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Abstract

BACKGROUND

Although the combination of lenvatinib and PD-1 inhibitors has become the stan-
dard regimen for the treatment of advanced hepatocellular carcinoma (HCC), real
data on the impact of baseline hepatitis B virus (HBV)-DNA levels on the clinical
efficacy of this regimen is still limited.

AIM
To evaluate the effectiveness of camrelizumab combined with lenvatinib in
patients with HCC at varying levels of HBV-DNA.

METHODS

One hundred and twenty patients with HCC who received camrelizumab and
lenvatinib treatment were categorized into two cohorts: HBV-DNA < 2000 (1 = 66)
and HBV-DNA > 2000 (n = 54). The main outcomes measured were overall
survival (OS) and progression-free survival (PFS), while additional outcomes
included the rate of objective response rate (ORR), disease control rate (DCR), and
any negative events. Cox proportional hazards regression analysis revealed
independent predictors of OS, leading to the creation of a nomogram incor-
porating these variables.

RESULTS
The median PFS was 8.32 months for the HBV-DNA < 2000 group, which was
similar to the 7.80 months observed for the HBV DNA > 2000 group (P = 0.88).
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Likewise, there was no notable variation in the median OS between the two groups, with durations of 13.30 and
14.20 months respectively (P = 0.14). The ORR and DCR were compared between the two groups, showing ORR of
19.70% ©vs 33.33% (P = 0.09) and DCR of 72.73% vs 74.07% (P = 0.87). The nomogram emphasized the importance of
antiviral treatment as the main predictor of patient results, with portal vein tumor thrombus and Barcelona Clinic
Liver Cancer staging following closely behind.

CONCLUSION
The clinical outcomes of patients with HBV-associated HCC treated with camrelizumab in combination with
lenvatinib are not significantly affected by HBV viral load.

Key Words: Hepatitis B virus; Hepatocellular carcinoma; Camrelizumab; Lenvatinib; Efficacy

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

Core Tip: In this manuscript, we revisited the different clinical outcomes of hepatocellular carcinoma (HCC) patients treated
with camrelizumab in combination with lenvatinib, explored the different clinical outcomes of HCC patients with different
baseline hepatitis B virus viral load, and developed a predictive model with nomograms based on the results of COX re-
gression.

Citation: Pan D, Liu HN, Yao ZY, Chen XX, Li YQ, Zhu JJ, Han ZX, Qin XB. Impact of baseline hepatitis B virus viral load on the
long-term prognosis of advanced hepatocellular carcinoma treated with immunotherapy. World J Gastrointest Oncol 2024; 16(6):
2504-2519
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INTRODUCTION

Globally, primary liver cancer ranks sixth in incidence and third in mortality, with hepatocellular carcinoma (HCC)
representing the most common pathology[1,2]. Notably, over half of these cases arise in China, predominantly attrib-
utable to hepatitis B virus (HBV) infection, underscoring its significant burden on morbidity and mortality[3,4]. Despite
advancements in HCC treatment, patients continue to face limited therapeutic options and a bleak prognosis[5]. The
challenge is compounded by late-stage diagnoses, depriving many patients of curative interventions[6]. Consequently,
non-surgical modalities such as immunological and targeted therapies assume paramount importance in HCC
management[7].

Lenvatinib, a tyrosine kinase inhibitor taken by mouth, has anti-cancer and anti-blood vessel growth effects by
blocking specific receptors like vascular endothelial growth factor receptors 1-3, fibroblast growth factor receptors 1-4,
platelet-derived growth factor receptors, and other important pathways[8]. Notably, based on the Reflect study[9],
lenvatinib received approval from the European Medicines Agency, the US Food and Drug Administration, and the
National Medical Products Administration in 2018 as a first-line therapy for advanced HCC, alongside sorafenib[10].
Additionally, findings from a global phase 3 clinical trial conducted by Finn et al[11] revealed that the combination of PD-
1 inhibitors with anti-angiogenic agents yielded promising outcomes in unresectable HCC, boasting a 1-year survival rate
of 67.2% and an objective response rate (ORR) of 33.2%. Subsequently, numerous trials exploring the synergy between
programmed death receptor 1 (PD-1/PD-L1) inhibitors and anti-angiogenic targeted therapies have emerged, gaining
approval as first-line systemic therapies for advanced HCC[12,13].

Camrelizumab, a PD-1/PD-L1 inhibitor, has garnered approval from the State Food and Drug Administration for HCC
treatment[14]. Within tumor microenvironments, the PD-1/PD-L1 axis impedes effector T cell function, dampens anti-
tumor immune responses, and fosters tumor progression[15]. Presently, the combination of camrelizumab with lenvatinib
has demonstrated efficacy as both first- and second-line therapies for patients with HCC. Results from the RESCUE study
indicated an ORR of 34.3% and a progression-free survival (PFS) of 5.7 months among patients with advanced HCC
treated with camrelizumab in combination with lenvatinib[16].

However, the enrollment criteria for many studies investigating PD-1/PD-L1 inhibitors in combination with targeted
therapies often stipulate a requirement for HBV-DNA viral load normalization and HBsAg and HBeAg conversion.
Consequently, the impact of HBV-DNA viral load on the efficacy of non-targeted combinations remains contentious.

The results from the Chinese subgroup analysis of the IMbravel50 study[11] were unveiled at the American Society of
Clinical Oncology 2021. Notably, the median overall survival (OS) for patients receiving atilizumab combined with
bevacizumab (T + A) regimen and sorafenib monotherapy stood at 19.2 months and 13.4 months, respectively.
Furthermore, the PFS for these groups was recorded at 6.9 months and 4.3 months, respectively. Intriguingly, the median
OS for the Chinese subgroup surged to 24.0 months, signifying a substantial extension in survival duration for patients
grappling with intermediate and advanced HCC. This phenomenon could potentially be attributed to the heightened
disease burden of patients with HBV-associated HCC in China, where immune checkpoint inhibitors might concurrently
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Patients with intermediate-to advanced-stage
hepatocellular carcinoma treated with camrelizumab in
combination with lenvatinib, 2019 to 2023 (n = 478)

Excluded patients (7 = 358)

Incomplete clinical data (n = 56)

Combination of non-B viral hepatitis (77 = 49)

Combined other tumours or non-

primary hepatocellular carcinoma (7 = 41)

Received other PD1 inhibitors or other targeted agents (77 = 66)
No pretreatment baseline HBV-DNA level (7 = 87)

The final enrolment of 120 patients was divided into twogroups
based on baseline HBV-DNA levels

HBV-DNA < 2000 (7 = 66) HBV-DNA > 2000 (7 = 54)

Figure 1 Flow diagram showing the patients with infiltrative hepatocellular carcinoma enrolled in the study. HBV: Hepatitis B virus.

contribute to antiviral therapy while exhibiting their anti-tumor mechanisms.

Kubo et al[17] were the pioneers in reporting that a high viral load served as an independent risk factor for HCC
recurrence after hepatectomy among patients with HBV-associated HCC. Subsequently, several studies corroborated
these findings[18,19]. However, conflicting results emerged from other studies[20,21], which failed to establish a
significant correlation between baseline HBV-DNA levels and OS or PFS in patients with HCC treated with immunosup-
pressive agents.

While the administration of camrelizumab in combination with lenvatinib has become a standard regimen for
advanced HCC treatment, real-world data regarding the impact of HBV on the efficacy of this regimen in clinical settings
remain scarce. Thus, there is a pressing need to delve deeper into this aspect to garner more evidence for informed
clinical practice. Motivated by this gap, we embarked on a retrospective clinical study to examine the influence of HBV
viral load on the long-term prognosis of patients with HCC treated with camrelizumab in combination with lenvatinib.

MATERIALS AND METHODS
Design of the study and patients

From January 2019 to January 2023, medical records were reviewed for patients with HCC who received camrelizumab
and lenvatinib in conjunction.

A total of 461 patients meeting specific criteria were included in the study, including having a confirmed diagnosis of
HCC, being at least 18 years old at diagnosis, having information on hepatitis viral infection available, having at least one
measurable lesion, receiving at least two treatment cycles, being classified as Child-Pugh class A or B, having a Barcelona
Clinic Liver Cancer (BCLC) staging of stage B or C, and having an Eastern Cooperative Oncology Group (ECOG) Per-
formance Status (PS) of 2 or lower.

The criteria for exclusion included: lack of HBV DNA testing before treatment, no tumor visualization within 6 wk
before starting anti-PD-1 therapy, having other cancers or non-primary liver cancer at the same time, being infected with
hepatitis C or other hepatitis viruses, incomplete medical records, and using other PD-1 inhibitors or different targeted
medications. Ultimately, 120 patients were included for analysis. Real-time viral polymerase chain reaction was utilized
to evaluate the HBV viral load.

Figure 1 illustrates the process of the study. This retrospective study obtained approval from the Ethics Review
Committee and adhered to the principles outlined in the Declaration of Helsinki. Given the retrospective nature of the
study, the requirement for written informed consent was waived.

Definitions

As per the 2018 hepatitis B guidelines established by the American Association for the Study of Liver Diseases, HBV
reactivation is delineated by three criteria: (1) a > 2 Log (100-fold) increase in HBV DNA in comparison to baseline levels;
(2) the presence of previously undetectable HBV DNA in patients with HBV DNA levels > 3 Log (1000) IU/mL (attrib-
utable to fluctuating HBV DNA levels); or (3) HBV DNA levels > 4 Log (10000) IU/mL in the absence of baseline levels
[22]. Hepatic impairment, as defined by the Common Terminology Criteria for Adverse Events version 5.0, is charac-
terized by alanine aminotransferase or aspartate aminotransferase levels that are > 5 times the upper limit of normal.
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Grouping and treatment protocol
HBV-DNA testing was conducted within two weeks before initiating treatment with lenvatinib in combination with
camrelizumab. Patient grouping basis for grouping is shown in previous studies[23], with a cut-off value of 2000 IU/mL
(categorized as > 2000 IU/mL and <2000 IU/mL).

Camrelizumab was administered intravenously at a dosage of 200 mg every three weeks. Lenvatinib was prescribed at
a dosage of 8 mg daily (two 4 mg capsules) for patients weighing less than 60 kg and 12 mg daily (three 4 mg capsules)
for those weighing 60 kg or more.

Assessment

Following initial chest computed tomography or upper abdominal magnetic resonance imaging enhancement scans,
patients underwent repeat scans every six to eight weeks. Long-term treatment efficacy was assessed using OS—the
duration from treatment initiation to death from any cause —and PFS, defined as the time from treatment start to disease
progression or death. Short-term efficacy was evaluated using RECIST 1.1 and mRECIST, assessing complete response
(CR), partial response (PR), stable disease (SD), progressive disease (PD), ORR and disease control rate (DCR). Adverse
events (AEs) were meticulously documented and evaluated according to the National Cancer Institute's CTCAE version
5.0.

Statistical analysis

Statistical analyses were performed using R software version 4.2.0, with categorical data represented by counts and
percentages. The median OS and PFS were estimated using the Kaplan-Meier method. Variables showing P-values less
than 0.05 in univariate Cox regression analyses were included in subsequent multivariate analyses to identify inde-
pendent prognostic factors for PFS and OS. An OS nomogram prediction model was developed based on these factors.
The nomogram was developed and validated at 9 and 12 months and compared against actual outcomes. All significance
tests were two-sided, with P-values of < 0.05 considered statistically significant.

RESULTS

Patient characteristics

The retrospective study comprised 120 patients diagnosed with BCLC stage B or C HCC who received camrelizumab in
combination with lenvatinib from January 2019 to January 2023 (Figure 1). Among these, 66 patients were allocated to the
HBV-DNA < 2000 group, while 54 patients fell into the HBV-DNA > 2000 group. The exclusion criteria led to the removal
of 358 patients due to various reasons, including incomplete clinical data (n = 56), comorbid non-B viral hepatitis (n = 49),
comorbid other tumors or non-primary HCC (n = 41), receipt of other PD-1 inhibitors or targeted drugs (n = 66), and lack
of pretreatment baseline HBV-DNA level (n = 87). Patient demographics, including age, sex, body mass index classi-
fication, surgical history, smoking status, alcohol abuse, comorbidities such as hypertension and diabetes, presence of
cirrhosis, vascular invasion, extrahepatic metastases, ECOG PS, Child-Pugh classification, BCLC staging, laboratory
parameters, are detailed in Table 1. No statistically significant differences in baseline characteristics were observed
between the two groups (all P > 0.05).

HBYV reactivation and hepatic dysfunction following anti-PD-1 immunotherapy

After treatment, HBV reactivation was noted in two patients (1.6%), with one each from the HBV-DNA < 2000 and > 2000
groups. Notably, both patients had baseline HBV-DNA levels recorded, and one did not receive regular antiviral therapy
despite a low baseline viral load.

Tumor response

Tumor response outcomes are presented in Table 2. According to RECIST1.1 criteria, none of the patients achieved CR,
while 30 patients (25%) attained PR, 56 (46%) exhibited SD, and 34 (28%) experienced PD. The ORR were 20% and 33% (P
=0.09), and DCR were 74% and 73% (P = 0.87) in the low and high baseline HBV-DNA level groups, respectively. As per
mRECIST criteria, the ORR were 23% and 41% (P = 0.03), and DCR were 79% and 76% (P = 0.71) in both groups, re-
spectively. Subgroup analyses based on antiviral therapy status revealed superior tumor response in patients receiving
antiviral therapy than those not receiving it, irrespective of HBV-DNA levels (ORR: 27% vs 20%, P = 0.45; DCR: 27% vs
24%, P = 0.74; Table 3).

PFS and 0§

According to RECIST 1.1 criteria, the median PFS was 8.32 months (95%CI: 7.33-8.70) in the low-level HBV-DNA group
and 7.80 months (95%CI: 5.80-9.71) in the high-level HBV-DNA group, showing no statistically significant difference (P =
0.88; Figure 2A). Similarly, the median OS was 13.30 months (95%CI: 10.1-21.0) in the low-level group and 14.20 months
(95%ClI: 10.4-15.8) in the high-level group, also not statistically significant (P = 0.14; Figure 2B). Further subgroup
analyses of antiviral therapy's impact on PFS and OS demonstrated that median PFS was 7.33 months (5.80-NA) in the
group without antiviral therapy compared to 8.32 months (7.28-9.3) in the treated group (Figure 2C). The median OS was
7.8 months (7.1-NA) in the untreated group and 14.7 months (10.6-18) in the treated group (Figure 2D). By the time of
follow-up, a total of 81 patients had died, with 41 and 40 deaths in the low-level and high-level HBV-DNA groups, re-
spectively.
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Table 1 Baseline characteristics of the hepatitis B virus-DNA > 2000 and hepatitis B virus-DNA < 2000 groups, n (%)

Group
Variable P value
HBV-DNA > 2000, n = 54 HBV-DNA = 2000, n = 66
HBV 0.614
Negative 37 (69) 48 (73)
Positive 17 (31) 18 (27)
Antiviral therapy 0.068
No 8 (15) 19 (29)
Yes 46 (85) 47 (71)
Child Pugh score 0.724
A 22 (41) 29 (44)
B 32 (59) 37 (56)
IVPTT 0.595
No 26 (48) 35 (53)
Yes 28 (52) 31 (47)
BCLC stage 0.776
B 21 (39) 24 (36)
C 33 (61) 42 (64)
Metastasis 0.632
No 31 (57) 35 (53)
Yes 23 (43) 31 (47)
AFP 0.271
>1210 24 (44) 36 (55)
<1210 30 (56) 30 (45)
Sex 0.925
Female 20 (37) 25 (38)
Male 34 (63) 41 (62)
Age 0.811
<60 29 (54) 34 (52)
260 25 (46) 32 (48)
BMI 0.413
Low 36 (67) 37 (56)
Normal 24 6(9)
Obese 1(2) 4(6)
Overweight 15 (28) 19 (29)
ECOG 0.271
0-1 29 (54) 42 (64)
2 25 (46) 24 (36)
Post operative 0.549
No 34 (63) 38 (58)
Yes 20 (37) 28 (42)
ALT 0.083
> 40 29 (54) 25 (38)
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<40 25 (46) 41 (62)
Total bilirubin 0.969
>34 37 (69) 45 (68)
<34 17 (31) 21 (32)
Diabetes 0.832
No 41 (76) 49 (74)
Yes 13 (24) 17 (26)
Hypertensive 0.920
No 16 (30) 19 (29)
Yes 38 (70) 47 (71)
Cirrhosis 0.753
No 31 (57) 36 (55)
Yes 23 (43) 30 (45)
Smoking 0.889
No 37 (69) 46 (70)
Yes 17 (31) 20 (30)
Alcohol 0.893
No 35 (65) 42 (64)
Yes 19 (35) 24 (36)
Virus reactivation 1.000
No 53 (98) 65 (98)
Yes 1(1.9) 1(15)

Data in brackets represent the percentages of patients. HBV: Hepatitis B virus; BMI: Body mass index; ECOG: Eastern Cooperative Oncology Group; AFP:
Alpha-fetoprotein; ALT: Alanine aminotransferase; BCLC: Barcelona Clinic Liver Cancer; PVTT: Portal vein tumor thrombosis.

Table 2 Tumor response between the hepatitis B virus-DNA < 2000 and hepatitis B virus-DNA > 2000 groups, n (%)

RECIST 1.1 mRECIST
Pvalue P value

HBV =2000,n=66  HBV>2000, n = 54 HBV <2000, n=66  HBV > 2000, n = 54
CR 0 0 - 0 0 -
PR 13 (19.70) 17 (31.48) 0.14 15 (22.73) 18 (33.33) 0.20
SD 35 (53.03) 21 (38.89) 0.12 37 (56.06) 23 (42.59) 0.14
PD 18 (27.27) 16 (29.63) 0.78 14 (21.21) 13 (24.07) 071
ORR 13 (19.70) 18 (33.33) 0.09 15 (22.73) 22 (40.74) 0.03
DCR 48 (72.73) 40 (74.07) 0.87 52 (78.79) 41 (75.93) 0.71

Data in brackets represent the percentages of patients. HBV: Hepatitis B virus; CR: Complete responds; PR: Partial responds; SD: Stable disease; PD:
Progression disease; ORR: Objective responds rates; DCR: Disease control rates.

Univariate and multivariate analyses of PFS and OS

Table 4 summarizes the results of univariate and multivariate Cox proportional risk regression analyses for PFS. Mul-
tifactorial Cox proportional risk regression analysis identified BCLC classification [0.55 (0.35-0.87)] and ECOG score [1.92
(1.25-2.96)] as independent prognostic factors for PFS in patients with HCC. Similarly, Table 5 presents the results of
unifactorial and multifactorial Cox proportional risk regression analyses for OS. In multifactorial Cox proportional risk
regression analysis, alpha-fetoprotein (AFP) level [0.95 (0.56-1.60)], antiviral therapy [0.43 (0.20-0.89)], BCLC classi-
fication [2.22 (1.27-3.86)], and portal vein tumour thrombus [2.28 (1.29-4.05)] emerged as independent prognostic factors
for OS in patients with HCC. Utilizing these independent prognostic factors, 9-month and 12-month nomogram
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Table 3 Subgroup analysis of tumour response according to whether or not they received antiviral therapy, n (%)

Antiviral therapy (no), n =25 Antiviral therapy (yes), n =95

HBV-DNA (HBV > HBV-DNA (HBV < 2000), Pvalue HBV-DNA (HBV >2000), HBV-DNA (HBV < 2000), Pvalue

2000),n=8 n=18 n=46 n=48
PR 2(29) 3(17) 0.597 15 (32) 10 (21) 0.220
SD 3 (43) 11 (61) 0.656 18 (38) 24 (50) 0.251
PD 2(29) 4(22) >0999 14 (30) 14 (29) 0.947
ORR 2(29) 3(17) 0.597 16 (34) 10 (21) 0.149
DCR 5(71) 14 (78) >0.999 35 (74) 34 (71) 0.691
ORR (whole) 5 (20) - 26 (27) 0.454
DCR (whole) 6 (24) - 26 (27) 0.735

Data in brackets represent the percentages of patients. HBV: Hepatitis B virus; PR: Partial responds; SD: Stable disease; PD: Progression disease; ORR:

Objective responds rates; DCR: Disease control rates.
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Figure 2 Graph showing the effect of different levels of hepatitis B virus-DNA on long-term survival of patients and further subgroup
analysis according to antiviral treatment. A: Kaplan Meier plot of progression-free survival in the hepatitis B virus (HBV)-DNA < 2000 and HBV-DNA > 2000
groups; B: Kaplan Meier plot of overall survival (OS) in the HBV-DNA < 2000 and HBV-DNA > 2000 groups; C: Kaplan Meier plot of Analysis of progression-free
survival subgroup by antiviral therapy; D: Kaplan Meier plot of Analysis of OS subgroup by antiviral therapy. HBV: Hepatitis B virus.

prediction models were constructed (Figure 3), yielding c-indexes of 0.65 (0.57-0.74) for the training set and 0.76
(0.66-0.85) for the validation set.

Validation of prognostic models

Patients were randomly assigned to the training dataset (n = 84) and internal validation dataset (n = 36) in a 7:3 ratio. The
baseline characteristics of the training and validation datasets are shown in Table 6. The aera under the curves of the 9-
month OS for the training set and internal validation set were 0.753 and 0.877 (Figure 4A and B), whereas those of the 12-
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Univariate Multivariate
Factors
HR (95%Cl) Pvalue HR (95%Cl) Pvalue

AFP (<1210 vs > 1210) 0.71 (0.46- 1.09) 0.121 - -
Age (260 yr vs < 60 yr) 1.00 (0.65- 1.53) 0.984 - -
Alcohol (Yes vs No) 0.93 (0.60- 1.45) 0.753 - -
ALT (<40 vs No) 0.81 (0.53- 1.24) 0.337 - -
Antiviral therapy (Yes vs No) 0.61 (0.32- 1.16) 0.132 - -
BCLC stage (C vs B) 0.55 (0.35 - 0.87) 0.011 0.57 (0.36-0.91) 0.017
BMI (Normal vs Low) 1.35 (0.61- 3.00) 0.457 - -
BMI (Over obese vs Low) 0.46 (0.16- 1.31) 0.146 - -
BMI (Weight vs Low) 0.87 (0.53- 1.44) 0.584 - -
Child Pugh score (B vs C) 1.34 (0.86- 2.06) 0.192 - -
Diabetes (Yes vs No) 1.02 (0.62 - 1.69) 0.929 - -
Cirrhosis (Yes vs No) 0.99 (0.64- 1.52) 0.955 - -
ECOG (2 vs 0-1) 1.92 (1.25- 2.96) 0.003 1.86 (1.21-2.86) 0.005
HBV (Positive vs Negative) 1.21 (0.76- 1.94) 0.417 - -
HBV-DNA (HBV < 2000 vs HBV > 2000) 1.04 (0.67- 1.60) 0.877 - -
Hypertensive (Yes vs No) 0.97 (0.60- 1.56) 0.904 - -
PVTT (Yes vs No) 1.36 (0.86- 2.13) 0.186 - -
Post operative (Yes vs No) 0.78 (0.50- 1.22) 0.284 - -
Metastasis (Yes vs No) 0.73 (0.47- 1.14) 0.164 - -

Sex (male vs No) 0.83 (0.54- 1.28) 0.395 - -
Smoking (Yes vs No) 0.95 (0.59- 1.53) 0.834 - -
Total bilirubin (< 34 vs > 34) 0.92 (0.57- 1.48) 0.726 - =
Virus reactivation (Yes vs No) 1.30 (0.18- 9.43) 0.798 - -

HBV: Hepatitis B virus; BMI: Body mass index; ECOG: Eastern Cooperative Oncology Group; AFP:

Alpha-fetoprotein; ALT: Alanine aminotransferase;

BCLC: Barcelona Clinic Liver Cancer; PVTT: Portal vein tumor thrombosis.

month OS were 0.701 and 0.729 (Figure 4C and D), respectively. Subsequently, we plotted the calibration curves for the
training set and validation set of 9- and 12-month OS (Figure 5). Using the calibration curves, we found that the model-
predicted risk was more consistent with the actual occurrence of risk.

AEs

AEs were mainly reported by patients in both cohorts, featuring reactive proliferation of capillary endothelial cells in the
skin, proteinuria, feelings of queasiness, low white blood cell count, elevated levels of bilirubin in the blood, and a
reduced number of platelets. Importantly, none of the participants ceased treatment because of AEs, and there was no
notable variation in the occurrence of AEs between the two groups (P > 0.05; Table 7).

DISCUSSION

This study represents the first comprehensive investigation into the treatment outcomes of patients with HCC receiving
camrelizumab in combination with lenvatinib, alongside the development of a predictive model to assess their long-term
prognosis. Our findings revealed no statistically significant differences in PFS, OS, ORR, and DCR between the two
groups, aligning with prior studies[24,25]. Independent prognostic factors for PFS included BCLC classification and
ECOG score, while AFP level, antiviral therapy, and portal vein cancer embolism emerged as independent prognostic
factors for OS. Additionally, AEs were comparable between the two groups, with no deaths attributed to AEs.
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Figure 3 Graph showing the prognostic model for predicting 9- and 12-months overall survival. OS: Overall survival; PVTT: Portal vein tumour
thrombus; BCLC: Barcelona Clinic Liver Cancer.
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Figure 4 Graph showing the operating characteristic evaluation plot for prognostic model. A: Graph showing the training set receiver operating
characteristic (ROC) evaluation plot for 9-month prognostic prediction model; B: Graph showing the validation set ROC evaluation plot for 9-month prognostic
prediction model; C: Graph showing the training set ROC evaluation plot for 12-month prognostic prediction model; D: Graph showing the validation set ROC
evaluation plot for 12-month prognostic prediction model. AUC: Aure under the curve.

Despite advancements in healthcare and living standards, chronic HBV infection remains a predominant etiological
factor for HCC, particularly in regions like Asia and Africa, including China[26-28].

While some studies have suggested that HBV viral load may impact the efficacy of immune checkpoint inhibitors in
certain malignancies like gastric and anal squamous carcinomas[15,29], the precise mechanisms remain unclear. It is
hypothesized that HBV may interfere with the antitumor effects of immune checkpoint inhibitors within the tumor
immune microenvironment. The integration of HBV into the genome of HCC cells and hepatocytes can induce an
immune-mediated inflammatory response, further exacerbating hepatocellular DNA damage[30]. In the context of HCC,
studies typically require a baseline HBV load of < 100 IU/mL for eligibility, yet the impact of baseline viral load on
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Figure 5 Graph showing the Calibration plots for prognostic model. A: Calibration plots for training set 9-months overall survival (OS); B: Calibration
plots for validation set 9-months OS; C: Calibration plots for training set 12-months OS; D: Calibration plots for validation set 12-months OS.

clinical outcomes remains largely unexplored[31-33]. While IMbrave1l50 included a significant number of HBV-infected
patients[11], it did not assess whether HBV load influenced the efficacy of the anti-PD-1 + antiangiogenic regimen or
induced HBV reactivation. Significantly, Ho et al[34] discovered that the viral etiology did not affect the tumor immune
microenvironment, indicating that viral status should not influence immune checkpoint inhibitor dosing. Consistent with
our findings, it can be inferred that viral load does not significantly affect the efficacy of anti-PD-1 blockade.

Our research findings indicate that AFP level, antiviral treatment, and the presence of portal vein cancer thrombosis
were identified as key independent factors influencing OS using multivariate Cox proportional hazard regression
analyses. Subsequently, a prognostic nomogram incorporating these factors was developed. The diagram clearly illu-
strated that antiviral therapy had the most significant impact on OS, while portal vein cancer thrombosis had the least
effect. Validation of the nomogram was performed by calculating the c-index and generating calibration curves. The
validation c-index for the nomogram model was 0.76 (0.66-0.85), indicating good alignment with actual results and
highlighting the reliability and accuracy of the model. External validation was not possible due to limited case
availability. Additionally, the observed HBV reactivation rate in our study was consistent with that reported by Sun X et
al[20] (1.6%).

In chronic HBV infection, HBV-specific CD8+ T cells have the ability to express PD-1 molecules[35]. By blocking the
PD-1/PD-L1 binding, there is a partial restoration of their antiviral function. However, it is important to note that PD-1
also has a critical role in the prevention of severe liver injury. Consequently, interfering with the PD-1/PD-L1 axis could
potentially result in hepatocyte destruction and the release of previously dormant virus into the bloodstream[36,37].
Furthermore, our study highlights that regardless of HBV-DNA levels, the prognosis of patients can be extended through
antiviral therapy. Various research studies have demonstrated that antiviral therapy can increase the survival rates of
individuals with HCC who are undergoing hepatectomy or sorafenib treatment[24,25]. To optimize outcomes, it is
recommended to initiate antiviral therapy promptly in HBsAg-positive patients[38]. Sun et al[20] demonstrated that a
case of HBV reactivation occurred despite undetectable baseline HBV DNA levels and no antiviral therapy during
treatment. This finding suggests that HBsAg-positive patients receiving anti-PD-1 immunotherapy might benefit from
antiviral treatment irrespective of their HBV-DNA levels. Although antiviral therapy can enhance the clinical prognosis
for patients with HCC, the prognosis for those with advanced HCC continues to be poor.
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Table 5 Univariate and multivariate analyses of the prognostic factors for overall survival

Univariate Multivariate
Factors
HR (95%Cl) Pvalue HR (95%Cl) P value

AFP (£1210 vs > 1210) 0.57 (0.36-0.92) 0.020 0.95 (0.56-1.60) 0.849
Age (260 yr vs < 60 yr) 0.89 (0.57-1.39) 0.618 - -
Alcohol (Yes vs No) 0.93 (0.59-1.46) 0.750 - -
ALT (<40 vs No) 1.29 (0.83-2.02) 0.256 - =
Antiviral therapy (Yes vs No) 0.23 (0.12-0.44) <0.001 0.43 (0.20-0.89) 0.024
BCLC stage (C vs B) 2.44 (1.48-4.05) 0.001 2.22 (1.27-3.86) 0.005
BMI (Normal vs Low) 0.61 (0.26-1.45) 0.265 - -
BMI (Over obese vs Low) 2.86 (1.00-8.21) 0.051 - -
BMI over (Weight vs Low) 0.83 (0.51-1.37) 0.469 - -
Child Pugh score (B vs C) 1.01 (0.65-1.59) 0.952 - -
Diabetes (Yes vs No) 0.97 (0.57-1.66) 0.922 - -
Cirrhosis (Yes vs No) 1.16 (0.74-1.83) 0.515 - -
ECOG (2 vs 0-1) 0.98 (0.63-1.53) 0.937 - -
HBV (Positive vs Negative) 1.03 (0.63-1.66) 0.914 - -
HBV-DNA (HBV <2000 vs HBV > 2000) 0.71 (0.45-1.12) 0.142 - -
Hypertensive (Yes vs No) 1.07 (0.65-1.76) 0.781 - -
PVTT (Yes vs No) 2.64 (1.61-4.31) <0.001 2.28 (1.29-4.05) 0.005
Post operative (Yes vs No) 1.18 (0.75-1.88) 0.472 - -
Metastasis (Yes vs No) 0.65 (0.41-1.04) 0.071 - -

Sex (male vs No) 1.00 (0.64-1.56) 0.994 - -
Smoking (Yes vs No) 1.25 (0.77-2.04) 0.374 - -
Total bilirubin (< 34 vs > 34) 0.86 (0.53-1.39) 0.533 - =
Virus reactivation (Yes vs No) 1.29 (0.18-9.35) 0.803 - -

HBV: Hepatitis B virus; BMI: Body mass index; ECOG: Eastern Cooperative Oncology Group; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase;

BCLC: Barcelona Clinic Liver Cancer; PVTT: Portal vein tumor thrombosis.

Nevertheless, our study has several limitations that need to be acknowledged. First, we limited the generalizability of
our findings to other populations because the study was a retrospective single-center study, in which HBV is the
prevalent cause of HCC in China. Second, in order to minimize the influence of varying treatment regimens on the
results, we have only chosen one immunotherapy combination targeted therapy widely used in patients with advanced
HCC in China (camrelizumab in combination with lenvatinib). Additionally, the exclusion of some patients from our
study may have reduced its statistical power. Lastly, the sample size in our study was relatively small, which could
potentially introduce bias into the result.

CONCLUSION

Our study demonstrates that level of HBV-DNA does not significantly affect prognosis and adverse effects in patients
with HCC treated with camrelizumab and lenvatinib. However, the receipt of antiviral therapy emerged as the most
significant predictor of long-term prognosis. Our study, based on non-randomized retrospective observational data,
offers only limited evidence regarding the effectiveness and safety of these drugs. Therefore, these findings should not be
solely relied upon for clinical decision-making without further evidence-based confirmation. To validate our results and
provide more robust evidence for clinical practice in the future, prospective studies with longer follow-up periods and
larger sample sizes are warranted.
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Table 6 Comparison of training set and validation set features, n (%)

Characteristic Training cohort, n = 84 Internal test cohort, n = 36 P value
HBV-DNA 0.749
> 2000 37 (44) 17 (47)

<2000 47 (56) 19 (53)

HBV 0.001
Negative 67 (80) 18 (50)

Positive 17 (20) 18 (50)

Antiviral therapy 0.806
No 18 (21) 7 (19)

Yes 66 (79) 29 (81)

Child Pugh score 0.022
A 30 (36) 21 (58)

B 54 (64) 15 (42)

PVIT 0.780
No 42 (50) 19 (53)

Yes 42 (50) 17 (47)

BCLC stage 0.690
B 41 (49) 19 (53)

C 43 (51) 17 (47)

Metastasis 0.936
No 46 (55) 20 (56)

Yes 38 (45) 16 (44)

AFP 0.035
>1210 48 (57) 13 (36)

<1210 36 (43) 23 (64)

Sex 0.837
Female 31 (37) 14 (39)

Male 53 (63) 22 (61)

Age 0.968
<60 44 (52) 19 (53)

260 40 (48) 17 (47)

BMI 0.333
Low 48 (57) 25 (69)

Normal 5 (6.0) 3(8.3)

Obese 5 (6.0) 0 (0)

Overweight 26 (31) 8(22)

ECOG 0.491
0-1 48 (57) 23 (64)

2 36 (43) 13 (36)

Post operative 0.569
No 49 (58) 23 (64)

Yes 35 (42) 13 (36)
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51 (61)
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83 (99)

1(1)

19 (53)

17 (47)

20 (56)

16 (44)

31 (86)

5 (14)

11 (31)

25 (69)

23 (64)

13 (36)

27 (75)

9 (25)

26 (72)

10 (28)

35 (97)

1)

0.262

0.049

0.066

0.827

0.245

0.365

0.512

Data in brackets represent the percentages of patients. HBV: Hepatitis B virus; BMI: Body mass index; ECOG: Eastern Cooperative Oncology Group; AFP:

Alpha-fetoprotein; ALT: Alanine aminotransferase; BCLC: Barcelona Clinic Liver Cancer; PVTT: Portal vein tumor thrombosis.

Table 7 Treatment-related adverse events in patients with hepatocellular carcinoma, n (%)

Group
Variable P value

HBV-DNA > 2000, n = 54 HBV-DNA = 2000, n = 66
Rash 4(7) 6(9) >0.999
Nausea 7 (13) 13 (20) 0.325
Diarrhea 5(9) 5(8) 0.752
Fatigue 4(7) 6(9) >0.999
Myocarditis 6 (11) 6(9) 0.714
Hyperbilirubinemia 5(9) 8 (12) 0.616
Hypertension 5(9) 7 (11) 0.807
Leukopenia 6 (11) 8 (12) 0.864
Thrombocytopenia 7 (13) 10 (15) 0.732
RCCEP 23 (43) 31 (47) 0.632
Neutropenia 4(7) 7 (11) 0.752
Proteinuria 14 (26) 18 (27) 0.868
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Hypothyroidism 509 5(8) 0.752
Elevated ALT 4(7) 7 (11) 0.752
Elevated AST 7 (13) 6(9) 0.497

Data in brackets represent the percentages of patients. HBV: Hepatitis B virus; RCCEP: Reactive cutaneous capillary endothelial proliferation; AST:

Aspartate aminotransferase; ALT: Alanine aminotransferase.

ACKNOWLEDGEMENTS

Thanks to all authors for their contributions to this study, thanks to the reviewers for providing constructive feedback
that has helped us improve the quality of our manuscript.

FOOTNOTES

Author contributions: Qin XB and Han ZX designed the study; Pan D, Liu HN and Yao ZY collected the clinical data; Chen XX, Li YQ
and Zhu JJ analyzed the data; Pan D, Liu HN and Yao ZY wrote the paper; Qin XB and Han ZX revised the paper; all authors
contributed to the article and approved the submitted version. There are several reasons for designating Pan D and Liu HN as co-first
authors, Qin XB and Han ZX as co-corresponding authors. Firstly, this study is a collaborative study, the setting of co-first authors and
co-corresponding authors accurately reflects the distribution of responsibilities and burdens related to the time, effort required to
complete the study and the final paper. This also ensures effective communication and management of post submission matters,
ultimately improving the quality and reliability of the paper. Secondly, the completion of this study requires research design,
conceptualization, and implementation (including data collection, data processing, and chart making), which require authors with
different professional knowledge and skills. The designation of co-first authors and co-corresponding authors best reflects this diversity.
Most importantly, Pan D and Liu HN made equally substantial efforts throughout the entire research process. Choose these researchers
as co-first authors, acknowledge and respect this equal contribution, while recognizing the team spirit and collaborative spirit of this
study. Qin XB and Han ZX developed detailed ideas for this study, reviewed the specific implementation process, supervised the overall
quality and reliability of the paper. In summary, we believe that designating Pan D and Liu HN as co- first authors, Qin XB and Han ZX
as co-corresponding authors, is suitable for our manuscript as it accurately reflects the collaborative spirit, equal contribution, and
diversity of our team.

Institutional review board statement: The studies involving human participants were reviewed and approved by the Ethics Committee of
Clinical Trials (Approval No. XYFY2022-KL207-01).

Informed consent statement: Due to the retrospective nature of this study, we waived the requirement for written informed consent.

Conflict-of-interest statement: The authors declare that the research was conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict of interest.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author at qin_xiaobing@163.

com.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the

original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country of origin: China

ORCID number: Di Pan 0009-0000-8992-0281; Zheng-Xiang Han 0000-0003-2463-8933; Xiao-Bing Qin 0009-0004-2469-7268.
Corresponding Author's Membership in Professional Societies: Chinese Anti-Cancer Association, M164305730S.

S-Editor: Lin C
L-Editor: A
P-Editor: Zhao S

REFERENCES

1 Yang J, Chen K, Zheng C, Chen K, Lin J, Meng Q, Chen Z, Deng L, Yu H, Deng T, Bo Z, He Q, Wang Y, Chen G. Impact of sarcopenia on
outcomes of patients undergoing liver resection for hepatocellular carcinoma. J Cachexia Sarcopenia Muscle 2022; 13: 2383-2392 [PMID:
35854105 DOLI: 10.1002/jcsm.13040]

Hsu WF, Hsu SC, Chen TH, Lin CH, Lin YC, Chang YW, Wang HW, Liao YM, Lai HC, Peng CY. Modified Albumin-Bilirubin Model for

)

3%9@) WJGO | https://www.wjgnet.com 2517 June 15,2024 | Volume16 | Issue6 |


mailto:qin_xiaobing@163.com
mailto:qin_xiaobing@163.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0009-0000-8992-0281
http://orcid.org/0009-0000-8992-0281
http://orcid.org/0000-0003-2463-8933
http://orcid.org/0000-0003-2463-8933
http://orcid.org/0009-0004-2469-7268
http://orcid.org/0009-0004-2469-7268
http://www.ncbi.nlm.nih.gov/pubmed/35854105
https://dx.doi.org/10.1002/jcsm.13040

Pan D et al. Long-term prognosis of HBV-HCC

W

6

)

16

19

24

Stratifying Survival in Patients with Hepatocellular Carcinoma Receiving Anticancer Therapy. Cancers (Basel) 2022; 14 [PMID: 36291867
DOI: 10.3390/cancers14205083]

Yu S, Li N, Huang Z, Chen R, Yi P, Kang R, Tang D, Hu X, Fan X. A novel IncRNA, TCONS 00006195, represses hepatocellular carcinoma
progression by inhibiting enzymatic activity of ENO1. Cell Death Dis 2018;9: 1184 [PMID: 30518748 DOI: 10.1038/s41419-018-1231-4]

De Paschale M, Latella S, Gatti A, Brando B, Manco MT, Belvisi L, Cagnin D, Cerulli T, Paganini A, Macchi M, Clerici P. Presence of anti-
HBs antibodies in blood donors 18-22 years after vaccination and implications for the selection of candidates for plasmapheresis for the
production of hyperimmune plasma. Blood Transfus 2016; 14: 509-512 [PMID: 26674822 DOI: 10.2450/2015.0082-15]

Davidi S, Jacobovitch S, Shteingauz A, Martinez-Conde A, Braten O, Tempel-Brami C, Zeevi E, Frechtel-Gerzi R, Ene H, Dor-On E,
Voloshin T, Tzchori I, Haber A, Giladi M, Kinzel A, Weinberg U, Palti Y. Tumor Treating Fields (TTFields) Concomitant with Sorafenib
Inhibit Hepatocellular Carcinoma In Vitro and In Vivo. Cancers (Basel) 2022; 14 [PMID: 35740624 DOI: 10.3390/cancers14122959]

Cheng W, Li HL, Xi SY, Zhang XF, Zhu Y, Le Xing, Mo YX, Li MM, Kong FE, Zhu WJ, Chen XG, Cui HQ, Cao ZM, Gong YF, Tang YQ,
Zhang Y, Guan XY, Ma NF, Liu M. Growth differentiation factor 1-induced tumour plasticity provides a therapeutic window for
immunotherapy in hepatocellular carcinoma. Nat Commun 2021; 12: 7142 [PMID: 34880251 DOI: 10.1038/s41467-021-27525-9]

Shao Y, Song X, Jiang W, Chen Y, Ning Z, Gu W, Jiang J. MicroRNA-621 Acts as a Tumor Radiosensitizer by Directly Targeting SETDBI1 in
Hepatocellular Carcinoma. Mol Ther 2019; 27: 355-364 [PMID: 30503969 DOI: 10.1016/j.ymthe.2018.11.005]

Kimura T, Kato Y, Ozawa Y, Kodama K, Tto J, Ichikawa K, Yamada K, Hori Y, Tabata K, Takase K, Matsui J, Funahashi Y, Nomoto K.
Immunomodulatory activity of lenvatinib contributes to antitumor activity in the Hepal-6 hepatocellular carcinoma model. Cancer Sci 2018;
109: 3993-4002 [PMID: 30447042 DOI: 10.1111/cas.13806]

Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, Baron A, Park JW, Han G, Jassem J, Blanc JF, Vogel A, Komov D, Evans TRJ,
Lopez C, Dutcus C, Guo M, Saito K, Kraljevic S, Tamai T, Ren M, Cheng AL. Lenvatinib versus sorafenib in first-line treatment of patients
with unresectable hepatocellular carcinoma: a randomised phase 3 non-inferiority trial. Lancet 2018; 391: 1163-1173 [PMID: 29433850 DOI:
10.1016/S0140-6736(18)30207-1]

Jiang Y, Cai D, Shi S. Indirect Comparisons via Sorafenib for the Comparative Effectiveness of Two PD-1/PD-L1 Inhibitors to Treat
Advanced Hepatocellular Carcinoma Patients without Prior Systemic Therapies. Clin Epidemiol 2022; 14: 581-590 [PMID: 35520275 DOI:
10.2147/CLEP.S352045]

Finn RS, Qin S, Tkeda M, Galle PR, Ducreux M, Kim TY, Kudo M, Breder V, Merle P, Kaseb AO, Li D, Verret W, Xu DZ, Hernandez S, Liu
J, Huang C, Mulla S, Wang Y, Lim HY, Zhu AX, Cheng AL; IMbravel50 Investigators. Atezolizumab plus Bevacizumab in Unresectable
Hepatocellular Carcinoma. N Engl J Med 2020; 382: 1894-1905 [PMID: 32402160 DOI: 10.1056/NEJMoal915745]

Qin S, Chan SL, Gu S, Bai Y, Ren Z, Lin X, Chen Z, Jia W, Jin Y, Guo Y, Hu X, Meng Z, Liang J, Cheng Y, Xiong J, Ren H, Yang F, Li W,
Chen Y, Zeng Y, Sultanbaev A, Pazgan-Simon M, Pisetska M, Melisi D, Ponomarenko D, Osypchuk Y, Sinielnikov I, Yang TS, Liang X,
Chen C, Wang L, Cheng AL, Kaseb A, Vogel A; CARES-310 Study Group. Camrelizumab plus rivoceranib versus sorafenib as first-line
therapy for unresectable hepatocellular carcinoma (CARES-310): a randomised, open-label, international phase 3 study. Lancet 2023; 402:
1133-1146 [PMID: 37499670 DOI: 10.1016/S0140-6736(23)00961-3]

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta C,
Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath I, Haussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D, Bruix J;
SHARP Investigators Study Group. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med 2008; 359: 378-390 [PMID: 18650514
DOI: 10.1056/NEJMo0a0708857]

Xia Y, Tang W, Qian X, Li X, Cheng F, Wang K, Zhang F, Zhang C, Li D, Song J, Zhang H, Zhao J, Yao A, Wu X, Wu C, Ji G, Liu X, Zhu F,
Qin L, Xiao X, Deng Z, Kong X, Li S, Yu Y, Xi W, Deng W, Qi C, Liu H, Pu L, Wang P, Wang X. Efficacy and safety of camrelizumab plus
apatinib during the perioperative period in resectable hepatocellular carcinoma: a single-arm, open label, phase II clinical trial. J Immunother
Cancer 2022; 10 [PMID: 35379737 DOL: 10.1136/jitc-2022-004656]

Chen C, Zhang F, Zhou N, Gu YM, Zhang YT, He YD, Wang L, Yang LX, Zhao Y, Li YM. Efficacy and safety of immune checkpoint
inhibitors in advanced gastric or gastroesophageal junction cancer: a systematic review and meta-analysis. Oncoimmunology 2019; 8: e1581547
[PMID: 31069144 DOI: 10.1080/2162402X.2019.1581547]

You R, Xu Q, Wang Q, Zhang Q, Zhou W, Cao C, Huang X, Ji H, Lv P, Jiang H, Lu Y, Jin Y, Li Y, Cheng L, Wang W, Xu H, Zhu X, Yin G.
Efficacy and safety of camrelizumab plus transarterial chemoembolization in intermediate to advanced hepatocellular carcinoma patients: A
prospective, multi-center, real-world study. Front Oncol 2022; 12: 816198 [PMID: 35982962 DOI: 10.3389/fonc.2022.816198]

Kubo S, Hirohashi K, Tanaka H, Tsukamoto T, Shuto T, Yamamoto T, Ikebe T, Wakasa K, Nishiguchi S, Kinoshita H. Effect of viral status on
recurrence after liver resection for patients with hepatitis B virus-related hepatocellular carcinoma. Cancer 2000; 88: 1016-1024 [PMID:
10699889 DOLI: 10.1002/(sici)1097-0142(20000301)88:5<1016::aid-cncr10>3.0.c0;2-v]

Sohn W, Paik YH, Kim JM, Kwon CH, Joh JW, Cho JY, Gwak GY, Choi MS, Lee JH, Koh KC, Paik SW, Yoo BC. HBV DNA and HBsAg
levels as risk predictors of early and late recurrence after curative resection of HBV-related hepatocellular carcinoma. Ann Surg Oncol 2014;
21: 2429-2435 [PMID: 24619495 DOI: 10.1245/510434-014-3621-x]

Shen J, LiuJ, Li C, Wen T, Yan L, Yang J. The prognostic significance of serum HBeAg on the recurrence and long-term survival after
hepatectomy for hepatocellular carcinoma: A propensity score matching analysis. J Viral Hepat 2018; 25: 1057-1065 [PMID: 29660216 DOI:
10.1111/vh.12911]

Sun X, Hu D, Yang Z, Liu Z, Wang J, Chen J, Xu L, Zhou Z, Chen M, Zhang Y. Baseline HBV Loads Do Not Affect the Prognosis of Patients
with Hepatocellular Carcinoma Receiving Anti-Programmed Cell Death-1 Immunotherapy. J Hepatocell Carcinoma 2020; 7: 337-345 [PMID:
33294424 DOLI: 10.2147/JHC.S278527]

An M, Wang W, Zhang J, Till BG, Zhao L, Huang H, Yang Y, Li T, Han L, Zhang X, Qin P, Wang Y, Zhang M, Cui H, Gao Q, Wang Z.
Association of hepatitis B virus DNA levels with overall survival for advanced hepatitis B virus-related hepatocellular carcinoma under
immune checkpoint inhibitor therapy. Cancer Immunol Immunother 2023; 72: 385-395 [PMID: 35907016 DOI: 10.1007/s00262-022-03254-w]
Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, Brown RS Jr, Bzowej NH, Wong JB. Update on prevention,
diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018; 67: 1560-1599 [PMID: 29405329 DOI:
10.1002/hep.29800]

LiZ,Lei Z, Xia Y, LiJ, Wang K, Zhang H, Wan X, Yang T, Zhou W, Wu M, Pawlik TM, Lau WY, Shen F. Association of Preoperative
Antiviral Treatment With Incidences of Microvascular Invasion and Early Tumor Recurrence in Hepatitis B Virus-Related Hepatocellular
Carcinoma. JAMA Surg 2018; 153: ¢182721 [PMID: 30073257 DOI: 10.1001/jamasurg.2018.2721]

Chen JL, Lin XJ, Zhou Q, Shi M, Li SP, Lao XM. Association of HBV DNA replication with antiviral treatment outcomes in the patients with

Qﬁg@) WJGO | https://www.wjgnet.com 2518 June 15,2024 | Volume16 | Issue6 |


http://www.ncbi.nlm.nih.gov/pubmed/36291867
https://dx.doi.org/10.3390/cancers14205083
http://www.ncbi.nlm.nih.gov/pubmed/30518748
https://dx.doi.org/10.1038/s41419-018-1231-4
http://www.ncbi.nlm.nih.gov/pubmed/26674822
https://dx.doi.org/10.2450/2015.0082-15
http://www.ncbi.nlm.nih.gov/pubmed/35740624
https://dx.doi.org/10.3390/cancers14122959
http://www.ncbi.nlm.nih.gov/pubmed/34880251
https://dx.doi.org/10.1038/s41467-021-27525-9
http://www.ncbi.nlm.nih.gov/pubmed/30503969
https://dx.doi.org/10.1016/j.ymthe.2018.11.005
http://www.ncbi.nlm.nih.gov/pubmed/30447042
https://dx.doi.org/10.1111/cas.13806
http://www.ncbi.nlm.nih.gov/pubmed/29433850
https://dx.doi.org/10.1016/S0140-6736(18)30207-1
http://www.ncbi.nlm.nih.gov/pubmed/35520275
https://dx.doi.org/10.2147/CLEP.S352045
http://www.ncbi.nlm.nih.gov/pubmed/32402160
https://dx.doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/37499670
https://dx.doi.org/10.1016/S0140-6736(23)00961-3
http://www.ncbi.nlm.nih.gov/pubmed/18650514
https://dx.doi.org/10.1056/NEJMoa0708857
http://www.ncbi.nlm.nih.gov/pubmed/35379737
https://dx.doi.org/10.1136/jitc-2022-004656
http://www.ncbi.nlm.nih.gov/pubmed/31069144
https://dx.doi.org/10.1080/2162402X.2019.1581547
http://www.ncbi.nlm.nih.gov/pubmed/35982962
https://dx.doi.org/10.3389/fonc.2022.816198
http://www.ncbi.nlm.nih.gov/pubmed/10699889
https://dx.doi.org/10.1002/(sici)1097-0142(20000301)88:5<1016::aid-cncr10>3.0.co;2-v
http://www.ncbi.nlm.nih.gov/pubmed/24619495
https://dx.doi.org/10.1245/s10434-014-3621-x
http://www.ncbi.nlm.nih.gov/pubmed/29660216
https://dx.doi.org/10.1111/jvh.12911
http://www.ncbi.nlm.nih.gov/pubmed/33294424
https://dx.doi.org/10.2147/JHC.S278527
http://www.ncbi.nlm.nih.gov/pubmed/35907016
https://dx.doi.org/10.1007/s00262-022-03254-w
http://www.ncbi.nlm.nih.gov/pubmed/29405329
https://dx.doi.org/10.1002/hep.29800
http://www.ncbi.nlm.nih.gov/pubmed/30073257
https://dx.doi.org/10.1001/jamasurg.2018.2721

28

30

34

35

Pan D et al. Long-term prognosis of HBV-HCC

early-stage HBV-related hepatocellular carcinoma undergoing curative resection. Chin J Cancer 2016; 35: 28 [PMID: 26992891 DOI:
10.1186/s40880-016-0089-z]

Yang Y, Wen F, Li J, Zhang P, Yan W, Hao P, Xia F, Bi F, Li Q. A high baseline HBV load and antiviral therapy affect the survival of patients
with advanced HBV-related HCC treated with sorafenib. Liver Int 2015; 35: 2147-2154 [PMID: 25676812 DOIL: 10.1111/1iv.12805]

Chen RC, Wang J, Kuang XY, Peng F, Fu YM, Huang Y, Li N, Fan XG. Integrated analysis of microRNA and mRNA expression profiles in
HBx-expressing hepatic cells. World J Gastroenterol 2017; 23: 1787-1795 [PMID: 28348484 DOI: 10.3748/wjg.v23.110.1787]

Liu Y, Li W, Jia T, Peng D, Li H, Li X, Lv S. Sustained Responses in Chronic Hepatitis B Patients with Nucleos (t)ide Analogue Drug-
resistance after Peg-interferon Alfa-2a Add-on Treatment: A Long-term Cohort Study. J Clin Transl Hepatol 2018; 6: 18-24 [PMID: 29577028
DOI: 10.14218/JCTH.2017.00041]

Zhou ZY, Liu SR, Xu LB, Liu C, Zhang R. Clinicopathological and Prognostic Value of Programmed Cell Death 1 Expression in Hepatitis B
Virus-related Hepatocellular Carcinoma: A Meta-analysis. J Clin Trans! Hepatol 2021; 9: 889-897 [PMID: 34966652 DOI:
10.14218/JCTH.2021.00056]

Balermpas P, Martin D, Wieland U, Rave-Frank M, Strebhardt K, Rodel C, Fokas E, Rodel F. Human papilloma virus load and PD-1/PD-L1,
CD8 (+) and FOXP3 in anal cancer patients treated with chemoradiotherapy: Rationale for immunotherapy. Oncoimmunology 2017; 6:
e1288331 [PMID: 28405521 DOI: 10.1080/2162402X.2017.1288331]

Xu F, Meng Q, Wu F, Wang Y, Yang W, Tong Y, Liu L, Chen X. Identification of Warning Transition Points from Hepatitis B to
Hepatocellular Carcinoma Based on Mutation Accumulation for the Early Diagnosis and Potential Drug Treatment of HBV-HCC. Oxid Med
Cell Longev 2022; 2022: 3472179 [PMID: 36105485 DOI: 10.1155/2022/3472179]

Yau T, Hsu C, Kim TY, Choo SP, Kang YK, Hou MM, Numata K, Yeo W, Chopra A, Ikeda M, Kuromatsu R, Moriguchi M, Chao Y, Zhao H,
Anderson J, Cruz CD, Kudo M. Nivolumab in advanced hepatocellular carcinoma: Sorafenib-experienced Asian cohort analysis. J Hepatol
2019; 71: 543-552 [PMID: 31176752 DOI: 10.1016/j.jhep.2019.05.014]

El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, Kim TY, Choo SP, Trojan J, Welling TH Rd, Meyer T, Kang YK, Yeo W,
Chopra A, Anderson J, Dela Cruz C, Lang L, Neely J, Tang H, Dastani HB, Melero 1. Nivolumab in patients with advanced hepatocellular
carcinoma (CheckMate 040): an open-label, non-comparative, phase 1/2 dose escalation and expansion trial. Lancet 2017; 389: 2492-2502
[PMID: 28434648 DOI: 10.1016/S0140-6736(17)31046-2]

Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, Verslype C, Zagonel V, Fartoux L, Vogel A, Sarker D, Verset G, Chan SL,
Knox J, Daniele B, Webber AL, Ebbinghaus SW, Ma J, Siegel AB, Cheng AL, Kudo M; KEYNOTE-224 investigators. Pembrolizumab in
patients with advanced hepatocellular carcinoma previously treated with sorafenib (KEYNOTE-224): a non-randomised, open-label phase 2
trial. Lancet Oncol 2018; 19: 940-952 [PMID: 29875066 DOL: 10.1016/S1470-2045(18)30351-6]

Ho WJ, Danilova L, Lim SJ, Verma R, Xavier S, Leatherman JM, Sztein MB, Fertig EJ, Wang H, Jaffee E, Yarchoan M. Viral status, immune
microenvironment and immunological response to checkpoint inhibitors in hepatocellular carcinoma. J Immunother Cancer 2020; 8 [PMID:
32303615 DOI: 10.1136/jitc-2019-000394]

Boni C, Fisicaro P, Valdatta C, Amadei B, Di Vincenzo P, Giuberti T, Laccabue D, Zerbini A, Cavalli A, Missale G, Bertoletti A, Ferrari C.
Characterization of hepatitis B virus (HBV)-specific T-cell dysfunction in chronic HBV infection. J Virol 2007, 81: 4215-4225 [PMID:
17287266 DOI: 10.1128/JV1.02844-06]

Cho H, Kang H, Kim CW, Kim HY, Jang JW, Yoon SK, Lee CD. Phenotypic Characteristics of PD-1 and CTLA-4 Expression in
Symptomatic Acute Hepatitis A. Gut Liver 2016; 10: 288-294 [PMID: 26347518 DOI: 10.5009/gnl14368]

Knolle PA, Thimme R. Hepatic immune regulation and its involvement in viral hepatitis infection. Gastroenterology 2014; 146: 1193-1207
[PMID: 24412289 DOI: 10.1053/j.gastro.2013.12.036]

Ziogas DC, Kostantinou F, Cholongitas E, Anastasopoulou A, Diamantopoulos P, Haanen J, Gogas H. Reconsidering the management of
patients with cancer with viral hepatitis in the era of immunotherapy. J Immunother Cancer 2020; 8 [PMID: 33067316 DOI:
10.1136/jitc-2020-000943]

3%9@) WJGO | https://www.wjgnet.com 2519 June 15,2024 | Volume16 | Issue6 |


http://www.ncbi.nlm.nih.gov/pubmed/26992891
https://dx.doi.org/10.1186/s40880-016-0089-z
http://www.ncbi.nlm.nih.gov/pubmed/25676812
https://dx.doi.org/10.1111/liv.12805
http://www.ncbi.nlm.nih.gov/pubmed/28348484
https://dx.doi.org/10.3748/wjg.v23.i10.1787
http://www.ncbi.nlm.nih.gov/pubmed/29577028
https://dx.doi.org/10.14218/JCTH.2017.00041
http://www.ncbi.nlm.nih.gov/pubmed/34966652
https://dx.doi.org/10.14218/JCTH.2021.00056
http://www.ncbi.nlm.nih.gov/pubmed/28405521
https://dx.doi.org/10.1080/2162402X.2017.1288331
http://www.ncbi.nlm.nih.gov/pubmed/36105485
https://dx.doi.org/10.1155/2022/3472179
http://www.ncbi.nlm.nih.gov/pubmed/31176752
https://dx.doi.org/10.1016/j.jhep.2019.05.014
http://www.ncbi.nlm.nih.gov/pubmed/28434648
https://dx.doi.org/10.1016/S0140-6736(17)31046-2
http://www.ncbi.nlm.nih.gov/pubmed/29875066
https://dx.doi.org/10.1016/S1470-2045(18)30351-6
http://www.ncbi.nlm.nih.gov/pubmed/32303615
https://dx.doi.org/10.1136/jitc-2019-000394
http://www.ncbi.nlm.nih.gov/pubmed/17287266
https://dx.doi.org/10.1128/JVI.02844-06
http://www.ncbi.nlm.nih.gov/pubmed/26347518
https://dx.doi.org/10.5009/gnl14368
http://www.ncbi.nlm.nih.gov/pubmed/24412289
https://dx.doi.org/10.1053/j.gastro.2013.12.036
http://www.ncbi.nlm.nih.gov/pubmed/33067316
https://dx.doi.org/10.1136/jitc-2020-000943

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Design of the study and patients
	Definitions
	Grouping and treatment protocol
	Assessment
	Statistical analysis

	RESULTS
	Patient characteristics
	HBV reactivation and hepatic dysfunction following anti-PD-1 immunotherapy
	Tumor response
	PFS and OS
	Univariate and multivariate analyses of PFS and OS
	Validation of prognostic models
	AEs

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	FOOTNOTES
	REFERENCES

