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Abstract

Aims: A high baseline hepatitis B virus (HBV) load has always been listed as an exclusion criterion for programmed cell death-
1 (PD-1) inhibitor-associated therapy in clinical trials, as the interaction between HBV load and anti-PD-1/PD-L1 therapy
remains controversial. Methods: We performed a retrospective cohort study of unresectable HCC patients who were seropositive
for HBsAg and accepted tenofovir alafenamide fumarate (TAF) therapy before anti-PD-1 in combination with an antiangiogenic
treatment. Patients were divided into a low HBV DNA group ([?] 2000 IU/ml) and a high HBV DNA group (> 2000 IU/ml)
according to the baseline HBV DNA levels. Tumour response and progression-free survival (PFS) were compared, and univariate
and multivariate Cox analyses were performed to identify potential risk factors for PFS. The incidences of HBV reactivation
and HBV-associated hepatitis were also recorded. Results: Seventy eligible patients were included: 48 in the low group and
22 in the high group. The objective response rates (ORRs), disease control rates (DCRs), and PFS did not differ significantly
between the two groups (P = 0.761, 0.552, and 0.784, respectively). The results of Cox analyses revealed that the baseline
HBYV load did not affect PFS. Additionally, HBV reactivation occurred in only 2 patients (2.9%), and no patient experienced
HBV-related hepatic impairment when given a continuous TAF treatment. Conclusions: Baseline HBV loads do not affect the
prognosis of HCC patients receiving anti-PD-1 in combination with an antiangiogenic therapy, while PD-1 inhibitors do not

aggravate HBV reactivation and hepatic impairment in patients simultaneously subjected to TAF prophylaxis.
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Abstract

Aims: A high baseline hepatitis B virus (HBV) load has always been listed as an exclusion criterion for
programmed cell death-1 (PD-1) inhibitor-associated therapy in clinical trials, as the interaction between
HBYV load and anti-PD-1/PD-L1 therapy remains controversial.

Methods: We performed a retrospective cohort study of unresectable HCC patients who were seropositive
for HBsAg and accepted tenofovir alafenamide fumarate (TAF) therapy before anti-PD-1 in combination
with an antiangiogenic treatment. Patients were divided into a low HBV DNA group ([?] 2000 IU/ml) and
a high HBV DNA group (> 2000 IU/ml) according to the baseline HBV DNA levels. Tumour response and
progression-free survival (PFS) were compared, and univariate and multivariate Cox analyses were performed
to identify potential risk factors for PFS. The incidences of HBV reactivation and HBV-associated hepatitis
were also recorded.

Results: Seventy eligible patients were included: 48 in the low group and 22 in the high group. The
objective response rates (ORRs), disease control rates (DCRs), and PFS did not differ significantly between
the two groups (P = 0.761, 0.552, and 0.784, respectively). The results of Cox analyses revealed that the
baseline HBV load did not affect PFS. Additionally, HBV reactivation occurred in only 2 patients (2.9%),
and no patient experienced HBV-related hepatic impairment when given a continuous TAF treatment.

Conclusions: Baseline HBV loads do not affect the prognosis of HCC patients receiving anti-PD-1 in
combination with an antiangiogenic therapy, while PD-1 inhibitors do not aggravate HBV reactivation and
hepatic impairment in patients simultaneously subjected to TAF prophylaxis.

What is known about this subject

e A high baseline HBV DNA level has always been listed as an exclusion criterion for PD-1/PD-L1
inhibitor-associated therapy in clinical trials, regardless of the antiviral strategies.

e HBV reactivation induced by immunosuppressive agents or cytotoxic chemotherapy is a complication
in cancer patients with pre-existing HBV infection.

e No study has investigated the interaction between HBV infection and anti-PD-1 in combination with
antiangiogenic therapy undergoing concurrent TAF prophylaxis.

What this study adds

Baseline HBV loads do not affect the prognosis of HCC patients receiving anti-PD-1 in combination with
antiangiogenic therapy.

PD-1 inhibitors do not aggravate HBV reactivation and hepatic impairment undergoing concurrent TAF
prophylaxis.
Introduction

Despite the existence of an effective hepatitis B virus (HBV) vaccine and antiviral therapies, HBV-related
HCC remains a leading cause of death worldwide, particularly in Asia and Africal'3l. More than 350
million people are chronically infected with HBV worldwidel* 5. Unfortunately, over 70% of HBV-HCC
cases are diagnosed at a late stage, which results in limited treatment options and poor prognosis(®. For



advanced HCC patients, programmed cell death-1 (PD-1)/programmed cell death-ligand 1 (PD-L1) pathway
inhibitor in combination with an antiangiogenic therapy has been demonstrated to be an effective treatment
regimen(™%. However, a high baseline HBV DNA level has always been listed as an exclusion criterion for
PD-1/PD-L1 inhibitor-associated therapy in clinical trials, regardless of the antiviral strategies. This is due
to the controversial nature of the interaction between HBV load and anti-PD-1/PD-L1 therapy, particularly
in HCC patients.

Several studies have shown that HBV reactivation induced by immunosuppressive agents or cytotoxic
chemotherapy is a complication in cancer patients with pre-existing HBV infection, especially in those
not subjected to continuous antiviral therapy!*"'3l. Furthermore, Zhang et al.'¥) demonstrated that the
absence of antiviral prophylaxis treatment was the only significant risk factor for HBV reactivation follow-
ing anti-PD-1/PD-L1 immunotherapy. Tenofovir alafenamide fumarate (TAF), a novel pro-drug of teno-
fovir (TFV) that has been approved for the treatment of chronic HBV infection, is characterized by a
greater plasma stability and higher renal safety than tenofovir disoproxil fumarate (TDF)[1%: 6],

However, to the best of our knowledge, no study has investigated the effects of anti-PD-1 treatment in
combination with an antiangiogenic therapy on HBV infection in TAF prophylaxis-subjected individuals.
Hence, we conducted a retrospective study to explore the effects of HBV load on anti-PD-1 in combination
with an antiangiogenic therapy and the rate of HBV reactivation and hepatitis during a combined anti-PD-1
and antiangiogenic treatment.

Methods
Study design and patients

We performed a retrospective cohort study on unresectable HCC patients who were seropositive for HBsAg
and accepted TAF therapy prior to combined anti-PD-1 and antiangiogenic treatment. This study included
consecutive patients who were referred to Nanfang Hospital, Southern Medical University in Guangzhou,
China, between Jul 2019 and Oct 2021. A total of 108 patients were screened for eligibility according to the
following inclusion criteria: (1) pathologically diagnosed with HCC; (2) received at least one cycle of anti-
PD-1 therapy; (3) seropositive for HBsAg and had received TAF therapy as a regular antiviral regimen before
anti-PD-1 treatment; and (4) with HBV DNA and liver function monitored regularly during the follow-up.
Patients were excluded for: (1) the presence of other positive viral markers, including IgM antibodies to
the hepatitis A virus, hepatitis C virus (HCV), or hepatitis E virus, IgG antibodies to the hepatitis D virus
or HIV; (2) participating in other clinical trials; and (3) not having baseline HBV DNA and HBsAg test
results (baseline defined as within 2 weeks prior to initial PD-1 inhibitor therapy). Finally, 70 patients
with complete data were included in the current study. Figure 1 shows a flowchart of the patient selection
procedure. This study was performed in accordance with the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the ethics committee of the Nanfang Hospital, Southern Medical University.
Informed consent was obtained from all the patients prior to their participation.

Clinical endpoints

Eligible patients were divided into a low HBV DNA group (low group, [?] 2000 IU/ml) and a high HBV
DNA group (high group, > 2000 IU/ml) according to the baseline HBV DNA levels. The primary study end
point was progression-free survival (PFS), which was defined as the time from the first dose of anti-PD-1
immunotherapy to the first radiological disease progression or death according to the Response Evaluation
Criteria in Solid Tumours (RECIST) criteria, version 1.1. The secondary endpoints included HBV reactiva-
tion and HBV-associated hepatitis. HBV reactivation in patients positive for HBsAg was defined according
to the American Association for the Study of Liver Diseases 2018 Hepatitis B guidance: (1) a [?] 2 log
(100-fold) increase in HBV DNA compared to the baseline level; (2) HBV DNA [?] 1000 IU/mL in a pa-
tient with a previously undetectable level. HBV-associated hepatitis was defined as a three-fold or greater
increase in serum ALT or AST than the upper limit of a normal value or an absolute increase in serum ALT
to more than 100 U/L accompanying or following HBV reactivation. Follow-up computed tomography (CT)
or magnetic resonance imaging (MRI) scans were performed 6-12 weeks after anti-PD1 treatment initiation



and approximately 3—6 months thereafter. Serum HBV DNA level was measured with the Cobras Tagman
HBV Kit (Roche Diagnostics; lower limit of detection: 20 IU/mL) and was also tested at each follow-up
visit.

Statistical analysis

All statistical analyses were performed using the SPSS (version 25, Chicago, NY, USA) and R software
(version 3.6.2, http://www.Rproject.org). Data were expressed as counts (percentages) for categorical vari-
ables, as mean =+ standard deviation (SD) for quantitative variables according to normal distribution, and as
median (range) for variables with non-normal distribution. Pearson y? tests or Fisher’s exact tests were used
to analyse relationships between categorical variables. PFS was performed using the Kaplan-Meier method.
Univariate analyses were performed with the log-rank test, and variables with a P value lower than 0.1 were
included in the multivariate analysis. Multivariate analyses were performed using the Cox’s proportional
hazard regression model. Statistical significance was set at P < 0.05.

Results
Patients’ characteristics

The clinical characteristics of the 70 patients with HCC are summarised in Table 1. Accordingly, the mean
age was 52.5 £+ 12.2, and 66 (94.3%) patients were male. Regarding relative tumour features, 69 patients
(98.5%) had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1; 42 (60.0%) had
a portal vein tumour thrombus (PVTT); 25 (35.7%) had extrahepatic metastasis; 46 (65.7%) had more than
3 tumour lesions; 33 (47.1%) had the largest tumour diameter of over 7 ¢cm; and 30 (47.1%) had an AFP
level > 400 ng/mL. All patients received anti-PD-1 in combination with an antiangiogenic therapy, and the
antiangiogenic regimens included lenvatinib (58.6%), sorafenib (11.4%), apatinib (7.2%), regorafenib (11.4%),
and bevacizumab (11.4%). At baseline, 48 patients (68.6%) had a low HBV DNA level (baseline viral load
<2,000 IU/mL), while 22 patients (31.4%) had a high HBV DNA level (baseline viral load [?]2,000 IU/mL).
In addition, the median HBsAg level was 403.9 (0.1, 7026.0) and 87.1% of patients were HBeAg-negative.

Tumour responses

Tumour responses are shown in Table 2. Of all the included patients, 1 achieved a complete response (CR)
(1.4%), 14 achieved a partial response (PR) (20.0%), and 36 patients had a stable disease (SD) (51.4%),
resulting in an objective response rate (ORR) of 21.4% and a disease control rate (DCR) of 72.9%. The
subgroup analysis revealed that ORRs in patients with low and high baseline HBV DNA levels were 22.9%
and 18.2%, respectively (Fisher’s exact test, P = 0.761), while the DCRs were 75.0% and 68.2%, respectively
(x2 = 0.355;P = 0.552).

Baseline HBV loads do not affect PFS

During treatment, 35 patients (50.0%) had a progressive disease. The median PFS time was 7.5 months.
There was no significant difference in PFS between patients with a baseline HBV DNA level [?] 2000
IU/mL and those with a DNA level > 2000 TU/mL (x2 = 0.075; P = 0.784) (Figure 2). To further identify
whether baseline variables, especially HBV loads, affect PFS, univariate and multivariate Cox analyses were
conducted. Univariate Cox regression analysis identified the following factors that affected PFS: tumour
lesion number <3 (OR 0.428, 95% CI, 0.187-0.982; P = 0.045), AFP level <400 ng/mL (OR 0.448, 95% CI,
0.227-0.883; P = 0.020), and TBIL (OR 1.036, 95% CI, 1.006-1.066; P = 0.018). We then included these
significant factors in a multivariate analysis, but found no independent predictive factors that affected PFS
(Figure 3).

HBYV reactivation and hepatitis

During the follow-up period, only two of the 70 patients (2.9%) experienced HBV reactivation. The details
of the 2 patients with HBV reactivation are shown in Figure 4. Briefly, both were male and had undetectable

baseline HBV DNA levels. Patient 1 received atezolizumab in combination with bevacizumab and developed
HBV reactivation at the 2°? visit (after 5 doses of atezolizumab). The patient’s HBV DNA level was 3162.3



IU/mL at diagnosis of HBV reactivation, achieved the highest level at the 3*%visit (3622.8 ITU/ML), but fell to
205.1 IU/mL, <10 IU/mL and undetectable at the 4** 5" and 6** visit, respectively. The peak ALT level was
68 U/L during the follow-up. Patient 2 received tislelizumab in combination with lenvatinib and developed
HBV reactivation at the 29 visit (after 6 doses of tislelizumab). The patient’s HBV DNA level was 2417
IU/mL at diagnosis of HBV reactivation (the highest level), but fell to 20.2 IU/mL and undetectable at the
4*h and 5 visit, respectively, with a peak ALT level of 49 U/L. Accordingly, both patients 1 and 2 exhibited
a brief increase in HBV DNA levels without HBV-associated ALT elevation. None of the patients experienced
immunotherapy disruption during the follow-up. In addition, 16 of the 70 patients (22.9%) experienced ALT
elevation; however, all of these were considered cases of immune-related hepatitis as none of the 16 patients
suffered from HBV reactivation.

Discussion

To date, it has been confirmed that the HBV DNA level is positively correlated with the up-regulated
expression of PD-1 on T cells, which is closely linked to the formation of HCC immunosuppressive
microenvironment!!”- 18], The PD-1/PD-L1 axis also plays an important role in HBV replication!'”). Re-
cently, the combination regimens of PD-1/PD-L1 inhibitor and an antiangiogenic therapy have been proven
to be an optimal treatment for advanced HCCL7 8: 20: 21l However, the interaction between HBV load and
anti-PD-1/PD-L1 therapy remains controversial, particularly in patients who do not receive a continuous an-
tiviral therapy. Several studies have reported high HBV load as a risk factor for HBV reactivation and hepatic
impairment during anti-PD-1/PD-L1 therapy[?* 23], while other reports demonstrated that PD-1/PD-L1 in-
hibitors can be safe and effective in cancer patients with either chronic HBV or HCV infection®* 25, Most
of the relevant studies did not explore whether antiviral therapy can improve the efficacy and safety of anti-
PD-1 treatment in combination with an antiangiogenic therapy. In the current study, we found that baseline
HBYV load did not affect the prognosis of HCC patients receiving anti-PD-1 combined with an antiangiogenic
therapy, while PD-1 inhibitors did not aggravate HBV reactivation and hepatic impairment in patients given
TAF prophylaxis.

Since evidence regarding whether HBV infection affects the prognosis of HCC patients receiving anti-PD-1
based therapy is scarce, patients with a high baseline HBV DNA level were always excluded from clini-
cal trials regardless of the antiviral strategies utilized, limiting their efficiency and generalizability. In the
KETNOTE-224 study, tumour response was comparable between patients with and without HBV/HCV
infection[®!. Similarly, the CheckMate 040 study reported similar tumour responses among patients with
advanced HCC, irrespective of HCC aetiology?¥. However, patients with a higher baseline HBV DNA level
(usually >500 TU/mL or >2000 IU/mL) were excluded, and whether baseline HBV DNA level affected the
clinical prognosis of HCC patients receiving anti-PD-1 based therapy was not assessed in the above clinical
trials. In a retrospective study in China, the baseline HBV load was found to have no significant impact
on the prognostic outcomes or rates of hepatic impairment during anti-PD-1 blockade?%!. According to our
results, similar ORR and DCR were observed in patients with low and high baseline HBV DNA levels. In
addition, there was no significant difference in PFS between patients with a higher or lower baseline HBV
loads. Importantly, our data highlight that HBV load may not affect the prognosis of HCC patients receiving
anti-PD-1 therapy combined with an antiangiogenic therapy.

Whether PD-1 inhibitors aggravate HBV reactivation and hepatic impairment is another concern of anti-
PD-1-based therapies. In a phase Ib study comparing nivolumab with and without an HBV therapeutic
vaccine, in virally suppressed patients with HBeAg (-) chronic HBV, PD-1 inhibitor was demonstrated to
be well tolerated and led to HBsAg decline in most patients?”. In a study comparing HBV reactivation
between patients with low and high HBV DNA loads, who were undergoing anti-PD-1 blockade treatment,
similar incidences of HBV reactivation and HBV-associated hepatitis were observed?®!. In the current study,
only 2 of the 70 patients (2.9%) experienced HBV reactivation, which was a lower rate compared to patients
with other cancer types in another study!?). The reason for this discrepancy may be that all patients in our
study simultaneously received TAF prophylaxis. Continuous and effective antiviral treatment was shown to
improve the prognosis of HCC patients receiving anti-PD-1 blockade with high viral loads in our previous



study (recently accepted article, doi: 10.21037/atm-21-3020). Nevertheless, the specific role of TAF in the
protection against HBV reactivation or hepatic impairment has not been elucidated, since TAF has been
proven to have a greater plasma stability and higher renal safety than TDF. In addition, we did not observe
any cases of HBV-related hepatic impairment during the follow-up period. Taken together, we suggest that
HBV-HCC patients accept first-line antiviral prophylaxis such as TAF before and during the period of
anti-PD-1-based therapy.

The current study is not free from certain limitations. First, this single-arm study was designed retrospec-
tively, which may have caused bias in the selection of patients. The implications of this study need to be
verified by future clinical studies with larger sample sizes. Second, the overall survival (OS) data were not
included in the analysis, as the follow-up period was not long enough, and only two patients died until the
observation deadline. Finally, patients with HCV infection were excluded from the final analysis, and the
influence of HCV loads on these patients remains unclear.

In conclusion, our study provides evidence that baseline HBV loads do not affect the prognosis of HCC
patients receiving anti-PD-1 in combination with antiangiogenic therapy, while PD-1 inhibitors do not ag-
gravate HBV reactivation and hepatic impairment in patients given TAF prophylaxis. However, as this was
a non-randomized retrospective study, our data should not be taken as non-biased or used to guide clinical
decisions without a further proof derived from prospective clinical trials.
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Figure legends lists

Figure 1. Flowchart of patient selection

Figure 2. The progression-free survival (PFS) curves of patients with baseline HBV DNA level [?]2000IU /mL
and those with DNA level > 2000IU/mL receiving anti-PD-1 in combination with antiangiogenic therapy

Figure 3. Univariate and multivariate cox analyses of progression-free survival (PFS) stratified by baseline
characteristics

Figure 4. Among the 70 patients, 2 had HBV reactivation. A. Characteristics of the 2 patients with HBV
reactivation; B. Kinetics of HBV DNA in the 2 patients with HBV reactivation
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AFP 0.448(0.227-0.883) —— : 0.02~
ALT 1.008(0.996-1.021) ® 0.202
AST 0.998(0.988-1.007) 6 0.617
ALB 1.016(0.949-1.089) +l 0.645
TBIL 1.036(1.006-1.066) Ii 0.018"
PLT 0.999(0.995-1.003) ? 0.549
PT 1.098(0.86-1.402) —e— 0.452
Target Drugs :
Target Drugs(1) 1.921(0.574-6.429) l—:—.—> 0.289
Target Drugs(z) 0738(01 23—4.438) & : 0.74
Target Drugs(3)  0.519(0.054-5.018) &—t 0.571
Target Drug5(4) 2084(051 8—8.376) '—:—.—) 0.301
Baseline HBVDNA  0.899(0.418-1.933) -—0:—- 0.784
Baseline HBsAg 1(1-1) L] 0.224
Baseline HBeAg 1.896(0.578-6.215) e 0.291
0!0 0.I5 1.0 1.5I 2.OI 2.I5
Characteristics HR (95%Cl) Pvalue
Number 0.477(0.208-1.087) I—O—:i 0.081
AFP 0.545(0.274-1.083) I—O—E—| 0.083
TBIL 1.029(0.998-1.062) :I 0.07
1 1 1
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Patient 1

60 years old
Male
Received anti-PD-1 in combination Baseline HBV DNA()

70 HCC with antiangiogenic therapy > Atezolizumab+Bevacizumab

patients with

positive HBsAg | Regularly monitored for HBV DNA Patient 2

‘ 48 years old
Male
Baseline HBV DNA(-)
B Tislelizumab+Lenvatinib

4.00 -

3.50 A
3.00 A
2.50 A
2.00
1.50 A
1.00
0.50

HBYV DNA level (1U/mL, log;o)

0.00 g & ¥ ® %
Baseline 1st test 2nd test 3rd test 4th test Sth test 6th test

== patient 1 —@—patient 2

Hosted file

Tablel_Baseline.docx available at https://authorea.com/users/318684/articles/712153-
interaction-between-baseline-hbv-loads—-and-the-prognosis-of-patients-with-hcc-who-
receive-anti-pd-1-in-combination-with-an-antiangiogenic-therapy-and-are-simultaneously-
given-taf-prophylaxis

Hosted file

Table2_RECIST1.1.docx  available at  https://authorea.com/users/318684/articles/7121563-
interaction-between-baseline-hbv-loads—-and-the-prognosis-of-patients-with-hcc-who-
receive-anti-pd-1-in-combination-with-an-antiangiogenic-therapy-and-are-simultaneously-
given-taf-prophylaxis
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