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Abstract

Background and Aims The aim of this single-center, open-
label phase II study was to assess the efficacy of image-
guided high-dose-rate (HDR) brachytherapy (iBT) com-
pared with conventional transarterial embolization
(cTACE) in unresectable hepatocellular carcinoma.
Methods Seventy-seven patients were treated after ran-
domization to iBT or cTACE, as single or repeated
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interventions. Crossover was allowed if clinically indi-
cated. The primary endpoint was time to untreatable pro-
gression (TTUP). Eligibility criteria included a Child—Pugh
score of < 8 points, absence of portal vein thrombosis
(PVT) at the affected liver lobe, and < 4 lesions. Survival
was analyzed by using the Cox proportional hazard model
with stratification for Barcelona Clinic Liver Cancer
(BCLC) stages.
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Results Twenty patients were classified as BCLC-A (iBT/
cTACE 8/12), 35 as BCLC-B (16/19), and 22 as BCLC-C
(13/9). The 1-, 2-, and 3-year TTUP probabilities for iBT
compared with cTACE were 67.5% versus 55.2%, 56.0%
versus 27.4%, and 29.5% versus 11.0%, respectively, with
an adjusted hazard ratio (HR) of 0.49 (95% confidence
interval 0.27-0.89; p = 0.019). The 1-, 2-, and 3-year TTPs
for iBT versus cTACE were 56.0% versus 28.2%, 23.9%
versus 6.3%, and 15.9% versus 6.3%, respectively, with an
adjusted HR of 0.49 (0.29-0.85; p = 0.011). The 1-, 2-, and
3-year OS rates were 78.4% versus 67.7%, 62.0% versus
47.3%, and 36.7% versus 27.0%, respectively, with an
adjusted HR of 0.62 (0.33-1.16; p = 0.136).

Conclusions This explorative phase II trial showed a
superior outcome of iBT compared with cTACE in hepa-
tocellular carcinoma and supports proceeding to a phase 111
trial.

Keywords Ablation - Liver cancer - BCLC - HCC -
RCT

Abbreviations

AASL American Association for the Study of the
Liver

BCLC Barcelona Clinic Liver Cancer (staging
system)

CI Confidence interval

CLIP Cancer of the Liver Italian Program

CT Computed tomography

cTACE Conventional transarterial
chemoembolization

CTCAE Common Terminology Criteria for Adverse
Events

DEB-TACE Drug-eluting beads transarterial
chemoembolization

EASL European Association for the Study of the
Liver

HCC Hepatocellular carcinoma

HDR High dose rate

HR Hazard ratio

iBT Interstitial brachytherapy

(ON Overall survival

PVT Portal vein thrombosis

RFA Radiofrequency ablation

SBRT Stereotactic body radiotherapy
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TTP Time to progression
TTUP Time to untreatable progression
Introduction

In Europe, five-year survival rates of up to 51% have been
shown for hepatocellular carcinoma (HCC) suitable for
resection [1]. Unfortunately, 70-80% of patients are not
candidates for resection, because of advanced cirrhosis,
multiple lesions or diffuse tumor growth, and comorbidity.
Liver transplantation is the only potentially curative option
at present, with five-year post-transplantation survival rates
of up to 70% for patients in early stages of disease [2]. The
treatment of choice in the intermediate stage is transarterial
chemoembolization (‘conventional TACE’ = cTACE;
‘drug-eluting beads TACE’ = DEB-TACE). In clinical
practice, TACE is also applied in BCLC (Barcelona Clinic
Liver Cancer stage)-A patients, often as an adjunct to
radiofrequency ablation (RFA), and in BCLC-C patients,
for whom sorafenib-only treatment is not considered
appropriate [3—-6]. However, effectiveness and feasibility of
TACE are limited by factors such as advanced-stage cir-
rhosis, a hampered general condition and portal vein
invasion. In ipsilateral complete portal vein thrombosis
(PVT), TACE is known to be associated with a risk of
ischemia and abscess formation. Thermal ablation is usu-
ally considered up to a tumor size of 3 cm. Beyond this
limit, local recurrence rates increase [7, 8]. Some authors
state the superiority of Gelaspon particles over Lipiodol for
embolization purposes [9]. A recently invented method, CT
(computed tomography)-guided interstitial HDR (high-
dose-rate) brachytherapy (iBT), has successfully been used
in various neoplasms of the liver and other sites [10-18].
As a unique feature, iBT is not restricted by tumor size or
heat sink effect and PVT is not a contraindication [19-22].

A recent study encouraged us to address the clinical
value of iBT as compared with standard treatment such as
TACE in a future trial. A major intention of this explo-
rative type II study was to investigate whether proceeding
to phase III trial is supported [11].

Patients and Methods

Patient Population and Eligibility Criteria

Patient recruitment took place from October 2006 to
September 2010. Patients with a diagnosis of HCC were

randomized to receive either CT-guided HDR iBT or
cTACE. Inclusion criteria were:
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e Diagnosis of HCC by histopathology or according to
the criteria of the Consensus Conference of the
European Association for the Study of Liver Disease
Unresectable HCC

Karnofsky Index > 70

Estimated life expectancy > 16 weeks

Adequate bone marrow function

Adequate contraception for female patients

Informed consent

Exclusion criteria were as follows:

PVT on the tumor side

Extrahepatic spread

Child C

Other untreated malignant diseases
General contraindication for chemotherapy
Active infectious disease

Neuropathy, platin-allergy

Pregnancy

All patients were rated unresectable and not eligible for
radiofrequency ablation owing to lesion size and/or
location.

All patients received a full clinical status evaluation at
inclusion, comprising a physical examination, extensive
laboratory assessments, whole-body computed tomogra-
phy, and MRI of the liver (Fig. 1).

Study Design

The study represents an exploratory randomized phase II
approach comparing two interventional treatment arms.
The study was registered at clinicaltrials.gov
(NCT00807300), and the study protocol conformed with
the Declaration of Helsinki. The institutional review board
approved the study, and informed consent was obtained
from all patients. This explorative phase II study analyzes
the efficacy and safety of iBT in comparison with cTACE
and aims to generate a hypothesis for a potential phase III
study. A high type I error of 20% was allowed to keep
patient numbers reasonable, and the sample size was set to
80 including a dropout rate of 10% [23]. Owing to slower
patient accrual the trial was closed with a lower patient
number than anticipated. However, the minimum target
sample size (without dropouts) was achieved.

Patients meeting the inclusion criteria were randomly
assigned to first treatment either with cTACE (control arm)
or with iBT (experimental arm). Simple randomization was
performed allocating patients sequentially to treatment
groups using shuffled sealed opaque envelopes containing
equal numbers of identifiers for treatment A and treatment
B. After untreatable progression had been reached, any

further treatment decisions were left to the investigator’s
judgment.

The primary endpoint was the time to untreatable pro-
gression (TTUP), defined as the time from the first treat-
ment (either iBT or cTACE) to the time point when
complete tumor ablation could not be repeated any further
by applying the assigned method. The criteria for stopping
the assigned treatment were as follows:

e No radiological response at follow-up/local failure

e Diffuse progression (> 3 new lesions)

e Chronic hepatic decompensation, as defined by a
Child—Pugh score deterioration of > 2 points

e (linical conditions other than hepatic decompensation,
permanently precluding further treatment (e.g., perfor-
mance status).

Technique-associated no-go criteria possibly occurring
during follow-up, such as failure of Lipiodol to accumulate
in the lesion, missing angiographic visibility, development
of ipsilateral PVT, development of an arterioportal shunt
visible by angiography (all cTACE), or contraindications to
a percutaneous interstitial approach (only iBT, including
severe coagulopathy and uncontrolled ascites), were not
counted, in order to ensure that the criteria for TTUP were
the same in the two groups. The corresponding time points
were censored.

Secondary endpoints were time to progression (TTP)
and overall survival (OS).

Interstitial HDR Brachytherapy (iBT)

The technique of CT-guided brachytherapy has been
described in detail elsewhere [18, 19]. We performed
irradiation employing the HDR brachytherapy technique
based on a 10-Ci Iridium-192 source. Positioning of the
brachytherapy catheters was performed by fluoroscopy CT.
For analgosedation, fentanyl and midazolam were used
according to individual requirement.

The target dose was defined as the minimum dose taken
up by the visible tumor margin. We prescribed a minimum
target dose of 15 Gy, based on the results of two pilot
studies [20, 21].

Transarterial Chemoembolization (cTACE)

After puncture of the right or left femoral artery, an
angiography of the celiac artery and superior mesenteric
artery via a 4F catheter was performed. Parasitic feeders to
HCC lesions were searched for with the same catheter.
Chemoembolization was conducted in a supraselective
manner with a 3F microcatheter, applying the drug/oil
emulsion over the feeding arteries of the tumor only.
Typically, 30-50 mg/m? doxorubicin and cisplatin mixed
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Fig. 1 Complete remission of a
single hepatocellular carcinoma
(8.3 cm) of the right liver lobe.
The patient refused surgery.
Upper row: before treatment,
arterial phase (left) and T2 FS
(right), May 2006. Middle row:
Left: catheter placement during
treatment. Right: arterial phase,
June 2014. Bottom row: left: T2
FS. Right: T1 WATS late
contrast phase (GD-EOB-
DTPA). Note the completely
ablated segment with prolapsed
intestinal loops

with Lipiodol were administered. If the total tumor volume
or tumor count could not be embolized in one session, the
procedure was repeated after 6 weeks.

Assessments

Before therapy a physical examination, MRI and computed
tomography (CT) scans, and laboratory tests were per-
formed. These examinations were repeated every 3 months.
Clinical evaluators (two experienced radiologists, consensus
decision) were blinded to the chosen treatment.

Since the mRECIST criteria for tumor response had not
been established for HCC in 2006, TTP was likewise
assessed by following the recommendations of the

@ Springer

European Association for the Study of the Liver (EASL)
and American Association for the Study of the Liver
(AASL) [24, 25].

Patients were censored at the time point of liver trans-
plantation, liver resection, or crossover treatment. After
untreatable progression (the primary endpoint TTUP) had
been reached, any further treatment decisions were left to
the investigator’s judgment.

Statistical Methods
The program suite IBM SPSS Statistics 22.0 and R version

3.1.3 (The R Foundation for Statistical Computing, Vienna,
Austria) were used for statistical analysis.
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Metric parameters are described using median and
interquartile range (25th—75th percentile), and the Mann—
Whitney U test was used for analyzing differences between
unpaired groups. Categorical variables were analyzed by
using contingency tables, the Chi-square test and Fisher’s
exact test.

The observation period was 5 years. Patients were
censored at crossover treatment, at loss to follow-up, and at
the end of observation period. TTUP, TTP, and OS were
estimated by the Kaplan—-Meier (KM) method, and the Cox
proportional hazard model was used to assess the associ-
ation of TTUP, TTP, and OS with covariates. Parameters
with p value < 0.1 in univariate Cox regression were
included in a multivariate Cox proportional hazard analy-
sis. The multivariate model was optimized by using the
Akaike information criterion with stepwise backward
elimination. Analysis was performed on an intention-to-
treat (ITT) basis (TTP, TTUP, and OS) and ‘as treated’
(safety). The Cox proportional hazard model was stratified
for BCLC stages, as this parameter did not satisfy the
proportional hazard assumption, which was assessed visu-
ally from log-log KM curves. Significance was assumed at
a p value less than 0.05.

Results
Patients

In total, 392 patients were assessed for eligibility from
October 2006 to September 2010. Of these patients 203 did

Fig. 2 CONSORT diagram for
the trial

not meet the inclusion criteria, 68 declined to participate,
and 44 were excluded for other reasons. Of the remaining
77 patients 40 were randomly assigned to the cTACE
group and 37 patients to the iBT group. Two patients
allocated to receive cTACE were transferred to the iBT
group for technical reasons. Thus, the per-protocol popu-
lation comprised 38 patients in the cTACE group and 39
patients in the iBT group (Fig. 2).

Among the 77 enrolled patients (13 females and 64
males; mean age 68.5 years; range 43.4-82.7 years), in 34
patients, HCC was confirmed by biopsy (44%), whereas in
43 patients with cirrhosis, HCC was diagnosed on the basis
of noninvasive criteria according to the EASL and AASL
guidelines [24, 25]. Patient characteristics are summarized
in Table 1.

Treatments and Follow-up

The number of treatments per patient was significantly
lower in the iBT group (2.5 & 1.6) compared with the
cTACE group (4.0 £ 3.2, p = 0.039). Subsequent treat-
ments after the end-of-study date are shown in Table 2.

In 8 of the 38 patients in the cTACE group, treatment
had to be stopped for technique-related reasons such as AV
shunts or ipsilateral PVT. Owing to missing visibility in CT
or MRI, treatment had to be stopped in a patient with AFP
recurrence in the iBT group. The difference was statisti-
cally significant (Chi-square test, p = 0.012).

During the 5-year observation period 52 patients died
(iBT, n = 31; cTACE, n = 21) and 15 patients were cen-
sored because of crossover treatment after reaching

Assessed for eligibility
during the study period
(N =392)

Excluded (N = 315)
Did not meet inclusion criteria (N = 203)
Declined to participate (N =68)
Other reasons (N=44)

Randomized
(N=77)

I

I

Allocated to cTACE (N = 40)
Received allocated intervention (N =

Allocated to iBT (N = 37)

38) Received allocated intervention (N = 37)

Did not received allocated intervention (N = 2)

technical failure (N = 1)
portal vein thrombosis (N = 1)

Lost to follow-up (N = 0)

Discontinued intervention (N =0)

Intention-to-treat analysis (N =

Lost to follow-up (N = 0)
Discontinued intervention (N =0)

40) Intention-to-treat analysis (N = 37)
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Table 1 Baseline patient

Characteristic iBT (n = 37) cTACE (n = 40) )4
characteristics
Age at study inclusion (years), mean = SD 693 + 74 67.7 £9.0 0.419
Sex 0.881
Male 31 (84%) 33 (83%)
Female 6 (16%) 7 (17%)
Pretreatment AFP (ng/ml), median (IQR) 13 (4-258) 12 (5-83) 0.842
Pretreatment bilirubin (umol/l), median (IQR) 12.2 (9.9-15.7) 18.9 (11.4-28.9) 0.007
Number of lesions, median (IQR) 2 (1-3) 2 (1-3) 0.466
Longest diameter (cm), median (IQR) 4.5 (3.0-6.5) 3.6 (2.1-6.6) 0.359
BCLC stage 0.434
A 8 (22%) 12 (30%)
B 16 (43%) 19 (48%)
C 13 (35%) 9 (22%)
Child—Pugh class 0.194
A 36 (97%) 36 (90%)
B 1 (3%) 4 (10%)
Cirrhosis 0.388
Yes 32 (87%) 37 (93%)
No 5 (13%) 3 (7%)
HCC diagnosis 0.539
Biopsy 15 (40%) 19 (47%)
Noninvasive 22 (60%) 21 (53%)
Etiology 0.416
Alcohol abuse 13 (35%) 17 (42.5%)
Nonalcoholic steatohepatitis 10 (27%) 7 (17.5%)
Hepatitis C 7 (19%) 6 (15%)
Hepatitis C + alcohol abuse 0 1 (2.5%)
Hepatitis B 2 (5.5%) 0
Hemochromatosis 0 2 (5%)
Primary biliary cirrhosis 0 1 (2.5%)
Cryptogenic 5 (13.5%) 6 (15%)
Pretreatments 0.725
Untreated 31 (83.8%) 35 (87.5%)
Resection 1 (2.7%) 2 (5%)
Resection + sorafenib 1 (2.7%) 0
Radiofrequency ablation 1 (2.7%) 1 (2.5%)
Percutaneous ethanol installation 1 (2.7%) 0
Sorafenib 1 (2.7%) 1 (2.5%)
Resect. + percutaneous ethanol installation 1 (2.7%) 0
Systemic therapy other than sorafenib 0 1 (2.5%)

Bold value indicates p < 0.05

untreatable progression (14 patients of the cTACE arm
received iBT and 1 patient in the iBT arm received
cTACE) at a mean follow-up time of 15.5 months (SD
9.3 months; range 3.1-38.5 months). Of the remaining 10
patients 6 were still alive at the end of the 5-year obser-
vation period and the mean follow-up time was
41.2 months (SD 24.6 months; range 4.9—60 months).

@ Springer

Survival

The 1-, 2-, and 3 year TTUP survival rates for the iBT
compared with the cTACE group were 67.5% versus
55.2%, 56.0% versus 27.4%, and 29.5% versus 11.0%,
respectively, with an HR of 0.52 (0.30-0.90; p = 0.021;
Fig. 3A). Stratifying by BCLC stages revealed an HR of
0.92 (95% CI 0.31-2.72; p = 0.887) for BCLC-A, 0.38
(95% CI 0.16-0.87; p = 0.021) for BCLC-B, and 0.51
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Table 2 Treatment characteristics

iBT (n = 37) c¢TACE (n = 40) P
Number of treatments before untreatable progression, mean £+ SD 25+ 1.6 4.0+ 32 0.039
TTUP: dominant terminating events
Diffuse progression 18 (48.6%) 13 (32.5%) 0.953
Hepatic decompensation 3 (8.1%) 4 (10.0%) 0.544
Performance status 3 (8.1%) 3 (7.5%) 0.699
Local failure 0 2 (5.0%) 0.267
Death 7 (18.9%) 6 (15%) 0.777
Subsequent therapies
Liver transplantation 1 (2.7%) 4 (10%) 0.204
Resection 0 1 (2.5%) 0.519
Radiofrequency ablation (RFA) 1 (2.7%) 1 (2.5%) 0.772
Radioembolization 4 (10.8%) 5 (12.5%) 0.551
Systemic therapy with sorafenib 13 (35.1%) 13 (32.5%) 0.686
Crossover treatment 1 (2.7%) 14 (35%) < 0.001
Bold values indicate p < 0.05
A 2 B 2 C 21
HR, 0.52 HR, 0.49 HR, 0.61
2 - 95%-Cl, 0.3 t0 0.9 24 95%-Cl, 0.29 to 0.83 2 - 95%-Cl, 0.34 to 1.09
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Fig. 3 Kaplan—-Meier curves depicting time to untreatable progression (A), time to progression (B), and overall survival (C)

(95% CI 0.18-1.42; p =0.195) for BCLC-C (Fig. 4).
Further significant influencing factors were female gender
(HR =3.31; p =0.001), AFP (unit: pg/ml; HR = 1.08;
p = 0.038), Child—Pugh score B (HR =3.91; p = 0.018),
and pretherapeutic bilirubin > 19 pmol/l (HR = 2.03;
p = 0.024). Near-significance was observed for lesion
diameter > 5 cm (HR = 1.82; p = 0.057) and the number
of lesions > 2 (HR = 1.77; p = 0.056). The multivariate
Cox regression model included female gender (HR = 4.21,
p < 0.001), iBT arm (HR = 0.49, p = 0.019), the number
of lesions > 2 (HR = 1.80, p = 0.069), AFP (unit:pg/ml;
HR = 1.13, p =0.001), and Child-Pugh score B (HR =
3.81; p = 0.036).

The 1-, 2-, and 3-year TTP survival rates for iBT
compared with cTACE were 56.0% versus 28.2%, 23.9%
versus 6.3%, and 15.9% versus 6.3%, respectively, with a
univariate HR of 0.49 (0.29-0.83; p = 0.008; Fig. 3B).
Stratifying by BCLC stage revealed an HR of 0.68 (95% CI

0.26-1.77; p =0.430) for BCLC-A, 046 (95% CI
0.21-1.00; p = 0.051) for BCLC-B, and 0.36 (95% CI
0.13-1.06; p = 0.063) for BCLC-C (Fig. 4). Further sig-
nificant factors in univariate Cox regression were Child—
Pugh score (HR =3.33; p =0.031) and pretherapeutic
bilirubin > 19 pmol/l (HR = 1.86; p = 0.042). Near-sig-
nificance was observed for age (unit: 10 years; HR = 0.74;
p =0.070), the number of Ilesions >2 (HR =1.73;
p = 0.060), and AFP (unit: pg/mol; HR = 1.08; p = 0.058).
The multivariate Cox regression model included age (unit:
10 years; HR =0.78; p=0.130), iBT (HR =0.49,
p = 0.011), AFP (unit: pg/mol; HR = 1.08; p = 0.063), and
Child—Pugh score (HR = 3.12; p = 0.045).

The 1-, 2-, and 3-year overall survival rates in the iBT
compared with the TACE group were 78.4% versus 67.7%,
62.0% versus 47.3%, and 36.7% versus 27.0%, respec-
tively, with a univariate HR of 0.61 (0.34-1.09; p = 0.097;
Fig. 3C). Stratifying by BCLC stage revealed an HR of

@ Springer
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Fig. 4 Kaplan—Meier curves of time to untreatable progression (upper row), time to progression (middle row), and overall survival (lower row)
stratified by BCLC (A left-hand column; B middle column; C right-hand column)

0.92 (95% CI 0.27-3.16; p = 0.890) for BCLC-A, 0.55
(95% CI 0.23-1.31; p =0.179) for BCLC-B, and 0.52
(95% CI 0.18-1.46; p = 0.212) for BCLC-C. The uni-
variate Cox regression model revealed female gender

iBT (HR =0.62; p = 0.136), the number of lesions > 2
(HR = 1.86; p = 0.061), AFP (unit: pg/mol; HR = 1.17;
p < 0.001), and Child—Pugh score (HR = 5.76, p = 0.006;

Table 3).

(HR = 2.88, p = 0.006), AFP (unit: pg/mol; HR = 1.12;

p = 0.004), Child—Pugh score (HR = 6.19; p = 0.002), and

pretherapeutic bilirubin > 19 pmol/l

(HR = 3.33;

Treated)

p < 0.001) as significant factors and the number of

lesions > 2 (HR = 1.68; p = 0.089) as a factor showing

close significance. The multivariate Cox regression model
for OS comprised female gender (HR = 3.46, p = 0.002),
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Safety (as Treated) and 30-day Mortality (as

For complications and 30-day mortality, see Table 4.
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Table 3 Univariate and

Variable Univariate Multivariate
multivariate Cox regression for
TTUP, TTP, and OS HR 95%-CI P HR 95%-C1 p

TTUP
Age (unit: 10 years) 099 0.72-1.37  0.963
Gender (female) 331 1.64-6.72  0.001 421 2.03-8.73 <0.001
ITT group (iBT) 052  0.30-0.90 0.021 049  0.27-0.89  0.019
Lesion diameter > 5 cm 1.82  0.98-339 0.057
Number of lesions > 2 1.77 0.99-3.18 0.056 1.80  0.96-3.39  0.069
AFP (unit: pg/ml) 1.08 1.00-1.16  0.038 1.13  1.05-1.22  0.001
Child-Pugh score B 391 1.27-12.1  0.018 381 1.09-13.3  0.036
Bilirubin, pretherapeutic > 19 pmol/I*  2.03  1.10-3.74  0.024

TTP
Age (unit: 10 years) 0.74 0.53-1.03 0.070 0.78 0.56-1.08 0.130
Gender (female) 1.80 0.84-3.85 0.128
ITT group (iBT) 049  0.29-0.83  0.008 049  0.29-0.85 0.011
Lesion diameter > 5 cm 1.11  0.60-2.07 0.730
Number of lesions > 2 1.73  0.98-3.06 0.060
AFP (unit: pg/ml) 1.08 1.00-1.16 0.058 1.08 1.00-1.16  0.063
Child-Pugh score B 333 1.11-10.0  0.031 312 1.02-9.53  0.045
Bilirubin, pretherapeutic > 19 pmol/I*  1.86  1.02-3.38  0.042

oS
Age (unit: 10 years) 1.13  0.79-1.60  0.506
Gender (female) 2.88 1.35-6.12 0.006 346  1.59-7.54  0.002
ITT group (iBT) 0.61 0.34-1.09 0.097 0.62 0.33-1.16 0.136
Lesion diameter > 5 cm 1.51  0.78-2.93 0.226
Number of lesions > 2 1.68  0.92-3.07 0.089 1.86 0.97-3.57 0.061
AFP (unit: pg/ml) .12 1.04-1.21  0.004 1.17  1.08-1.26 < 0.001
Child-Pugh score B 6.19  1.90-20.1  0.002 576  1.65-20.1  0.006
Bilirubin, pretherapeutic > 19 pmol/I*  3.33  1.72-6.44 < 0.001

Bold values indicate p < 0.05

Italic values indicate p > 0.05 and p < 0.07

“Bilirubin was excluded from multivariate analysis because of significant association with Child—Pugh

score
Discussion

The intention of this exploratory, randomized, phase II
study was to assess the efficacy and safety of iBT in
comparison with the standard treatment modality (cTACE)
in order to decide whether a multicentric phase III study is
justified.

The adjusted hazard ratio of 0.49, as observed both for
the primary endpoint TTUP and for the secondary endpoint
TTP, is convincing. The adjusted hazard ratio for OS was
0.62 for the entire study group, which also indicates a
possible superiority of iBT compared with ¢cTACE. A
higher overall survival effect size was observed in patients
with BCLC-B (HR = 0.55) and BCLC-C (HR = 0.52),
whereas iBT showed no superiority in patients with BCLC-
A (HR = 0.92).

In two reported randomized trials of TACE with positive
outcome, repetitive TACE was found to have benefit in
terms of OS [26, 27]. Consequently, recent TACE trials
such as the TACE-sorafenib combination trial SPACE
employed TTUP as a secondary endpoint [28]. Some of the
conditions preventing TACE—such as the development of
PVT or technical failure of TACE indicated by failed
uptake of Lipiodol in hypoperfused tumors—do not influ-
ence the applicability or the therapeutic effect of iBT
[26, 27]. However, these technique-inherent conditions did
not apply in the final TTUP analysis.

Results of the PRECISION V study demonstrated better
tolerability of DEB-TACE in comparison with conven-
tional TACE [29]. However, since that study did not
demonstrate any effect on survival or treatment duration by
the choice of the TACE technique, we do not consider that
any negative bias was introduced by the wuse of
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Table 4 Adverse events (as treated)

iBT (n = 120) cTACE (n = 163) p

CTCAE > grade III

BCLC-A 1 (0.8%) 1 (0.6%)

BCLC-B 2 (1.7%) 5 (3.1%)

BCLC-C 4 (3.3%) 3 (1.8%)
Sum 7 (5.8%) 9 (5.5%) 1
CTCAE grade 1II/IV
Liver decompensation 3 (2.5%) 3 (1.8%)
Hepatic abscess treated with drainage and antibiotics 1 (0.8%) 1 (0.6%)
Partial liver infarction with symptomatic treatment 0 1 (0.6%)
Cholangitis 0 1 (0.6%)
Subcapsular hematoma causing hemodynamic shock treated by blood transfusion 1 (0.8%) 0
Aplastic anemia caused by perchlorate medication 1 (0.8%) 0
Sum 6 (5.0) 6 (3.7%) 0.767
Mortality within 30 days
Urinary tract infection and consecutive sepsis 1 0
Hepatic decompensation 0 1
Sepsis 0 1
Brain metastasis leading to status epilepticus 0 1
Sum 1 (0.8%) 3 (1.8%) 0.640

conventional, Lipiodol-based TACE in our trial (which had
been designed before DEB-TACE was established).

In Europe, the recommended application criterion for
TACE is BCLC-B with up to 7 points [30]. As outlined
previously, favorable results of iBT in our study were
evident in patients inside the established range of TACE
indications (BCLC-B). In patients with BCLC-A the iBT
treatment showed no clinically relevant effect compared
with cTACE, with a hazard ratio of 0.83 for TTUP and 0.92
for overall survival. This may have been due to the rela-
tively high efficacy and safety of cTACE in small tumors
and small tumor numbers. In contrast, in patients with
BCLC-B and BCLC-C a substantial benefit of iBT over
cTACE can be assumed regarding the respective hazard
ratios for TTUP, TTP, and OS. Assuming an effect size of
0.55, an event probability of 65%, an alpha error of 0.01,
and the power to 90%, the sample size required for a phase
IIT study would be 136 per group, respectively.

Because of the exploratory character of this study and
the correspondingly small sample size, the confidence
intervals of the observed hazard ratios are large and the
level of significance was not reached for OS. However, it
has to be emphasized that the type I error of a randomized
phase II trial is typically high, in the range of 10-20%, to
keep patient numbers reasonable, whereas the crucial
parameter for a decision to proceed to a phase III trial is the
observed effect size [23]. The stratification concerning

@ Springer

BCLC stages was not planned prospectively, and thus, the
subgroup analyses demonstrating a greater effect in BCLC-
B/BCLC-C compared with BCLC-A have to be evaluated
critically, especially on account of the small sample size in
the subgroups. However, we consider that this stratification
may be justified, as the proportional hazard assumption was
not satisfied for BCLC stages.

Conclusion

This explorative phase II trial showed a superior outcome
of iBT compared with cTACE in HCC, notably in patients
with BCLC-B/ BCLC-C and supports proceeding to a
phase III trial.
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