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Purpose: This study aimed to compare the clinical outcomes of camrelizumab in hepatitis B virus-related hepatocellular carcinoma (HBV–HCC) patients and non-HBV, non-HCV hepatocellular carcinoma (NBNC–HCC) patients in China.
Materials and methods: A total of 54 patients with hepatocellular carcinoma who received camrelizumab were included in this retrospective study from January 2019 to December 2021. The patients were assigned to the HBV–HCC group (n = 28) and the NBNC–HCC group (n = 26). The primary endpoints were overall survival (OS) and progression-free survival (PFS), and the secondary endpoints were the objective response rate (ORR), disease control rate (DCR), and adverse events (AEs). Multivariate analysis using Cox proportional hazard regression was used to identify independent prognostic factors. A nomogram model was subsequently established based on independent prognostic factors.
Results: The mean duration of follow-up was 12.7 ± 3.6 months. The median OS was not determined. The median PFS in the HBV–HCC group was significantly longer than that in the NBNC–HCC group (9.2 vs. 6.7 months, p = 0.003). The ORR and DCR in the HBV–HCC group were significantly higher than those in the NBNC–HCC group (ORR, 28.6% vs. 7.7%, p = 0.048; DCR, 71.4% vs. 42.3%, p = 0.031). No significant differences in the total incidence of AEs were found between the HBV–HCC group and the NBNC–HCC group (75.0% vs. 69.2%, p = 0.224). Multivariate regression analysis identified etiology, AFP level, and vascular invasion as independent prognostic factors (all p < 0.05).
Conclusion: Our findings demonstrate that camrelizumab is more effective in HBV–HCC patients than in NBNC–HCC patients, with manageable safety.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the seventh most common malignancy and the third most common cause of cancer death worldwide. Specifically, HCC cases in China comprise approximately more than half of the total number of cases globally (Zheng et al., 2018; Sung et al., 2021; Xia et al., 2022).
Chronic infection with the hepatitis B virus (HBV) and hepatitis C virus (HCV) is a major risk factor for HCC; in China, HCC caused by HBV comprises approximately 70%–80% (Wang et al., 2017). With the recent popularization of the HBV vaccine and the widespread application of antiviral drugs, the proportion of HBV-related hepatocellular carcinoma (HBV–HCC) is expected to gradually decrease, whereas that of non-HBV non-HCV hepatocellular carcinoma (NBNC–HCC) is expected to gradually increase (Thomas, 2019). The pathogenesis of NBNC–HCC is yet to be fully understood, but nonalcoholic steatohepatitis (NASH) and metabolic syndrome are regarded as important pathogenic factors (Anstee et al., 2019).
HCC is typically insidious and mostly diagnosed in the intermediate to advanced stages (Maluccio and Covey, 2012). Less than 30% of those diagnosed with the disease undergo radical resection (Ikeda et al., 2018). Immunotherapy provides an option for patients with advanced HCC (Cabibbo et al., 2010; Yoon et al., 2018). Results of the IMbrave150 study show that atezolizumab combined with bevacizumab (T + A) significantly improved overall survival (OS) and progression-free survival (PFS) (Cheng et al., 2022). In addition, the combination (T + A) was approved for the first-line treatment of advanced HCC (Finn et al., 2020; Cheng et al., 2022). It is the first treatment regimen significantly superior to sorafenib in more than 10 years since the approval of sorafenib for first-line treatment of HCC (Sangro et al., 2021). On the basis of the results of the Checkmate040 and KEYNOTE224 trials, two programmed cell death protein 1 (PD-1) inhibitors—nivolumab and pembrolizumab—were approved by the United States Food and Drug Administration (FDA) for second-line therapy of HCC (El-Khoueiry et al., 2017; Zhu et al., 2018). Qin et al. (2020) found that camrelizumab could yield an objective response rate (ORR) of 14.7% and a 6-month OS rate of 74.4% in 217 HCC patients. This finding indicates that camrelizumab could achieve clinical efficacy comparable to that of similar PD-1 inhibitors. Thus, camrelizumab became the first PD-1 inhibitor approved in China for the treatment of intermediate and advanced HCC. In addition, the most significant advantage of camrelizumab for Chinese patients is its relatively low price, hence its wide use in China (Chen et al., 2020).
Although immunotherapy has achieved satisfactory efficacy in HCC patients, international multicenter phase III studies showed that the response rate of NBNC–HCC to immunotherapy was lower than that of viral hepatitis-related HCC (Pfister et al., 2021; Ji and Nguyen, 2022; Kelley et al., 2022). The efficacy of immunotherapy may be influenced by different underlying etiologies of HCC, and different hepatic environments can significantly affect HCC cell induction and immune responses (Roderburg et al., 2020). Compared with non-viral-related HCC, the tumor immune microenvironment of HBV–HCC had a stronger immunosuppressive effect, which was reversed by PD-1 inhibitors (Liu et al., 2021). In addition, viral antigens expressed by tumor cells have been found to increase the number of antigen-specific T cells and enhance response to immunotherapy (Yarchoan et al., 2017).
However, research is lacking on immunotherapy for NBNC–HCC in China. Therefore, in order to identify clinically relevant factors potentially influencing the response to immunotherapy in HCC patients, this study aims to compare the effectiveness and safety of camrelizumab for HBV–HCC and NBNC–HCC in China and to further select HCC patients suitable for immunotherapy by etiology.
MATERIALS AND METHODS
Study design and patients
We retrospectively reviewed the medical records of patients with HCC who underwent camrelizumab from January 2019 to December 2021 at the Affiliated Hospital of Xuzhou Medical University.
The inclusion criteria were as follows: (Sung et al., 2021) diagnosed advanced HCC with clinical and histopathological evidence; (Zheng et al., 2018) aged 18 years or older; (Xia et al., 2022) at least one measurable lesion as defined by modified Response Evaluation Criteria in Solid Tumors (mRECIST); (Wang et al., 2017) received at least two cycles of camrelizumab; (Thomas, 2019) Child–Pugh class A or B; (Anstee et al., 2019) Barcelona Clinic Liver Cancer (BCLC) stage B or C; and (Maluccio and Covey, 2012) Eastern Cooperative Oncology Group Performance Status (ECOG PS) ≤ 2.
The exclusion criteria were as follows: (Sung et al., 2021) patients with other malignant tumors; (Zheng et al., 2018) intrahepatic cholangiocarcinoma, and combined hepatocellular–cholangiocarcinoma; (Xia et al., 2022) coinfection with hepatitis C or other hepatitis viruses; and (Wang et al., 2017) incomplete clinical data.
Grouping and treatment protocol
All included patients were assigned to two groups—the HBV–HCC group and the NBNC–HCC group—on the basis of serum hepatitis B surface antigen, serum hepatitis C surface antigen, HBV–DNA, and HCV–DNA. The HBV–HCC group consisted of patients with positive serum hepatitis B surface antigen or positive serum HBV–DNA, and the NBNC–HCC group consisted of patients with negative serum hepatitis B surface antigen, negative serum hepatitis C surface antigen, negative serum HBV–DNA, and negative serum HCV–DNA.
Camrelizumab (200 mg/branch) was administered intravenously, one branch at a time, once every 3 weeks.
Assessment
The patients underwent contrast-enhanced chest computed tomography (CT) or contrast-enhanced magnetic resonance imaging (MRI) of the upper abdomen at baseline and every 6–8 weeks thereafter. The long-term efficacy of treatment was measured by OS and PFS. OS was defined as the time from the start of camrelizumab treatment to death from any cause, and PFS was defined as the time from the start of camrelizumab treatment to disease progression or death from any cause. The short-term efficacy was assessed in accordance with the mRECIST criteria, including complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). All adverse events (AEs) were recorded in detail, and AEs were evaluated based on the National Cancer Institute Common Terminology Criteria for Adverse Events (version 5.0).
Statistical analysis
All data were statistically analyzed using the software SPSS 23.0 and R 4.2.0. Normally distributed continuous variables were presented as the mean ± standard deviation and analyzed using the independent t-test. Categorical data were expressed as counts and percentages and then analyzed using the chi-squared test or Fisher’s exact probability test. The Kaplan-Meier method was used to estimate median OS and PFS. Log-rank tests were used in univariate analysis, and variables with a p value less than 0.1 were used in multivariate analysis. Multivariate Cox proportional hazard regression analysis was used to clarify the independent prognostic factors of PFS. A nomogram prediction model was constructed using the independent prognostic factors from multivariate analysis. Nomograms for 6-month PFS and 9-month PFS were also developed and then compared with the actual scenario. Internal validation and the accuracy of the nomogram were determined using the bootstrap method and the calculated concordance index (C-index). p value <0.05 was considered statistically significant.
RESULTS
Patient characteristics
A total of 54 patients with HCC classified as BCLC stage B or C and who are receiving camrelizumab from January 2019 to December 2021 were included in this retrospective study. The HBV–HCC group consisted of 28 patients, and the NBNC–HCC group had 26 patients. The mean follow-up time was 12.7 ± 3.6 months as of March 2022. Fifteen patients were excluded for the following reasons: HCV-infected (n = 3), with incomplete clinical data (n = 3), lost to follow-up (n = 4), and accepted other PD-1 inhibitors during follow-up (n = 5) (Figure 1). The causes of NBNC–HCC were NAFLD (non-alcoholic fatty liver disease) (n = 22), alcoholic liver disease (n = 3), and autoimmune liver diseases (n = 1). Patient data, including age, gender, tumor size, cirrhosis, vascular invasion, extrahepatic metastasis, ECOG PS, Child–Pugh class, BCLC stage, previous treatment, and laboratory parameters are summarized in Table 1. No significant differences in baseline characteristics were found between the two groups (all p > 0.05).
[image: Figure 1]FIGURE 1 | Patient flowchart.
TABLE 1 | Baseline characteristics of the HBV–HCC and NBNC–HCC groups.
[image: Table 1]Tumor response
In the HBV–HCC group, 1 patient had CR, 7 patients had PR, 12 patients had SD, and 8 patients had PD. In the NBNC–HCC group, no patients showed CR, 2 patients exhibited PR, 9 patients had SD, and 15 patients had PD (Table 2). The ORR and disease control rate (DCR) of the HBV–HCC group were greater than those of the NBNC–HCC group (ORR, 28.6% vs. 7.7%, p = 0.048; DCR, 71.4% vs. 42.3%, p = 0.031).
TABLE 2 | Tumor response between the HBV–HCC and NBNC–HCC groups.
[image: Table 2]Progression-free survival and overall survival
Median PFS was 9.2 months (95%CI: 7.4–11.0) in the HBV–HCC group and 6.7 months (95%CI: 5.0–8.4) in the NBNC–HCC group (Figure 2). The median PFS of the HBV–HCC group was significantly longer than that of the NBNC–HCC group (p = 0.003). As of follow-up time, 21 patients died, including 11 from the HBV–HCC group and 10 from the NBNC–HCC group. The median OS of the HBV–HCC group was 13.3 months (95%CI: 11.4–15.2), which was significantly longer than that of the NBNC–HCC group (i.e., 11.1 months) (95%CI: 9.7–12.5) (p = 0.018) (Figure 3). The median OS still required further observation and follow-up because of the short enrollment time of patients.
[image: Figure 2]FIGURE 2 | Kaplan–Meier plot of progression-free survival in the HBV–HCC and NBNC–HCC groups.
[image: Figure 3]FIGURE 3 | Kaplan–Meier plot of overall survival in the HBV–HCC and NBNC–HCC groups.
Univariate and multivariate analyses of Progression-free survival
The results of the univariate and multivariate Cox proportional hazard regression analyses for PFS are summarized in Table 3. In multivariate Cox proportional hazard regression analysis, etiology (HR = 0.192, 95%CI: 0.088–0.418, p = 0.001), the AFP level (HR = 2.893, 95%CI: 1.233–6.787, p = 0.015), and vascular invasion (HR = 3.158, 95%CI: 1.436–6.942, p = 0.004) were identified as independent prognostic factors for the PFS of HCC patients. These independent prognostic factors were considered taken in the construction of a nomogram prediction model (Figure 4). The C-index of the nomogram prediction model was 0.781. The calibration curves indicated consistency between the actual and the predicted survival rates of the patients (Figure 5).
TABLE 3 | Univariate and multivariate analyses of the prognostic factors for progression-free survival.
[image: Table 3][image: Figure 4]FIGURE 4 | Graph showing the prognostic model for predicting 6- and 9-months progression-free survival.
[image: Figure 5]FIGURE 5 | Calibration plots for 6-months progression-free survival.
Adverse events
The two groups of patients mainly reported Grade 1–2 AEs, with reactive cutaneous capillary endothelial proliferation (RCCEP), proteinuria, hyperbilirubinemia, elevated aspartate aminotransferase (AST), elevated alanine aminotransferase (ALT), and thrombocytopenia as the most frequent AEs (Table 4). Grade ≥3 AEs occurred in 13 patients (7 in the HBV–HCC group and 6 in the NBNC–HCC group), and 1 patient in the HBV–HCC group discontinued camrelizumab treatment because of severe AEs (Grade 3 myocarditis). No significant differences in the total incidence of AEs and incidence of grade ≥3 AEs were found between the HBV–HCC group (75.0%, 25.0%) and the NBNC–HCC group (69.2%, 23.1%) (p = 0.224, p = 0.869).
TABLE 4 | Treatment-related adverse events in patients with hepatocellular carcinoma.
[image: Table 4]DISCUSSION
To the best of our knowledge, this research represents the first retrospective study in China that compares the tumor response, survival benefit, and tolerability of camrelizumab treatment for HBV–HCC and NBNC–HCC patients. The results demonstrated that relative to the NBNC–HCC group, the HBV–HCC group showed significant improvement in ORR and DCR. PFS was significantly longer in the HBV–HCC group than in the NBNC–HCC group, and HBV infection was a significant independent predictor of better PFS. In addition, tolerability was similar between the two groups, and no adverse reaction-related deaths occurred.
In 2007, the molecularly targeted drug sorafenib was approved as a first-line treatment for advanced HCC; however, the median survival time was extended by only about 3 months, compared with the placebo (Boland and Wu, 2018). With the understanding of the tumor immune microenvironment and immune targets in recent years, immunotherapy has developed rapidly and achieved ideal efficacy in HCC treatment. Both National Comprehensive Cancer Network (NCCN) Guidelines for Hepatobiliary Cancers and Guidelines for Diagnosis and Treatment of Primary Liver Cancer recommend PD-1/L1 inhibitors as first-line drugs for systemic treatment of HCC (Du et al., 2022; Llovet et al., 2022). Camrelizumab, a PD-1 inhibitor, inhibits the immune escape of liver tumor cells by blocking the binding of PD-1 on CD8 T cells to programmed death ligand-1 (PD-L1) on Kupffer cells (Shen et al., 2019). However, PD-1/L1 inhibitors have exhibited only a 15%–23% response rate in HCC patients (Pinter et al., 2021). HBV infection is the most important cause of HCC; however, baseline HBV loads may not affect the clinical prognosis of PD-1 inhibitor therapy in HCC. Sun et al. (2020) found no significant correlation between clinical outcomes and HBV loads in HCC patients receiving the PD-1 inhibitor. In addition, Yuan et al. (2021) found that HBV loads did not affect the short-term efficacy of the PD-1 inhibitor combined with antiangiogenic therapy for HCC patients.
NAFLD refers to a clinical syndrome characterized by excessive deposition of fat in liver cells, apart from alcohol and other definite liver damage factors (Eslam et al., 2020). Among NAFLD, NASH is considered the most serious; up to 30% of NASH patients may develop liver inflammation and fibrosis, and some patients may further develop to HCC (Stine et al., 2018). NASH activates innate and adaptive immune cells, as well as increases metabolites and endoplasmic reticulum stress, causing hepatic necroinflammation and regenerative cycles, which may lead to HCC (Shen et al., 2017; Xu et al., 2017). Compared with HCC related to viral hepatitis, NBNC–HCC (NAFLD and/or NASH–HCC) is more insidious, and its lesions are mostly single and larger, and the prognosis of patients is worse (Li and Wang, 2022). In addition, several studies have reported that HBV–HCC and NBNC–HCC have significant differences in histopathological characteristics and prognosis (Salomao et al., 2012; Xue et al., 2020). The pathogenesis of NBNC–HCC remains unclear and is currently related to factors such as genetics, metabolism, oxidative stress, immunity, and intestinal flora imbalance (Li and Wang, 2022).
Whether viral infection affects the efficacy of immunotherapy in HCC patients remains inconclusive. In the study by Ho et al. (2020), no noticeable differences in ORR existed between virally infected and uninfected HCC patients receiving PD-1/PD-L1 inhibitors, and viral status could not be a criterion for PD-1/PD-L1 inhibitors. However, recent studies suggest that NBNC–HCC, particularly NASH–HCC, may weakly respond to immunotherapy. Kelley et al. (2022) reported that the benefit of cabozantinib plus atezolizumab treatment to PFS was mainly observed in the HBV–HCC group. Pfister et al. (2021) also found that in a mouse model of NASH, CD8/PD-1 double-positive T cells were unconventionally activated and gradually accumulated in NASH-infected livers (Dudek et al., 2021). Treatment with PD-1 inhibitors increased the number of activated CD8/PD-1 double-positive T cells in NASH–HCC mice but failed to shrink tumors. These results indicate that activated abnormal T cells may not play a role in immune surveillance and cannot kill tumor cells. Thus, Pfister conducted a meta-analysis of three large randomized controlled phase III trials of immunotherapies in patients with advanced HCC (CheckMate-45911, IMbrave1505, and KEYNOTE-24010). The results showed that although immunotherapy improved survival in HBV–HCC patients (HR = 0.64; 95%CI = 0.49–0.83), survival in NBNC–HCC patients was not significantly improved (HR = 0.92; 95%CI = 0.77–1.11) (Pfister et al., 2021). In the current study, similar results were obtained: the median PFS of the HBV–HCC group was significantly longer than that of the NBNC–HCC group (9.2 vs. 6.7 months, p = 0.003).
In this study, the incidence of AEs was similar in the two groups—that is, mainly low-grade AEs. One patient in the HBV–HCC group needed to discontinue camrelizumab treatment because of Grade 3 myocarditis; the patient received symptomatic treatment such as hormones and nutritional myocardium. For camrelizumab, RCCEP was the most common AE. The incidence rates of Grade 1–2 RCCEP in the two groups were 46.4% and 42.3%, respectively. No grade ≥3 RCCEP occurred, which was basically consistent with other studies (Qin et al., 2020). The AEs of the two groups were generally controllable, and no fatal AEs occurred.
The results of multivariable Cox proportional hazard regression analysis showed that etiology, AFP level, and vascular invasion were independent prognostic factors for PFS. We then constructed a nomogram prediction model by using these independent risk factors. The nomogram showed that etiology exerted the most effect on PFS, whereas the AFP level exerted the least effect on PFS. To validate the nomogram prediction model, we calculated the C-index and plotted the calibration curve. The C-index of the nomogram model in this study was 0.785, and the calibration curve indicated that our model was consistent with the actual observations, proving the reliability and precision of our model. However, owing to the limited number of cases, no external validation was performed.
This study had several limitations. First, the patients in this study were only treated with camrelizumab, and our conclusions for other PD-1/PD-L1 inhibitors require verification. Second, a stratified analysis of NBNC–HCC etiologies could not be performed because of the small sample size. Third, the median OS for the majority of the population was not determined because of the relatively short follow-up period. We intend to extend the follow-up time in the future. Fourth, only 54 patients were included in the study; the sample size needs to be expanded in the future. Fifth, this study was a single-center retrospective study, and all patients included in this study were from China, where HBV is the main cause of HCC. Finally, some patients had received transarterial chemoembolization and targeted therapy, among others, which might have affected the efficacy of camrelizumab.
CONCLUSION
Compared with HBV–HCC patients, NBNC–HCC patients may exhibit a weaker response to PD-1 inhibitors, suggesting that clinicians can screen HCC subgroups suitable for immunotherapy on the basis of etiology to obtain improved efficacy. Large randomized controlled trials are needed in the future to prove our conclusions.
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 the Ethics Committee of Clinical Trials, Affiliated Hospital of Xuzhou Medical University. The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
ZH and HL designed the study. HL, ZX, MW, and TL collected the clinical data. HL, NY, and SZ analyzed the data. HL wrote the paper. ZH and SL revised the paper. All authors contributed to the article and approved the submitted version.
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.
REFERENCES
 Anstee, Q. M., Reeves, H. L., Kotsiliti, E., Govaere, O., and Heikenwalder, M. (2019). From NASH to HCC: Current concepts and future challenges. Nat. Rev. Gastroenterol. Hepatol. 16 (7), 411–428. doi:10.1038/s41575-019-0145-7
 Boland, P., and Wu, J. J. C. C. O. (2018). Systemic therapy for hepatocellular carcinoma: Beyond sorafenib. Chin. Clin. Oncol. 7 (5), 50. doi:10.21037/cco.2018.10.10
 Cabibbo, G., Enea, M., Attanasio, M., Bruix, J., Craxi, A., and Camma, C. (2010). A meta-analysis of survival rates of untreated patients in randomized clinical trials of hepatocellular carcinoma. Hepatology 51 (4), 1274–1283. doi:10.1002/hep.23485
 Chen, J., Hu, X., Li, Q., Dai, W., Cheng, X., Huang, W., et al. (2020). Effectiveness and safety of toripalimab, camrelizumab, and sintilimab in a real-world cohort of Hepatitis B virus associated hepatocellular carcinoma patients. Ann. Transl. Med. 8 (18), 1187. doi:10.21037/atm-20-6063
 Cheng, A. L., Qin, S., Ikeda, M., Galle, P. R., Ducreux, M., Kim, T. Y., et al. (2022). Updated efficacy and safety data from IMbrave150: Atezolizumab plus bevacizumab vs. sorafenib for unresectable hepatocellular carcinoma. J. Hepatol. 76 (4), 862–873. doi:10.1016/j.jhep.2021.11.030
 Du, Y., Liu, D., and Du, Y. (2022). Recent advances in hepatocellular carcinoma therapeutic strategies and imaging-guided treatment. J. Drug Target. 30 (3), 287–301. doi:10.1080/1061186X.2021.1999963
 Dudek, M., Pfister, D., Donakonda, S., Filpe, P., Schneider, A., Laschinger, M., et al. (2021). Auto-aggressive CXCR6(+) CD8 T cells cause liver immune pathology in NASH. Nature 592 (7854), 444–449. doi:10.1038/s41586-021-03233-8
 El-Khoueiry, A. B., Sangro, B., Yau, T., Crocenzi, T. S., Kudo, M., Hsu, C., et al. (2017). Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): An open-label, non-comparative, phase 1/2 dose escalation and expansion trial. Lancet 389 (10088), 2492–2502. doi:10.1016/S0140-6736(17)31046-2
 Eslam, M., Newsome, P. N., Sarin, S. K., Anstee, Q. M., Targher, G., Romero-Gomez, M., et al. (2020). A new definition for metabolic dysfunction-associated fatty liver disease: An international expert consensus statement. J. Hepatol. 73 (1), 202–209. doi:10.1016/j.jhep.2020.03.039
 Finn, R. S., Qin, S., Ikeda, M., Galle, P. R., Ducreux, M., Kim, T. Y., et al. (2020). Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N. Engl. J. Med. 382 (20), 1894–1905. doi:10.1056/NEJMoa1915745
 Ho, W. J., Danilova, L., Lim, S. J., Verma, R., Xavier, S., Leatherman, J. M., et al. (2020). Viral status, immune microenvironment and immunological response to checkpoint inhibitors in hepatocellular carcinoma. J. Immunother. Cancer 8 (1), e000394. doi:10.1136/jitc-2019-000394
 Ikeda, M., Morizane, C., Ueno, M., Okusaka, T., Ishii, H., and Furuse, J. (2018). Chemotherapy for hepatocellular carcinoma: Current status and future perspectives. Jpn. J. Clin. Oncol. 48 (2), 103–114. doi:10.1093/jjco/hyx180
 Ji, F., and Nguyen, M. H. (2022). Cabozantinib plus atezolizumab in advanced hepatocellular carcinoma and the role of adjuvant antiviral therapy. Lancet. Oncol. 23, 962–963. doi:10.1016/S1470-2045(22)00383-7
 Kelley, R. K., Rimassa, L., Cheng, A-L., Kaseb, A., Qin, S., Zhu, A. X., et al. (2022). Cabozantinib plus atezolizumab versus sorafenib for advanced hepatocellular carcinoma (COSMIC-312): A multicentre, open-label, randomised, phase 3 trial. Lancet. Oncol. 23, 995–1008. doi:10.1016/S1470-2045(22)00326-6
 Li, J. Z. H., and Wang, S. (2022). Research progress in the pathogenesis of hepatocellular carcinoma associated with non alcoholic fatty liver disease. China J. Dig. 42 (03), 206–209. 
 Liu, T., Li, Q., Lin, Z., Wang, P., Chen, Y., Fu, Y., et al. (2021). Viral infections and the efficacy of PD-(L)1 inhibitors in virus-related cancers: Head and neck squamous cell carcinoma and hepatocellular carcinoma. Int. Immunopharmacol. 100, 108128. doi:10.1016/j.intimp.2021.108128
 Llovet, J. M., Castet, F., Heikenwalder, M., Maini, M. K., Mazzaferro, V., Pinato, D. J., et al. (2022). Immunotherapies for hepatocellular carcinoma. Nat. Rev. Clin. Oncol. 19 (3), 151–172. doi:10.1038/s41571-021-00573-2
 Maluccio, M., and Covey, A. (2012). Recent progress in understanding, diagnosing, and treating hepatocellular carcinoma. Ca. Cancer J. Clin. 62 (6), 394–399. doi:10.3322/caac.21161
 Pfister, D., Nunez, N. G., Pinyol, R., Govaere, O., Pinter, M., Szydlowska, M., et al. (2021). NASH limits anti-tumour surveillance in immunotherapy-treated HCC. Nature 592 (7854), 450–456. doi:10.1038/s41586-021-03362-0
 Pinter, M., Jain, R. K., and Duda, D. G. (2021). The current landscape of immune checkpoint blockade in hepatocellular carcinoma: A review. JAMA Oncol. 7 (1), 113–123. doi:10.1001/jamaoncol.2020.3381
 Qin, S., Ren, Z., Meng, Z., Chen, Z., Chai, X., Xiong, J., et al. (2020). Camrelizumab in patients with previously treated advanced hepatocellular carcinoma: A multicentre, open-label, parallel-group, randomised, phase 2 trial. Lancet. Oncol. 21 (4), 571–580. doi:10.1016/S1470-2045(20)30011-5
 Roderburg, C., Wree, A., Demir, M., Schmelzle, M., and Tacke, F. J. H. O. (2020). The role of the innate immune system in the development and treatment of hepatocellular carcinoma. Hepat. Oncol. 7 (1), HEP17. doi:10.2217/hep-2019-0007
 Salomao, M., Remotti, H., Vaughan, R., Siegel, A. B., Lefkowitch, J. H., and Moreira, R. K. (2012). The steatohepatitic variant of hepatocellular carcinoma and its association with underlying steatohepatitis. Hum. Pathol. 43 (5), 737–746. doi:10.1016/j.humpath.2011.07.005
 Sangro, B., Sarobe, P., Hervas-Stubbs, S., and Melero, I. (2021). Advances in immunotherapy for hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol. 18 (8), 525–543. doi:10.1038/s41575-021-00438-0
 Shen, H., Yang, E. S., Conry, M., Fiveash, J., Contreras, C., Bonner, J. A., et al. (2019). Predictive biomarkers for immune checkpoint blockade and opportunities for combination therapies. Genes. Dis. 6 (3), 232–246. doi:10.1016/j.gendis.2019.06.006
 Shen, Z. Q., Chen, Y. F., Chen, J. R., Jou, Y. S., Wu, P. C., Kao, C. H., et al. (2017). CISD2 haploinsufficiency disrupts calcium homeostasis, causes nonalcoholic fatty liver disease, and promotes hepatocellular carcinoma. Cell. Rep. 21 (8), 2198–2211. doi:10.1016/j.celrep.2017.10.099
 Stine, J. G., Wentworth, B. J., Zimmet, A., Rinella, M. E., Loomba, R., Caldwell, S. H., et al. (2018). Systematic review with meta-analysis: Risk of hepatocellular carcinoma in non-alcoholic steatohepatitis without cirrhosis compared to other liver diseases. Aliment. Pharmacol. Ther. 48 (7), 696–703. doi:10.1111/apt.14937
 Sun, X., Hu, D., Yang, Z., Liu, Z., Wang, J., Chen, J., et al. (2020). Baseline HBV loads do not affect the prognosis of patients with hepatocellular carcinoma receiving anti-programmed cell death-1 immunotherapy. J. Hepatocell. Carcinoma 7, 337–345. doi:10.2147/JHC.S278527
 Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca. Cancer J. Clin. 71 (3), 209–249. doi:10.3322/caac.21660
 Thomas, D. L. (2019). Global elimination of chronic hepatitis. N. Engl. J. Med. 380 (21), 2041–2050. doi:10.1056/NEJMra1810477
 Wang, M., Wang, Y., Feng, X., Wang, R., Wang, Y., Zeng, H., et al. (2017). 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. 65, 15–21. doi:10.1016/j.ijid.2017.09.003
 Xia, C., Dong, X., Li, H., Cao, M., Sun, D., He, S., et al. (2022). Cancer statistics in China and United States, 2022: Profiles, trends, and determinants. Chin. Med. J. 135 (5), 584–590. doi:10.1097/CM9.0000000000002108
 Xu, W., Zhang, X., Wu, J. L., Fu, L., Liu, K., Liu, D., et al. (2017). O-GlcNAc transferase promotes fatty liver-associated liver cancer through inducing palmitic acid and activating endoplasmic reticulum stress. J. Hepatol. 67 (2), 310–320. doi:10.1016/j.jhep.2017.03.017
 Xue, X., Liao, W., and Xing, Y. (2020). Comparison of clinical features and outcomes between HBV-related and non-B non-C hepatocellular carcinoma. Infect. Agent. Cancer 15, 11. doi:10.1186/s13027-020-0273-2
 Yarchoan, M., Hopkins, A., and Jaffee, E. M. (2017). Tumor mutational burden and response rate to PD-1 inhibition. N. Engl. J. Med. 377 (25), 2500–2501. doi:10.1056/NEJMc1713444
 Yoon, S. M., Ryoo, B. Y., Lee, S. J., Kim, J. H., Shin, J. H., An, J. H., et al. (2018). Efficacy and safety of transarterial chemoembolization plus external beam radiotherapy vs sorafenib in hepatocellular carcinoma with macroscopic vascular invasion: A randomized clinical trial. JAMA Oncol. 4 (5), 661–669. doi:10.1001/jamaoncol.2017.5847
 Yuan, G., Li, R., Li, Q., Hu, X., Ruan, J., Fan, W., et al. (2021). 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. 9 (18), 1412. doi:10.21037/atm-21-3020
 Zheng, R., Qu, C., Zhang, S., Zeng, H., Sun, K., Gu, X., et al. (2018). Liver cancer incidence and mortality in China: Temporal trends and projections to 2030. Chin. J. Cancer Res. 30 (6), 571–579. doi:10.21147/j.issn.1000-9604.2018.06.01
 Zhu, A. X., Finn, R. S., Edeline, J., Cattan, S., Ogasawara, S., Palmer, D., et al. (2018). Pembrolizumab in patients with advanced hepatocellular carcinoma previously treated with sorafenib (KEYNOTE-224): A non-randomised, open-label phase 2 trial. Lancet. Oncol. 19 (7), 940–952. doi:10.1016/S1470-2045(18)30351-6
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.
Copyright © 2022 Liu, Qin, Xu, Wu, Lu, Zhou, Yao, Liu, Shao and Han. 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.
OPS/images/fgene-13-1000448-g005.gif





OPS/images/fgene-13-1000448-t001.jpg
Variable HBV-HCC (n = 28) NBNC-HCC (n = 26) tx° P

Age (years) 559 £ 115 595 % 109 -1192 0239

Gender 1327 0.249
Male 4 (85.7) 19 (73.1)
Female 4.(143) 7 (269)

Tumor size 0.059 0.808
<5cm 12 (42.9) 12 (30.8)
25cm 16 (57.1) 14 (53.8)

Cirrhosis 0017 0897
Yes 23(82.1) 21(808)
No 5(17.9) 5(19.2)

Vascular invasion 0247 0619
Yes 10 (35.7) 11 (423)
No 18 (64.3) 15 (57.7)

Extrahepatic metastasis 0051 0821
Yes 11 (39.3) 11 (423)
No 17 (60.7) 15 (57.7)

ECGO PS 0044 0835
0-1 18 (64.3) 16 (61.5)
2 10 (35.7) 10 (38.5)

Child-Pugh class 0027 0.869
A 21 (75.0) 20 (76.9)
B 7 (25.0) 6(23.1)

BCLC stage, n (%) 1.169 0.280
B 6(214) 9 (34.6)
[ 22 (78.6) 17 (65.4)

Previous treatment 0974 0.968
First-line 9 (32.0) 8 (30.8)
Second-line 13 (46.4) 10 (38.5)
Third-line or more 6(214) 8 (308)

Laboratory parameters
AFP 0350 0554
<400 ng/ml 15 (53.6) 16 (61.5)
2400 ng/ml 13 (46.4) 10 (385)
AST (U/L) 421139 369 % 16.1 1268 0210
ALT (U/L) 351£203 290 % 145 1264 0212
ALB (g/L) 398 £50 409 £53 7490 0457
TBIL (umol/L) 18.1 £9.0 17.1£82 0.460 0.648
PT (5) 1262 + 145 1197 + 101 1.907 0.062

Data in brackets represent percentages. HBV-HCC, hepatitis B virus-related hepatocellular ca
Cooperative Oncology Group Performance Status; AFI

ma; NBNC-HCC, non-HBV; non-HCV, hepatocellular carcinoma; ECOG PS, Eastern

et AT A salbtinilnic AL ilnlie srlituiaiene THIL, el iltiabie; PT: ool

time.





OPS/images/fgene-13-1000448-g003.gif





OPS/images/fgene-13-1000448-g004.gif





OPS/images/fgene-13-1000448-t004.jpg
Eftect All grades Grade 23

HBV-HCC (n = 28) (C-HCC (n = 26) HBV-HCC (n = 28) NBNC-HCC (n = 26)
RCCEP 13 (46.4) 11 (42.3) 0 (0.0) 0(0.0)
Proteinuria 6(214) 6(23.1) 0(00) 168)
Thrombocytopenia 50178) 4(15.4) 0 (0.0) 1(38)
Neutropenia 3(10.7) 2(77) 0 (0.0) 0(0.0)
Leukopenia 3(107) 2(.7) 0(00) 0(0.0)
Hypothyroidism 3(107) 4(15.4) 0(00) 1(38)
Hypertension 4(143) 5(192) 0(00) 1(3.8)
Rash 2(7.1) 3(115) 1(3.6) 0(0.0)
Nausea 4(143) 3(115) 0(00) 0(0.0)
Diarrhea 5(179) 4(15.4) 1(36) 0(0.0)
Fatigue 4 (143) 3 (11.5) 0 (0.0) 0(0.0)
Myocarditis 1(7.0) 0(38) 1(36) 0(0.0)
Hyperbilirubinemia 5(17.9) 6(23.1) 1(36) 0(0.0)
Elevated ALT 7(25.0) 4 (154) 2(70) 1(38)
Elevated AST 6(214) 6(23.1) 1(36) 1(38)

Data in brackets represent the percentages of patients. HBV-HCC, hepatitis B virus-related hepatocellular carcinoma; NBNC-HCC, non-HBV; non-HCV, hepatocellular carcinomay
RCCEP, reactive cutaneous capillary endothelial proliferation; AST, aspartate aminotransferase; ALT, alanine aminotransferase.






OPS/images/fgene-13-1000448-t002.jpg
Variable CR PR SD PD ORR DCR

HBV-HCC (n = 28) 1(6) 7(25.0) 12 (429) 8(28.6) 8(28.6) 20 (71.4)
NBNC-HCC (1 = 26) 0(00) 2(77) 9 (346) 15 (57.7) 2(77) 11 (42.3)
X 3895 4676
P 0048 0031

Data in brackets represent percentages. HBV-HCC, hepatitis B virus-related hepatocellular carcinoma; NBNC-HCC, non-HBV; non-HCY, hepatocellular carcinoma; CR, complete
Reonibe B sl bl I3 Ml Aissanc: BI% peokciion Alssias YRR, ablictios tidbainn s DOTE dlsesilc Santict ik





OPS/images/fgene-13-1000448-t003.jpg
Factors

Age (260 vs. < 60), year

Gender (male vs. female)

Etiology (HBV vs. NBNC)

Tumor size (25 vs. < 5), cm

AFP level (2400 vs. < 400), ng/ml
ECOG PS (0-1 vs. 2)

Child-Pugh class (A vs. B)

BCLC stage (B vs. C)

Vascular invasion (yes vs. no)
Extrahepatic metastasis (yes vs. no)

Cirrhosis (yes vs. no)

Univariate

HR

1282
0.606
0386
1.304
2418
L121
1183
1.057
2889
0.703
0.562

95% CI

0.693-2.370
0.275-1335
0.202-0.735
0.703-2422
1.236-4.733
0.594-2.115
0.574-2439
0.540-2.070
1.528-5.461
0.372-1326
0.255-1241

P

0.429
0214
0.004
0.400
0.010
0724
0.648
0.870
0.001
0.276
0.154

Multivariate

HR

0.192

2.893

3158

95% CI

0.088-0.418

1.233-6.787

1.436-6.942

0.001

0.015

0.004

HBV, hepatitis B virus; NBNC, non-HBV, non-HCV; AFP, a-fetoprot

ECOG PS, eastern cooperative oncology group performance status.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Comparison of effectiveness and safety of camrelizumab between HBV-related and non-B, non-C hepatocellular carcinoma: A retrospective study in China		Introduction

		Materials and methods		Study design and patients

		Grouping and treatment protocol

		Assessment

		Statistical analysis





		Results		Patient characteristics

		Tumor response

		Progression-free survival and overall survival

		Univariate and multivariate analyses of Progression-free survival

		Adverse events





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Publisher’s note

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Genetics

Comparison of effectiveness
and safety of camrelizumab
between HBV-related and non-
B, non-C hepatocellular
carcinoma: A retrospective
study in China





OPS/images/fgene-13-1000448-g001.gif





OPS/images/fgene-13-1000448-g002.gif
e g ook g

robabity)
PR










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





