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Abstract

Purpose This study was designed to investigate the
clinical outcome of patients with irresectable, intrahepatic
cholangiocarcinoma (IHC) treated with computed tomog-
raphy (CT)-guided HDR-brachytherapy (CT-HDRBT) for
local tumor ablation.

Method Fifteen consecutive patients with histologically
proven cholangiocarcinoma were selected for this retro-
spective study. Patients were treated by high-dose-rate
internal brachytherapy (HDRBT) using an Iridium-192
source in afterloading technique through CT-guided per-
cutaneous placed catheters. A total of 27 brachytherapy
treatments were performed in these patients between 2006
and 2009. Median tumor enclosing target dose was 20 Gy,
and mean target volume of the radiated tumors was 131
(£ 90) ml (range, 10-257 ml). Follow-up consisted of
clinical visits and magnetic resonance imaging of the liver
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every third month. Statistical evaluation included survival
analysis using the Kaplan—Meier method.

Results  After a median follow-up of 18 (range, 1-27)
months after local ablation, 6 of the 15 patients are still
alive; 4 of them did not get further chemotherapy and are
regarded as disease-free. The reached median local tumor
control was 10 months; median local tumor control,
including repetitive local ablation, was 11 months. Median
survival after local ablation was 14 months and after pri-
mary diagnosis 21 months.

Conclusion In view of current clinical data on the clinical
outcome of cholangiocarcinoma, locally ablative treatment
with CT-HDRBT represents a promising and safe tech-
nique for patients who are not eligible for tumor resection.

Keywords Interventional oncology - Non-vascular
interventions - Ablation - Radiation - Liver/hepatic

Introduction

Intrahepatic cholangiocarcinoma (IHC) is a rare primary
liver tumor that arises out of the epithelial cells of the bile
ducts [1]. Of the primary liver malignancies, it is the sec-
ond most common tumor having a stake of 10%. Of all
malignancies, IHC accounts for <1 percent with a rising
incidence in Europe and Northern America [2].

IHC usually present at advanced tumor stages, and due
to rapid progression, they are not eligible for primary
resection [3]. Surgery represents the only curative option
for patients with IHC with the goal of tumor-free resection
margins, but there is no evidence for prolonged survival
after noncurative resection or tumor debulking [4]. Current
5-year survival rates after curative surgery range from 20 to
40% [5, 6], but even with primary tumor resection the
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amount of hepatic tumor recurrence is high with reported
recurrence rates to 70%. However, because of rapid tumor
growth and often late detection, resectability rates are low
[7, 8]. The reported median survival after liver surgery
ranges from 12 to 36 months compared with 6-12 months
in patients with irresectable disease [8—10].

In the palliative situation, the actual standard systemic
chemotherapy consists of a combination of gemcitabine
and cisplatin. The overall survival in a randomized phase
IIT study with 410 patients was 11.7 months for the gem-
citabine/cisplatin patients versus 8.1 months in the gem-
citabine alone group, which demonstrates a significant
improvement for the combination therapy [11].

Local ablative treatment options are gaining attention as
adjuncts to surgery and chemotherapy. The majority of
these procedures use thermal energy for local tumor cell
destruction generated by radiofrequency (RFA) [12, 13],
laser (LITT) [14] or microwave (MWA) [15]. These pro-
cedures are only rarely feasible in I[HC, which are mostly
large in diameter at diagnosis. The presence of microin-
vasion of the surrounding tissue, not visible on diagnostic
imaging, may result in a high rate of local progression after
thermoablative procedures because of remaining viable
tumor beyond the range of the ablation zone [16]. Cho-
langiocarcinomas arise regularly from the large bile ducts,
which are adjacent to the major vessels. The perfusion of
large vessels leads to convective heat loss (cooling effect)
during thermal ablation, possibly resulting in an incomplete
ablation. In consequence, therapeutic options and treatment
success are very limited in IHC and new therapeutic
approaches urgently need to be developed and assessed.

The technique of CT-guided high-dose-rate brachy-
therapy (CT-HDRBT) of hepatic malignancies was estab-
lished in 2002 and has been used since then with promising
outcome, e.g., in colorectal cancer metastases or hepato-
cellular carcinoma [17, 18]. CT-HDRBT has proven
valuable especially in those lesions unfavorable for RFA
because of large diameters (up to 10-13 cm), complex
shape, or close relation to central bile ducts or vessels,
conditions that are common in irresectable IHC [19].

This retrospective study analyzed the clinical outcome
of patients with primary IHC, classified as unsuitable
for surgery by our surgical department, treated by
CT-HDRBT. It was our intent to analyze retrospectively
the clinical outcome of these patients and thereby elucidate
new strategies for these patients with overall poor prog-
nosis and few therapeutic options.

Methods

This retrospective analysis included all patients with
locally irresectable IHC without extrahepatic disease (as
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determined by CT) treated by CT-HDRBT at our institu-
tion between January 2006 and June 2009. All tumors were
histologically proven by biopsy. Irresectability was deter-
mined by institutional surgeons. Indication for local tumor
ablation was confirmed by an interdisciplinary tumor
board, and written informed consent was obtained from
each patient before the procedure. Important contraindi-
cations applied to brachytherapy candidates were total
bilirubin >2.5 mg/dl (after internal biliary drainage if
severe cholestasis was present), multiple, disseminated
liver lesions (n > 5), uncorrectable impaired coagulation,
and massive ascites. In contrast to thermal ablation
CT-HDRBT, the maximal size of the ablation zone is
limited by adjacent radiosensitive organs or structures (e.g.,
intestine) and by a sufficient remaining liver volume with a
radiation below 10-Gy dose. In case of adjacent radiosen-
sitive structures and organs, an adjusted arrangement of
brachytherapy catheters could overcome this limitation; the
volume limitation could be solved by a treatment in two
sessions with a hepatic recovery time of 4-6 weeks
in-between. Using CT-HDRBT lesions up to 10-15 cm
could be treated, overcoming the size limit of thermal
ablation, which is generally reported with 5 cm.

Standard treatment planning consisted of a liver MRI
with hepatocytespecific contrast agent (Gd-EOB-DTPA,
Primovist, Bayer, Leverkusen, Germany) 1 day in advance
to CT-HDRBT to assess technical feasibility. The insertion
of brachytherapy catheters into the tumor was performed
under analgosedation (midazolam and fentanyl) and local
anesthesia (lidocaine). Under CT-fluoroscopic guidance, a
direct percutaneous transhepatic puncture and insertion of
6F angiographic sheaths (Terumo, Tokyo, Japan) with
standard length of 27.5 cm in Seldinger’s technique into
the tumor was performed. Through these sheaths, the
closed-ended 6F afterloading catheters (Primed, Halbers-
tadt, Germany) were introduced into the tumor. Arrange-
ment of catheters depended on the size and shape of the
lesion and anatomic limitations (e.g., pleural space, adja-
cent stomach, or spinal cord). Contrast-enhanced CT scans
with the catheters in situ were used for further planning,
performed by a radiologist and radiation oncologist in
consensus. The 3D data were transferred to a radiation
planning workstation (Brachyvision, Varian Medical Sys-
tems, Palo Alto, CA). Clinical target volume (CTV) was
defined as the visible tumor borders in contrast-enhanced
CT scans, including the enhancing rim. Catheters, clinical
target volume (CTV), and potential risk structures were
registered manually followed by semiautomatic calculation
of the brachytherapy plan consisting of dwell times and
dwell locations of an Iridium-192 source (Gammamed 124,
Varian Medical Systems) inside the catheters to cover the
CTV with the intended minimal dose. The desired CTV
enclosing dose was 20 Gy, but it was reduced in particular
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cases with adjacent structures at risk. In the central parts of
the tumor doses >50 Gy were accepted. Examples of
CT-HDBRT planning are shown in Figs. 1 and 2. In case of
very large tumor volume, the clinical target volume was
spitted and the partial clinical target volumes were treated
one after the other with an interval of 4—6 weeks, allowing
the surrounding liver parenchyma to recover. During
retraction of the catheters after completion of the brachy-
therapy procedure, the puncture channels were sealed with
resorbable, thrombogenic material (Gelfoam, Pfizer Inc.,
New York, NY) to avoid bleeding.

The routine follow-up consisted of clinical visits
(including tumor marker Cal9-9) and liver MRI with
Gd-EOB 6 weeks, 12 weeks, and then every third month
after therapy completion (Figs. 1, 2). Additionally CTs of
the chest were performed every 6 months. In cases with
local tumor progression eligible for repetitive local abla-
tion, patients underwent repetitive brachytherapy to pro-
vide “assisted” local tumor control. Local control rates,
assisted local control rates, time to progression, patient

survival, complications (according to the SIR classifica-
tion), and additional therapies were documented.

Statistical analysis was performed using Graph Prism
Version 4 and Sigmaplot Version 8 (SPSS, Chicago, IL).
Influence on patients’ survival by complicating factors was
compared using the Chi-square test. All quantitative data
are expressed as mean =+ range, unless otherwise indicated.
Univariate analysis of overall survival was performed using
the Kaplan—-Meier method.

Results
Patients

In our database of 783 CT-HDRBT treatment sessions in
520 patients between 2006 and 2009, we identified 15
patients with primary irresectable THC. A total of 27
brachytherapy sessions were performed in these 15
patients. The male to female ratio was 1:2, mean age was

Fig. 1 The liver of a 77-year-old patient presenting with a large
intrahepatic mass infiltrating segments 2, 3, 4, and 8 of the liver. The
left branch of the portal vein showed a thrombosis was infiltrated and
the patient was classified irresectable by the institutional surgeons
due to an infiltration of the hilum (A). The tumor was treated by
CT-HDRBT, in two separate initial sessions, using two catheters in
each session. In the first session the right and superior part was treated
(B), followed by the lateral and lower parts 6 weeks later (C).

The central dark line indicates the clinical target volume, the first
surrounding line indicates the 20-Gy isodose. After 3 months the
tumor showed a beginning shrinkage (D), 12 months later (E) and
after 24 months (F) shrinkage of the tumor is visible with nearly a
complete scar in the location of the tumor. Probably due to the
radiation and the adjacent portal vein thrombosis the left lobe of the
liver shows nearly complete shrinkage with residual local cholestasis
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Fig. 2 Liver of a 60-year-old patient with irresectable central
intrahepatic cholangiocarcinoma (arrow) 8 cm in diameter, which is
surrounding all three draining hepatic veins (A). The tumor was
treated by CT-HDRBT using a total of four brachytherapy catheters
with a tumor-surrounding isodose of 20 Gy (B). After 3 months, the
tumor shows beginning shrinkage (arrowheads) and a small area of
reduced liver-function, which is demarked by a lowered Gd-EOB
enhancement (C). After 9 months, the primary tumor (arrowheads)
shows further shrinkage (D) without significant biliary obstruction,

66 £ 11 years, and details about the patients and tumor
characteristics are obtained in Table 1.

Median time from initial diagnosis was 7 months. Pre-
vious therapies consisted of intraarterial chemotherapy in
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indicating that all draining intrahepatic bile ducts were patient.
Hepatic veins were included in the radiated tumor mass, but venous
drainage was still patent without hepatic vein thrombosis. Nine
months after CT-HDRBT, two new lesions with increase of Cal9-9
were detected (E). These metastases were treated by a repetitive
CT-HDRBT (F). Altogether five repetitive treatments were performed
because of new metastases and an assisted tumor control period
without extrahepatic tumor activity of 19 months could be reached.
The patient died 28 months after initial CT-HDRBT

three cases. Four patients had tumor centrally in the liver
hilum.

In nine of the patients there was only one tumor present:
five patients had two, and one patient had three lesions. The
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Table 1 Patients’ characteristics 104 Survival Curve
Age (years) 64 + 12 (range, 47-82)
Male:female ratio 1:2 0,8 -
Portal vein thrombosis (no.) 5 -
Tumor surrounding hepatic veins (no.) 8 -3 06 4
Cholestasis (no.) 6 §-
Median tumor diameter (cm) 5.25 (range, 1-18) o 04 1
median size of the largest liver lesion was 5.25 (range, 021
1-12) cm, and the resulting median clinical target volume
was 61 (mean, 89 £ 91, range, 2.1-257) ml. 00
Intrahepatic cholestasis was present in six cases with 0 5 10 15 20 25 30 35

necessary biliary decompression in two cases. Other com-
plicating conditions, such as (partial) portal vein occlusion,
was present in five cases.

Treatment

The median number of brachytherapy catheters used per
treatment session was two (range, 1-6). In four patients,
initial therapy was conducted with two separate treatment
sessions. Median tumor surrounding target dose was
20 Gy; in four cases the target dose had to be reduced to
15 Gy and in one case to 17 Gy because of adjacent risk
structures, such as stomach or kidney, with a low tolerance
for radiation. Three patients had one additional treatment
for local progression during follow-up, and one patient had
five reablations.

One patient developed hyperbilirubinemia of up to
51 mg/dl 6 weeks after the second brachytherapy treat-
ment. There was no evidence for biliary obstruction, and
other hepatic function tests, such as albumin, INR, and
PTT, were in the normal range. The CTV of this second
treatment was 68 ml with a tumor surrounding isodose of
20 Gy within 164 ml. There was no case of severe bleeding
and no treatment-related death within 30 days after
CT-HDRBT.

Clinical Outcome

Median follow-up was 14 months after treatment. Median
local control after local ablation was 10 (range, 1-25)
months; median assisted local tumor control, including
repetitive local ablation, was 11 (range, 1-26) months.
Currently six patients are still alive and four of them are
regarded as disease-free. These four patients are currently
still under local tumor control without any evidence for
tumor activity.

Median time to systemic progression was 13 (range,
1-27) months. Six patients showed early tumor progression
with multiple new liver lesions within the first 3 months
after local ablation. These multiple lesions were impossible

Survival Time in Months

Fig. 3 Kaplan—Meier curve of the patients’ survival after the first
CT-HDRBT. Median survival was 14 months, and the median
interval between initial diagnosis and the first ablation was 7 months

to be treated again by local ablation and patients received
systemic therapy. In one patient with good local control
and no systemic progression 6 months after treatment
(8 months after initial diagnosis), a liver transplantation
from a living donor was performed; 2.5 years later the
patient is still free of disease.

Median overall survival after primary ablation was
14 months; the mean survival was 16 + 8.4 (range, 4-30)
months. There was no significant influence on patients’
survival by a present cholestasis or portal vein thrombosis
(P > 0.05). Kaplan—Meier plots of the patients’ survival
are illustrated in Fig. 3.

Discussion

Intrahepatic cholangiocarcinoma (IHC) is a rare primary
liver malignancy with increasing incidence worldwide. In
case of local or clinical irresectability, just recently a
standardized chemotherapy regimen was established,
leading to a median survival of 11.7 months in a pro-
spectively randomized trial [2, 11].

We could achieve long-lasting tumor control (up to
25 months) with no severe complication according to the
SIR classification by the use of CT-HDRBT in 15 patients,
which is a promising result. However, the indication for
this type of therapy is given only in few patients, because
most of them present with resectable tumors—Ilocally too
advanced tumors—or systemic disease, or both. This is
reflected by the rather low number of 15 patients treated
during the period of 4 years at our large center, which is
specialized in hepatic malignancies.

Published data concerning local therapy options in
intrahepatic cholangiocarcinomas (IHC) are very limited.
Using external beam radiation of hilar cholangiocarcinoma
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and interstitial brachytherapy for extrahepatic cholangio-
carcinoma, reported median survival was 9-14 months
[20-22]. Photodynamic therapy also has been used in
ductal cholangiocarcinoma, as a part of palliative care [23].
These results cannot be easily compared to our results,
because external cholangiocarcinoma have different his-
tology compared with IHC and typically become obvious
at an earlier stage by biliary obstruction and resulting
jaundice. Other reports also investigated local radiation
therapy, but this was performed intraoperatively or intra-
luminally to improve stent patency after biliary stenting
[24, 25]. Intra-arterial chemotherapy (hepatic arterial
infusion; HAI) also seems to be a promising technique
leading to median patients’ survival of up to 13.2 months
[26, 27]. In a recently published, small study that investi-
gated six patients treated by a combination of transarterial
embolization and radiofrequency ablation, the median
survival was 20 months [13]. In this study and the first
study using RFA by Chiou et al., large tumor masses
>5 cm resulted in residual masses and were found to be
difficult to ablate completely [28]. Also typical limitations,
such as central localization with the risk of heat loss due to
extensive vascularity in the hepatic hilum, were found.
Radiofrequency ablation has been used to treat hilar chol-
angiocarcinoma with biliary obstruction, and the reported
mean survival was 18 month in 11 patients. Yamamoto
et al. reported about the combination of liver surgery and
radiofrequency ablation (12 liver resections, 8 radiofre-
quency ablations) in 13 patients with hepatic recurrence of
IHC [29]. The reported median survival was 51 months,
with a maximum survival of up to 155 months. Radio-
embolization has been used in a cohort of 24 patients with a
planned target dose of 120 Gy inside the tumor. The
reported median survival was 14.9 months [30].

Transarterial chemoembolization also has been investi-
gated as palliative treatment of IHC with protocols using
lipiodol and mitomycin C, doxorubicin-eluting beads, or
oxaliplatin-eluting microspheres, which reported median
survival between 13 and 30 months [31-33].

Recently an epidemiologic database study about radia-
tion and brachytherapy of cholangiocarcinomas was pub-
lished, and a median survival of 11 months using
brachytherapy compared with 4 months without radiation
was found [34]. Due to the inhomogeneity of the epide-
miologic database patient collective and the lack of infor-
mation about the technical approach, these data are not
easily to compare with our data. Typically brachytherapy is
performed intraluminally via the bile duct or via a percu-
taneous transhepatic cholangio drainage (PTCD) route,
whereas our brachytherapy catheters are applied in the
center of the tumor under CT-fluoroscopy guidance.

Our results suggest that CT-HDRBT may lead to pro-
longed survival in patients with irresectable IHC. The main
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advantage of CT-HDRBT is its ability to treat large tumor
masses, because they often are present in patients with
symptomatic IHC at diagnosis. In our series, we had three
patients with immured hepatic veins, which we were able
control locally. Any thermal ablation method would fail at
this point by the cooling effect of the adjacent vessels. By
the accurate 3D planning of the CTV in CT datasets, we
gain security to cover the whole tumor volume and reduce
radiation exposure to neighboring organs and structures.
We had no severe complication, but the significance of this
is limited due to size of the study population.

The patients tolerated the treatment well and were in
general released 48 h after treatment. Due to its local
character, CT-HDRBT did not show systemic side effects
as they often are found in chemotherapy regimens using
5-FU.

From our point of view, CT-HDRBT might become an
important part of a multimodal concept for patients with
irresectable IHC. It is able to treat patients who are not
suitable for local thermal destruction but with limited
disease to the liver and might prolong intervals before or
between oncologic chemotherapies. It might even be
combined with other therapy regimes, such as intra-arterial
chemotherapy, but these considerations were not part of
our study.

CT-HDRBT fails in some cases, such as in our study
group; six cases had multiple metastases in the remaining
liver shortly after the intervention or extrahepatic tumor
growth with lymph nodes metastases, peritoneal carcino-
matosis with resulting ascites, which of course could not be
stopped due to the local character of tumor ablation without
systemic effect.

Conclusions

With the very limited therapeutic options in patients with
irresectable IHC, CT-HDRBT might develop into an
important gap-filler between surgical and systemic treat-
ment, at least in those patients who are not suitable to
undergo RFA but still present with limited disease to
prolong chemotherapy-free intervals, local control, sur-
vival, or even treat with curative intent. This, however,
necessitates further studies with larger patient numbers, if
possible in a prospective, controlled setting.
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