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Hepatocellular Carcinoma (HCC):
The Global Burden
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Clinical Management of Hepatocellular Carcinoma:
Tumor Stages & Evidence-Based Treatment Options  
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Microsatellites Distribution in HCC: 
Implications for Loco-Regional Treatment

Sasaki A et al. Cancer 2005;103:299-306

46% of patients with solitary HCC < 5 cm on imaging
have microsatellites on histology



Sasaki A et al. Cancer 2005;103:299-306

Microsatellites Distribution in HCC: 
Implications for Loco-Regional Treatment
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Lyso-Thermosensitive Liposomal Doxorubicin (LTLD): 
Mechanism of Action

Lencioni R, Cioni D. Hepatic Oncol 2016;3:193-200



Lyso-Thermosensitive Liposomal Doxorubicin (LTLD):   
Case Example

Lencioni R, Cioni D. Hepatic Oncol 2016;3:193-200
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Enhancing the Effect of Image-Guided Ablation with 
Thermosensitive Liposomal Doxorubicin: the HEAT Study

Tak WY et al. Clin Cancer Res 2018;24:73-83



The HEAT Study: 
CONSORT Flow Diagram and Baseline Characteristics

Tak WY et al. Clin Cancer Res 2018;24:73-83



The HEAT Study: 
Summary of RFA Treatment

Tak WY et al. Clin Cancer Res 2018;24:73-83

Characteristic
RFA alone

(n=347)
n (%)

RFA + LTLD
(n=354)
n (%)

RFA approach
Percutaneous
Open surgery
Laparoscopic

315 (90.8)
19 (5.5)
13 (3.7)

321 (90.7)
19 (5.4)
14 (4.0)

RFA device
Angiodynamics
Boston Scientific
Covidien
Not treated

64 (18.4)
45 (13.0)

225 (64.8)
13 (3.8)

72 (20.3)
48 (13.6)

223 (63.0)
11 (3.1)

Treatment received
Initial treatment
Completion treatmenta
Retreatment 2b

Retreatment 3b

Retreatment 4b

Initial complete responsec

Treatment failured

334 (96.3) 
27 (7.8)
23 (6.6)
3 (0.9)
1 (0.3)

327 (94.2)
7 (2.0)

343 (96.9)
28 (7.9)
26 (7.3)
2 (0.6)
0 (0.0)

337 (95.1)
6 (1.7)

RFA dwell time (initial treatment), minutes
Median
Range 65

12-230
60

12-180



Intention-to-treat Population (n = 701)

The HEAT Study: 
Overall Survival (Intention-to-Treat Analysis)

Tak WY et al. Clin Cancer Res 2018;24:73-83



The HEAT Study: 
Stepwise Multivariate Cox Modelling

Tak WY et al. Clin Cancer Res 2018;24:73-83

Parameter Model factor
Main factor P-

valuea Hazard ratio [95% CI]b

Overall Survival Treatment 0.9147 0.99 [ 0.80, 1.22]
Number of Tumors at Baseline [1 vs 2+] <0.0001
RFA Duration [<45 min vs ≥45 min] 0.0116

IRRC PFS Treatment 0.7657 0.97 [0.79, 1.19]
Number of Tumors at Baseline [1 vs 2+] 0.0001
RFA Duration [<45 min vs ≥45 min] 0.0506

Investigator PFS Treatment 0.5349 0.94 [0.78, 1.14]
Number of Tumors at Baseline [1 vs 2+] <0.0001
RFA Duration [<45 min vs ≥45 min] 0.0034

Parameter/ Model factor Treatment interaction   P-valuec

Overall Survival Treatment
Number of Baseline Tumors [1 vs 2+] 0.1706
RFA Duration [<45 min vs ≥45 min] 0.4379

IRRC PFS Treatment
Number of Baseline Tumors [1 vs 2+] 0.5890
RFA Duration [<45 min vs ≥45 min] 0.7154

Investigator PFS Treatment
Number of Baseline Tumors [1 vs 2+] 0.1353
RFA Duration [<45 min vs ≥45 min] 0.7297



The HEAT Study: 
Stepwise Multivariate Cox Modelling

Tak WY et al. Clin Cancer Res 2018;24:73-83

Parameter Model factor
Main factor        

P-valuea Hazard ratio [95% CI]b
Treatment interaction   P-

valued

Overall Survival Treatment 0.9285 0.99 [ 0.81, 1.22]
Number of Baseline Tumors [1 vs 2+] 0.0627 0.1599
RFA Duration [<45 min vs ≥45 min] 0.3944 0.4449
Number of Baseline Tumors x RFA Duration 0.5501 0.0092

IRRC PFS Treatment 0.7965 0.97 [0.79, 1.19]
Number of Baseline Tumors [1 vs 2+] 0.6011 0.5305
RFA Duration [<45 min vs ≥45 min] 0.8304 0.7251
Number of Baseline Tumors x RFA Duration 0.1645 0.1371

Investigator PFS Treatment 0.5376 0.94 [0.78, 1.14]
Number of Baseline Tumors [1 vs 2+] 0.3478 0.1188
RFA Duration [<45 min vs ≥45 min] 0.8064 0.7788
Number of Baseline Tumors x RFA Duration 0.1442 0.0844

Parameter Model factor
Main factor P-

valuea Hazard ratio [95% CI]b

Overall Survival Treatment 0.9147 0.99 [ 0.80, 1.22]
Number of Tumors at Baseline [1 vs 2+] <0.0001
RFA Duration [<45 min vs ≥45 min] 0.0116

IRRC PFS Treatment 0.7657 0.97 [0.79, 1.19]
Number of Tumors at Baseline [1 vs 2+] 0.0001
RFA Duration [<45 min vs ≥45 min] 0.0506

Investigator PFS Treatment 0.5349 0.94 [0.78, 1.14]
Number of Tumors at Baseline [1 vs 2+] <0.0001
RFA Duration [<45 min vs ≥45 min] 0.0034



Experimental Animal Studies and Simulation Models Show 
the Key Role of Ablation Time

Swenson CE et al. PLoS One 2015;10:e0139752

Prolonged heating achieves optimal 
doxorubicin tissue concentration 15 min 45 min

Fluorescence mapping
of doxorubicin 

distribution in pigs 
treated with RFA plus 

ThermoDox



Patients with solitary lesion and RFA 
dwell time ≥ 45 minutes (n = 285)

Tak WY et al. Clin Cancer Res 2018;24:73-83

The HEAT Study: 
Overall Survival (Post-Hoc Analysis)



The HEAT Study: 
Treatment-Related Adverse Events (5% or more)

Tak WY et al. Clin Cancer Res 2018;24:73-83

No difference in deaths resulting from any treatment-emergent SAE 
(2% in both arms: RFA alone n= 6; RFA+LTLD n= 7)



A Phase III, Randomized, Double Blind, Dummy-Controlled Study
of ThermoDox Using Standardized RFA for Single HCC 3-7 cm

50 mg/m2 ThermoDox

Dummy infusion

Inclusion Criteria

• Single HCC 3-7 cm
• Child-Pugh A
• ECOG 0
• Candidate for RFA
• No prior treatment R
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Primary 
Endpoint
- OS

Secondary 
Endpoints
- PFS
- Safety
- Others

n = 550

The OPTIMA Study: A Phase III RCT of RFA plus LTLD vs 
RFA Alone Using a Standardized Ablation Protocol

www.clinicaltrials.gov - NCT02112656 



• LTLD is the first product designed for image-guided drug 
delivery tested in a large multicenter phase III trial

• The HEAT study showed that LTLD is well-tolerated with no 
unexpected serious adverse events

• Post-hoc findings suggest that when target tissue is heated 
adequately (≥ 45 min), LTLD plus RFA increases overall 
survival

Ø HR of 0.65 for OS in subgroup analysis (p < 0.05)

Rethinking our Approach to Intermediate-Size HCC:       
From Palliation to Cure

• This hypothesis is now being tested in the ongoing OPTIMA 
study


