit from ICB. Hence, biomarkers that can predict the
success and survival of treatment are still necessary.

Patients and Methods: Between 2018 to 2021, 132 patients received ICB treatment for intermediate or advanced stage HCC. Based
on the early kinetics of C-reactive protein (CRP), the patients were classified into three groups. The study endpoints were progression-
free survival (PFS) and overall survival (OS).

Results: Our findings support the predictive power of early CRP kinetics in determining immunotherapy response for intermediate or
advanced HCC. Objective response rates (ORR) were found in 41.2% of CRP flare-responders, 13.3% of CRP responders, and 3.5% of
CRP non-responders (p<0.001). Disease control rates (DCR) in the three groups were substantially different (p<0.001). The improved
PFS and OS were strongly correlated with the early kinetics of CRP. Compared to CRP non-responders, CRP responders, especially
CRP flare-responders, had significantly longer PFS (median PFS: CRP flare-responders: 11.6 months vs CRP responders: 5.2 months
vs CRP non-responders: 2.3 months, p<0.001).

Conclusion: The CRP flare response robustly predicts the immunotherapy response and outcomes in patients with HCC. Early CRP
kinetics may be an inexpensive, easily implemented and non-invasive biomarker to anticipate response to ICB therapy in intermediate
or advanced HCC, with the potential to optimize treatment monitoring.

Keywords: hepatocellular carcinoma, C-reactive protein kinetics, CRP flare response, immune checkpoint blockade, biomarker,

immunotherapy

Introduction

According to 2020 data, primary liver cancer was the sixth most common type of malignancy and the third leading
cancer-related death globally.1 Hepatocellular carcinoma (HCC) is the predominant type of primary liver cancer,
accounting for 85-90% of cases.' Due to the asymptomatic nature of the progression of HCC, those identified in
intermediate or advanced stages cannot benefit from radical treatments.” The outlook for treatment with HCC has
changed rapidly in recent years. Systematic therapy based on antiangiogenic targeted drugs, immune checkpoint
inhibitors, and other drugs has become the preferred treatment mode for patients with advanced HCC and patients
with intermediate HCC who are not suitable for local treatment. Atezolizumab-bevacizumab and sindilimab-
bevacizumab analogues have been approved in China for the first-line treatment of unresectable or metastatic HCC
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and in patients who have not previously received systemic antitumor therapy.>> Although ICB can be beneficial for some
patients, not all experience clinical responses and immune-related adverse events (irAEs) can be serious or even fatal.®’
For this reason, it is highly beneficial to pinpoint biomarkers that can predict patient response to ICB.

Studies have increasingly demonstrated that a systemic inflammatory response correlates with a worse outcome for
individuals with HCC.#'* C-reactive protein (CRP) is a reliable indicator of systemic inflammation and is an acute phase
marker used to measure inflammation in the body."" Worse clinical prognosis has been associated with higher baseline levels of
CRP before the start of oncologic therapy in many malignancies, probably caused by invasive and progressive tumor-induced
chronic inflammation.'*'® Unlike adverse prognostic consequences, longitudinal CRP variations after systemic targeted and
immune checkpoint therapies have demonstrated therapeutic successes in various cancer entities.'” ' Fukuda et al illustrated the
phenomenon of the “flare response”, defined as an initial increase in CRP after the initiation of ICB with a subsequent fall below
baseline, which was linked to a considerable decrease in tumor size and a more favorable prognosis.”* The cost-effectiveness and
practicality of evaluating early CRP kinetics makes it a suitable biomarker for anticipating response to immunotherapy. However,
the effects of early CRP kinetics on ICB treatment in patients with HCC have not yet been fully confirmed. The purpose of this
investigation was to determine whether early CRP kinetics, including the appearance of an early spike in CRP after starting

therapy, could predict the effectiveness of ICB in patients with intermediate or advanced HCC.

Materials and Methods

Patients and Ethical Statement
The medical records of patients diagnosed with intermediate or advanced HCC and treated with ICB at Nanfang Hospital
of Southern Medical University between July 2018 and December 2021 were examined in a retrospective manner. For ICB,
pembrolizumab or nivolumab, and sintilimab, tislelizumab, camrelizumab, atezolizumab, or toripalimab were allowed, and
200 mg (atezolizumab: 1200mg, toripalimab: 240 mg), per three weeks, was administered intravenously. The choice of the
type of ICB and duration of treatment was a joint decision between physicians and patients in real-world practice. This
included information on medical history, lab results, radiological findings, and treatment regimens both prior to and
following ICB. All follow-ups occurred between the beginning of ICB and August 20, 2022.

This retrospective study was conducted in accordance with the International Conference on Good Clinical Practice
Standards and the ethical guidelines of the Declaration of Helsinki. Documentation of approval was acquired from
Nanfang Hospital of Southern Medical University (NFEC-2018-070).

Definition of Early CRP Kinetics

Patients were divided into groups based on how Fukuda et al defined CRP rates. Patients had to have their CRP levels
taken at least once during the initial six weeks of ICB treatment as a baseline (based on the most recent CRP level from
ICB therapy). Those classified as “CRP flare-responders” had CRP levels that increased to at least double the baseline
within the first month of ICB, and then dropped back below the baseline within three months. Those whose baseline CRP
levels decreased by 30% or more in the initial three months of treatment and did not double from the baseline in the first
month were categorized as “CRP responders”, while the rest were labeled as “CRP non-responders”.

Eligibility Criteria and Data Collection

The inclusion criteria were [1] age > 18 years; [2] unresectable HCC that was categorized as Barcelona Clinic Liver
Cancer (BCLC) stage B or C; [3] well-maintained liver function of Child-Pugh class A or B; [4] Eastern Cooperative
Oncology Group (ECOQG) performance status of 0-2; [5] had at least one measurable lesion as defined by the Response
Evaluation Criteria in Solid Tumors (RECIST) v1.1; and [6] had an overall survival of more than three months. The
exclusion criteria were [1] secondary liver cancer; [2] had a history of other malignant tumors; [3] had contraindications
for immunotherapy; [4] Combined present infection that causes acute increase in CRP in patients; [5] had a history of

physical organ transplantation or bone marrow suppression; and [6] patients who were lost to follow-up.
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Gender, age, BCLC stage, liver function class, ECOG PS score, tumor size, CRP level (mg/L), a-fetoprotein (AFP)
level (ng/L), neutrophil-lymphocyte ratio (NLR), prior treatment and regimen in conjunction with ICB were among the
demographic and clinical characteristics.

Baseline CRP levels (up to six weeks prior to ICB therapy), at least one additional CRP measurement at first staging
or clinical progression, and at least one additional CRP measurement during the first and third months of treatment are
recommended. RECIST v1.1 recommends using enhanced computed tomography (CT) and/or multiparametric magnetic
resonance imaging (MRI) scans to evaluate radiation response at baseline, four to six weeks after the start of treatment,
and roughly two to three months at each subsequent interval.

Statistical Analysis

Response and progression to ICB treatment, as well as death from any reason, were considered according to RECIST
vl.1 criteria. The time from the commencement of therapy to the first disease progression or death from any cause is
known as progression-free survival (PFS). Overall survival (OS) is the period of time from the start of treatment until
mortality, the follow-up cut-off date, or the date of loss of follow-up. Using multivariate Kaplan-Meier survival analysis
with Log rank test, the PFS and OS after the start of the ICB were calculated. The predictive significance of early CRP
kinetics was assessed using univariate and multivariate Cox regression analyses of PFS and OS. Variables were
incorporated into multivariate Cox regression models only when the survival impact in univariate analysis was
significant. SPSS25.0 and STATA12.0 were used to conduct the statistical studies. Categorical variables are reported
as median, frequency, and range. The Kruskal-Wallis test, Pearson’s chi-squared test, and Fisher’s exact test were used to
compare groups. P values < 0.05 were regarded as significant in all two-sided analyses.

Results

Patient Characteristics

A total of 132 patients with intermediate to advanced HCC received ICB treatment at the Liver Oncology ward of the Southern
Hospital during the study period. Of these, 108 patients aged <60 years were enrolled, with 120 (90.9%) males and 12 (9.1%)
females. Before starting ICB, 87 patients (65.9%) had undergone various antitumor treatments, including radical treatment
(surgical excision and ablation), local treatment (transhepatic artery chemoembolization [TACE] and liver artery infusion
chemotherapy [HAIC]), and targeted therapy. A total of 123 (93.2%) patients began other treatment regimens in combination
with ICB, of which 4 (3.0%) patients received ICB in combination with TACE/HAIC, 67 (50.8%) patients received ICB in
combination with targeted therapy, and 52 (39.4%) patients received ICB in combination with TACE/HAIC and targeted
therapy. The baseline clinical parameters did not show significant differences (Table 1), with the exception of baseline CRP,
which was higher in CRP responders than in CRP flare-responders or CRP non-responders (Figure 1; p<0.001).

Response and Outcomes by Early CRP Kinetics

Early CRP kinetics were associated with better radiographic outcomes (Table 2). Of the total 132 patients, 29 (22.0%)
were CRP flare-responders, 45 (34.1%) were CRP responders, and 58 (43.9%) were non-responders to CRP. Those who
experienced a CRP flare had an objective response (OR; partial remission (PR)/complete remission (CR)) rate of 41.4%,
while 13.3% of CRP responders and 3.5% of CRP non-responders achieved an OR (Figure 2a) (p<0.001). None of the
patients in the CRP non-responder group achieved CR, and CR rates were 1/45 (2.2%) vs 3/29 (10.3%) for the CRP
responder and CRP flare-responders, respectively. Disease control rates (DCR) were 79.3%, 68.9%, and 48.3% for CRP
flare-responders, CRP responders, and CRP non-responders, respectively (Figure 2b; p<0.001).

Survival Analysis by Early CRP Kinetics

After the initiation of ICB, the median PFS was 11.6 months (95% confidence interval (CI) 7.5-15.7 months) for CRP flare-
responders, 5.2 months (95% CI 2.3—8.1 months) for CRP responders and 2.3 months (95% CI 1.1-3.6 months) for CRP non-
responders, with significant differences between groups (Figure 3a; p<0.001; Table 2). The Kaplan-Meier curve analysis of
OS was comparable to that of PFS. The median OS for the three groups of CRP flare-responders, CRP responders, and CRP
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Table | Comparison of Baseline Parameters Between CRP Flare-Responders, CRP Responders and CRP Non-

Responders

Characteristic Overall Flare-Responder | Responder | Non-Responder | p value
N=132 N=29 N=45 N=58

Gender 0.816

male 120 (90.9%) 27 (93.1%) 40 (88.9%) 53 (91.4%)

female 12 (9.1%) 2 (6.9%) 5(11.1%) 5 (8.6%)

Age (year) 0.158

<60 108 (81.8%) 27 (93.1%) 34 (75.6%) 47 (81.0%)

>60 24 (18.2%) 2 (6.9%) Il (24.4%) Il (19.0%)

BCLC stage 0.485

B 35 (26.5%) 10 (34.5%) 12 (26.7%) 13 (22.4%)

C 97 (73.5%) 19 (65.5%) 33 (73.3%) 45 (77.6%)

Child-Pugh grade 0.833

A 112 (84.9%) 25 (86.2%) 37 (82.2%) 50 (86.2%)

B 20 (15.1%) 4 (13.8%) 8 (17.8%) 8 (13.8%)

ECOG PS 0.472

0 113 (85.6%) 24 (82.8%) 33 (73.3%) 41 (70.7%)

2| 19 (14.4%) 5 (17.2%) 12 (26.7%) 17 (29.3%)

Tumor size (cm) 0.167

<5 39 (29.5%) 5 (17.2%) 17 (37.8%) 17 (29.3%)

>5 93 (70.5%) 24 (82.8%) 28 (62.2%) 41 (70.7%)

Prior treatment, Ablation 0.183

YES 33 (25.0%) 5 (17.2%) 9 (20.0%) 19 (32.8%)

NO 99 (75.0%) 24 (82.8%) 36 (80.0%) 39 (67.2%)

Prior treatment, Surgery 0.536

YES 15 (11.4%) 3 (10.3%) 7 (15.6%) 5 (8.6%)

NO 117 (88.6%) 26 (89.7%) 38 (84.4%) 53 (91.4%)

Prior treatment, TACE/HAIC 0.819

YES 75 (56.8%) 15 (51.7%) 26 (57.8%) 34 (58.6%)

NO 57 (43.2%) 14 (48.3%) 19 (42.2%) 24 (41.4%)

Prior treatment, Target therapy 0.612

YES 49 (37.1%) 9 (31.0%) 19 (42.2%) 21 (36.2%)

NO 83 (62.9%) 20 (69.0%) 26 (57.8%) 37 (63.8%)

Combined treatment, TACE/HAIC 0.100

YES 56 (42.4%) 17 (89.5%) 19 (42.2%) 20 (34.5%)

NO 76 (57.6%) 12 (10.5%) 26 (57.8%) 38 (65.5%)

Combined treatment, Target therapy 0.721

YES 119 (90.2%) 25 (86.2%) 41 (91.1%) 53 (91.4%)

NO 13 (9.8%) 4 (13.8%) 4 (8.9%) 5 (8.6%)

AFP level (ng/L) 0916

<400 62 (47.0%) 14 (48.3%) 20 (44.4%) 28 (48.3%)

>400 70 (53.0%) 15 (51.7%) 25 (65.6%) 30 (51.7%)

NLR 0.160

<3 62 (47.0%) 16 (55.2%) 16 (35.6%) 30 (51.7%)

>3 70 (53.0%) 13 (44.8%) 29 (64.4%) 28 (48.3%)

CRP level (mg/dL) <0.001

<5 38 (28.8%) 9 (31.0%) 3 (6.7%) 26 (44.8%)

>5 94 (71.2%) 20 (69.0%) 42 (93.3%) 32 (55.2%)

Abbreviations: BCLC stage, Barcelona Clinic Liver Cancer stage; ECOG PS, Eastern Cooperative Oncology Group performance status; TACE,
transcatheter arterial chemoembolization; HAIC, hepatic arterial infusion of chemotherapy; AFP, a-fetoprotein; NLR, Neutrophil-lymphocyte ratio;
CRP, C-reactive protein.
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Figure | Distribution of baseline CRP across different CRP kinetics groups.

non-responders was not reached vs 20.6 months (95% CI: 15.5-25.7 months) vs 10.0 months (95% CI: 3.1-16.9 months)
(Figure 3b; p<0.001; Table 2). Thus, early CRP kinetics appeared to be a significant and independent indicator of the tumor
reaction to ICB, leading to a remarkable improvement in PFS and OS after the initiation of immunotherapy.

Table 2 Efficacy According to Different Early CRP Kinetics

Flare-Responder Responder Non-Responder p value
N=29 N=45 N=58
Overall survival
Median (95% Cl), months - 20.6 (15.5-25.7) 10.0 (3.1-16.9) <0.001
Progression-free survival
Median (95% Cl), months 11.6 (7.5-15.7) 5.2 (2.3-8.1) 23 (1.1-3.6) <0.001
Best radiological response
CR 3 (10.3%) 1(2.2%) 0 (0.0%)
PR 9 (31.1%) 5(11.1%) 2 (3.5%)
PD 6 (20.7%) 14 (31.1%) 30 (51.7%)
SD Il (37.9%) 25 (55.6%) 26 (44.8%)
ORR (CR+PR) 12 (41.4%) 6(13.3%) 2 (3.5%) <0.001
DCR (CR+PR+SD) 23 (79.3%) 31 (68.9%) 28 (48.3%) <0.001

Abbreviations: Cl, confidence interval; CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease; ORR,
objective response rate; DCR, disease control rate.

Journal of Hepatocellular Carcinoma 2023:10 hetps: 2013

Dove:


https://www.dovepress.com
https://www.dovepress.com

Qin et al Dove

(a) Chi-Square p <0.001 (ORR) (b) Chi-Square p <0.001 (DCR)
100~ — 100+
] . @» PR+CR @ CR+PR+SD
£ 804 801
2 SD £ @8 PD
. =)
- 60-
5 60 Em PD =
& 8o
g’ 404 & 40
i 204 E 20-
0- 0-
X S X
e&z eobe o°& o&‘ obé obé
&S S
¢ & & & &
& &S & &
& © & 9

Figure 2 Distribution of response at first staging according to RECIST vI.| among the different CRP kinetics groups. P value based on Chi-square test for ORR (a) and DCR (b).
Abbreviations: PR, partial remission; CR, complete remission; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate.

Cox Regression Analysis

The results of the univariate and multivariate Cox regression analysis are presented in Table 3 and Table 4. Early CRP
kinetics and baseline AFP levels were identified as prognostic variables for PFS in patients with HCC based the
univariate Cox proportional model. In the multivariate Cox regression model, the effects of early CRP kinetics and
baseline AFP levels were still significant, indicating these as significant prognostic factors for PFS. CRP responders had
a 37% lower multivariate corrected risk of tumor progression than CRP non-responders (hazard ratio (HR)=0.63, 95% CI
0.41-0.95, p=0.03), and CRP flare-responders had a 74% reduced risk compared with CRP non-responders (HR=0.26,
95% CI 0.15-0.46, p<0.001) (Table 3). None of the other clinically relevant factors under investigation had any
predictive value for PFS. Baseline AFP levels and early CRP kinetics were linked to OS in the univariate analysis,
and in the multifactorial analysis, these remained independent prognostic factors for OS, with CRP non-responders
having significantly lower OS than CRP responders (p=0.03) and CRP flare-responders (p<0.001) (Table 4).

Discussion

The introduction of ICB has caused a dramatic change in the treatment environment for patients with advanced HCC, yet
the survival outcomes of those with the same subtype can vary greatly due to the molecular heterogeneity of advanced
HCC.?*** It is crucial to identify predictors of response to ICB among patients with advanced HCC.

To date, AFP levels have been proposed for the regular screening, diagnosis, and classification of the prognosis of
liver cancer.”>° Ma et al proposed that serum high-sensitivity CRP (hs-CRP) may have the potential to be used as an
effective diagnostic tool to supplement AFP for the diagnosis of HCC and to improve the identification of AFP negative
HCC in patients with HBV-associated cirrhosis.?’ Previous practice has suggested that the CRP level was a powerful
indicator of the prognostic the outcome of ICB treatment in a variety of types of cancer. Higher levels of CRP are
positively associated with worse OS and PFS,** ! but the shift and early variation in systematic inflammation following
therapeutic intervention has largely gone unnoticed. Recently, Fukuda et al proposed the use of early CRP kinetics to
predict response to therapy and survival in patients with metastatic renal cell carcinoma (MRCC) receiving nivolumab
immunotherapy.”? However, its predictive importance in patients with HCC who received ICB therapy is yet unknown.
In the present study, we demonstrated that early CRP dynamics profoundly affects the ICB response in patients with
HCC. A better tumor response and a longer PFS were substantially correlated with the CRP flare response. Most (80%)
of the CRP flare-responders had disease control during the follow-up period. Both baseline AFP levels and early CRP
kinetics have a prognostic value in the multivariate Cox regression analysis in this study. Therefore, early CRP kinetics
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Figure 3 Kaplan-Meier survival curves showing the progression-free survival (PFS) (a) and overall survival (OS) (b) after ICB initiation stratified according to CRP kinetics groups.

may be a useful and efficient approach to classifying patients with HCC and improving the response rate to ICB. Early
CRP kinetics have the potential to act a biomarker that guides treatment decisions for HCC similar to that of AFP.

In our cohort, CRP flare-responders had lower baseline CRP levels. One possible explanation for this phenomenon is
that baseline CRP levels, which differ significantly between CRP-responsive groups, may represent the initial immuno-
genicity or the tumor microenvironment of patients with HCC. The liver, as an immune-exempt organ, is the home of
numerous macrophages.*> Macrophages, triggered by cytokines from the tumor microenvironment, can transform into
different types of tumor-associated macrophages (TAMs), primarily M1 and M2. The former generates anti-tumor
substances such as tumor necrosis factor alpha (TNF-a) and triggers anti-tumor immune responses. In contrast, M2
macrophages are associated with pro-tumorigenic and anti-inflammatory effects.>* > During the initial stages of tumor
growth, M1 TAMs are the primary types present, while M2 TAMs become more prevalent in the middle and later stages.
As tumor progresses, M1 TAMs switch to M2 TAMs, and an increase in the number of M2 TAMs is associated with
a worse prognosis and unsuccessful treatment outcomes in patients with cancer.>®*>® It has been observed that several
effector chemokines and cytokines are involved in the tumor microenvironment, which is known to promote tumor
development and invasiveness.>* *! When inflammation or tissue damage occurs, cytokines such as interleukin, TNF, and

interferon are released, leading to the production of CRP by the liver. Nakayama et al demonstrated that an increase in
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Table 3 Univariable and Multivariable Cox Regression Analyses of Risk Factors for
Progression-Free Survival

Univariable p value Multivariable p value
HR (95% CI) HR (95% CI)
Gender
Male -
Female 1.46 (0.80-2.67) 0.22
Age, y
<60 -
>60 1.12 (0.69-1.80) 0.65
Child-Pugh grade
A _
B 1.05 (0.62—1.78) 0.87
BCLC stage
B —
C 1.17 (0.77-1.78) 0.46
ECOG PS
0 —
2| 1.06 (0.68—1.64) 0.80
Tumor size (cm)
<5 -
>5 1.10 (0.74-1.64) 0.64
CRP level
<5 mg/dl -
>5 mg/dl 1.30 (0.86—1.94) 0.21
AFP level
<400 ng/mL - -
>400 ng/mL 1.51 (1.04-2.20) 0.03 1.64 (1.12-2.39) 0.01
NLR
<3 -
23 1.07 (0.74-1.55) 0.72
Early CRP kinetics
Non-responder - -
Responder 0.62 (0.41-0.94) 0.02 0.63 (0.41-0.95) 0.03
Flare-responder 0.28 (0.16-0.48) <0.001 0.26 (0.15-0.46) <0.001
Abbreviations: BCLC stage, Barcelona Clinic Liver Cancer stage; ECOG PS, Eastern Cooperative Oncology
Group performance status; CRP, C-reactive protein; AFP, a-fetoprotein; NLR, Neutrophil-lymphocyte ratio; HR,
hazard ratio; Cl, confidence interval.
Table 4 Univariable and Multivariable Cox Regression Analyses of Risk Factors for Overall
Survival
Univariable p value Multivariable p value
HR (95% CI) HR (95% CI)
Gender
Male -
Female 1.54 (0.66-3.62) 0.32
Age, y
<60 -
>60 1.27 (0.64-2.51) 0.50
Child-Pugh grade
A -
B 1.23 (0.61-2.51) 0.56
(Continued)
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Table 4 (Continued).

Univariable p value Multivariable p value
HR (95% CI) HR (95% CI)

BCLC stage

B _

C 1.16 (0.62-2.15) 0.65

ECOG PS

0 _

>| 1.24 (0.70-2.21) 0.46

Tumor size (cm)

<5 -

>5 1.08 (0.62—1.90) 0.78

CRP level

<5 mg/d| -

>5 mg/d| 1.40 (0.80-2.44) 0.23

AFP level

<400 ng/mL - -

>400 ng/mL 1.71 (1.00-2.91) 0.04 1.71 (1.00-2.91) 0.04

NLR

<3 —

23 1.30 (0.77-2.17) 0.32

Early CRP kinetics

Non-responder - -

Responder 0.57 (0.33-0.97) 0.04 0.55 (0.32-0.94) 0.03

Flare-responder 0.12 (0.04-0.34) <0.001 0.12 (0.04-0.33) <0.001

Abbreviations: BCLC stage, Barcelona Clinic Liver Cancer stage; ECOG PS, Eastern Cooperative Oncology Group performance
status; CRP, C-reactive protein; AFP, a-fetoprotein; NLR, Neutrophil-lymphocyte ratio; HR, hazard ratio; Cl, confidence interval.

CRP levels is associated with an immunosuppressive microenvironment populated by regulatory T cells and M2
macrophages.*> Nonetheless, the immunological basis of HCC that could explain the observed early CRP kinetics
remains to be clarified. To better understand the heterogeneity of the ICB response and to improve patient categorization
and prediction of treatment responses, additional research is needed to explore potential distinctions between initial CRP,
different kinetics of CRP after immunotherapy, and the composition of the tumor microenvironment.

CRP is an acute-phase protein that rapidly activated and is a nonspecific indicator of inflammation caused by both
acute and chronic inflammation, as well as by unknown trauma. Correct discrimination between ICB-mediated antitumor
immune responses, infections, and autoimmune adverse effects that cause CRP elevations is important. To avoid
interference from external variables, CRP levels should be tested when the disease is stable. Furthermore, it is essential
to examine whether a combination of CRP and other markers, such as serum amyloid A and procalcitonin, can
differentiate between the response to ICB-associated treatment and systemic infection.

Our study had some major limitations. First, we recognize that this was a retrospective analysis and had a relatively
short follow-up period, particularly for the meaningful endpoint of OS. Additionally, this was a single-center study, and
its conclusion may not be as convincing as that of a multi-center study. Third, due to the retrospective nature of our
analysis, there were unavoidable selection biases and confounders.

In conclusion, we conducted an in-depth analysis of early CRP kinetics in a cohort of patients with HCC who
received ICB. The ICB reaction is predicted by the CRP flare response, which translates into favorable outcomes (PFS,
0OS, DCR, ORR). Evaluation of CRP kinetics is a promising prospective therapeutic biomarker that is inexpensive,
simple to use, and may be more feasible than the programmed death ligand PD-1 (PD-L1) expression assay. Thus,
additional prospective studies are needed to confirm the application of early CRP kinetics as a prognostic biomarker and
to further explore its potential for dynamic therapeutic stratification of patients with HCC receiving ICB therapy.
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Conclusion

The CRP flare response robustly predicts the immunotherapy response and outcomes in patients with HCC. Early CRP
kinetics may be an inexpensive, easily implemented and non-invasive biomarker to anticipate response to ICB therapy in
intermediate or advanced HCC, with the potential to optimize treatment monitoring.
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