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Abstract: As prognosis after radiotherapy for patients with unresectable intrathoracic tumors is still
extremely poor, such patients need intensive treatment. The aim of this study is to investigate the
feasibility of hyperthermia combined with chemotherapy or chemo-radiotherapy for patients with
advanced intrathoracic tumors. Our treatment regimen consisted of weekly concurrent
thermo-chemotherapy using a low-dose of CDDP and CPT-11 with or without definitive radiation
therapy. .Our study has demonstrated that 2 out of 11 tumors showed a complete response and partial
response was achieved in 3 tumors as the initial effects of the treatment. Furthermore, 2 patients with
advanced Pancoast tumors survived for over 2 years without any indication of recurrence. All patients
underwent the complete course of treatment without evidence of grade 3 or worse non-hematological
toxicity, including pneumonitis. We have therefore concluded that thermo-chemo-radiotherapy with
concurrent administration of CDDP and CPT-11 at a low dose may be tolerable and effective for

unresectable intrathoracic malignant tumors.
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Introduction

Clinical outcomes of unresectable locally advanced primary or recurrent intrathoracic malignancies,
such as lung cancer and malignant pleural mesothelioma, are disappointing because of a high rate of local
recurrence after treatment by radiation therapy (RT) aloneV®. As an aggressive therapy, concurrent
chemo-radiotherapy has therefore been used for advanced lung cancer. Some recent clinical trials for

locally advanced lung cancer using a combination of radiation therapy and chemotherapy have produced

Received 21 Febrary 2005, Accepted 28 March 2005, *Corresponding Author, Tel : +81-27-220-8383 ; Fax: +81-27-220-8397 ;
E-mail : hisikawa@med.gunma-u.ac.jp

— 159 — (31)



Jpn. J. Hyperthermic Oncol. 21 (3] : 2005 : HAENA N—H%— 3 75621 (3): (FHE 17 )

satisfactory results not only in terms of local control but also of survival?“s). Because local failure,
however, leads to major morbidity even after the combined therapy, locél tumor contrbl remains an
important goal in primary treatment. : ’ .

It is well known that hypoxia is assdciated with a reduction in sensitivity to irradiétion and thus
adversely affects the success of RT treatment®®. In experimental studies, the biolégical effect of
radiation under hypoxic conditions was 2.5-3 times worse than that under oxygenated conditions®.
Hyperthermia is effective for tumor cells under hypoxic conditions as well as under low pH and
nutritionally deficient conditions that lead to radiation resistance. Moreover, cells in the late DNA
synthesis phase of the cell cycle are most sensitive and resistant to hyperthermia and X-ray,
respectively’®?.  This has led to the assumption that hyperthermia combined with RT may offer a
significant advantage in the treatment of locally advanced tumors in contrast to RT alone. Our previous
study on patients with non-small cell lung cancer (NSCLC) with direct bony invasion demonstrated that
a combination of radiation therapy and hyperthermia produces significantly better results than RT
alone!?.

On the other hand, it has also been reported that the cytocidal potential of some anti-cancer drugs
including Cisplatin (CDDP) and Irinotecan (CPT-11) was found, in experimental and clinical studies, to
be enhanced by hyperthermic temperature elevation®3-®,  Furthermore, both CDDP and CPT-11 are
useful drugs when combined with RT for the treatment of locally advanced tumors, including
NSCLC*-22),

Our protocol design consisted of combined thermo-chemotherapy, and a tri-modality schedule that
also included definitive RT in addition to concurrent low-dose chemotherapy and weekly hyperthermia.
The primary endpoint of this study was to establish the feasibility of this regimen, especially with regard
to the appropriate dose of CPT-11, in view of the probability of severe lung toxicity arising from the
combination with RT. The secondary endpoint was to determine the initial response and the local

control.

Materials and Methods
Patients

Between March 2002 and March 2004, 11 patients with primary or recurrent intrathoracic
malignancies were enrolled in this study. There were 2 primary Pancoast tumors, 4 recurrent lung
cancers, 3 malignant pleural mesotheliomas, a lymph node metastasis from clear cell carcinoma of the
ovary, and a pleural dissemination of lung adenocarcinoma. The patient characteristics are summarized
in Table 1. Among 11 patients, 9 were male and 2 were female and the median age of the patients was

63 years (range: 49-73 years) at the initiation of the treatment.

Radiation Therapy

Fig. 1 shows our schedule of RT, chemotherapy and hyperthermia treatment. Weekly chemotherapy
and hyperthermia were concurrently initiated from the third or fourth week after the start of RT.
Definitive RT was performed on 7 of 11 patients of this study, while the remaining 4 tumors were not

irradiated because of an existing RT treatment history (Table I). The patients were treated by EBRT
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Table 1. Characteristics of Patients with intrathoracic malignant tumors.

Characteristics : Number of Patients
Gender

Male 9

Female 2
Age (years) 49-73 (median: 63)
Tumor types

Pancoast tumor 2

Recurrent NSCLC 4

Malignant mesothelioma 3

LN metastasis of ovarian cancer 1

Pleural dissemination of NSCLC 1
Radiation therapy

Yes : 7

No

NSCLC : non-small cell lung cancer, LN: lymph node

week 1 2 3 4 5 6 7

Radiation

Conventional fractionation :
Daily dose/ 2 Gy

Hyperthermia

Duration time: 50-60 minutes, 3 [
Power: 650-1328 W (average: 965 W) [

Chemotherapy
CDDP: 30mg/m?, CPT-11: 20mg/m? E I i

Fig. 1. Thermo-chemo-radiotherapy treatment schedule of the present study. Three cycles of weekly thermo-chemotherapy
using 30mg/m? of CDDP and 20mg/m? of CPT-11 were concurrently given from the third or fourth week
onwards after start of radiotherapy. Afterward, additional hyperthermia sessions took place during the final week.

using 10 MV X-rays with a conventional daily fractionation dose of 2 Gy. After a dose of 40-50 Gy had
been delivered with parallel anterior-posterior opposed fields, boost therapy for the tumor was performed
using more shrunken fields so that the total dose was in the range of 60-68 Gy. If the spinal cord was

irradiated with the initial field, the shrunken field was planed to avoid irradiating the spinal cord.
Hyperthermia

The method of hyperthermia used in our department for lung cancer has been previously described

elsewhere'®?®,  In the present study, four sessions of weekly regional hyperthermia were undergone using
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Table II. Initial response to the treatment.

Initial response (TCR cases / All cases)

Disease CR PR NC PD
Pancoast tumor (n=2) 0/0 2/2 0/0 0/0
Recurrence of NSCLC (n=4) 0/1 0/0 2/3 0/0
Malignant mesothelioma (n==3) 0/0 1/1 0/1 0/1
LN metastasis (n=1) 1/1 0/0 0/0 0/0
Pleural dissemination (n=1) 0/0 0/0 1/1 0/0
All 1/2 3/3 3/5 0/1

TCR : thermo-chemo-radiotherapy, NSCLC : non-small cell lung cancer, LN : lymph node

Before 1 month after 12 months after

Fig. 2. Contrast-enhanced CT scan of a case of mediastinal lymph node metastasis from clear cell carcinoma of the ovary
depicting a heterogeneous irregular enhanced tumor with tracheal compression and involvement of adjacent
vessels before treatment. The tumor disappeared 12 months after thermo-chemo-radiotherapy.

8 MHz radiofrequency capacitive heating by Thermotron RF8 (Yamamoto Vinita Co., Ltd., Osaka,
Japan). The initial 3 sessions were conducted in combination with simultaneous chemotherapy, while
the final session consisted of hyperthermia alone. Hyperthermia was performed immediately after RT
for 50-60 minutes and the average power was 965 W (range: 650-1328 W).

Chemotherapy
The weekly chemotherapy regimen consisted of 30mg/m? of CDDP and 20mg/m? of CPT-11
intravenously administered for all patients 3 times. These anti-cancer drugs were simultaneously infused

during irradiation and hyperthermia.

RESULTS
Response and Prognosis

Responses of the tumors in the current study are summarized in Table II. Complete responses (CR)
were obtained in 2 patients (a recurrent lung cancer case and a case of mediastinal lymph node metastasis

from an ovarian cancer) and 3 tumors (2 Pancoast tumors and a malignant mesothelioma) were judged
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Before treatment 4 months after treatment
Fig. 3A. MRI of a Pancost tumor detects an irregular enhanced tumor in the left apex of the lung. Prior to treatment,
the tumor showed invasion on to the dura mater of the spinal cord (white arrows). The tumor shrank and lung
fibrosis within the irradiated field was delineated 4 months after thermo-chemo-radiotherapy (arrowheads).

Before 1 month after 12 months after

Fig. 3B. Fluoro-2-deoxy-D-glucose positron emission tomography demonstrated an abnormal strong accumulation in
the apex of left lung before treatment. No uptake was observed after treatment and no other site of abnormal
accumulation was detected

as partial responses (PR), whereas the responses in 5 patients were regarded as no change (NC), and a
remaining patient with malignant mesothelioma had a progressive tumor despite of receiving
thermo-chemotherapy. Figure 2 showed a CR case with ovarian cancer and Fig. 3A and 3B
demonstrated a PR case with Pancoast tumor. Responses (CR + PR) were obtained in 4 (57 %) of 7
patients treated with thermo-chemo-radiotherapy, and 1 (25%) of 4 patients treated with
thermo-chemotherapy.

Two patients with Pancoast tumors have survived without any finding of recurrence. One patient
with pleuritis carcinomatosa from a lung adenocarcinoma received molecular targeting therapy using the
EGPFR inhibitor, gefitinib (“Iressa,” ZD1839), because the tumor did not respond to the treatment. After
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administration of Iressa, the tumor began to shrink rapidly and pleural effusion disappeared. This
patient was still alive and she was alive without relapse of tumor at the time of the last follow-up. The
remaining 8 patients were died of the diseases within 4-19 months (median: 12 months) after the

treatment.

Toxicities

Acute and late toxicities related to the treatment were assessed in accordance with the National
Cancer Institute-Common Toxicity Criteria (NCI-CTC) version 22® and the hematological and
non-hematological toxicities encountered during the treatment are listed in Table III. In view of acute
toxicity, grade 2 and 3 hematological toxicities were found in 3 (27 %) and 5 (45 %) patients, respectively,
but no grade 3 or worse non-hematological toxicity was observed. Two patients developed grade 2
esophagitis due to irradiation of the upper thoracic esophagus and another patient presented with grade
2 nausea/vomiting. With a help of pre-medication support provided, there was no case of severe
diarrhea, a side-effect peculiar to CPT-11. By way of late toxicity, there was a patient with grade 2
pneumonitis, which subsequently subsided resolved to grade 1 following a short course of oral
administration of a steroid drug.

Table IT1. Toxicities according to treatment modalities.

Grade (%)*

Site 0 1 2 3

Bone marrow 1 (10) 2 (18) 3(27) 5 (45)
Nausea/vomiting 7 (64) 3(27) 1 (9) 0 (0)
Esophagus 7 (64) 19 2 (18) 0 (0)
Diarrhea 8 (73) 3 (27) 0 (0) 0 (0)
Lung 5 (45) 5 (45) 1 (10) 0 (0)

*According to National Cancer Institute-Common Toxicity Criteria version 2.0

Disucussion

It has been well known that the clinical use of regional hyperthermia as an adjuvant to RT has some
advantages for radio-resistant tumors. One notion is that hypoxia induced by locally advanced tumors
reduces radio-sensitivity®, but tumor cells in hypoxic environment are more sensitive to hyperthermia
than aerobic cells. Another notion based on experimental studies is that the cells in the DNA synthetis
phase of the cell cycle are most resistant to X-ray, but most sensitive to hyperthermia'®. Furthermore,
it is thought that hyperthermia sensitizes radiation-induced cytotoxicity because it inhibits the repair of
DNA damage induced by irradiation!?. Based on this theory, combined therapy has been used as a local
aggressive treatment for many locally advanced tumors in order to improve local tumor control. Our
previous study on NSCLC with chest wall invasion also demonstrated that the survival and local control
rates in the combined group were superior to those in the RT alone group?”. In fact, the 3-year local
control rate of the combined group was 76.2 %, whereas the corresponding rate in the RT alone group was
16.9%. The difference between the survival rates of the two groups was statistically significant

(P=0.03). In another investigation into NSCLC with direct bony invasion, we were also able to show
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that hyperthermia combined with RT produced a much superior local control rate to RT alone'?.

CDDP is widely recognized as a representative sensitizer for RT. The treatment effect of RT has
been found, in various experimental and clinical studies, to be enhanced by combination with
CDDP?-2D.  As a matter of fact, concurrent chemo-radiotherapy (CRT) using CDDP is already a
standard treatment method for unresectable NSCLC28-39,  Recently, some experimental studies have also
indicated that CPT-:1, which is a new derivation of camptothecin, has a sensitization potential for RT
and hyperthermia in vitro and in vivo!?!®. CPT-11 has become one of the major anticancer drugs used
in CRT for advanced or recurrent NSCLC and produces good treatment outcomes'®~2?. However, the
prognosis for NSCLC after CRT is still unsatisfactory because it is difficult to achieve local tumor
control. To improve survival prospects for these patients, it is therefore important to reduce the
incidence of local tumor recurrence. On the other hand, the effect of hyperthermia is generally enhanced
by chemotherapy!V. From the foregoing results, it can be seen that the combination of RT, hyperthermia
and chemotherapy produces a synergistic effect for locally advanced or extensive tumors contrary to CRT
only if the event of severe adverse effect is not significantly increased.

Administration of CPT-11 in thoracic RT may cause severe pneumonitis. Some randomized trails
have indicated that the recommended dose of CPT-11 should range from 50-60 mg/m?/week?”?2. In our
study, the weekly doses of CPT-11 and CDDP were selected on the expectation that these drugs could
enhance the effect of RT combined with hyperthermia and that the risk of severe toxicities that might
necessitate the suspension or discontinuation of the treatment would not be increased. Therefore, the
CPT-11 and CDDP doses were kept at 20 mg/m?/week and 30 mg/m?/week, respectively. In fact, no
grade 3 non-hematological toxicity was observed and it was possible to fully complete the treatment
courses for all of 7 patients receiving combined CRT and hyperthermia. It is believed that our treatment
proto'col consisting of CRT combined with hyperthermia can be tolerated even by patients subjected to
chest irradiation.

The treatment effect of CRT combined with hyperthermia for Pancoast tumor seems quite
satisfactory in our study, seeing that both patients had PR as the initial effect and they are still surviving
2 years after RT without tumor recurrence. It has been reported that the prognosis of unresectable
Pancoast tumor is disappointing after RT alone and that it is difficult to achieve local control for the
disease. Attar et al. reported that the median survival of their RT alone group of 37 Pancoast tumor
patients was 6 months only®”. To improve prognosis for the disease, it is therefore necessary to reduce
local recurrence as well as distant metastasis using an aggressive treatment. Recently, chemotherapy has
been concurrently used in RT for the unresectable Pancoast tumor and improvement of survival was
observed compared with RT alone®®. However, clinical outcomes of CRT without surgery have also
remained poor®”??, On the other hand, regional hyperthermia is thought to be a typical aggressive local
treatment modality. Terashima et al reported that a partial response was obtained in 4 (67 %) of 6
patients with Pancoast tumor treated by RT combined with regional hyperthermia”)‘ Similarly, in a
previous study on lung cancer with direct bony invasion, we pointed out that the combined therapy is
useful for locally advanced lung cancer, including Pancoast tumor'®?9. In view of these results, the
tri-modality schedule consisting of radiation, chemotherapy and regional hyperthermia appears to confer

distinctive benefit in terms of management for locally advanced malignant tumors such as Pancoast
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tumor.

In conclusion, our thermo-chemo-radiotherapy protocol is effective for intrathoracic malignancies,
and a weekly CPT-11 dose of 20 mg/m? and a weekly CDDP dose of 30 mg/m? can be tolerated by
patients receiving thoracic irradiation combined with hyperthermia. The next step will be to ascertain

the recommended dose of chemotherapy by a dose escalation study for these patients.
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