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Background

Thus far, few studies have investigated the safety and efficacy of programmed death-1 (PD-1) immune checkpoint inhibitors (ICIs) and tyrosine kinase inhibitors (TKIs) antibodies in patients with hepatitis B virus (HBV)-related liver cancer.



Objective

To investigate the effect of combination therapy with programmed death-1 (PD-1) immune checkpoint inhibitors (ICIs) and tyrosine kinase inhibitors (TKIs) on HBV-related liver cancer.



Methods

Until January 31, 2022, liver cancer patients with hepatitis B surface antigen (HBsAg) or HBV DNA positivity, treated with PD-1 ICIs and TKIs combined with nucleoside analogs (NAs), were retrospectively reviewed. The correlation between the change in HBV DNA and HBsAg levels and tumor response was analyzed using the χ2 test. Cox univariate and multivariate survival analyses and Kaplan–Meier curves were used to identify and compare risk factors and overall survival (OS).



Results

A total of 48 patients were enrolled in the study, with an objective response rate (ORR) of 31.3%, a disease control rate (DCR) of 66.7%; the incidence of adverse events was mostly mild. A significant decrease in HBV DNA and HBsAg levels was observed at 12 and 24 weeks compared with the baseline (p < 0.05). Compared to patients with progressive disease (PD), patients with disease control showed a more significant decrease in HBV DNA and HBsAg levels at 12 and 24 weeks (p < 0.001). Eleven patients showed elevations in HBV DNA level and one of them showed HBV reactivation; however, the reactivation was not associated hepatitis. Moreover, eight patients showed elevation in HBsAg. Elevation in HBV DNA level was associated with poor tumor response (P=0.001, OR=18.643 [95% CI: 3.271–106.253]). Cox survival analysis suggested that HBV DNA increase (P=0.011, HR=4.816, 95% CI: 1.439–16.117) and HBsAg increase (P=0.022, HR=4.161, 95% CI: 1.224–16.144) were independent risk factors associated with survival time. Kaplan–Meier curves suggested that patients who exhibited an increase in HBV DNA (6.87 months vs undefined, log-rank test: p= 0.004) and HBsAg (8.07 months vs undefined, log-rank test: p= 0.004) levels had a shorter median survival time (MST). Patients without increased HBsAg showed better baseline liver function and routine blood tests (p<0.05) than patients with increased HBsAg. An increase in C-reactive protein (CRP) and interleukin-6 (IL-6), and a decrease in T lymphocytes, CD4+ T lymphocytes, and B lymphocytes at 1-week post-treatment associated with HBsAg well-controlled.



Conclusion

HBV-related liver cancer patients treated with combination therapy showed improved efficacy and safety profiles. Combination therapy has some effect on HBV infection, and a correlation between tumor response and antiviral efficacy was found. Elevation of HBV DNA and HBsAg levels may indicate poorer tumor response and survival time. Better baseline liver function and early immune activation may be associated with decline in HBsAg levels.
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Introduction

According to a status report on the cancer burden worldwide, published by the International Agency for Research on Cancer (IARC), liver cancer was predicted to be the sixth most commonly diagnosed cancer and the fourth leading cause of cancer-related deaths worldwide in 2018, with approximately 840,000 new cases and 780,000 deaths per year (1). However, more than half of the new cases and deaths occurred in China (2). Until 2017, liver cancer was the sixth most commonly diagnosed cancer and the fourth leading cause of cancer in China (3).The common causes of liver cancer include hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, aflatoxin contamination, alcohol abuse, obesity, smoking, and type 2 diabetes (4). Common causes of liver cancer vary with region. In developed countries, HCV infection and alcohol abuse contribute the most to liver cancer; in China, the key etiology is chronic HBV infection, with nearly 85% of liver cancer patients having previous or current HBV infection (5). The 5-year survival rate of liver cancer patients worldwide is approximately 18%, while that in China is only 12.1% (6, 7). Most liver cancers are always detected in the middle or late stages, resulting in a poor prognosis.

Currently, tyrosine kinase inhibitors (TKIs) such as sorafenib and lenvatinib are recommended as first-line treatments for advanced liver cancer (8, 9). However, based on the existing studies, the survival benefits of sorafenib administration are limited (10, 11). Immune checkpoint inhibitors (ICIs), such as PD-1 and PD-L1, provide a new option for the treatment of patients with liver cancer. Several ICIs, such as nivolumab, pembrolizumab, and camrelizumab, have been approved for monotherapy in liver cancer cases due to the promising results in clinical trials (12–14). Although phase I/II trials have shown good efficacy and safety, phase III trials were less favorable. Although some patients have durable response to monotherapy, the benefit remains low, with an objective response rate (ORR) ranging from 15% to 20%. Therefore, combination therapies have been developed to improve ORR. Commonly used combination therapies include ICIs, targeted drugs, radiotherapy, chemotherapy, and interventional therapies (15–19). The efficacy and safety of the combination of atezolizumab and bevacizumab used in phase III IMbrave150 trial were higher compared to those obtained with sorafenib, with the results indicating a higher 12-month survival rate (67.2% vs. 54.6%) and median progression-free survival (PFS) (6.8 months vs 4.3 months); however, the incidence of immune-related adverse events (irAEs) was similar (20).

Although ICI treatment has shown better efficacy than sorafenib in liver cancer, there are few reports on its safety and efficacy in patients with HBV-associated liver cancer, especially in those with high viral loads. This is due, firstly, to the HBV viral load that is associated with carcinoma recurrence and prognosis. Patients with HBV DNA > 105 IU/mL before transplantation showed frequent HCC (hepatocellular carcinoma) recurrence after transplantation (21). Patients with a HBV DNA load of < 2000 IU/mL have longer recurrence-free survival (RFS) rate, and a complete virologic response after operative therapy is associated with a lower risk of cancer recurrence (22). High serum levels of HBV DNA before transarterial chemoembolization (TACE) are associated with poor overall survival (OS) and rapid progression of HCC after TACE (23). Except surgical treatment, the HBV viral load was also associated with poor prognosis in patients receiving systemic therapy. Poor OS was recorded for patients with detectable HBV DNA levels after antiangiogenic therapy; the baseline HBV DNA level was an independent predictor of poor OS (24). High baseline HBV load was an adverse prognostic factor for survival in patients treated with sorafenib (25). A high viral load before treatment was an exposure risk factor for survival during systemic chemotherapy and was associated with a higher incidence of severe hepatitis during treatment (26). In most clinical trials for PD-1/PD-L1 ICIs, liver cancer patients with HBV infection were required to have a baseline HBV load <100 IU/mL for eligibility; therefore, the effect of baseline viral load on clinical outcomes could not be assessed. However, several studies have enrolled patients with a high viral load, suggesting an absence of correlation between baseline HBV viral load and patient OS and PFS during PD-1/PD-L1 treatment; however, the presence or absence of antiviral therapy during immunotherapy could affect tumor prognosis (27, 28).

Secondly, HBV reactivation could affect the use of PD-1/PD-L1 ICIs in HBV-related liver cancer patients. In HBV-related liver cancer patients, common triggers for HBV reactivation include surgery, radiation therapy, chemotherapy, and immunosuppressive drugs. For example, in patients with HBV reactivation and HBV reactivation-associated hepatitis after chemotherapy, use of prophylactic antiviral drugs were independent risk factors for HBV reactivation (29, 30). In patients treated with partial hepatectomy, radiofrequency ablation, and interventional therapy, HBV reactivation and HBV reactivation-related hepatitis may be associated with the immunosuppressive state caused by surgery and anesthesia as well as surgical injury of the liver (31–33). HBV reactivation has also been reported in PD-1PD-L1 antibody therapy. In an Asian cohort of CheckMate 040, patients were subjected to antiviral therapy to achieve an HBV DNA load of ≤ 100 IU/mL; however, five patients exhibited an increase of > 1log10 IU/mL of HBV DNA after PD-1 ICI immunotherapy but did not develop hepatitis (34). Studies that included patients with an HBV DNA load of >100 IU/mL found that the baseline viral load had no effect on HBV reactivation, but antiviral therapy was an independent risk factor for HBV reactivation (35, 36).

Although PD-1PD-L1 ICIs exhibit good efficacy and safety in patients with HBV-related liver cancer, there are a few shortcomings that need to be addressed. For example, the load of HBV in patients enrolled in studies is usually low (< 2000 IU/mL), and the efficacy and safety of the drugs against high viral loads (> 2000 IU/mL) remains unclear. For patients with high viral loads, is it necessary to keep the viral load level low before initiating PD-1/PD-L1 antibody immunotherapy? Does the presence of HBV re-replication or reactivation indicate a poor prognosis for patients compared with those with a decrease in HBV DNA? To address these questions, further studies are required.

For patients with HBV-related liver cancer, PD-1/PD-L1 antibodies not only showed good tumor response efficacy but also played a role in antiviral treatment of HBV infection (37, 38). In some pre-clinical studies, PD-1 was highly expressed on HBV-specific CD8+ T cells in virally persistently infected mice than in HBsAg-clear mice; PD-1 antibody treatment restored the function of HBV-specific CD8+ T cells and promoted HBsAg clearance (39–41). Nivolumab, with and without therapeutic vaccination, when used on serum-positive chronic hepatitis B (CHB) patients, resulted in HBsAg reduction and clearance in some patients (42). Although PD-1/PD-L1 ICIs are effective in both tumor control and HBV infection, no study has investigated whether there is an association between tumor response and viral reduction. It is also unknown whether baseline characteristics and dynamics of clinical parameters during PD-1/PD-L1 treatment are associated with decrease HBsAg levels.

In our study, liver cancer patients did not need to maintain lower HBV DNA levels when subjected to combined treatment with PD-1 ICIs and TKIs, but concurrent initiation of nucleoside analog (NA) antiviral therapy was required. The aim of the study is to investigate the efficacy, safety (incidence of adverse events and hepatitis related to HBV reactivation) and impact on HBV DNA and HBsAg levels of combination therapy, and to determine the correlation between HBV replication or reactivation with patient response and survival.



Materials and Methods


Patients’ Inclusion

Between March 2020 and January 2022, patients diagnosed with liver cancer through histological or imaging examination, with HBV DNA or HBsAg seropositivity and treated with at least one cycle of PD-1 ICIs combined with TKIs, were retrospectively reviewed. All patients were treated in the Department of Infectious Diseases, Fifth Medical Center of PLA General Hospital. Sintilimab (Innovent Biologics and Eli Lilly and Company) and camrelizumab (Jiangsu Hengrui Medicine Co. Ltd.), at a fixed dose of 200 mg, and toripalimab at 240 mg were prescribed for a three week cycle. Sorafenib (Bayer Schering Pharma AG) was administered at 400 mg/day, lenvatinib (Eisai Co. Ltd) at 8 to 12 mg/day and regorafenib (Bayer) at 80 mg/day, according to body weight. Treatment options for patients who met the criteria for TACE treatment were decided together by the patient and the physician before or after systemic combination therapies. NAs including entecavir (ETV) (0.5 mg/day), tenofovir (TDF) (300 mg/day), and adefovir dipivoxil (ADV) (10 mg/day) were provided simultaneously with immunotherapy.

Radiological response was recorded using computed tomography (CT) or magnetic resonance imaging (MRI) initially as the baseline and then at 3 month intervals. Tumor response was assessed by the modified Response Evaluation Criteria in Solid Tumors (mRECIST) (43, 44). Taking the baseline sum of the diameters of target lesions as a reference, complete response (CR) was defined as the disappearance of any intratumoral arterial enhancement in all target lesions; at least a 30% decrease in the sum of diameters of target lesions was defined as a partial response (PR); an increase in the sum of the diameters of at least 20% was defined as progressive disease (PD); and no change in the sum of the diameters between PR and PD was defined as stable disease (SD). IrAEs were documented according to Version 5 of the Common Terminology Criteria for Adverse Events (CTCAE) (45). Patients with spontaneous bacterial peritonitis, a complication of primary liver cancer, were excluded from this study. Depending on the toxicity grade, TKI dose was reduced, suspended, discontinued, or switched to other TKIs in patients who developed irAEs associated with TKI treatment. PD-1 ICIs were suspended or discontinued, and immunosuppressant agents were administered based on the severity of irAEs.

HBV reactivation was defined according to the American Association for the Study of Liver Diseases (AASLD) hepatitis B guidance in 2018 for HBsAg-positive and anti-hepatitis B core (HBc)-positive patients, including (1) an increase in HBV DNA ≥ 2 log (100-fold) compared to the baseline level, (2) HBV DNA ≥ 3 log (1000) IU/mL in a patient with previously undetectable levels, or (3) HBV DNA ≥ 4 log (10,000) IU/mL if the baseline level was not available. HBsAg-negative and anti-HBc-positive patients who met the following criteria were considered to have HBV reactivation hepatitis: detectable HBV DNA or reverse serological conversion of HBsAg or HBV reactivation accompanied with an increase in alanine aminotransferase (ALT) ≥ 3 times the baseline level and absolute value > 100 U/L (46).

The cut-off date for follow-up was January 31, 2022, and all data were obtained from patient medical records. The baseline data included patient demographics, such as Child-Pugh stage, Barcelona Clinic Liver Cancer (BCLC) stage, serum alpha-fetoprotein (AFP) level, type of combination therapy, and TACE treatment. The data pertaining to the levels of HBV DNA and HBsAg, routine blood tests, liver function, lymphocyte subsets, C-reactive protein (CRP), and interleukin-6 (IL-6) at baseline and after 1 week were collected. HBV DNA was quantified using real-time fluorescence PCR (Roche COBAS, USA) with a lower limit of 20 IU/mL. HBsAg was quantified using a Beckman AU5800-03 with a lower limit of 0.05 IU/ml. Serum CRP and liver function parameters were measured using an automatic biochemical analyzer (AU5400; Beckman Coulter, Brea, CA), with the upper limit of the normal value for serum CRP set at 8.2 mg/L. Serum IL-6 was examined using a Roche Cobas 8000 (Roche Diagnostics GmbH, Mannheim, Germany), and the upper limit of the normal value for serum IL-6 was set at 7 pg/mL. Lymphocyte subsets and counts were measured using a FACSCalibur flow cytometer (BD Biosciences, Becton, NJ). Routine blood parameters were measured using an automatic hematology analyzer (HN-2000 series; SYSMEX, Kobe, Japan).



Statistical Analysis

All statistical analysis were conducted using the IBM SPSS Statistics software application (version 25.0; IBM, Armonk, NY, USA). The baseline data and adverse events were summarized using descriptive statistics. HBV DNA and HBsAg levels below the lower limit were recorded as the lower limit of detection. Continuous variables that conformed to a normal distribution were represented as mean ± SD, non-normal distribution data were presented using median (quartiles), and categorical data by variable numbers (percentages). The student t test was used to compare continuous variables that conformed to a normal distribution. The χ2 test or Fisher’s exact test were used to compare categorical data. Comparisons between the two groups were performed using the nonparametric Mann–Whitney U test. Comparisons within groups were analyzed using nonparametric Wilcoxon’s paired test. The cut-off date for survival analysis was January 31, 2022, and OS was estimated using Kaplan–Meier curves and compared using the log-rank test. Hazard ratios (HRs) and 95% confidence intervals (CIs) were analyzed using Cox univariate and multifactorial survival analyses to identify any independent predictive factors that were associated with OS. All figures were generated using GraphPad Prism statistical software (version 9.0; GraphPad Software, San Diego, CA, USA). Differences were considered statistically significant at p < 0.05.




Results


Baseline Characteristics of Patients

A total of 48 patients were enrolled in this study: 41 with HCC and 7 with cholangiocarcinoma. Thirty-four patients were treated with a combination of sintilimab and lenvatinib, while 14 patients received other combination therapies. Twelve patients underwent TACE during the treatment period. Thirty-three patients had received antiviral therapy prior to combination therapy and 15 patients had never received antiviral therapy. Fifteen patients had baseline HBV DNA levels below the lower limit of detection, 16 patients had HBV DNA levels >1000 IU/mL, and other patients had HBV DNA levels between 20 IU/mL and 1000 IU/mL. The baseline HBsAg level of five patients was not available; one patient was seronegative for baseline HBsAg but with HBV DNA > 20 IU/mL, and 45 patients had HBsAg levels > 0.5 IU/mL. Other details are listed in Table 1.


Table 1 | Baseline characteristics of patients enrolled in the study.





Immune-Related Adverse Events and Tumor Response Profiles

According to mRECIST, two (4.2%) patients had CR, 13 (27.1%) had PR, 17 (35.4%) had SD, and 16 (33.3%) had PD, with an ORR of 31.3% and Disease control rate (DCR) of 66.7%, as shown in Table 1.

There were 22 (45.8%) patients who experienced at least one adverse event of any grade, and 12 patients (25%) developed grade 3 (G3)/grade 4 (G4) irAEs. The most common adverse events in G3/G4 irAEs were fever (n = 9, 18.8%), fatigue (n = 7, 14.6%), lymphopenia (n = 2, 4.2%), bacterial infection (n = 2, 4.2%), diarrhea (n = 2, 4.2%), and hepatitis (n = 2, 4.2%). All patients who experienced severe irAEs improved after receiving glucocorticoids according to clinical guidelines. The overall occurrence of adverse events in the patients is shown in Table 2.


Table 2 | Occurrence of adverse events.



During treatment, four patients permanently discontinued sintilimab, three due to irAEs, and one due to tumor progression; five patients had their TKI dose reduced due to adverse AEs; six patients discontinued TKIs, two due to AEs, and four due to complications such as upper gastrointestinal bleeding. Twelve patients switched to regorafenib, three due to AEs, and nine due to tumor progression.



Antiviral Efficacy of Combination Therapy

Patients were treated with a combination therapy of PD-1 ICIs and TKIs. All patients received antiviral therapy with NAs and were followed up for more than 24 weeks. One patient was HBsAg negative and HBV DNA positive at the start of treatment. One patient died within 12 weeks. The follow-up time of 12 patients was more than 12 weeks but not more than 24 weeks, during which time, seven patients died, two were lost to follow-up, and three were still subject to follow-up. Fifteen patients had baseline HBV DNA levels below the lower limit of detection, of which three patients had positive HBV DNA after 24 weeks of treatment, and one of three patients reached HBV reactivation. Twelve patients with baseline HBV DNA positivity had HBV DNA clearance at 12 weeks and five at 24 weeks. HBsAg changes could not be assessed in nine patients at 12 or 24 weeks due to lack of baseline data. Compared with the established baseline levels, overall HBV DNA and HBsAg levels showed a statistically significant difference at 12 and 24 weeks (p < 0.05) (Figure 1).




Figure 1 | The overall changes in HBV DNA and HBsAg levels at different time point. ns: >0.05; ***: ≤0.005; **: ≤0.01; *: ≤0.05.



To investigate the correlation between patient tumor response and virus control, we analyzed the changes in HBV DNA and HBsAg levels in patients with different tumor responses. The results suggested that there was no statistically significant difference in HBV DNA and HBsAg levels between patients with tumor control (including CR, PR, SD) and tumor progression (PD), and no significant difference was observed among patients with CR plus PR, SD, and PD (p > 0.05) (Figures 2A, D). Compared to patients with PD, patients with tumor control showed a significant decline in HBV DNA and HBsAg levels at baseline, 12 weeks, and 24 weeks (p<0.05) (Figures 2B, C). In addition, we divided patients with DCR into CR plus PR and SD groups and analyzed the changes in HBV DNA and HBsAg levels in the two groups. The results showed that patients with CR plus PR and SD had similar changes in HBV DNA levels at baseline, 12 weeks, and 24 weeks. However, the change in HBsAg levels was more significantly different in CR plus PR patients than in SD patients. Figures 2E, F




Figure 2 | The change in HBV DNA and HBsAg levels in patients with different tumor responses. (A) Comparison of baseline levels of HBV DNA and HBsAg between patients with DC and PD. (B) The changes in HBV DNA and HBsAg levels at different time points in patients with DC. (C) The changes in HBV DNA and HBsAg levels at different time points in patients with PD. (D) Comparison of baseline levels of HBV DNA and HBsAg among patients with OR, SD and PD. (E) The changes in HBV DNA and HBsAg levels at different time points in patients with OR. (F) The changes in HBV DNA and HBsAg levels at different time points in patients with SD. DC, disease control; OR, objective response; PD, progressive disease; SD, stable disease. ns: >0.05; ***: ≤0.005; **: ≤0.01; *: ≤0.05.





Correlation Between Elevated HBV DNA, HBsAg Levels, Tumor Response, and Survival Time

After 24 weeks of treatment, 11 patients had elevated HBV DNA and ALT or aspartate aminotransferase (AST) levels, one of whom had HBV reactivation; however, this patient did not develop HBV reactivation-related hepatitis. Two patients developed hepatitis, but it was not associated with HBV reactivation. The characteristics of the 11 patients with elevated HBV DNA levels are shown in Table S1. In addition, 8 patients suffered from elevated HBsAg levels, the characteristics of which are shown in Table S2.

Nine of the 11 patients who suffered from HBV DNA elevation had PD, one patient had SD, and one patient had PR. Four of the eight patients with elevated HBsAg levels had SD and four patients had PD. The results of the χ2 test suggested that HBV DNA elevation was significantly associated with poor tumor response (p=0.001, OR=18.643 [95% CI: 3.271–106.253]), but elevated HBsAg was not associated with tumor response (p=0.270, OR=2.440 [95% CI: 0.499–11.965]) (Table 3).


Table 3 | χ2 test for change trends of HBV DNA and HBsAg levels according to tumor response.



The results of Cox univariate and multivariate survival analyses suggested that increase in HBV DNA (P=0.011, HR=4.816, 95 CI%: 1.439–16.117) and HBsAg (P=0.022, HR=4.161, 95 CI%: 1.224–16.144) levels were independent risk factors associated with patient survival time (Table 4). Patients who had increased HBV DNA (6.87 months vs undefined, log-rank test: p= 0.004) and HBsAg (8.07 months vs undefined, log-rank test: p= 0.004) levels had a shorter median survival time (MST) than patients without an increase in HBV DNA and HBsAg levels (Figure 3).


Table 4 | Cox univariate and multifactorial survival analysis to identify any independent predictive factor associated with OS.






Figure 3 | Correlation analysis between tumor response, survival time and the elevation of HBV DNA and HBsAg levels. Kaplan–Meier overall survival estimate curves in patients with increasing HBV DNA and HBsAg and patients exhibiting no increase in HBV DNA and HBsAg. HBsAg, hepatitis B surface antigen; HBV, hepatitis B viral; MST, median survival time.





Correlation Between Changes in Clinical Parameters and Elevated HBsAg

To identify the biomarkers associated with elevated HBsAg levels, we analyzed the baseline characteristics and early change trends in some clinical parameters. The results suggested that there were higher baseline levels of albumin (ALB), AST/ALT ratio, cholinesterase (CHE), prothrombin activity (PTA), and platelets (PLT), and lower baseline levels of direct bilirubin (DBIL) and absolute value of monocytes (AMC) in patients without increased HBsAg than in patients with increased HBsAg. Compared to patients with increased HBsAg, other patients showed an increase in CRP, IL-6, AST/ALT ratio, and DBIL and a decrease in T lymphocytes, CD4+ T lymphocytes, B lymphocytes, and CHE one week after the initiation of treatment (Figure 4).




Figure 4 | Baseline characteristics and trends of some clinical parameters in patients with or without increasing HBsAg level. ALB, albumin; AMC, absolute monocyte count; CHE, cholinesterase; CRP, C-reactive protein; DBIL, direct bilirubin; IL-6, interleukin-6; LYM, absolute lymphocytes; PLT, platelets; PTA, prothrombin activity. ns: >0.05; ***: ≤0.005; **: ≤0.01; *: ≤0.05.






Discussion

In our study, we investigated the safety and efficacy of a combined treatment with PD-1 ICIs and TKIs in liver cancer patients with HBV infection, the effect of combination therapy on HBV DNA and HBsAg levels, and biomarkers associated with HBsAg elevation.

Combination therapy showed good safety and efficacy; the ORR and DCR was 31.5% and 66.7%, respectively. There were 22 (45.8%) patients with irAEs, of which 10 patients suffered from grade 3/4 irAEs, but their symptoms improved upon the administration of glucocorticoids, and no deaths were associated with irAEs. Patients suggested a decrease in overall HBV DNA and HBsAg levels. Compared with PD patients, patients with DCR (including CR, PR and SD) showed a more significant decline in HBV DNA and HBsAg levels. Eleven patients showed an increase in HBV DNA level within 24 weeks; one of these patients met the criteria for HBV reactivation, but did not develop HBV-related hepatitis. The baseline level of HBV DNA between patients with and without elevated HBV DNA was not statistically different, and univariate regression analysis suggested that the baseline level of HBV DNA was not a risk factor for HBV DNA elevation. The χ2 test showed an association between elevated HBV DNA level and tumor response, and patients with elevated HBV DNA level were more likely to experience tumor progression. Survival analysis revealed that patients who developed elevated HBV DNA levels had a shorter survival than those who did not, with a median OS of only 6.87 months. To the end, eight patients developed elevated HBsAg levels within 24 weeks, and elevated HBsAg level showed a shorter median OS (8.07 months). Furthermore, patients with increased HBsAg level showed lower levels of ALB, CHE, PTA, monocytes, and PLT and higher levels of DBIL and AST/ALT ratio at baseline. There was a decrease in CHE, PTA, LYM, T lymphocytes, CD4+ T cells, and B cells, and an increase in DBIL, AST/ALT ratio, CRP, and IL-6 in patients without increased HBsAg one week after treatment initiation, but these results were not observed in patients with increased HBsAg.

HBV DNA is often associated with poor prognosis in the local or systemic treatment of liver cancer (21–28). However, during PD-1/PD-L1 ICI treatment, patients with HBV-related liver cancer had a similar tumor response to that of all patients. For example, in the CheckMate 040 study, the ORR of nivolumab monotherapy was 19% and 14% in all patients and the HBV subgroup, respectively, and the ORR of nivolumab and ipilimumab was 31% in both the groups (12, 15). In the KEYNOTE-224 study, the DCR was 60% and 52% in all patients and HBV infection group, respectively (13). The ORRs were 36% and 33% in patients treated with atezolizumab and bevacizumab, respectively. However, these patients started immunotherapy with a low viral load (less than 500 IU/mL), which may have contributed to the impact of HBV DNA being overlooked. In our study, 16 patients had HBV DNA levels > 1000 IU/mL, and 11 patients had HBV DNA levels less than 1000 IU/mL but more than 100 IU/mL. The overall ORR and overall DCR were 31.3% and 66.7%, respectively, most of the irAEs were mild, and no patient died from adverse events. In patients with HBV DNA levels > 100 IU/mL, one patient had CR, seven patients had PR, and ten patients had SD; the ORR and DCR were 29.6% and 66.7%, respectively. From the results of the mate analysis, the overall ORR and DCR were 20% and 60%, respectively, for PD-1/PD-L1 ICI monotherapy in liver cancer patients, while the ORR was 29% and DCR was 77% for combination therapy with anti-VEGF drugs; the overall rate of irAE was 63%, and the occurrence of severe adverse events was 11% (47). Our results suggest that regardless of the HBV DNA levels, there were similar tumor responses and irAEs between patients with HBV-associated liver cancer and other liver cancer patients. Therefore, HBV infection may not be a promoter during PD-1/PD-L1 therapy in patients with liver cancer. However, the sample size considered in this study was small; future studies require larger sample sizes to confirm this observation.

CD8+ T cells play an important role in virus clearance and are critical for controlling the progression of CHB (48–50). CD8+ T lymphocytes play an important role in tumor immunity and are also crucial in virus clearance and regulation of CHB infection (48–50). Exhaustion of CD8+ T cells could be found in CHB patients, characterized by upregulated expression of PD-1 accompanied by a reduction in secretion and killing functions. Therefore, blocking the PD-1/PD-L1 signaling pathway can restore the function of CD8+ T cells and promote virus clearance. In our study, we investigated the effect of PD-1 antibodies on HBV, and the results suggested that patients showed a decrease in overall HBV DNA and HBsAg levels when using a prophylactic antiviral. Furthermore, patients with DCR showed better efficacy of antiviral therapy and more pronounced decrease in HBV DNA and HBsAg levels compared to those with PD. We hypothesized that this may be related to the reactivation of exhausted CD8+ T cells (51). However, a recent study indicated that tumor-infiltrating HBV-specific CD8 T cells have been proven to be associated with prolonged patient relapse-free survival. More HBV-specific CD8 T cells could be detected in both liver cancer tissue and healthy tissue compared to their levels in the tissues of relapsed patients (52). This indicates that restoring the function of HBV-specific CD8 T cells may be important for improving both the tumor response and virus clearance in patients with HBV-related liver cancer. However, in our study, patients treated with both PD-1 antibodies and NAs did not show HBsAg clearance. Although the non-clearance could be related to the immunosuppressed state, it suggests that when choosing PD-1/PD-L1 antibodies for antiviral therapy, the efficacy of single-agent or combined NA therapy may not be satisfactory, and combination therapy with other treatment options should be considered to improve HBsAg clearance.

HBV reactivation is a key issue that requires close attention during the treatment of patients with HBV-infected liver cancer. HBV reactivation has been observed in both local and systemic treatments, irrespective of HBV DNA levels, and the use of prophylactic antiviral drugs is an independent risk factor for HBV reactivation (29–36). Although HBV reactivation can also occur during PD-1/PD-L1 ICI treatment, it is less frequent than during surgery, radiation therapy, and other treatments. Treatment such as surgery and radiation therapy can lead to immunosuppression accompanied by dysfunctional HBV-specific T and B cells, resulting in HBV DNA replication and HBV reactivation (53). However, PD-1/PD-L1 antibodies promote the reactivation of the immune system by blocking inhibitory signaling pathways to inhibit viral replication (41). At present, the precise mechanism of HBV re-replication or reactivation in patients treated with PD-1/PD-L1 antibodies is unknown. In a recent study, researchers reported that virological breakthrough(VB) was an indicator of poor outcome in patients with HBsAg positive HCC under ICIs therapy (54). This finding is similar with our study. In our research, all patients underwent PD-1 combined with targeted drug therapies. We found that some patients who had elevated HBV DNA did not meet the requirements for VB or HBV reactivation. We included this group of patients in the study and found similar results, expanding the applicability of our conclusions. Besides HBVDNA, most patients underwent a regular post-treatment HBsAg assay, which enabled us to assess the impact of ICIs on HBsAg. Liver function and immunological characteristics were evaluated based on the change trend of HBsAg in our study. We discussed the relationship between the changes of HBsAg and inflammatory factors, lymphocyte subsets and other immunological indicators. In our study, 11 patients showed HBV DNA elevation, resulting in HBV reactivation in one of them, but it did not lead to HBV reactivation-related hepatitis. In all patients with HBV DNA elevation, one patient had baseline HBV DNA > 10000 IU/mL, one patient had baseline HBV DNA >1000 IU/mL, two patients had baseline HBV DNA > 100 IU/mL, and other patients had HBV DNA < 100 IU/mL. Univariate regression analysis suggested that the baseline HBV DNA level was not a risk factor for HBV DNA elevation. This result suggests that there is no correlation between baseline HBV DNA levels and HBV DNA increase. Keeping viral load at a lower level when starting PD-1 therapy is therefore not necessary if antiviral therapy is also available, and a high viral load should not be a contraindication to PD-1/PD-L1 ICI therapy in patients with HBV-related liver cancer. In addition, in our study, we found that elevated HBV DNA levels were associated with tumor response and patient survival. These results suggest that elevated or reactivated HBV DNA may occur due to poor tumor control, or that elevated HBV DNA may imply poor prognosis; however, due to the small sample size, the relationship between the two remains unclear. The existence of this correlation may explain why HBV reactivation occurred during treatment with PD-1/PD-L1 ICIs, a class of immune activators. It is possible that patients with PD experience immunosuppression and lack of activated immune cells, such as depleted CD8 T cells, which is consistent with the immunosuppressed state caused by other treatments (53). However, this hypothesis and its exact mechanism require further study.

Along with an increase in HBV DNA level, we also observed elevated HBsAg levels during treatment. Up to 24 weeks, eight patients did not show a decrease in HBsAg, and patients who developed HBsAg elevation had shorter OS. Although our results did not suggest a correlation between HBsAg decline and tumor response, this may be due to missing HBsAg data after treatment in some patients, or there may not be an intrinsic correlation. The exact reasons need to be explored considering a larger sample size. Furthermore, we investigated the correlation between changes in clinical parameters and HBsAg levels. These results suggested that better baseline liver function was associated with changes in HBsAg levels. As an immune organ, the liver can mediate adaptive immune tolerance, and better liver function implies better immune regulation, which may play a role in HBsAg clearance (55). Furthermore, an early increase in CRP and IL-6 levels and a decrease in lymphocyte subsets are associated with a decline in HBsAg levels. Although the exact mechanisms responsible for the changes in immune markers are not known, there is an association between changes in CRP and IL-6 levels and changes in lymphocyte subsets. This may be related to the systemic inflammatory response caused by a cytokine storm, which has also been seen in COVID-19 patients. Compared with mild-type COVID-19 patients, severe-type patients who experienced cytokine storms had higher levels of CRP and IL-6, which are characterized by high levels of granulocyte colony stimulating factor, interferon-inducible protein-10, monocyte chemotactic Protein-1, macrophage inflammatory protein-1α/β, IL-8, and other cytokines, which can promote chemotaxis or apoptosis of peripheral blood lymphocyte subsets, leading to a decrease in cell numbers (56–59).

However, this study had several limitations. First, this was a single-center retrospective study with a relatively small sample size. Second, because fewer patients presented with elevated HBsAg, the baseline and changing characteristics of liver function, blood tests, CRP, IL-6, and lymphocyte subsets were not reflected in this group of patients. Large prospective clinical trials might elaborate the association between CRP, IL-6, lymphocyte subsets, liver function, blood routine, and HBsAg increase, as well as lead to the discovery of other markers.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Chinese Ethics Committee of Registering Clinical Trials. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

SP, YY, F-SW, FM, and MS conceived the study. SP and YY wrote the manuscript. SP, YY, and SW collected data and performed the data analysis. SW, BT, YS, XL, NS, and YZ participated in the clinical treatment. QQ and JL supervised the clinical treatment. F-SW, FM, MS and J-YZ directed the writing and revision of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the National Natural Science Foundation of China (82070617); the Innovative Research Group Project of the National Natural Science Foundation of China(81721002); Beijing Municipal Science and Technology Commission (Z201100005520047) and National Key Research and Development Program of China (2019YFC0840704).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.892618/full#supplementary-material



References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global Cancer Statistics 2018: Globocan Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

2. Liu, Z, Mao, X, Jiang, Y, Cai, N, Jin, L, Zhang, T, et al. Changing Trends in the Disease Burden of Primary Liver Cancer Caused by Specific Etiologies in China. Cancer Med (2019) 8(12):5787–99. doi: 10.1002/cam4.2477

3. Feng, R-M, Zong, Y-N, Cao, S-M, and Xu, R-H. Current Cancer Situation in China: Good or Bad News From The 2018 Global Cancer Statistics? Cancer Commun (Lond) (2019) 39(1):22. doi: 10.1186/s40880-019-0368-6

4. Paik, JM, Golabi, P, Younossi, Y, Mishra, A, and Younossi, ZM. Changes in the Global Burden of Chronic Liver Diseases From 2012 to 2017: The Growing Impact of Nafld. Hepatol (Baltimore Md) (2020) 72(5):1605–16. doi: 10.1002/hep.31173

5. Wang, M, Wang, Y, Feng, X, Wang, R, Wang, Y, Zeng, H, et al. Contribution of Hepatitis B Virus and Hepatitis C Virus to Liver Cancer in China North Areas: Experience of the Chinese National Cancer Center. Int J Infect Dis IJID Off Publ Int Soc Infect Dis (2017) 65:15–21. doi: 10.1016/j.ijid.2017.09.003

6. Zeng, H, Chen, W, Zheng, R, Zhang, S, Ji, JS, Zou, X, et al. Changing Cancer Survival in China During 2003-15: A Pooled Analysis of 17 Population-Based Cancer Registries. Lancet Glob Health (2018) 6(5):e555–e67. doi: 10.1016/S2214-109X(18)30127-X

7. Villanueva, A. Hepatocellular Carcinoma. N Engl J Med (2019) 380(15):1450–62. doi: 10.1056/NEJMra1713263

8. Cheng, A-L, Kang, Y-K, Chen, Z, Tsao, C-J, Qin, S, Kim, JS, et al. Efficacy and Safety of Sorafenib in Patients in the Asia-Pacific Region With Advanced Hepatocellular Carcinoma: A Phase Iii Randomised, Double-Blind, Placebo-Controlled Trial. Lancet Oncol (2009) 10(1):25–34. doi: 10.1016/S1470-2045(08)70285-7

9. Ikeda, M, Okusaka, T, Mitsunaga, S, Ueno, H, Tamai, T, Suzuki, T, et al. Safety and Pharmacokinetics of Lenvatinib in Patients With Advanced Hepatocellular Carcinoma. Clin Cancer Res (2016) 22(6):1385–94. doi: 10.1158/1078-0432.CCR-15-1354

10. Chen, LT, Martinelli, E, Cheng, AL, Pentheroudakis, G, Qin, S, Bhattacharyya, GS, et al. Pan-Asian Adapted Esmo Clinical Practice Guidelines for the Management of Patients With Intermediate and Advanced/Relapsed Hepatocellular Carcinoma: A Tos-Esmo Initiative Endorsed by Csco, Ismpo, Jsmo, Ksmo, Mos and Sso. Ann Oncol Off J Eur Soc Med Oncol (2020) 31(3):334–51. doi: 10.1016/j.annonc.2019.12.001

11. Kudo, M, Finn, RS, Qin, S, Han, K-H, Ikeda, K, Piscaglia, F, et al. Lenvatinib Versus Sorafenib in First-Line Treatment of Patients With Unresectable Hepatocellular Carcinoma: A Randomised Phase 3 Non-Inferiority Trial. Lancet (2018) 391(10126):1163–73. doi: 10.1016/S0140-6736(18)30207-1

12. El-Khoueiry, AB, Sangro, B, Yau, T, Crocenzi, TS, Kudo, M, Hsu, C, et al. 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(10088):2492–502. doi: 10.1016/S0140-6736(17)31046-2

13. Zhu, AX, Finn, RS, Edeline, J, Cattan, S, Ogasawara, S, Palmer, D, et al. 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(7):940–52. doi: 10.1016/S1470-2045(18)30351-6

14. Qin, S, Ren, Z, Meng, Z, Chen, Z, Chai, X, Xiong, J, et al. Camrelizumab in Patients With Previously Treated Advanced Hepatocellular Carcinoma: A Multicentre, Open-Label, Parallel-Group, Randomised, Phase 2 Trial. Lancet Oncol (2020) 21(4):571–80. doi: 10.1016/S1470-2045(20)30011-5

15. Yau, T, Kang, Y-K, Kim, T-Y, El-Khoueiry, AB, Santoro, A, Sangro, B, et al. Efficacy and Safety of Nivolumab Plus Ipilimumab in Patients With Advanced Hepatocellular Carcinoma Previously Treated With Sorafenib: The Checkmate 040 Randomized Clinical Trial. JAMA Oncol (2020) 6(11):e204564. doi: 10.1001/jamaoncol.2020.4564

16. Finn, RS, Ikeda, M, Zhu, AX, Sung, MW, Baron, AD, Kudo, M, et al. Phase Ib Study of Lenvatinib Plus Pembrolizumab in Patients With Unresectable Hepatocellular Carcinoma. J Clin Oncol (2020) 38(26):2960–70. doi: 10.1200/JCO.20.00808

17. Xu, J, Zhang, Y, Jia, R, Yue, C, Chang, L, Liu, R, et al. Anti-Pd-1 Antibody Shr-1210 Combined With Apatinib for Advanced Hepatocellular Carcinoma, Gastric, or Esophagogastric Junction Cancer: An Open-Label, Dose Escalation and Expansion Study. Clin Cancer Res (2019) 25(2):515–23. doi: 10.1158/1078-0432.CCR-18-2484

18. Lee, MS, Ryoo, B-Y, Hsu, C-H, Numata, K, Stein, S, Verret, W, et al. Atezolizumab With or Without Bevacizumab in Unresectable Hepatocellular Carcinoma (Go30140): An Open-Label, Multicentre, Phase 1b Study. Lancet Oncol (2020) 21(6):808–20. doi: 10.1016/S1470-2045(20)30156-X

19. Kudo, M, Motomura, K, Wada, Y, Inaba, Y, Sakamoto, Y, Kurosaki, M, et al. First-Line Avelumab + Axitinib in Patients With Advanced Hepatocellular Carcinoma: Results From a Phase 1b Trial (Vegf Liver 100). J Clin Oncol (2019) 37:4072. doi: 10.1200/JCO.2019.37.15_suppl.4072

20. Finn, RS, Qin, S, Ikeda, M, Galle, PR, Ducreux, M, Kim, T-Y, et al. Atezolizumab Plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N Engl J Med (2020) 382(20):1894–905. doi: 10.1056/NEJMoa1915745

21. Li, M-r, Chen, G-h, Cai, C-j, Wang, G-y, and Zhao, H. High Hepatitis B Virus DNA Level in Serum Before Liver Transplantation Increases the Risk of Hepatocellular Carcinoma Recurrence. Digestion (2011) 84(2):134–41. doi: 10.1159/000324197

22. Sun, F, Liu, Z, and Wang, B. Correlation Between Low-Level Viremia and Hepatitis B-Related Hepatocellular Carcinoma and Recurrence: A Retrospective Study. BMC Cancer (2021) 21(1):1103. doi: 10.1186/s12885-021-08483-3

23. Yu, SJ, Lee, J-H, Jang, ES, Cho, EJ, Kwak, M-S, Yoon, J-H, et al. Hepatocellular Carcinoma: High Hepatitis B Viral Load and Mortality in Patients Treated With Transarterial Chemoembolization. Radiology (2013) 267(2):638–47. doi: 10.1148/radiol.13121498

24. Shao, Y-Y, Chen, P-J, Lin, Z-Z, Huang, C-C, Ding, Y-H, Lee, Y-H, et al. Impact of Baseline Hepatitis B Viral DNA Levels on Survival of Patients With Advanced Hepatocellular Carcinoma. Anticancer Res (2011) 31(11):4007.

25. Yang, Y, Wen, F, Li, J, Zhang, P, Yan, W, Hao, P, et al. 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(9):2147–54. doi: 10.1111/liv.12805

26. Yeo, W, Mo, FKF, Chan, SL, Leung, NWY, Hui, P, Lam, W-Y, et al. Hepatitis B Viral Load Predicts Survival of Hcc Patients Undergoing Systemic Chemotherapy. Hepatol (Baltimore Md) (2007) 45(6):1382–9. doi: 10.1002/hep.21572

27. Sun, X, Hu, D, Yang, Z, Liu, Z, Wang, J, Chen, J, et al. Baseline Hbv Loads Do Not Affect the Prognosis of Patients With Hepatocellular Carcinoma Receiving Anti-Programmed Cell Death-1 Immunotherapy. J Hepatocell Carcinoma (2020) 7:337–45. doi: 10.2147/JHC.S278527

28. Yuan, G, Li, R, Li, Q, Hu, X, Ruan, J, Fan, W, et al. Interaction Between Hepatitis B Virus Infection and the Efficacy of Camrelizumab in Combination With Apatinib Therapy in Patients With Hepatocellular Carcinoma: A Multicenter Retrospective Cohort Study. Ann Transl Med (2021) 9(18):1412. doi: 10.21037/atm-21-3020

29. Huang, W, Zhang, W, Fan, M, Lu, Y, Zhang, J, Li, H, et al. Risk Factors for Hepatitis B Virus Reactivation After Conformal Radiotherapy in Patients With Hepatocellular Carcinoma. Cancer Sci (2014) 105(6):697–703. doi: 10.1111/cas.12400

30. Liu, S, Lai, J, Lyu, N, Xie, Q, Cao, H, Chen, D, et al. Effects of Antiviral Therapy on Hbv Reactivation and Survival in Hepatocellular Carcinoma Patients Undergoing Hepatic Artery Infusion Chemotherapy. Front Oncol (2020) 10:582504. doi: 10.3389/fonc.2020.582504

31. Huang, G, Lai, ECH, Lau, WY, Zhou, W-p, Shen, F, Pan, Z-y, et al. Posthepatectomy Hbv Reactivation in Hepatitis B-Related Hepatocellular Carcinoma Influences Postoperative Survival in Patients With Preoperative Low Hbv-DNA Levels. Ann Surg (2013) 257(3):490–505. doi: 10.1097/SLA.0b013e318262b218

32. Dan, JQ, Zhang, YJ, Huang, JT, Chen, MS, Gao, HJ, Peng, ZW, et al. Hepatitis B Virus Reactivation After Radiofrequency Ablation or Hepatic Resection for Hbv-Related Small Hepatocellular Carcinoma: A Retrospective Study. Eur J Surg Oncol J Eur Soc Surg Oncol Br Assoc Surg Oncol (2013) 39(8):865–72. doi: 10.1016/j.ejso.2013.03.020

33. Zhang, S-S, Liu, J-X, Zhu, J, Xiao, M-B, Lu, C-H, Ni, R-Z, et al. Effects of Tace and Preventive Antiviral Therapy on Hbv Reactivation and Subsequent Hepatitis in Hepatocellular Carcinoma: A Meta-Analysis. Jpn J Clin Oncol (2019) 49(7):646–55. doi: 10.1093/jjco/hyz046

34. Yau, T, Hsu, C, Kim, T-Y, Choo, S-P, Kang, Y-K, Hou, M-M, et al. Nivolumab in Advanced Hepatocellular Carcinoma: Sorafenib-Experienced Asian Cohort Analysis. J Hepatol (2019) 71(3):543–52. doi: 10.1016/j.jhep.2019.05.014

35. Zhang, X, Zhou, Y, Chen, C, Fang, W, Cai, X, Zhang, X, et al. Hepatitis B Virus Reactivation in Cancer Patients With Positive Hepatitis B Surface Antigen Undergoing Pd-1 Inhibition. J Immunother Cancer (2019) 7(1):322. doi: 10.1186/s40425-019-0808-5

36. Lee, PC, Chao, Y, Chen, MH, Lan, KH, Lee, IC, Hou, MC, et al. Risk of Hbv Reactivation in Patients With Immune Checkpoint Inhibitor-Treated Unresectable Hepatocellular Carcinoma. J Immunother Cancer (2020) 8(2):e001072. doi: 10.1136/jitc-2020-001072

37. Cui, T-M, Liu, Y, Wang, J-B, and Liu, L-X. Adverse Effects of Immune-Checkpoint Inhibitors in Hepatocellular Carcinoma. Onco Targets Ther (2020) 13:11725–40. doi: 10.2147/OTT.S279858

38. Chen, J, Hu, X, Li, Q, Dai, W, Cheng, X, Huang, W, et al. Effectiveness and Safety of Toripalimab, Camrelizumab, and Sintilimab in a Real-World Cohort of Hepatitis B Virus Associated Hepatocellular Carcinoma Patients. Ann Transl Med (2020) 8(18):1187. doi: 10.21037/atm-20-6063

39. Maier, H, Isogawa, M, Freeman, GJ, and Chisari, FV. Pd-1:Pd-L1 Interactions Contribute to the Functional Suppression of Virus-Specific Cd8+ T Lymphocytes in the Liver. J Immunol (2007) 178(5):2714–20. doi: 10.4049/jimmunol.178.5.2714

40. Tzeng, HT, Tsai, HF, Liao, HJ, Lin, YJ, Chen, L, Chen, PJ, et al. Pd-1 Blockage Reverses Immune Dysfunction and Hepatitis B Viral Persistence in a Mouse Animal Model. PLoS One (2012) 7(6):e39179. doi: 10.1371/journal.pone.0039179

41. Fisicaro, P, Valdatta, C, Massari, M, Loggi, E, Biasini, E, Sacchelli, L, et al. Antiviral Intrahepatic T-Cell Responses Can Be Restored by Blocking Programmed Death-1 Pathway in Chronic Hepatitis B. Gastroenterology (2010) 138(2):682–93, 93.e1-4. doi: 10.1053/j.gastro.2009.09.052

42. Gane, E, Verdon, DJ, Brooks, AE, Gaggar, A, Nguyen, AH, Subramanian, GM, et al. Anti-Pd-1 Blockade With Nivolumab With and Without Therapeutic Vaccination for Virally Suppressed Chronic Hepatitis B: A Pilot Study. J Hepatol (2019) 71(5):900–7. doi: 10.1016/j.jhep.2019.06.028

43. Lencioni, R, and Llovet, JM. Modified Recist (Mrecist) Assessment for Hepatocellular Carcinoma. Semin Liver Dis (2010) 30(1):52–60. doi: 10.1055/s-0030-1247132

44. Llovet, JM, and Lencioni, R. Mrecist for Hcc: Performance and Novel Refinements. J Hepatol (2020) 72(2):288–306. doi: 10.1016/j.jhep.2019.09.026

45. Freites-Martinez, A, Santana, N, Arias-Santiago, S, and Viera, A. Using the Common Terminology Criteria for Adverse Events (Ctcae - Version 5.0) to Evaluate the Severity of Adverse Events of Anticancer Therapies. Actas Dermosifiliogr (Engl Ed) (2021) 112(1):90–2. doi: 10.1016/j.ad.2019.05.009

46. Terrault, NA, Lok, ASF, McMahon, BJ, Chang, K-M, Hwang, JP, Jonas, MM, et al. Update on Prevention, Diagnosis, and Treatment of Chronic Hepatitis B: Aasld 2018 Hepatitis B Guidance. Hepatol (Baltimore Md) (2018) 67(4):1560–99. doi: 10.1002/hep.29800

47. Rao, Q, Li, M, Xu, W, Pang, K, Guo, X, Wang, D, et al. Clinical Benefits of Pd-1/Pd-L1 Inhibitors in Advanced Hepatocellular Carcinoma: A Systematic Review and Meta-Analysis. Hepatol Int (2020) 14(5):765–75. doi: 10.1007/s12072-020-10064-8

48. Tang, TJ, Kwekkeboom, J, Mancham, S, Binda, RS, de Man, RA, Schalm, SW, et al. Intrahepatic Cd8+ T-Lymphocyte Response Is Important for Therapy-Induced Viral Clearance in Chronic Hepatitis B Infection. J Hepatol (2005) 43(1):45–52. doi: 10.1016/j.jhep.2005.01.038

49. Fioravanti, J, Di Lucia, P, Magini, D, Moalli, F, Boni, C, Benechet, AP, et al. Effector Cd8(+) T Cell-Derived Interleukin-10 Enhances Acute Liver Immunopathology. J Hepatol (2017) 67(3):543–8. doi: 10.1016/j.jhep.2017.04.020

50. Benechet, AP, and Iannacone, M. Determinants of Hepatic Effector Cd8(+) T Cell Dynamics. J Hepatol (2017) 66(1):228–33. doi: 10.1016/j.jhep.2016.07.011

51. Wu, S-P, Liao, R-Q, Tu, H-Y, Wang, W-J, Dong, Z-Y, Huang, S-M, et al. Stromal Pd-L1-Positive Regulatory T Cells and Pd-1-Positive Cd8-Positive T Cells Define the Response of Different Subsets of Non-Small Cell Lung Cancer to Pd-1/Pd-L1 Blockade Immunotherapy. J Thorac Oncol Off Publ Int Assoc Study Lung Cancer (2018) 13(4):521–32. doi: 10.1016/j.jtho.2017.11.132

52. Cheng, Y, Gunasegaran, B, Singh, HD, Dutertre, CA, Loh, CY, Lim, JQ, et al. Non-Terminally Exhausted Tumor-Resident Memory Hbv-Specific T Cell Responses Correlate With Relapse-Free Survival in Hepatocellular Carcinoma. Immunity (2021) 54(8):1825–40.e7. doi: 10.1016/j.immuni.2021.06.013

53. Loomba, R, and Liang, TJ. Hepatitis B Reactivation Associated With Immune Suppressive and Biological Modifier Therapies: Current Concepts, Management Strategies, and Future Directions. Gastroenterology (2017) 152(6):1297–309. doi: 10.1053/j.gastro.2017.02.009

54. Wang, K, Xia, Y, Zhu, Y, Yu, W, Guo, Y, and Liu, L. Virological Breakthrough After Immune Checkpoint Inhibitor and Nucleos(T)Ide Analog Treatment in Patients With Hepatitis B Surface Antigen Positive Hepatocellular Carcinoma: A Real-World Study. J ImmunoTherapy Cancer (2021) 9(11):e003195. doi: 10.1136/jitc-2021-003195

55. Zheng, M, and Tian, Z. Liver-Mediated Adaptive Immune Tolerance. Front Immunol (2019) 10:2525. doi: 10.3389/fimmu.2019.02525

56. Yang, P-H, Ding, Y-B, Xu, Z, Pu, R, Li, P, Yan, J, et al. Increased Circulating Level of Interleukin-6 and Cd8 T Cell Exhaustion Are Associated With Progression of Covid-19. Infect Dis Poverty (2020) 9(1):161. doi: 10.1186/s40249-020-00780-6

57. Jiang, M, Guo, Y, Luo, Q, Huang, Z, Zhao, R, Liu, S, et al. T-Cell Subset Counts in Peripheral Blood Can Be Used as Discriminatory Biomarkers for Diagnosis and Severity Prediction of Coronavirus Disease 2019. J Infect Dis (2020) 222(2):198–202. doi: 10.1093/infdis/jiaa252

58. Zhang, W, Li, L, Liu, J, Chen, L, Zhou, F, Jin, T, et al. The Characteristics and Predictive Role of Lymphocyte Subsets in Covid-19 Patients. Int J Infect Dis IJID Off Publ Int Soc Infect Dis (2020) 99:92–9. doi: 10.1016/j.ijid.2020.06.079

59. Tang, Y, Liu, J, Zhang, D, Xu, Z, Ji, J, and Wen, C. Cytokine Storm in Covid-19: The Current Evidence and Treatment Strategies. Front Immunol (2020) 11:1708. doi: 10.3389/fimmu.2020.01708




Conflict of Interest: 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.

The reviewer XZ declared a shared parent affiliation with the author NS to the handling editor at the time of review.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Pan, Yu, Wang, Tu, Shen, Qiu, Liu, Su, Zuo, Luan, Zhang, Shi, Meng and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-13-892618-g002.jpg
(a]

P~ d

2
o \Wgr =13
.
.
x
(1] . . r
3 v 8
© < ~N o o~

ERE

A
oy
A
A
T
PD

(Tw/n1°+6o))bysaH

d b

YWYy

PD

ns
sD

ns

o %o .+.~ k

OR

© © A o~ o
(Tw/n1°*Bol)vNa AGH
2
© < o~ o

ns

© © g ~ =]

(qwyn1°'Bol)wyNa AGH

*
*
*
*
*
*
*
*
.
© < o~ o

(Tw/n|°*Bo))bysaH

A

._ES_.._mo_Zzn_ ASH

Hokok

12w

24w

o

24w

12w

o

24w

12w

24w

12w

Time

© ©o < o~ =]
(qwyni®Bol)yNa AGH

Time

Time

SD

PD

o

ns

ns

(qwynI°®6o))bysaH

o

A

(4] E\:_c_wo_ve.zn ASH

ns

ns

© < ~ o

(qu/ni°®6oy)BysaH

o

o
:
d

© © < o~
(qwyni°+Bol)vNa AgH

o

24w

12w

24w

12w

24w

12w

24w

12w

Time

Time

Time





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Correlation of HBV DNA and Hepatitis B Surface Antigen Levels With Tumor Response, Liver Function and Immunological Indicators in Liver Cancer Patients With HBV Infection Undergoing PD-1 Inhibition Combinational Therapy

      

        		

          Background

        



        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients’ Inclusion

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Baseline Characteristics of Patients

          



          		

            Immune-Related Adverse Events and Tumor Response Profiles

          



          		

            Antiviral Efficacy of Combination Therapy

          



          		

            Correlation Between Elevated HBV DNA, HBsAg Levels, Tumor Response, and Survival Time

          



          		

            Correlation Between Changes in Clinical Parameters and Elevated HBsAg

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-13-892618-g003.jpg
Probability of Survival

Probability of Survival

1.0
—  Without HBV DNA increase
—  With HBV DNA increase

0.8

0.6

04

0.2

p=0.004
MST: 6.87 vs undefined

0 5 10 15 20 25
Time(months)

1.0 — Without HBsAg increase

— With HBsAg increase

0.8

0.6

0.4

0.2

p=0.004
MST: 8.07 vs undefined

0 5 10 15 20 25
Time(months)





OEBPS/Images/table2.jpg
Fever

Fatigue
Hypertension
Diarrhea

Rash
Hypothyroidism
Pruritus
Proteinuria

Renal dysfunction
Pneumonia
Lymphopenia
Thrombocytopenia
Hyperthyroidism
Cardiotoxicity
hoarseness
hepatitis

Bacterial infection
fungal infection
Herpes virus infection
Intestinal infections

G1/G2

9 (18.8%)
7 (14.6%)
6 (12.5%)
6 (12.5%)
6 (12.5%)
4(8.3%)
2 (4.2%)
3(6.3%)
2 (4.2%)
1 (2%)

G3/4

o o

2 (4.2%)

ococoo

o

12%)
2 (4.2%)
1(2.1%)

0

0

0
2 (4.2%)
2 (4.2%)
1(2.1%)
1(2.1%)
1 (2.1%)






OEBPS/Images/table4.jpg
Cox univariate survival analysis Cox multivariate survival analysis

HR 95%Cl p value HR 95%Cl p value
Age 0.979 0.925-1.036 0.461
Sex 0.785 0.420-1.465 0.446
Types of tumors 1.062 0.141-8.030 0.953
BCLC stage 1.165 0.644-2.105 0614
Child-Pugh stage 0.140 0.160-1.294 0.140
Options of combination therapy 1.154 0.426-3.125 0.778
TACE treatment 0.329 0.075-1.439 0.140
Line of treatment 0.9103 0.579-1.440 0.696
AFP 2312 0.855-6.257 0.099
The occurrence of irAEs 0.491 0.185-1.298 0.152
Prior antiviral therapy 1.176 0.406-3.411 0.765
Baseline level of HBV DNA 1.012 0.753-1.358 0.939
HBV DNA increase 4.034 1.456-11.179 0.007 4.816 1.439-16.117 0.011
HBsAg increase 4.869 1.476-16.064 0.009 4.161 1.224-16.144 0.022

AFP, Alpha-Fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B surface antigen; HBV, hepatitis B viral: TACE, transcatheter arterial chemoembolization.





OEBPS/Images/fimmu-13-892618-g001.jpg
*k %k %k

ns

|
\,"

3_.

Il

g

i

* %k %k

< N o
(qw/n|° 6ol )bysgH

(Jo) < N
(qw/NI%6o1)wvNa AGH

o

24w

12w

Time

24w

12w

0

Time





OEBPS/Images/table3.jpg
The change of HBV DNA
Without increase

With increase

The change of HBsAg
Without increase

With increase

CR+PR+SD

29
2

22
4

PD

p value

<0.001

0.270

OR

18.643 (3.271-106.253)

2.44 (0.499-11.965)

AFP, Alpha-Fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B surface antigen; HBV, hepatitis B viral; HBsAg, hepatitis B surface antigen; MST, median survival time;

TACE. transcatheter arterial chemoembolization.





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-892618-g004.jpg
50
% -
- 2
22 =
10 Z

0

Without increase With increase

PTA (%)

Without increase With increase

T lymphocyte(count/uL)
CD4+ T cell(count/uL)

Without increase With increase

200

g

100

IL-6(pg/mL)

8

Without increase With increase

1000

g

-
=

LYM(10°1L)

1500

Without increase

Without increase

Without increase

With increase

With increase

With increase

100

AST/ALT

AMC(10°/L)

B cell(count/p/L,

10

1.5

-
o

0.0

Without increase

Without increase

Without increase

With increase

With increase

With increase

600

PLT(10°L)

CRP(mg/L)

300

~N
S
S

g

Without increase

*

Without increase

Without increase

With increase

With increase

With increase

baseline
1w





OEBPS/Images/fimmu.2022.892618_cover.jpg
’ frontiers | Frontiersin Immunology

Correlation of HBV DNA and
Hepatitis B Surface Antigen Levels
With Tumor Response, Liver Function
and Immunological Indicators in Liver
Cancer Patients With HBV Infection
Undergoing PD-1 Inhibition
Combinational Therapy





OEBPS/Images/table1.jpg
n=48

Age (year)

Sex

Male

Female

Types of tumors
hepatocellular carcinoma
Cholangiocarcinoma
BCLC stage

B

C (PVTT)

C (M)

Child-Pugh stage

A

B

AFP

<400 (IU/mi)

>400 (IU/ml)

Previous antiviral therapy
Yes

No

HBV DNA

<20 (IU/mi)

>20 and <103 (IU/ml)
>1013 (IU/m)

HBsAg

<0.05 (IU/mi)

>0.05 (IU/mi)

No available

HBeAg state
Seropositive
Seronegative

No available
Combination treatment
Sintilimab-+Lenvatinib
Sintilimab+Sorafenib
Camrelizumab+Lenvatinib
Toripalimab-+Lenvatinib
Combinated TACE therapy
Yes

No

Combination treatment as systemic
First line

Second line

Third line

Fourth line

Antiviral therapy

ETV

ADV

TDF

ETV+TDF

Tumor response

CR

PR

SD

PD

OR (CR+PR)

DC (CR+PR+SD)

55.96 + 9.72

41 (85.4%)
7 (14.6%)

43 (89.6%)
5 (10.4%)

12 (25.0%)
22 (45.8%)
14 (29.2%)

26 (54.2%)
22 (45.8%)

27 (56.2%)
21 (43.8%)

33 (68.7%)
15 (31.3%)

15 (31.2%)
17 (34.5%)
16 (33.3%)

1 (2%)
42 (87.6%)
5 (10.4%)

9 (18.8%)
38 (79.2%)
1 (2%)

34 (70.8%)
7 (14.6%)
3(6.3%)
4(8.3%)

12 (25.0%)
36 (75%)

21 (43.8%)
5 (10.4%)
16 (33.3%)
6 (12.5%)

38 (79.2%)
1 (2%)
4(8.3%)
4(8.3%)

2 (4.2%)
13 (27.1%)
17 (35.4%)
16 (33.3%)
15 (31.3%)
32 (66.7%)

ADV, Adefovir dipivoxil; AFP, Alpha-Fetoprotein; BCLC, Barcelona Clinic Liver Cancer;
CR, complete response; DC, disease control; ETV, Entecavir; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B viral; OR, objective
response; PD progressive disease; PR, partial response; SD, stable disease; TACE,

transcatheter arterial chemoembolization: TDF, Tenofovir.





