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Abstract

Background: Unresectable intrahepatic and hilar cholangiocarcinomas carry a dismal prognosis.
Systemic chemotherapy and conventional external beam radiation and brachytherapy have been
used with limited success. We explored the use of stereotactic body radiotherapy (SBRT) for
these patients.

Methods: Patients with unresectable intrahepatic or hilar cholangiocarcinoma or those with
positive margins were included in this study. Systemic therapy was used at the discretion of the
medical oncologist. The Cyberknife™ stereotactic body radiotherapy system used to treat these
patients. Patients were treated with three daily fractions. Clinical and radiological follow-up were
performed every three months.

Results: 34 patients (16 male and 18 female) with 42 lesions were included in this study. There
were 32 unresectable tumors and two patients with resected tumors with positive margins. The
median SBRT dose was 30Gy in three fractions. The median follow-up was 38 months (range 8-71
months). The actuarial local control rate was 79%. The median overall survival was 17 months and
the median progression free survival was ten months. There were four Grade Il toxicities (12%),
including duodenal ulceration, cholangitis and liver abscess.

Conclusions: SBRT is an effective and reasonably safe local therapy option for unresectable in-
trahepatic or hilar cholangiocarcinoma.
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Introduction

Cholangiocarcinomas, the second most common  50-90% of patients present with unresectable disease

primary malignancy of the liver, are a heterogeneous
group of malignancies ranging from intrahepatic to
hilar, distal biliary and ampullary cancers(1,2). They
are uncommon tumors with an age-adjusted inci-
dence ratio of 0.92 per 100,000 in the US(3). Overall,
intrahepatic and hilar cancers, including unresectable
and advanced disease, carry a dismal prognosis with
a 5-10% b5-year survival(4), with curative surgery
providing the best outcomes. However, between

at presentation,(6) and their median survival is often
less than a year. Despite advances in diagnostic and
surgical techniques, some patients are left with posi-
tive margins, and their outcome is poor without ad-
ditional therapy(1,4,5,7). Systemic therapy and con-
ventional radiotherapy has remained the standard of
care for these patients, however with limitations and
toxicity(8-10). These approaches provide local control
in two-thirds of patients within their median overall

http://lwww.jcancer.org



Journal of Cancer 2015, Vol. 6

1100

survival time of 8-12 months(4).

The main limitation of conventional external
beam radiotherapy has been the tolerance of the liver
and the gastrointestinal tract adjacent to the tumor.
Highly conformal stereotactic body radiotherapy
(SBRT) has been used safely and effectively in
hepatobiliary and pancreatic cancers(11-13). Another
rationale for hypofractionated SBRT is that it does not
significantly interrupt systemic chemotherapy(14).
Hence we explored the role of SBRT in localized
non-metastatic hilar or intrahepatic cholangiocarci-
noma.

Materials and Methods

Patients and Lesions

Our institutional IRB approved database
(DFHCC (09-451) was retrospectively reviewed. In-
trahepatic or hilar cholangiocarcinoma patients who
were treated with SBRT were analyzed. Thirty-four
patients with 42 treatments were identified between
February 2006 and February 2014. Twenty-nine pa-
tients had primarily non-metastatic unresectable dis-
ease, three were medically inoperable and two had
positive margins. There were 31 intrahepatic and 11
hilar lesions. Eighteen patients received systemic
chemotherapy. Four patients had Gemcitabine alone
and the rest received gemcitabine and cisplatin at the
discretion of the medical oncologist.

SBRT

At least two gold fiducial markers were placed
percutaneously, intraoperatively or endoscopically in
or near the tumor at least a week prior to the proce-
dure. All patients underwent computed tomography
(CT) simulation in supine position with VacLoc™
body immobilization system. Intravenous and barium
contrast agent was used during CT planning and 1
mm axial CT images were obtained in the region of
interest. The gross tumor volume (GTV) and normal
structures were contoured on axial CT images. The
Multiplan™ software was used for treatment plan-
ning and all patients were treated with the Cyber-
knife™ system with real time fiducial tracking. The
dose fractionation scheme was individualized based
on normal tissue constraints to bowel and liver related
to tumor volume and location of the tumor. The nor-
mal tissue tolerance parameters relevant in the upper
abdomen in this study are for bowel (small bowel,
hepatic flexure and stomach) and liver. In general, we
use our institutional protocols for maximum point
doses and dose volume histogram (DVH) constraints
to these structures: bowel: 24 Gy in three fractions to
no more than a third of the circumference of the bowel
with a maximum point dose of 30 Gy in 3 fractions;
Liver: at least 750 cc of healthy Liver V21 (Volume

receiving more than 21Gy) is <30% and V15 (Volume
receiving more than 15Gy) is less than 50%. Three
daily fractions were typically used, given between
chemotherapy cycles when systemic therapy was
used. All patients were premedicated with lorazepam,
proton pump inhibitors and prochlorperazine.

Follow-up

Follow-up data included status of disease, date
of progression if any, site of failure and last follow up
date. CT imaging and CA19-9 tumor markers evalu-
ated tumor response to treatment. Local failure was
defined as increase in the sum of the longest diameter
of target lesion. If a new lesion developed in the liver
but outside the radiation field, it was interpreted as
failure outside the treated area. Acute and late toxici-
ties were defined as symptoms that develop within
three months after SBRT or later, respectively.

Statistics

Descriptive statistics was used to analyze pa-
tient, tumor, and treatment characteristics.
Kaplan-Meier analysis was performed to report sur-
vival and local control outcomes. GraphPad Prism
Version 6.0.c software GraphPad Software, Inc., La
Jolla, CA, USA) was used for statistical analysis.

Results

Patient and Treatment Characteristics

Thirty-four patients with 42 lesions were treated
with SBRT using the CyberKnife™ for intrahepatic or
hilar cholangiocarcinoma at our center between Feb-
ruary 2006 and February 2014. Sixteen males and 18
females were included. The median age at the time of
treatment was 72 years (range 38-94 years).

Twenty-nine patients had unresectable disease,
three were medically inoperable and two had positive
margins. There were 31 intrahepatic lesions and 11
hilar cholangiocarcinomas. Twenty-one (62%) pa-
tients had biliary stents.

The patient and treatment characteristics are
described in Table 1.

The medial tumor volume was 63.8cc (range
5.88-500.56¢cc). The median prescription dose was 30
Gy in three fractions to the median 75% (67-87%)
isodose line. The average maximum dose was 40 Gy
and Conformality Index (CI) and the Homogeneity
Index (HI) was 1.28 and 1.33 respectively.

The SBRT treatment parameters are described in
Table 2. A representative treatment plan for hilar
cholangiocarcinoma is shown in Figure 1.

Efficacy

Median follow-up was 38 months (8 to 71
months). The overall median survival after SBRT was
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17 months. The actuarial 1-year, 2-year and 4-year
survival rates were 58%, 31% and 19% respectively.
The 1-year and 4-year actuarial local control rates
were 88% and 79%. Median progression-free survival
was 10 months after SBRT. Four patients failed in the
liver outside the treatment area, and nine patients
developed distant metastasis. The Kaplan-Meier ac-
tuarial local control and overall survival is shown in
Figure 2.

Toxicity

Most patients developed fatigue. Six patients
had symptomatic nausea requiring medication (18%
Grade 1II toxicity). There were four Grade III adverse
effects (12%). Two patients developed duodenal ul-
ceration, one patient had cholangitis and one patient
developed a liver abscess. There was no Grade IV or
higher toxicity.

FIGURE 1: Representative treatment plan of a Hilar Cholangiocarcinoma.

Table 1: Patient and Treatment Characteristics

Patient and initial treatment characteristics. (Pa-

tients=34,lesions=42)

Number (%)

Sex(M/F)
Age
Biliary Stent

Additional Treatment

Surgery

Location

Yes
No
Chemotherapy
None
Surgery
Chemoembolization
Surgery+Chemotherapy
Resected with positive margins
Unresectable
By Radiologic Criteria
At Exploration
Medically Inoperable
Intrahepatic
Intra+Extrahepatic
Hilar

16/18

72 (38-94)
13(38.2%)
21 (61.8%)
18 (52.9%)
9 (26.6%)
3(8.8%)
1(2.9%)
3(8.8%)

2 (5.9%)
29(85.3%)
7(20.6%) %)
22(64.7
38.8%)
31(73.8%)
9 (21.4%)
2 (4.8%)

Table 2: SBRT Treatment Characteristics

Mean Range
Treatment volume 63.8cc (5.88-500.56)
Prescription isodose 75% (67-87)
Total SBRT dose 30 (10-45)
No of fractions 3 (1-5)
Max dose 40 (13.51-64.29)
Conformality Index 1.28 (1.10-1.76)
Homogeneity Index 1.33 (1.30-1.49)
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FIGURE 2: Actuarial Local Control and Overall Survival.

Discussion

Complete surgical resection is the only poten-
tially curative treatment for intrahepatic or hilar
cholangiocarcinoma. However in non-metastatic dis-
ease, the local extent of the disease often precludes
safe or margin-negative resection. We have shown
that stereotactic body radiotherapy can be a useful
local therapeutic modality in this situation.

The reported 5-year survival after potentially
curative surgery in all patients can be less than 20%,
improving to about 30-60% with RO (microscopic
margin negative) resection, with median survival
times of around 15 and 28 months respectively(15). RO
resection is the major prognostic factor after surgical
resection(15,16) and extensive resections including
trisegmentectomey(17), and liver transplanta-
tion(6,18) have been used to achieve a complete re-
section. Although surgical resection rates in
non-metastatic patients at presentation can be around
60% (7), about 15-25% of patients are found to have
more extensive disease at laparotomy despite ad-
vances in preoperative diagnostic improvements
leaving a proportion of patients with R1 or R2 resec-
tions(19).

The conventional treatment for unresectable
disease or after R1 (microscopic residual) or R2
(macroscopic residual) resections has been radiation
therapy with or without systemic chemotherapy. The

use of conventional radiation therapy alone was as-
sociated with a median survival of around 10
months(20-22). Concurrent chemoradiation with
5-fluorouracil-based systemic therapy improved me-
dian survival to around 15 months(23-25). The addi-
tion of brachytherapy appeared to have increased
local control rates, without significantly impacting
overall survival(26-30). An early EORTC study(31)
and many single institution studies demonstrated
improved outcomes with the addition of adjuvant
post-operative radiation therapy(32,33). In patients
with positive margins, adjuvant radiation(34) and the
use of postoperative chemoradiation therapy(35) have
demonstrated extension of median survival. Based on
these data, it is considered standard practice to use
chemoradiation in this setting.

Conventional chemoradiation involves up to six
weeks of daily radiation with systemic therapy asso-
ciated with significant toxicity(8,36). Others groups
have questioned the value and usefulness chemora-
diation in this setting(8,37). Modern systemic therapy
regimens appear to have similar overall survival
outcomes(10), emphasizing the importance of sys-
temic therapy in this disease. Stereotactic body radi-
otherapy (SBRT) has been used in upper abdominal
malignancies with useful efficacy and tolerabil-
ity(11,12,14,38-41). It is typically dosed in one to five
treatments without interfering with the needed sys-
temic therapy.

We present the largest series of patients with in-
trahepatic and hilar cholangiocarcinoma treated with
SBRT. Other published series and outcomes are re-
ported in Table 3.

With a median follow up of 38 months, our me-
dian survival of 17 months and 4-year actuarial local
control rate of 79% compares well with other series.
Herfarth et al, Tse et al and Goodman et al published
initial reports on 3-10 patients with cholangiocarci-
noma among other liver tumors, hypothesizing the
feasibility of SBRT in locally advanced cholangiocar-
cinoma(40,42,43). These reports included no Grade III
or more toxicity. Polistina et al reported on a series of
10 patients with Klatskin tumors using SBRT, 30 Gy in
3 fractions, and gemcitabine with excellent outcomes
with a median survival of 35.5 months(44). Their se-
ries did not include patients with unresectable intra-
hepatic cholangiocarcinoma. Two patients had duo-
denal bleeding, one had late duodenal ulceration and
two others developed duodenal stenosis. Barney et al
reported on 10 patients, with a mix of primary and
recurrent tumors treated with SBRT(45). They used a
median of five fractions to 55 Gy. With median follow
up of 14 months, they reported a 1-year survival of
73% and 100% local control in their short follow up.
They also reported a case of late biliary stricture and
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death due to liver failure. Welling et al utilized neo-
adjuvant SBRT, followed by maintenance capecitabine
until transplant in 12 patients(46). Six of their patients
eventually underwent a liver transplant with five of
the six patients showing partial pathological response.
There were 11 transplant-associated complications
with a 1-year survival of 83%.

The most comparable series to the present study
is from Kopek et al (47). The majority of their patients
(26/27) had Klatskin tumors. They were treated with
a fixed prescription of 45 Gy in three fractions with
CTV (Clinical Target Volume) and PTV (Planning
Target Volume) expansions, and no respiratory mo-
tion management was used during treatment. Their
median progression-free and overall survival was 6.7
and 10.6 months respectively. However, six patients
developed severe duodenal/pyloric ulceration and
nine developed duodenal stenosis. The authors per-

Table 3: Review of Literature.

formed a dose-volume analysis of the duodenal dose
that correlated with toxicity. This is not surprising
given the close proximity of the duodenum to hilar
tumors. Our results with 12% long-term Grade III
toxicity compares favorably with this and other series.
The primary differences which could explain this
difference could be the combination of duodenal tol-
erance-based prescription used in our study and res-
piratory motion tracking used with the Cyberknife™
system. We have previously shown that prescribing
radiation to the tolerance of dose limiting duodenum
can have a favorable toxicity profile in treating pan-
creas cancer with SBRT(14). Moreover, intrahepatic
and hilar tumors are bound to move significantly with
respiration, bringing normal tissue within the high
dose area if not tracked and adequately accounted
for(48-50).

Study Patients Localization Total Fractions Chemotherapy Local Control Overall Sur- Median Toxicity
Dose (Gy) (CT) (LO) vival (OS) survival
(months)
Herfarth 3 IHCC 14-26 1 No CT 1y LC: 71% Not specified Not specified Not specified
1.5y LC: 67%

Tse 10 IHCC 28.2-48 6 Not specified 1y LC: 65% 1y OS: 57% 15 2 transient biliary stenosis
2 progressed from Child A
toB
1 small bowel obstruction

Goodman 5 THCC 18-30 1 Not specified 1y LC:77% 1y OS:71.4%  28.6 No Grade III toxicity

2y 0S:53.6

Kopek 27 26 Klatskin 45 3 No CT 1y LC: 84% Not specified  10.6 6 duodenal/ pyloric ulcer

1IHCC 2 duodenal stenosis

Polistina 10 10Klatskin 30 3 Gemcitabine Local response 2y OS: 80% 35.5 1 duodenal ulcer

ratio:80% 4y OS: 30% 2 duodenal stenosis

Barney 10 (121e- 6 primary 55 (45-60) 3or5 8 had CT but not Local response 1y OS: 31% Not specified 1 biliary stenosis

sions) 6 recurrent specified ratio:100% 1 death due to liver pro-
gression

Welling 12 12 Klatskin ~ 50-60 3-5 Capecitabine CR:1/6 1y OS: 83% Not specified 14 severe adverse events

PR:4/6

Current 34 31IHCC 30 (24-45) 3 (3-5) 4 Gemcitabine Tyr 88% 1yr.0S:58% 17 12% Grade I1I; 2 Duodenal

study (42lesions) 11 Klatskin 14 GemCis 4yr 79% Obstruction, 2 Infection

THCC: Intra Hepatic Cholangio Carcinoma; CT: Chemotherapy; LC: Local Control; OS Overall Survival; CR: Complete Response, PR: Partial Response

Conclusion

Surgical resection remains the only potential
curative treatment for intrahepatic and hilar cholan-
giocarcinoma. When tumors are unresectable or when
resections results in positive margins, outcomes are
poor without adjuvant therapy. While conventional
chemoradiation and systemic therapy may improve
local control and survival it can be arduous and asso-
ciated with toxicity. SBRT can be an effective and tol-
erable treatment in this situation.
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