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Multimodality Treatment With Helical Tomotherapy Intensity
Modulated Radiotherapy, Capecitabine, and Photodynamic
Therapy is Feasible and Well Tolerated in Patients With Hilar

Cholangiocarcinoma

Joseph M. Baisden, Michel Kahaleh, Geoffrey R. Weiss, Hilary Sanfey, Christopher A. Moskaluk, Paul Yeaton, Eduard E. de Lange, Tyvin A. Rich

ABSTRACT

Background and Purpose: Unresectable cholangiocarcinoma is an
intractable disease marked by recurrent bouts of biliary obstruction and
infection. Traditional treatment methods provide only symptomatic relief
and no proven survival advantage. We assessed the tolerability of helical
tomotherapy intensity modulated radiotherapy IMRT) with concurrent cape-
citoabine and photodynamic therapy (PDT) in patients with unresectable
hilar cholangiocarcinoma.

Methods: Ten patients with unresectable hilar cholangiocarcinoma were
treated with helical tomotherapy IMRT. An accelerated dose of 50 Gy in 20
fractions (2.5 Gy/fraction) was used. Planning target volume (PTV) consisted
of a 1.5 cm radial expansion and a 2 cm craniocaudal expansion of the
magnetic resonance imaging and/or contrast enhanced computed to-
mography-defined gross target volume. PTV ranged from 123 cc to 693 cc
(mean 349 cc). Concurrent chronomodulcated capecitabine was admini-
stered on days of irradiation. Six patients received PDT.

Results: All patients developed side effects, including grade 2 nausea, and
9 of 10 experienced mild fatigue. Patients lost 3% of their body weight on
average. Three patients required brief hospital admission and stent revision
for cholangitis during chemoradiotherapy. Capecitabine was discontinued in
one patient and decreased in dose for another due to increasing liver enzymes.
Median overall survival was 13 months, and median disease-free survival
was 10 to 11 months. One patient underwent successful cadaveric liver
transplant after chemoradiotherapy and remcins disease free 2 years later.

Conclusions: Concurrent chemoradiotherapy with helical tomotherapy
IMRT and capecitabine in conjunction with PDT is well tolerated in patients
with hilar cholangiocarcinoma.

Gastrointest Cancer Res 2:219-224. ©2008 by International Society of Gastrointestinal Oncology

pproximately 4,000 new cases of

cholangiocarcinoma are diagnosed
each year in the United States, with nearly
the same number of patients dying an-
nually of the disease® The incidence of
cholangiocarcinoma appears to be on the
rise® and there remains a lack of level |
evidence regarding treatment. Due to poor
cure rates in patients who cannot undergo
surgery, current treatment approaches
consist largely of combined-modality thera-
py (radiation combined with chemo-
therapy) that is aimed mainly at providing
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palliation of symptoms.

Evidence indicating that cholangiocar-
cinoma is chemosensitive and radiosensi-
tive has emerged from several recent
studies. A review of 104 chemotherapy
trials reported between 1985 and 2006
indicated a response rate of 23% and a
tumor control rate of around 57% for
unresected cholangiocarcinoma? Results
with radiotherapy alone indicate that
adjuvant radiotherapy improves survival®”’
and several reports describe neoadjuvant
chemoradiotherapy and liver transplanta-
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tion with 5-year survival rates greater than
75% and significant tumor responses
noted in resected specimens®' Other
reports have indicated the tolerability of
concurrent chemoradiotherapy substi-
tuting capecitabine for other agents,
though data on clinical outcomes are
scarce!
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Here, we describe a multimodality
approach to unresectable cholangiocarci-
noma used at the University of Virginia,
consisting of helical tomotherapy intensity
modulated radiotherapy (IMRT) with
concurrent capecitabine and photody-
namic therapy (PDT). Details on the pa-
tients treated are included to substantiate
the feasibility and tolerability of this treat-
ment method. The treatment approach
involves a coordinated effort from interven-
tional endoscopists (for diagnosis, biliary
system stenting, and PDT), diagnostic
radiology (for determining extent of
disease), surgical pathology (for estab-
lishing diagnosis), radiation oncology (for
planning of radiotherapy), and hematology/
oncology (for chemotherapy and surgery).

PATIENTS AND METHODS

This report includes data from 10 patients
with unresectable cholangiocarcinoma
undergoing multimodality treatment includ-
ing helical tomotherapy IMRT and capecita-
bine chemotherapy. All patients provided
institutional informed consent.

Initial workup generally included chest
x-ray, lab studies (complete blood cell
[CBC] count, comprehensive metabolic
panel), abdominal computed tomography
(CT) and/or magnetic resonance imaging
(MRI). Diagnostic biopsy procedures
usually involved endoscopic retrograde
cholangiopancreatography (ERCP). Nine
patients had biopsy proven cholangiocar-
cinomas. One patient was treated with a
presumptive diagnosis of cholangiocarci-
noma after six separate biopsy attempts
over a period of 8 months and imaging
compatible with malignancy. All cases
were presented at the University of Virginia
Multi-Disciplinary Gastro-Intestinal Tumor
Board after initial biopsy and workup. All of
the patients had unresectable hilar cholan-
giocarcinoma (Bismuth Il or IV). In those
with biliary obstruction, biliary stenting was
performed to relieve symptoms.

Photodynamic Therapy

PDT was offered to all patients without
contraindications to porfimer sodium, such
as compromised kidney or hepatic func-
tion, leukopenia or thrombocytopenia, or
evidence of cancer of another organ. PDT
was performed before chemoradiotherapy
in obstructed patients or after chemoradio-
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therapy if there was no sign of biliary
obstruction. Porfimer sodium (Photofrin,
Axcan Pharma Inc, Quebec, Canada) was
used as a photosensitizing agent, adminis-
tered intravenously at a dose of 2 mg/kg 48
hours prior to illumination. A diode laser
system (InGaAlP Laser Diode, Diomed Inc,
Andover, MA) with a maximum power
output of 2000 mW and a wavelength of
633 + 3 nm was used as a light source,
delivered through a 3.0 m length fiber
having a 2.5 cm long cylindrical diffuser at
its distal end (Pioneer Optics, Windsor
Locks, CT). During ERCP, photoactivation
was performed at 620 nm using a light dose
of 180 J/cm?, fluence of 0.250 W/cm?, and
irradiation time of 750 seconds. One or two
segments were treated at the discretion of
the endoscopist. Following photoactivation,
only plastic stents were inserted to decom-
press opacified radicals proximal to the
treated lesion. PDT was repeated at 3-month
intervals, at which time stents were replaced;
stent exchanges were performed earlier in
the case of premature occlusion or migra-
tion to maintain optimal decompression.
All patients received periprocedure antibi-
otic prophylaxis.

Chemoradiotherapy

For radiotherapy planning, patients under-
went CT simulation in the supine treatment
position with a custom immobilization de-
vice. Diagnostic CT or MRI images were
fused with the planning CT for target delin-
eation. The gross tumor volume (GTV) was
identified from these images after review
with the interventional and diagnostic
radiologists. The planning target volume
(PTV) consisted of a 10 to 15 mm radial
expansion on the GTV and a 10 to 20 mm
craniocaudal expansion. These expansions
were used to account for microscopic dis-
ease extension as well as patient setup error
and intrafraction motion. Regional lymph
nodes were not intentionally covered un-
less pathologically enlarged.

Inverse treatment planning was per-
formed with the goal of minimizing the dose
to the normal liver while also sparing the
kidneys. All patients received a prescrip-
tion of 50 Gy delivered in 20 fractions. This
was prescribed to 95% of the PTV and
delivered with helical tomotherapy IMRT.
Treatments were delivered 5 days per
week, Monday through Friday. Capecita-

bine was started on the first day of irradia-
tion in a dosage of 1 g in the morning and
2 g in the evening, taken 1 hour after meals.

Patients were seen weekly to monitor
their weight, address side effects, and
monitor laboratory values including CBC
count, chemistries, liver enzymes, bilirubin,
and INR in those taking warfarin. After
completing chemoradiotherapy, follow up
was performed at 1 to 2 weeks post-treat-
ment and at 1-month intervals thereafter.
Repeat diagnostic images were obtained to
evaluate response to treatment at regular
follow-up visits, generally every 4 months.

Statistical Analysis

Survival analysis was performed using
WINKS statistical software (TexaSoft, Cedar
Hill, TX). Kaplan-Meier survival plots were
obtained from the entered patient data,
also providing mean and median survival
statistics.

RESULTS

Ten patients received the chemoradio-
therapy portion of the combined-modality
regimen, with six receiving PDT. Patient,
disease, and treatment characteristics,
including duration of chemoradiation, PTV,
and volume of liver receiving 30 Gy, are
summarized in Table 1.

PDT was delivered both prior to and
following chemoradiotherapy, depending
on the patient. PDT was well tolerated, with
no adverse reactions being observed.
Chemoradiotherapy was also well toler-
ated, as shown in Table 2. All patients were
able to complete the irradiation course, and
all patients experienced grade 2 nausea.
Nausea was transient and well managed
with antiemetics. One patient (patient 2) dis-
continued capecitabine and one (patient
5) had the capecitabine dose reduced due
to asymptomatic increases in liver enzymes
during chemoradiotherapy. Neither of these
patients had evidence of stent occlusion.

The average loss of body weight was 5
pounds, or 3.2% of body mass. Two
patients lost 15 pounds, representing 8%
to 9% of their body mass. Three patients
were admitted to the hospital during their
course of radiotherapy for cholangitis, which
was resolved with intravenous antibiotics
and stent replacement. These three patients
missed O, 3, and 4 days of chemoradio-
therapy, respectively. Four patients re-
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Table 1. Patient, disease, and treatment characteristics

Bismuth Enlarged CRT PDT Liver Liver
Patient Age type nodes duration (days) sessions volume (cc) PTV (cc) V30 (%)
1 71 1A Yes 28 2 1486 182 27
2 43 \% No 31 1 2293 131 13
S 64 11 No 34 1 2069 261 13
4 58 I No B 0 2813 693 37
5 66 % Yes 27 0 1109 372 27
6 50 % No 38 1 3503 560 25
7 59 % No 32 0 2572 448 25
8 72 % No 34 1 2062 369 19
9 75 % No 29 1 2181 123 10
10 80 11 No 26 0 1090 346 45

Abbreviations: CRT = chemoradiotherapy; liver V30 = volume of normal liver receiving 30 Gy; PDT = photodynamic therapy; PTV = planning target volume.

Table 2. Adverse events by Radiation Therapy Oncology Group grade and weight loss

Weight
Patient Nausea Pain Diarrhea Fatigue loss (%)
1 2 0.9
2 2 2 1 BI5
3 2 1 4.4
4 2 2 2 9.1
5 2 2 1 0
6 2 1 54
7 2 2 1 0
8 2 2 1 3.4
9 2 1 8.6
10 2 1 0.7

quired narcotics for analgesia.

Analysis of the helical tomotherapy
IMRT dosimetry revealed excellent homo-
genous coverage of the PTV with adequate
sparing of normal tissues. The average
PTV was 349 cc; the average liver volume
was 2118 cc (Table 1); the average volume
of normal liver receiving 30 Gy (V30) was
24.1% (range 10% to 45%). Figure 1 is an
example of a patient’s (patient 2) dosimetry
illustrating the excellent conformality of the
dose delivered to the PTV, as well as the
sparing of normal tissue. Images of the
same patient’s tumor prior to treatment are
shown in Figure 2, panel A. The patient
underwent complete hepatectomy and
cadaveric liver transplantation after
chemoradiotherapy. Figure 2, panel B,
depicts a histologic specimen showing the
effect of chemoradiotherapy on this tumor;
the area that received the entire prescrip-
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tion shows no evidence of viable tumor
cells and replacement of the normal
hepatic architecture with scar tissue.
Figure 2, panel C, shows an area outside
the target; only chronic scarring is evident,
consistent with the patient’s history of
nonalcoholic cirrhosis.

Of the 10 patients treated, three remain
alive. One of the surviving patients has had
regular follow-up for 2 years with no evi-
dence of disease progression after receiv-
ing a cadaveric liver transplant. The
remaining survivors suffered failure in the
liver outside the primary tumor site. Of the
7 non-survivors, one patient died of hepatic
abscess with no evidence of tumor recur-
rence. Follow-up CT scans demonstrated
clear disease progression for the remaining
patients. Of the patients who progressed,
four experienced local progression of their
primary disease, three experienced failure

elsewhere in the liver and one had a
distant failure. No patients were noted to
have regional nodal failure. Five patients
experienced recurrent cholangitis after
chemoradiotherapy; these were
adequately addressed with stent changes
and intravenous antibiotics. Survival and
local control is assessed by Kaplan-Meier
analysis in Figure 3. The median overall
survival time was 13 months (range 3.4 to
24.2 months). The median disease-free
survival time was between 10 and 11
months (range 1.4 to 22.2 months).

DISCUSSION
Recent advances in the treatment of cho-
langiocarcinoma include use of PDT, ortho-
topic liver transplantation, and conformal
radiotherapy, such as IMRT. The most
promising results have been achieved with
combinations of these techniques, includ-
ing achievement of 5-year survival of greater
than 75% with use of neoadjuvant
chemoradiotherapy prior to orthotopic liver
transplantation at the Mayo Clinic!® This
approach®'® has provided improved survi-
val rates compared with rates reported with
use of resection alone or resection followed
by adjuvant therapy—eg, generally 5-year
survival of 20% to 40%!**#13

The Mayo Clinic experience, including
a report of no residual identifiable tumor in
16 of 38 liver specimens from patients re-
ceiving neoadjuvant chemoradiotherapy,®
suggests that cholangiocarcinoma is a
chemoradiosensitive disease. The Mayo
Clinic protocol requires collaboration of
surgeons, medical oncologists, radiation
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oncologists, gastroenterologists, radiolo-
gists, and pathologists to achieve this
success. The findings in our own cohort
confirm that the multidisciplinary, multi-
modality treatment of unresectable cholan-
giocarcinoma is a tolerable treatment
approach and may lead to significant
improvements in patient outcome.

All 10 patients in our cohort tolerated
the radiotherapy portions of their treatment,
and the majority tolerated the complete
course of capecitabine. In part, the tolera-
bility reflects the close attention given this
cohort by the gastroenterology team, with
three patients undergoing stent revision for
cholangitis during their chemoradiotherapy,
with  minimal breaks in treatment. The
potential for this treatment approach to
improve patient outcomes is highlighted by
the course of patient 2 (Figures 1 and 2).

Patient 2, a 41-year-old white woman,
was diagnosed with a Bismuth IV cholan-
giocarcinoma after presenting with ob-
structive jaundice. After her diagnosis in
June 2005, she was noted to have peri-
portal lymphadenopathy. She underwent a
hilar lymphadenectomy in August 2005,
revealing no evidence of tumor within
these enlarged nodes. After a period of heal-
ing, she received a course of chemoradio-
therapy in October 2005. Between June
2005 and February 2006, she suffered re-
current obstructive jaundice and underwent
seven total stent placements/revisions,
including one stent revision during her
chemoradiotherapy that resulted in a 2-
day break from treatment. Additionally, her
capecitabine was discontinued for the last
week of treatment due to increased trans-
aminases. This elevation was likely from
her obstruction, but capecitabine was held
as a precaution. In December 2005, 6
weeks after completing her chemoradio-
therapy, she received PDT treatment along
with a stent revision. On her follow-up
scans, she had substantial changes inter-
preted as postradiation changes or tumor
progression. After a 3-month period with
no stent revisions and relatively few symp-
toms, she underwent a cadaveric liver trans-
plantation in May 2006.

As shown in Figure 2, histologic speci-
mens from her liver showed no evidence of
viable tumor after chemoradiotherapy. Her
postoperative course was complicated with
several hospital admissions for upper gas-
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Figure 1. An example of dosimetry for a patient in this study. This patient later underwent cadaveric liver

Figure 2. Panel A shows MRI images of a patient who received cadaveric liver transplantation after chemora-
diotherapy. Tumor is highlighted by dotted white rectangle. Refer to Figure 1 for dosimetric coverage of this
tumor. Panel B shows histology of the postresection tumor specimen, as evaluated by hematoxylin and eosin
staining. Panel C shows histology of the nonirradiated liver from the same specimen.

trointestinal bleeding due to a duodenal
ulcer as well as pseudomembranous colitis
and portal vein thrombosis. After healing of
these, follow-up scans have shown no evi-
dence of disease, and repeat endoscopy
has shown healing of her damaged duode-
num. She remains with no evidence of dis-
ease 2 years after her initial diagnosis. This
patient was the only one in this series who
met our institution’s very strict transplanta-
tion criteria, including no metastatic
disease on laparoscopy before and after
chemoradiotherapy and excellent clinical
condition predicting the ability to tolerate
the operation. The clinical course of this
patient highlights the interplay among the
treatment modalities and the key role of
stents and PDT in providing successful
short-term symptom management that
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2 Overall Survival
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Figure 3. Kaplan-Meier curves for overall survival
and local disease control.

increases the ability to provide definitive
treatment.

The treatment approach in the Mayo
Clinic reports included a brachytherapy
boost to the biliary tree, an effort to tempo-
rize patient course and decrease the likeli-
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hood of cholangitis prior to surgery. In our
cohort, we used PDT in a similar manner,
allowing us to successfully bridge a patient
for a period of 3 months after chemoradio-
therapy and PDT. During this time, the
decision to attempt a transplant was
strengthened by the patient’s continued
smooth clinical course and lack of disease
progression.

One constant concern regarding pa-
tients with cholangiocarcinoma is recurrent
cholangitis. This can prove rapidly fatal if
not addressed. None of the patients in our
cohort is known to have died of cholangitis,
and those who developed recurrent cho-
langitis were effectively treated with antibi-
otics and stent revision with little difficulty.
This is in agreement with other reports™
PDT involves the intravenous administra-
tion of a photosensitizing agent followed by
its activation using light illumination of a
specific wavelength, resulting in ischemic
necrosis'®*™ proportional to tissue oxygen-
ation!®" The technique has shown benefit
in the treatment of cholangiocarcinoma in
both preclinical and clinical studies.

PDT was demonstrated to reduce hu-
man cholangiocarcinoma xenograft tumor
volume by 60% in a mouse model® In
uncontrolled human studies in which
porfimer  sodium-based PDT  was
combined with stenting, there was
improvement in cholestasis and survival,
and few complications related to porfimer
sodium were observed?™** A prospective,
randomized, controlled trial confirmed a
significant advantage attributable to PDT in
relief of jaundice, quality of life, and
survival ?®

Other reports have indicated improve-
ments in patient outcomes with multimo-
dality treatment of cholangiocarcinoma
using fluoropyrimidines as radiosensitizing
chemotherapy?*?” The responses noted in
surgical specimens have prompted evalua-
tion of dose escalation. One group reported
dose-escalation studies for hepatobiliary
cancer with either systemic 5-fluorouracil
(5-FU) or b-FU infused via the hepatic vein
that included 81 patients with unresect-
able cholangiocarcinoma?® These patients
received radiation doses between 23 and
88.2 Gy, with no association between dose
and survival being found. Another study
analyzed outcome by radiotherapy dose
and found no statistically significant differ-
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ence in patient survival or freedom from
local progression with dose escalation?
These studies were limited by small patient
numbers, and there is little additional data
available on dose escalation. Thus, it
seems that dose escalation with chemora-
diotherapy may offer control rates and
potentially survival rates on par with the
Mayo Clinic reports of liver transplant
following chemoradiotherapy.

The use of helical tomotherapy IMRT in
the treatment of the biliary disease pre-
sents some technical challenges, consider-
ing the high degree of conformality as well
as the sliced-based nature of delivery. The
greatest concern is that organ motion
could result in both decreased tumor
coverage and increased normal tissue
dose. Our experience with target delin-
eation with MRI and magnetic resonance
cholangiopancreatography including MRI
fusion suggests that this process is rela-
tively accurate, in accordance with prior
work® PTV expansions on the target in-
cluded accommodation for respiratory
excursion, though we were unable to
directly measure this and relied on previ-
ously established conventions "%

Several reports have concluded that
respiratory motion results in differences
between the planned dose and the deliv-
ered dose when employing IMRT, though
these differences appear to be clinically
insignificant in magnitude, particularly
when averaged over a treatment
course®** This was found to be true in the
treatment of liver tumors, as well® The
potential for these differences was specifi-
cally addressed with the helical tomo-
therapy device using a motion phantom,
and despite the sliced-based delivery, this
approach was found to result in clinically
insignificant errors in dose delivered for
treatment regimens greater than three frac-
tions In addition, helical tomotherapy daily
image guidance permits accurate patient
alignment, decreasing errors in delivery.
Therefore, the coverage of the PTV using
helical tomotherapy IMRT appears to be
acceptable, despite respiratory motion. In
addition, all hot spots are within the PTV,
indicating that there is very little chance of
delivering significantly increased dose to
nearby normal organs, given the above
considerations.

The experience reported here, particu-

larly of the patient who underwent ortho-
topic transplant, confirms that PTV
coverage is adequate despite relatively
tight margins, since that patient was noted
to have a complete pathologic response.
Other forms of nontomotherapy-based
IMRT may provide the ability to further
reduce the PTV for patients with cholan-
giocarcinoma with respiratory-gating or
breath-hold techniques.

In summary, the multimodality team
approach to unresectable cholangiocarci-
noma may represent optimal care. This
treatment strategy is tolerable and provides
flexibility to address symptoms as required
on a patient-specific basis. It also allows for
the reassessment of patients on a regular
basis and thus facilitates easier adjustments
in patient care as needed. Our findings
add some evidence to the growing body of
literature indicating that cholangiocarci-
noma is a chemoradiosensitive disease.
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