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A successful phase Il trial for the combination of atezolizumab and bevacizumab (the IMbravel50 trial) in advanced
hepatocellular carcinoma has recently been reported to show better survival benefit over sorafenib, standard of care for
more than 12 years. This is a practice changing results and scientific rationale of this combination, PD-1/PD-L1 antibody
plus anti-VEGF inhibitors is very important.
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| 1. Introduction

At the European Society for Medical Oncology (ESMO) Asia in November 2019, the positive results of the IMbravel50
study, a trial which compared the effects of the combination of atezolizumab and bevacizumab with those of sorafenib @,
drew attention to the possibility of immunotherapy with a combination of programmed cell death-1 (PD-1)/programmed
death ligand 1 (PD-L1) and vascular endothelial growth factor (VEGF) inhibitors. This review outlines the scientific
rationale for the therapeutic combination of PD-1/PD-L1 and VEGF antibodies, proof-of-concept results of the phase Ib
trial, and results of other phase Ib trials for similar combination strategies.

2. The Rationale Underlying the Combination of PD-1/PD-L1 and VEGF
Inhibitors

At tumor sites, VEGF released by hypoxic cancer cells and vascular endothelial cells promotes tumor growth, invasion,
and metastasis by increasing neovascularization . Simultaneously, VEGF enhances the mobilization and proliferation of
various cells, including regulatory T cells (Tregs), and the release of immunosuppressive cytokines 28], It also enhances
the mobilization of tumor-associated macrophages (TAMs) and their polarization to an M2 phenotype. Tregs and TAMs
promote tumor growth through the release of VEGF and angiopoietin-2, among other mechanisms . VEGF can also
activate myeloid-derived suppressor cells (MDSCs), which in turn release more VEGF 4. Furthermore, VEGF inhibits
dendritic cell maturation and antigen presentation in the priming phase. Thus, VEGF reduces the proliferation and
activation of naive CD8+ cells by suppressing dendritic cell activity even in the presence of neoantigens & (Figure 1).
VEGF-induced Tregs, TAMs, and MDSCs reduce the proliferation and function of CD8+ cells. VEGF also prevents
antigen-activated CD8+ cells from infiltrating the tumor tissue through its effects on tumor angiogenesis. In addition, VEGF
creates a microenvironment that inhibits the function of T cells in the tumor during the effector phase of the immune
response 4. Furthermore, immunosuppressive cells (Tregs, TAMs, and MDSCs) promote immune escape by releasing
immunosuppressive cytokines, including interleukin (IL)-10 and transforming growth factor beta (TGF-3), and by inhibiting
dendritic cell maturation and activation, NK cell activation, and T cell activation and proliferation [ZIEIEIEIZBIE10][11][12][13]
(241[15][16](17][18][19][201[21](22][23][24](25] (Figure 1). The cancer immunity cycle begins with the uptake and presentation of
neoantigens released from necrotic tumor cells by dendritic cells. This is followed by seven steps: (1) tumor antigen

release, (2) tumor antigen uptake and presentation by dendritic cells, (3) T cell priming and activation, (4) T cell migration
to the tumor, (5) T cell invasion of the tumor, (6) cancer cell recognition by T cells, and (7) attack on tumor cells by T cells,
which leads to cancer cell death and release of additional tumor antigens & (Figure 2). VEGF promotes immune escape
at almost every step of the cancer immunity cycle BIZIEIE Fyrthermore, hepatic interstitial cells such as Kupffer cells, liver
endothelial cells, and hepatic stellate cells are involved in maintaining immune tolerance in the healthy liver and may
contribute to the immunosuppressive microenvironment in hepatocellular carcinoma [28],
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Figure 4. Scientific rationale of Immune-checkpoint Inhibitors plus Anti-VEGF: 4 Roles of anti-VEGF inhibitors in Cancer
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