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Radiotherapy of Cholangiocarcinoma
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ABSTRACT

Unresectable cholangiocarcinoma represents a major therapeutic challenge and outcomes
are still not satisfactory. However, there is the hope that recent developments in radiotherapy
such as stereotactic body radiotherapy, proton therapy and brachytherapy are able to not only
lead to better local control but also to prolong overall survival. Specific bowel protection
strategies such as simultaneous integrated protection are required to safely deliver the dose
in situations where there is close proximity of the lesions to the bowel. The integration of
these techniques into the multimodal treatment approach is thought to become the new
standard of care over the coming years. We here review the current state of stereotactic body
radiotherapy and high dose rate interstitial brachytherapy.
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INTRODUCTION

Cholangiocarcinoma is a cancer type that has its origin in bile duct epithelium.
About half of the tumours arise at or around the hepatic hilum (perihilar
cholangiocarcinoma, PHC), 40% in the extrahepatic bile duct (EHC) and 10% in the
bile duct system of the liver parenchyma (intrahepatic cholangiocarcinoma, IHC).
Gallbladder cancer (GBC) is more frequent than any of these but it has a different
pathological biology with a higher preponderance of systemic disease compared
to bile duct cancer which has a tendency towards loco-regional growth patterns.
There is a great deal of variation in the incidence of cholangiocarcinoma world-
wide. GBC has the highest incidence in Europe in the north-eastern regions,
whereas IHC peaks in south-east Asia which is attributed to endemic liver fluke
infestation in that region.

Pathologically, cholangiocarcinoma is almost invariably adenocarcinoma.
GBC frequently directly invades the liver and about 40-50% of patients have
distant metastasis at presentation either to the liver or the peritoneum.
Lymphatic spread is found in cystic, pericholedochal, hilar and coeliac lymph
nodes in almost half of the patients. Cholangiocarcinoma is known to spread by
direct extension along the biliary tree and direct invasion of adjacent organs is a
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feature of IHC and PHC however rare in EHC. Lymph
nodes are positive in 30-50% of patients, typically
found in cystic, hilar or coeliac lymph nodes. Distant
metastases are found in around 1/3 of the patients in
cholangiocarcinoma.

Imaging of both, GBC and cholangiocarcinoma
predominantly relies on computed tomography (CT)
and magnetic resonance imaging (MRI). Additionally,
endoscopy in combination with endoscopic retrograde
pancreaticocholangiography (ERCP) or MRI pancreatico-
cholangiography (MRCP) are important imaging
modalities. 6-fluorodeoxyglucose positronvemission
tomography/computed tomography (FDG-PET/CT) is an
imaging technique that is predominantly used for
planning purposes of radio-therapy for accurate
tumour volume delineation. Elevated tumour markers
such as carcinoma embryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9) can be valuable for
follow-up of patients with cholangio-carcinoma. Biopsy
proof of disease is recommended prior to therapy,
however this can be especially difficult in PHC.

Primary therapy for gallbladder cancer is resection for
patients without signs for distant metastasis, but only
10-30% of the patients can be considered for surgery at
presentation. Since local failure after cholecystectomy
for GBC’s common, adjuvant therapy consisting in
chemotherapy and radiotherapy play a role. For IHC,
complete resection is the most effective and the only
potentially curative treatment. Frequently IHC are
locally advanced at presentation, hampering complete
resection rates. Resection is also the primary treatment
of choice for PHC and EHC tumours. However for PHC
tumours resection is frequently not possible due its
central location with invasion of right and left-sided hilar
structures.

Radiotherapy for tumours in the liver and the liver
hilum has been limited up until recently. Conventional
radiotherapy was only able to treat targets in that
region to palliative doses due to the radiation sensitivity
of the liver. However, it became possible to deliver high
radiation doses in the liver and the liver hilum after
technical developments that took place at the end
of the 20" century. These techniques are intensity
modulated radiotherapy (IMRT), image guided radio-
therapy (IGRT), and stereotactic body radiotherapy
(SBRT) as for percutaneous methods. Motion manage-
ment strategies are a prerequisite of SBRT in the upper
abdomen but these have now been developed to
a satisfactory level in common practice. Also,
brachytherapeutic methods were established to
complement other local ablative therapies for tumours
in the liver (1). Last but not least proton therapy was
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also found to be feasible and effective in cholangio-
carcinoma due to the Bragg peak that leads to a
dramatic reduction of exit doses (2).

As proton therapy is dealt with by another article in
this issue of the journal, this article does not elaborate
on proton therapy. Also, there is not sufficient room
to cover adjuvant radiotherapy and conventionally
fractionated (chemo)radiotherapy for biliary cancer and
we therefore refer to a recently published review on
this topic (3).

Stereotactic body radiotherapy

Stereotactic body radiotherapy (SBRT) is a technique
of external beam irradiation either with photons or with
particles that is defined by a high precision treatment
with a few fractions to a high dose to an extracranial
target (4). In contrast to the US American restriction to a
maximum number of five fractions, the European
definition is more relaxed about fraction number which
can range between a single fraction up to twelve
fractions. Recently, the dose prescription and dose
reporting of SBRT was regulated by the International
Commission on Radiation Units and Measurements
report 91 (ICRU 91) that aims to lead to better
comparison of SBRT between institutions (ICRU 91).

Compared to liver metastases and hepatocellular
carcinoma (HCC), the role of SBRT has been less
established for cholangiocarcinoma which is mostly due
to the rarity of the disease compared to the other two
tumour entities (table 1). Nevertheless, a number of
groups has investigated SBRT to achieve high doses of
radiotherapy locally. Among these studies there was a
preponderance to intrahepatic tumours as these provide
the same challenges compared to HCC and liver metas-
tases. The vast majority of the studies is retrospective,
and the typical indication is unresectable, locally
advanced disease. Karnofsky performance status (KPS)
is typically between 70% and 100% in the studies.

The results of studies on SBRT in cholangiocarcinoma
are summarised in table 1. Most series are small in
numbers and retrospective. Throughout the studies
there is neither a clear cut-off value for the number of
lesions nor of maximum tumour size. The majority of the
studies reported one year local control (LC) rates above
75%. A number of trials found a correlation between
dose and local control rate (5, 6) and the typical SBRT
table mount dose distribution with high maximum doses
and mean dose values was also described to correlate
with local control (6). In studies that employed high
radiotherapy doses a tendency of progressive disease
outside of the radiotherapy volume rather than inside
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Table 1 - Review of literature on SBRT

Authors Study Localization  Nr. of Nr. of Total Dose LC @ 1year Median 0S Late Toxicity
Lesions Fractions (Gy) (months) (CTCAE)
Barney (18) R [HC 6 3-5 45-60 100% 15.5 1 Grade 3 biliary stenosis,
P/EHC _____ 4 1 Grade 5 liver failure
Gkika (14) R IHC 17 3-12 21-66 78% 14 3 Grade = 3
e TEHC e eeeeee et
Goodman (19) P [HC 5 1 18-30 7% 28.6 None
e PIEHC e
Ibarra (20) R [HC 1 3 22-50 55.5% 11 3 Grad 3
e PIEHC e
Jung (21) R [HC 33 1-5 15-60 85% 10 6 Grade 3 (ulceration,
P/EHC _____ 25+ cholangitis, stenosis, pen_‘g_r_a_lt_i_o_p_)_
Kopek (7) R [HC 26 3 45 85% 10.6 6 ulcerations
P/EHC _____ 1 3stenosis
Mahadevan (22) R [HC 31 3-5 24-45 88% 17 4 Grade 3 (ulceration,
P/EHC _____ 11 cholangitis, abscess)
Momm (23) R [HC 0 10-12 32-56 78% 335 1 Grade 3
P/EHC _____ 13 5cholangiis
Polistina (24) R [HC 0 3 30* 80%** 35.5 1 ulceration
P/EHC _____ 10 2stenosis
Sandler (25) R [HC 6 5 40 78% 15.7 5 Grade = 3
e PIEHC I
Tao (5) R [HC 79 15-30 3y: BED
=< 80.545%
_____________________________________________________ >80.5 78%
Tse (26) P [HC 10 6 28-48 65% 15 1 biliary obstruction
P/EHC _____ 0 1 bowel obstruction
Weiner (27) P [HC 12 5 40-55 91%8§ 13.2 1 hepatic failure§
. PEHC 0 1biliary stricture
Brunner (6) R IHC 4 3-12 67.2 89% 15 3 Grade = 3
PHC 31 (36-115)
EHC 3 (BED)
Abbreviations:

R: retrospective, P: prospective, IHC: intrahepatic cholangiocarcinoma, EHC: extrahepatic cholangiocarcinoma, PHC: perihilar cholangiocarcinoma

*concurrent Gemcitabine
**local response ratio
+ 5 patients treated with conventional fractionation with a stereotactic boost

§In this study SBRT was performed also in patients with hepatocellular carcinoma. LC and toxicities are reported for the whole group of patients including

hepatocellular and cholangiocarcinoma.

was described (7). The the preferred location of disease
progression was in the liver, in abdominal lymph nodes
and in the lungs (8, 9, 10). Results for median overall
survival (OS) varied between 10 months and 35 months.
Median OS was <15 months in only five of 17 studies.
Three patients had a median overall survival of > 24
months. Patients with positive lymph nodes were also
included in the studies. Furthermore, dose was reported
to prolong survival in two trials (5, 6). Interestingly,
patients receiving a maximal biological equivalent dose
at a/B=10 (BEDiomax) >91Gy had a median OS of 24
months vs. 13 months for those receiving lower doses
(p=0.015) in the trial from the German working group of
stereotactic radiotherapy (6) and prescribed encompass-
ing dose was not statistically significant for survival. Thus,
the typical non-homogeneous dose distribution appears
to be of high importance for both endpoints, local control
and overall survival. In the MD Anderson series where
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15-30 fractions were prescribed, a dose of > 80.5 Gy
correlated with prolonged survival compared to lower
doses (median not reached versus 27 months) (5).

SIMULTANEOUS INTEGRATED PROTECTION

(SIP) AS A CONCEPT FOR BOWEL PROTECTION
IN PATIENTS TREATED WITH RADIOTHERAPY
FOR CHOLANGIOCARCINOMA

Proximity of bowel structures to target lesions is a
significant problem for SBRT. This is especially true
for PHC tumours where frequently contact to the duo-
denum is an obstacle for high doses of radiotherapy.
The situation resembles that of pancreatic cancer,
also a tumour with intimate spatial relation to the
duodenum or stomach. For pancreatic cancer a
meta-analysis found a dose-toxicity relationship which
is also useful for cholangiocarcinoma (4). Our group has
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used this relationship as a basis for a concept that we
have termed ‘simultaneous integrated protection’ (SIP)
(12). In analogy to the simultaneous integrated boost
(SIB) technique, a subvolume of the planning target
volume (PTV) receives a different dose, in this case a
lower dose to protect bowel structures. The SIP volume
is defined by the intersection volume of the PTV
with the planning risk volume (PRV) of the critical organ
at risk (OAR, fig. 1). A rule of thumb is that in case of
significant contacts a higher fraction number is used for
interfractional recovery of the bowel, i.e. we often
would chose 8 or 12 fractions in such cases delivered
every other day or with a planned break on
Wednesdays. This approach appears to be safe as
reported in a few reports now, one on pancreatic cancer,
one on cholangiocarcinoma SBRT and one on hypo- and
normofractionated radiotherapy (5, 13, 14). The concept
of SIP is explained in further detail in a video on a web-
page (https://www.uniklinik-freiburg.de/strahlenklinik/
studienportal.html) under the heading ‘SIP’.

BRACHYTHERAPY

High dose rate interstitial brachytherapy (HDR-iBT)
with iridium-192 is another technique that can be used
to treat cholangiocarcinoma (fig. 2). Compared to SBRT
it has the advantage that for large lesions protection of
the healthy liver tissue is easier to achieve. Also high

Figure 2 - An example for HDR-iBT to central
liver targets, in this case lymph nodes in the
perihilar region. Panel A shows a pretherapy
contrast-enhanced CT scan (portalvenous
phase). Panel B is the planned dose of that
same case and Panel C is a 3D reconstruction
showing also the placement of three catheters
into the lesion. DHC = ductus hepaticus
communis, i.e. common hepatic bile duct
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—ﬂ = A S
Figure 1 - An illustration of the SIP concept in a patient with
a Klatskin tumour who received SBRT in 12 fractions. Example
of a patient with a Klatskin tumour and 6-FDG-PET/CT positive
lymph nodes (blue) in the hepatoduodenal ligament. The PTV
(pink) overlaps with stomach and duodenum (orange) with the PRV
of the stomach and duodenum. The overlapping subvolume of the
PTV with the PRV is the SIP volume and the large remainder the

dominant PTV that can safely be prescribed full dose

maximal doses as in SBRT can be given which are
especially important in few fractions. The prescribed
minimum dose for the clinical target volume
recommended is 20Gy. Specifically in patients where
radiofrequency ablation (RFA) is not feasible owing to
larger tumor sizes (> 5cm) or adjacent, potentially
cooling structures such as larger vessels, HDR-iBT is a
useful option. A retrospective analysis of local
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treatment strategies comprised 45 patients who had
101 sessions of iBT (15). Three patients developed
grade 3 toxicities being abcess, shivering and
haematoma in one each. In another series, Schnapauff
et al. evaluated outcomes after repeated interstitial iBT
(27 sessions) in 15 patients with unresectable ICC who
did not show extrahepatic metastasis and suffered from
limited hepatic disease only (<5 lesions), revealing a
median survival of 11 months and 21 months after
primary diagnosis (1). Centrally located primary and
secondary tumours in 41 patients with 50 lesions > 4
cm in largest diameter were analyzed by Tselis et al
(16). They were treated with a media dose of 20 Gy
(7-32 Gy), twice daily (BID), with median single doses of
7 Gy (4-10 Gy) in 19 patients or in single daily fractions
of a median of 8 Gy (7-14 Gy) in 22 patients. The
achieved local control for primary hepatic tumours was
81% at 1 year and common terminology criteria for
adverse events (CTCAE) grade 3/4 side effects were
observed in 5% of the patients. A series of 102 patients
with lesions close to the bile ducts analyzed the
frequency of cholestasis after iBT (17). Twenty-two
patients developed cholestasis at a median 17 months
post iBT and 18 were treated with bile duct stents. The
best cutoff value for stenosis was an equivalent dose in
2 Gy of 100 Gy at a/B = 3 Gy (EQD23) with p=0.028,
however occurrence of stenosis did not impact on
survival despite of more frequent cholangitis and
abscess formation.

CONCLUSION

Cholangiocarcinoma remains a significant, thera-
peutic that requires novel local treatment strategies.
Modern radiotherapy solutions to this problem have
been developed, namely SBRT, proton radiotherapy
and brachytherapy. The close proximity of bowel
structures poses a problem in a significant number of
patients and one possible approach to be able to
safely deliver radiotherapy could be simultaneous
integrated protection (SIP).
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