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Shifting paradigms in the systemic management of hepatocellular carcinoma.
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Comment.
The clinical development of systemic therapies has been comparatively poorer in hepatocellular cancer (HCC) in contrast to other oncological indications. Patients with HCC were deprived from the incremental improvement in overall survival led by the development of cytotoxic chemotherapy across malignancies in the 1980-90s. Whilst the advent of sorafenib in 2008 was saluted with enthusiasm to mark the dawn of molecularly targeted therapies, the modest improvement in survival of 2-3 months, the low overall response rates (2% by RECIST criteria) and the lack of means to select which patients will benefit from treatment further deepened the stark contrast with other solid tumours such as breast, colorectal and lung cancer where predictive biomarkers enabled effective delivery of precision anti-cancer medicine in the clinic.
The recent approval of atezolizumab and bevacizumab by the US Food and Drug Administration following demonstration of superiority over sorafenib in the treatment of unresectable HCC and Child-Pugh A liver dysfunction can be rightfully defined as a moment of paradigm shift in the systemic treatment of HCC1 after more than a decade of failures in developing more efficacious alternatives to sorafenib in the first-line setting2. The IMbrave150 regimen balances out the historical gap affecting drug development in this indication by affording HCC the position of first gastrointestinal cancer where combination immunotherapy affords a significant and clinically meaningful survival benefit. The highly significant reduction in mortality (Hazard ratio of 0.58, 95% confidence interval [CI], 0.42 to 0.79; p<0.001) accompanied by a 2.5 months difference in progression-free survival and a response rate of 27.3% by RECIST give credence to the combined inhibition of the programmed death-1 (PD-1) and vascular endothelial growth factor (VEGF) pathways as therapeutic targets capable of enhancing anti-tumour immunity and provide a new point of reference for future studies in this space. Whilst T-cell exhaustion is intimately linked with the pathogenesis and progression of HCC and is associated with adverse outcome3, clinical testing of PD-1/PD-L1-targeting agents as monotherapy fell short of demonstrating a significant survival benefit in the Keynote-2404 and Checkmate-459 studies5 despite evidence of disease-modulating effects in approximately 20% of patients. With its highly tolerogenic microenvironment, characterised by a rich myeloid and lymphoid suppressive infiltrate and aberrant vasculogenesis, HCC is intrinsically geared towards an immune-excluded phenotype, where intra-tumoural effector T-cells are scarce6. Concomitant inhibition of multiple targets within the cancer-immunity cycle appears necessary to translate into higher responses and improved survival, a concept that is elegantly proven by the PFS improvement (5.6 versus 3.4 months, HR 0.55 80%CI 0.40-0.70, p=0.0108) resulting from addition of bevacizumab to atezolizumab in the randomised Arm F of the phase 1b GO30140 study. 
However, with an increasing number of phase III development programmes due to report on the efficacy of various immunotherapy combinations in advanced disease, the broad efficacy of atezolizumab and bevacizumab across molecularly unselected patient subgroups – although practice changing – perpetuates the challenge of delivering personalised anti-cancer medicine in liver cancer. With PD-L1 expression failing to become a reliable biomarker for patient stratification7 and genomic predictors such as microsatellite instability and high tumour mutational burden being low prevalent traits in HCC8, the diffusion of combination immunotherapy in the clinic will be guided by toxicity profiles rather than predicted efficacy.              
As the sun sets on universal first-line tyrosine kinase inhibitor (TKI) use, routine clinical practice will be deeply challenged by the comparative assessment of efficacy of novel combination regimens, all characterised by an anti-PD-(L)-1 backbone in association with a Cytotoxic T lymphocyte antigen-4 (CTLA-4) inhibitor (ipilimumab or tremelimumab) or multi-targeted agents (lenvatinib, cabozantinib, regorafenib and many others)9. Synergistic immune-modulation, the holy grail that inspires the quest for more effective combinations, is too often paralleled by synergistic toxicity as shown for instance in Keynote-524, where combination of lenvatinib with pembrolizumab yielded an overall response rate of 36% at the price of a high incidence of treatment related adverse events graded >3 (67%)10. 
To this end, the atezolizumab bevacizumab regimen compares favourably to other emerging combinations such as pembrolizumab and lenvatinib, with a toxicity-related rate of 15.5% and a spectrum of adverse events that, unlike sorafenib, are mostly asymptomatic (hypertension, proteinuria). The favourable therapeutic index of atezolizumab and bevacizumab is further proven by the positive effect of the combination in preserving patients’ quality of life, to underscore the relationship of higher efficacy and lower symptomatic toxicity in influencing patient reported outcomes. However, compared to the TKI era, safe delivery of atezolizumab and bevacizumab will mandate more careful patient selection and multi-disciplinary care to minimise the risk of bleeding, taking into account the 7% incidence of gastrointestinal bleeding in a population that excluded patients with high-risk features for this potentially life-threatening complication.
As treatment paradigms for advanced HCC rapidly shift towards a new era, a moment of thoughtful reflection is necessary to prevent a new phase of stagnation in drug development11. Will sequencing of multi-targeted TKIs preserve efficacy in later lines of therapy? Is there a future for PD-1-targeting agents in second line? How will exposure to immunotherapy in early-stage disease impact on treatment choices in relapsed HCC?    By exerting a pervasive influence in shaping the therapeutic armamentarium for HCC, the IMbrave150 data force us to rethink management strategies for liver cancer and call for an ongoing multi-disciplinary partnership to secure incremental improvement in patients outcomes through optimal patient stratification and therapeutic sequencing in what still proves to be an increasingly incident and highly lethal oncological diagnosis.





















References.
[bookmark: _ENREF_1]1.	Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N Engl J Med 2020; 382(20): 1894-905.
[bookmark: _ENREF_2]2.	Forner A, Da Fonseca LG, Diaz-Gonzalez A, Sanduzzi-Zamparelli M, Reig M, Bruix J. Controversies in the management of hepatocellular carcinoma. JHEP Rep 2019; 1(1): 17-29.
[bookmark: _ENREF_3]3.	Pinyol R, Montal R, Bassaganyas L, et al. Molecular predictors of prevention of recurrence in HCC with sorafenib as adjuvant treatment and prognostic factors in the phase 3 STORM trial. Gut 2019; 68(6): 1065-75.
[bookmark: _ENREF_4]4.	Finn RS, Ryoo BY, Merle P, et al. Pembrolizumab As Second-Line Therapy in Patients With Advanced Hepatocellular Carcinoma in KEYNOTE-240: A Randomized, Double-Blind, Phase III Trial. J Clin Oncol 2020; 38(3): 193-202.
[bookmark: _ENREF_5]5.	Yau T, Park JW, Finn RS, et al. LBA38_PRCheckMate 459: A randomized, multi-center phase III study of nivolumab (NIVO) vs sorafenib (SOR) as first-line (1L) treatment in patients (pts) with advanced hepatocellular carcinoma (aHCC). Annals of Oncology 2019; 30(Supplement_5).
[bookmark: _ENREF_6]6.	Pinato DJ, Guerra N, Fessas P, et al. Immune-based therapies for hepatocellular carcinoma. Oncogene 2020; 39(18): 3620-37.
[bookmark: _ENREF_7]7.	Pinato DJ, Mauri FA, Spina P, et al. Clinical implications of heterogeneity in PD-L1 immunohistochemical detection in hepatocellular carcinoma: the Blueprint-HCC study. British journal of cancer 2019; 120(11): 1033.
[bookmark: _ENREF_8]8.	Ang C, Klempner SJ, Ali SM, et al. Prevalence of established and emerging biomarkers of immune checkpoint inhibitor response in advanced hepatocellular carcinoma. Oncotarget 2019; 10(40): 4018.
[bookmark: _ENREF_9]9.	Finn RS, Zhu AX. Evolution of Systemic Therapy for Hepatocellular Carcinoma. Hepatology 2020.
[bookmark: _ENREF_10]10.	Andrew X. Zhu RSF, Masafumi Ikeda, Max W. Sung, Ari David Baron, Masatoshi Kudo, Takuji Okusaka, Masahiro Kobayashi, Hiromitsu Kumada, Shuichi Kaneko, Marc Pracht, Konstantin Mamontov, Tim Meyer, Kalgi Mody, Tomoki Kubota, Corina E. Dutcus, KENICHI SAITO, Abby B. Siegel, Leonid Dubrovsky, Josep M Llovet. A phase Ib study of lenvatinib (LEN) plus pembrolizumab (PEMBRO) in unresectable hepatocellular carcinoma (uHCC). In: Oncology ASoC, editor. ASCO Virtual Scientific Program; 2020; 2020.





Disclosure Statement.

Competing Interests: DJP received lecture fees from ViiV Healthcare, Bayer Healthcare and travel expenses from BMS and Bayer Healthcare; consulting fees for Mina Therapeutics, EISAI, Roche, Astra Zeneca; received research funding (to institution) from MSD, BMS.
Acknowledgements. The authors would like to acknowledge the Imperial College National Institute for Health Research Biomedical Research Centre and Imperial Cancer Research UK centre for infrastructural and grant funding support. DJP is supported by grant funding from the Wellcome Trust Strategic Fund (PS3416) and by Cancer Research UK for the immune phenotyping of HCC (Postdoctoral Bursary Grant Ref. C57701/A26137).

3

