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HCC Combination Treatments and Rationale

HCC Overview
Hepatocellular carcinoma s a primery liver cancer posing a major global health burden.

Combination Therapy Benefits
Combining treatments improves efficacy, overcomes resistance, and targets tumor heterogeneity.

Treatment Modalities
Systemic chemotherapy, systemic immunotherapy, targeted agents, and locoregional treatments.

Clinical Implications
Combination strategies are vital for advanced HCC to improve tumor control and survival

Synergy
Antigen release from locoregional treatment
Systemic immunotherapy amplifies immune response
VEGF increase from embolization
Systemic immune microenvironment modulation (VEGF inhibition)
VEGF inhibition normalizes vessels, reduces immunosuppression resting in enhanced drug

Radiosensitization from TARE
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Locoregional + Locoregional

1. Synergistic Tumor Destruction

Locoregional + Locoregional:

Study I First Author Year Reference (Journal) Key Finding
‘Smolock AR, Cristescu M, Hinshaw  TACE + Microwave Ablation
Smolock et al 2018 ot al. Abdom Radiol significantly improved local tumor

JL
it reraiey control vs TACE alone in 3-5 cm

TACE decreases arterial blood flow decreasing cooling and
resulting in larger burns
2. Improved Local Tumor Control

TACE targets microscopic satellite lesions and tumor feeders
that ablation alone may miss.

Ablation eradicates the primary tumor focus that may be
incompletely treated by TACE alone.

3. Downstaging and Bridging to Transplant

Combination therapy more effectively reduces tumor burden
4. Enhanced Outcomes in Larger Tumors

Tumors 23-5 cm often respond inadequately to ablation alone.

Impact of Systemic
Immunotherapy and
Key Clinical Trials
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Peng et al. (Systematic Review &

Meta-analysis) 201
Zhang et al. (Weta-analysis of RCTs: o
RFA + TACE vs RFA alone)

Zhou et al. (TACE + MWAfor large 0
tumors)

Lietal. (Propensity Score-Matched 50,
Cohort)

Shen etal. 2014

Meta-analysis: Cryoablation + TACE 2024
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Peng Z, Wei M, Chen S, et al. Clin
Res Hepatol Gastroenterol
2021;45(4):101578.

Zhang X, LiJ, Shen F, etal.
Hepatology 2013;58(1):253-263.

Zhou W, LiY, Song T, et al. Cancer
Imaging 2020;20:68.

LiX, Guo W, Chai W, et al. Eur

Among combinations, TACE + MWA
showed superior OS and tumor

response compared to TACE alone.
Combined TACE + RFA improved 1-

and 3-year survival, especially for
tumors >3 cm.
For HCC >5 cm, combination
therapy improved objective
response and 1-3 yr OS.

TACE + MWA improved PFS and OS

Shen A, Xie Y, Chen H, et al. BMC
Cancer 2014;14:849.

Zhao Y, Liu J, Wang Q, et al. Front
Oncol 202414

compared to TACE alone in
HCC.

TACE + RFA significantly prolonged
median survival vs TACE alone (19
vs 11 months).

For HCC 25 cm, TACE + cryoablation
improved ORR, disease control, and
S vs TACE alone.

Locoregional + Locoregional

Survival Benefits of Combining Embolization and Ongoing Research and Future Directions

Systemic + Systemic

Ablation

1. Better Overall Survival (OS)

Benefit in tumors >3 cm, where ablation alone underperforms.
2. Improved Progression-Free Survival (PFS)

Combination therapy reduces local recurrence

Local tumor control rates improve significantly ( >90% for 3-5
cm tumors).

3. Higher Objective Response Rates (ORR)
More complete tumor necrosis

4. Comparable or Mildly Increased Toxi
Major complication rates remain similar to monotherapy

1. Optimization of Treatment Sequencing

Should TACE be performed before or after ablation?

2. Image-Guided Advances

Fusion imaging, cone-beam CT, and MRI-assisted targeting
are increasing precision.

3. Combination With Systemic Therapies

Emerging strategies pair TACE + ablation +
immunotherapy, including:

Checkpoint inhibitors (PD-1 / PD-L1 inhibitors)
VEGF-targeted therapies

This works by releasing tumor neoantigens via ablation,
enhancing immunotherapy response.

4. Studies in Large or Advanced Tumors

Ongoing trials studying efficacy in tumors >5 cm, multifocal
disease, or portal vein invasion.

Immune Checkpoint Inhibitors
PD-1 and CTLA-4 blockers enhance immune system activation to
target cancer cells effectively.

Survival Benefits — 2 major studies

Clinical studies show immunotherapy improves survival by six
months in advanced hepatocellular carcinoma.

Impact of Systemic
Immunotherapy and
Key Clinical Trials

Ongoing Research and Future Directions
Research explores optimal immunotherapy combinations and
sequencing to maximize benefits and reduce side effects.
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Systemic + Systemic:
IMbrave150-Atezolizumab + Bevacizumab

Study Design “

Phase Ill, randomized, open-label, muli-center study B ~
Arms: 5 [
+ Atezolizumab + Bevacizumab o’ o e
« Sorafenib ) i | %

Overall Survival (OS] » somtn ™ pson baoine ma
+*" Hazard Ratio (HR) for death: 0.58 (95% CI: 0.42-0.79). p<0.001 TTT T I TRAERAEE

* Median OS: Not yet reached for atezo + bev vs. 13.2 months LKL - s

Progression-Free Survival (PFS) s
+ Hazard Rt (HR) forprogressian or desth: 0.59 (95% C1: 047- SO 10 2w 6 26 3 e
pe

« Median PFS: 6.8 months for atezo + bev vs. 4.3 months

Objective Response Rate (ORR)
2Pl Rlezo + By 30% .
- Sorafenib: 12% e M
Duration of Response (DoR) R
24Riezo > Bey ' Mediah Dot was 17.1 months

* Sorafenib: Median DoR was 5.3 monihs.

Adverse Events
lanageable safety profile with grade 23 AEs in ~59%

Systemic + Systemic:
HIMALAYA (STRIDE) - Durvalumab and Tremelimumab

Study Desigi
Phase lll, randomized, open-label, multi-center study

Arms:
+ STRIDE: Priming dose of tremelimumab (300 mg) plus

durvalumab (1500 mg every 4 weeks).
Durvalumab monotherapy: Durvalumab (1500 mg every

E e

4 weeks).
« Sorafenib: Sorafenib (400 mg twice daily) as the control
arm.

Overall Survival (OS)

+ Median OS: 16.5 months for STRIDE vs. 13.8 months for
sorafenib.

« Hazard Ratio (HR) for death: 0.76 (95% CI: 0.62-0.94),
p=0.0047

Objective Response Rate (ORR)
+ STRIDE: 20.1%
« Sorafenib: 5.1%

Mo S Kt G G, ot . A g e Finn RS et al. Atezolizumab plus Bevacizumab in Unresectable Hepatocellular Carcinorma, N ermors S Ketieng ance Coner ot . A g s, ez =
EnglJ Ved. 2020,382:1894-1905

Comparative summary of first-line combination therapy

Trial Population Primary 0S (Median) PFS (Median) ~ ORR Key Toxicities ~ Reguiatory
Endpoint(s) Status

Wbcavatsy  TLuniesesiabe Mot roacnod ve W ening | APPROVES

(Atezolizumab + HCC: Child- 132 mo 68vs43mo  27%vs12%  risk grade 23 (DA for 1L

unresectable

PughA; ECOG  (RECIST 1.1) .
Bevacizumab) ¢ (sorafenib) AEs ~50% e
HIMALAYA TLunseetable pnos Immune- Approved
(STRIDE) Heci chig- (TR dBvsdimo  20%vssy  medaledAEs  (FDA)for 1L
(Tremelimumab  Pugh A; ECOG o) (HR 0.78) (rash, diarrhea, unresectable
+ Durvalumab) <1 sorafent endocrine) Hee

1L unresectable Not approved
LEAP-002 HCC:Chilg.  OS.PFS 212us190mo 82vs8Amo Lo Grade33AES (qid not meet
(tenvatinb + b oA ECOG  (RECIST1.4)  (NS) ns) 62% vs57%  primary
Pembrolizumab)

0-1 endpoints)

TACE plus TKI

TACE induces ischemia and tumor necrosis,
Results in hypoxia-driven VEGF upregulation
Accelerating angiogenesis and tumor regrowth.

Systemic therapy counteracts this rebound, controlling:
+ Residual disease

Micrometastases

New intrahepatic lesions

Progression outside the treated area

Goals of combination

Enhance local tumor control

Delay progression and TACE refractoriness

Preserve liver function (limiting repeated TACE)

TACE works locally, systemic therapy works globally — synergy.

TACE and TKI Key
Clinical Trials

Studies:
Early phase studies mixed; SPACE/DEB-TACE +sorafenib, earlier trials found
feasibility but inconsistent benefit
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TACE + TKI
TACTICS trial (TACE + sorafenib)

Study Design
Randomized, open-label, multicenter trial in Japan.
156 patients with unresectable HCC were randomized: 80 to TACE + sorafenib, 76 to TACE alone.

Endpoints
Primary endpoint: PFS” defined in a TACE-specific way (not conventional RECIST PFS).
Specifically, they used time to unTACEable progression (TTUP), or death

Results -
Median PFS (time to unTACEable progression or death):
- TACE + Sorafenib: 25.2 months

+ TACE alone: 13.5 months

- Hazard Ratio (HR) = 0.59 (95% CI = 0.41-0.87), p = 0.006Median TTUP (time to untreatable progression)
+ 26.7 months (combo) vs 20.6 months (TACE alone), p = 0.02.

Overall Survival (0S)

At the final analysis (cut-off July 31, 2020)

+ Median OS: 36.2 months (TACE + sorafenib) vs 30.8 months (TACE alone) HR = 0.861 (95% CI 0.607-1.223), p = 0.40 — not statistically
significant for 0S

Masatoshi Kudo et al. Gut 2020,69:1492-1501

TACE + TKI:
TACTICS trial (TACE + sorafenib)

T montn)

Masatoshi Kudo et &l Gut 2020,69:1492-1501
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Other randomized TACE + TKI trials(neutral/negative)

Trial Combinati Compari trol  Primary ¥ Negative Result
Therapy Arm Endpoint
space TaCE+ TACE + Placebo Progression Did not show an overall survival
Sorafenits FreeSurvival  (0S) benefit.
®Fs)
TACTICS  TACE+ TACE alone Overall survival  No significant OS benefit was
(Final 05 Sorafenib ©s) shownin the final analysis,
analysis) despite a significant PFS
benefit
GIDEON -TACE + (Observational) Overall Survival  Large study did not provide

Sorafenib (0s) conclusive evidence of an S
benefit for the combination in
all populations.

TACE plus Immunotherapy

Tumor Necrosis & Immune Priming:

TACE induces tumor necrosis — releases tumor antigens & DAMPs
Antigen release primes anti-tumor immune response — window for
immunotherapy

Tumor Microenvironment Modulation:
1 CD8+ T-cell infiltration
1 PD-L1 expression on tumor cells

Combination concept:

1. TACE reduces tumor burden + exposes antigens
Immunotherapy: Key ;. checkpoint inhibitors amplify T-cell kiling
Clinical Trials

TACE and

e i ACKenstienigri — (e b et Early Phase Signals (Phase lll trials):
and monatherapy groups. Ongoing studies: sequential vs concurrent timing, optimal patient selection
Memorial Sloan Kettering
CE: Lencioni R, et Cancer Center
EMERALD-1 Emerald -1 Interim Results
Phase I, ized, double-blind, placeb trial. Key Results:
“Median PFS:

Objective: To assess whether adding durvalumab (anti-PD-L1) + bevacizumab (anti-VEGF) to standard TACE
(transarterial i ) improves ion-free survival (PFS) in patients with unresectable,
embolization-eligible HCC

Population: 616 adult patients with unresectable HCC eligible for TACE; ECOG 0-1, at least one measurable
lesion

Intervention Arms:

TACE + durvalumab + bevacizumab
TACE + durvalumab + placebo
TACE + placebo + placebo (control)

Endpoint: Progression-free survival (by blinded independent central review, using RECIST v1.1)

« Durvalumab + bevacizumab + TACE: 15.0 months
+ TACE alone: 8.2 months
« Hazard Ratio (HR) for PFS (durvalumab + bevacizumab vs placebo): 0.77 (95% Cl 0.61-0.98; p = 0.032)
« Time to Progression (TTP): 22.0 months vs 10.0 months, favoring the combo. 2
+Objective Response Rate (ORR): ~43.6% in the combo arm vs ~29.6% in TACE alone.

-Safety:
+Grade 34 treatment-related adverse events in 32.5% of patients in the triple-therapy arm vs 13.5% in TACE-alone arm.
+Discontinuation rates: 8.4% (durva + beva + TACE), 4.3% (durva + TACE), 3.5% (TACE alone)

Future Analysis:

Additional follow-up of the EMERALD-1 study, future analyses, including the final overall survival data and patient-reported
outcomes
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EMERALD -1

“Median PFS

Durvalumab + bevacizumab +
TACE: 15.0 months

TACE alone: 8.2 months.
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TARE vs Systemic:
Key Clinical Trials

TARE vs Systemic

Higher response rates
Enhanced Tumor Control
First studies with TKI questionable benefit
Ongoing with Immunotherapy
Synergistic Effects:
Systemic therapies, especially immunotherapies, can enhance

the immune response triggered by TARE's localized radiation,
resulting in a more robust antitumor effect.

Better QoL
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Ongoing Locoregional and
Systemic Trials 2025

LEAP-012 — Safety and efficacy of lenvatinib with pembrolizumab in
combination with TACE in participants with incurable/non-metastatic
hepatocellular carcinoma

SORAMIC Trial:
Impact of combined TARE and sorafenib

Patient Enroliment: A total of 424 patients were randomized (216 to the
combination therapy and 208 to sorafenib alone)
Overall Survival (Median OS):

EMERALD-Y90 -A US study to evaluate TARE in combination with
durvalumab and bevacizumab therapy in people with

12.1 months for the SIRT + sorafenib group
11.4 months for the sorafenib alone group

unr I to TARE
(hazard ratio [HR] 1.01; p = 0.9529).
Subgroup Analysis: potential benefits for the combination therapy
_ B T ————— The next wave of IMPACT—Randomized, multicenter, phase 3 study evaluating the efficacy
patients without cirrhosis (HR 0.46: p = 0.02) L L, locoregional and of immunotherapy (Atezolizumab) plus anti-VEGF therapy (Bevacizumab)

cirrhosis of non-alcoholic etiology (HR 0.63; p = 0.012) in combination with TACE

systemic treatment: Key

younger patients (<65 years; HR 0.65; p = 0.05). Clinical Trials

Adverse Events (AEs)
SIRT + sorafenib group (64.8%)
sorafenib alone (53.8%, p = 0.04)

NCT05344924 - TACE Combined With Penpulimab and Anlotinib for

i . Advanced HCC
Memorial Sloan Kettering
Cancer Center
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Combination therapy is becoming the standard.
Our challenge is refining who, when, and how.....

Systemic combos = new standard CH BARNERS
R
Need more RCTs ' KESEA‘ it e
CH

Optimal sequencing unclear A OF RE?EAR
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Biomarkers insufficient
Patient selection critical
Cost and access barriers
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