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Abstract: Liver cancer was the fourth leading cause of cancer death in 2015 with increasing incidence between 1990 and 2015. 
Orthotopic liver transplantation, surgical resection and ablation comprise the only curative therapy options. However, due to the late 
manifestation of clinical symptoms, many patients present with intermediate or advanced disease, resulting in no curative treatment 
option being available. Whereas intermediate-stage hepatocellular carcinoma (HCC) is usually still addressable by transarterial 
chemoembolization (TACE), advanced-stage HCC is amenable only to pharmacological treatments. Conventional cytotoxic agents 
failed demonstrating relevant effect on survival also because their use was severely limited by the mostly underlying insufficient liver 
function. For a decade, tyrosine kinase inhibitor (TKI) sorafenib was the only systemic therapy that proved to have a clinically relevant 
effect in the treatment of advanced HCC. In recent years, the number of substances for systemic treatment of advanced HCC has 
increased enormously. In addition to tyrosine kinase inhibitors, immune checkpoint inhibitors (ICI) and antiangiogenic drugs are 
increasingly being applied. The combination of anti-programmed death ligand 1 (PD-L1) antibody atezolizumab and anti-vascular 
endothelial growth factor (VEGF) antibody bevacizumab has become the new standard of care for advanced HCC due to its 
remarkable response rates. This requires more and more complex clinical decisions regarding tumor therapy. This review aims at 
summarizing recent developments in systemic therapy, considering data on first- and second-line treatment, use in the neoadjuvant and 
adjuvant setting and combination with locoregional procedures. 
Keywords: hepatocellular carcinoma, systemic therapy, checkpoint inhibitors, neoadjuvant treatment, adjuvant treatment

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer and develops in 80–90% due to liver 
cirrhosis.1 Therefore, in addition to tumor stage, the presence and extent of the liver cirrhosis, as well as the underlying 
disease of the cirrhosis, are major factors in evaluating the various therapeutic options. As the prognosis is significantly 
influenced by liver function and any underlying disease, the BCLC classification (Barcelona Clinic Liver Classification) 
for HCC2 also includes liver function and ECOG status (Eastern Cooperative Oncology Group) in addition to tumor 
extent. In early stages (BCLC 0 and A), resection, as well as local ablative procedures are also available as curative 
therapy options. HCC recurrence after resection or ablation occurs in 70–80%.3 In order to evaluate their effectiveness on 
recurrence free survival (RFS), neoadjuvant and adjuvant therapies were performed in the context of clinical trials.3–5

In the intermediate stage (BCLC B), when no curative therapy options are available, transarterial chemoembolization 
(TACE) or radioembolization (TARE) can be performed if liver function is preserved.6,7

Resection, transcutaneous ablation, and transarterial procedures can also be applied for bridging and downstaging to 
liver transplantation.8,9
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For HCC patients with distant metastases or intrahepatic tumor manifestation that is not resectable and cannot be 
controlled by locoregional procedures, the antiproliferative and antiangiogenic tyrosine kinase inhibitor (TKI) sorafenib 
has been approved since November 2007.10 Since its approval, the multityrosine kinase inhibitor sorafenib was the only 
option in systemic treatment of HCC available for a decade. In the past five years, there have been fundamental changes 
in terms of systemic therapy options for advanced HCC.

With the TKI lenvatinib showing non-inferiority to sorafenib a second option for systemic therapy was established in 
2018.11 In 2020, the combination of the immune checkpoint inhibitor (ICI) atezolizumab (anti-PD-L1 antibody) and the 
antiangiogenic bevacizumab (anti-VEGF antibody) proved superiority in the IMBRAVE-150 trial to sorafenib and is 
since then considered the standard of care in systemic first-line treatment of HCC.12,13 Limiting factors in the application 
of atezolizumab and bevacizumab are liver function and the individual patient’s risk of variceal bleeding.12–14

There have also been advances in second-line therapy in recent years: The TKI regorafenib is very similar to 
sorafenib in terms of molecular structure and mechanism of action. In the Phase 3 RESORCE study, a significantly 
prolonged median overall survival (mOS 10.6 months with regorafenib vs 7.8 months with placebo) was achieved in 
patients with tumor progression under sorafenib but good tolerability of the agent.15 Cabozantinib is a multityrosine 
kinase with approval in second- and third-line treatment of HCC. Cabozantinib showed a median overall survival (mOS) 
comparable to regorafenib in phase 3 study CELESTIAL.16 Especially in case of discontinuation of sorafenib therapy 
due to toxicity, second-line therapy with cabozantinib is recommended in preference to regorafenib therapy.15,16 In 
addition, the anti-VEGF 2 receptor antibody ramucirumab can be used in the second-line for patients with alpha- 
fetoprotein (AFP) ≥ 400 ng/mL.17

In this review, we will consider the current trials of new therapeutic options and discuss their implications for 
treatment sequencing in HCC.

Emerging Agents for Systemic HCC Treatment
Immune Checkpoint Inhibitors
In first-line setting, the combination of atezolizumab and bevacizumab (A+B) and two TKI lenvatinib and sorafenib were 
available so far.10,11,13 In October 2022, the Food and Drug Administration (FDA) approved the combination of the anti- 
programmed cell death ligand 1 (PD-L1) antibody durvalumab with a single “priming” dose of the anti-cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) antibody tremelimumab (STRIDE regimen) for first-line treatment of 
HCC due to the convincing results in phase 3 trial.18 With regard to median overall survival durvalumab and 
tremelimumab (D+T) showed superiority to sorafenib (16.43 months (95% confidence interval [CI] 14.16–19.58) versus 
13.77 months (95% CI 12.25–16.13; hazard ratio [HR] 0.78; p = 0.0035)). The secondary objective, the non-inferiority of 
durvalumab to sorafenib (16.56 months (95% CI 14.06–19.12) versus 13.77 months (95% CI 12.25–16.13; HR 0.86; p = 
0.0674)) was reached as well (Table 1). D+T showed more frequent and severe immune-mediated reactions than 
durvalumab alone. Both D+T and durvalumab monotherapy were not associated with relevant liver toxicity. Under 
therapy with D+T or durvalumab no esophageal or gastrointestinal bleeding events were observed.

D+T remained only slightly behind A+B (19.2 months (95% CI 17.0–23.7) vs 13.4 months (95% CI 11.4–16.9) under 
sorafenib (HR 0.66; 95% CI 0.52–0.85; p < 0.001)) and provides a good alternative, especially for patients with 
contraindications to antiangiogenic bevacizumab due to a high risk of bleeding events or high risk of hepatic 
decompensation12,14 (Figure 1).

As another immune checkpoint inhibitor (ICI), anti-PD-1 antibody pembrolizumab obtained accelerated approval 
from the FDA in November 2018 based on results from the global Phase 2 KEYNOTE-224 study conducted in second- 
line patients following therapy with sorafenib.19,20 In the global phase 3 KEYNOTE-240 study, a similar favorable 
benefit-risk profile was observed for pembrolizumab in combination with best supportive care (BSC) compared to 
placebo plus BSC. However, the KEYNOTE-240 trial failed to meet the statistical significance criteria for overall 
survival (OS) or progression-free survival (PFS).21
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The KEYNOTE-394 trial was conducted to determine whether pembrolizumab plus BSC would improve efficacy 
compared with placebo plus BSC in Asian patients with advanced HCC previously treated with sorafenib- or oxaliplatin- 
based chemotherapy.22

In terms of median OS (14.6 versus 13.0 months (HR 0.79; 95% CI 0.63–0.99; p = 0.0180)), median PFS (2.6 versus 
2.3 months (HR 0.74; 95% CI 0.60–0.92; p = 0.0032)), and ORR (12.7% (95% CI 9.1–17.0) versus 1.3% (95% CI 0.2– 
4.6; p < 0.0001)), pembrolizumab was superior to BSC. Safety profile was consistent with previously observed results.

Nivolumab, PD-1 inhibitor as well, and the combination of nivolumab and the anti-CTLA-1 antibody ipilimumab 
were granted accelerated approval for the treatment of HCC pre-treated with sorafenib in 2017 due to durable responses 
observed in CheckMate-040.23 However, in CheckMate-459 nivolumab alone in a first-line setting failed to improve 
mOS compared to sorafenib (16.4 months (95% CI 13.9–18.4) vs 14.7 months (95% CI 11.9–17.2; HR 0.85; p = 
0.075)),24 despite having a similar mOS to D+T. Consequently, the approval of nivolumab in second-line treatment was 

Table 1 Results of Published Phase 3 Trials of Approved Systemic Therapy for Advanced Hepatocellular Carcinoma

Median  
OS [Months]

Median  
PFS [Months]

ORR [%] Adverse Events

AE Grade  
3–4 [%]

TRAE [%] Most  
Common AEs

Approval for first-line treatment

SHARP, phase 3 
NEJM 2008 
sorafenib vs placebo

10.7 vs 7.9 
(HR 0.69)

5.5 vs 2.8 
(HR0.58)  
Median TTP

2.3 vs 0.7 80 vs 52 Diarrhea 
Hand-foot syndrome 
Fatigue

REFLECT, phase 3 
Lancet 2018 
lenvatinib vs sorafenib

13.6 vs 12.3 
(HR 0.92)

7.4 vs 3.7 
(HR 0.66)

24.1 vs 9.2 75 vs 67 94 vs 95 Arterial hypertension 
Weight loss 
Bilirubin increase

IMbrave 150, phase 3 
NEJM 2020 
atezolizumab/bevacizumab vs sorafenib

19.2a vs 13.2 
(HR 0.58)

6.8 vs 4.3 
(HR 0.59)

27.3 vs 11.9 57 vs 55 Arterial hypertension 
GOT elevation 
Proteinuria

HIMALAYA, phase 3 
NEJM 2022 
STRIDE vs sorafenib

16.4 vs 13.8 
(HR 0.78)

3.8 vs 4.1 
(HR 0.90)

20.1 vs 5.1 97 vs 96 Diarrhea 
Pruritus 
Immune-mediated AEs

HIMALAYA, phase 3 
NEJM 2022 
durvalumab vs sorafenib

16.6 vs 13.8 
(HR 0.86)

3.7 vs 4.1 
(HR 1.02)

17.0 vs 5.1 89 vs 96 Diarrhea 
Pruritus 
GOT elevation

Approval for second-line treatment

RESORCE 28, phase 3 
Lancet 2017 
regorafenib vs placebo

10.6 vs 7.8 
(HR 0.63)

3.1 vs 1.5 
(HR 0.46)

10.6 vs 4.1 93 vs 52 Arterial hypertension 
Hand-foot syndrome 
Fatigue

CELESTIAL, phase 3 
NEJM 2018 
cabozantinib vs placebo

10.2 vs 8.0 
(HR 0.76)

5.2 vs 1.9 
(HR 0.44)

3.8 vs 0.4 68 vs 36 Hand-foot syndrome 
Arterial hypertension 
GOT elevation

REACH 2, phase 3 
Lancet 2019 
ramucirumab vs placebo

8.5 vs 7.3 
(HR 0.71)

2.8 vs 1.6 
(HR 0.45)

4.6 vs 1.1 35 vs 29 Arterial hypertension 
Liver dysfunction 
Proteinuria

KEYNOTE-240, phase 3 
Journal of Clinical Oncology 2020 
pembrolizumab vs placebob

13.9 vs 10.6 
(HR 0.78)

3.0 vs 2.8 
(HR 0.72)

18.3 vs 4.4 52 vs 46 GOT elevation 
Bilirubin increase 
Fatigue

Notes: aAt the time of the data analysis published in NEJM in 2020, median overall survival in the atezolizumab/bevacizumab arm had not been reached. This updated overall 
survival was reported later (Finn RS, Qin S, Ikeda M, et al. IMbrave150: Updated overall survival (OS) data from a global, randomized, open-label phase III study of 
atezolizumab (atezo) + bevacizumab (bev) versus sorafenib (sor) in patients (pts) with unresectable hepatocellular carcinoma (HCC). Journal of Clinical Oncology. 2021;39 
(3_suppl):267. doi:10.1200/JCO.2021.39.3_suppl.267). bNivolumab an pembrolizumab were granted accelerated approval by the FDA for second-line therapy of HCC, 
pretreated with sorafenib, based on phase II trials CheckMate-040 and KEYNOTE-224, respectively. 
Abbreviations: OS, Overall Survival; PFS, Progression-Free Survival; ORR, Objective Response Rate; AE, Adverse Events; TRAE, Treatment Related Adverse Events; vs, 
versus; HR, Hazard Ratio; TTP, time to progression; GOT, Glutamate Oxaloacetate Transaminase; AST, Aspartate Aminotransferase.
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withdrawn. The data on nivolumab plus ipilimumab versus sorafenib or lenvatinib in first-line from CheckMate-9DW are 
still pending (NCT04039607).

The anti-PD1 antibody tislelizumab met its primary endpoint and demonstrated non-inferiority to sorafenib in first- 
line treatment with regard to mOS (15.9 months vs 14.1 months; HR: 0.85 (95.003% CI: 0.712–1.019)). Median PFS 
(mPFS) with tislelizumab was 2.2 months and 3.6 months with sorafenib (HR 1.1 (95% CI: 0.92–1.33)).25,26

Combination of Immune Checkpoint Inhibitors with Tyrosine Kinase Inhibitors
The combination of the PD1 antibody camrelizumab and the selective VEGFR-2 inhibitor rivoceranib (apatinib) demonstrated 
superiority over sorafenib in a phase 3 study with a prolonged mOS (22.1 months (95% CI 19.1–27.2) vs 15.2 (95% CI 13.0–18.5; 
HR 0.62)) and mPFS (5.6 months (95% CI 5.5–6.3) vs 3.7 (95% CI 2.8–3.7; HR 0.52)). However, serious treatment-related 
adverse events occurred more often under camrelizumab and rivoceranib compared to sorafenib (n=66 (24%) vs n=16 (6%)).27 

A strict weighing of benefits and risks will be required before any approval is granted.
In COSMIC-312, a randomized phase 3 study, the combination of cabozantinib and atezolizumab showed a significantly 

prolonged median progression-free survival (mPFS) compared to sorafenib (6.8 months (99% CI 5.6–8.3) versus 4.2 months 
(99% CI 2.8–7.0; HR 0.63; p = 0.0012)).28 However, mOS did not significantly differ between the treatment groups in the 
interim analysis (15.4 months (96% CI 13.7–17.7) versus 15.5 months (12.1 – not estimable; HR 0.90; p = 0.44)). Further 
studies must be awaited to see if individual subgroups might benefit from therapy with cabozantinib and atezolizumab.

In addition, an evaluation of the response and safety of atezolizumab plus lenvatinib or sorafenib after progression 
under atezolizumab and bevacizumab in the first-line setting is currently being performed within the scope of IMbrave- 
251 (NCT04770896).

The LEAP-002 trial (NCT03713593) aimed at assessing efficacy and safety of lenvatinib plus pembrolizumab versus 
lenvatinib monotherapy in first-line setting. Primary endpoints mOS and mPFS were not met. However, a remarkably 
mOS was reached for both lenvatinib plus pembrolizumab and lenvatinib monotherapy (21.2 months (95% CI 19.0–23.6) 
vs 19.0 months (95% CI 17.2–21.7); HR 0.840; p = 0.0227).29

Resumption of Immune Checkpoint Inhibitors
Currently, data from prospective studies of consecutive ICI treatment in ICI-pretreated patients with HCC are lacking.30– 

32 An international retrospective multicenter trial assessed the efficacy and safety of ICI resumption. Patients showed 
similar objective response rates (ORR) while receiving therapy with the first and second ICI regimen (22% vs 26%), 

Figure 1 Algorithm for systemic therapy of hepatocellular carcinoma. 
Abbreviations: ICI, immune checkpoint inhibitor; Ipi + Nivo, ipilimumab plus nivolumab; AFP, Alpha fetoprotein; FDA, Food and Drug Administration.
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which were comparable to those published in phase 3 trials.12,13,18,33 Even in patients who manifested immune-related 
adverse events under the first ICI-based regimen, there was adequate safety under the second ICI regimen.33 This finding 
is consistent with current recommendations that ICI can be rechallenged after a convalescence period, depending on 
severity, with or without immunosuppressive treatment.34,35

Systemic Therapy in Combination with Locoregional Procedures
Transarterial Chemoembolization Plus Sorafenib
The TACTICS trial compared TACE plus sorafenib versus TACE alone.36 Tumor progression was defined as tumor 
growth into a stage that is not addressable by TACE anymore. Criteria for this were intrahepatic tumor progression >25% 
from baseline according to Response Evaluation Criteria in Cancer of the Liver (RECICL),37 transient CHILD-Pugh 
C situation after previous TACE, macrovascular invasion, or extrahepatic progression. New-onset intrahepatic lesions 
were not considered tumor progression as long as they continue to be treatable by TACE. In this study, the primary 
endpoint was met with a prolonged PFS in the TACE plus sorafenib group of 25.2 months versus 13.5 months in the 
TACE group. Analysis of overall survival showed no significant difference between the two groups with 36.2 months in 
the TACE plus sorafenib arm versus 30.8 months with TACE alone (HR 0.861; 95% CI 0.607–1.223; p = 0.40).38

In the SPACE trial, 307 patients received TACE with doxorubicin-eluting beads (DEB-TACE), and concomitant 
systemic treatment with sorafenib or placebo.39 The primary endpoint of the study with time to progression (TTP) 
showed no relevant difference between the two groups TACE plus placebo vs TACE plus sorafenib (166 days vs 169 
days). As a secondary endpoint, in overall survival (OS) no statistical distinction was observed either.

Comparable results were reported for the TACE2 trial (n=313 randomized 1:1 in TACE plus sorafenib group and 
TACE plus placebo group), that did not provide evidence of improved outcome in TACE plus sorafenib group.

In SORAMIC trial, patients with BCLC B who were unable to receive TACE, were treated in the palliative cohort 
with SIRT plus sorafenib or sorafenib alone.40 Median OS in the SIRT plus sorafenib arm (12.1 months) did not differ 
significantly from mOS in the sorafenib arm (11.4 months; hazard ratio [HR] 1.01; 95% CI 0.81–1.25; p = 0.9529). 
Subgroup analyses of patients treated by protocol suggest potential benefits in patients with nonalcoholic cirrhosis or 
without cirrhosis, or in patients aged 65 years or younger. In the local ablation cohort of SORAMIC trial the benefit of 
adjuvant administration of sorafenib after local ablation on the primary endpoint time-to-recurrence (TTR) was 
investigated. See also chapter “Neoadjuvant and adjuvant systemic treatment”, page 12.

These heterogeneous results on the combination of sorafenib with TACE or SIRT indicate that further studies may be 
needed here, also considering the novel agents approved for HCC.

Transarterial Chemoembolization Plus Immune Checkpoint Inhibitors
Further studies are currently in progress to evaluate the efficacy and safety of supplementing TACE with systemic 
administration of ICI and anti-angiogenic drugs. In DEMAND trial A+B prior to or in combination with TACE is 
evaluated with regard to the primary end point 24-month survival rate and the secondary end points including objective 
response rate, progression-free survival, safety and quality of life (NCT04224636).

Both studies, EMERALD-1 and -3 compare a therapeutic regimen containing an antiangiogenic agent to a treatment 
regimen without an anti-angiogenic effect. After TACE, angiogenesis can be induced by hypoxia via VEGF, causing 
recurrence and progression. Thus, the biology of carcinogenesis suggests that the outcome of TACE may benefit from 
supplementation by antiangiogenic agents.41,42 Phase 3 trial EMERALD-3 compares the outcome of combining TACE 
with the STRIDE regimen with or without lenvatinib versus TACE alone (NCT05301842).

Phase 3 trial EMERALD-1 investigates efficacy and safety of TACE in combination with durvalumab monotherapy 
or durvalumab plus bevacizumab versus TACE alone (NCT03778957). The trial met the primary endpoint with 
a significantly prolonged mPFS in the cohort with durvalumab plus bevacizumab plus TACE compared to TACE 
alone (15.0 vs 8.2 months; HR 0.77; 95% CI 0.61–0.98; p = 0.032).43

In light of the significant increase in progression-free survival in intermediate stage HCC patients in the EMERALD- 
1 trial, the use of durvalumab after TACE might become a standard of care soon. However, in the case of approval of 
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durvalumab plus bevacizumab plus TACE, data on subsequent immunotherapy-based therapy after progression under this 
regimen will be lacking.

Neoadjuvant and Adjuvant Systemic Treatment
HCC recurrence after curative resection or ablation occurs in 70–80%.3,44,45 In order to evaluate their effectiveness on recurrence 
free survival (RFS), neoadjuvant and adjuvant therapies were performed in the context of clinical trials: Sorafenib failed to 
demonstrate benefit in the neoadjuvant and adjuvant setting alone and in combination with conventional cytostatic agents.46,47 A 
+B was assessed for efficacy and safety in the adjuvant setting after resection or ablation of HCC at high risk for recurrence in 
a multinational, randomized (1:1 A+B adjuvant versus active surveillance), two-arm, open-label trial (IMbrave 050).3,48 The 668 
patients enrolled either received adjuvant therapy with A+B lasting up to a maximum of 12 months or received active surveillance. 
The primary endpoint, independent review facility–assessed recurrence free survival (IRF-RFS), was met. Over a median follow- 
up of 17.4 months median IRF-RFS was not evaluable in both arms (95% CI 22.1 months – not evaluable vs 21.4 months – not 
evaluable; HR 0.72; p = 0.012).48 Treatment-related grade 5 adverse events occurred in 2 patients (0.6%) of the A + B cohort. 
Overall, the results imply that whether a patient can benefit from the adjuvant therapy with A + B depends primarily on the risk of 
HCC recurrence and the individual risk profile for side effects on A + B (eg gastrointestinal bleeding events or liver dysfunction). 
It is now important to wait for a longer follow-up of the RFS and OS in order to assess if the benefit of adjuvant therapy also 
persists over the period of application of A + B.

A+B is the subject of further research on perioperative administration:
Currently ongoing is DYNAMIC, a study investigating the efficacy of neoadjuvant A+B in patients with potentially resectable 

BCLC stage B/C or high risk resectable HCC (NCT04954339). In AB-LATE02 phase 2 trial, atezolizumab monotherapy before 
and A+B after radiofrequency ablation is currently being investigated for its effect on RFS (NCT04727307).

Perioperative nivolumab monotherapy and nivolumab plus ipilimumab have demonstrated adequate safety and 
feasibility in a single-center, randomized, open-label phase 2 trial.5 Of the 27 patients enrolled, thirteen were randomized 
to the nivolumab alone arm and fourteen to the combination arm, which received a single dose of ipilimumab 
neoadjuvant and ipilimumab every six weeks adjuvant in addition to nivolumab. Immunotherapy-related adverse events 
occurred more frequently in the combination cohort than in the nivolumab alone cohort. The benefit of therapy may also 
depend on the extent of pre-existing T-cell infiltrates.5 Valid biomarkers predicting adequate response to immuno- 
oncologic therapy are currently not sufficiently established.49

Phase 3 trial CA209-9DX investigates the impact of nivolumab on RFS administered after resection or ablation with 
high risk of recurrence (NCT03383458) and KEYNOTE-937 evaluates efficacy and safety of pembrolizumab versus 
placebo in an adjuvant setting (NCT03867084). First data on these phase 3 studies are expected later this year.

In the local ablation cohort of SORAMIC trial, patients were randomized 1:1 to local ablation + sorafenib versus local 
ablation + placebo.

The primary endpoint time-to-recurrence (TTR) showed no significant difference with a median TTR of 15.2 months 
in the local ablation + sorafenib arm versus 16.4 months in the local ablation + placebo arm,50 so that no benefit can be 
assumed for TTR by adjuvant administration of sorafenib currently.

Systemic Treatment in Intermediate Stage HCC
In intermediate stage, locoregional therapy with transarterial chemoembolization (TACE) is the standard of care so far.

The remarkable response rates of atezolizumab and bevacizumab raise the question of whether patients can be 
expected to benefit from therapy with atezolizumab and bevacizumab even with HCC at intermediate stage (BCLC B). 
Particularly in patients at high risk for recurrence after TACE (eg, large or multifocal bilobar HCC, high AFP), 
a potential benefit of systems therapy versus TACE needs to be reevaluated.

ABC-HCC (NCT04803994) is a phase 3b, randomized, multicenter trial comparing efficacy and safety of A+B versus 
TACE in intermediate stage HCC with high tumor burden exceeding the Milan criteria.
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Systemic Treatment of HCC in Organ Transplant Recipients
By liver transplantation, hepatocellular carcinoma (HCC) can be treated curatively while simultaneously eliminating the usually 
underlying liver disease. Although organ allocation criteria consider factors that are suggestive of high risk for HCC recurrence, 
such as macroscopic vascular invasion, HCC recurrence after liver transplantation still occurs in 10% to 20%.51

HCC recurrence may be considered a systemic disease due to persistence of malignant cells after resection of the 
affected liver. Thus, HCC recurrence after liver transplantation often requires systemic therapy. Since ICIs have played 
a central role in the therapy of HCC, the question arises whether these therapeutic options can also be offered to organ 
transplant recipients. As patients with a previous organ transplant are usually excluded from clinical trials investigating 
ICI, there are scarce data on their application in transplant recipients.52

On the one side, simultaneous use of immunosuppressants reduces the effect of ICI. On the other side, there is an increased risk 
of rejection due to the mode of action, which is based on enhancement of an immune response. In particular, the PD1/PD-L1 
pathway, which is inhibited by many ICI, contributes to the development of allograft tolerance.53

A summary of fourteen cases of liver transplant recipients treated with ICI (pembrolizumab, nivolumab or ipilimu-
mab) shows that four of these patients (28.6%; three melanomas, one HCC) were responding to therapy. Four patients 
had graft rejection during therapy with PD1 inhibitor, three of those were fatal. The three patients treated with CTLA-4 
inhibitor ipilimumab showed no rejection.54

While ICI have gained immense importance in the therapy of HCC, ICI should only be administered as ultima ratio in 
recurrent HCC after liver transplantation only in exceptional cases considering the risk of potentially fatal graft failure.

Conclusion
The increasing number of options in systemic therapy of HCC requires more complex clinical decisions with regard to 
the treatment sequence.

More and more ICIs are gaining approval for the treatment of HCC. Currently, there is no reliable and accessible 
biomarker that predicts response to ICI.49 Further research is certainly needed to identify a tumor microenvironment that 
is well addressable by ICI. It also remains to be investigated at what tumor stage the patient will benefit from switching 
to systemic therapy. The results of ABC-HCC may help us to define which patients with HCC at stage BCLC B should 
be initially treated with TACE and which should be initially treated with A+B.

A benefit for a combination of TACE with TKI could not be detected in the past 20 years. Final data on the combination of 
TACE with ICI are still pending. It remains to be seen whether additive or even synergistic effects can be demonstrated.

The results of studies examining the effectiveness of triple combination therapy (EMERALD-3: TACE ± 
Durvalumab/Tremelimumab ± Lenvatinib; LEAP-012: TACE ± Pembrolizumab ± Lenvatinib), may also be of interest 
in learning more about the limitations of liver function.

Regarding the use of A+B in adjuvant settings, more mature data are certainly to be awaited. Data of IMbrave 050 
were read out very early. Indeed, there are indications that adjuvant application of A+B can prevent early recurrences. 
However, long-term RFS and especially long-term overall survival remain vague.3,55

A+B will remain the standard of care in the treatment of advanced HCC in the foreseeable future. STRIDE regimen is 
now available especially for patients with impaired liver function or high risk of bleeding events. As a consequence of 
the positive results of mainly Asian CARES-310 trial on the efficacy of camrelizumab + rivoceranib versus sorafenib, 
approval by the FDA was requested.

Lenvatinib will be the first choice if no ICI can be provided, eg for patients with poorly controlled autoimmune diseases or after 
organ transplantation. Subgroup analysis in IMbrave-150 has demonstrated inferiority in mOS for non-viral HCC compared to 
viral HCC12 and preclinical models provided indications for a reduced efficacy of ICI in NASH-HCC.56 However, for genesis to 
become a leading factor in treatment decisions, the current data are insufficient.57–59 Cabozantinib can be administered in second 
and third-line, ramucirumab can be used in second-line for patients with AFP ≥ 400 ng/mL.
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