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Substituting stereotactic body radiation
therapy boost for brachytherapy using Mayo
protocol for peri-hilar cholangiocarcinoma
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CASE SUMMARY

This is a 56-year-old man with his-
tory of primary sclerosing cholangi-
tis (PSC) who was found to have an
elevated CA 19-9 of 126 units/mL.
Endoscopic retrograde cholangiopan-
creatography (ERCP) revealed atypical
cells suspicious for adenocarcinoma,
and fluorescent in situ hybridization
(FISH) demonstrated a gain of 1q21
and deletion of 9p21. MRI revealed a
dominant stricture of the right hepatic
duct without a discrete mass, and a few
mildly prominent peri-portal lymph
nodes. A clinical diagnosis of peri-
hilar cholangiocarcinoma was made
based on the combination of a domi-
nant stricture and FISH findings.' The
peri-portal lymph node was sampled
by endoscopic ultrasound revealing be-
nign lymphocytes, and was presumed
to be reactive secondary to PSC. His
lesion was determined to be unre-
sectable given bilateral intrahepatic
duct involvement. Following multi-
disciplinary discussion, neoadjuvant
chemoradiation followed by orthotopic
liver transplant was recommended.
The patient received external-beam ra-
diation therapy (EBRT) (45 Gy in 30

fractions delivered twice daily [BID])
with concurrent capecitabine. He was
subsequently scheduled for intrabili-
ary high-dose rate (HDR) brachyther-
apy; however, due to a long-standing
PSC-related stricture and subsequent
severe atrophy of the right liver, the
right intra-hepatic duct could not be
traversed by percutaneous transhepatic
cholangiography. Thus, a stereotactic
body radiation therapy (SBRT) boost
(30 Gy in 3 fractions) was utilized to
approximate the planned brachyther-
apy dose (Figure 1). One week follow-
ing completion of the SBRT boost he
underwent exploratory laparotomy to
verify the absence of extra-hepatic dis-
ease, and was subsequently listed for
transplant. He resumed capecitabine
and ultimately underwent planned liv-
ing donor total liver transplant 3 months
after completing chemoradiation. Pa-
thology revealed moderately differen-
tiated adenocarcinoma involving the
common hepatic duct and extending
proximally to the confluence of the left
and right hepatic ducts with invasion
into adjacent liver parenchyma. The
volume of residual disease was unable
to be assessed as the tumor could not be
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differentiated grossly from extensive
scarring. Surgical margins were nega-
tive for malignancy (though positive for
high-grade dysplasia), and 0 of 3 lymph
nodes were involved.

IMAGING FINDINGS

Magnetic resonance cholangiopan-
creatography (MRCP) demonstrated a
stricture of the right hepatic duct with-
out a discrete mass.

DIAGNOSIS
Peri-hilar cholangiocarcinoma
(CCA)

DISCUSSION

Cholangiocarcinoma is a rare neo-
plasm arising from the epithelial cells
of the bile ducts. Approximately 95%
of cholangiocarcinomas involve the ex-
tra-hepatic bile ducts and, of those, 60%
to 70% arise from the peri-hilar region.
Patients with primary sclerosing chol-
angitis have a lifetime risk of CCA of
10% to 15% 2

The primary means of achieving a
cure is a negative-margin resection, al-
though this can be achieved in < 30% of
patients due to bilateral liver parenchy-
mal involvement, vascular invasion, or
poor hepatic functional reserve. Thus,
the search for better treatment alterna-
tives has led to transplantation, which
provides wide surgical margins and ad-
dresses underlying liver dysfunction.
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FIGURE 1. An SBRT boost (30 Gy at 10 Gy per fraction) was delivered to the PTV (pink con-
tour). Isodose lines including 37.5 Gy (red line), 30 Gy (orange line), 20 Gy (blue line), and 15

Gy (green line) are shown. Organs at risk including liver (purple contour), duodenum (blue

contour), and large bowel (brown contour) were delineated. Key: SBRT = stereotactic body
radiation therapy, PTV = planning target volume

FIGURE 2. Sample intra-biliary brachytherapy plan utilizing 5 Gy per fraction over 3 fractions pre-
scribed to 1 cm depth given BID. The 5 Gy prescription isodose line is shown in orange. Note that
the 10 Gy isodose line shown in white extends just beyond the catheter tubing. In selecting our
SBRT prescription dose of 10 Gy per fraction, we sought to approximate the brachytherapy sur-
face dose. Key: BID = twice daily, SBRT = stereotactic body radiation therapy.

Early experiences with transplantation
alone were disappointing with 5-year
overall survival < 30%.3 To improve
outcomes, the University of Nebraska
pioneered neoadjuvant chemoradiation
followed by liver transplantation.* This
approach was later adopted by the Mayo
Clinic utilizing neoadjuvant chemoradi-
ation followed by transplant in carefully
selected patients with early stage cholan-
giocarcinoma that is either unresectable
or in the setting of primary sclerosing
cholangitis. Outcomes were encouraging

with 5-year survival rates of 71%,> with
a subsequent series verifying reproduc-
ibility of these outcomes in a multi-insti-
tutional setting.® Given these excellent
outcomes, some have even advocated
for this approach in resectable patients,
although this would be a resource-inten-
sive approach overall.”

On this neoadjuvant protocol, pa-
tients are treated initially with EBRT
(45 Gy at 1.5 Gy/fraction BID with
concurrent 5-fluorouracil-based chemo-
therapy to an initial volume including

the primary tumor plus margin and first
echelon lymph nodes. At 2 to 3 weeks
after completion of EBRT, an intralu-
minal brachytherapy boost (20-30 Gy
initially utilizing low-dose-rate radium
sources prescribed to 1 cm over the
course of 1-2 insertions) was delivered
to encompass the tumor and a 1.5- to
2-cm margin above and below the ra-
diographic extent of disease. Currently,
most institutions substitute high-dose
rate brachytherapy with a variety of
fractionation schedules to approximate
the original low-dose rate prescription.
Our practice is to utilize 5 Gy per frac-
tion over 3 fractions prescribed to 1 cm
depth given BID. After brachytherapy,
patients undergo exploratory laparot-
omy to confirm lack of extra-hepatic
disease and, after recovery, resume oral
capecitabine until transplantation.
Intraluminal brachytherapy is an im-
portant component in the treatment of
cholangiocarcinoma. The advantage of
intraluminal brachytherapy over EBRT
is the ability to deliver high doses to
the tumor, while maximally sparing
normal tissue due to rapid dose fall-
off. Brachytherapy has a very differ-
ent dose distribution than EBRT with
extremely high doses at the surface,
and rapid fall-off based on the inverse
square of the distance from the source.
In selecting our SBRT prescription dose
of 10 Gy per fraction, we sought to ap-
proximate the brachytherapy surface
dose, which is an estimate of the dose
to a small biliary tumor after downsiz-
ing from EBRT. Admittedly this is not
precise and varies depending on cathe-
ter orientation and the thickness of the
tubing used. As noted in Figure 2, the
10 Gy line lies for the most part just
beyond the surface of the HDR tubing.
Given the significant heterogeneity of
brachytherapy (small portions of the
bile duct surface appear to receive sig-
nificantly > 10 Gy per fraction) we did
not emphasize uniformity of SBRT
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dosing in our treatment plan. While
SBRT can achieve relatively rapid
dose fall-off, it is certainly not as rapid
as that achieved by brachytherapy and,
as such, the volume of the 10 Gy dose
using SBRT is significantly higher in
our plan than it would have been with
brachytherapy. We presumed that this
would be safe given that the toxicity of
a serial structure such as the bile duct
should be driven more by point doses
and hot spots leading to risk of stric-
ture rather than volume. Some parame-
ters for central biliary dose and toxicity
have been reported and, of note, cholan-
giocarcinoma patients are at highest risk
given direct tumor involvement of the
bile ducts;® however, these are not uni-
formly consistent across reports. Acute
toxicity to the ducts appeared modest
in the published neoadjuvant series>°
noted above, albeit with prophylactic
stenting for most patients and subse-
quent transplant to prevent further late
toxicity. Furthermore, a single retro-
spective series reported primary SBRT
for the full course of treatment in 12
patients with peri-hilar cholangiocarci-
noma (50-60 Gy in 3-5 fractions) prior
to transplant, with 6 of those patients
reaching transplant with an acceptable
1-year survival rate of 83% at the time
of publication.’

SBRT has potential advantages in-
cluding greater generalizability, mini-
mal invasiveness, and greater simplicity
compared to percutaneous transhep-
atic cholangiography (PTHC) place-
ment and intraluminal brachytherapy.
However, given the limited body of
data using SBRT prior to transplant
for peri-hilar cholangiocarcinoma, our
preference remains to use conventional
EBRT and a brachytherapy boost as de-
scribed in the Mayo and multi-institu-
tional series when feasible.

CONCLUSION

Peri-hilar cholangiocarcinoma por-
tends a poor prognosis. Traditionally,
resection has offered the highest chance
of cure, although unfortunately most
patients are unresectable due to frequent
involvement of both bile ducts due to
tumor location. Neoadjuvant chemora-
diation with brachytherapy boost fol-
lowed by liver transplantation has led
to promising survival outcomes in early
published experiences, perhaps even
surpassing surgery alone. For patients
in whom brachytherapy boost is not
feasible, SBRT may provide a safe and
effective alternative.
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