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Abstract

Background Survival for patients with unresectable cholangiocarcinoma is reported to range from only 5-8 months without
treatment. Systemic chemotherapy has not been shown to significantly improve survival, but newer regimens involving
gemcitabine have shown increased response rates. Transcatheter arterial chemoembolization (TACE) has been shown to
prolong survival in hepatocellular carcinoma patients, but experience using TACE in the treatment of cholangiocarcinoma is
limited. We report our experience treating cholangiocarcinoma with TACE using chemotherapeutic regimens based on the
well-tolerated drug gemcitabine.

Methods Forty-two patients with unresectable cholangiocarcinoma were treated with one or more cycles of gemcitabine-
based TACE at our institution. Chemotherapy regimens used for TACE included: gemcitabine only (n=18), gemcitabine
followed by cisplatin (n=2), gemcitabine followed by oxaliplatin (n=4), gemcitabine and cisplatin in combination (n=14),
and gemcitabine and cisplatin followed by oxaliplatin (n=4).

Results Patients were 59 years of age (range 36—86) and received a median of 3.5 TACE treatments (range 1—16). Thirty-
seven patients (88%) had central cholangiocarcinoma, and five (12%) had peripheral tumors. Nineteen patients (45%) had
extrahepatic disease. Grade 3 adverse events (AEs) after TACE treatments were seen in five patients, whereas grade 4 AEs
occurred in two patients. No patients died within 30 days of TACE. Median survival from time of first treatment was
9.1 months overall. Results did not vary by patient age, sex, size of largest initial tumor, or by the presence of extra-hepatic
disease. Treatment with gemcitabine—cisplatin combination TACE resulted in significantly longer survival (13.8 months)
compared to TACE with gemcitabine alone (6.3 months).

Conclusions Our report represents the largest series to date regarding hepatic-artery-directed therapy for unresectable
cholangiocarcinoma and provides evidence in favor of TACE as a promising treatment modality in unresectable
cholangiocarcinoma. Our results suggest that gemcitabine-based TACE is well tolerated and confers better survival when
given in combination therapy (with cisplatin or oxaliplatin) for patients with unresectable cholangiocarcinoma.

Presented at the 2007 American Hepato-Pancreato-Biliary
Association, Las Vegas, Nevada, April 19-22, 2007
(President’s Plenary Oral Presentation).

Keywords Cholangiocarcinoma - Trancatheter arterial
chemoembolization (TACE) - Palliation - Gemcitabine

N. J. Gusani * T. C. Gamblin N. J. Gusani * F. K. Balaa - J. L. Steel - D. A. Geller *
Division of Surgical Oncology, Department of Surgery, J. W. Marsh -+ A. B. Zajko - B. L. Carr* T. C. Gamblin
University of Pittsburgh Medical Center, UPMC Liver and Pancreas Institute,

Pittsburgh, PA, USA University of Pittsburgh Medical Center,

Pittsburgh, PA, USA
F. K. Balaa - J. L. Steel - D. A. Geller - J. W. Marsh - B. 1. Carr -

T. C. Gamblin T. C. Gamblin (P<)

Division of Transplantation Surgery, Department of Surgery, Liver Cancer Center, UPMC Montefiore Hospital,
University of Pittsburgh Medical Center, 7 South, 3459 Fifth Avenue,

Pittsburgh, PA, USA Pittsburgh, PA 15213, USA

e-mail: gamblintc@upmc.edu
A. B. Zajko
Division of Interventional Radiology, Department of Radiology,
University of Pittsburgh Medical Center,
Pittsburgh, PA, USA

@ Springer



130

J Gastrointest Surg (2008) 12:129-137

Introduction

Cholangiocarcinoma (CC) is a primary adenocarcinoma of
the bile ducts. It is the second most common primary
hepatic malignancy in the world, but is a rare neoplasm in
the USA, with an incidence of only 0.5-2 per 100,000
population.' In other parts of the world, however, particu-
larly in East and Southeast Asia, rates are much higher, and
overall global incidence is increasing.”

Cholangiocarcinoma historically has an extremely
poor prognosis. Patients who present symptomatically
usually have advanced disease which is not amenable to
surgical resection. Mortality results from progressive
liver failure or biliary obstruction and resulting chol-
angitis and sepsis.’

Survival for patients with unresectable cholangiocarci-
noma is reported to be only 5-8 months. Intrahepatic CC
generally presents in a more advanced state than extrahe-
patic CC, so prognosis is often even worse.’ Curative
treatment is only possible with surgical resection, but less
than 30% of patients are resectable at presentation.” Of
those resected, 5-year survival is reported as only 20-40%."
Overall survival for all patients at 5 years from diagnosis is
less than 5%.°

Systemic chemotherapy has been disappointing in regard
to its efficacy, with most regimens resulting in a median
survival of 6-12 months.'® No randomized studies have
shown a significant improvement in overall survival
compared to observation alone.'" Side effects are common
and often limit patients’ tolerance of the therapy and their
quality of life. Because of the poor results with standard
systemic therapy, there has been a great interest in other
modalities for treatment of cholangiocarcinoma. These have
included chemoradiation,12 external beam radiation,13 radio-
frequency ablation,'* photodynamic therapy (PDT),'™'®
brachytherapy,'” hepatic artery infusion chemotherapy,'®
and transcatheter arterial chemoembolization.®

Transcatheter arterial chemoembolization (TACE) is a
promising, minimally invasive treatment modality for
unresectable liver tumors. TACE allows delivery of high
doses of chemotherapeutic drug directly to the tumor with
very little systemic drug exposure.

TACE has been shown to be a useful treatment modality
in hepatocellular carcinoma (HCC), with two randomized
trials showing an improved survival over supportive care
alone. '

Experience with TACE for biliary malignancies is
limited, but recently, several small series have shown
promising survival in CC patients treated with TACE.®*'-*?
In addition, there have been numerous reports of intra-
arterial delivery of chemotherapy drugs, in varied forms, in
an attempt to maximize therapy to CC while limiting
systemic side effects.'®2*723
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Recently, patients receiving systemic chemotherapy for
cholangiocarcinoma have benefited from the approval of
gemcitabine, a nucleoside analogue drug which has shown
promising response rates (up to 30-40%) in systemic
treatment of CC.?® Gemcitabine has become the most
commonly recommended first-line drug for systemic
treatment of CC. It is well tolerated, and combination
therapy with drugs such as 5-FU, cisplatin, and oxaliplatin
offers potential synergistic tumoricidal effects.'' Because
gemcitabine is rapidly deaminated to the inactive metabo-
lite 2"2" difluorodeoxyuridine (dFdU), it has an exceedingly
high total body clearance (CLy,). The liver serves as a
primary source for deamination on first pass.”’ This should
allow high intrahepatic gemcitabine concentrations to be
achieved with little systemic exposure. Based on its
promising antitumor activity and favorable pharmacokinetic
and safety profiles, we selected gemcitabine as the basis for
liver-directed TACE treatments in cholangiocarcinoma.

At the University of Pittsburgh Medical Center (UPMC)
Liver Cancer Center, a significant experience with CC
exists.”® Multidisciplinary therapeutic options include:
surgery, radiofrequency ablation, hepatic artery infusional
chemotherapy, systemic chemotherapy, and TACE. In this
report, we describe our experience treating unresectable
cholangiocarcinoma with TACE using regimens based on
the well-tolerated drug gemcitabine.

Methods
Study Design

We performed a retrospective review of medical records for
all patients treated with gemcitabine-based TACE at the
UPMC Liver Cancer Center between June 2001 and
February 2007. Data for the current study were extracted
from an institutional database designed specifically to track
outcomes of liver cancer patients. All data evaluation was
done under a protocol approved by the University of
Pittsburgh Institutional Review Board.

Once qualifying patients were identified, all patient
data were de-identified through the use of an approved
Honest Broker. Data variables included demographic,
pre-procedure, procedure, and post-procedure data as
well as long-term follow-up of all patients. Data were
retrospectively gathered from patient charts, electronic
medical records, and review of available imaging and
pathology. In addition, the Social Security Death Index
(SSDI) was queried to determine date of death for any
patients not captured by our records. Morbidity was
graded on a 1-5 scale according to criteria established by
the National Cancer Institute’s Cancer Therapy Evalua-
tion Program.”’
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Patients

During the study period (June 2001 to February 2007), 42
patients, all with unresectable intrahepatic cholangiocarci-
noma, were treated with one or more cycles of gemcitabine-
based TACE.

Initial Evaluation

Initial evaluation consisted of a complete history and
physical at the UPMC Liver Cancer Center. All patients
had biopsy-proven cholangiocarcinoma. Staging workup
included a triphasic chest/abdomen/pelvis computed to-
mography (CT) scan or magnetic resonance imaging.
Patients who were deemed to be unresectable but had
acceptable laboratory values and performance status were
considered for TACE. Contraindications to TACE included
total bilirubin >3 mg/dl, serum creatinine >2x baseline, and
ECOG performance status >1. Patients with biliary ob-
struction were treated with ERCP-based or percutaneous
transhepatic biliary stents before administration of TACE.

TACE Procedures

All TACE procedures were performed by interventional
radiologists at the University of Pittsburgh Medical Center
using standard protocols. The day of the procedure, patients
had screening laboratory studies and received intravenous fluid
before treatment. Based on the results of the laboratory studies
and recent imaging, a decision was made about the segment(s)
of the liver to receive TACE and the drugs to be given.

After intravenous hydration was given for 2—3 h, patients
were taken to the interventional radiology angiographic
suite. Cannulation of the femoral artery was performed, and
an arterial catheter was advanced under fluoroscopy to
catheterize the celiac and superior mesenteric arteries. At
the initial treatment session, complete diagnostic arteriog-
raphy was performed to determine the hepatic arterial
anatomy and to map all arterial vessels supplying the tumor.
Therapeutic chemoinfusion was then performed, usually
into the right or left hepatic artery, over a 30- to 45-min
time period. If treatment included two drugs, each was
given separately for a total infusion time of 60-90 min.
After delivery of the drug(s) to the tumor, embolization was
accomplished with Embospheres (Biosphere Medical, Inc.,
Rockland, MA, USA) until moderate to marked stasis of
antegrade flow was seen in the artery.

Chemotherapeutic drug choice was made based on the
patient’s previous therapy history, laboratory profile, and
functional status. Generally, patients were given one drug
or combination of drugs until signs that the patient’s tumor
was progressing. At that point, if deemed clinically suitable,
the patient’s regimen was altered to add a drug or change

drugs. In the case of bilateral liver tumors, therapy was
given to the side of the dominant tumor(s) until progression
occurred on the contralateral side. At this point, the
contralateral side was treated. Intra-arterial gemcitabine
treatments were conducted with dose escalation starting
from 1,250 mg/m* up to 2,250 mg/m?> as tolerated. Intra-
arterial cisplatin and oxaliplatin doses were 100—125 mg/m?
and 85-100 mg/m?, respectively.

Patients were observed overnight after the procedure for
control of pain and nausea, administration of intravenous
fluids, and monitoring of systemic side effects. Patients
were routinely discharged home the following morning
after laboratory studies were evaluated. All patients were
prescribed anti-emetic and pain medications for home
management of post-embolization syndrome (low-grade
fever, pain, nausea).

Follow-up

After discharge, laboratory values were checked weekly on
an outpatient basis. Follow-up imaging was performed on
all patients 6-8 weeks after each TACE procedure.
Decisions regarding further TACE therapy were made
based on the patients’ tolerance of previous TACE as well
as their tumor response to therapy.

Statistical Analysis

Overall survival was determined for all patients from the
date of first TACE procedure to death. The Kaplan—
Meier (product-limit) method was used to determine
estimates of survival. The log-rank test was performed to
assess overall survival and test differences in survival
among TACE regimens. Survival plots and statistical
analyses were performed using GraphPad Prism 5.0
software for Windows (GraphPad Software, Inc., San
Diego, CA, USA). Statistical significance was assigned
for a p value of <0.05.

Results
Patient and Tumor Details

During the study time period from June 2001 to February
2007, 42 patients underwent TACE with gemcitabine-based
chemotherapy regimens for unresectable cholangiocarci-
noma. The study included 21 men and 21 women. Patients’
median age was 59 years (range 36—87). All patients had
mass-forming intrahepatic cholangiocarcinoma proven by
biopsy. All patients” ECOG performance status was 0 or 1.
Thirty-seven patients (88%) had central cholangiocarci-
noma, and five (12%) had peripheral tumors.
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Median size of the largest single tumor nodule at
presentation was 9.8 cm (range 1.3—17.0 cm). The median
Ca 19-9 level for the group was 134 U/ml (<4-140,460).
Nineteen of 42 patients (45%) had extrahepatic disease at
time of presentation. Of these, four had disease confined to
the porta hepatis lymph nodes, eight had intra-abdominal
disease, and seven had distant metastasis (Table 1).

TACE Treatments

Forty-two patients underwent 199 TACE procedures, with a
median of 3.5 TACE treatments per patient (range 1-16).
Patients received one of five different chemotherapy-TACE
regimens: gemcitabine alone, gemcitabine followed by
cisplatin, gemcitabine followed by oxaliplatin, gemcita-
bine—cisplatin combination, and gemcitabine-cisplatin fol-
lowed by oxaliplatin (Table 2).

Morbidity

TACE treatments were generally well tolerated. All
patients were admitted overnight for observation after
TACE. Ninety-six percent of patient admissions resulted
in discharge on post-TACE day no. 1 (23-h admission),
with the remaining 4% going home on post-TACE day
no. 2.

Grade 4 adverse events (AEs) were seen in two patients.
One patient developed crescendo angina 1 day after his first
TACE and was diagnosed with an acute myocardial
infarction. He underwent cardiac catheterization with
angioplasty and coronary stent placement and made a full
recovery. The patient went on to have nine further TACE
cycles over the next 18 months. A second patient
developed a hepatic abscess 1 week after his second
TACE treatment. This patient required admission for

drainage of the abscess and intravenous antibiotics. The
patient developed grade 4 thrombocytopenia and sepsis
associated with the abscess. This adverse event resulted in
a hospitalization for 7 days with resolution of the sepsis,
and the patient was discharged home with a percutaneous
hepatic drain in place.

Five additional patients developed grade 3 AEs after
TACE. One patient was over-sedated with narcotic pain
medication and developed mild respiratory distress on the
evening after TACE. When the patient’s mental status changes
were reported, naloxone was administered with immediate
resolution. Two patients developed grade 3 hyperbilirubine-
mia, and two developed grade 3 thrombocytopenia.

Minor morbidity was seen in nine patients who
developed grade 2 adverse events and seven who developed
grade 1 AEs (Table 3). In addition, most patients did
experience “post embolization syndrome” consisting of
low-grade fever, nausea, and abdominal pain. These
symptoms were easily managed with antiemetics and
narcotic medications. As evidenced by the high discharge
rate on post-TACE day no. 1, these symptoms were
generally not prolonged.

Morbidity did not vary significantly by patient age,
TACE regimen, or by the presence of extrahepatic disease.

Tumor Response to TACE

Tumor response to TACE was gauged using the response
evaluation criteria in solid tumors (RECIST) guidelines.*”
Attempts were made to gauge response after three cycles of
TACE if possible. Those receiving fewer TACE treatments
were evaluated after the last TACE performed. Based on
this evaluation, 20 patients were found to have stable
disease, 15 patients had progressive disease, and seven
were not evaluable.

Table 1 Patient and Tumor

Characteristics Variable Value (range) Percentage
Total number of patients 42 100
Sex

Male 21 50
Female 21 50
Tumor location
Central 37 88
Peripheral 5 12
Median age (range) 58.8 years (36.2-86.8)
Median tumor Size (range) 9.8 cm (1.3-17.0)
Median Ca 19-9 level 134 U/ml (<4-140,460)
Extrahepatic disease 19 45.2
Porta hepatis lymphadenopathy 4
Other intra-abdominal mets 8
Distant mets 7
All regimens 42 100
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Table 2 TACE Regimens Used for Treatment of Unresectable Cholangiocarcinoma

TACE Regimen N Percentage Age Male Central EHD # TACE
Gem alone 18 42.9 64.0 11 18 7 2.0
Gem then Cis 2 4.8 67.8 2 1 0 7.5
Gem then Ox 4 9.5 57.4 1 3 2 7.0
Genv/Cis combo 14 333 56.3 6 12 9 5.0
Genv/Cis then Ox 4 9.5 51.7 1 3 1 7.0

All regimens 42 100 58.8 21 37 19 3.5

Gem Gemcitabine, Cis cisplatin, Ox oxaliplatin, EHD extrahepatic disease

Survival

Median overall survival from the date of first TACE treatment
was 9.1 months (Fig. 1). Survival did not vary by patient age,
sex, size of largest initial tumor, or by presence of
extrahepatic disease. Patients with peripheral cholangiocarci-
noma, however, had better median survival (18.7 vs
8.2 months) than those with central tumors (p=0.012 by
log-rank test).

Survival did vary by response to TACE as measured by
RECIST criteria. Patients who had stable disease by
RECIST criteria underwent a median of six TACE cycles
and had median survival of 13.1 months post-TACE,
whereas patients who had progressive disease were able to
have three TACE cycles and had post-TACE median
survival of 6.9 months (p=0.017).

Survival varied significantly by TACE regimen (Table 4).
When comparing the survival curves for the two most
frequently used TACE regimens, there was a statistically
significant increase in survival for patients receiving TACE
treatments with the gemcitabine-cisplatin combination over
those receiving gemcitabine alone (13.8 vs 6.3 months,
p=0.0005; Fig. 2).

Discussion

Cholangiocarcinoma is a deadly disease with a very poor
prognosis. Most patients who are diagnosed with CC are
not candidates for surgical resection, which is the only
treatment with potential for cure. Currently, therapeutic
options for unresectable cholangiocarcinoma afford little or

Table 3 Minor (Grades 1 or 2)
Morbidity Seen with Gemcita-
bine-Based TACE

Grades 1 and 2 AEs

Elevated total bilirubin
Elevated creatinine
Thrombocytopenia
Hyperglycemia
Hypertension
Pulmonary edema
Pancreatitis

no improvement in survival over supportive therapy alone.
Thus, there is a strong incentive to explore newer
therapeutic options in an attempt to improve the outcome
in this difficult disease. In this paper, we present promising
results for treatment of unresectable cholangiocarcinoma
using gemcitabine-based TACE.

Treatment of cholangiocarcinoma with chemotherapy or
chemoradiation has proven to have little benefit in
improving survival. Most published studies using these
modalities for cholangiocarcinoma are small, phase I or
phase II single-institution trials with a wide variation in
outcomes. The few larger scale studies published have
involved multiple tumor types, often including both intra-
hepatic and extrahepatic CC as well as sometimes pancre-
atic cancer and hepatocellular cancer.’’ No randomized
study has shown a significant benefit of systemic chemo-
therapy or chemoradiation over supportive care alone.”

The University of Pittsburgh Medical Center is a high
volume center for the treatment of liver cancer.”® Approx-
imately 11% of our new liver cancer patients have
cholangiocarcinoma. We favor an aggressive surgical
approach to CC, with surgical resection as the goal.**~*
Each patient is seen and discussed by a multidisciplinary
team which offers the full range of treatment options from
transplant and resection to systemic therapy, regional
therapy, or palliative care. We offer special expertise in
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Figure 1 Overall survival for all gemcitabine-based TACE regimens
(median survival 9.1 months).

@ Springer



134 J Gastrointest Surg (2008) 12:129-137
Table 4 Survival by TACE
Regimen TACE regimen N # TACE Alive Median survival
Gem alone 18 2.0 0 6.3
Gem then Cis 7.5 0 18.8
Gem then Ox 4 7.0 1 13.0
Gem/Cis Combo 14 5.0 2 13.8
Gem/Cis then Ox 4 7.0 0 12.5
Gem Gemcitabine, Cis cisplat- All regimens 42 3.5 3 9.1 months

in, Ox oxaliplatin

regional therapy strategies for treatment of liver tumors,
performing a high volume of TACE (>400 treatments per
year) and selective internal radiation with Yttrium-90
microspheres (>200 treatments to date) treatments in the
setting of unresectable disease.

In the case of patients with unresectable disease, our
primary goal of therapy is palliation: we aim to prolong
survival while maintaining an acceptable quality of life. For
these patients, we often choose a regional therapy as an
attempt to maximize treatment delivered to the tumor while
minimizing systemic side effects.

TACE is a modality widely used in patients with primary
liver cancer (hepatoma). TACE is minimally invasive and
can be performed on an outpatient or short-stay basis.
Combining intra-arterial delivery of chemotherapy via the
hepatic artery with embolization takes advantage of the fact
that liver tumors receive 90-100% of their blood flow from
the hepatic artery.* Thus, TACE provides targeted delivery
of a chemotherapeutic agent directly to the tumor. Delivery
of chemotherapy is followed by arterial embolization,
which causes further necrosis of the tumor by eliminating
its predominant blood supply. In addition, by reducing
blood flow through the tumor, embolization may prevent
washout of the chemotherapeutic agent, resulting in higher
concentrations of the drug remaining in the tumor cells
while also reducing systemic exposure.”> TACE has been

100
g 75-
5 p =0.0005
»
= 50 1
)
2
[ cees
o 254 H
hadiadid |
R
[ ]
0 T —t 1
24 36 48

Survival after 1st TACE (months)
Figure 2 Overall survival for the most commonly used regimens for
gemcitabine-based TACE: gemcitabine alone (solid line—median
survival 6.3 months) vs gemcitabine—cisplatin combination (dotted
line—median survival 13.8 months).
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shown in two randomized controlled clinical trials,lg’zo to

improve survival in patients with unresectable HCC, and
these results have been confirmed in two meta-analyses.*®>’

Our data reveal a median survival of 9.1 months after
gemcitabine-based TACE. The survival provided by TACE
is significant, especially in light of the fact that many of our
patients had already failed other treatment modalities before
undergoing TACE. More important, combination regimens
utilizing gemcitabine as first-line therapy followed by
cisplatin or oxaliplatin or using the gemcitabine—cisplatin
combination showed significantly greater response and
survival, reaching up to 13—18 months. Although some of
the survival difference may be due to selection bias in our
retrospective review, our results do imply a benefit from
combination chemotherapy regimens.

Of note, median survival in our overall cohort of 42
patients was not significantly different in patients with
liver-only disease as compared to those with extrahepatic
disease. This supports the belief that in patients with liver-
predominant disease, the liver tumors determine eventual
survival rather than the extrahepatic disease, and therefore,
we favor regional treatment in these patients.

Tumor response to TACE treatments, using RECIST
criteria, predicted improved survival (median survival
13.1 months in patients with stable disease vs 6.9 months
in patients with progressive disease), but many authors
have questioned whether size-based criteria are the best
measure of the effectiveness of TACE.***° Although by
RECIST criteria TACE treatments did not result in
significant tumor shrinkage in any of our patients, several
had evidence of tumor necrosis or decrease in tumor
vascularity post-TACE (Fig. 3).

Gemcitabine-based TACE treatment proved to be well
tolerated, with minimal significant side effects (only 17% of
patients had grades 3 or 4 AEs). This tolerability profile fits
with the goals of palliative therapy—to prolong life while
maintaining quality of life. Although we did not specifically
measure quality of life in this study, most patients were
home 24 h post-TACE and did not suffer debilitating side
effects. The limitations on their lifestyle consisted mainly of
a post-embolization syndrome the few days after adminis-
tration of TACE and the need for several outpatient
laboratory studies obtained weekly after treatment. In
contrast, systemic combination chemotherapy regimens
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Figure 3 Arterial phase CT
images of segment 4 (a and ¢)
and segment 1 (b and d) chol-
angiocarcinoma tumors before
(a and b) and after (¢ and d)
TACE with gemcitabine/cisplat-
in combination. Post-TACE
images show decreased tumor
vascularity (C) and areas of
necrosis (D).

using gemcitabine have grades 3—4 toxicities in over 40%
of patients in recent phase II trials.*>*'

In addition to our work, the results of two recent studies
lend credence to the concept of intra-arterial treatment for
unresectable cholangiocarcinoma. In a report from Burger
et al..® TACE was performed in 17 patients with unresect-
able intrahepatic cholangiocarcinoma. Their group utilized
varying TACE chemotherapy regimens, mostly including
cisplatin, doxorubicin, and mitomycin-C. Although they
report a median survival of 23 months, their survival was
measured from the time of diagnosis rather than initiation
of TACE treatment, making direct comparison difficult.
Also, there may be differences in the patient populations
being treated with TACE, as ten of the patients in the
Burger study had only stage II disease.

Tanaka et al.,'® published promising results using a
protocol of arterial chemoinfusion through an implanted
port system in 11 patients. Their regimens of intra-arterial
chemotherapy included various combinations of 5-FU,
doxorubicin, cisplatin, and mitomycin-C and resulted in
mean survival of 26 months in patients. Again, differences
in reporting (mean survival rather than median) and patient
characteristics (mean tumor size of 7 cm) make direct
comparisons difficult.

As mentioned earlier, we selected gemcitabine as our
drug of choice for liver-directed TACE therapy based on its
in vivo and in vitro activity against CC, its pharmacokinet-
ics, and its record of safety.'®'"***> With similar consid-
erations in mind, Vogl et al.*? previously determined the
maximum tolerated dose for intra-arterial treatment of
cholangiocarcinoma and pancreatic cancer liver metasta-

ses with gemcitabine. In their study, 17 patients with
intrahepatic cholangiocarcinoma were treated with trans-
catheter arterial gemcitabine (with or without starch
microsphere embolization) in increasing doses from 200
to 2,000 mg/m’>. Chemotherapy infusions were given
twice during an 8-day treatment cycle, with cycles
repeated every 2 weeks. The maximum tolerated dose
found in this study was 1,400 mg/m® without micro-
spheres or 1,800 mg/m?® with microspheres. This dose is
similar to that used in our study and confirms that higher
doses than those given systemically can be given intra-
hepatic with an acceptable toxicity profile.

Future investigations will be important to clarify the role
of TACE in the treatment of unresectable cholangiocarci-
noma. In particular, because of its excellent toxicity profile,
TACE may be safely combined with other modalities of
treatment to produce complementary or synergistic effects.
Several authors have explored combinations of intra-
arterial treatments with systemic chemotherapy,”'"** radia-
tion,”>** or biliary drainage*® in small studies. Combinations
of these therapies with gemcitabine-based TACE could
potentially result in increased survival with minimal side
effects.

In addition, as biliary obstruction is so often the eventual
cause of mortality in patients with intrahepatic cholangio-
carcinoma, it will be important to consider combinations of
TACE with bile-duct-based therapeutic interventions such
as PDT or brachytherapy. Brachytherapy or PDT lack
adequate depth of tissue penetration to significantly affect
large, mass-forming CC tumors, but the combination of
these treatments with TACE may be beneficial.
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The use of hepatic arterial infusion of Yttrium-90
microspheres for the treatment of inoperable CC is also a
potential treatment modality. This technology is already
approved by the United States Food and Drug Administra-
tion for selective internal radiation treatment in metastatic
colorectal cancer (in combination with intra-arterial Flox-
uridine)*® and hepatocellular cancer.*® The treatment of
other types of intrahepatic tumors is a current interest, and
this treatment may represent a useful option for cholangio-
carcinoma in the future.*’>°

Conclusion

Our report represents the largest series to date describing
hepatic-artery-directed therapy for unresectable cholangio-
carcinoma. These results provide evidence in favor of
gemcitabine-based TACE as a promising mode of therapy
for palliation in unresectable cholangiocarcinoma. TACE
regimens utilizing gemcitabine, especially in combination
with cisplatin or oxaliplatin, may offer equivalent or
improved survival when compared to traditional modalities
such as systemic chemotherapy or chemoradiation.

We report gemcitabine-based TACE as a useful modality
even in patients with minimal extrahepatic disease, offering
similar survival outcomes to patients with liver-only
disease. Our results demonstrate that gemcitabine-based
TACE is well tolerated and suggest that it may offer
acceptable quality of life. In a disease with limited
treatment options and a dismal prognosis, we believe that
this treatment modality warrants further investigation.
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