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Introduction
For patients with locally advanced breast cancer
(LABC) involving the skin surface with or without distant metastasis who are in an inoperable state or who
refuse surgery, radiation therapy, as a palliative therapy
for breast tumor control, bleeding prevention, and pain
control, is considered to be the treatment option to
improve the patients’ quality of life.1 However, in radiation therapy, the cell-killing effect for hypoxic cancer
cells using photon or electron therapy, which is a low
linear energy transfer (LET) radiation therapy, is weak,
and patients who have LABC with a large tumor may
have a large hypoxic component area.2 Therefore, the
long-term local control of large LABC tumors exposed
to the skin surface using low LET radiation therapy may
be difﬁcult.
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In recent years, studies have shown that hydrogen peroxide has favorable radiosensitizing effects with low LET
radiotherapeutic modality.3-5 The biological mechanism
of hydrogen peroxide as a radiosensitizer is considered to
be that irradiation in the presence of hydrogen peroxide
induces reactive oxygen species formation, oxidative
DNA damage, dysfunction of the mitochondrial membrane potential, and early apoptotic changes.6 In a previous clinical report, the radiosensitizing effect was
obtained by placing a gauze bolus soaked in a hydrogen
peroxide solution over the irradiated area of the tumor
that involved the skin surface.5 Obtaining this radiosensitizing effect using a hydrogen peroxide−soaked bolus
does not require any special technique, and it can be performed at any facility. However, to date, there have been
limited reports on the radiosensitizing effects of a bolus
soaked in a hydrogen peroxide solution.
Herein, we report a case of inoperable LABC involving
the skin surface that was treated using x-ray radiation
therapy and a gauze bolus soaked in a hydrogen peroxide
solution, with favorable local effects and without severe
toxic effects.
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Case Presentation
Patient
A 54-year-old female Japanese patient with primary
LABC involving the skin surface, with ipsilateral and contralateral breast, liver, bone, and lymph node metastases,
was referred to the Department of Radiation Oncology.
The pathologic diagnosis was estrogen receptor−positive,
progesterone receptor−positive, human epidermal growth
factor receptor 2−negative invasive ductal carcinoma with
a Ki-67 index of 25% to 37%. The clinical stage was
T4bN2aM1 stage IV based on the eighth edition of the
Union for International Cancer Control−American Joint
Committee on Cancer TNM staging system.7 Before referral to our department, the patient had already received
hormone therapy (including tamoxifen, letrozole, luteinizing hormone-releasing hormone [LH-RH] agonist,
and fulvestrant), chemotherapy (epirubicin + cyclophosphamide, docetaxel, vinorelbine detartrate, tegafur
−gimeracil−oteracil, and capecitabine), molecular target
therapy (palbociclib), and zoledronic acid therapy. The
patient refused surgery for breast tumor control.
Figure 1A-C shows the computed tomography (CT) of
the breast tumor (68 £ 33 £ 70 mm) and the multiple
ipsilateral (12 £ 10 £ 12 mm and 11 £ 7 £ 9 mm) and
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contralateral (47 £ 29 £ 51 mm) breast metastases.
Figure 1D shows the local ﬁndings of the LABC involving
the skin surface. Radiation therapy was planned for breast
tumor control. During the radiation therapy, we used a
bolus to prevent a decrease in the surface dose in order to
avoid the build-up characteristic of x-rays. The patient
continued receiving the LH-RH agonist, fulvestrant, and
zoledronic acid therapy during radiation therapy.

Radiation therapy and hydrogen peroxide
solution−soaked gauze bolus
Before the radiation therapy, treatment planning CT
was performed. The gross tumor volume was delineated
on planning CT. The clinical target volume was the bilateral whole breast, with a margin of at least 5 mm around
the gross tumor volume. The planning target volume was
deﬁned as the sum of the clinical target volume, internal
margin, and setup margin. Radiation therapy was performed using an x-ray beam with helical tomotherapy
(Accuray Inc, Sunnyvale, CA), and the administration
dose for the bilateral whole-breast irradiation was 51 Gy
in 17 fractions. Radiation therapy was performed 5 times
per week. Figure 2 shows the dose distribution of the radiation therapy.

Fig. 1 Computed tomography and the local ﬁnding of locally advanced breast cancer (LABC) involving the skin surface

(68 £ 33 £ 70 mm) with ipsilateral (12 £ 10 £ 12 mm and 11 £ 7 £ 9 mm) and contralateral (47 £ 29 £ 51 mm) breast
metastases. (A) Axial image. Red arrow shows the primary breast tumor. (B) Axial image. Red and green arrows show the
primary breast tumor and ipsilateral breast metastasis, respectively. (C) Axial image. Blue and yellow arrows show the ipsilateral and contralateral breast metastases, respectively. (D) The local ﬁndings of LABC involving the skin surface.
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Dose distribution of radiation therapy with helical tomotherapy. (A) Axial image. (B) Sagittal image. The area
within the red outline is the gross tumor volume. Highlighted are 95% (red), 90% (orange), 80% (yellow), 70% (dark
green), 60% (light green), and 50% (light blue) isodose curves (100% was 51 Gy).

Fig. 2

A water-soaked gauze bolus is often used in x-ray
radiation therapy; however, a gauze bolus soaked in a
hydrogen peroxide solution (Oxydol, which is 2.5%3.5% hydrogen peroxide) was used in this patient for
its radiosensitizing effect. At each time of irradiation,
the surface of the tumor was covered with a bolus
consisting of 5 sheets of 4-fold gauze, with a thickness of 5 mm, soaked in the hydrogen peroxide solution. We waited for at least 5 minutes after placing
the bolus to allow the hydrogen peroxide solution to
soak deeply into the tumor before treatment
positioning.5
Megavoltage CT (MVCT) was performed before each
fraction was acquired. The automatic fusion from MVCT
to planning CT was performed based on the regions of
interest. Next, manual fusion was performed to improve
the registration accuracy by verifying the axial, coronal,
and sagittal images of each fraction. Once the registration
was approved, the couch was positioned according to the
determined registration coordinates, and the treatment
was started. The daily use of the pretreatment MVCT
imaging for the patient setup veriﬁcation allowed for the
correction of the interfraction setup error.
Toxic effects were assessed using the Common Terminology Criteria for Adverse Events, version 4.0.8 The
tumor response was assessed using the Response Evaluation Criteria in Solid Tumors, version 1.1.9 Before the initiation of therapy, informed consent for this treatment
and publication of this case report was obtained from the
patient.

Results
The patient completed radiation therapy using a
hydrogen peroxide solution−soaked gauze bolus. Palliative radiation therapy for bone metastases was also performed. After completion of radiation therapy, the patient
received palbociclib, an LH-RH agonist, fulvestrant, and
zoledronic acid therapy. During radiation therapy, the
patient experienced grade 3 acute radiation dermatitis
(Fig 3B), which was treated with topical steroids. At 2
months after radiation therapy, the breast tumor was
reduced in size, and the acute radiation dermatitis
improved (Fig 3C). At 4 months after radiation therapy,
the tumor showed a clinically complete response in the
primary tumor and partial response in the contralateral
breast metastasis (Fig 4B and 4C). Six months after radiation therapy, the site of self-destruction was epithelialized
(Fig 3D). Figure 3E and 3F show the changes in the local
ﬁndings at 12 and 19 months after radiation therapy,
respectively. At 19 months after radiation therapy, the
patient was alive without evidence of local recurrences or
late toxic effects.

Discussion
We observed a favorable clinical effect with x-ray radiation therapy using a gauze bolus soaked in a hydrogen
peroxide solution for an inoperable primary LABC
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Fig. 3 Treatment response and skin reactions regarding the local ﬁndings after radiation therapy. (A) Before the initia-

tion of the radiation therapy. (B) At the end of radiation therapy. Grade 3 dermatitis is observed. (C) At 2 months after
radiation therapy, the breast tumor has reduced in size, and the acute radiation dermatitis has improved. (D) At 6 months
after radiation therapy, the site of self-destruction is epithelialized, and the primary tumor shows clinically complete
response. (E) At 12 months after radiation therapy, no evidence of local recurrence and no late dermatitis are seen. (F) At
19 months after radiation therapy, no evidence of local recurrence and no late dermatitis are seen.

Fig. 4 Treatment response of radiation therapy assessed by computed tomography (CT). (A) Axial CT image before radi-

ation therapy. Red arrow shows the primary breast tumor. (B) Axial CT image before radiation therapy. Red and green
arrows show the primary breast tumor and ipsilateral breast metastasis, respectively. (C) Axial CT image before radiation
therapy. Blue and yellow arrows show the ipsilateral and contralateral breast metastases, respectively. (D) Axial CT image
at 4 months after radiation therapy. The primary breast tumor shows a clinically complete response, referred to by the red
arrow in part A. (E) Axial CT image at 4 months after radiation therapy. The primary breast tumor and ipsilateral breast
metastasis show clinically complete response, referred to by red and green arrows in part B. (F) Axial CT image at 4
months after radiation therapy. The ipsilateral and contralateral breast metastases show a clinically partial response,
referred to by blue and yellow arrows in part C.
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involving the skin surface. We considered that the bolus
might have contributed to the favorable clinical results as
a radiosensitizer, because hydrogen peroxide solution
may show radiosensitizing and high local effects on
tumors, with tolerable toxic effects.
With regard to the treatment of radioresistant tumors
(eg, bone and soft-tissue sarcomas, melanomas, glioblastoma multiformes, and hypoxic tumors), although favorable therapeutic results have been reported with high-LET
radiation such as carbon ion radiation therapy and boron
neutron capture therapy,10-13 these treatment modalities
are not yet widely available, and low-LET radiation therapy such as photon and electron radiation therapy is the
mainstream treatment used worldwide. Therefore, radiosensitizers (eg, metronidazole and misonidazole) have
been developed to increase the radiotherapeutic effect in
low-LET radiation therapy for radioresistant tumors.
However, these radiosensitizers are not widely used owing
to their uncertain effects and toxicity. Regarding the
effects and toxicity of hydrogen peroxide solution as a
radiosensitizer, favorable radiosensitizing effects with tolerable toxic effects were reported in 1 study with hydrogen peroxide solution−soaked gauze boluses, although in
a small number of patients. Furthermore, in a limited
number of studies, favorable radiosensitizing effects were
reported with local injections, hydrogen peroxide, and
sodium hyaluronate.3-5,14 In the current study, as in previous studies, although the evidence was at the level of a
case report, we observed a favorable clinical effect, which
might contribute to the increased use of gauze boluses
soaked in a hydrogen peroxide solution. Furthermore, the
use of such a bolus does not require any special technique
and can be performed easily.
In the current study, we aimed to achieve long-term
tumor control, and a higher dose administration was
required than for conventional palliative irradiation.
Additionally, the previous clinical report of radiation
therapy with a hydrogen peroxide solution−soaked
gauze bolus used the administration dose of 48 Gy in
12 fractions.5 This irradiation dose is approximately
67.2 Gy in biological effective dose 10 (BED10)
(a/b = 10) and 112.0 Gy in BED3 (a/b = 3).15 In contrast, the administration dose of 51 Gy in 17 fractions
is approximately 66.3 Gy in BED10 and 102.0 Gy in
BED3. These doses of BED10 and BED3 mean that 51
Gy in 17 fractions might have had an almost equal
anticancer effect with a lower possibility for toxic
effects compared with the previously reported administration dose of 48 Gy in 12 fractions. Therefore, we
selected this dose of 51 Gy in 17 fractions.
One of the key points in the use of radiosensitizers is
the control of toxic effects. With regard to toxic effects,
the patients developed grade 3 acute radiation dermatitis.
However, high-dose administration to the skin was necessary because the tumor involved the skin surface, and dermatitis, which was considered to be within the tolerable
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range, could be controlled with the use of topical steroids.
No late toxic effects were observed. Additionally, another
previous study showed no severe toxic effects with the use
of a hydrogen peroxide solution−soaked gauze bolus.5
Based on the ﬁndings of previous studies and the current
case, a gauze bolus soaked in a hydrogen peroxide solution is considered to be a safe radiosensitizer.5
There are several treatment options for breast
tumor control. Surgery is one of them; however, in the
current case, the patient refused surgery. Another
treatment option is Mohs chemosurgery, which has
been used for palliative treatment in skin-involved
LABC to improve malodor, bleeding, exudate, and
pain, with favorable results for the improvement of
the patient’s quality of life.16 Although no study has
compared radiation therapy and Mohs chemosurgery
with respect to the efﬁcacy of palliative treatment,
patients who receive palliative treatment have different
backgrounds (eg, treatment histories, age, performance
statuses, life expectancies, and symptoms), and therefore, tailored palliative treatment should be performed.
In the current case, the patient had multiple ipsilateral
and contralateral breast metastases, and bilateral
whole-breast irradiation was needed; therefore, we performed radiation therapy.
To date, because there have been no studies to our
knowledge on the direct comparison of gauze boluses
soaked in a hydrogen peroxide solution versus watersoaked gauze boluses, the extent of the radiosensitizing
effect is unclear. Although the local effect was favorable in
the current case, it is unclear how much the bolus contributed to the local effect. Additionally, it is also unclear how
severe the toxic effects that may develop with the use of a
hydrogen peroxide solution−soaked bolus will be, compared with the use of a water-soaked bolus. In the future,
multicenter retrospective analyses or randomized controlled trials will be necessary to compare the efﬁcacy and
safety between the use of a gauze bolus soaked in a hydrogen peroxide solution and one soaked in water.

Conclusion
We report a case of LABC involving the skin surface
treated with x-ray radiation therapy using a gauze bolus
soaked in a hydrogen peroxide solution that showed
favorable local effects. Although grade 3 acute radiation
dermatitis was observed, it was considered tolerable. The
use of a hydrogen peroxide solution−soaked gauze bolus
as a radiosensitizer does not require any special technique and can be performed easily. On the other hand,
there are insufﬁcient data to support the beneﬁts of using
a bolus soaked in a hydrogen peroxide solution as a
radiosensitizer; therefore, further clinical research is
needed.
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