
Abstract. We developed a new radiosensitization treatment
using a hydrogen peroxide solution (Oxydol)-soaked gauze
named KORTUC I (Kochi Oxydol-Radiation Therapy for
Unresectable Carcinomas) for superficially exposed and
unresectable neoplasms, such as malignant melanoma and
malignant fibrous histiocytoma (MFH), based on our
experimental results which demonstrated hydrogen peroxide
as a strong radiosensitizer for the highly radioresistant osteo-
sarcoma cell line, HS-Os-1. Five patients entered our clinical
trial, one of whom had unresectable malignant melanoma;
one, unresectable MFH; one, unresectable extramammary
Paget's disease; one, locally advanced breast cancer and one
with locally recurrent skin cancer. These patients were treated
with radiation therapy using a high-energy electron beam
from a linear accelerator. The total dose was 48 Gy, and each
fraction size was 4 Gy. Radiation therapy for these patients
was performed three times per week. Each time the radiation
therapy was carried out, the superficially exposed tumors of
these patients were covered with hydrogen peroxide solution
(Oxydol)-soaked gauze, and the lesion was gently massaged
for several minutes so as to allow the hydrogen peroxide
solution to soak deeply into the tumor. In the treatment
results, two of these five patients showed a clinically complete
response (cCR) two to three months following the end of the
KORTUC I radiosensitization treatment. The other three

patients showed a clinically partial response (cCR) showing
a decrement of more than half of the pretreatment volume.
KORTUC I was completed without any severe complications,
excluding mild radiation-induced dermatitis/ mucositis
(Grade I). In conclusion, this newly developed radio-
sensitization treatment using hydrogen peroxide solution
(Oxydol)-soaked gauze for superficially exposed unresectable/
radioresistant neoplasms appears to be an effective and
valuable method of radiosensitization in terms of the
blockade of anti-oxidative enzymes such as peroxidases,
resulting in local oxygen production. Moreover, the
KORTUC I radiosensitization treatment is relatively
inexpensive and the method can therefore be utilized
worldwide for many patients suffering from superficially
exposed and locally advanced radioresistant neoplasms such
as malignant melanoma, malignant fibrous histiocytoma
(MFH) and various types of sarcomas.

Introduction

Although various methods of radiosensitizing treatment for
radioresistant neoplasms have been developed (1-5), a
clinically available method has yet to be established.
Therefore, herein we introduce a new radiosensitizing
treatment using hydrogen peroxide solution (Oxydol), named
KORTUC (Kochi Oxydol-Radiation Therapy for Unresec-
table Carcinomas), for patients with superficially exposed
and locally advanced unresectable neoplasms. Our new
KORTUC I radiosensitizing treatment was developed based
on our experimental results which demonstrated the powerful
radiosensitizing effects of hydrogen peroxide for the highly
radioresistant osteosarcoma cell line, HS-Os-1 (6-8). In our
experiments, although the osteosarcoma cell line HS-Os-1
showed almost no production of reactive oxygen species
(ROS) and almost no cell damage morphologically against
30 Gy of X-ray irradiation, apoptosis of the cell line was
easily induced following 10 Gy of X-ray irradiation in the
presence of low hydrogen peroxide concentrations (0.1 mM)
in the medium at the time of irradiation. Therefore, the
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powerful effects of hydrogen peroxide as a radiosensitizer
were elucidated in our experiments, and we intend to apply
the radiosensitizing effects of hydrogen peroxide for clinical
use for patients with superficially exposed and locally
advanced radioresistant neoplasms. In the present study, we
have shown that this highly effective radiosensitization
method can be carried out with the use of a hydrogen peroxide
solution (Oxydol)-soaked gauze for patients with the disease
states described above. Since there are many more patients
with non-superficially exposed neoplasms such as breast
cancer, hepatocellular carcinoma and pancreatic cancer, the
development of a new radiosensitizer for topical tumor
injection is considered to be essential. We have already
developed such a radiosensitizer that can be injected into
human tumor tissue under an ultrasonographic guide and we
will report on the clinical application of this new agent.

Materials and methods

Informed consent was obtained from the five patients who
entered into our clinical trial of KORTUC I (Kochi Oxydol-
Radiation Therapy for Unresectable Carcinomas, Type I). The
KORTUC I trial was approved by our local ethics committee.

One of the five patients had post-operatively relapsed
malignant melanoma on his right leg, and the lesion was in
an unresectable state; one had recurrent and unresectable
MFH (malignant fibrous histiocytoma) on the left lower
abdomen; one had extramammary Paget's disease of post-
operative relapse and urethral invasion; one had locally
highly advanced left breast cancer in an already unresectable
state and another one had recurrent and unresectable
squamous cell carcinoma on the right femoral region.

For these patients, radiation therapy with a high-energy
electron beam at an appropriate energy level depending on
the depth of each lesion from an EXL-20TP linear accelerator
(Mitsubishi Electric Co. Ltd., Tokyo, Japan), was performed
with a total dose of 48 Gy, with each fraction size being 4 Gy.

The radiation therapy was performed three times a week. Each
time the irradiation was carried out, the surface of the tumor
of each patient was totally covered with hydrogen peroxide
solution (Oxydol)-soaked gauze bolus, and the lesion was
gently massaged for several minutes so as to allow the
hydrogen peroxide solution to soak deeply into the tumor, as
shown in Fig. 1.

In order to avoid skin-sparing (build-up) phenomenon
characteristic of high-energy electron beams, a water-soaked
gauze bolus is commonly used in electron irradiation for
superficial neoplasms such as skin cancer. However, in light
of the need for disinfection and radiosensitization, we covered
the surface of the tumor with gauze soaked in hydrogen
peroxide solution (Oxydol) instead of water at each radiation
therapy, as an Oxydol-gauze bolus. Oxydol is a disinfectant
for superficial lesions used worldwide, and contains 2.5-3.5%
of hydrogen peroxide.

Results

The summarized data of the five patients who entered the
KORTUC I trial are shown in Table I. The KORTUC I treat-
ment was safely performed without any severe complications,
excluding mild radiation-induced dermatitis/mucositis for all
five patients.

In two of the five patients, the lesions almost completely
disappeared two to three months following the end of our
newly developed KORTUC I radiosensitization treatment
and the treatment effects were evaluated as a clinically
complete response (cCR). The lesions of the other patients
with MFH, locally advanced breast cancer and unresectable
skin cancer, respectively, showed a decrement of more than
half of the pretreatment volume, and the treatment effect was
evaluated as a clinically partial response (cPR).

In Fig. 2, the changes regarding the local findings of the
patient (73-year-old male) with recurrent and unresectable
malignant melanoma are shown. The large tumor on the
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Table I. Summarized data of the patients treated with KORTUC I.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Case no. Age Gender Disease Site Treatment effect Time to progression
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 73 M Malignant Right leg cCR Locally controlled >12 months

melanoma (recurrent)

2 87 M Malignant Lower cPR 6 months
fibrous histiocytoma abdomen
(MFH) (recurrent)

3 63 F Extramammary Perineum cCR Locally controlled >12 months
Paget's disease
(recurrent)

4 51 F Locally advanced Right cPR 5 months
breast cancer breast

5 66 F Advanced skin Right cPR 6 months
cancer (SCC) inguinal
(recurrent) region

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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patient's right leg had completely disappeared 3 months
following the end of the KORTUC I radiosensitization
treatment.

In Fig. 3, the changes regarding the local findings of the
patient (87-year-old male) with unresectable malignant fibrous
histiocytoma are shown. The large tumor on the patient's left
lower abdomen showed a decrement of more than half of the
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Figure 1. The surface of the tumor of each patient was totally covered with hydrogen peroxide solution (Oxydol)-soaked gauze bolus, and abundant bubbles of
oxygen produced by the degradation of hydrogen peroxide by peroxidase are shown at the bottom on the figure.

Figure 2. The changes regarding the local findings of the patient (73-year-old male) with recurrent and unresectable malignant melanoma are shown.
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pretreatment volume 3 months following the end of the
KORTUC I treatment, and the treatment effect was evaluated
as a clinically partial response (cPR).

Another patient (63-year-old female) with recurrent and
unresectable extramammary Paget's disease of her vaginal
region with direct invasion into the distal urethra also showed
a complete response without any complications excluding mild
mucositis (figure not shown due to the disease site involved).

In Fig. 4, the changes regarding the local findings of the
patient (51-year-old female) with unresectable breast cancer
are shown. The large tumor showed a decrement of more
than half of the pretreatment volume 1 month following the
end of the KORTUC I treatment, and the treatment effect
was evaluated as a clinically partial response (cPR).

In Fig. 5, the changes regarding the local findings of the
patient (66-year-old female) with post-operatively relapsed
and unresectable skin cancer on the right inguinal region are
shown. The lesion showed a decrement of more than half of
the pretreatment volume 1 month following the end of the
KORTUC I treatment, and the treatment effect was evaluated
as a clinically partial response (cPR).

Discussion

Radiation therapy is now performed worldwide, and the
number of patients receiving radiation therapy continues to
increase. Currently, although most radiation therapy is
performed using X-rays or high-energy electron beams from
a linear accelerator, these beams are not ideal in terms of the
characteristics of low-linear energy transfer (LET). As almost

two-thirds of the radiation-induced damage to cancer cells of
these low-LET beams such as X-rays and high-energy
electron beams is brought about by the production of reactive
oxygen species (ROS) in each cell receiving irradiation (9),
the existence of oxygen is essential for oxidizing the radicals
produced by irradiation. In contrast, the existence of anti-
oxidative enzymes, such as peroxidase, exerts the effect of
scavenging radicals produced by irradiation, resulting in a
decreased irradiation effect.

It is therefore necessary to develop a new method that
inactivates anti-oxidative enzymes and produces oxygen in
topical tumor tissue to strengthen the effects of X-rays and
high-energy electron beams for low-LET radioresistant
tumors such as malignant melanoma, malignant fibrous
histiocytoma (MFH), various types of sarcomas and most of
the relatively large neoplasms that are frequently seen in daily
clinical practice.

Previous studies have demonstrated the ability of hydrogen
peroxide to induce apoptosis in numerous types of cells
(10-13). Hydrogen peroxide is a simple molecule but has
been shown to play an important role in intracellular signal
transduction mechanisms. Downstream signaling events that
are modulated by hydrogen peroxide include calcium
mobilization, protein phosphorylation and gene expression
(14). Excess amounts of exogenous hydrogen peroxide are
considered to have rapid and potentially disastrous effects on
the ability of individual cells to scavenge ROS. In addition,
exogenous hydrogen peroxide can increase intracellular
hydrogen peroxide accumulation (15) and activate MAPK
(mitogen-activated protein kinase) pathways (16), possibly
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Figure 3. The changes regarding the local findings of the patient (87-year-old male) with unresectable malignant fibrous histiocytoma are shown.
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Figure 4. The changes regarding the local findings of the patient (51-year-old female) with unresectable breast cancer are shown.

Figure 5. The changes regarding the local findings of the patient (66-year-old female) with post-operatively relapsed and unresectable skin cancer on the right
inguinal region are shown.
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resulting in mitochondrial dysfunction and amplification of
the oxidative death cycle (17).

We previously elucidated the powerful radiosensitizing
effects of hydrogen peroxide (6-8), and we therefore intend
to utilize this effect clinically for patients with superficially
exposed unresectable malignant neoplasms. As shown in the
present results, the radiosensitization effect of our newly
developed KORTUC I method was highly successful.

On the basis of the experimental and clinical results
mentioned above, we concluded that the KORTUC I radio-
sensitizing treatment method is extremely valuable for the
radiation treatment of superficially exposed and unresectable
radioresistant neoplasms. This treatment method can be
applied for numerous types of unresectable neoplasms at
various tumor sites, by establishing the appropriate drug
delivery systems (DDS) for hydrogen peroxide most suitable
for each tumor site.

This method is easy and relatively inexpensive and is
easily applicable to patients worldwide who present with
superficially exposed unresectable neoplasms. Moreover, we
have already developed and started the clinical application of
a new radiosensitizer containing hydrogen peroxide for
topical tumor injection under an ultrasonographical guide for
patients with breast cancer, hepatocellular carcinoma and
pancreatic cancer. Since there are many more patients
suffering from non-superficially exposed neoplasms, the
development of a new radiosensitizer for topical tumor
injection is considered to be highly valuable for strengthening
the therapeutic effects of X-rays and high-energy electron
beams from the linear accelerator currently used worldwide.
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