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Patients and methods  Over a 6-year period, 98 patients with 
212 unresectable HCC underwent CT-HDRBT applying a 
192Ir source at our institution. Magnetic resonance imaging 
(MRI) follow-up was performed 6 weeks after the interven-
tion and then every 3  months. The primary endpoint was 
local tumor control (LTC); secondary endpoints included 
progression-free survival (PFS) and overall survival (OS).
Results  Patients were available for MRI evaluation for a 
mean follow-up of 23.1 months (range 4–64 months; me-
dian 20  months). Mean tumor diameter was 5  cm (range 
1.8–12 cm). Eighteen of 212 (8.5 %) tumors showed local 
progression after a mean LTC of 21.1 months. In all, 67 pa-
tients (68.4 %) experienced distant tumor progression. The 
mean PFS was 15.2 months. Forty-six patients died during 
the follow-up period. Median OS was 29.2  months. Ac-
tuarial 1-, 2-, and 3-year OS rates were 80, 62, and 46 %, 
respectively.
Conclusion  CT-HDRBT is an effective therapy to attain lo-
cal tumor control in patients with unresectable HCC. Pro-
spective randomized studies comparing CT-HDRBT with 
the standard treatments like Radiofrequency ablation (RFA) 
and chemoembolization (TACE) are mandatory.
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CT-gesteuerte Hochdosis-Brachytherapie beim 
inoperablen hepatozellulären Karzinom

Zusammenfassung
Ziel  Zweck der vorliegenden Arbeit war die Analyse der 
klinischen Effektivität der CT-gesteuerten Hochdosis-Bra-
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Purpose  The purpose of the present study was to evaluate 
the clinical outcome of CT-guided high-dose-rate brachy-
therapy (CT-HDRBT) in patients with unresectable hepato-
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chytherapie (CT-HDRBT) bei Patienten mit inoperablem 
hepatozellulären Karzinom (HCC).
Patienten und Methoden  Über einen Zeitraum von 6 Jah-
ren, wurden an unserer Klinik 98 Patienten mit 212 inope-
rablen HCC mittels CT-HDRBT mit 192Ir behandelt. MRT-
Verlaufskontrollen erfolgten 6 Wochen nach der Interventi-
on und dann alle 3 Monate. Primärer Endpunkt der Studie 
war die lokale Tumorkontrolle (LTC); sekundäre Endpunkte 
waren das progressionsfreie Überleben (PFS) und Gesamt-
überleben (OS).
Ergebnisse  Die mittlere Nachbeobachtungszeit betrug 
23,1  Monate (Spanne 4–64  Monate, Median 20  Monate). 
Der mittlere Tumordurchmesser betrug 5 cm (Spanne 1,8–
12 cm). Nach einer mittleren LTC von 21,1 Monaten zeig-
ten 18 von 212 Tumoren (8,5 %) eine lokale Progression. 
Im weiteren Verlauf schritt die Tumorerkrankung bei 67 Pa-
tienten (68,4 %)in Form eines nichtlokalen Tumorprogress 
voran. Das mittlere PFS betrug 15,2 Monate. Während der 
Nachbeobachtungszeit verstarben 46 Patienten. Das medi-
ane OS betrug 29,2  Monate. Die 1-Jahres-, 2-Jahres- und 
3-Jahres-OS-Raten waren 80, 62 und 46 %.
Schlussfolgerung  Die CT-HDRBT ist eine effektive The-
rapie zur lokalen Kontrolle des Tumors bei Patienten mit 
inoperablem HCC. Vergleichende prospektive, randomi-
sierte Studien gegenüber den Standardtherapien, wie Radio-
frequenzablation (RFA) und Chemoembolisation (TACE) 
werden benötigt.

Schlüsselwörter  Brachytherapie · Leberneoplasien · 
Therapeutische Chemoembolisation · 
Radiofrequenzablation · Lokale Tumorkontrolle

Hepatocellular carcinoma (HCC) is the fifth most preva-
lent cancer and the second most frequent cause of cancer-
related death worldwide [1]. According to the Barcelona 
Clinic Liver Cancer (BCLC) staging system, patients with 
‘very early’ and ‘early’ stage HCC can benefit from curative 
treatments including resection, ablation, and transplantation 
and potentially achieve long-term cure [2]. Radiofrequency 
ablation (RFA) is the most commonly used ablative tech-
nique and, because of its high effectiveness (nearly 100 %) 
in small (≤ 3 cm) HCC it has been advocated as a first-line 
curative therapy for small HCC [3]. However, despite its 
high efficacy in small tumors, RFA is still limited by a 
number of tumor factors including size, location, and vas-
cularization [4]. Furthermore, although an increasing pro-
portion of patients are now diagnosed at an earlier stage, 
thanks to improved surveillance, most patients have more 
advanced HCC at the time of diagnosis, and curative treat-
ment is not a viable option for them [1]. Current guidelines 
recommend transarterial chemoembolization (TACE) as the 
main treatment strategy for patients with unresectable large 

or multifocal HCC (BCLC B) without portal vein invasion 
or lymph node or systemic metastasis [3, 5, 6]. Despite 
extensive clinical use of TACE worldwide, in recent years 
some authors have reignited the debate about the scientific 
evidence behind the use of TACE, advocating the need for 
studies investigating the efficacy and safety of new, alterna-
tive treatment strategies for patients with unresectable HCC 
[7].

Computed-tomography-guided high-dose-rate brachy-
therapy (CT-HDRBT) is a minimally invasive, radioablative 
technique that has shown promising results in the manage-
ment of primary and secondary liver tumors, including 
tumors not amenable to thermal ablation [8]. The purpose of 
the present study was to evaluate the use of CT-HDRBT as 
an alternative therapy for patients with unresectable HCC.

Patients and methods

Study population

Data from all consecutive patients with unresectable HCC 
treated with CT-HDRBT at our institution between January 
2007 and January 2013 were retrospectively reviewed. All 
patients were discussed by the institutional interdisciplinary 
tumor board, which considered potential alternative thera-
pies and established the indication for CT-HDRBT. Our 
institutional inclusion criteria for CT-HDRBT include the 
following: (1) liver function status in Child–Pugh class A 
or B, (2) total serum bilirubin < 2 mg/dl, (3) platelet count 
> 50,000/nl, (4) prothrombin time (PT) > 50 %, and (5) par-
tial thromboplastin time (PTT) < 50 s. If needed, hemostatic 
function was corrected (e.g., platelet concentrates) and 
ascites were drained before intervention. Exclusion crite-
ria were (1) evidence of progressive extrahepatic disease 
and (2) more than five HCCs. No upper limit was placed 
upon (largest) tumor diameter. Written informed consent 
was obtained from each patient before the procedure. The 
institutional review board approved the present retrospec-
tive study.

Treatment planning and interventional technique

To evaluate technical feasibility, a contrast-enhanced mag-
netic resonance imaging (MRI) examination of the liver 
using gadoxetic acid (Gd-EOB-DTPA, Primovist®; Bayer, 
Berlin, Germany) was performed on the day before the 
procedure. Interventional technique and treatment delivery 
have been described in previous reports [9]. In brief, after-
loading catheters (Primed™’; Halberstadt Medizintechnik 
GmbH, Halberstadt, Germany) were inserted into the tumor 
by Seldinger’s technique under CT-fluoroscopy guidance. 
After catheter placement, a contrast-enhanced CT scan of 
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Statistical methods

Baseline characteristics were presented by using descrip-
tive statistics. Local tumor control (LTC), progression-free 
survival (PFS), and overall survival (OS) probability were 
calculated by Kaplan–Meier analysis. Prognostic factors 
for OS were evaluated at the univariate level by the log-
rank test. All tests were 2-sided and performed using SPSS 
(Superior Performance Software System Version 20, IBM 
North America, New York, NY, USA). A p value below 0.05 
defined statistical significance. The potential prognostic fac-
tors analyzed were age (≤ 65 or > 65 years), etiologic cause 
of cirrhosis (hepatitis or alcohol), degree of liver dysfunc-
tion (Child–Pugh class A or B), diameter of the largest tumor 
(< 5 or ≥ 5 cm), disease pattern (uninodular or multinodular 
tumor) and minimal tumor enclosing dose (< 20 or ≥ 20 Gy).

Results

Patients and tumors

Over the 6-year interval, 98 patients underwent CT-HDRBT 
at our institution. The demographic data of the patients are 
summarized in Table 1. A total of 192 tumors were treated 
with a single CT-HDRBT session. Eleven very large tumors 
were treated in two sessions 6 weeks apart, with the CTV 
divided into two regions (inferior and superior). The num-
ber of catheters used varied with the tumor size and configu-
ration. On average one catheter was used for every 48 ml of 
CTV. A maximum of five catheters were used in four very 
large HCC (> 8 cm). The mean minimum tumor-enclosing 
dose was 16.51  Gy [standard deviation (SD) 2.64]. The 
mean CTV was 62.19 ml (SD  80.78), and the mean cover-
age was 98.20 % (SD  4.23) of the CTV.

Follow-up and complications

The mean follow-up period for the 98  patients was 
23.1 months (range 4–64 months, median 20 months). No 
major complications were recorded in the first 30  days 
after CT-HDRBT. None of the patients developed a RILD 
or REILD. One patient showed a discrete subcapsular liver 
hematoma at the routine postinterventional ultrasound 
examination. The hematoma resolved spontaneously with 
no need for additional therapy or prolonged hospital stay. 
One patient died 1 week after CT-HDRBT owing to massive 
basal ganglia hemorrhage.

Local tumor control and disease progression

During the follow-up period, a total of 18 of 212 (8.5 %) 
tumors treated with CT-HDRBT showed local tumor pro-

the liver was acquired to confirm correct positioning of the 
catheter and to plan irradiation. Computer-based 3D treat-
ment planning was performed on a dedicated workstation 
using the acquired data set and the Brachyvision™ afterload-
ing planning software (Gammamed™; Varian, Palo Alto, 
CA, USA). Irradiations were performed as single-fraction 
irradiations in afterloading technique using an iridium-192 
radiation source (VARIAN GammaMed Plus iX HDR; 
Varian, Palo Alto, CA, USA) with a nominal activity of 
10 Ci. The minimum dose to cover the clinical target vol-
ume (CTV) was 20 Gy. Maximum doses above 50 Gy were 
allowed at the tumor center.

To prevent radiogenic complications the irradiation was 
so designed that the volume of the liver that was irradiated 
with ≥ 10 Gy did not exceed one third of the total liver vol-
ume. The maximum radiation dose at duodenal mucosa and 
hilar structures did not exceed 12 and 18 Gy per 1 ml (D1 ml), 
respectively. In case exposure of the gastric wall or duode-
nal mucosa exceeded the critical dose of 10  Gy per mm3 
of the risk organ, proton pump inhibitors were prescribed 
(pantoprazole 40  mg) for 6  weeks. Secondary bleeding 
after removal of the brachytherapy catheter was prevented 
by insertion of a torpedo-shaped gelatin sponge (Gelfoam; 
Pfizer Inc., New York, NY, USA).

Follow-up after CT-HDRBT

Contrast-enhanced MRI using gadoxetic acid was performed 
before and 6  weeks after treatment and then at 3-month 
intervals to evaluate tumor response to CT-HDRBT. Com-
plete tumor enclosure with maximum symmetric increase of 
the largest lesion diameter < 25 % compared with baseline 
or with absence of asymmetric lesion growth at any time 
during follow-up was defined as local tumor control (LTC) 
[10]. The absence of patient’s death, new or enlarging intra-
hepatic lesions, extrahepatic tumor progression, or local 
progression after CT-HDRBT was defined as progression-
free survival (PFS).

Complications and toxicity

Complications of CT-HDRBT were defined according to 
the guidelines of the Society of Interventional Radiology 
(SIR) [11]. Liver toxicity after CT-HDRBT was defined 
according to the accepted definition of radiation-induced 
liver disease (RILD) and radioembolization-induced liver 
disease (REILD), characterized by the appearance of ascites 
accompanied by elevated alkaline phosphatase levels or by 
a serum total bilirubin level of 3 mg/dl or higher and ascites 
1–2 months after CT-HDRBT in the absence of tumor pro-
gression or bile duct obstruction, respectively [12].
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sion in form of new or enlarging nonablated intrahepatic 
HCCs or extrahepatic tumor progression. The mean PFS 
was 15.2 months (range 1–64 months).

Overall survival

Contact with 12 of 98 (12.2 %) patients was lost during fol-
low-up (mean follow-up time, 14.8 months) and these patients 
were therefore excluded from survival analysis. Another 
2  patients received CT-HDBRT to bridge the time to liver 
transplantation and were therefore also excluded (Fig. 3). The 
remaining 84 patients were included in the survival analysis; 
41 patients (48.8 %) were alive at the time of last follow-up. 
The median OS was 29.2 months (Fig. 4). Actuarial 1-, 2-, 
and 3-year OS rates were 80, 62, and 46 %, respectively.

Prognostic factors

The influence of the various patient-, tumor- and therapy-
related factors on OS is shown in Table 2. Survival was not 
affected by the patients’ age, gender, or disease pattern. The 
diameter of the largest lesion did not seem to influence OS 
after CT-HDRBT (Fig. 5). Patients with better liver func-
tion according to the Child–Pugh classification showed bet-
ter OS, albeit not statistically significantly. Patients with 
viral hepatitis as cause of cirrhosis demonstrated a trend to 
better prognosis compared with patients who had alcoholic 

gression after a mean LTC of 21.1  months (Fig.  1). Six 
(33 %) of the 18  local tumor progressions were seen in 
patients with tumors greater than 5  cm in diameter; the 
remaining 12 (67 %) local tumor progressions occurred in 
patients with tumors less than 5 cm in diameter. Nine of the 
18 local progressions were treated by repeated CT-HDRBT; 
all of these displayed persistent local control during the 
follow-up period. Of the remaining nine local tumor pro-
gressions, two were treated by TACE and three by radio-
embolization, while systemic chemotherapy was used in 
4 patients who had local progression and concomitant sys-
temic tumor progression. Figure 2 presents a representative 
course in a patient with persistent local tumor control. In 
all, 67 patients (68.4 %) experienced distant tumor progres-

Table 1  Baseline patient characteristics
Features Data (%)
Patients
Total 98
Male 82 (83.7)
Female 16 (16.3)
Mean age 70
Age range 52–90
Unifocal disease 47 (48)
Multifocal disease 51 (52)
Liver disease
Liver cirrhosis 78 (79.6)
Hepatitis B virus 18 (18.4)
Hepatitis C virus 19 (19.4)
Alcohol abuse 23 (23.4)
Cryptogenic liver cirrhosis 18 (18.4)
No liver disease 20 (20.4)
Child–Pugh classification
Class A 79 (80.6)
Class B 19 (19.4)
Barcelona clinic liver cancer (BCLC)
BCLC A 4 (6)
BCLC B 60 (89.5)
BCLC C 3 (4.5)
Mean laboratory values
Baseline serum AFP level 1246.79 ng/ml
Baseline serum bilirubin level 0.98 mg/dl
Baseline serum albumin level 4.04 g/dl
Baseline INR 1.13
Tumors
Total number HCC 212
Mean size of the largest tumor (mm 
[range])

50.6 [18–120]

Previous therapy
No previous therapy 67 (68.4)
Hepatic resection 20 (20.4)
Radiofrequency ablation 5 (5.1)
Chemoembolization 3 (3)
Nexavar 3 (3)
AFP alpha-fetoprotein, INR International Normalized Ratio, HCC 
hepatocellular carcinoma.

Table 2  Probability of survival of patients with unresectable hepato-
cellular carcinoma (HCC) receiving CT-guided high-dose-rate brachy-
therapy
Factor Pa-

tients 
(n)

6 
months 
(%)

12 
months 
(%)

24 
months 
(%)

36 
months 
(%)

p

Age
≤ 65 years 22 91 82 72 55 0.358
> 65 years 62 89 79 59 42
Gender
Male 71 90 80 63 44 0.504
Female 13 85 77 57 57
Cause of cirrhosis
Hepatitis 29 90 83 78 55 0.176
Alcohol 55 89 78 55 41
Liver dysfunction
Child–Pugh A 68 90 84 67 50 0.097
Child–Pugh B 16 88 63 43 29
Diameter of largest lesion (in cm)
< 5 48 90 79 62 51 0.512
≥ 5 36 89 81 63 41
Disease pattern
Unifocal 38 92 81 64 45 0.860
Multifocal 46 87 78 61 46
Minimum tumor-enclosing dose (in Gy)
= 20 31 100 87 70 57 0.120
< 20 53 83 75 58 37
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for unresectable HCC are based on the demonstration of 
improved survival compared with best supportive care or sub-
optimal therapies in a meta-analysis of six randomized con-
trolled trials published in the early 2000s [13]. However, only 
two of these six trials demonstrated a statistically significant 
improvement compared with conservative management [5, 6]. 
In the past decade, a variety of prospective and retrospective 
studies have been published, providing evidence in support 
of TACE for the management of patients with unresectable 
HCC. Reported mean OS rates range from 3.4–48  months 
(median 14 months), reflecting the large heterogeneity in treat-
ment modalities and patient selection [7]. A recently published 
meta-analysis by Oliveri et al. [14], with low risk of selection 
bias, concluded that to date there is no firm evidence to support 
or refute TACE or TAE for patients with unresectable HCC.

Hence, although TACE remains the only recommended 
first-line treatment for patients with intermediate-stage 
HCC, the debate on its effectiveness in all BCLC B patients 
is still open, and lately a panel of experts expressed the need 
for studies investigating the efficacy and safety of new, 
alternative treatment strategies for patients with bulky and/
or multifocal unresectable HCC [7].

To date, alternative therapies for patients with unre-
sectable and unablatable HCC have comprised yttrium-90 
radioembolization (RE) and stereotactic body radiation 
therapy (SBRT). RE has shown promising antitumor effects 
and an acceptable safety profile: Salem et al. [15] recently 
reported similar results for TACE and RE in a comparative 
study which included 245  patients with HCC who were 
treated with RE (N = 123) or TACE (N = 122). RE resulted 
in less toxicity than TACE. However, the wider use of RE is 
limited by the cost of this procedure.

cirrhosis, and so did patients treated with a minimum tumor-
enclosing dose ≥ 20 Gy compared with patients treated with 
a minimum tumor-enclosing dose < 20 Gy.

Discussion

TACE is recommended as the first-line noncurative therapy 
for patients with large or multifocal disease (BCLC B) [2]. 
Current recommendations for TACE as the standard of care 

Fig. 2  Example of hepatocellular 
carcinoma (HCC) shrinkage and 
persistent tumor control. Images 
are from a 73-year-old patient 
with histologically proven HCC 
and multiple comorbidities.  
a Preoperative axial Gd-EOB-
DTPA-enhanced liver MRI shows 
an 11-cm, centrally located HCC. 
b The tumor was treated with two 
sessions of CT-guided high-dose-
rate brachytherapy (CT-HDRBT) 
using a total of five catheters. 
c–f Follow-up Gd-EOB-DTPA-
enhanced liver MRI taken 12 (c), 
24 (d), 36 (e), and 60 (f) months 
after CT-HDRBT shows progres-
sive shrinkage of the HCC with 
persistent local tumor control

 

Fig. 1  Local tumor control. Curve of unresectable hepatocellu-
lar carcinoma treated with percutaneous CT-guided high-dose-rate 
brachytherapy
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Recently, Bujold et al. [23] reported a local control rate of 
87 % after 1 year and a median overall survival 17.0 months 
in 102 patients with locally advanced HCC unsuitable for 

In the past, radiotherapy for HCC was limited by its 
potential for causing radiation-induced liver disease (RILD) 
[16]. SBRT, which allows the delivery of high doses of 
radiation in a short time to well-defined tumor sites, has 
emerged as an alternative treatment for patients with liver 
tumors. Early results with SBRT and other newer techniques 
are promising in terms of local control and toxicity [16–22]. 

Fig. 5  Overall survival by tumor diameter. Survival curves of patients 
with unresectable hepatocellular carcinoma (HCC) treated with percu-
taneous CT-guided high-dose-rate brachytherapy according to maxi-
mum tumor diameter. Survival of patients with HCC diameter ≤ 5 cm 
was not significantly better than that of patients with HCC > 5 cm in 
diameter

 

Fig. 4  Overall survival (OS) curve for patients with unresectable he-
patocellular carcinoma (HCC) treated with percutaneous CT-guided 
high-dose-rate brachytherapy

 

Fig. 3  Histological investigation. 
Patient who underwent CT-guid-
ed high-dose-rate brachytherapy 
(CT-HDRBT) of two hepatocel-
lular carcinoma (HCC) lesions 
3 weeks (liver segment VI) and 
7 months (liver segment VII) 
before liver transplantation (a, b). 
Histology of the tumor in liver 
segment VI 3 weeks after CT-
HDRBT shows moderately differ-
entiated HCC with no significant 
cellular changes (c). Histology of 
the tumor in liver segment VII, 
treated 7 months before liver 
transplantation shows total tumor 
cell necrosis (d)
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(SBRT) and in up to 13.3 % of patients following radio-
embolization (RE) [12, 27]. Although 4 patients showed a 
transient elevation of liver enzymes after CT-HDRBT, no 
cases of RILD/REILD could be diagnosed in our cohort of 
patients. This appears probably due to the lower volume of 
healthy liver that is irradiated in CT-HDRBT. In fact, thanks 
to intratumoral application of the radiation source, to pre-
cise 3D-radiation planning, and to the rapid drop in dose 
outside the target volume, CT-HDRBT allows the applica-
tion of very high radiation doses to the target volume while 
at the same time sparing sensitive organs, including healthy 
liver.

Our results are consistent with those reported by another 
group, which published the first study about the manage-
ment of unresectable HCC by means of CT-HDRBT: Moh-
nike et al. [28] reported a mean PFS of 10.4  months and 
a median OS of 19.4  months, which were significantly 
higher compared with a historical control group in a retro-
spective matched-pair analysis. Several limitations to this 
study should be mentioned: it is a single-institutional retro-
spective study with a relatively small and inhomogeneous 
sample size. Owing to that fact, and to the lack of long-term 
follow-up, our results must be interpreted with caution.

Conclusion

To our knowledge this is the largest hitherto published study 
to examine patients with unresectable HCC treated with 
CT-HDRBT. It adduces evidence in favor of the use of CT-
HDRBT as a safe and effective therapy for patients with 
unresectable HCC, and it suggests that CT-HDRBT can be 
considered a further alternative liver-directed therapy that 
complements existing options in a multimodality treatment 
regimen.
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