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ABSTRACT 

 

Background: Vast majority of patients with hepatocellular carcinoma (HCC) present with unresectable disease. In 

the last decade results of randomized trials and subsequent meta-analyses established trans-arterial 

chemoembolization (TACE) as standard of care in patients with Barcelona clinic liver cancer (BCLC) stage B. 

However, there is clearly a need to investigate additional therapeutic options that would consolidate the initial 

response to TACE. A recent meta-analyses concluded that addition of radiation to TACE had 10-35% improvement in 

two-year overall survival, however as results of meta-analyses were based on small studies, the need for conducting a 

high quality randomized study was highlighted. The present study is designed to investigate the role of high dose 

stereotactic radiation as consolidation therapy after TACE in patients with non-metastatic unresectable HCC.  

Methods: Patients diagnosed with non-metastatic unresectable HCC with BCLC stage B/A (medically inoperable) 

and Child-Pugh’s score A-B7 will be eligible. The trial will randomize patients into TACE alone arm or TACE 

followed by stereotactic body radiation therapy (SBRT). The primary aim is to compare in-field progression free 

survival (PFS) in phase II and overall survival in phase III between the control (TACE) and intervention arm 

(TACE+SBRT). The secondary aim is to compare cause specific survival, imaging response and quality of life in 

control and intervention arms.  

Results: First analysis of the study has been planned when patient accrued under phase II study have completed 1 

year follow up.   
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INTRODUCTION 

The incidence of  hepatocellular cancer (HCC) is on the 

rise in South East Asia as a result of chronic viral 

hepatitis.
1
 Lack of structured screening programmes for 

high risk population, often leads to patients presenting 

with large tumors at diagnosis leaving only a small 

proportion  of patients eligible for surgical treatment. 

Barcelona liver cancer classification (BCLC) is used for 

risk stratification and treatment recommendation in 

patients with HCC that recommends TACE as the 

standard treatment for BCLC B.
2 

Six randomized studies have investigated the efficacy of 

TACE against trans-arterial embolization (TAE) or best 

supportive care  and use of TACE leads  to 1 year overall 

survival of 43-62%.
3-7

 Three metaanalyses have been 

conducted till date to confirm treatment effects. The first 

metanalyses was published in 2003 by the Barcelona 

group and included 503 patients.
8
 The metanalyses 

concluded that the use of TACE was associated with 

significant survival benefit. In another metaanalyses 

including 18 trials and 2466 patients chemoembolization 

was identified to significantly improve 2 year survival 

(odds ratio 0.54, 95% CI: 0.33-0.89, p =0.01) when 

compared against nonactive treatment, however was not 

found to be more effective than TAE.
9
 A recent cochrane 

metaanalyses that included 645 patients from 9 trials 

using TAE/TACE could not confirm the therapeutic 

benefit of TACE.
10

 Though the available data is 

heterogenous TACE, continues to be standard of care for 

BCLC intermediate stage (B) patients and select patients 

with BCLC A who are not deemed suitable for curative 

resection. 

In the last decade there has been increased interest in 

using drug eluting beads doxorubicin (DEBDOX) based 

TACE rather than conventional TACE. DEBDOX 

potentially provides a higher local effect of the 

antimitotic drug with lesser systemic side effects. A 

phase III study (PRECISION V) randomized patients 

with intermediate stage HCC to receive doxorubicin 

based conventional TACE (cTACE) or DEBDOX.
11

 A 

total of 212 patients with child A/B were randomized to 

receive cTACE or DEBDOX. The primary endpoint of 

study was MRI response at 6 months. DEBDOX arm had 

higher rate of complete response (27% vs. 22%), partial 

response (52% vs 44%) and objective response (63% vs 

52%). However the hypothesis of superiority was not met 

(p =0.11). However increased objective response, 

reduction in serious liver toxicity and doxorubicin side 

effects was observed in DEBDOX arm, .A recent 

systematic review concluded that DEBDOX had 

significant advantage (p <0.05) in objective response in 

the more advanced patients and overall disease control in 

more advanced patients (p =0.026). It was also associated 

a statistically significant reduction in doxorubicin based 

side effects (p =0.0001).
12

 A recent analyses of survival 

of patients with HCC treated with DEBDOX suggest that 

in carefully selected patients the median survival 

approximates 4 years (54.2 months for Barcelona stage A 

and 47.7 months in BCLC B, however has not been 

replicated in most of the other published series including 

recently published SPACE trial.
13,14 

The efficacy of sorafenib, a multikinase inhibitor, in 

advanced HCC has been demonstrated in multicentric 

phase III randomized trials.
15

 Heterogenous results have 

been reported in Asian and non Asian population and 

with duration of sorafenib use after TACE.
16

 In a 

matched pair analysis of patients with advanced 

unresectable HCC the combination of TACE and 

sorafenib was associated with 10 month improvement in 

overall survival (27 months vs 17 months; p=0.001).
17

 A 

randomized trial investigating combination of TACE and 

sorafenib amongst those who did not progress after 

TACE did not show any benefit fo the combination 

approach.
14,16

 A recent metaanalyses including 

comparative study that included 899 patients 

demonstrated improved time to progression but without 

survival benefit.
18 

In the last decade stereotactic body radiation therapy 

(SBRT) has been used for treating patients with 

unresectable HCC. The largest experience of radiation 

therpay in combination with TACE comes from Asian 

countries due to high incidence of viral hepatitis 

associated HCC. A comparative study (n=165) reported 

outcomes of patients with unresectable HCC treated with 

either TACE alone or in combination with RT. The study 

used conventional radiation dose of 30-50 Gy (1.8-2 Gy 

per fraction). The objective response in the combination 

group was higher than the TACE group (47.4% vs 28.1%, 

p <0.05).
19

 The 3 year overall survival was higher in the 

combination group (28.6% vs 9.5%). The study identified 

Child score, tumor extent and use of radiation as 

independent predictor of survival.
20

 Other studies have 

reported 2 year survival of 10% to 55% with combination 

of TACE and radiation.
21-24

 A metananlyses from China, 

that included 5 randomized trials (in Chinese language) 

and 12 prospective studies included 1476 patients 

concluded that addition of RT to TACE can lead to 10-

35% improvement in overall survival and higher odds of 

survival at 3 and 5 years.
25

 Though the metanalyses 

included 5 randomized trials the methodological quality 

of trials was considered suboptimal and authors 

recommended the need for well conducted randomized 

studies investigating the role of additional RT. 

Unlike conventional radiation wherein treatment is 

delivered in 5 weeks, SBRT involves delivery of ablative 

doses in 1-6 large fractions to the target volume over 8-10 

days. SBRT is associated with higher cell kill than small 

protracted fractions. A study in HCC patients that treated 

patients with SBRT  using fraction size 25-37 Gy in 3-5 

fractions was associated with local control of 75% at 2 

years.
26

 A study of  individualized SBRT from Princess 

Margaret Hospital Tse et al, confirmed safety of high 

dose SBRT if an individualised prescription is followed.
27

 

Depending on the effective liver volume irradiated (Veff) 
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an individualised dose per fraction was used for 

treatment. Using individualised dose prescription the 

dose could range from 30-60 Gy in 6 fractions. This was 

associated with one year local control of 65%. Another 

study used TACE with SBRT in patients with 

unresectable or medically inoperable HCC.
28

 After a 

median of 2 cycles of TACE, patients were treated with 

SBRT to a dose of 53.6 Gy±-6.6 Gy in fraction size of 

4.8±0.7 Gy. On univariate analysis tumor volume <125 

cc, absence of PVTT, use of higher dose per fraction size, 

child’s grade A were identified to be of prognostic 

significance.  The study reported 3 yr survival of 33% 

with the combination of TACE and RT with overall 

survival of 40%.
24 

Similar 1 and 2 year survivals with 

combination of TACE and SBRT have been reported by 

other institutions.
29,30 

The results of combination approaches are encouraging 

and provide a strong rationale for a randomized 

comparison between TACE alone or in combination with 

SBRT. The impact of local intervention is best tested by 

impact on infield progression survival and finally on 

overall survival. Therefore we designed an integrated 

Phase II/III randomized study wherein the phase II 

randomized part of the study tests impact on infield 

progression free survival and if indeed a benefit is 

demonstrated the study will continue accrual towards the 

phase III design.
31 

Hypothesis 

Phase II randomized study 

Addition of SBRT will improve in-field progression free 

survival (PFS) in patients with advanced unresectable 

hepatocellular cancer. 

Phase III randomized study 

Addition of SBRT will improve overall survival (OS) in 

patients with unresectable hepatocellular cancer. 

Study objectives 

 The primary aim of this trial is to compare the in-

field PFS and OS  in control and intervention arms.  

 The secondary aims is to compare cause specific 

survival, OS and quality of life (QOL) between the 

two groups. 

 The tertiery aim is to focus on evaluating the 

response due to treatment using modified response 

criteria evaluation for solid tumours (mRECIST). 

Study design 

The present study is designed as an integrated phase II/III 

randomized study to study the superiority of SBRT to 

improve in-field PFS and OS. If the phase II randomized 

study demonstrates statistically significant improvement 

in in-field PFS, then patients will be accrued in phase III 

study for estimation of benefit toward os. The study will 

follow permuted block stratified randomisation wherein 

the study population will undergo stratified randomi-

zation to receive tace alone or tace with SBRT (strata: 

child score, viral marker and BCLC stage). All 

randomisation will be done electronically through 

epidemiology and clinical trials unit at advanced centre 

for treatment research and education in cancer 

(ACTREC), Tata Memorial Centre. 

METHODS 

Research setting 

The study will be conducted at Advanced Centre for 

Treatment Research and Education in Cancer and Tata 

Memorial Hospital, Tata Memorial Centre, Mumbai. 

Participation and research eligibility 

Inclusion criteria 

Patients who are more than 18 years of age, diagnosed 

with unresectable nonmetastatic HCC with Eastern 

Cooperative Oncology Group performance status 0-1, 

Barcelona stage B or medically inoperable  Barcelona A  

with Child Pugh score A-B7  will be eligible. No 

contraindications should exist for TACE and it should be 

possible to encompass liver lesions within 1-2 hepatic 

fields without exceeding safe dose limit constraints to 

normal liver and with optimal predicted liver volume 

reserve of >700 cc.  Molecular banking of liver tissue is 

optional. 

Exclusion criteria 

Patients who have metastatic or nodal disease on staging 

investigations with child C cirrhosis or previous history 

of liver failure and expected life span <6 months are 

excluded from study. Patients are also excluded if patient 

is suffering from active variceal bleeding or other signs 

of hepatic decompensation and portal venous thrombosis 

rendering patients unsuitable for TACE. However if 

patient is suitable for superselective TACE then can be 

considered for trial inclusion. 

Study procedure 

Once included in the study, the following will be the 

study related procedure. 

Initial investigations 

Patients with unresectable HCC and eligible as per 

inclusion criteria will be invited to participate in the 

study. All patients will need to have undergone AFP, 

liver function test (LFT), viral markers, chest X-ray and 

bone scan.  Triple phase contrast enhanced computed 

tomography (CECT) scan and multifunctional magnetic 

resonance imaging (MRI)/multiparametric positron 
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emission tomography (PET) will be performed prior to 

initiation of study related procedures. All patients will be 

required to complete EORTC QLQ-C30 and HCC18 

(available in English, Hindi). Furthermore all patients 

will be evaluated by the medical gastroentrology team for 

need for antiviral medications. All patients will also 

undergo assessment of viral load prior to initiation of 

treatment. 

Randomization 

After all preinitiation eligibility criteria have been met, 

patients will be randomized either into control (TACE) or 

intervention arm (TACE+SBRT arm). Patients will be 

stratified as per BCLC stage, child status at diagnosis  

and HbsAg and HCV status.  

Irrespective of arm allocation patients will be started on 

sorafenib or any other systemic agent that is approved as 

first line medication for advanced unresectable HCC. 

Sorafenib will be initiated 2 weeks before 1st TACE at a 

dose considered appropriate by the treating clinican. 

Though 400 mg bid is the recommended dose a lower 

dose may be used as per the judgement of treating 

clinician. Sorafenib will be omitted on the day of TACE 

and will be reinitiated 3-5 days after the TACE 

procedure. After completing all TACE cycles patients 

will continue to be on sorafenib till progression or 12 

months whichever is later. During SBRT, patients will 

stop sorafenib. This decision is based on reports of 

enhanced liver toxicity with concurrent sorafenib 

especially while treating large target volumes.
32

 Sorafenib 

will be reinitiated 4 weeks after SBRT completion and 

will continue to be administered till progression or 12 

months whichever is earlier. Sorafenib can however be 

stopped in patients who fail to tolerate sorafenib even 

after dose modifications. 

TACE arm 

Patients randomized to TACE arm will undergo 2-4 

cycles of TACE. This will involve catheterization of the 

feeding vessels and injecting 100 mg of doxorubicin. 

TACE will be repeated after 4-6 weeks and CT/MRI will 

be repeated prior to each cycle. QOL will be evaluated at 

baseline and before each cycle of TACE, two months 

after completing all sessions of TACE (matched time 

point with completion of SBRT in interventional arm)  

and three monthly thereafter. Hepatobiliary common 

terminology criteria for adverse events (CTCAE) will be 

completed at baseline and after each TACE cycle and 

subsequently at each follow up. 

TACE + SBRT Arm 

Patients randomized to TACE+SBRT arm will undergo 

2-4 cycles of TACE and will concurrently receive 

sorafenib as in standard arm. SBRT will be initiated 4-6 

weeks after last TACE procedure. SBRT once initiated 

will continue for 2-2.5 weeks. QOL will be evaluated at 

baseline, before each cycle of TACE, 1 month after 

SBRT and three monthly thereafter. Hepatobiliary 

CTCAE will be completed at baseline, after each TACE, 

before SBRT and after completion of SBRT and 

subsequently at each follow up. 

SBRT details 

All patients will undergo multiparametric PET/CT and 

multifunctional MRI prior to SBRT initiation. For SBRT 

all patients will be immobilized (preferably in a vaccum 

bag). All patients will undergo four dimensional CT 

(4DCT) and contrast enhanced free breathing (FB) scan. 

While SBRT will be planned using internal target volume 

(ITV) derived through 4 DCT, treatment with other 

techniques like respiratory gating, active breathing 

control, deep inspiratory breath hold is also permitted. 

Organ at risk (OAR) contouring will include Liver- GTV, 

Liver-CTV (normal liver), esophagus, stomach, kidneys, 

heart, lungs, bowel and spinal cord. In addition overlying 

ribs will also be contoured. 

The prescription dose for SBRT will be individualized in 

each patient according to the Veff based prescription 

model postulated by the Princess Margaret Group.
21

 All 

dose will be delivered with hypofractionated technique 

over 6-10 fractions. The present study aims to deliver 

biologically equivalent dose of 70 Gy or more in 6-10 

fractions over 2-3 weeks to the PTV. Treatment will be 

individualized for each patient depending on normal liver 

reserve. While finalizing the plan 95% of the target 

should be covered by 95% of the prescription isodose. 

Dose to one thirds of the liver will be restricted to less 

than 27 Gy and median dose will not exceed 18 Gy. 

Furthermore volume of normal liver recieving 15 Gy will 

be restricted to less than 700 cc. None of the stomach and 

bowel structures should receive max dose of  37 Gy 

(delivered obver 6 fractions). The spinal cord max dose 

will be restricted to less than 34 Gy and dose to 1/3 rd of 

the right kidney should not exceed 18 Gy. 

Both 3 DCRT and IMRT are permissible for SBRT. The 

choice of beam energy will be the discretion of treating 

radiation oncologist. The technique yielding most 

favorable dose profile to the target volume and maximum 

sparing of normal structures will be used.  

Follow up 

All patients will be seen on follow up one month after 

completion of planned treatment (TACE or 

TACE+SBRT) and every three monthly thereafter. 

Follow up investigations will include AFP, LFT, Triple 

phase CECT scan or MRI and chest X-ray. CTCAE 

specific to hepatobiliary module and QOL module will be 

filled at each visit. A small proportion of patients are 

expected to decompensate as a result of treatment. 

Multidisciplinary liver team will be consulted for 

management of intervention related decompensation. 
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Sample size and statistical considerations 

The study is planned as an integrated phase II/III study. 

The integrated phase II/III study design contains two 

portions. In the first portion of the study evidence of 

activity is gathered using in-field PFS. If there is 

sufficient evidence of activity, accrual continues and 

enough patients are accrued until phase III endpoint of 

OS can be assessed. All patients from first and second 

portion of the study are used in the final overall analysis. 

The calculation of the sample size for this integrated 

study was done using the National Cancer Institute (NCI) 

online program.
33 

The study assumes a median PFS and OS of 9 and 18 

months respectively. For PFS as an endpoint for phase II 

randomized study the addition of SBRT would reduce the 

hazard of in-field progression to 0.5  (PFS at 1 years 

=25%-50%). Assuming alpha of 0.10 (two sided) and 

beta of 0.80 a total of 96 patients will be required for 

phase II randomized study. Accounting for 10% attrition 

104 patients will be accrued in phase II study. Stage I 

analysis will be done when all stage 1 patients complete 

follow up of 1 year. 

If the intervention arm does not demonstrate superiority 

in PFS at stage I analysis than the study will stop 

recruiting at 104 patients. If the intervention arm is found 

to be superior (p ≤0.10) in terms of in-field PFS the study 

will continue to accrue patients towards phase III design 

for testing difference in OS. The phase III design assumes 

that the addition of radiation will reduce the hazards of 

death to 0.77 (by increasing 2 year OS from 45-58%). 

Another 257 patients will be required to test the 

superiority hypothesis. Accounting for 10% attrition 

towards phase III accrual an additional 282 patients will 

be required. Accounting all patients included in phase 

II/III design a total of 386 patients will be needed for the 

conduct of this integrated design. 

Study time lines 

Phase II of the study will take 5-6 years for accrual. If the 

study terminates as a phase II randomized study than the 

total study duration will be 7 years. However if benefit in 

PFS is demonstrated patients will be accrued for a total of 

10 years with another 2 years of follow up. In this case 

the study will continue for a total of 12-14 years. 

Protocol violations 

Major violations 

 Patient receiving less than 2 cycles of TACE. This 

excludes patients who receive less number of cycles 

due to disease progression. 

 Not receiving the prescribed dose of SBRT in the 

intervention arm. 

 Inability to receive sorafenib due to toxicity will not 

comprise major protocol violation. 

Minor violation 

 Receiving less than 75% of prescribed dose of 

SBRT. 

 Receiving only 2 cycles of TACE due to 

noncompliance. However if treating oncologist 

decides that 2 cycles of TACE are optimal then it 

would not amount to protocol violation. 

Data collection 

All trial data will be maintained by the principal 

investigatorof the study at ACTREC, Tata Memorial 

Centre, Mumbai, India. 

Event reporting 

All events will be captured with CTCAE V.4.0 and all 

serious adverse events will be notified to institutional 

review board within seven working days and all deaths 

within 24 hours of occurrence. 

Trial monitoring 

The trial will be monitored at a regular interval by the 

institutional data and safety monitoring board and its 

report will be submitted to the ethics committee 

andinstitutional review board. 

Data analysis plan 

Primary aim 

The study data will be analysed for the primary aim. The 

overall proportion of patients in standard and intervention 

arm will be analysed for their in-field PFS  and this will 

be represented using Kaplan-Meier’s curves. If the study 

proceeds to stage III then OS analysis will be compared 

using Kaplan Meier’s curves. 

Secondary aim 

Cause specific survival and overall survival 

Cause Specific survival will be compared in the control 

and intervention arms and represented using the Kaplan-

Meier graphs 

QOL analysis 

Standard recommendations of EORTC will be used to 

analyse QOL data of the two study arms. 

Functional imaging 

Functional imaging will be interpreted by using 

quantitattive and semiquantitative reporting metrics 

which will be used to discern the predictive 
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characteristics of the disease that define the therapeutic 

outcomes. 

DISCUSSION 

HCC is common in many Asian countries, of about 80% 

of cases worldwide and less than 20% are candidates for 

surgery. TACE alone constitutes standard of care for 

patients who are unresectable or not a candidate for  

transplantantion. Though recommended in standard 

guidelines TACE alone leads to suboptimal response in 

large tumours. So, there may be a benefit with the adding 

another licer directed treatment (like SBRT) to improve 

therapeutic outcome. A recent meta-analysis involving 25 

non-randomized study reports with 2577 patients reported 

superior median survival for combination of TACE and 

radiation than TACE alone (22.7 months vs. 13.5 months; 

P < 0.001).  It also demonstrated a progressive benefit in 

2-, 3-, 4-, and 5-year survival (Odds Ratio (OR), 1.55 

[95% CI, 1.31-1.85]; OR, 1.91 [95% CI, 1.55-2.35]; OR, 

3.01 [95% CI, 1.38-6.55]; OR, 3.98 [95% CI, 1.86-8.51] 

respectively).
34

 Even though this paves a good argument 

for the use of TACE with radiation there is dearth of level 

I evidence for combination treatment.  The present trial is 

therefor designed to investigate the incremental benefit of 

SBRT on PFS and OS in patients with unresectable non-

metastatic HCC. 
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