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ABSTRACT

Aim: This study aimed to evaluate the therapeutic efficacy and prognostic significance of C-reactive protein (CRP) in patients
with advanced hepatocellular carcinoma (HCC) receiving durvalumab and tremelimumab (Dur/Tre).

Methods: A total of 167 patients treated with Dur/Tre between March 2023 and March 2024 in Japanese hospitals were included
in this retrospective multicentre study. Patients were divided into two groups based on pre-treatment serum CRP levels: the low-
CRP group (< 1mg/dL, n=106) and the high-CRP group (>1mg/dL, n=61).

Results: The median age of the cohort was 74.0years (interquartile range, 67.5-79.5), and 139 patients (83.2%) were male. The
median progression-free survival (PFS) was 3.6 months (95% CI: 2.6-5.4) in the low-CRP group and 2.4 months (95% CI: 1.9-4.1)
in the high-CRP group, with statistical significance (p=0.02). The median overall survival (OS) was not reached in the low-
CRP group, with a 1-year survival rate of 64.7% (95% CI: 49.0-76.7), while it was 7.9 months (95% CI: 5.8-11.8) in the high-CRP
group. The low-CRP group demonstrated significantly better survival outcomes compared to the high-CRP group (p <0.001).
Multivariate analysis identified serum CRP level as an independent predictive factor for both PFS and OS (p=0.04 and <0.001,
respectively). No significant differences in immune-related adverse events were observed between the two groups.
Conclusions: Serum CRP may serve as a prognostic biomarker in HCC patients receiving Dur/Tre, with a potential association
with treatment efficacy.
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Summary

« Durvalumab and tremelimumab (Dur/Tre) are rec-
ommended as a first-line treatment for unresectable
hepatocellular carcinoma (HCC).

 Serum C-reactive protein (CRP), a non-specific marker
of inflammation, may serve as a prognostic biomarker
in HCC patients receiving Dur/Tre, with a potential
association with treatment efficacy.

1 | Introduction

Owing to remarkable advancements in systemic therapy for
advanced hepatocellular carcinoma (HCC), effective sys-
temic treatments are now widely available in clinical practice.
IMbravel50 [1] demonstrated that the combination of atezoli-
zumab and bevacizumab (Atez/Bev), combination therapy
with a programmed death ligand 1 (PD-L1) inhibitor and an
anti-vascular endothelial growth factor inhibitor, is superior to
sorafenib in terms of progression-free survival (PFS) and overall
survival (OS). HIMALAYA trial [2] reported that the combina-
tion of durvalumab and tremelimumab (Dur/Tre), PD-L1 inhib-
itor plus an anti-cytotoxic T lymphocyte-associated antigen 4
agent, showed better survival compared to sorafenib. BCLC and
ASCO guidelines [3, 4] recommended both Dur/Tre and Atez/
Bev as first-line treatments for advanced HCC.

C-reactive protein (CRP) is an acute-phase protein primarily pro-
duced in the liver [5]. It is stimulated by cytokines such as inter-
leukin (IL)-1 and IL-6 and subsequently released into systemic
circulation [5]. Previous studies reported CRP is an unfavourable
prognostic factor in HCC patients undergoing systemic thera-
pies, such as sorafenib [6], lenvatinib [7, 8] and Atez/Bev [9, 10].
However, the role of CRP in HCC patients treated with Dur/Tre
remains unclear. Furthermore, only a few studies have investi-
gated predictive factors for the efficacy of Dur/Tre treatment. This
study aims to evaluate the therapeutic efficacy and prognostic sig-
nificance of serum CRP levels in HCC patients receiving Dur/Tre.

2 | Methods
2.1 | Patients

In this retrospective study, 197 patients received Dur/Tre treat-
ment from March 2023 to 2024 in our affiliated hospitals. Among
these patients, we excluded the patients with BCLC stage 0, A and
D (n=16), those with Child-Pugh score > 8 liver function (n =10)
and those without available serum CRP levels (n =4). Accordingly,
we included 167 patients in this study. The patient selection process
is outlined in Figure S1. HCC was diagnosed based on patholog-
ical findings or typical clinical features according to the AASLD
guidelines [11], characterised by enhancement during the arterial
phase and washout during the portal venous or delayed phases
on dynamic computed tomography (CT) or magnetic resonance
imaging (MRI). We reviewed medical records and collected the
clinical data including clinical course, underlying liver disease,
laboratory data and radiological findings. We assessed tumour
stage according to BCLC staging system [3], which incorporates

performance status (PS), liver function and tumour spread. Liver
function prior to Dur/Tre treatment was evaluated using the
Child-Pugh classification. Additionally, ALBI scores were cal-
culated according to a previous study [12] and liver function was
further assessed using the mALBI grade [13].

2.2 | Dur/Tre Treatments

Before initiating Dur/Tre treatment, the presence of autoim-
mune diseases was evaluated to minimise the risk of immune-
related adverse events (AEs). Patients were then intravenously
administered a single dose of 300 mg of tremelimumab, followed
by 1500mg of durvalumab every 4weeks until disease progres-
sion and/or the occurrence of unacceptable AEs. To facilitate
early detection of AEs, patients visited the outpatient clinic every
1-4weeks. CT and/or MRI were performed every 6-12weeks to
evaluate disease progression. Tumour response was assessed
using the Response Evaluation Criteria in Solid Tumours, ver-
sion 1.1 (RECIST ver. 1.1) [14]. PFS was defined as the time from
initiation of Dur/Tre treatment to disease progression or death,
whichever occurred first. OS was defined as the time from the
start of Dur/Tre treatment to death.

2.3 | Statistical Analyses

Numerical variables were presented as medians with interquar-
tile ranges (IQR), while categorical variables were reported as
numbers with percentages. Comparisons were performed using
the Mann-Whitney U test for continuous variables and either the
chi-squared test or Fisher's exact test for categorical variables,
as appropriate. The CRP cut-off value was determined based on
previous studies [9, 10]. Survival curves were generated using
the Kaplan-Meier method and compared using the log-rank
test. Cox proportional hazards regression models were applied to
identify predictive factors. The following factors were included
in the multivariate analysis for PFS: age, gender, treatment set-
ting (first- vs. later-line), BCLC stage (B vs. C), mALBI grade (1
or 2a vs. 2b), serum a-fetoprotein (AFP) level (>100 vs. <100ng/
mL), serum des-gamma-carboxy prothrombin (DCP) level (>100
vs. <100mAU/mL) and CRP group (low vs. high CRP). For the
multivariate analysis of OS, to avoid overfitting and ensure re-
producibility and generalizability, the number of explanatory
variables included in each model was limited to 5, given the 52
death events observed during the follow-up period in the present
study. Two models were constructed: Model 1 included age, gen-
der, treatment setting (first- vs. later-line), BCLC stage (B vs. C)
and CRP group (low vs. high CRP); Model 2 included age, gender,
treatment setting (first- vs. later-line), mALBI grade (1 or 2a vs.
2b) and CRP group (low vs. high CRP). All statistical analyses
were conducted using EZR Ver. 1.67 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan) [15].

3 | Results
3.1 | Patient Characteristics

The median age of the entire cohort was 74.0 (IQR 67.5-79.5)
years old and 139 patients (83.2%) were male. PS was 127 (76.0%),
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32 (19.2%) and 8 patients (4.8%) in 0, 1 and 2, respectively. The
underlying liver disease was chronic hepatitis C virus (HCV;
n=>52, 31.1%), hepatitis B virus (HBV; n=31, 18.6%), HBV and
HCV (n=3, 1.8%), significant alcohol consumption (n=35,

TABLE1 | Patient characteristics.

21.0%) and other causes (n=46, 27.5%). Thus, liver disease due
to viral infection accounted for 86 (51.5%) patients. According
to the BCLC staging system, 52 (31.1%) and 115 patients (68.9%)
were classified as BCLC intermediate and advanced stages,

The low-CRP The high-CRP
Factors Overall (n=167) group (n=106) group (n=61) P
Age (years) 74.0 [67.5, 79.5] 75.0 [69.0, 80.0] 72.0 [62.0, 79.0] 0.09
Gender, n (%) Male 139 (83.2) 84 (79.2) 55(90.2) 0.09
Performance status, n (%) 0 127 (76.0) 84 (79.2) 43 (70.5) 0.4
1 32(19.2) 18 (17.0) 14 (23.0)
2 8 (4.8) 4(3.8) 4(6.6)
Underlying liver diseases, HCV 52 (31.1) 41 (38.7) 11 (18.0) 0.02
n (%) HBV 31(18.6) 14 (13.2) 17 (27.9)
HCV plus HBV 3(1.8) 1(0.9) 2(3.3)
Alcohol 35 (21.0) 23(21.7) 12(19.7)
Others 46 (27.5) 27 (25.5) 19 (31.1)
Viral-related disease, n (%) 86 (51.5) 56 (52.8) 30(49.2) 0.7
BCLC stage, n (%) Intermediate 52(31.1) 40 (37.7) 12(19.7) 0.02
Advanced 115 (68.9) 66 (62.3) 49 (80.3)
Child-Pugh score, n (%) 5 78 (46.7) 59 (55.7) 19 (31.1) <0.001
6 68 (40.7) 41 (38.7) 27 (44.3)
7 21(12.6) 6 (5.7) 15 (24.6)
ALBI score —2.25[-2.56,-1.89]  —2.42[=2.65,-2.10] —2.01[-2.29, -1.74]  <0.001
mALBI grade, n (%) 1 37 (22.2) 31(29.2) 6(9.8) <0.001
2a 45 (26.9) 33(31.1) 12 (19.7)
2b 85 (50.9) 42 (39.6) 43 (70.5)
Treatment settings, n (%) First-line 58 (34.7) 39 (36.8) 19 (31.1) 0.5
Later-line 109 (65.3) 67 (63.2) 42 (68.9)
MVI, n (%) Presence 38(22.8) 17 (16.0) 21 (34.4) 0.01
EHS, n (%) Presence 74 (44.3) 46 (43.4) 28 (45.9) 0.9
AFP, n (%) >100ng/mL 70 (41.9) 43 (40.6) 27 (44.3) 0.7
DCP, n (%)? >100mAU/mL 129 (77.7) 77 (73.3) 52(85.2) 0.08
Serum level albumin g/dL 3.5[3.2,3.8] 3.6 [3.3,4.0] 3.2[3.0, 3.5] <0.001
Total bilirubin mg/dL 0.7 [0.5, 1.0] 0.6 [0.5, 1.0] 0.8 [0.6, 1.2] 0.06
CRP mg/dL 0.45[0.17, 1.92] 0.25[0.12, 0.42] 2.68 [1.60, 4.40] <0.001
Platelet count Xx103/uL 16.1 [11.3, 22.4] 15.4 [11.0, 20.0] 19.1 [12.5, 26.7] 0.002
FIB-4 index 3.28[2.03, 5.67] 3.43[2.39, 5.59] 3.17[1.75, 5.76] 0.5
FIB-4 index, n (%) >2.67 102 (61.1) 67 (63.2) 35(57.4) 0.5
Prothrombin time® % 98 [84, 111] 100 [88, 113] 91 [80, 110] 0.07

Note: There were missing data for 21 and, "1 patients, respectively.
Abbreviations: AFP, a-fetoprotein; ALBI score, albumin-bilirubin score; BCLC stage, Barcelona Clinic Liver Cancer stage; CRP, C-reactive protein; DCP, des-gamma-
carboxy prothrombin; EHS, extrahepatic spread; FIB-4, fibrosis-4 index; HBV, hepatitis B virus; HCV, hepatitis C virus; mALBI grade, modified albumin-bilirubin

grade; MVI, macroscopic vascular invasion.
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respectively. The median ALBI score was —2.25 (IQR —2.56 to
—1.89) and 37 (22.2%), 45 (26.9%) and 85 patients (50.9%) were
stratified into mALBI grades 1, 2a and 2b, respectively. Among
the cohort, 58 patients (34.7%) received Dur/Tre treatment as
first-line treatment, while 109 patients (65.3%) received it as
later-line treatment. The median CRP value was 0.45mg/dL
(IQR 0.17-1.92). A Fibrosis-4 index >2.67 was observed in 102
patients (61.1%).

Patients were divided into two groups based on serum CRP
levels: the low-CRP group (<1mg/dL, n=106) and high-CRP
group (>1mg/dL, n=61). The proportion of HCV-related HCC
was significantly higher in the low-CRP group than in the high-
CRP group (p=0.02). The percentage of BCLC stage B HCC pa-
tients was significantly higher in the low-CRP group compared
to the high-CRP group (37.7% vs. 19.7%, p=0.02). Regarding the
ALBI score and the mALBI grade, the low-CRP group had sig-
nificantly better liver function than the high-CRP group (both
p<0.001). Additionally, the frequency of macroscopic vascular
invasion was significantly lower in the low-CRP group than that
in the high-CRP group (p=0.01). The details of patient charac-
teristics were shown in Table 1.

3.2 | Treatment Outcomes

In the entire cohort, overall tumour response was assessed
as partial response (PR) in 26 patients (15.6%), stable disease
(SD) in 48 patients (28.7%), progressive disease (PD) in 80 pa-
tients (47.9%) and not evaluated (NE) in 13 patients (7.8%). No
patients achieved complete response during the observation
period. Accordingly, the overall response rate (ORR) and dis-
ease control rate (DCR) were 15.6% and 44.3%, respectively.
The ORR and DCR in the low-CRP group were 13.2% and
48.1%, while the ORR and DCR in the high-CRP group were
19.7% and 37.7%, respectively. No significant differences were
observed between the two groups (p=0.3 and p=0.2, respec-
tively). The results of overall tumour response were described
in Table 2.

The median PFS for the entire cohort was 3.2months (95%
confidence interval [CI] 2.5-4.2). During the observation
period, 125 PFS events were detected. The median OS was
11.9 months (95% CI 10.5-not applicable). A total of 52 patients
died, and the median observation period was 6.7 months (IQR
3.4-9.8). Kaplan-Meier curves for PFS and OS are shown in
Figure 1a,b.

The median PFS was 3.6 months (95% CI 2.6-5.4) in the low-
CRP group and 2.4 months (95% CI 1.9-4.1) in the high-CRP
group. The low-CRP group showed significantly better PFS
than the high-CRP group (p=0.02; Figure 2a). Multivariate
analysis showed that the high-CRP group (hazard ratio [HR]
1.50, 95% CI 1.02-2.21, p=0.04) and later-line treatment (HR
1.75, 95% CI 1.18-2.62, p=0.006) were significant unfavour-
able factors for PFS (Table 3). Adjusted PFS curves are pre-
sented in Figure S2a.

The median OS was not reached in the low-CRP group, with
a 1-year survival rate of 64.7% (95% CI 49.0-76.7). In contrast,
the median OS in the high-CRP group was 7.9 months (95% CI

TABLE 2 | Overall tumour response.

The
low-CRP  The high-
Overall group CRP group
Factors (n=167) (n=106) (n=61) P
Best response, n (%)
CR 0 (0.0) 0(0.0) 0(0.0) 0.1
PR 26 (15.6) 14 (13.2) 12(19.7)
SD 48 (28.7) 37 (34.9) 11 (18.0)
PD 80 (47.9) 48 (45.3) 32(52.5)
NE 13(7.8) 7(6.6) 6(9.8)
ORR (%) 15.6 13.2 19.7 0.3
DCR (%) 44.3 48.1 377 0.2

Abbreviations: CR, complete response; CRP, C-reactive protein; DCR, disease
control rate; NE, not evaluated; ORR, overall response rate; PD, progressive
disease; PR, partial response.

5.8-11.8). The low-CRP group showed significantly better sur-
vival compared to the high-CRP group (p<0.001; Figure 2b).
Based on 52 OS events, two prognostic models were constructed,
each involving 5 explanatory variables. The CRP group was
identified as a prognostic factor in multivariate analyses (HR
3.62, 95% CI 2.00-6.54, p<0.001 in model 1, HR 2.87, 95% CI
1.58-5.22, p<0.001 in model 2; Table 4). Adjusted OS curves are
provided in Figure S2b.

3.3 | Adverse Events

The most frequent immune-related AE was rash or pruritus
(n=25, 15.0%), followed by colitis or diarrhoea (n=20, 12.0%)
and liver injury (n=12, 7.2%). There were no statistically sig-
nificant differences in the frequency of any grade and grade >3
immune-related AEs, including liver injury, interstitial pneu-
monia, thyroid dysfunction, colitis or diarrhoea, rash or pruri-
tus and other imAEs between the two groups. Details of the AE
profiles are described in Table 5.

4 | Discussion

The main findings of the present study were that the low-CRP
group showed significantly better PFS and OS than the high-
CRP group (p=0.02 and <0.001, respectively). Multivariate
analysis identified the low-CRP group as a favourable predic-
tive factor for PFS and OS in advanced HCC patients receiving
Dur/Tre treatment (both p <0.001, respectively). No significant
differences in immune-related AEs were observed between the
two groups. Based on these present findings, serum CRP levels
appear to be a promising predictor of the efficacy of Dur/Tre
treatment in HCC patients.

Systemic inflammation within the tumour microenvironment is
recognised as a critical prognostic indicator in various cancers
[16]. Previous studies reported that CRP could predict clinical
outcomes in HCC patients undergoing various treatments such
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FIGURE2 | Progression-free survival (a) and overall survival (b) according to the low- and high-CRP groups. CRP, C-reactive protein.

as hepatic resection [17, 18], liver transplantation [19, 20] and
transarterial chemoembolization [21]. Regarding systemic ther-
apies, CRP alone or models incorporating CRP with other factors
have been shown to predict therapeutic efficacy and prognosis
in advanced HCC patients [6-8, 22, 23]. However, predictive bio-
markers for assessing the efficacy of Dur/Tre treatments remain
unclear. To our knowledge, this is the first study to demonstrate
that serum CRP levels may be a potential biomarker associated
with the efficacy of Dur/Tre treatment in patients with HCC.

Several mechanisms could potentially explain why the thera-
peutic efficacy of Dur/Tre is reduced in cases with elevated CRP

levels. A previous study reported that high IL-6 levels, which
primarily regulate CRP production, had reduced activation of
peripheral CD8+ T cells compared with patients with low IL-6
levels [24]. Moreover, excess IL-6 impaired cytokine production
and proliferation of CD8+ T cells [24], suggesting that high base-
line IL-6 levels may attenuate T-cell immunity. Another study
demonstrated that CRP itself suppresses the activation, prolifer-
ation and effector function of CD4+ and CD8+ T cells, disrupts
immune synapse formation and inhibits T-cell receptor signal-
ling [25]. Additionally, CRP promotes the expansion of myeloid-
derived suppressor cells and enhances their immunosuppressive
functions, including the suppression of T cell proliferation via
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TABLE 3 | Multivariate analyses associated with progression-free

survival.
Hazard ratio
Factors (95% CI) P
Age Per year 1.00 (0.98-1.02) 0.8
Gender Male 1.00 (0.62-1.60) 1.0
Treatment Later-line 1.75 (1.18-2.62) 0.006
settings
BCLC stage Intermediate 0.81 (0.55-1.19) 0.3
mALBI 2b 1.13 (0.77-1.66) 0.5
grade
AFP >100ng/mL 1.15(0.79-1.69) 0.5
DCP >100mAU/ 0.77 (0.48-1.22) 0.3
mL

CRP >1mg/dL 1.50 (1.02-2.21)  0.04

Abbreviations: AFP, a-fetoprotein; BCLC stage, Barcelona Clinic Liver Cancer
stage; CI, confidence interval; CRP, C-reactive protein; DCP, des-gamma-
carboxy prothrombin; mALBI grade, modified albumin-bilirubin grade.

TABLE 4 | Multivariate analyses associated with overall survival.

increased production of intracellular reactive oxygen species
[26]. Moreover, IL-6 induced compensatory proliferation of he-
patocytes in a diethylnitrosamine (DEN)-induced hepatocar-
cinogenesis model [27]. IL-6 also promoted tumour progression
via STATS3 signalling in an obesity-induced liver tumour mouse
model [28]. These findings indicate that serum CRP plays a cru-
cial role in modulating the therapeutic efficacy of immunother-
apy in advanced HCC patients.

In real-world settings, Shimose et al. reported that DCR in pa-
tients receiving Dur/Tre as first-line treatment was significantly
higher than in those receiving it as later-line treatment [29].
Similarly, Mori et al. found that patients who had received prior
Atez/Bev treatment had significantly lower ORR and DCR, as
well as shorter PFS, compared to those without prior exposure
[30]. The findings of these studies align with the present study,
which also identified treatment setting (first- vs. later-line) as an
unfavourable factor in multivariate analysis.

The ORR was numerically higher in the high-CRP group (19.7%)
than in the low-CRP group (13.2%) in the present study, al-
though the difference was not statistically significant (p=0.3).

Model 1 Model 2
Factors Hazard ratio (95% CI) P Hazard ratio (95% CI) P
Age Per year 1.01 (0.98-1.03) 0.6 1.01 (0.98-1.03) 0.6
Gender Male 1.18 (0.57-2.44) 0.7 1.08 (0.52-2.23) 0.8
Treatment settings Later-line 1.63 (0.82-3.22) 0.2 1.66 (0.84-3.29) 0.2
BCLC stage Intermediate 0.87 (0.47-1.62) 0.7
mALBI grade 2b 2.15(1.17-3.94) 0.01
CRP >1mg/dL 3.62 (2.00-6.54) <0.001 2.87 (1.58-5.22) <0.001

Abbreviations: BCLC stage, Barcelona Clinic Liver Cancer stage; CI, confidence interval; CRP, C-reactive protein; mALBI grade, modified albumin-bilirubin grade.

TABLE 5 | Immune-related adverse events.

The low-CRP The high-CRP
Factors Overall (n=167) group (n=106) group (n=61) P
Liver injury Any grade 12(7.2) 9(8.5) 3(4.9) 0.5
Grade >3 9 (5.4) 7(6.6) 2(3.3) 0.5
Interstitial pneumonia Any grade 6(3.6) 6(5.7) 0(0.0) 0.09
Grade >3 2(1.2) 2(1.9) 0(0.0) 0.5
Thyroid dysfunction Any grade 3(1.8) 3(2.8) 0(0.0) 0.3
Grade >3 0(0.0) 0(0.0) 0(0.0) NA
Colitis or diarrhoea Any grade 20 (12.0) 12 (11.3) 8(13.1) 0.8
Grade >3 17 (10.2) 12(11.3) 5(8.2) 0.6
Rash or pruritus Any grade 25(15.0) 18 (17.0) 7 (11.5) 0.4
Grade >3 7(4.2) 5(4.7) 2(3.3) 1.0
Others Any grade 14 (8.4) 11(10.4) 3(4.9) 0.3
Grade >3 6 (3.6) 3(2.8) 3(4.9) 0.7

Abbreviations: CRP, C-reactive protein; NA, not applicable.
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In contrast, PFS was better in the low-CRP group. One possi-
ble explanation for this discrepancy is that patients in the high-
CRP group may have had more aggressive tumours, resulting
in a shorter duration of response. Another possibility is that the
ORR was observed in only 26 patients (15.6%), which may have
limited the statistical power. With a larger sample size and more
responders, the results might have been different.

There were some limitations associated with the present
study. First, the number of patients was relatively small, and
the observation period was short. A longer observation period
and a larger patient cohort may yield results that differ from
the present findings. Second, two-thirds of the patients in
the present cohort received Dur/Tre as a later-line treatment.
Although no significant differences in treatment settings were
observed between the low- and high-CRP groups, treatment
settings may still have influenced the results. Third, we were
unable to evaluate the role of CRP levels during treatment in
the present study. Further analysis is warranted to investigate
whether changes in CRP levels influence treatment efficacy.
Fourth, differences in patient characteristics, such as liver
function and tumour burden, existed between the low- and
high-CRP groups. Although we performed multivariate anal-
ysis to account for these imbalances, propensity score match-
ing or inverse probability of treatment weighting could further
reduce confounding in future studies with larger sample sizes
and longer observation periods.

In conclusion, serum CRP may serve as a prognostic biomarker
in HCC patients receiving Dur/Tre, with a potential association
with treatment efficacy.
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