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Background: A high hepatitis B virus (HBV) load is a common exclusion criterion in
hepatocellular carcinoma (HCC) clinical trials for anti-programmed cell death (PD)-1 immu-
notherapy. However, the validity of this criterion is barely verified. This study aimed to
evaluate the impact of baseline HBV DNA levels and antiviral therapy on the oncological
outcomes and liver functions of patients with HCC receiving anti-PD-1 immunotherapy.
Methods: We reviewed HCC trials related to anti-PD-(L)1 immunotherapy and whether
they ruled out patients with increased HBV loads on clinicaltrials.gov. Then, for this retro-
spective study, we enrolled 253 HCC patients treated with anti-PD-1 blockade in our
institution. Baseline information was compared between patients with low and high HBV
loads. Overall survival (OS) and progression-free survival (PFS) were compared, and uni-
variate and multivariate analyses were applied to identify potential risk factors for oncolo-
gical outcomes and hepatic impairment.

Results: Among 76 HCC clinical trials including 13,927 patients receiving anti-PD-(L)1
blockade, 41 (53.9%) excluded patients with relatively high baseline HBV loads. The PFS
and OS did not differ significantly between patients with baseline HBV loads < 2000 IU/mL
and those with viral loads >2000 IU/mL (p=0.615 and 0.982). The incidence of hepatic
impairment showed no association with the baseline HBV load (p=0.319). Patients receiving
antiviral therapy had a better OS than those without antiviral therapy in the high baseline
HBYV load group (p= 0.001).

Conclusion: High HBV loads did not compromise the clinical outcomes of HCC patients
receiving anti-PD-1 blockade. Antiviral therapy could improve the OS of HCC patients with
high HBV loads.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth most common malignancy
worldwide, and its incidence continues to increase.'” Approximately 33% of
HCC patients are infected with hepatitis B virus (HBV).? The microenvironment
of HBV-related HCC is more immunosuppressive than that of non-viral-related
HCC due to the enrichment of regulatory T cells, which can be partly attributed to
the upregulation expression of programmed death-1 (PD-1) expression.* Studies
have shown that the HBV load is positively correlated with the expression of PD-1
on T cells.*® Previous studies identified high HBV DNA concentration as an

independent risk factor for poor survival and early recurrence after curative

submit your manuscript

Dove n

http:

in 3

Journal of Hepatocellular Carcinoma 2020:7 337-345 337

© 2020 Sun et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-6619-1247
http://orcid.org/0000-0003-4405-1048
http://orcid.org/0000-0002-9752-4729
mailto:chenmsh@sysucc.org.cn
mailto:zhangyuj@sysucc.org.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Sun et al

Dove

resection in HCC patients.””” Moreover, higher HBV DNA
levels are associated with a poorer response to transarterial
chemoembolization (TACE) and sorafenib.'"® Studies
have also reported that antiviral treatment can prolong
the survival of HCC patients with HBV infection.”'%!*
To date, few studies have reported the impact of HBV load
on immunotherapy for HCC patients. The emerging immune
checkpoint inhibitors (ICIs) blocking the PD-1 pathway have
revolutionized the treatment modalities for advanced HCC,
which can achieve objective response rates of 17% to 20% as
1316 Phase III
Pembrolizumab failed to achieve its primary endpoints, indi-

monotherapy. However, the trial of
cating the potential necessity for identifying subgroups of
patients most likely benefiting from ICIs.!” Combination
therapies generally showed better effects, and oncologists
have been taking efforts to explore the best therapeutic meth-
ods and indications.'® ' A series of clinical trials were regis-
tered, and we noticed that researchers focused predominantly
on advanced HCC. Late-stage HCC patients are more likely to
have impaired liver function and decreased general condition,
and researchers should perform a more comprehensive and
strict assessment of the included patients.”**> The current
HCC clinical trials using anti-PD-1 blockade therapy usually
list increased HBV levels as an exclusion criterion, requiring
patients with HBV to have a baseline HBV load up to
1002000 TU/mL.">'” The underlying concern is that patients
with high HBV loads might suffer from HBV reactivation and
hepatic impairment during anti-PD-1 immunotherapy.
However, the validity of these criteria is barely proved.
Furthermore, whether antiviral therapy can improve the effi-
cacy and safety of anti-PD-1 blockade remains unclear.

This study aimed to explore whether the baseline HBV
DNA level and antiviral therapy had impacts on the prog-
nostic outcomes of HCC patients receiving anti-PD-1 immu-
notherapy and to evaluate the effect of viral load and antiviral
treatment on hepatic impairment. With the increasing appli-
cation of anti-PD-1 immunotherapy, the above results can
provide evidence for more appropriate patient selection and

avoidance of potential adverse effects.

Methods

Summary of Enrolled Registered Clinical
Trials

We reviewed HCC clinical trials associated with anti-PD
-(L)1 immunotherapy published on ClinicalTrials.gov to
assess the current status of clinical trials associated with
anti-PD-1 immunotherapy in HCC patients to clarify the

necessity of our study. Whether baseline HBV DNA levels
were adopted as exclusion criteria were recorded.
A detailed description of the selected enrolled trials is

shown in Supplement Figure 1. The clinical trial registra-

tion numbers of enrolled trials are listed in Supplementary
Table 1.

Patient Selection

In this retrospective study, to investigate the necessity of
these exclusion criteria, we reviewed HCC patients receiv-
ing anti-PD-1 immunotherapy in Sun Yat-sen University
Cancer Center from January 1, 2018 to December 20,
2019. In total, 602 patients were enrolled according to
the following inclusion criteria: 1) having clinical and/or
pathological diagnostic records of HCC in our institu-
tion; 2) age at diagnosis > 18 years old; and 3) having
information on hepatitis virus infection. Patients were
excluded for 1) not having pretreatment baseline HBV
DNA tests; 2) without tumor imaging within six weeks
before receiving anti-PD-1 blockade; 3) with hepatitis
C virus infection; or 4) with negative HBV surface anti-
gen. Finally, we enrolled 253 patients for analyses. HBV
loads were measured by a real-time viral polymerase chain
reaction in our institution. The patients were treated with
anti-PD-1 blockades according to the standard drug
instructions, which are listed in Supplementary Table 2.

The study flow chart is shown in Figure 1. This study was
performed in accordance with the ethical standards of the
1964 Helsinki declaration and was approved by the insti-
tutional review board of Sun Yat-sen University Cancer
Center.

Clinical Endpoints

The primary endpoint was overall survival (OS), which
was defined as the time from the first medication of anti-
PD-1 immunotherapy to death. Progression-free survival
(PFS) was defined as time from the first medication of
anti-PD-1 immunotherapy to the first report of progressive
disease according to the modified Response Evaluation
Criteria in Solid Tumors. According to the Common
Terminology Criteria for Adverse Events (AEs) (CTCAE
v5.0), hepatic impairment was defined as a five-fold or
greater increase of alanine aminotransferase or aspartate
aminotransferase than the upper limit of normal value
(baseline was normal), or a five-fold or greater increase
of ALT/AST than the baseline (baseline was abnormal).?*
HBYV reactivation was defined according to the American
Association for the Study of Liver Disease 2018 Hepatitis
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602 HCC patients treated with anti-PD-1 immunotherapy
from January 2018 to December 2019

Excluded

Without tumor imaging within 6 weeks before
receiving anti-PD-1 blockade (n=200)

Without pretreatment baseline HBV DNA level
test (n=109)

With Hepatitis C virus infection (n=6)

With negative HBV surface antigen (n=34)

‘ 253 patients enrolled

[

|

l

Patients with Patients with
baseline HBV DNA baseline HBV DNA
level <20001U/mL level >20001U/mL
(n=137) (n=116)

Figure | The flowchart of patients enrolled in this study.

B guidance. For patients with positive HBsAg, HBV reac-
tivation can be diagnosed as one of the following: (1) a>2
log (100-fold) increase in HBV DNA compared to the
baseline level; (2) HBV DNA > 3 log (1000) IU/mL in
a patient with previously undetectable level.”

Statistical Analysis

A two-independent ¢-test was adopted for comparing vari-
ables distributed normally. Chi-square or Fisher’s exact
tests were used for comparing categorical variables. OS
and PFS were compared by the Kaplan—-Meier method
with the Log-rank test. A multivariate Cox regression
model was performed to assess potentially significant vari-
ables in the univariate analysis. Binary logistic regression
analysis was adopted to evaluate the association between
hepatic impairment and potential factors, including age,
gender, HBsAg status, HBeAg status, the Barcelona Clinic
Liver Cancer (BCLC) stage, alpha-fetoprotein (AFP),
albumin-bilirubin (ALBI) grade, cirrhosis and treatment
modality. A two-tailed P value < 0.05 was considered
statistically significant. The analyses were performed
with IBM SPSS, version 26.0 and R software ver-
sion 3.3.2.

Results

Characteristics of HCC Clinical Trials and
Exclusion Criteria of HBY DNA Level

We identified 76 HCC clinical trials that enrolled 13,927

HCC patients receiving anti-PD-(L)1 blockade. Table 1
lists the detailed characteristics of clinical trials and

relevant HBV DNA exclusion criteria. A total of 41 trials
(53.9%) excluded patients with relatively high baseline
HBV DNA levels, 26.8% and 95.1% of which excluded
patients with baseline levels greater than 100 IU/mL and
2000 IU/mL, respectively. There was no significant corre-
lation between the exclusion criteria of baseline HBV
loads and other characteristics of trials, including phase
of study, stage of HCC, treatment modality and sample
size (p=0.061, 0.252, 0.154 and 0.499).

Patient Characteristics

The clinical characteristics of the 253 enrolled HCC
patients are summarized in Table 2. There was no signifi-
cant difference in age or gender between patients with low
(baseline viral load < 20001U/mL) and high (baseline viral
load > 2000IU/mL) HBV DVA levels. Patients with higher
viral load tended to have positive HBeAg and to receive
antiviral therapy (p=0.141 and 0.057). The proportion of
BCLC stage and the AFP level was similar between the
two groups. A higher HBV load was associated with
a higher ALBI grade (p=0.034). The incidence of cirrhosis
was slightly higher in patients with high viral loads.
Among the whole cohort, 31 patients received anti-PD-1
immunotherapy alone, 69 patients received immunother-
apy combined with targeted drugs, 65 patients received
immunotherapy combined with local treatment including
hepatic arterial infusion or TACE, and 88 patients received
immunotherapy combined with targeted drugs and local
treatment. Higher viral load had no significant relation
with treatment modality (p=0.057).
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Table | Characteristics of HCC Clinical Trials Associated with
Anti-PD-1 or PD-LI Immunotherapy

Table 2 Baseline Characteristics of Patients with High and Low
Baseline HBV DNA Level

Characteristics Number of Trials Characteristics DNA Level DNA Level P value
(%) <2000 IU/mL | >2000 IU/mL
Total 76 Sample size 137 116
Phase of study Age (years) 50.69+11.86 50.72x11.96 0.988
| 9 (11.8)
I 47 (61.8) Gender 0.998
m 16 21.1) Male 117 (85.4) 100 (86.2)
Not Applicable 4(53) Female 20 (14.6) 16 (13.8)
Stage of HCC HBeAg 0.141
Early 10 (132) Positive 26 (19.0) 32 (27.6)
Local Advanced 25 (32.9) Negative 111 (81.0) 84 (72.4)
Advanced 41 (53.9) BCLC stage 0611
Treatment modality B 34(248) 33 (284)
ICl alone 16 21.1) C 103 (75.2) 83 (71.6)
ICI with local treatments 19 (25.0) AFP, ng/mL 0.262
ICI with targeted drugs 41 (53.9) <200 59 (43.1) 4] (35.3)
Types of endpoints >200 78 (569) 75 (64.7)
Survival 71 (934) 2 ALBI grade 0.034
Response 61 (80.3) | 68 (49.6) 40 (34.5)
Adverse events/Toxicity 45 (59.2) 1l 68 (49.6) 73 (62.9)
Sample Size i 1 (©7) 329
Median (Range) 50 (12-1723) Cirrhosis 0.454
<100 52 (68.4) Yes 47 (34.3) 46 (39.7)
100-500 15 (19.7) No 90 (65.7) 70 (60.3)
>500 9 (11.8)
Treatment modality 0.019
Cutoff values of exclusion criterion for HBV b AP alone 23 (16.8) 8 (6.9)
loads AP with® TD 42 (30.7) 27 (23.3)
0-100 11 (145) AP with? LT 33 (24.1) 32 (27.6)
100-2000 28 (36.8) AP with TD and LT | 39 (28.5) 49 (42.2)
>2000 2 (2.6)
None 35 (46.1) Antiviral therapy 0.057
Yes 104 (75.9) 100 (86.2)
Abbrevia_ltiorf: ICI, immune checkpoint inhibitors including anti-PD-1 or PD-LI No 33 (24.1) 16 (13.8)
blockade in this study.

Survival Outcomes

The median follow-up time was 10.2 months. During
treatment, 121 (47.8%) patients suffered progressive dis-
ease. The median PFS time was 5.5 months. There was no
significant difference in PFS between patients with
a baseline HBV DNA level < 2000IU/mL and those with
a DNA level > 2000IU/mL (p=0.615). The survival curves
are plotted in Figure 2A. The PFS was also similar when
the cutoff value was set to 0 IU/mL or 100 IU/mL
(p=0.485 and 0.842) (Supplementary Figures 2A and
3A). The only significant factor related to PFS was gender

Abbreviations: *ALBI, albumin-bilirubin grade; bAP, anti-PD-| immunotherapy;
“TD, targeted drugs; °LT, local treatments.

in the univariate analysis (p=0.028), but no significant
factor was identified in the multivariate analysis.

During follow-up, 70 (27.7%) patients died. The med-
ian survival time was 9.1 months. No significant associa-
tion was found between the high baseline viral load and
OS (p=0.982). The survival curves are shown in Figure
2C. A similar tendency was found when the cutoff value
was set to 0 IU/mL or 100 IU/mL (p=0.551 and 0.744)
(Supplementary Figures 2C and 3C). According to multi-

variate analysis, the OS was significantly related to
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Figure 2 The survival curves of patients with baseline HBVY DNA level £20001U/mL and those with DNA level > 20001U/mL after receiving anti-PD-1 immunotherapy. There
was no significant in the progression-free survival (PFS) (A) or overall survival (OS) (C) between groups with low and high baseline viral loads. Antiviral therapy could not
improve the PFS (B), but it could prolong the OS of HCC patients with high baseline viral load (D).

treatment modality, BCLC stage, serum AFP level and
antiviral therapy (p=0.005, 0.032, 0.036 and 0.025).

The impact of baseline viral load on PFS and OS was
evaluated in subgroups stratified by different variables.
Detailed information is shown in Figure 3. No interaction
effect was found between baseline viral load and each
variable in PFS or OS. The baseline HBV DNA level did
not significantly affect PFS or OS in each subgroup.

HBV Reactivation and Hepatic
Impairment After Receiving Anti-PD- |
Immunotherapy

Among 253 patients, 143 (56.5%) received viral load
monitoring after anti-PD-1 blockade, and two (1.4%)
patients suffered from HBV reactivation. Both patients
had low baseline viral load, and one patient with positive
HBeAg received antiviral therapy. Neither of them had
hepatic impairment during treatment. A total of 54
(21.3%) patients suffered hepatic impairment, while the

baseline viral load had no significant impact on the inci-
dence of hepatic impairment (p=0.319). In the multivariate
analysis, an increasing number of treatment modalities,
more advanced BCLC stage and cirrhosis related to
a higher incidence of hepatic impairment (p=0.001, 0.043
and 0.014). The occurrence of hepatic impairment did not
significantly affect the PFS or OS (p=0.071 and 0.323).

Impact of Antiviral Therapy on the
Clinical Outcomes of HCC Patients
Antiviral therapy did not improve the PFS in groups with
low or high HBV DNA levels (Figure 2B, Supplementary
Figures 2B and 3B). However, patients receiving antiviral

therapy had better survival than those who did not receive
antiviral therapy in the group with high baseline HBV
DNA levels (p=0.001) (Figure 2D, Supplementary
Figures 2D and 3D). There was no significant difference

in the incidence rates of hepatic impairment between
patients treated with or without antiviral therapy in groups
with either low or high HBV loads (p=0.707 and 0.476).

Journal of Hepatocellular Carcinoma 2020:7
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Events/Patients oS HR(95%CI) P Events/Patients PFS HR(95%CI) P

Age, years

<52 39/133 ——  1.75(0.93-3.30) 0.083 65/133 |——— 1.75(0.93-3.30) 0.984

> 52 31/120 - 0.50(0.24-1.07) 0.075 56/120 FoA 0.76(0.45-1.30) 0.318
Gender

Male 59/217 o 0.99(0.59-1.65) 0.969 98/217 boA 0.88(0.59-1.31) 0.528

Female 11/36 —o—— 1.14(0.35-3.74) 0.832 23/36 —— 1.07(0.47-2.42) 0.879
BCLC stage

B 11/67 —-6——— 1.55(0.45-5.31) 0.486 30/67 F-—— 1.45(0.70-3.02) 0.321

(& 59/186 O 0.99(0.59-1.66) 0.967 91/186 104 0.77(0.51-1.16)  0.211
AFP, ng/mL

<200 21/100 HO— 0.86(0.35-2.07) 0.730 41/100 HO— 1.07(0.56-2.03) 0.837

>200 49/153 b 1.03(0.59-1.80) 0.922 80/153 - 0.84(0.54-1.30) 0.433
ALBI grade

| 23/108 —o— 0.99(0.42-2.34) 0.978 55/108 —o— 1.19(0.70-2.04) 0.520

1l 45/141 M- 0.84(0.47-1.51) 0.556 65/141 M 0.81(0.50-1.32) 0.401

1 2/4 - 0.999 1/4 - 1.000
Cirrhosis

Yes 31/93 Ho— 1.51(0.74-3.07) 0.258 39/93 - 0.72(0.38-1.35) 0.308

No 39/160 - 0.74(0.39-1.41) 0.364 82/160 O 1.03(0.67-1.60) 0.881
Treatment modality

AP alone 13/31 ——&— 3.30(1.00-10.89) 0.051 12/31 H-— 0.53(0.12-2.41) 0.411

AP with TD 25/69 F—-——— 1.71(0.78-3.76) 0.179 32/69 - 0.67(0.31-1.41) 0.288

AP with LT 11/65 HO— 0.82(0.25-2.70) 0.746 29/65 H— 0.98(0.47-2.06) 0.961

AP with TD and LT 21/88 - 0.68(0.29-1.60) 0.374 48/88 +HO— 0.90(0.51-1.60) 0.724
Antiviral therapy

Yes 50/204 H— 0.95(0.55-1.66) 0.867 100/204 - 1.04(0.70-1.54) 0.839

No 20/49 t—&—— 2.00(0.82-4.92) 0.130 21/49 i 0.38(0.13-1.12) 0.079

01234 0 1 2 3

DNA level = 20001U/mL better— — DNA level >20001U/mL better DNA level< 20001U/mL better— — DNA level >20001U/mL

Figure 3 Subgroup analysis of the overall survival (OS) and progression-free survival (PFS) in groups stratified by each variable.

Discussion
To our knowledge, this is the first study to systemically
evaluate the impact of baseline HBV loads in HCC
patients receiving anti-PD-1 immunotherapy. We found
that the baseline viral load had no significant impact on
the prognostic outcomes or rates of hepatic impairment in
HCC patients treated with anti-PD-1 blockade. Receiving
antiviral therapy could prolong the OS of patients with
high viral loads. These findings have clinical values since
most HCC patients are infected with HBV, especially in
endemic regions.*®

In the Asian cohort of the CheckMate-040 study, the
survival was similar among patients with different HCC
etiologies.”” Similarly, the KETNOTE-224 study reported

comparable efficacy of pembrolizumab in HCC patients
with and without hepatic virus infection.'® Yau et al eval-
uated the efficacy of Nivolumab plus Ipilimumab in
patients with advanced HCC, and the OS was similar
between patients with and without HBV infection (22.8
months vs 22.2 months).'” The rates of AEs were similar
between HCC patients with HBV/HCV infection and those
with
pembrolizumab.'*'® However, HCC patients with HBV
were required to have a baseline HBV load < 100 IU/mL
for eligibility in these studies, and whether the baseline

without  during treatment nivolumab  or

viral load had an impact on clinical outcomes was not
assessed. According to our results, most (53.9%) HCC
clinical trials excluded patients with relatively high
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baseline HBV loads. However, evidence is scarce on
whether different viral loads affect the efficacy and safety
of anti-PD-1 blockade. Inconsistent and stringent exclu-
sion criteria, especially for the HBV DNA level, can
exclude a considerable number of patients from enroll-
ment. Considering that HBV is one of the major etiologies
of HCC, this exclusion criterion may limit the efficiency
and generalizability of trials.

Although viral loads are reported to affect the efficacy
of ICIs in some malignancies such as gastric and anal
squamous carcinoma, our study found no significant asso-
ciation between survival and HBV DNA level in HCC
patients.”®*° Publications have reported that the expression
of PD-1 is positively correlated with HBV DNA levels, and
ICIs can enhance the antiviral immunity.>*° Therefore, viral
antigens in the tumor immune microenvironment may inter-
fere with the antitumor effects of ICIs. However, unlike
other viruses, HBV can integrate into the genome of both
HCC cells and hepatocytes, which may potentially impede
virus-specific immune cells from discriminating infected
tumor cells and hepatocytes. The antitumor ability of ICIs
may depend on other carcinogenetic processes rather than
on HBV-related cascades.”’ Ho et al have found that viral
etiology has no effect on the tumor immune microenviron-
ment, and viral status should not be adopted as a criterion
for ICI medication.*' Since viral status had no impact on the
efficacy of IClIs, it can be inferred that viral load may not
compromise the efficacy of anti-PD-1 blockade, which was
supported by our data.

Although physicians are concerned about whether anti-
PD-1 blockade has a significant influence on HBV reacti-
vation and hepatic impairment, our study provides the first
statistical analysis accordingly. The incidence rate of HBV
reactivation was 1.4% in our study, which was similar to
the incidence rate (1.6%) reported by Zhang et al.*”
Although blocking PD-1 can improve the antiviral immu-
nity of HBV-specific CD8+ T cells, it can also promote the
proliferation of T regulatory cells which may increase
immunosuppression and lead to HBV reactivation.*>**
Since the theoretical influence of blocking PD-1 on HBV
remains contradictory, whether a higher viral load may
increase the risk of HBV reactivation should be further
explored. The CheckMate-040 and KETNOTE-224 studies
have shown that the rates of AEs were similar across virus
etiologies, but the sample size of HCC patients with HBV
infection is limited in these trials.">!” Patients with viral
hepatitis can also tolerate ICIs in other cancers such as
melanoma and non-small cell lung cancer.*> >’ However,

these reports are mainly case series. In addition, previous
studies mainly focused on the status of HBV infection but
did not specifically evaluate the impact of viral load.*®*
Our study became the first systemic assessment of the
safety of anti-PD-1 immunotherapy in patients with HBV-
related HCC with adequate number of patients, and we
demonstrated similar rates of hepatic impairment between
patients with low and high baseline HBV DNA levels.

This study also found that antiviral therapy could pro-
long the OS of HCC patients receiving anti-PD-1 immu-
notherapy whose baseline viral loads were relatively high.
Studies have reported that antiviral therapy can prolong
the survival of HCC patients receiving hepatectomy or
sorafenib.”'? Receiving antiviral therapy can partly relieve
or delay the deterioration of liver function to improve the
survival. Intriguingly, one of our patients suffering from
HBYV reactivation had undetectable baseline HBV DNA
levels and did not receive antiviral therapy during treat-
ment. This indicates that patients with positive HBsAg
may need to receive antiviral therapy during anti-PD-1
immunotherapy, regardless of the HBV DNA level.
Although antiviral therapy can improve the clinical out-
comes of HCC patients, the survival of advanced HCC
patients is still relatively poor. Potential assisting targets
should be explored for precise therapy in HCC patients in
terms of microRNAs, DNA methylation and the tumor
microenvironment.*® In addition to ICIs, other modalities
of immunotherapy, such as dendritic cell vaccination and
immunomodulatory treatments, may assist current clinical
practice strategies for improving the outcomes of HCC
patients.*!

There are several limitations in this study except for its
retrospective nature. First, some baseline characteristics
were not well balanced between groups with different
viral loads, so we assessed the impact of baseline viral
loads in subgroups stratified by each variable. Second, all
the patients in this study only received anti-PD-1 block-
ade, and whether our results can apply to other ICIs needs
further exploration. Third, HCC patients with hepatitis
C virus were excluded from this study, and the influence
of viral loads on these patients remains unclear. Fourth, as
a retrospective study, further multicenter validation is
expected.

Conclusions

In conclusion, HBV loads did not affect the clinical out-
comes of HCC patients receiving anti-PD-1 blockade ther-
apy. Antiviral therapy could improve the OS of patients with
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high HBV loads. Patients with positive HBsAg should
receive antiviral therapy regardless of their viral loads.
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