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Abstract

AIM: Complete resection of the bile duct carcinoma is
sometimes difficult by subepithelial spread in the duct
wall or direct invasion of adjacent blood vessels. Nonresected
extrahepatic bile duct carcinoma has a dismal prognosis,
with a life expectancy of about 6 mo to 1 year. To improve
the treatment results of locally advanced bile duct
carcinoma, we have been conducting a clinical trial using
regional hyperthermia in combination with chemoradiation
therapy.

METHODS: Eight patients complaining of obstructive
jaundice with advanced extrahepatic bile duct underwent
thermo-chemo-radiotherapy (TCRT). All tumors were
located in the upper bile duct and involved hepatic
bifurcation, and obstructed the bile duct completely.
Radiofrequency capacitive hyperthermia was administered
simultaneously with chemotherapeutic agents once
weekly immediately following radiotherapy at 2 Gy.
We administered heat to the patient for 40 min after the
tumor temperature had risen to 42 °C. The chemothe-
rapeutic agents employed were cis-platinum (CDDP,
50 mg/m?) in combination with 5-fluorouracil (5-FU,
800 mg/m?) or methotrexate (MTX, 30 mg/m?) in
combination with 5-FU (800 mg/m?). Number of heat
treatments ranged from 2 to 8 sessions. The bile duct
at autopsy was histologically examined in three patients
treated with TCRT.

RESULTS: In respect to resolution of the bile duct, there
were three complete regression (CR), two partial
regression (PR), and three no change (NC). Mean survival
was 13.2+10.8 mo (mean+SD). Four patients survived
for more than 20 mo. Percutaneous transhepatic biliary
drainage (PTBD) tube could be removed in placement of
self-expandable metallic stent into the patency-restored
bile duct after TCRT. No major side effects occurred. At

autopsy, marked hyalinization or fibrosis with necrosis
replaced extensively bile duct tumor and wall, in which
suppressed cohesiveness of carcinoma cells and
degenerative cells were sparsely observed.

CONCLUSION: Although the number of cases is rather
small, TCRT in the treatment of locally advanced bile duct
carcinoma is promising in raising local control and thus,
long-term survival.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Extrahepatic bile duct carcinomas are typically slow-growing
and locally invasive tumors, which spread along nerves and
invade adjacent vascular structures!”. Optimal treatment of
these tumors includes complete surgical resection with
negative histologic margins®. However, complete resection
is sometimes difficult by local extension, which occur
perineurally, via lymphatic channels, by subepithelial spread
in the duct wall, and by direct invasion of adjacent blood
vesselsPl. Nonresected extrahepatic bile duct carcinoma
has a dismal prognosis, with a life expectancy of about 6 mo
to 1 yeart.

Hyperthermia has been used in combination with
radiation therapy and chemotherapy, and is considered to
be effective for certain type of tumorstl. We have been
conducting a clinical trial of regional hyperthermia in
combination with chemoradiotherapy for advanced
extrahepatic bile duct carcinoma. In this study, clinical
effectiveness of thermo-chemo-radiotherapy (TCRT) for
locally advanced extrahepatic bile duct carcinoma was
evaluated.

MATERIALS AND METHODS

Study patients

Eight patients complaining of obstructive jaundice with
advanced extrahepatic bile duct underwent TCRT. All
tumors were located in the upper bile duct and involved
hepatic bifurcation. Bile duct was completely obstructed on
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percutaneous transhepatic or endoscopic retrograde
cholangiography. Six patients underwent percutaneous
transhepatic biliary drainage (PTBD). Unresectable reasons
were involvement of the portal vein (# = 5) and extensive
involvement of hepatic hilus (# = 3, Table 1). None of
them showed distant metastasis.

Table 1 Cases with bile duct carcinoma treated with thermo-chemo-
radiotherapy

Case Age (yr) Sex Unresectable reasons

1 70 m Extensive involvement of hepatic hilus
2 57 m Involvement of the portal vein

3 73 m Extensive involvement of hepatic hilus
4 70 m Involvement of the portal vein

5 70 f Involvement of the portal vein

6 78 m Involvement of the portal vein

7 65 m Involvement of the portal vein

8 71 m Extensive involvement of hepatic hilus

Thermo-chemo-radiotherapy (TCRT) techniques

The heating equipment was radiofrequency (RF) capacitive
heating device, Thermotron RF-8 (Yamamoto Vinita
Company, Osaka, Japan)!. The patient lay in the prone
position. The target was sandwiched with upper and
lower electrodes, and 8 MHz RF wave was applied. We
administered heat to the patient for 40 min after the tumor
temperature had risen to 42 ‘C. Tumor temperature was
measured continuously using a needle thermosensor on
each heating. The thermosensor was inserted beside the
tumor from the skin surface through 18-G angiocatheter
under the aid of ultrasonography. The chemotherapeutic
agents employed were cis-platinum (CDDP, 50 mg/m?) in
combination with 5-fluorouracil (5-FU, 800 mg/m?) or
methotrexate (MTX, 30 mg/ m? in combination with 5-FU
(800 mg/m?). The hyperthermia and chemotherapeutic
agents were administered simultaneously once weekly
immediately following radiotherapy at 2 Gy. Usually it started
within 15 min after the irradiation (Figure 1). Number of
heat treatments ranged from 2 to 8 sessions (meantSD,
4.5%2.5). Two cases were retreated (Table 2).

Table 2 Thermo-chemo-radiotherapy in each case

Case Heat Chemotherapy Dose of radiation (Gy)
session

1 x4, x4 MTX + 5Fu 50+40

2 X2, X6 CDDP +5Fu 46

3 x6 MTX + 5Fu 56

4 x4 MTX + 5Fu 56

5 x4 CDDP +5Fu 50

6 x2 CDDP +5Fu 46

7 x2 MTX + 5Fu 50

8 x2 MTX + 5Fu 16

MTX: Methotrexate, 5Fu: 5-fluorouracil, CDDP: cis-platinum.

Irradiation (2 Gy)
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< Hyperthermia (42 °C, for 40 min)
Chemotherapy (CDDP+5-FU or MTX+5-FU)

Figure 1 Schedule of TCRT.

Response and toxicity criteria

The effectiveness of TCRT on the advanced bile duct
carcinoma was evaluated about resolution of biliary
obstruction by cholangiography. Response of obstructed
bile duct was graded as complete regression (CR: more than
80% resolution), partial regression (PR: more than 50%
and less than 80% resolution), and no change (NC).

We examined histologically the state of the bile duct at
autopsy in three patients with advanced bile duct catcinoma
treated with TCRT.

Side effects were evaluated and graded according to the
National Cancer Institute Common Toxicity Criterial.

RESULTS

Effectiveness of TCRT

In respect to resolution of the bile duct, there were 3 CR,
2 PR, and 3 NC. CR rate and CR+PR rate was 38% and
63%. Mean survival was 13.2£10.8 mo. Four patients
survived for more than 20 mo (Table 3). We placed self-
expandable metallic stent into the patency-restored bile duct
for prevention of restenosis (# = 1) and partially resolved
bile duct (# = 2) after TCRT for improvement of patients’
quality of life (Figures 2A and B). In these three patients,
PTBD tube could be withdrawn.

oy

Figure 2 A: Completely obstructed upper bile duct was partially resolved after
TCRT; B: self-expandable metallic stent was placed into the patency-restored
bile duct, and PTBD tube could be removed.

Histological findings at autopsy in patients treated with
TCRT

Marked hyalinization or fibrosis with necrosis replaced
extensively bile duct tumor and wall, in which suppressed
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Table 3 Effectiveness of thermo-chemo-radiotherapy and survival
months

Case Resolution of the bile duct Survival months
1 Complete response 33

2 Complete response 22

3 Complete response 22

4 Partial response 215

5 Partial response 6

6 Nochange 135

7 Nochange 4

8 Nochange 25

cohesiveness of carcinoma cells and degenerative cells were
sparsely observed. Carcinoma cells were also detected
peripherally. Common bile duct of two cases was not
completely obstructed, though it was partly obstructed with
debris or necrotic mass.

Complication of TCRT

Treatment complications by TCRT were nausea and
vomiting (grades 1 and 2, five cases), gastritis (grade 2, three
cases), leukocytopenia (grade 2, three cases), and
thrombocytopenia (grade 1, one case). These complications
were successfully treated conservatively.

DISCUSSION

Optimal treatment of bile duct carcinoma is complete
surgical resection with negative histologic margins!?.
However, complete resection is sometimes difficult by local
extension, especially when the tumor located near the hepatic
bifurcation. Deeply invaded tumors are apt to spread to
the intrahepatic bile duct or the connective tissues in the
hepatoduodenal ligament, with encasement of major vessels.
Motreover, tumor cells that spread to the ligament often
cannot be cleared away completely, even when dissection
of the tissue is performed. In nonresected cases, tumor
involving the hepatic hilus frequently induces the
development of obstructive jaundice which cannot be under
control, resulting in early death from cholangitis. One of
the desirable strategies for advanced bile duct carcinoma
appears to control over involvement of the hepatic hilar
bile duct and the hepatoduodenal ligament.

We have treated advanced gallbladder carcinoma with
TCRT and reported the effectiveness?. Then, we undertook
a preliminary study involving TCRT for unresectable bile
duct carcinomas. In respect to resolution of the bile duct,
there were three CR and two PR of eight treated cases.
Four patients survived for more than 20 mo. PTBD tube
could be removed in three patients, in whom self-expandable
metallic stent was placed into the patency-restored bile duct
after TCRT.

Hyperthermia involves two biological interactions with
radiation, a radiosensitizing effect’”'” and a direct cytotoxic
effect on tumor cells!'. When the target lesion is heated up
to around 42 “C, the cancer-killing effect of radiation or
anticancer drug is enhanced!"”. Experimental studies strongly

suggest that the extracellular pH of the tumor and a hypoxic
environment sensitize tumor cells to direct heat killing.
Hyperthermia in combination with radiotherapy for
superficial malignancies has contributed to a better rate of
complete response and reduction in the rate of recurrence
compated with radiotherapy alone!*. Data on hyperthermia
for deep-seated tumors were still preliminary, because the
heating and thermal measurement techniques were not yet
established. However, the effectiveness of TCRT for deep-
seated tumors has been recently revealed by prospective
randomized studies">'?. The treatment protocol of TCRT
was established and its effectiveness was evidenced by
Sugimachi and his colleagues”\. They treated esophageal
carcinoma with TCRT and demonstrated significant
improvement in the clinical effectiveness and 5-year survival
ratio. Anatomically, the bile duct is located near the
abdominal wall, which is advantageous to heating and
thermal measurement. Thus, it seems that TCRT may be a
favorable treatment strategy for advanced bile duct
carcinoma.

In conclusion, although our clinical trial was preliminary
and the number of patients was small, the results were better
than we expected. We prefer HCRT in place of aggressive
surgical approach for patients with locally advanced bile
duct carcinoma.
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