
Abstract. Aim: Prevalence of patients with unresectable
recurrence of hepatocellular carcinoma (HCC) after previous
resection is rising. The purpose of this study was to determine
survival of patients undergoing computed tomography-guided
brachytherapy (CT-HDRBT). Patients and Methods:
Altogether 19 patients with unresectable HCC recurrence were
treated with CT-HDRBT at our Institution. Patients underwent
single-fraction high-dose irradiation by an iridium-192 source
after CT fluoroscopy-guided catheter placement. The median
tumor-enclosing target dose was 20 Gy. Results: The median
follow-up was 33 months. According to the Kaplan–Meier
method, median overall survival after CT-HDRBT was 50
months, and median survival after first hepatic resection was
87 months. The median duration of local tumor control was
32 months and time to disease progression was 20 months.
There were no serious complications after CT-HDRBT and no
treatment-related deaths. Conclusion: CT-HDRBT is a safe,
potentially life prolonging technique in patients with
recurrence of HCC who have few therapeutic options.

Liver cancer is the fifth most common cancer worldwide
with an estimated death number of 427,000 in 2013 in the
United States (1). Highest incidence rates are reported for
East Asia, sub-Saharan Africa and Melanesia, where around
85% of cases occur due to endemic Hepatitis B (HBV)
infection, whereas in the western world chronic Hepatatiis
C (HCV) infection and alcohol intake are the major risk
factors for developing hepatocellular carcinoma (HCC),
mainly on the basis of cirrhosis (17).

The Barcelona Clinic Liver Cancer Classification (BCLC)-
based international guidelines for the treatment of HCC propose
hepatic resection as therapeutic option of choice in patients with
BCLC grade 0 (single tumor <2 cm) (13). As underlying
cirrhosis is irreversible, all patients are at permanent risk of re-
developing HCC at other locations. The best option would
probably be salvage liver transplantation, as the tumor and the
underlying cirrhosis are removed simultaneously. But due to
transplant organ shortage, other treatment options have to be
considered to prolong a patient’s life (21). As patients undergo
hepatic resection whenever possible, the prevalence of patients
with hepatic recurrence after previous resection is rising.

Besides systemic treatment using sorafenib, leading to a
median life-prolonging effect of 2.3 months (2), local
minimally invasive treatments have become available. Thermal
local ablation techniques lead to comparable overall survival
rates to those for hepatic resection (5, 12), but are affected by
the heat-sink effect when lesions are located close to vessels or
have a size limit of 3-5 cm (10). To overcome these limitations,
Ricke et al. developed computed tomography-guided high-
dose-rate brachytherapy (CT-HDRBT), inducing local ablation
by single-fraction irradiation with an Iridium-192 source in
afterloading technique (19). 

Published data regarding CT-HDRBT of HCC report patient
groups whose majority (~80%) has been primarily unresectable
(16). As hepatic resection is the method of choice and is
performed regularly, the intention of this article is to report on
the survival of patients who underwent resection for primary
HCC but who developed unresectable recurrence in the liver
remnant treated by CT-HDRBT, in order to investigate the
potential of this multidisciplinary, sequential approach. 

Patients and Methods

All patients who underwent CT-HDRBT to the liver because of
intrahepatic recurrence of HCC between January 2008 and August
2012 at our Institution were identified from our prospectively created
minimally invasive therapy database. The Institutional Review Board
approved the retrospective study protocol (EA1/144/11). Before
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intervention, the institutional surgeons and the Hepatic Tumor Board
determined hepatic resectability and all indications. 

Written informed consent after extensive explanation of risks and
potential alternatives to the planned procedure was obtained from
each patient.

Contraindications which applied to CT-HDRBT were total bilirubin
>2.0 mg/dl; multiple, disseminated liver lesions (n>5); uncorrectable
impaired coagulation, and massive ascites. Infiltration of hepatic
vessels or the portal veins were not a contraindication. 

Procedural standards of CT-HDRBT were described in detail
elsewhere (3, 19) and shall be presented here only briefly:
Preinterventional hepatic Magneti Resonance Imaging (MRI) using
hepatocyte-specific contrast agent (Primovist; Bayer, Leverkusen,
Germany) was used to plan the intervention and to rule out the
presence of multifocal disease. Patients were treated under conscious
sedation (midazolam and fentanyl) and local anesthesia (lidocaine).
Under CT-fluoroscopic guidance 6F angiographic sheaths were
inserted into the lesions using Seldinger’s technique. Through these
sheaths, the closed-ended 6F afterloading catheters (Primed,
Halberstadt, Germany) were introduced. The array of catheters in
relation to the tumors was depicted on a contrast-enhanced CT scan
(primary slice thickness 0.6 mm, reconstructed to a slice thickness of
5 mm), which was used for further treatment planning on a 3D
radiation planning workstation (Brachyvision; Varian Medical
Systems, Palo Alto, CA, USA).

The clinical target volume was depicted manually (blue line, Figure
1); the general intention was to ablate each lesion with a tumor-
enclosing target dose of 20 Gy with an iridium-192 source
(Gammamed 12; Varian Medical Systems). Adjacent structures at risk
such as the stomach or the duodenum were marked and their dosage
was calculated, if necessary the dosage was modified according to Hall
et al. (8). During retraction of the catheters (after completion of the
brachytherapy procedure), the puncture channels were sealed with
resorbable, thrombogenic material (Gelfoam; Pfizer Inc., New York,
NY, USA) to avoid bleeding. 

Follow-up. Follow-up ended in July 2014. Tumor response to CT-
HDRBT was defined according to the reporting criteria of the Society
of Interventional Radiology, classifying local tumor control (LTC) as
the time period until an ablated lesion showed a progression, time to
progression (TTP) as the time period until new tumor was detected at
any site, and overall survival (7). 

The routine hepatic follow-up consisted of clinical visits and MRI
using hepatocyte specific contrast at six and 12 weeks, and then every
third month after therapy completion. 

Complete ablation was defined as total enclosure of the lesion by
radiation-induced function loss of perilesional normal liver tissue,
indicated by the lack contrast uptake six weeks after ablation. A
maximum symmetric increase of less than 25% was tolerated as post-
therapeutic swelling. Any asymmetric lesion growth at any time point
during follow-up was defined as incomplete ablation or local recurrence,
depending on the time point during follow-up. Distant recurrence was
defined as new malignant lesions that appeared at a different site within
the liver that had not been treated by local ablation before. 

In cases with local tumor progression eligible for repetitive local
ablation, patients underwent repetitive brachytherapy to provide further
hepatic tumor control. The time interval to diffuse or extrahepatic
progression which was not further controllable was also calculated
according to the Kaplan–Meier Method. 

Major and minor complications were defined according to Society
of interventional radiology reporting standard (6).

Results

A total of 19 patients with HCC recurrence in the liver
remnant were identified. The median time interval between
previous resection and intrahepatic recurrence was 19.5
months (range=6.4-106 months).

The mean size±standard deviation of the ablated lesions
was 25±12 mm (range=4-57 mm). Altogether 48 lesions were
treated in 36 treatment sessions. 

The median follow-up period from ablation was 33 months
(mean=38.7±22.4 months; range=6-82 months).

Two patients developed local tumor progression after a
median interval of six months (local recurrence rate 4.1%).
These local progressions were treated by CT-HDRBT. No
other lesion showed local progression (median local tumor
control=32.1 months, mean=35.0±18.8 months). 

The median time to progression was 20 months. Eight out
of the 19 patients underwent repeated treatments of newly
developed hepatic lesions. The median time to diffuse hepatic
or extrahepatic progression was 48 months. 

After progression, one patient underwent radio -
embolization before she was lost to follow-up and eight
patients had sorafenib as part of their medical therapy.

At the end of follow-up, eight patients had died, three were
lost to follow-up, five had diffuse hepatic or extrahepatic
progression, and three patients were estimated to be still
under local tumor control from their first ablation.

Overall survival after ablation was 50 months; that
calculated from the time of first resection was 87 months.

There was one case of intrahepatic hemorrhage after
brachytherapy-catheter retraction which tamponated
spontaneously and prolonged the patient’s stay in the hospital
for one day.

Discussion

The results of the current study show that even long-term
survival is possible after hepatic recurrence of HCC when
using CT-HDRBT: We report on a median overall survival of
50 months, and a time period until progression of
uncontrollable disease of 48 months due to multiple ablations
which have been performed. 

The median overall survival of 84 months from the first
hepatic resection underlines the potential of this
multidisciplinary approach. Multidisciplinary treatment of this
group of patients with limited treatment options, is essential
to reach these results and becoming even more important as
the prevelence of these patients is increasing due to the rising
number of hepatic resections and incidence of HCC (17).

These data are different from those for survival after CT-
HDRBT of 19.4 months reported by Mohnike et al.: Their
study population was different, with only a small sub-group
of patients who had undergone previous hepatic resection and
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disease in the majority of patients was primarily unresectable
(16). Generally, literature about the treatment of secondary
recurrence of HCC is quite scarce.

Chan et al. investigated the outcome of radiofrequency
ablation, repeated resection and salvage transplantation and
reported a median OS of 60 months (1). Groups were too
small and influenced by selection bias, and therefore they
stated the different methods to be complementary instead of
competing therapies. They also underlined the importance of
a multidisciplinary team approach to the management of
patients with postoperative tumor recurrences.

Eisele et al. found survival of 48 months after repeated
hepatic resection and for radiofrequency ablation of 40 months
(p=NS, level of significance p<0.05) in their database of patients
undergoing treatment of secondary HCC recurrence (5). 

Repeatability and minimal invasiveness are an inherent
advantage of the CT-HDRBT technique. Compared to thermal
ablation techniques (radiofrequency ablation or laser-induced
thermal coagulation), CT-HDRBT has no limitations in terms

of size or localization of the lesions, as a heat-sink effect due
to adherent vessels is not present when using radiation. 

A major cause of concern when using local ablation
techniques is the possibility of local tumor progression due to
incomplete tumor ablation. Therefore resections are regularly
performed at our hospital when possible, but with underlying
cirrhosis, the functional tissue reserve limits resection options. 
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Figure 1. Computed tomographic images showing multiple CT-HDRBT treatments of a 60-year-old patient with recurrence of hepatocellular
carcinoma in the liver. A: newly-developed lesion can be seen under the liver dome (arrow). Thirty-nine months before the patient had undergone
resection of segments 2 and 3 because of hepatocellular carcinoma. B: After interdisciplinary discussion, one brachytherapy catheter was inserted
(green line) and a radiation field with a tumor-enclosing dose of 20 Gy (red line) at the tip of the catheter was planned. The blue line indicates the
clinical target volume. C: Three months later, a functional loss of liver tissue, indicated by the lack of uptake of hepatocyte-specific contrast on
magnetic resonance imaging in the location of the tumor indicates complete coverage and ablation of the lesion. D: On a subsequent MRI nine
months after the first ablation, a new single lesion is depicted in segment 4 (arrows). E: The lesion was treated by a tumor-enclosing target dose of
20 Gy again via two catheters. F: Local tumor control and complete coverage of the lesion. Sixteen months later, at the end of follow-up, the patient
was still under local tumor control. 

Table I. Patients’ characteristics (n=19).

Gender (male:female) 16:3
Age, years (mean±standard deviation) 71±8
Child Pugh Class A 16
Child Pugh Class B 3
Previous liver resection 19
Alcohol-induced disease 5
Hepatitis B infection 2
Hepatitis C infection 3



Local tumor progression is reported to be between 1.7% and
41% when using radiofrequency ablation (15). The local
recurrence rate in our cohort was 4.1% (2/48), which is in the
range of published data using CT-HDRBT when treating HCC
(3, 16) and lower compared e.g. to the recurrence rate when
treating colorectal cancer metastases (18). We attribute the
relatively low local tumor progression rate to the special
approach of CT-HDRBT, dividing the tumor ablation into two
different steps: Catheter implantation under computed
tomographic fluoroscopy is performed as the first step and the
treatment plan is created using 3D data of spiral CT as the
second step. The treatment planning on a dedicated workstation
makes complete tumor enclosure more reliable and
reproducible compared to the interventionalist’s orientation
during CT fluoroscopy or ultrasound guidance, which is the
typical approach when performing radiofrequency ablation. 

Several local techniques have been evaluated in patients
with HCC, such as transarterial chemoembolization.
Conventional transarterial chemoembolization using
anticancer agent-in-oil emulsion followed by embolic
agents has been the most popular technique, in recent times
partly replaced by drug-eluting beads loaded with
doxorubicin. Randomized studies focus on tumor response
according to the European Society for the Study of the liver
criteria (11) or time to progression in case–control studies
(20), but survival data are scarce. 

Transarterial radioembolization using yttrium-90-loaded
microspheres to ablate intrahepatic tumor load is another
eligible technique (4), with reported time to progression of
10 months and a median survival of 16.1 months (9). 

The only eligible systemic therapy is sorafenib, an oral
tyrosine kinase inhibitor, leading to a prolonged survival of

nearly 3 months (10.7 vs. 7.9 months) compared to placebo
in prospectively randomized trials (14). The level 1 evidence
and the easy usage as an oral medication explain its wide and
growing use.

This study has several limitations: The major limitation is
the single-arm, retrospective study design, as a reference
group of patients with comparable medical history of
previous resection and unresectable recurrence of HCC was
not available. At our hospital all patients are discussed by the
Interdisciplinary Tumor Board, and due to the results of CT-
HDRBT in presented in this and other studies, patients who
are eligible for CT-HDRBT are treated in this way.
Pretreatment was inhomogenous in this study group, as
patients had single or repetitive resections until they were
stated as having unresectable disease.

The presented median survival of 50 months after ablation
cannot be attributed solely to CT-HDRBT. As in any
oncological patient, different therapies were applied after
progression. All patients who died had a combination of
systemic tumor progression and increasingly impaired liver
function; therefore it was impossible to say whether the
cause of death was tumor- or liver function-induced.

Differentiation of the results according to the etiology of
cirrhosis, whether viral- or alcohol-induced, or idiopathic
was impossible due to the relatively low number of patients
(n=19). 

Conclusion

CT-HDRBT achieved a time to progression of 20 months and
an overall survival of 50 months in patients who were in a
salvage situation with few therapeutic options. Thus CT-
HDRBT can be a powerful support in a multidisciplinary
treatment approach for HCC.
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Figure 2. Kaplan–Meier survival curve of the study cohort, starting from
the day of ablation. Median overall survival after CT-guided high dose rate
brachytherapy of Hepatocellular carcinoma recurrence was 50 months. 

Figure 3. Kaplan–Meier survival curve of the 19 patients invesitagted in
this study, starting with the day of first hepatic resection of their
hepatocellular carcinoma. The median interval between hepatic resection
and first CT-guided high-dose rate brachytherapy of their recurrence was
19.5 months. The median overall survival of this cohort was 87 months.
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