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Background

In recent years, there has been rapid development in systemic therapeutic agents for advanced hepatocellular carcinoma. However, most treatment modalities lack head-to-head comparisons, and the distinctions in their efficacy and safety have yet to be elucidated. Consequently, the accurate selection of a treatment regimen poses a significant challenge for clinicians.





Methods

This study incorporated twenty-three randomized controlled trials, encompassing fifteen first-line and eight second-line treatments, and involving a total of 14,703 patients with advanced hepatocellular carcinoma. Results: In the context of first-line treatment, it was observed that the combination of a PD-1 inhibitor with bevacizumab (1/15) significantly extended overall survival in patients with advanced HCC. Furthermore, PD-1 inhibitors combined with TKIs (1/15) and PD-1 inhibitors combined with bevacizumab (2/15) exhibited enhanced efficacy in reducing the risk of progression-free survival events. In second-line therapy, the network meta-analysis revealed that all investigational agents prolonged progression-free survival in patients with advanced hepatocellular carcinoma when compared to placebo. Cabozantinib ranked first (1/7) in this regard. However, this translated into an overall survival benefit only for cabozantinib, regorafenib, ramucirumab, and pembrolizumab, with regorafenib achieving the highest ranking (1/7).





Conclusion

In the treatment of advanced HCC, the immune checkpoint inhibitor combined with bevacizumab regimen and the immune checkpoint inhibitor combined with TKI regimen stand out as the two most effective first-line treatment options. It is noteworthy that, for patients with absolute contraindications to VEGF inhibitors, dual immunotherapy is the preferred choice. For second-line treatment, regorafenib and cabozantinib are identified as the two most effective options.





Systematic review registration

https://www.crd.york.ac.uk/prospero, identifier CRD42023440173.
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1 Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor and the third most fatal tumor worldwide (1). Due to the insidious onset of HCC, the majority of patients are in advanced stages at the time of initial diagnosis. Surgical resection, radiofrequency ablation, and hepatic artery chemoembolization (TACE) have limited therapeutic effects on patients with advanced HCC, and the 5-year survival rate is less than 20% (2, 3). In recent years, with the deepening of research on tumor molecular signaling pathways and tumor microenvironment, the treatment of advanced HCC has developed rapidly, and a variety of targeted therapies and immunotherapies have been successively applied to the clinic, as well as the combination of the two have been successively approved for the treatment of advanced HCC, which has brought more clinical benefits to the patients (4).

In November 2007, the U.S. FDA approved sorafenib for the first-line treatment of advanced HCC based on the results of the SHARP clinical trial (5), and it remained the only evidence-based treatment for advanced HCC for the next 10 years. In recent years, due to the continuous exploration of the pathogenesis of hepatocellular carcinoma, a large number of phase III randomized controlled clinical trials have flooded into the clinic, for example, the results of the phase III REFLECT clinical trial suggested that compared with sorafenib, lenvatinib reached the non-inferior trial endpoints in terms of overall survival (OS), and the patients’ progression free survival (PFS) and objective response rate (ORR) were significantly improved, therefore, lenvatinib was approved to be used as first-line treatment for intermediate and advanced stage HCC in 2018 (6). And then clinical trials were conducted for donafenib (7), as well as the second-line drugs regorafenib (8), cabozantinib (9), ramucirumab (10, 11) and apatinib (12). In addition, the emergence of atezolizumab in combination with bevacizumab ushered in the era of combined immune checkpoint inhibitors (ICIs) combined with antiangiogenic drug therapy, establishing a new standard of first-line therapy (13). Following IMbrave150, a variety of ICIs have been explored in combination with anti-angiogenic drugs. For example, in the ORIENT-32 phase III clinical trial, anti-programmed death 1 (anti-PD-1) in combination with an anti-VEGF receptor antibody has been shown to prolong median OS, PFS, and improve ORR in advanced HCC (14). Although the COSMIC-312 clinical trial (15) (atezolizumab in combination with cabozantinib) and the LEAP-002 (16) clinical trial (pembrolizumab in combination with lenvatinib) did not meet the expected OS endpoints, they were still partially efficacious and showed some clinical activity. The results of SHR-1210-III-310 showed (17) that the camrelizumab combined with apatinib regimen met its primary efficacy endpoints in patients with advanced HCC, further suggesting that TKIs are the best combination partners for the treatment of ICIs. In addition, results from the HIMALAYA clinical trial showed that anti-programmed death ligand 1 (anti-PD-L1) plus anti-cytotoxic T-cell lymphocyte antigen 4 (anti-CTLA-4) therapy prolonged OS in advanced HCC (18).

Currently, there is a wide variety of treatment options for advanced HCC, their clinical outcomes are mixed, and there is a lack of head-to-head comparisons between most of the treatment options, so how to choose the optimal first- and second-line treatment options is an urgent clinical problem to be solved. Therefore, this network meta-analysis (NMA) aims to compare the efficacy of different therapeutic agents in patients with advanced HCC with different lines of treatment.




2 Materials and methods



2.1 Search strategy and selection criteria

According to the Preferred Reporting Items for Systematic Reviews and meta analysis (PRISMA) guidelines (19), we searched PubMed, Embase and Cochrane library databases. The search strategy is shown in the Supplemental Table 1. To minimize search bias, abstracts from American society of clinical oncology (ASCO) and European society for medical oncology (ESMO) were also searched as a supplement, and the search was conducted until December 1, 2022, with the restriction that the language was English. The inclusion criteria for this study were: patients with advanced (unresectable or metastatic) HCC comparing the efficacy of anti-angiogenic drugs, ICIs, or their combination in HCC, and anti-angiogenic drug therapy including TKI/monoclonal antibodies. The primary study endpoint of this study was OS, and the secondary study endpoints were PFS, ORR, and grade 3 or higher adverse events (≥3AE). Included studies included phase III randomized controlled trials (RCTs) in first and second line. Exclusion criteria were: combination therapy studies other than those mentioned above, including phase I and phase II clinical trials and trials with incomplete data re-porting.




2.2 Data analysis

Statistical analysis was performed using R statistical software (version 4.1.3). For OS, PFS survival endpoints, risk ratios (HR) and 95% confidence intervals (CI) were extracted from the included clinical trials, which were log-transformed for the presentation of results. For ORR, AE, the estimated odds ratios (OR) was calculated to compare treatments. Fixed-effects model or random-effects model was selected based on the level of heterogeneity of the study data, which was quantified using the I² statistic; if I² > 50%, indicating significant heterogeneity of the data, the random-effects model was used, otherwise the fixed-effects model was used. Each outcome metric was analyzed to obtain the surface under the cumulative ranking (SUCRA), which is used to rank interventions, with larger values suggesting better outcomes when assessing medication effectiveness (20). The opposite result was observed when assessing the safety (20, 21). In addition, mapping the web of relationships for each of the outcome indicators. When a closed loop exists, in-consistency detection is performed using the point score method (22) with a test level of α= 0.05. Risk of bias in trials was assessed using the tool recommended by the Cochrane Handbook 6.0 (23), which evaluates aspects in the following main areas: randomized sequence generation, allocation concealment, blinding, incomplete outcome data, and selective outcome reporting. Two reviewers independently assessed the quality of the study trials and resolved disagreements by recommending a third reviewer.





3 Results

The initial search for this study yielded 2,167 articles, and 23 articles were finally included, of which 15 were first-line studies and 8 were second-line studies (Figure 1).




Figure 1 | PRISMA flow diagram showing screening and selection process.





3.1 First-line treatments



3.1.1 Baseline characteristics

The first-line treatment studies included 15 papers containing a total of 10,912 patients (Figure 2), and two clinical trials comparing sorafenib with placebo (SHARP (5), Asia Pacific (24)). Five clinical trials comparing TKIs (lenvatinib, donafenib, brivanib, sunitinib, linifanib) with sorafenib were REFLECT (6), Qin 2021 (7), BRISK-FL (25), SUN1170 (26), and Cainap 2015 (27). Two clinical trials compared ICIs (nivolumab, tislelizumab) with sorafenib, CheckMate 459 (28), RATIONALE-301 (29). Two clinical trials compared ICIs (atezolizumab, sintilimab) in combination with bevacizumab versus sorafenib, IMbrave150 (13), ORIENT-32 (14), respectively. Two clinical trials compared ICIs in combination with TKIs (atezolizumab in combination with cabozantinib, camrelizumab combined with apatinib) with sorafenib, COSMIC-312 (15), SHR-1210-III-310 (17), respectively. The LEAP-002 (16) study compared lenvatinib in combination with pembrolizumab versus lenvatinib. HIMALAYA (18) compared tremelimumab in combination with durvalumab with sorafenib. All clinical trials were superior except for the REFLECT, Qin 2021, BRISK-FL, RATIONALE-301, and Cainap 2015 trials, which were noninferiority trials. Most clinical trials included patients with ECOG-PS scores of 0-2, Child-pugh classification of A, and BCLC stage B-C. Characteristics included in the RCTs are shown in Supplementary Tables 2, 3; 12–15.




Figure 2 | Network plot for overall survival for first-line trials. Anti-PD-1+Bev: programmed cell death 1 inhibitor combined with bevacizumab, anti-PD-L1+Bev: programmed death ligand 1 inhibitor combined with bevacizumab, anti-PD-1+TKI: programmed cell death 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1+TKI: programmed death ligand 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1+anti-CTLA-4: programmed death ligand 1 inhibitor combined with cytotoxic T cell lymphocyte antigen 4 inhibitor.






3.1.2 NMA

NMA results showed that all treatment regimens except sunitinib (HR, 0.89; 95% CI, 0.71-1.13) significantly prolonged OS compared with placebo in patients with advanced HCC (Table 1). Compared with sorafenib (HR, 0.57; 95% CI, 0.43-0.75), lenvatinib (HR, 0.65; 95% CI, 0.48-0.88), donafenib (HR, 0.69; 95% CI, 0.5-0.95), nivolumab (HR, 0.67; 95% CI, 0.48-0.93), tislelizumab (HR, 0.67; 95% CI, 0.48-0.93), and PD-L1 inhibitors combined with TKI regimens (HR, 0.63; 95% CI, 0.43-0.93), PD-1 inhibitors combined with bevacizumab regimens showed OS benefit (Table 1). In the first-line treatment, The SUCRA value of PD-1 inhibitor combined with bevacizumab regimen (0.95) was the largest in OS, indicating that it most likely ranked first, followed by PD-L1 inhibitor plus bevacizumab regimen (0.94), PD-1 inhibitor plus TKI regimen (0.83), and PD-L1 inhibitor combined with CTLA-4 inhibitor regimen (0.70) (Supplementary Table 4). Compared with sorafenib (HR, 0.54; 95% CI, 0.46-0.64), lenvatinib (HR, 0.85; 95% CI, 0.74-0.98), donafenib (HR, 0.60; 95% CI, 0.47-0.76), nivolumab (HR, 0.58; 95% CI, 0.46-0.73), tislelizumab (HR, 0.49; 95% CI, 0.39-0.63), and PD-L1 inhibitor combined with CTLA-4 inhibitor regimens (HR, 0.60; 95% CI, 0.48-0.76), PD-1 inhibitor combined with TKI regimens had advantages in prolonging PFS (Table 1). The SUCRA value of PD-1 inhibitor combined with TKI regimen (0.93) was higher than that of PD-1 inhibitor combined with bevacizumab regimen (0.89) and PD-L1 inhibitor and CTLA-4 inhibitor regimen (0.46) in PFS (Supplementary Table 5). The PD-1 inhibitor combined with bevacizumab regimen and the PD-1 inhibitor combined with TKI regimen ranked the highest in terms of OS and PFS, with P values of 95% and 93%, respectively.


Table 1 | Indirect comparisons of overall survival and progression-free survival among first-line treatments.



All 15 included papers reported ORR results, and the NMA showed that compared with sorafenib, PD-1 inhibitors combined with bevacizumab (HR, 6.36; 95% CI, 1.34-32.54), and PD-L1 inhibitors combined with CTLA-4 inhibitor regimens (HR, 4.69; 95% CI, 1.06-21.28) demonstrated ORR benefit (Table 2). The SUCRA value for PD-1 inhibitor plus bevacizumab regimen (0.86) was the largest in ORR, followed by PD-1 inhibitor combined with TKI regimen (0.85), and PD-L1 inhibitor combined with CTLA-4 inhibitor regimen (0.78) (Supplementary Table 6). Thirteen of the included papers reported grade 3 or higher adverse reaction rates (SHARP, Asia Pacific did not report and therefore were not included in the analysis). In terms of grade 3 or more adverse reactions, the first three lowest rates of adverse reactions were nivolumab (0.9), tislelizumab (0.78) and PD-L1 inhibitors combined with CTLA-4 inhibitor regimen (0.78) (Table 3, Supplementary Table 7).


Table 2 | Indirect comparisons of objective response rate among first-line treatments.




Table 3 | Indirect comparisons of adverse events of grade 3 or higher among first-line treatments.






3.1.3 Risk of bias

The risk of bias results from the first line of 15 publications evaluated according to the Cochrane Risk of Bias Assessment Tool showed that all trials reported a “low risk of bias” in at least 5 out of the 7 domains of interest. The treatment arms of the Cainap 2015, CheckMate 459, COSMIC-312, HIMALAYA, IMbrave 150, ORIENT-32, Quin 2021, RE-FLECT and SUN1170 studies were not found to be explicitly blinded to subjects and personnel in the treatment arms. Cainap 2015 and SUN1170 were not found to be explicitly blinded in the outcome assessment part (Supplementary Figure 1).





3.2 Second-line treatments



3.2.1 Baseline characteristics

Second-line treatment studies included eight publications containing a total of 3,791 patients, six clinical trials comparing antiangiogenic drugs (apatinib, brivanib, cabozantinib, regorafenib, ramucirumab) versus placebo, and two clinical trials com-paring ICIs (pembrolizumab) versus placebo (Figure 3). Most of the clinical trials enrolled patients with ECOG-PS score 0-2, Child-pugh classification A, BCLC stage B-C. Characteristics included in the RCT are shown in Supplementary Table 2.




Figure 3 | Network plot for overall survival for second-line trials.






3.2.2 NMA

NMA results showed that all treatment regimens prolonged PFS compared with placebo in patients with advanced HCC (Table 4), however this only translated into OS benefit in patients with advanced HCC with regorafenib (HR, 0.63; 95% CI, 0.5-0.79), cabozantinib (HR, 0.76; 95% CI, 0.63-0.92), ramucirumab (HR, 0.82; 95% CI, 0.7-0.96), and pembrolizumab (HR, 0.79; 95% CI, 0.67-0.93). Cabozantinib, regorafenib, and apatinib significantly prolonged PFS in patients with advanced HCC compared with pembrolizumab. Cabozantinib and regorafenib were more advantageous in prolonging PFS compared with ramucirumab. Regorafenib and cabozantinib ranked highest in OS and PFS with P values of 94.65% and 87.36%, respectively (Supplementary Tables 8, 9).


Table 4 | Indirect comparisons of overall survival and progression-free survival among second-line treatment.



ORR results were reported in the eight included papers, and the NMA showed that ramucirumab (HR, 9.19; 95% CI, 1.35-83.57), and pembrolizumab (HR, 7.48; 95% CI, 1.47-51.13) demonstrated an ORR benefit compared with placebo (Table 5). Cabozantinib ranked the highest on ORR with a P value of 70.42%. Six of the included papers reported grade 3 or higher adverse reaction rates (REACH, REACH-2 were not reported and therefore not included in the analysis), and apatinib and brivanib had the highest incidence of ≥3 AEs among all treatment modalities, with p-values of 15.14% and 32.51%, respectively (Table 6, Supplementary Tables 10, 11).


Table 5 | Indirect comparisons of objective response rate among second-line treatments.




Table 6 | Indirect comparisons of adverse events of grade 3 or higher among second-line treatments.






3.2.3 Risk of bias

The risk of bias was evaluated according to the Cochrane Risk of Bias Assessment Tool for the second-line 8 literature, and these trials were considered to be at low risk of bias. The CELESTIAL, REACH, and RESORCE studies did not describe the blinding of the outcome assessment in detail. The REACH-2 study may have lacked the reporting of some of the outcomes (Supplementary Figure 2).






4 Discussion

There is a wide variety of treatment options for advanced HCC, including targeted agents, immune checkpoint inhibitors, and targeted agents plus immune checkpoint inhibitors (30). However, head-to-head direct comparisons of the efficacy and safety of most therapeutic agents are lacking. In order to provide oncologists with more direct evidence, we conducted the largest NMA to date exploring a variety of systemic therapeutic regimens in first- and second-line treatment studies of advanced HCC, comparing their efficacy and safety.

The NMA results suggest that the PD-1 inhibitor in combination with bevacizumab regimen showed OS and ORR benefit and the PD-1 inhibitor in combination with TKI regimen showed PFS benefit compared to placebo, sorafenib, lenvatinib, and nivolumab. On the other hand, in the refractory HCC population, regorafenib and cabozantinib showed OS and PFS, ORR benefit.

In the first-line treatment of advanced HCC, ICIs combined with bevacizumab regimen and ICIs combined with TKI regimen are the two most effective first-line treatment regimens. The development of HCC involves many cell signaling pathways and cytokines (31). Vascular endothelial growth factor (VEGF) plays an important role in this process (32). Many studies have demonstrated that the combination of anti-angiogenic drugs and immune checkpoint inhibitors may have a synergistic effect in promoting tumor vascular normalization and stimulating immune activation. Normalization of tumor vasculature can promote the aggregation of immune cells as well as enhance the immune function, while the activation of immune cells can, in turn, promote vascular normalization, so the combination of the two can theoretically play the effect of 1 + 1>2 (33, 34). This is consistent with the results of this study. The RCTs involved in the ICIs in combination with bevacizumab regimen include the IMbrave150 and ORIENT-32 clinical trials, and the RCTs involved in ICIs in combination with TKIs include the COSMIC-312, LEAP-002, and the SHR-1210-III-310 studies. A phase III trial suggests that first-line treatment of advanced HCC with sintilimab in combination with bevacizumab (ORI-ENT-32) is superior to sorafenib in reducing the risk of death in HCC patients by 43% (14).This is consistent with the results of the present study, which ranked sintilimab in combination with bevacizumab the highest in terms of prolonging OS in patients with advanced HCC compared with all other treatments, including sorafenib, lenvatinib, donafenib, nivolumab, and tislelizumab. Therefore, ICIs in combination with bevacizumab regimens are now considered the standard of care in the first-line treatment of most patients with advanced HCC. However, in terms of PFS, the phase III clinical trial SHR-1210-III-310 suggested that camrelizumab in combination with apatinib significantly prolonged PFS over sorafenib in patients with advanced HCC (HR, 0.52; 95% CI, 0.41-0.65) (17), so in terms of prolongation of PFS in the present study, the PD-1 inhibitor in com-bination with the TKI regimen ranked the highest. However, it is worth noting that clinical trials involving PD-1/PD-L1 + TKI combinations presented mixed results. COSMIC-312 (atilizumab in combination with cabozantinib) (15) and LEAP-002 (pembrolizumab in combination with lenvatinib) (16) did not reach their primary study endpoints. Although optimistic efficacy data were reported in the phase Ib/II trial (35), the results of the phase III clinical trial triggered more controversy. Therefore, whether there is an intrinsic immune difference between large molecule monoclonal antibodies (anti-VEGF) and small molecule multi-kinase inhibitor (TKIs) is still the subject of debate, and more clinical trial studies are needed in the future. Although ICIs combined with TKIs bring more survival benefits, they are accompanied by more toxic side effects, which also deserve our attention, so when choosing a treatment regimen in the clinic, we should not only focus on the efficacy, but also consider the safety of the regimen.

Lenvatinib and sorafenib remain preferred options for patients who are intolerant of, or have contraindications to, immunotherapy. Notably the only treatment regimen that did not involve the use of an anti-angiogenic drug and achieved OS improvement was the combination of durvalumab with tremelimumab. This combination was approved by the FDA (36) with fewer toxicities and higher survival benefit, making it a potential alter-native to atezolizumab in combination with bevacizumab in first-line therapy, and therefore a preferred option in patients with absolute contraindications to VEGF inhibitors.

In second-line treatment of advanced HCC, most clinical trials enrolled patients with progression/intolerance to sorafenib, and the results of our analysis showed that regorafenib had the highest scores in terms of OS. Cabozantinib had the highest scores in terms of PFS and ORR, but the incidence of ≥3AE was higher for regorafenib than for cabozantinib. However, it is worth noting that the CELESTIAL phase III trial (cabozantinib vs placebo), which included a population that allowed for the use of multiple frontline therapies and did not strictly limit sorafenib tolerance, included 2% of patients who had been treated with regorafenib, and 3% of patients who had been previously treated with ICIs (9). Therefore, for patients using ICIs in combination with bevacizumab as first-line treatment, the choice of regimen for second-line treatment after progression remains to be further investigated. The KEYNOTE-240 phase III clinical trial (pembrolizumab vs placebo) failed to reach its prespecified study endpoints, which was later vindicated by KEYNOTE-394, and while some of the reasons for the treatment’s failure, and success, have been discussed, they ultimately remain unclear. In recent years, immune or targeted drug therapies are changing the treatment landscape for advanced HCC, but systemic therapy is also challenged by primary and secondary resistance. Targeted treatments plus ICIs therapies as well as sequential therapies remain controversial at present. The activity of TKIs (e.g., sorafenib, lenvatinib, etc.) and anti-VEGF monoclonal antibody (ramucirumab) after progression to bevacizumab therapy, and second-line use of pembrolizumab after exposure to first-line ICIs still needs to be further investigated in a large number of clinical trials.

This study has several limitations. First, given that direct evidence is more important than indirect evidence, lack of direct evidence in some of the experiments in this study is due to the use of sorafenib in control group of most first-line clinical trials and the use of placebo in control group of second-line clinical trials, limiting the power of this analysis. Second, not all included studies had large sample sizes, which may have weakened the statistical power of the NMA. Most of the original studies in the first-line treatment of advanced HCC used TKI monotherapy as a control group, and there is a lack of evidence-based medical evidence comparing the advantages and disadvantages of ICIs plus bevacizumab and ICIs plus TKI, as well as the efficacy and safety of dual immunotherapy compared with these two regimens, which needs to be verified by more clinical trials. It is expected that future clinical trials will be able to do subgroup analyses of this population to determine whether dual immunotherapy is more beneficial for patients with high PD-1/PD-L1 expression. In the second-line treatment of advanced HCC, does the treatment regimen prior to the second line affect the efficacy of the later treatment regimen, and is there any benefit in continuing immunotherapy in the second line after applying immunotherapy combined with anti-vascular therapy in the first line? Is combination or sequential therapy more advantageous for immunological and targeted therapies? The direction of future clinical trials should evaluate the above aspects to provide guidance for more comprehensive development of precise individualized treatment plans.




5 Conclusions

In recent years, the treatment landscape of advanced unresectable HCC has changed significantly. By analyzing various clinical treatment regimens for advanced HCC, ICIs plus bevacizumab, ICIs plus TKI, and dual immunotherapy in first-line treatment all significantly improved OS in patients with advanced HCC.ICIs plus bevacizumab was associated with better OS, ORR, and ICIs plus TKI was associated with better PFS, and higher incidence of grade 3 or higher adverse events. Notably dual immunotherapy has a better safety profile and is a preferred option for patients with absolute contraindications to VEGF inhibitors. In second-line treatment of advanced HCC, regorafenib and cabozantinib significantly improved OS in patients with advanced HCC. Regorafenib was more prolonged OS in patients with HCC, and cabozantinib was associated with the best PFS, ORR. The incidence of grade 3 or higher adverse reactions was higher with regorafenib. In conclusion, our NMA provides a new perspective on the role of first- and second-line therapeutic regimens in advanced HCC to provide a reference for the selection of clinical therapeutic regimens.





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 author.





Author contributions

DW: Data curation, Writing – original draft, Writing – review & editing. BJ: Writing – review & editing. MJ: Writing – review & editing. HTZ: Software, Writing – review & editing. HZ: Methodology, Writing – review & editing. JZ: Conceptualization, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was sponsored by the Henan Provincial Medical Science and Technology Research Project (LLRGJ20220191), the Key Scientific Research Project of Colleges and Universities in He-nan Province (23A320033), the Henan Provincial Science and Technology Project (232102311080).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1274754/full#supplementary-material




References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi: 10.3322/caac.21660

2. Donne, R, and Lujambio, A. The liver cancer immune microenvironment: Therapeutic implications for hepatocellular carci-noma. Hepatology (2023) 77:1773–96. doi: 10.1002/hep.32740

3. Siegel, RL, Miller, KD, Wagle, NS, and Jemal, A. Cancer statistics, 2023. CA Cancer J Clin (2023) 73:17–48. doi: 10.3322/caac.21763

4. Yang, C, Zhang, H, Zhang, L, Zhu, AX, Bernards, R, Qin, W, et al. Evolving therapeutic landscape of advanced hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol (2023) 20:203–22. doi: 10.1038/s41575-022-00704-9

5. Llovet, JM, Ricci, S, Mazzaferro, V, Hilgard, P, Gane, E, Blanc, JF, et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med (2008) 359:378–90. doi: 10.1056/NEJMoa0708857

6. Kudo, M, Finn, RS, Qin, S, Han, KH, 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) 391:1163–73. doi: 10.1016/s0140-6736(18)30207-1

7. Qin, S, Bi, F, Gu, S, Bai, Y, Chen, Z, Wang, Z, et al. Donafenib versus sorafenib in first-line treatment of unresectable or metastatic hepatocellular carcinoma: A randomized, open-label, paral-lel-controlled phase II-III trial. J Clin Oncol (2021) 39:3002–11. doi: 10.1200/jco.21.00163

8. Bruix, J, Qin, S, Merle, P, Granito, A, Huang, YH, Bodoky, G, et al. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib treatment (RESORCE): a random-ised, double-blind, placebo-controlled, phase 3 trial. Lancet (2017) 389:56–66. doi: 10.1016/s0140-6736(16)32453-9

9. Abou-Alfa, GK, Meyer, T, Cheng, AL, El-Khoueiry, AB, Rimassa, L, Ryoo, BY, et al. Cabozantinib in patients with advanced and progressing hepatocellular carcinoma. N Engl J Med (2018) 379:54–63. doi: 10.1056/NEJMoa1717002

10. Zhu, AX, Kang, YK, Yen, CJ, Finn, RS, Galle, PR, Llovet, JM, et al. Ramucirumab after sorafenib in patients with advanced hepatocellular carcinoma and increased α-fetoprotein concen-trations (REACH-2): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol (2019) 20:282–96. doi: 10.1016/s1470-2045(18)30937-9

11. Zhu, AX, Park, JO, Ryoo, BY, Yen, CJ, Poon, R, Pastorelli, D, et al. Ramucirumab versus placebo as second-line treatment in patients with advanced hepatocellular carcinoma following first-line therapy with sorafenib (REACH): a randomised, double-blind, multicentre, phase 3 trial. Lancet Oncol (2015) 16:859–70. doi: 10.1016/s1470-2045(15)00050-9

12. Qin, S, Li, Q, Gu, S, Chen, X, Lin, L, Wang, Z, et al. Apatinib as second-line or later therapy in patients with advanced hepatocellular carcinoma (AHELP): a multicentre, double-blind, randomised, place-bo-controlled, phase 3 trial. Lancet Gastroenterol Hepatol (2021) 6:559–68. doi: 10.1016/s2468-1253(21)00109-6

13. Finn, RS, Qin, S, Ikeda, M, Galle, PR, Ducreux, M, Kim, TY, et al. Ate-zolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med (2020) 382:1894–905. doi: 10.1056/NEJMoa1915745

14. Ren, Z, Xu, J, Bai, Y, Xu, A, Cang, S, Du, C, et al. Sintilimab plus a bevacizumab biosimi-lar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma (ORIENT-32): a randomised, open-label, phase 2-3 study. Lancet Oncol (2021) 22:977–90. doi: 10.1016/s1470-2045(21)00252-7

15. Kelley, RK, Rimassa, L, Cheng, AL, Kaseb, A, Qin, S, Zhu, AX, et al. Cabozantinib plus atezolizumab versus sorafenib for advanced hepatocellular carcinoma (COS-MIC-312): a multicentre, open-label, randomised, phase 3 trial. Lancet Oncol (2022) 23:995–1008. doi: 10.1016/s1470-2045(22)00326-6

16. Finn, RS, Kudo, M, Merle, P, Meyer, T, Qin, S, Ikeda, M, et al. Primary results from the phase III LEAP-002 study: lenvatinib plus pembrolizumab versus lenvatinib as first-line (1L) therapy for advanced hepatocellular carcinoma(aHCC). [Abstract LBA34]. Ann Oncol (2022) 33(Suppl. 37):S808–69. doi: 10.1016/annonc/annonc1089

17. Qin, S, Chan, SL, Gu, S, Bai, Y, Ren, Z, Lin, X, et al. Camrelizumab (C) plus rivoceranib (R) vs. sorafenib (S) as first-line therapy for unresectable hepatocellular carcinoma (uHCC): a randomized, phase III trial. [Abstract LBA35]. Ann Oncol (2022) 33(Suppl. 37):S808–69. doi: 10.1016/S0140-6736(23)00961-3

18. Abou-Alfa, GK, Lau, G, Kudo, M, Chan, SL, Kelley, RK, Furuse, J, et al. Tremelimumab plus durvalumab in unresectable hepatocellular carcinoma. NEJM Evidence (2022) 1(8):EVIDoa2100070. doi: 10.1056/EVIDoa2100070

19. Liberati, A, Altman, DG, Tetzlaff, J, Mulrow, C, Gøtzsche, PC, Ioannidis, JP, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. J Clin Epidemiol (2009) 62:e1–34. doi: 10.1016/j.jclinepi.2009.06.006

20. Hoaglin, DC, Hawkins, N, Jansen, JP, Scott, DA, Itzler, R, Cappelleri, JC, et al. Conducting indirect-treatment-comparison and network-meta-analysis studies: report of the ISPOR Task Force on Indirect Treatment Comparisons Good Research Practices: part 2. Value Health (2011) 14:429–37. doi: 10.1016/j.jval.2011.01.011

21. Salanti, G, Ades, AE, and Ioannidis, JP. Graphical methods and numerical summaries for presenting results from multi-ple-treatment meta-analysis: an overview and tutorial. J Clin Epidemiol (2011) 64:163–71. doi: 10.1016/j.jclinepi.2010.03.016

22. van Valkenhoef, G, Dias, S, Ades, AE, and Welton, NJ. Automated generation of node-splitting models for assessment of inconsistency in network meta-analysis. Res Synth Methods (2016) 7:80–93. doi: 10.1002/jrsm.1167

23. Higgins, JP, Altman, DG, Gøtzsche, PC, Jüni, P, Moher, D, Oxman, AD, et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. Bmj (2011) 343:d5928. doi: 10.1136/bmj.d5928

24. Cheng, AL, Kang, YK, Chen, Z, Tsao, CJ, 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, dou-ble-blind, placebo-controlled trial. Lancet Oncol (2009) 10:25–34. doi: 10.1016/s1470-2045(08)70285-7

25. Johnson, PJ, Qin, S, Park, JW, Poon, RT, Raoul, JL, Philip, PA, et al. Brivanib versus sorafenib as first-line therapy in patients with unresectable, advanced hepatocellular carcinoma: results from the ran-domized phase III BRISK-FL study. J Clin Oncol (2013) 31:3517–24. doi: 10.1200/jco.2012.48.4410

26. Cheng, AL, Kang, YK, Lin, DY, Park, JW, Kudo, M, Qin, S, et al. Sunitinib ver-sus sorafenib in advanced hepatocellular cancer: results of a randomized phase III trial. J Clin Oncol (2013) 31:4067–75. doi: 10.1200/jco.2012.45.8372

27. Cainap, C, Qin, S, Huang, WT, Chung, IJ, Pan, H, Cheng, Y, et al. Linifanib versus Sorafenib in patients with advanced hepatocellular carcinoma: results of a randomized phase III trial. J Clin Oncol (2015) 33:172–9. doi: 10.1200/jco.2013.54.3298

28. Yau, T, Park, JW, Finn, RS, Cheng, AL, Mathurin, P, Edeline, J, et al. Nivolumab versus sorafenib in advanced hepatocellular carcinoma (CheckMate 459): a randomised, multicentre, open-label, phase 3 trial. Lancet Oncol (2022) 23:77–90. doi: 10.1016/s1470-2045(21)00604-5

29. Qin, S, Kudo, M, Meyer, T, Finn, RS, Vogel, A, Bai, Y, et al. Final analysis of RATIONALE-301: randomized, phase III study of tislelizumab versus sorafenib as first-line treatment for unresectable hepatocellular carcinoma. Ann Oncol (2022) 33(Suppl. 37):S1402–3. doi: 10.1016/j.annonc.2022.08.033

30. Llovet, JM, Kelley, RK, Villanueva, A, Singal, AG, Pikarsky, E, Roayaie, S, et al. Hepatocellular carcinoma. Nat Rev Dis Primers (2021) 7:6. doi: 10.1038/s41572-020-00240-3

31. Garcia-Lezana, T, Lopez-Canovas, JL, and Villanueva, A. Signaling pathways in hepatocellular carcinoma. Adv Cancer Res (2021) 149:63–101. doi: 10.1016/bs.acr.2020.10.002

32. Morse, MA, Sun, W, Kim, R, He, AR, Abada, PB, Mynderse, M, et al. The role of angiogenesis in hepatocellular carcinoma. Clin Cancer Res (2019) 25:912–20. doi: 10.1158/1078-0432.Ccr-18-1254

33. Lee, WS, Yang, H, Chon, HJ, and Kim, C. Combination of anti-angiogenic therapy and immune checkpoint blockade nor-malizes vascular-immune crosstalk to potentiate cancer immunity. Exp Mol Med (2020) 52:1475–85. doi: 10.1038/s12276-020-00500-y

34. Song, Y, Fu, Y, Xie, Q, Zhu, B, Wang, J, and Zhang, B. Anti-angiogenic agents in combination with immune checkpoint in-hibitors: A promising strategy for cancer treatment. Front Immunol (2020) 11:1956. doi: 10.3389/fimmu.2020.01956

35. 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) 38:2960–70. doi: 10.1200/jco.20.00808

36. Reig, M, Forner, A, Rimola, J, Ferrer-Fàbrega, J, Burrel, M, Garcia-Criado, Á, et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol (2022) 76:681–93. doi: 10.1016/j.jhep.2021.11.018




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 © 2023 Wu, Jia, Jia, Zhao, Zhao and Zhou. 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/fonc-13-1274754-g001.jpg
UBRUEIN

SuIudaIg l

JUDUISSISSY

uorsnpduy

Records identified through
database searching

N=2167

Duplicate records removed
N=432

Records screened
N=1735

|

2

Full text assessed
N=49

Reports excluded with reasons:
Reviews
Animal/in vitro
Meta-analyses
Systematic reviews
Retrospective study
N=1686

Trials included in meta-analysis
First-line studies N=15
Second-line studies N=8

Reports excluded with reasons:
Different study design
Studying different regimens

N=26






OEBPS/Images/fonc.2023.1274754_cover.jpg
& frontiers | Frontiers in Oncology

Comparative efficacy and safety of
systemic therapy for advanced
hepatocellular carcinoma: a systematic
review and network meta-analysis





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Comparative efficacy and safety of systemic therapy for advanced hepatocellular carcinoma: a systematic review and network meta-analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Conclusion

        



        		

          Systematic review registration

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Search strategy and selection criteria

          



          		

            2.2 Data analysis

          



        



        



        		

          3 Results

        

          		

            3.1 First-line treatments

          

            		

              3.1.1 Baseline characteristics

            



            		

              3.1.2 NMA

            



            		

              3.1.3 Risk of bias

            



          



          



          		

            3.2 Second-line treatments

          

            		

              3.2.1 Baseline characteristics

            



            		

              3.2.2 NMA

            



            		

              3.2.3 Risk of bias

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
van

1.36 Regorafenib
(0.02, 85.33)
1.87 1.37 Cabozantinib
(0.03, 109.88) (0.02, 84.09)
0.47 0.35 0.25 Apatinib
(0.01, 29.6) (0.01, 21.96) (0, 15.54)
| i
3.98 2.95 2.14 8.39 Pembrolizumab
(0.1, 127.52) (0.08, 95.2) (0.06, 70.01) (0.21, 284.24)
6.91 5.1 3.69 14.53 1.74 Placebo
(0.36, 125.12) (0.27, 93.15) (0.2, 66.83) (0.78, 268.85) (0.23, 14.9)

Pooled relative risk (RR) AND 95% CI for adverse events of grade 3 or higher (23AEs) in the overall population.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Anti-PD-

1+Bev
227 Anti-PD-
(0.27, 20.48) L1+Bev
0.52 Anti-PD-
115 (0.16,9.11) (007,355 1+TKL
136 06 L1§ Anti-PD-L1+Anti-
(0.15,12.25) (0.07,4.95) (0.17,7.89) CTLA-4
0.84 162 Anti-PD-
1.88 (0.2, 19.06) (009, 7.34) (021, 1225) 1.38 (0.16, 12.45) LI+TKI
3.63 161 31 191 o
039,3639) | (018,1412)  (042,2357) 26703241 | (921,189 | Dordfend
262 118 227 139 073 "
©312080 | 1498 | @szm | PO 0i0n  oomesy N
214 0.95 1.84 114 0.59 0.81 i
025,098 | @17sn) @ | OB gisieen o onery | T
0.85 1.65 1.01 0.53 0.73 "
1.9 (0.27, 14.67) (©0.12,5.73) (0.49, 5.47) 1.41 (0.21, 9.88) (0.14,7.53) (007, 392) (0.1, 495) 0.89 (0.13, 6) Lenvatinib
368 1.65 aw 1.96 1.02 14 173 193 F——
Oa3t6n | ©21289 | ©as2an | ORI 0n 6 @i | 0161095 | ©211373) | 028125 | R
16 206 247 128 175 218 243 125
4(0.59, 27. .41 (0.43, 28.2¢ Brivanil
s, a9 | ©asa674 | FOFO L MOBBE 00 @I ) | 0211389 | 02,1799 | (035.1646) | (016, 1043) nnth
584 2.56 5.01 425 (052, 35.1) 31 16 22 27 3.05 1.55 1.26
(0.65, 52.07) (0.3,21.17) (0.72, 33.49) - ki (0.34, 26.34) (0.17, 14.06) (0.26, 18.04) (0.32,22.2) (0.4, 20.1) (0.2,13.16) (0.15, 10.04)
6.36 2385 5.51 34 177 241 3.01 335 1.74 1.38 L1 &
(s nsy | ez | Gesas | PO G0 3587 | 052105 0661330 | (0991109 0475 | (03,600 | (25,49 Somred
1583 713 13.85 118 (15, 108.59) 845 439 6.05 75 834 4.33 345 2.74 249 Placebo

(192, 157.78) (09,613) | (209, 10229) (099,79.61)  (05,4263) | (0.77,5343) | (0.94,6573) | (1.29,6125)  (057.3791) | (044,3032) = (036,246)  (0.57,1265)

r combined with bevacizumab, anti-

Pooled relative risk (RR) and 95% CI for objecti
PD-1+TKI: programmed cell death 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1+
toxic T cell lymphocyte antigen 4 inhibitor.

response rate (ORR) in the overall population. Anti-PD-1+Bev: programmed cell death 1 inhibitor combined with bevacizumab, anti-PD-L1 +Bev: programmed death ligand 1 inhibi
programmed death ligand 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1 +anti-CTLA-4: programmed death ligand 1 inhibitor combined with cyto-






OEBPS/Images/table4.jpg
Trea

nt Progression

Overall Survival Brivanib

141
(1, 1.99)

117
(085, 1.61)

113
(08, 1.61)

113
(0.83, 1.54)

1.09
(0.81, 1.47)

0.89
(0.69, 1.15)

Pooled hazard ratio (HR) and 95% CI for overall survival (OS) and progression-free survival (PFS) in the overall population.

ee survival

122
(0.9, 1.65)

Regorafenib

0.83
(0.61, 1.12)

08
(057, 1.12)

0.8
(0.6, 1.06)

0.77
(0.58, 1.01)

0.63
(0.5, 0.79)

127
(0.9, 1.8)

1.05
(0.86, 1.27)

Cabozantinib

0.97
(071, 1.32)

0.97
(0.75, 1.25)

093
(0.72, 1.19)

0.76
(0.63, 0.92)

119
(0.81, 1.74)

0.98
(0.76, 1.26)

093
(0.69, 1.27)

Apatinib
1
(0.75, 1.34)

0.96
(0.72, 1.28)

0.79
(0.62, 1)

0.77
(0.55, 1.07)

0.63
(0.53, 0.75)

06
(047, 0.77)

065
(048, 0.86)

Pembrolizumab

0.96
(0.76, 1.21)

0.79
(0.67, 0.93)

0.97
(0.7, 1.36)

0.8
(0.67, 0.95)

0.77
(0.6, 0.97)

0.82
(061, 1.1)

127
(1.02, 1.58)

Ramucirumab

0.82
(0.7, 0.96)

0.56
(0.42, 0.75)

0.46
(0.43, 0.49)

0.44
(0.37, 0.53)

047
(0.37,06)

073
(0.62, 0.85)

0.58
(0.49, 0.67)

Placebo





OEBPS/Images/table3.jpg
Anti-

PD-

1
+Bev

Anti-

(i)i; PD-

13.27; I

i +Bev

046 035 | Ant

’ . PD-

(005, (0.04, 5

8 3

359) ) +TKI

2.06 158 452 Anti-PD-
(02, (016, (055, Ll+Anti-

21.32) 16.29) = 38.59) CTLA-4

0.56 0.43 124 027 “;’]‘;"

006, | (004,  (0.15, 003, Ll

5.86) 451) | 10.77) 2.89) ik

205 156 449 0.99 363

0.2, (0.15, (0.54, (0.1, (0.35, Donafenib

20.92) 16.07) = 38.28) 10.09) 36.82)

449 3.42 9.81 218 7.98 219
(0.44, (0.34, (118, (0.21, (0.78, (0.21, Nivolumab
46.43) 35.87) | 85.78) 22.13) 79.26) 22.81)

2.66 2.03 5.81 1.29 4.71 13

(0.26, (02 | (071, (0.13, (046, (0.13, 09 Tislelizumab
(0.06, 5.96)

2734)  2055) | 49.33) 13.11) 46.31) 13.14)
0.74 0.56 161 036 13 036 o6 028
(0.09, 007, | (042, (0.04, OI5, 0 002136 | (003,209 | Lenvatinid
6.28) 478) | 622) 293) 10.87) o o R
0.68 0.51 147 033 12 033 ols 025 091
(0.07, 005, | (0.18, (0.03, (0.11, (0.03, © 61 3 s | o 5 o) (0.11, Linifanib
6.99) 529) | 12.77) 334) 12.12) 337) T B 7.79)
121 092 2,66 215 0.6 165 18

0.59 027 0.46 o
(0.12, 009,32t 021 (0.06, w055 | wonie (02, (0.17,  Brivanib
1261) 951) | 22.56) 21.78) 6.02) 13.83) 17.95)
0.82 0.63 18 o4 146 04 o8 031 ; 122 0.68
(0.08, 005 | 02, i 1y | @14 (004, @ . o0 | @ i 5 m | o " 05) (0.12, (007, Sunitinib
8.42) 642) | 1553) o 14.71) 4.19) e e o 12.6) 7.02)
132 1 2.88 0 233 064 029 05 179 1.95 1.09 16 )
(025, ©19, @75, 00T | 045, (013, 006159 | (©.1,253) (047, (038, (021, (031, Sorafenib
6.83) 532) | 11.38) e 11.91) 333) R o 691) 10.06) 5.64) 8.24)

Pooled relative risk (RR) and 95% CI for adverse events of grade 3 or higher (23AEs) in the overall population. Anti-PD-1+Bev: programmed cell death 1 inhibitor combined with bevacizumab,
anti-PD-L1+Bev: programmed death ligand 1 inhibitor combined with bevacizumab, anti-PD-1+TKI: programmed cell death 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1
+TKI: programmed death ligand 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1+anti-CTLA-4: programmed death ligand 1 inhibitor combined with cytotoxic T cell lymphocyte
antigen 4 inhibitor.





OEBPS/Images/fonc-13-1274754-g002.jpg
Anti-PD-1+TKI  Lenvatinib

Anti-PD-L1+Bev Anti-PD-1+Bev

Anti-PD-L1+CTLA-4 Nivolumab

Anti-PD-L1+TKI

Linifanib

Placebo

Donafenib

Sorafenib Sunitinib  Tislelizumab





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1274754-g003.jpg
Cabozantinib

Brivanib

Pembrolizumab

Apatinib

Placebo

Regorafenib

Ramucirumab





OEBPS/Images/table1.jpg
Treatment Progression-free survival
Overall Anti-PD- 095 103 o 089 0.62 06 051 088 074 055 05 0.56 0.32
Survival 1+Bev (0.69,131) | (0.79,135) o (058,1.36) | (0.47,081) = (0.46,079) = (0.39,0.67)  (0.68, 1.13)  (0.56,097) = (0.43,071) = (0.39,064)  (045,069)  (0.24,043)
098 Anti-PD- 109 sl 094 065 063 054 093 078 058 052 059 034
(064,15) | Ll+Bev (081,146 061,145) | (048,087) (047,085 | (04,073)  (07,122) | (058,104) | (044,077) = (0.4,069)  (0.46,075) = (025,046)
082 083 Anti-PD- 6 676 0.86 06 058 049 085 071 054 048 054 031
(059, 113) | (058,119)  1+TKI SR (057,128) | (047,076) | (0.46,073) = (039,063  (074,098)  (057,09) | (043,066) (039,059 = (046,0.64)  (0.24,04)
073 074 089 AntiPD-L1+Anti- 143 099 097 082 141 119 089 08 09 052
053,10) | (052,107 | (07, L14) CTLA4 096,212) | (078,125)  (077,122) | (064,104  (L14,174)  (0.94,149) = (072, 11)  (065,098) (077,105  (04,0.67)
063 065 078 Anti-PD- 0.69 0.68 057 099 083 062 056 063 036

087 (0.63, 1.19)

(043,093) | (043,097) | (057, 1.06) LI4TKI | (0.46,104) | (045,101) | (038,086)  (0.67,146) = (056,124) = (0.42,092)  (038,082) = (044,091)  (0.24,055)

(u.:,'ijs) 87042, (o.s:',s :.07) 026.074,2) (0.7;.0:;497 Doss(en (r:.?‘;'.9 ls.ﬂj (0.6(;‘,513.07i a 111‘1 ; 7 94“1 52) (0.710,'91 1) (0.2‘2 o 729 5 08, :‘.‘f)z,sx)
© a?;,s; %) 0 4?;6 : 98) m.;,ﬁ ino) WROTEND | o 7;,ui45) (w‘;,g:‘ z5) | Nimolumab 1052.8!5.08) (r ‘7A 163 1) (qu;;ZlZ,SS) 407‘1,9 12 14) (oveg,x ioz) (0.3:}1 1 (o;: ,s: )
104&6;,9» © AZS : 98) (u.sf'{f’ |2 05) | 020728 717,016.45) (07‘;9?15, (u.m‘ I i (1.;17,7 23 17) (ul; 15»5) (ovnz,oim 10707',917'22) 9 . ; luz) (DAQE.,S ;.xu)
10,43',5:_“) 10.407',63.93) 10.5‘:,7 :.m S 10.7:{.01233) (0,7‘2,9:.1 7) (n:fsx 2) (u.ffsn gy | Lemvatini (Dﬁ??m) (0,52163.77) (0,42',52.59) (. 52'.6:.73) (. 22.3;.47;
(n:‘z‘;s) 10.32‘,5 ;.79) (a.s‘;6 ;.m 51025030 10.5(;,816 17) (0‘:;,9 ) (0.6‘:,51‘.02\ 40.63..5:.03) @ 6(;3 ? f3) || TLirent (n.z,fsa) (o.szlﬁg.ss) © :47; 9 3:4 ;.57)
054 055 066 071 (059,092) 085 078 08 08 060 1) 083 099 Brtvanih 0.9 Lo 038
(0.39,0.73) (0.39,0.77) (0.53,0.82) (0.63, 1.15) (0.63, 0.98) (0.64,1) (0.69,1) (0.8, 1.21) (0.74, 1.09) (0.88, 1.16) (0.46, 0.74)
(. ;)::A.Ei 10.32‘,4 Z.ss) (0.4[;5 3.67) 8048 072 m.s‘i.sz 94) m.;) 1??7.3) (n.sr;',6 : 8) | (. s‘iixzi (us‘;,6 :.xz) (o,s‘;x ;39) (. e‘;.,sé s9) | Seuitinly | g 9;',113 2) (. ;:s : 83)
10.42.55.75) © o ) (n.ss?,v:).sz» 0780.66,099) 10.6:.91 18) (a.g.":w?go) 10.7[:'.85.0 y (0.7‘:'.815.01; (0.7‘;‘.3 i ) m.o‘,'ofzz) (0,9‘3??.21) (. 12,3;.5; Sorsiealt (0.27?‘:) 2
o2h0m | oamosn | oamosn | PO | il | Gunom | oanom | oamom | @aname | 056060 | osmasn | @t | emoss | Tee

Pooled hazard ratio (HR) and 95% Cl for overall survival (OS) and progression-free survival (PES) in the overall population. Anti-PD-1+Bev: programmed cell death 1 inhibitor combined with bevacizumab, anti-PD-L1+Bev: programmed death ligand 1 inhibitor
combined with bevacizumab, anti-PD-1+TKI: programmed cell death 1 inhibitor combined with tyrosine kinase inhibitor, anti-PD-L1+TKI: programmed death ligand 1 inhibitor combined with tyrosine Kinase inhibitor, anti-PD-L1 +anti-CTLA-4: programmed death
ligand 1 inhibitor combined with cytotosic T cell lymphocyte antigen 4 inhibitor.






OEBPS/Images/table5.jpg
Brivan

3.01 (0.09, 12121) Regorafenib ‘
0.63 (0.01, 35.05) 021 (0, 8.38) Cabozantinib ‘
0.92 (0.02, 40.95) 0.3 (0.01, 10.17) 1.44 (0.03, 144.93) Apatinib ‘
1.13 (0.04, 30.13) 038 (0.02, 6.66) 1.82 (0.06, 111.48) 123 (0.05, 32.58) Pembrolizumab ‘
094 (0.03, 28.85) 031 (0.01, 6.38) 146 (0.04, 112.5) 1.03 (0.04, 30.89) 081 (0.05, 12.82) Ramucirumab ‘
857 (0.66, 154.76) 2.87 (0.27, 31.07) 13.61 (0.83, 647.19) 936 (0.75, 163.37) s (147, 51.13) 9.19 (1.35, 83.57) ‘ Placebo

Pooled relative risk (RR) and 95% CI for objective response rate (ORR) in the overall population.





