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Hepatitis B virus infection does not affect the
clinical outcome of anti-programmed death
receptor-1 therapy in advanced solid malignancies
Real-world evidence from a retrospective study using propensity
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Abstract N\
This study aimed to investigate the impact of hepatitis B virus (HBV) infection on the outcome of patients with advanced solid |
malignancies treated with programmed death receptor-1 (PD-1) inhibitors.

We retrospectively included patients treated with PD-1 inhibitors between August 2018 and April 2020. Propensity score matching
(PSM) was performed to match the characteristics of the HBV and non-HBV groups. Objective response rate (ORR) and disease
control rate (DCR) were compared between HBV and non-HBV groups using x° or Fisher exact tests. Kaplan-Meier and log-rank
tests were used to analyze overall survival (OS) and progression-free survival (PFS).

Atotal of 120 patients, including 43 (35.8%) with HBV and 77 (64.2%) without HBV, were enrolled. Cases of HBV reactivation were
not observed. In the entire study population, ORR and DCR did not significantly differ between both groups. After PSM, the study
population comprised 39 patients, 15 with and 24 without HBV. The HBV group had an ORR of 55.6%, whereas the ORR in the non-
HBV group was 36.8% (P=.35). Similarly, the DCR was 77.8% in the HBV group, as compared to 68.4% in the non-HBV group
(P=.61). Additionally, HBV infection did not significantly affect OS (P=.54) and PFS (P=.64) in the unmatched cohort. Moreover,
statistically significant differences regarding OS (P=.15) and PFS (P=.23) were also not detected after PSM.

In conclusion, the HBV infection status did not impact the therapy response or prognosis of patients treated with PD-1 inhibitors.
Further prospective studies are needed to corroborate these findings.

Abbreviations: Cl = confidence interval, CR = complete response, CTLA-4 = cytotoxic T-lymphocyte-associated protein 4, DCR
= disease control rate, ECOG = Eastern Cooperative Oncology Group, HBsAg = hepatitis B surface antigen, HBV = hepatitis B virus,
HCV = hepatitis C virus, HIV = human immunodeficiency virus, ICI = immune checkpoint inhibitor, IL = interleukin, ORR = objective
response rate, OS = overall survival, PD = progressive disease, PD-1 = programmed death receptor-1, PD-L1 = programmed
death-ligand 1, PFS = progression-free survival, PR = partial response, PSM = propensity score matching, RECIST = Response
Evaluation Criteria in Solid Tumors, SD = stable disease.

Keywords: hepatitis B virus, prognosis, programmed death receptor-1 inhibitor, propensity score matching, response

Editor: Maya Saranathan.

LZ and PZ contributed equally to this work.

Funding: This work was supported by the Health Science and Technology Project of Jiangxi Province (202140765).

The authors report no confiicts of interest.

Availability of data and materials: The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
Supplemental Digital Content is available for this article.

2 Department of Oncology, Ganzhou People’s Hospital (The Affiliated Ganzhou Hospital of Nanchang University), Ganzhou, Jiangxi, China, © Department of Respiratory
Medicine, Ganzhou People’s Hospital (The Affiliated Ganzhou Hospital of Nanchang University), Ganzhou, Jiangxi, China.

’ Correspondence: Weiwei Peng, Department of Oncology, Ganzhou People’s Hospital (The Affiliated Ganzhou Hospital of Nanchang University), 18 Meiguan Great
Road, Ganzhou, Jiangxi 341000, China (e-mail: pengweiwei2008@163.com).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Zhong L, Zhong P, Liu H, Li Z, Nie Q, Peng W. Hepatitis B virus infection does not affect the clinical outcome of anti-programmed death
receptor-1 therapy in advanced solid malignancies: Real-world evidence from a retrospective study using propensity score matching. Medicine 2021,100:49(e28113).

Received: 7 December 2020 / Received in final form: 8 October 2021 / Accepted: 16 November 2021
http://dx.doi.org/10.1097/MD.0000000000028113



mailto:pengweiwei2008@163.com
http://dx.doi.org/10.1097/MD.0000000000028113

Zhong et al. Medicine (2021) 100:49

1. Introduction

Cancer immunotherapy has been a breakthrough in the treatment
of various malignancies in recent years. Immune checkpoint
inhibitors (ICIs), especially programmed death receptor-1 (PD-1)
and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)
inhibitors, have demonstrated a survival benefit and/or durable
disease control in advanced malignancies, including non-small
cell lung cancer,"! melanoma,'! hepatocellular carcinoma,*!
renal cell carcinoma,”! and microsatellite instability-high or
mismatch repair-deficient solid tumors.[®! The indications for
ICIs continue to expand at a fast rate.

More than 350 million people worldwide have chronic
hepatitis B virus (HBV) infection, with about 75% located in
Southeast Asia and the Western Pacific.l”! There is growing
evidence showing that chronic HBV infection is strongly
correlated with programmed death-ligand 1 (PD-L1) expression
in tumor cells, suggesting a viral mediation of the systemic
immune response.’®*! The HBV X protein increases the
expression of inflammatory cytokines, such as interleukin (IL)-
6,1L-1B, and IL-18, thus promoting inflammatory damage.!'*! In
addition, the HBV X protein downregulates the level of
eosinophil chemotactic protein-1,"" affecting eosinophil func-
tion, including macrophage polarization and normalization of
the tumor vasculature, which are known to promote tumor
rejection.!'?! Theoretically, HBV infection may affect the host
immune status and alter the response to cancer immunotherapy.

In most clinical trials, particularly those testing immune-
mediated therapy, patients with pre-existing hepatitis virus
infection are excluded because of potentially insufficient
treatment effects, increased toxicity, and fear of viral reactiva-
tion. However, hepatitis virus infection, especially HBV, is fairly
prevalent among patients with cancer. A prospective multicenter
study reported that 6.5% of 3000 newly diagnosed patients with
cancer had a history of HBV infection, and 0.6% had
concomitant HBV infection.!"?! Unfortunately, data on the
efficacy of ICIs in patients with HBV are limited and mostly
found in case reports and case series."*~'”1 To date, the effect of
hepatitis viruses on the outcome of patients treated with ICIs
remains unclear. Therefore, the influence of HBV on patients’
responses to ICIs needs to be further investigated.

This retrospective cohort study aimed to evaluate the impact of
HBYV infection on the outcome of cancer patients undergoing
anti-PD-1 therapy. We divided the cohort into HBV and non-
HBV groups to investigate the predictive and prognostic role of
HBYV infection in oncology clinical practice.

2. Materials and methods

2.1. Patients

In this retrospective study, patients who received PD-1 inhibitors at
Ganzhou People’s Hospital (The Affiliated Ganzhou Hospital of
Nanchang University) between August 2018 and April 2020 were
identified. Ethical approval for the study was granted by the
Institutional Ethics Committee of Ganzhou People’s Hospital, and
the study complied with the principles of the Helsinki Declaration.
The need for obtaining patient consent was waived due to the
retrospective nature of our study. The inclusion criteria were
clinical or histological diagnosis of advanced solid malignancies, at
least one infusion of PD-1 inhibitors, and availability of baseline
hepatitis B surface antigen (HBsAg) test results. Patients were
excluded if they showed positivity for other viral markers, including
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antibodies against hepatitis A virus, hepatitis C virus (HCV),
hepatitis D virus, hepatitis E virus, or human immunodeficiency
virus (HIV). HBV infection was defined as a positive HBsAg test.
Patients with HBV received regular antiviral therapy. Monitoring
of serological markers, including HBsAg, anti-HBs antibody, anti-
HBc antibody, HBeAg, anti-HBe antibody, and HBV DNA was
performed every 1 to 3months in patients with HBV.

2.2. Data collection

The baseline patient characteristics and laboratory values
obtained 14 days preceding the initiation of PD-1 inhibitor
treatment were assessed. Data on sex, age, HBV infection status,
Eastern Cooperative Oncology Group (ECOG) score, primary
tumor, PD-1 inhibitor substance, previous therapy, and treat-
ment modality were extracted from medical records.

2.3. Response evaluation

Treatment response was evaluated by contrast-enhanced com-
puted tomography or magnetic resonance imaging every 6 to 8
weeks after the first cycle of ICIs. Tumor efficacy was assessed as
either complete (CR) or partial (PR) response, as well as stable
(SD) or progressive (PD) disease, according to the Response
Evaluation Criteria in Solid Tumors (RECIST) v.1.1. The
objective response rate (ORR) was defined by the presence of
either a CR or PR. The disease control rate (DCR) was defined as
the sum of CR, PR, and SD.

2.4. Statistical analyses

Propensity score matching (PSM) was performed to match
patients in the HBV and non-HBV groups according to tumor
type. Statistical analyses were performed for the entire study
cohort and separately for the PSM cohort.

Significance was evaluated using the chi-square or Fisher’s
exact tests to compare categorical variables between HBV and
non-HBV groups. Overall survival (OS) was defined from the first
cycle of PD-1 inhibitor administration to the date of cancer-
related death or last contact. Progression-free survival (PFS) was
defined as the time from the first treatment administration to the
date of PD, cancer-related death, or last follow-up. The Kaplan-
Meier and log-rank tests were used to analyze survival. A 2-tailed
P value <.05 was considered significant. Statistical analyses were
performed using SPSS Statistics v.26 (IBM) and R v.3.5 (R Core
Team, R Foundation for Statistical Computing), and graphs
were plotted using GraphPad Prism 8.0.2.

3. Results

3.1. Patient characteristics

Overall, 120 patients with advanced solid malignancies treated with
PD-1 inhibitors were enrolled in the study. Using PSM, we
minimized bias by adjusting for tumor type that may have an impact
on treatment efficacy and survival. The baseline characteristics
before and after PSM are depicted in Table 1. The unmatched cohort
included 43 patients (35.8%) with HBV infection and 77 patients
(64.2%) without HBV infection. The median age was 55 years, and
patients in the HBV group were significantly older than the control
group patients (P=.002). The main tumor types were liver cancer
(n=36, 30.0%), lung cancer (n=27, 22.5%), esophageal cancer
(n=13,10.8%),and melanoma (n=12,10.0%). Additionally, there
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Patient characteristics.

Unmatched Matched
All (%) HBV group (%) Non-HBV group (%) HBV group (%) Non-HBV group (%)

Characteristics (n=120) (n=43) (n=77) P (n=15) (n=24) P
Age, y

<55 61 (50.8) 31 (40.3) 0 (69.8) 9 (60.0) 10 (41.7)

>55 59 (49.2) 46 (59.7) 13 (30.2) .002 6 (40.0) 14 (58.3) .265
Median (range) 55 (17-79)
Sex

Male 90 (75.0) 31 (72.1) 59 (76.6) 8 (53.3) 19 (79.2)

Female 30 (25.0) 12 (27.9) 18 (23.4) 583 7 (46.7) 5(20.8) .089
ECOG score

0-1 56 (47.1) 16 (38.1) 40 (51.9) 8 (53.3) 16 (66.7)

2-3 63 (52.9) 26 (61.9) 37 (48.1) 148 7 (46.7) 8 (33.3) 405
Primary tumor

Liver cancer 36 (30.0) 32 (74.4) 5.2) 4 (26.7) 4 (16.7)

Lung cancer 27 (22.5) 2 (4.7 25 (32.5) 2 (13.3) 5(20.8)

Esophgeal cancer 13 (10.8) 1(2.3) 12 (15.6) 1(6.7) 14.2)

Melanoma 12 (10.0) 4 (9.3) 10.4) 4 (26.7) 8 (33.3)

Others” 32 (26.7) 4 (9.3 28 (36.4) <.001 4 (26.7) 6 (25.0) 978
Treatment modality

PD-1inhibitor” monotherapy 44 (36.7) 13 (30.2) 31 (40.3) 7 (46.7) 58.3)
Combination therapy* 76 (63.3) 30 (69.8) 46 (59.7) 274 8 (53.3) 10 (41.7) A77

Including Hodgkin lymphoma (n=7), gastric adenocarcinoma (n="5), colorectal adenocarcinoma (n=3), soft tissue sarcoma (n=3), cervical squamous cell carcinoma (n=2), ovarian cancer (n1=2), ureteral
urothelial carcinoma (n=2), cutaneous squamous cell carcinoma (n=2), squamous cell carcinoma (n=1), small bowel adenocarcinoma (n=1), nasopharyngeal carcinoma (n=1), penile squamous cell

carcinoma (n=1), pancreatic cancer (n=1), NK/T-cell lymphoma (n=1).
Including pembrolizumab, nivolumab, toripalimab, camrelizumab, sintilimab.
*Including PD-1 inhibitor plus chemotherapy (n=41) and targeted agent (n=235).
ECOG =Eastern Cooperative Oncology Group.

were significant differences in tumor types between the two groups
(P<.001). The histopathological findings of the patients are
presented in Table S1, Supplemental Digital Content, http:/links.
Iww.com/MD2/A736.

After PSM, the study population comprised a total of 39
patients (15 patients with HBV and 24 without HBV). For
balance comparison, we evaluated standardized differences
before and after PSM (Fig. S1, Supplemental Digital Content,
http://links.lww.com/MD2/A734). After PSM, the HBV group
included patients with liver cancer (n=4), lung cancer (n=2),
esophageal cancer (n=1), melanoma (n=4), and others (n=4),
whereas the non-HBV group comprised patients with liver cancer
(n=4), lung cancer (n=35), esophageal cancer (n=1), melanoma
(n=38), and others (n=6). No significant differences in tumor

type, age, sex, ECOG score, and treatment modality were noted
between the two groups (Table 1). Moreover, patients with HBV
received regular antiviral therapy. None of these patients
experienced HBV reactivation during or after anti-PD-1 therapy.
HBV DNA and HBsAg levels before and after PD-1 inhibitor
treatment are presented in Table S2, Supplemental Digital
Content, http:/links.lww.com/MD2/A737.

3.2. Association of HBV with response to PD-1 inhibitors
before and after PSM

As shown in Table 2, 73 patients of the entire cohort were
evaluated for treatment efficacy. Treatment responses were not
assessed in 47 patients. Of those, 38 patients received one or two

Response evaluation according to HBV infection.

Unmatched Matched

Cohort (n=73) HBV group Non-HBV group P HBV group Non-HBV group P
RECIST change

CR 0 1 0 1

PR 5 17 5 6

SD 9 15 2 6

PD 12 14 328 2 6 .628
Objective response

CR+PR 5 18 5 7

SD+PD 21 29 .093 4 12 .350
Disease control 0 0

CR+PR+SD 14 33 7 13

PD 12 14 162 2 6 .609

CR=complete response, PD =progressive disease, PR=npartial response, SD=stable disease.


http://links.lww.com/MD2/A736
http://links.lww.com/MD2/A736
http://links.lww.com/MD2/A734
http://links.lww.com/MD2/A737
http://www.md-journal.com

Zhong et al. Medicine (2021) 100:49

courses of immunotherapy and 9 additional patients were not
evaluated by contrast-enhanced computed tomography or
magnetic resonance imaging although they had been adminis-
tered three to eight cycles of PD-1 inhibitors. Upon comparing
Response Evaluation Criteria in Solid Tumors (RECIST)-based
changes between patients in the HBV (5 PR, 9 SD, and 12 PD)
and non-HBV (1 CR, 17 PR, 15 SD, and 14 PD) groups, no
significant difference was found (P=.33).The ORR was 19.2% in
the HBV group, while it was 38.3% in the non-HBV group
(P=.09). Furthermore, patients with HBV had a DCR of 53.8%
while that of the non-HBV group was 70.2% (P=.16).

After PSM, the ORR and DCR were 55.6% and 77.8% in the
HBYV group (5 PR, 2 SD, and 2 PD). Similarly, the non-HBV
group (1 CR, 6 PR, 6 SD, and 6 PD) had an ORR of 36.8% and a
DCR of 68.4%. No significant difference was detected between
the 2 groups (Table 2).

3.3. Effect of HBV infection on survival before and after PSM

By the cutoff date in April 2020, 41 cancer-related deaths were
observed among 120 patients (34.2%), and progression was
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found in 65 of 99 cases (65.7%). The median OS of the entire
unmatched cohort was 303 days. Kaplan-Meier curves for OS
and PFS, based on HBV infection, were used (Fig. 1). Patients
with HBV had a median OS of 247 days (95% confidence interval
[CI], 84-410), and the median OS was not reached in the non-
HBV group (P=.54). The 6-month OS rate was 61.4% in the
HBV group and 60.5% in the non-HBV group. In addition, the
median PFS was 108 days (95% CI, 45-171) for HBV patients
and 122 days (95% CI, 89-155) for non-HBV patients (P=.51).

After PSM, the HBV group reached a median OS of 303 days
(95% CI, 189-417), whereas the median OS was not reached in
the non-HBV group (P=.15; Fig. 2A). The 6-month OS rate was
61.1% in the HBV group, as compared to 71.9% in the non-HBV
group. The median PFS was 108days (95% CI, 0-224) in the
HBV group and 173 days (95% CI, 111-235) in the non-HBV
group (P=.23; Fig. 2B).

The predominant tumor type in the entire study cohort was
liver cancer, comprising 35 hepatocellular carcinoma cases and
one cholangiocellular carcinoma case. As shown Fig. S2,
Supplemental Digital Content, http:/links.lww.com/MD2/
A735, HBV infection did not significantly influence either OS
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Figure 1. Kaplan-Meier curves of overall survival (A) and progression-free survival (B) based on HBV infection before propensity score matching. HBV = hepatitis B
virus.
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Figure 2. Kaplan-Meier curves of overall survival (A) and progression-free survival (B) based on HBV infection after propensity score matching. HBV =hepatitis B

virus.
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(P=.92) or PFS (P=.72) in the liver cancer cohort. Patients with
HBYV had a median OS and PFS of 192 and 85 days, respectively.
In the non-HBV group, the median OS and PFS were 153 and 84
days, respectively.

4. Discussion

Patients with cancer and HBV infection are not rare. Given the
prevalence, it is inevitable that oncologists will manage patients
with HBV infection. However, the efficacy of anti-PD-1 therapy
in these patients is unclear because they are excluded from most
oncology trials involving ICIs. To the best of our knowledge, this
study is the first to demonstrate similar efficacy and survival for
cancer patients with and without HBV undergoing PD-1
inhibitors in a clinical setting.

Data on the safety and efficacy of ICI therapy in patients with
chronic viral infection and advanced-stage cancers are limited.
Several case reports have described ICIs to be well-tolerated by
patients with non-small cell lung cancer,"*'”>!8] melano-
ma,®1°! or hepatocellular carcinoma!™! and hepatitis virus
infection. Shah et al'*°! retrospectively evaluated treatment
toxicity and response in 50 advanced-stage cancer patients
who had HIV, HBV, or HCV infections and were treated with
ICIs. In this case series, immunotherapy was shown to be safe,
and responses to ICIs were prolonged among patients with
chronic viral infection. Zhang et al®!! conducted a retrospective
study on the utility of antiviral therapy in HBsAg-positive
patients treated with ICIs in preventing HBV reactivation.
Although HBV reactivation occurred in a small subset of patients
who were seropositive for HbsAg, antiviral therapy and careful
viral monitoring were allowed for safe administration of ICIs to
HBV-infected cancer patients. However, the study did not
provide details on the antitumor response and survival. In our
study, which evaluated the impact of HBV infection in a large
cohort of patients treated with anti-PD-1 therapy, patients with
HBV received regular antiviral therapy. HBV reactivation was
not observed in any patient during or after anti-PD-1 therapy.

In the entire unmatched study population, no significant
correlation between HBV infection and RECIST change was
found. Moreover, there were no significant differences in ORR
and DCR regarding HBV infection before and after PSM. These
efficacy results are consistent with those from clinical trials of
anti-PD-1 therapy in patients with hepatocellular carcinoma. In
the KEYNOTE-224 trial, ORRs were found in 5 (13%) of 39
hepatocellular carcinoma patients infected with HBV or HCV
and 13 (20%) of 64 uninfected patients, with no difference
among the groups.*! In the CheckMate 040 trial, the ORR and
DCR among HBV-infected hepatocellular carcinoma patients in
the dose-expansion phase were 14% and 55%, respectively.
However, these results were not matched for statistical
comparisons with those of patients without HBV.!!

In the present study, we also investigated the effects of HBV
infection on the survival of patients treated with PD-1 inhibitors.
In the unmatched cohort, there were no significant differences for
OS and PFS between the two study groups. Moreover,
statistically significant differences regarding OS and PFS were
also not found after PSM, and in the liver cancer cohort, no
differences in OS and PFS were observed between HBV and non-
HBV patients. Similarly, a retrospective study on 32 metastatic
non-small cell lung cancer patients with HBV suggested a lack of
HBV impact on PFS associated with ICI therapy.'*! Another
retrospective analysis reported that non-small cell lung cancer
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patients with previous HBV infection or pulmonary tuberculosis
had better survival outcomes in terms of PFS and OS. However,
this could be accounted for by the difference in baseline
characteristics, owing to the small size of this study.*?! In the
present study, we also observed substantial and prolonged
responses in patients with HBV similar to those in non-HBV
patients. Had these patients been excluded from ICI treatment
because of their HBV infection, they would not have been able to
experience the long-term benefits of ICI therapy. Considering the
findings of our study, an HBV infection should not preclude
cancer patients from receiving ICI treatment. Recently, published
systematic reviews concluded that ICIs are safe and effective for
advanced cancer patients with HBV.[2372%! Several ongoing trials
are assessing the efficacy and toxicity of ICIs in patients with
different malignancies and concurrent chronic viral infections.

The persistent existence of hepatitis virus infection results in
antiviral CD8+ T cell exhaustion through negative co-stimulatory
molecules, such as PD-1.1¢) In a preclinical model, PD-1/PD-L1
blockade restored the function of exhausted virus-specific CD8+
T cells,?”! suggesting that PD-1 inhibitors might theoretically
have a therapeutic application in chronic viral infection.
Combination therapies incorporating immune checkpoint inhib-
itors and antiviral drugs can be explored to effectively treat
chronic viral infection. Improving our understanding of the
pathways involved in viral latency and tumor resistance to ICI
therapy is critical to the rational development of immunotherapy
in patients affected by cancer and chronic viral disease.

This study has several limitations, including its retrospective
nature and small sample size. To our knowledge, however, this
study involved the largest cohort of patients with HBV treated
with ICIs. Moreover, the variation in the primary tumor type
among patients may have been a confounder. The use of PSM
improved the data quality but resulted in a smaller sample size.
Given the correlation between HBV infection and PD-L1
expression, tumor mutation burden should be taken into
account. To verify the effects of HBV infection on the efficacy
and survival of cancer patients undergoing treatment with PD-1
inhibitors, large randomized trials are needed.

5. Conclusions

This is the first study to acknowledge that HBV infection does not
significantly affect efficacy or survival in cancer patients receiving
PD-1 inhibitors. Thus, HBV infection should not be a
contraindication for ICI treatment. Regular monitoring of
HBV DNA and antiviral prophylaxis is advised during or after
ICI therapy. As more information on the tolerability of ICIs in
patients with HBV is compiled, clinical trial eligibility criteria
should be modified to allow more patients to benefit from
investigational agents. This conclusion needs further confirma-
tion by prospective studies.
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