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Abstract: Treatment options for hepatocellular carcinoma (HCC), 
the most prevalent primary liver malignancy, have historically been 
limited, particularly in unresectable cases with underlying cirrhosis. 
Initial systemic therapy with antiangiogenic agents, notably vascular 
endothelial growth factor (VEGF) inhibitors such as sorafenib, showed 
modest survival gains but lacked durable responses. Subsequent trials 
with more potent VEGF pathway inhibitors failed to improve overall 
survival significantly, raising concerns about the long-term utility and 
potential hepatic and renal toxicities of prolonged VEGF blockade. The 
advent of immune checkpoint inhibitors (ICIs) marked a paradigm shift. 
Trial results demonstrating that dual-ICI regimens induced more durable 
responses and achieved higher long-term survival rates have challenged 
the prior VEGF-centric therapeutic approach and suggest that early use 
of dual ICIs may offer a more transformative effect on disease trajectory. 
Although anti-VEGF therapies remain valuable for initial tumor shrinkage, 
prolonged use may compromise liver regeneration and worsen portal 
hypertension. A refined treatment strategy emphasizing VEGF inhibition 
for a limited duration followed by or combined with ICIs may optimize 
both efficacy and safety. Future research should focus on identifying 
predictive biomarkers for ICI response and on developing regimens that 
maximize long-term survival in unresectable HCC.

Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver 
malignancy and ranks as the third most frequent cause of cancer-re-
lated deaths worldwide.1,2 Owing to the competing risk of death 
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sorafenib was observed, but no improvement. This was 
surprising because lenvatinib nearly doubled both progres-
sion-free survival (PFS) and overall response rate (ORR) 
according to the Response Evaluation Criteria in Solid 
Tumors, version 1.1. (RECIST 1.1).10 One could have 
deduced that cutting off the blood supply to an HCC 
tumor might lead to a transient shrinkage in size, and 
although a more potent inhibitor could achieve that feat 
for twice as long, neither therapy changed the behavior of 
the tumor. Thus, more than a decade of high-level data in 
unresectable HCC suggested that starting with antiangio-
genesis is more of a Band-Aid than a long-term solution. 

The Advent of Immunotherapy

A significant paradigm shift occurred with the advent of 
immunotherapy. Early-phase studies of immune check-
point inhibitors (ICIs), such as CheckMate 040 with 
nivolumab (Opdivo, Bristol Myers Squibb), demonstrated 
not only objective responses in patients with later-line 
unresectable HCC but also, perhaps more importantly, 
durable responses in a subset of patients.11 This tail of 
durable response indicated that these therapies altered the 
disease trajectory, achieving durable responses in a subset 
of patients rather than simply delaying disease progres-
sion. These findings of objective and durable responses 
with ICIs, and early-phase single-arm data for ICIs in 
combination with anti-VEGF–directed therapies, fueled 
new hope for synergy and a breakthrough in the systemic 
treatment for unresectable HCC.12 Therefore, several late-
phase trials evaluated the efficacy of anti-VEGF agents in 
combination with ICIs in first-line unresectable HCC. 
The IMbrave150 trial, which evaluated the combination 
of atezolizumab (Tecentriq, Genentech) and bevaci-
zumab, was the first to show significantly improved OS, 
PFS, and ORR for combination therapy in comparison 
with sorafenib monotherapy, and combination therapy 
was thenceforth regarded as the new standard of care.13

However, other phase 3 trials combining anti-VEGF 
agents with ICIs, including LEAP-002 (lenvatinib and 
pembrolizumab [Keytruda, Merck]) and COSMIC-312 
(cabozantinib and atezolizumab), did not demonstrate 
improvements in OS when these combinations were 
compared with anti-VEGF monotherapy (lenvatinib 
alone and sorafenib alone, respectively).14,15 Importantly, 
despite higher ORRs in the arms in which ICIs were 
combined with VEGF inhibitors, no apparent durable 
responses were reported with longer follow-up in these 
trials. Updated analysis of IMBrave150 in 2022, with an 
additional 12 months of follow-up data, showed a median 
OS of 19.2 months (lower than the “not reached” median 
OS in the original publication) but no available evidence 
of a subset with durable response in either arm, despite 

from the underlying cirrhosis, meaningful improvement 
in outcomes has almost exclusively been studied and 
observed in patients with preserved liver function, as 
evaluated with the Child-Pugh scoring system (ie, Child-
Pugh A). The prognosis for unresectable HCC, deemed a 
disease relatively refractory to cytotoxic therapy, remained 
dismal until very recently owing to a lack of effective 
systemic therapies. HCC is a hypervascular tumor with a 
complex microenvironment consisting of tumor-support-
ing stromal cells, including cancer-associated fibroblasts, 
and characterized by an immune imbalance with a pre-
dominance of suppressive cells (eg, myeloid-derived sup-
pressor cells, regulatory T cells, and type 2 macrophages) 
and a paucity of effector T cells. Insights into the biology 
of HCC have informed the development of the treatment 
landscape during the past 15 to 20 years.3

The Use of Antiangiogenesis

Early attempts to treat unresectable HCC with conven-
tional chemotherapy had limited success, given the che-
moresistant nature of the disease and limited tolerability 
due to underlying liver dysfunction. The recognition of 
the role of angiogenesis in solid tumors and the develop-
ment of antiangiogenic therapies in the early 2000s led 
to the availability of a limited repertoire of agents to be 
tested in a multitude of malignancies, including HCC.4 
Although the first-in-class anti–vascular endothelial 
growth factor (VEGF) monoclonal antibody bevaciz-
umab was not further pursued as a single agent in HCC, 
mainly because of safety concerns, the rapid parallel devel-
opment of multitarget tyrosine kinase inhibitors (TKIs) 
inhibiting the VEGF receptor led to new hope for this 
challenging disease. In 2008, the SHARP trial demon-
strated an improvement in overall survival (OS) with 
sorafenib (Nexavar, Bayer HealthCare/Onyx) vs best sup-
portive care, the first systemic therapy to extend survival 
in advanced HCC.5 Sorafenib subsequently became the 
standard of care for unresectable HCC. Alas, 4 subsequent 
negative phase 3 trials with additional anti-VEGF TKIs 
(sunitinib, brivanib, linifanib, and erlotinib + sorafenib) 
failed to show results better than or at least noninferior 
to sorafenib alone.6-9 Given the modest improvement in 
OS (2.8 months) with sorafenib over best supportive care, 
the failure of other anti-VEGF TKIs to match this low 
bar may have suggested that just because a certain target 
(in this case the VEGF pathway) is druggable, it is not 
necessarily the best initial target.

More than a decade later, in 2018, REFLECT was 
the first positive phase 3 trial in unresectable HCC since 
the introduction of sorafenib.10 However, even with a 
more potent anti-VEGF receptor inhibitor (ie, lenvatinib 
[Lenvima, Eisai]), noninferiority of OS compared with 
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sufficient follow-up time to obtain the data (ie, no flatten-
ing of the curve, or “tail”).16

Unlike the patients in the aforementioned trials, 
which evaluated immune checkpoint inhibition in 
combination with VEGF inhibition, the patients with 
advanced HCC in the nonrandomized CheckMate 040 
trial received nivolumab either alone or in combination 
with one of 2 doses of ipilimumab (Yervoy, Bristol Myers 
Squibb), an anti–cytotoxic T-lymphocyte–associated 
antigen 4 (CTLA-4) monoclonal antibody.11 Although 
both treatment-naive and sorafenib-pretreated patients 
with unresectable HCC were included, the group that 
received the higher dose of ipilimumab (3  mg/kg) + 
nivolumab demonstrated the highest ORR and the high-
est durable response rate, at the cost of a higher rate of 
immune-related adverse events (irAEs).11 Importantly, a 
recent update of the study reported a 5-year survival rate 
of 29% with the combination of higher-dose ipilimumab 
+ nivolumab.17

On the basis of the findings of CheckMate 040 and 
other trials, the paradigm of dual checkpoint inhibition in 
first-line unresectable HCC (without the use of an anti-
VEGF agent) was tested in 2 large, randomized, global 
phase 3 trials.18 The first trial to report was HIMALAYA, 
which compared a single dose of the anti–CTLA-4 agent 
tremelimumab (Imjudo, AstraZeneca) plus the anti–pro-
grammed death ligand 1 (anti–PD-L1) agent durvalumab 
(Imfinzi, AstraZeneca) every 4 weeks (the STRIDE 
regimen) with sorafenib.18 The trial, originally published 
in 2022, met the primary endpoint of improved OS.19 
Notably, yearly survival updates have been provided for 
this trial since 2022, with the most recent update in 2024 
demonstrating a 5-year survival rate with the STRIDE 
regimen of 19.6% (vs 9.4% in the sorafenib arm), the 
longest reported 5-year survival in a randomized phase 3 
trial for unresectable HCC. 

The other phase 3 trial with a dual-ICI regimen, 
CheckMate 9DW, was based on CheckMate 040 and 
compared ipilimumab at 3  mg/kg + nivolumab vs the 
control arm of lenvatinib or sorafenib (almost 90% of the 
patients received lenvatinib). The primary endpoint was 
met, with a median OS of 23.7 months in the experimen-
tal arm vs 20.6 months (hazard ratio [HR], 0.79) in the 
control arm. The ORRs were 36% and 13%, respectively. 
Importantly, the 3-year survival rates were 38% and 24%, 
respectively.20 

Despite sufficient follow-up time for all the major 
global phase 3 trials in first-line unresectable HCC, only 
those 2 trials that did not include an anti-VEGF–directed 
therapy have reported long-term survivors. We believe 
that these clinical observations might have implications 
for trial design and timing of the introduction of antian-
giogenic agents in the treatment of HCC.

Despite numerically higher response rates with 
VEGF inhibitors than with ICI-based regimens, these do 
not appear to translate into long-term survival for patients 
with unresectable HCC. This suggests that the frontline 
use of VEGF inhibition may have temporary benefits, 
whereas longer-term use may be less effective or even 
detrimental. Until recently, with median OS in the 10- to 
13-month range for unresectable HCC, the potentially 
late adverse effects of anti-VEGF inhibitors in unresect-
able HCC were not apparent because long-term survival 
was not expected in these patients. Thus, not observing 
a “tail” became a self-fulfilling prophecy, with all drug 
development efforts focused on maximizing median 
OS, PFS, and other values without regard for long-term 
outcomes. With HIMALAYA and CheckMate DW9 data 
now showing long-term survival, the conceptual frame-
work should be revisited. 

Dual immune checkpoint blockade may induce long-
term tumor immunity in a subset of patients and alter the 
natural history of the disease without adversely affecting 
underlying liver function, a possibility that might not be 
reflected as an anatomical change in tumor size (ie, an 
objective response) by RECIST 1.1. This notion is sup-
ported by prior data suggesting that radiographic response 
in patients receiving ICIs, as characterized by RECIST 
1.1, may not be indicative of pathologic response.21,22 
Neoadjuvant trials with ICIs convincingly demonstrate 
that a major pathologic response is more closely related 
to disease-free survival than is radiographic response to 
ICIs. This finding can be attributed in part to ICI-medi-
ated tumor necrosis and tumor clearance, which may be 
underestimated by RECIST 1.1.23 Given the importance 
of pathologic response in recurrence-free survival, stark 
discrepancies in radiographic and pathologic response 
may in part explain survival differences in patients receiv-
ing ICIs despite inferior ORRs.24 

Although conventional wisdom may suggest that this 
lack of efficacy can be explained by drug resistance and 
subsequent tumor progression, systemic effects on the liver 
may partially explain poor outcomes resulting from VEGF 
inhibition. These could include impaired liver regenera-
tion, worsening portal hypertension, and increased risk of 
portal hypertension–related complications.

Liver regeneration is driven in part by angiogenesis, 
which aids in the delivery of oxygen and nutrients to 
hepatocytes.25 As such, subsequent inhibition of angio-
genesis may hinder the regenerative capacity of the liver, 
particularly in patients with cirrhosis and disrupted 
architecture. To date, VEGF inhibition in mice has been 
shown to interfere with liver regeneration and to reduce 
protection against hepatic injury.26 Although studies to 
date on bevacizumab treatment before portal vein embo-
lization and hepatectomy did not show inhibition of liver 
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regeneration, the short duration of treatment in these 
studies limits insights into the effect of long-term VEGF 
inhibition on liver regeneration.27,28

Beyond compromising liver regeneration, some 
evidence suggests that VEGF inhibition may exacerbate 
portal hypertension, particularly in patients with cirrhosis. 
Angiogenesis regulates portal pressures via several mecha-
nisms, including vascular resistance.29 As such, VEGF inhi-
bition may exacerbate portal hypertension via endothelial 
injury and reduced nitric oxide production.30-32 Both 
endothelial injury and nitric oxide dysfunction directly 
promote vasoconstriction and increase systemic vascular 
resistance, leading to increased portal pressures.30-32

Patients on lenvatinib were found to have increased 
portal venous congestion, further strengthening this asser-
tion.33 Beyond increased portal hypertension, patients 
on anti-VEGF therapy may experience increased rates 
of portal hypertension–related complications, including 
variceal bleeding, ascites, and hepatic encephalopathy.34,35 
In a prospective cohort of patients receiving bevacizumab, 
variceal bleeding and ascites in particular were associated 
with higher rates of mortality.35 Patients with cirrhosis 
have altered portal flow and in some cases even hepatofu-
gal portal flow. Therefore, arterial supply plays a greater 
role in hepatocyte survival in these patients, and the com-
promise of arterial flow affects liver function and health. 

Beyond compromise of the liver, VEGF inhibition 
may indirectly impair renal function through several 
mechanisms, further contributing to poor patient out-
comes. VEGF inhibition can lead to significant hyper-
tension, with a meta-analysis demonstrating a 7- to 
8-fold increase in hypertension risk in patients on bevaci-
zumab.36 In turn, increased blood pressure may promote 
renal injury and the progression of chronic kidney dis-
ease.37 Beyond indirect injury from hypertension, VEGF 
inhibitors can cause direct injury to podocytes expressing 
VEGF.38 In turn, podocyte injury may predispose patients 
to nephrotic syndromes, such as minimal change disease 
or focal segmental glomerulosclerosis.38 Consistent with 
this hypothesis, patients on VEGF inhibitors experienced 
concurrent increases in proteinuria in the aforementioned 
meta-analysis.36 Lastly, VEGF-induced endothelial injury 
predisposes patients to thrombotic microangiopathies 
(TMAs).39 Patients who have TMAs present with hyper-
tension, proteinuria, and thrombocytopenia.39,40 In some 
instances, VEGF-induced TMA can progress to end-stage 
renal disease, posing a significant potential source of 
morbidity in patients on long-term VEGF inhibitors.40 
Although angiogenesis inhibitors have shown efficacy in 
patients with HCC, the spectrum of renal toxicities in 
these patients cannot be ignored in considering the impli-
cations for long-term survival.

Thus, available data suggest that despite potentially 

superior initial tumor responses due to the antiangiogenic 
effects of VEGF inhibitors, these effects are not durable 
and may be potentially detrimental owing to long-term 
systemic side effects. In contrast, although ICI treatments 
may induce smaller radiographic responses, the ripple 
effects of ICIs on immune modulation and tumor control 
result in more durable responses. As such, although the 
VEGF axis is a validated actionable target in patients with 
HCC, the presence of a target does not inherently make it 
the best initial target.

On a clinical level, some evidence is provided via 
post hoc analysis of the IMbrave150 and HIMALAYA 
trial data on underlying liver function. In patients treated 
with bevacizumab + atezolizumab, a survival difference 
was observed only in those with excellent liver function 
according to the albumin-bilirubin (ALBI) score (ie, 
ALBI grade 1), whereas in patients with ALBI grade 2 or 
3, no OS benefit was seen when the combination of bev-
acizumab + atezolizumab was compared with sorafenib.41 
In contrast, the STRIDE regimen of tremelimumab + 
durvalumab showed a survival benefit in comparison with 
sorafenib across all ALBI scores.42

If prolonged VEGF inhibition in patients with HCC 
causes detrimental outcomes after a transient period of 
tumor control, then the implications are more concern-
ing for those patients who might be treated with these 
regimens earlier in the disease course. The lack of OS 
benefit has been apparent to date in 3 reported phase 3 
trials of earlier-stage HCC. In IMbrave050, 12 months 
of adjuvant atezolizumab + bevacizumab improved recur-
rence-free survival vs placebo in high-risk resected HCC, 
but the transient benefit was lost once the treatment 
was completed, and numerically higher rates of death 
were reported in the experimental arm (HR for death, 
1.42).43 In intermediate-stage HCC, the EMERALD-1 
(durvalumab + bevacizumab) and LEAP-012 (lenvatinib 
+ pembrolizumab) trials compared locoregional therapy 
with transarterial chemoembolization (TACE) vs TACE 
plus an anti-VEGF + ICI combination.44 Both trials 
met the primary endpoint of improving median PFS. 
Although EMERALD-1 has not yet reported median OS, 
LEAP-012 was negative for improvement in median OS. 
On the basis of the above considerations for potential liver 
damage with systemic anti-VEGF, longer-term follow-up 
of these trials is eagerly awaited to determine whether a 
delay in disease progression (ie, PFS) in limited HCC 
might not only fail to improve survival but also result in 
worse outcomes after 2 to 3 years.

Conclusion and Future Directions

Looking ahead, the use of limited-duration VEGF inhi-
bition could allow maximization of the initial tumor 
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response while limiting systemic toxicity in patients with 
unresectable HCC. As ICIs move to the forefront of sys-
temic therapies for advanced HCC, combination therapy 
is the most promising option for long-term survival and 
durable responses in these patients. To date, the HIMA-
LAYA and CheckMate 040 trials have demonstrated 
notable promise with ICI combination therapy, consisting 
of anti–PD-L1 and anti–CTLA-4 agents, to treat unre-
sectable HCC.11,19 In theory, combining limited-duration 
VEGF TKIs with these therapies could benefit patients.45 

Although sorafenib and subsequent VEGF inhibitors 
provided an incremental benefit in patients with HCC, 
the lack of reported long-term survival is concerning and 
suggests that the first target discovered is not necessarily 
the optimal target. Further research is required to better 
identify patients who will benefit from first-line dual-ICI 
regimens and to develop strategies for those with primary 
refractory disease or disease that becomes resistant to 
ICI-containing regimens, without compromising their 
chance of long-term survival.

Disclosures
Dr Abi-Jaoudeh is the principal investigator on research 
grants and/or clinical trials at the University of California 
that are sponsored by or have received financial support from 
Philips Medical Systems, Teclison Limited, Guerbet SA, 
Varian, ABK Biomedical, ImPact Biotech, Instylla, Sirtex 
Medical, and AngioDynamics. She has served on the advisory 
board or speakers’ bureau or consulted for Genentech, Roche, 
AstraZeneca, Eisai, Instylla, Sirtex, Boston Scientific, Guer-
bet SA, Innova Vascular, RenovoRx, Medtronic, IVQIA, 
AngioDynamics, and Varian. Dr Valerin has received 
honoraria from AstraZeneca. Dr Dayyani has served on the 
advisory board or speakers’ bureau or consulted for Astellas, 
AstraZeneca, Eisai, Exelixis, Ipsen, Jazz, Servier, Sirtex, and 
Takeda. Drs Mahadevan, Azizi, Choi, and Nguyen have no 
conflicts to disclose. 

References

1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GlOBaCAN 
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2024;74(3):229-263.
2. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin. 
2024;74(1):12-49.
3. Ogunwobi OO, Harricharran T, Huaman J, et al. Mechanisms of hepatocellular 
carcinoma progression. World J Gastroenterol. 2019;25(19):2279-2293.
4. Carr BI. Hepatocellular carcinoma: current management and future trends. 
Gastroenterology. 2004;127(5)(suppl 1):S218-S224.
5. Llovet JM, Ricci S, Mazzaferro V, et al; SHARP Investigators Study Group. 
Sorafenib in advanced hepatocellular carcinoma. N Engl J Med. 2008;359(4):378-
390.
6. Cheng AL, Kang YK, Lin DY, et al. Sunitinib versus sorafenib in advanced 
hepatocellular cancer: results of a randomized phase III trial. J Clin Oncol. 
2013;31(32):4067-4075.
7. Johnson PJ, Qin S, Park JW, et al. Brivanib versus sorafenib as first-line therapy 
in patients with unresectable, advanced hepatocellular carcinoma: results from the 

randomized phase III BRISK-FL study. J Clin Oncol. 2013;31(28):3517-3524.
8. Cainap C, Qin S, Huang WT, et al. Linifanib versus sorafenib in patients with 
advanced hepatocellular carcinoma: results of a randomized phase III trial. J Clin 
Oncol. 2015;33(2):172-179.
9. Zhu AX, Rosmorduc O, Evans TRJ, et al. SEARCH: a phase III, randomized, 
double-blind, placebo-controlled trial of sorafenib plus erlotinib in patients with 
advanced hepatocellular carcinoma. J Clin Oncol. 2015;33(6):559-566.
10. Kudo M, Finn RS, Qin S, et al. Lenvatinib versus sorafenib in first-line treat-
ment of patients with unresectable hepatocellular carcinoma: a randomised phase 
3 non-inferiority trial. Lancet. 2018;391(10126):1163-1173.
11. Yau T, Kang YK, Kim TY, et al. Efficacy and safety of nivolumab plus ipili-
mumab in patients with advanced hepatocellular carcinoma previously treated 
with sorafenib: the CheckMate 040 randomized clinical trial. JAMA Oncol. 
2020;6(11):e204564.
12. Lee MS, Ryoo BY, Hsu CH, et al; GO30140 investigators. Atezolizumab with 
or without bevacizumab in unresectable hepatocellular carcinoma (GO30140): an 
open-label, multicentre, phase 1b study. Lancet Oncol. 2020;21(6):808-820.
13. Finn RS, Qin S, Ikeda M, et al; IMbrave150 Investigators. Atezolizumab 
plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med. 
2020;382(20):1894-1905.
14. Llovet JM, Kudo M, Merle P, et al; LEAP-002 Investigators. Lenvatinib 
plus pembrolizumab versus lenvatinib plus placebo for advanced hepatocellular 
carcinoma (LEAP-002): a randomised, double-blind, phase 3 trial. Lancet Oncol. 
2023;24(12):1399-1410.
15. Kelley RK, Rimassa L, Cheng AL, et al. Cabozantinib plus atezolizumab versus 
sorafenib for advanced hepatocellular carcinoma (COSMIC-312): a multicentre, 
open-label, randomised, phase 3 trial. Lancet Oncol. 2022;23(8):995-1008.
16. Cheng AL, Qin S, Ikeda M, et al. Updated efficacy and safety data from 
IMbrave150: atezolizumab plus bevacizumab vs. sorafenib for unresectable hepa-
tocellular carcinoma. J Hepatol. 2022;76(4):862-873.
17. Melero I, Yau T, Kang YK, et al. Nivolumab plus ipilimumab combination 
therapy in patients with advanced hepatocellular carcinoma previously treated with 
sorafenib: 5-year results from CheckMate 040. Ann Oncol. 2024;35(6):537-548.
18. Kelley RK, Sangro B, Harris W, et al. Safety, efficacy, and pharmacody-
namics of tremelimumab plus durvalumab for patients with unresectable hepa-
tocellular carcinoma: randomized expansion of a phase I/II study. J Clin Oncol. 
2021;39(27):2991-3001.
19. Abou-Alfa GK, Lau G, Kudo M, et al. Tremelimumab plus durvalumab in 
unresectable hepatocellular carcinoma. NEJM Evid. 2022;1(8):EVIDoa2100070.
20. Galle PR, Decaens T, Kudo M, et al. Nivolumab (NIVO) plus ipilimumab 
(IPI) vs lenvatinib (LEN) or sorafenib (SOR) as first-line treatment for unre-
sectable hepatocellular carcinoma (uHCC): first results from CheckMate 9DW 
[ASCO abstract LBA4008]. J Clin Oncol. 2024;42(17)(suppl).
21. Kellock T, Liang T, Harris A, et al. Stereotactic body radiation therapy (SBRT) 
for hepatocellular carcinoma: imaging evaluation post treatment. Br J Radiol. 
2018;91(1085):20170118.
22. Xu Y, Yang Y, Li L, Ye F, Zhao X. The alpha-RECIST (RECIST 1.1 combined 
with alpha fetoprotein): a novel tool for identifying tumor response of conver-
sion-radiotherapy for unresectable hepatocellular carcinoma before hepatectomy. 
Front Oncol. 2022;12:905260.
23. Sun C, Ma X, Meng F, et al. Tumor microenvironment (TME) and sin-
gle-source dual-energy CT (ssDECT) on assessment of inconformity between 
RECIST1.1 and pathological remission in neoadjuvant immunotherapy of 
NSCLC. Neoplasia. 2024;50:100977.
24. D’Alessio A, Stefanini B, Blanter J, et al. Pathological response following neo-
adjuvant immune checkpoint inhibitors in patients with hepatocellular carcinoma: 
a cross-trial, patient-level analysis. Lancet Oncol. 2024;25(11):1465-1475. 
25. Kostallari E, Shah VH. Angiocrine signaling in the hepatic sinusoids in health 
and disease. Am J Physiol Gastrointest Liver Physiol. 2016;311(2):G246-G251.
26. Bujaldon E, Cornide-Petronio ME, Gulfo J, et al. Relevance of VEGFA in rat 
livers subjected to partial hepatectomy under ischemia-reperfusion. J Mol Med 
(Berl). 2019;97(9):1299-1314.
27. Zorzi D, Chun YS, Madoff DC, Abdalla EK, Vauthey JN. Chemotherapy with 
bevacizumab does not affect liver regeneration after portal vein embolization in the 
treatment of colorectal liver metastases. Ann Surg Oncol. 2008;15(10):2765-2772.
28. Millet G, Truant S, Leteurtre E, et al. Volumetric analysis of remnant liver 
regeneration after major hepatectomy in bevacizumab-treated patients: a case-
matched study in 82 patients. Ann Surg. 2012;256(5):755-761.
29. Garbuzenko DV, Arefyev NO, Kazachkov EL. Antiangiogenic therapy for 
portal hypertension in liver cirrhosis: current progress and perspectives. World J 
Gastroenterol. 2018;24(33):3738-3748.



306  Clinical Advances in Hematology & Oncology  Volume 23, Issue 5  July/August 2025

M A H A D E V A N  E T  A L 

30. Neves KB, Rios FJ, Jones R, Evans TRJ, Montezano AC, Touyz RM. Micro-
particles from vascular endothelial growth factor pathway inhibitor-treated can-
cer patients mediate endothelial cell injury. Cardiovasc Res. 2019;115(5):978-
988.
31. Versmissen J, Mirabito Colafella KM, Koolen SLW, Danser AHJ. Vascular 
cardio-oncology: vascular endothelial growth factor inhibitors and hypertension. 
Cardiovasc Res. 2019;115(5):904-914.
32. Neves KB, Rios FJ, van der Mey L, et al. VEGFR (vascular endothelial growth 
factor receptor) inhibition induces cardiovascular damage via redox-sensitive pro-
cesses. Hypertens Dallas Tex 1979. 2018;71(4):638-647.
33. Hidaka H, Uojima H, Nakazawa T, et al. Portal hemodynamic effects of len-
vatinib in patients with advanced hepatocellular carcinoma: a prospective cohort 
study. Hepatol Res. 2020;50(9):1083-1090.
34. Fujiwara K, Kondo T, Fujimoto K, et al. Clinical risk factors for portal hyper-
tension-related complications in systemic therapy for hepatocellular carcinoma. J 
Gastroenterol. 2024;59(6):515-525.
35. Sultanik P, Campani C, Larrey E, et al. Portal hypertension is associated with 
poorer outcome and clinical liver decompensation in patients with HCC treated 
with atezolizumab-bevacizumab. Dig Liver Dis. 2024;56(9):1621-1630.
36. Zhu X, Wu S, Dahut WL, Parikh CR. Risks of proteinuria and hypertension 
with bevacizumab, an antibody against vascular endothelial growth factor: system-
atic review and meta-analysis. Am J Kidney Dis. 2007;49(2):186-193.
37. Sternlicht H, Bakris GL. The kidney in hypertension. Med Clin North Am. 
2017;101(1):207-217.
38. Estrada CC, Maldonado A, Mallipattu SK. Therapeutic inhibition of VEGF 
signaling and associated nephrotoxicities. J Am Soc Nephrol. 2019;30(2):187-200.

39. Eremina V, Jefferson JA, Kowalewska J, et al. VEGF inhibition and renal 
thrombotic microangiopathy. N Engl J Med. 2008;358(11):1129-1136.
40. Usui J, Glezerman IG, Salvatore SP, Chandran CB, Flombaum CD, Seshan 
SV. Clinicopathological spectrum of kidney diseases in cancer patients treated with 
vascular endothelial growth factor inhibitors: a report of 5 cases and review of 
literature. Hum Pathol. 2014;45(9):1918-1927.
41. Kudo M, Finn RS, Cheng AL, et al. Albumin-bilirubin grade analyses of 
atezolizumab plus bevacizumab versus sorafenib in patients with unresectable 
hepatocellular carcinoma: a post hoc analysis of the phase III IMbrave150 study. 
Liver Cancer. 2023;12(5):479-493.
42. Vogel A, Chan S, Furuse J, et al. Outcomes by baseline liver function in 
patients with unresectable hepatocellular carcinoma treated with tremelimumab 
and durvalumab in the phase 3 HIMALAYA study [ESMO abstract O-5]. Ann 
Oncol. 2022;33(4):S380-S381.
43. Qin S, Chen M, Cheng AL, et al; IMbrave050 investigators. Atezolizumab 
plus bevacizumab versus active surveillance in patients with resected or ablated 
high-risk hepatocellular carcinoma (IMbrave050): a randomised, open-label, mul-
ticentre, phase 3 trial. Lancet. 2023;402(10415):1835-1847.
44. Lencioni R, Kudo M, Erinjeri J, et al. EMERALD-1: a phase 3, random-
ized, placebo-controlled study of transarterial chemoembolization combined with 
durvalumab with or without bevacizumab in participants with unresectable hepa-
tocellular carcinoma eligible for embolization [ASCO GI abstract LBA432]. J Clin 
Oncol. 2024;42(3)(suppl).
45. Yau T, Zagonel V, Santoro A, et al. Nivolumab plus cabozantinib with or with-
out ipilimumab for advanced hepatocellular carcinoma: results from cohort 6 of 
the CheckMate 040 trial. J Clin Oncol. 2023;41(9):1747-1757.


