
Abstract. We have previously developed a new enzyme-
targeting radiosensitization treatment named Kochi Oxydol-
Radiation Therapy for Unresectable Carcinomas, Type II
(KORTUC II), which markedly enhances radiotherapeutic
effects on various types of locally advanced malignant neo-
plasms. KORTUC II was approved by our local ethics
committee for use against various types of malignant neo-
plasms. A maximum of 6 ml of radiosensitizer was injected
into tumor tissue under ultrasonographic guidance just before
each administration of radiotherapy. Seventeen patients with
locally advanced breast cancer were enrolled to receive
KORTUC II with systemic chemotherapy without surgical
care. Patients were eligible if they had declined surgical
treatment. Median observation period was 13.4 months (range,
1-26 months). This therapy was well tolerated. Contrast-
enhanced magnetic resonance imaging revealed complete
response in all primary breast tumors, and no patients
displayed local recurrence during the follow-up period.
Ultrasonography depicted tumor-like findings in 9 of 17 cases
after therapy. The existence rate of posterior shadow artifacts
behind the tumor was 2/17 before therapy, increasing to 8/17
after therapy. Intratumoral flow signals on color Doppler
sonography were seen in 16/17 cases before therapy, but had
disappeared from all cases after therapy. The increased rate
of posterior shadow artifacts and absence of flow signals
after therapy suggest that the tumor-like finding on ultra-

sonography represents scar tissue. Computed tomography
revealed positive axillary nodes metastases in 16/17 and 2/17
cases before and after therapy, respectively. Nodal metastatic
failure affected only 1 patient, who refused adjuvant systemic
chemotherapy at the end of the observation period. Abnormal
lymph node findings on computed tomography remained
stable in the other patient. Excellent locoregional control
based on accurate radiological evaluation implies that
KORTUC II with chemotherapy has the potential to replace
surgery in therapy for locally advanced breast cancer.

Introduction

Large tumors (>5 cm) and/or extensive regional lymph node
involvement, which correspond to stage IIIA, IIIB and IIIC
in the TNM stage classification, are widely called locally
advanced breast cancer (LABC) (1). Induction chemotherapy
is considered essential in the care of LABC (2-6). Surgery
alone and radiotherapy alone following induction chemo-
therapy for LABC both result in similar survival rates (5,6).
Progress in radiotherapeutic methods may thus obviate
surgical care as a therapeutic option for LABC. We have
introduced a new enzyme-targeting radiosensitizer and have
reported the efficacy of radiotherapy with this new radio-
sensitizer in vivo and in clinical trials (7-11). This radio-
sensitizer inactivates peroxidase/catalase in tumor tissue
through the application of hydrogen peroxide, thus re-
oxygenizing the tumor tissue with the oxygen produced by
the degradation of hydrogen peroxide (10,11). We have
named this new enzyme-targeting radiosensitizer treatment,
which uses hydrogen peroxide and sodium hyaluronate, Kochi
Oxydol-Radiation Therapy for Unresectable Carcinomas,
Type II (KORTUC II) (11). In the current study, we intro-
duced KORTUC II with systemic chemotherapy to achieve
non-surgical control of LABC. We consider that accurate
monitoring of therapeutic efficacy is prerequisite to achieving
definitive advances in LABC care. The goal of the present
study was to determine the therapeutic outcomes of our new
approach as assessed by imaging modalities, including
contrast-enhanced (CE) breast magnetic resonance imaging
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(MRI), ultrasonography (US), chest computed tomography
(CT) and [18F]-fluorodeoxyglucose positron emission CT
(FDG-PET-CT).

Materials and methods

The present study describes KORTUC II radiosensitization
therapy using a new radiosensitizer containing hydrogen
peroxide and sodium hyaluronate combined with systemic
therapy. This was used as an injection into LABC as approved
by our local ethics committee. Since hydrogen peroxide is an
irritant that may cause severe adverse effects, we developed
a new hydrogen peroxide-containing radiosensitizer that is
safe for direct injection into breast tumor, effectively con-
ferring radiosensitivity while avoiding irritation of local
tissue. All patients received induction chemotherapy followed
by KORTUC II radiosensitization therapy and adjuvant
chemotherapy (after radiotherapy) plus endocrine therapy, if
the tumor showed positive results for hormone receptors
(Fig. 1). CE breast MRI, US and chest CT were performed to
assess baseline tumor and axillary lymph node status within
1 month before starting therapy. Responses of primary breast
tumor to induction chemotherapy were assessed by CE breast
MRI after completing induction chemotherapy, just prior to
start of radiotherapy. Adjuvant chemotherapy regimens were
determined based on the response to induction chemotherapy.

Preparation of the radiosensitizing agent. The radiosensi-
tizing agent is composed of 0.83% sodium hyaluronate and
0.5% hydrogen peroxide. The agent is currently prepared by
adding 0.5 ml of 3% hydrogen peroxide solution (Oxydol;
Ken-ei Pharmaceutical, Osaka, Japan) into a commercially
available disposable syringe containing 2.5 ml of 1.0%
sodium hyaluronate, which is ordinarily used for intra-articular
injection in chronic knee joint disorders. Hydrogen peroxide
is added just before use, to avoid the degradation of sodium
hyaluronate by the oxidative effects of hydrogen peroxide.

Patient selection and radiotherapy. Seventeen women with
LABC (invasive ductal carcinoma) were enrolled to receive
KORTUC II combined with systemic therapy between
October 2006 and March 2009. Each patient was enrolled
after providing written, fully informed consent. Patient data
are summarized in Tables I and II. Patients were eligible if
they had declined surgical treatment for the LABC. For these
patients, radiotherapy with high-energy X-rays was delivered
using an EXL-20TP linear accelerator equipped with a multi-
leaf collimator (Mitsubishi Electric, Tokyo, Japan) at an

appropriate energy level (4 MV). Hypofraction radiotherapy
was administered using a tangential field approach, with a
total radiation dose of 49.5 Gy administered at 2.75 Gy/
fraction. Radiotherapy was performed 5 times/week for each
patient. After starting radiotherapy, intra-tumoral injection of
the new radiosensitizer was performed under ultrasonographic
guidance twice a week for 3 weeks, just prior to radiotherapy.
A maximum of 6 ml of the agent was injected.

Induction and adjuvant chemotherapy and trastuzumab.
Systemic EC regimen was administered 4-6 times as induction
chemotherapy (prior to radiotherapy), according to the tumor
size. Adjuvant chemotherapy (after radiotherapy) was selected
from 4 cycles of EC regimen (if induction EC had proven
effective) or 4 cycles of taxane-based regimen [if induction
EC had proven ineffective or the tumor showed human epi-
dermal growth factor receptor type 2 (HER2) overexpression].
The dose provided with each administration of EC chemo-
therapy was 90 mg/m2 of epirubicin and 600 mg/m2 of cyclo-
phosphamide injected every 3 weeks. Patients selected the
preferred taxane (docetaxel or paclitaxel) depending on the
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Figure 1. Protocol for care and follow-up examinations. #1, endocrine therapy was planned to be continued for 5 years among eligible patients, if the tumor
was hormone receptor-positive; #2, assessment of therapeutic outcomes started after the completion of adjuvant chemotherapy.

Table I. Profiles of all patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Case Age (years) TNM stage
–––––––––––––––––––––––––––––––––––––––––––––––––

1 44 T3N1M0, stage IIIA
2 60 T2N3aM0, stage IIIC
3 49 T3N1M0, stage IIIA
4 57 T4bN3cM0, stage IIIC
5 65 T4cN3bM0, stage IIIC
6 56 T2N2M0, stage IIIA
7 67 T1cN2M0, stage IIIA
8 57 T4bN1M0, stage IIIB
9 53 T2N2M0, stage IIIA

10 36 T2N2M0, stage IIIA
11 59 T2N2M0, stage IIIA
12 60 T4bN0M0, stage IIIB
13 45 T4cN1M0, stage IIIB
14 67 T4aN1M0, stage IIIB
15 43 T3N1M0, stage IIIA
16 47 T2N2M0, stage IIIA
17 62 T4aN1M0, stage IIIB

–––––––––––––––––––––––––––––––––––––––––––––––––
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time the patient had available, as the superiority of therapeutic
effect remains unclear between these taxanes (12). Docetaxel
was injected intravenously at 100 mg/m2 for 1 h every 3 weeks.
Intravenous infusion of paclitaxel was repeated weekly in 3 of
every 4 weeks. Trastuzumab was administered as a 4 mg/kg
loading dose followed by 2 mg/kg weekly for 12 weeks,
concurrent with adjuvant taxane chemotherapy for patients
with HER2 overexpression, as determined by fluorescent
in situ hybridization.

Endocrine therapy. All patients, if the breast tumor showed
positive results for hormone receptor, received endocrine
therapy just after completion of radiotherapy (Fig. 1).
Tamoxifen (40 mg/day per os) and an aromatase inhibitor
(anastrozole 1 mg/day or exemestane 25 mg/day per os) were
used for pre- and post-menopausal patients, respectively.
Endocrine therapy was planned to be continued for 5 years
for all eligible patients.

Patient assessment (primary breast tumor and toxicity of
therapy). Tumor response was assessed according to the
Response Evaluation Criteria In Solid Tumors (13) using CE
breast MRI and US. Patients were assigned to a toxicity
grade from a standard assessment scale (National Institutes of
Health common toxicity criteria). Treatment-related compli-

cations were assessed in detail to evaluate the feasibility of
this approach. Posterior shadow artifacts from tumor on US
and flow signals on color Doppler US were also assessed.
Each breast mass was scanned using a US unit (LOGIQ700
MR; GE Healthcare, Milwaukee, WI, USA) with a 7- to
11-MHz linear-array transducer. CE breast MRI was per-
formed using a 3.0-T unit (Signa EXCITE HDx; GE
Healthcare) with the subject in a prone position. Dynamic
MRI using a 3-dimensional (3D) fast spoiled gradient-echo
sequence (VIBRANT, volume imaging for breast imaging;
repetition time, 7.0 ms; echo time, 4.0 ms; flip angle, 10˚;
field of view, 36x36 cm; matrix, 512x256; slice thickness,
3 mm; space, 0 mm; no. of excitations, 0.7) was obtained
before and 8 times (every 30 sec) after bolus injection of
0.1 mmol/kg gadolinium-diethylenetriamine pentaacetic acid
at a rate of 3 ml/sec. The interpreters of US (K.K.) and MRI
(Y.M.) were provided with information regarding tumor
location, but were blinded to undergoing therapy.

Patient assessment (axillary lymph node). The criterion for
abnormal axillary lymph nodes was the existence of ≥1 node
>5 mm in the short axis on chest CT or FDG-PET-CT
(14,15). Lymph nodes replaced at the center by fat were not
considered to be pathological, even if size was >5 mm in the
short axis. Any focally elevated PET signal above normal
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Table II. Summarized data for all patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Observation Primary tumor Primary tumor Change in flow Change in PS Change in
Case period (months) RR% (MRI)a RR% (US)b signal (CD-US)c artifact (US)d Ax-LN (CT)e

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 25 CR CR P➝N N➝P P➝N
2 26 CR 72 P➝N N➝P P➝N
3 26 CR 30 P➝N N➝N P➝N
4 24 CR 77.4 P➝N N➝P P➝Pf

5 24 CR CR P➝N N➝N P➝N
6 23 CR CR P➝N N➝P P➝N
7 16 CR 0 N➝N N➝P P➝N
8 11 CR CR P➝N N➝N P➝N
9 13 CR CR P➝N N➝N P➝N

10 12 CR 47.4 P➝N N➝N P➝N
11 8 CR CR P➝N N➝N P➝Pg

12 8 CR CR P➝N N➝N N➝N
13 3 CR CR P➝N N➝N P➝N
14 3 CR 32.5 P➝N P➝P P➝N
15 3 CR 78.8 P➝N N➝P P➝N
16 1 CR 59.1 P➝N N➝N P➝N
17 1 CR 63.6 P➝N P➝P P➝N

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CR, complete response; P, positive; N, negative. aReduction rate (%) of primary tumor after completion of therapy as assessed by contrast-
enhanced breast MRI. bReduction rate (%) of primary tumor after completion of therapy as assessed by ultrasonography. cChange in flow
signal on color Doppler ultrasonography after therapy compared to before therapy. dChange in posterior shadow artifact from primary tumor
on ultrasonography after therapy compared to before therapy. eChange in axillary lymph node findings after therapy compared to before
therapy on chest CT or FDG-PET-CT. fSize of abnormal lymph node unchanged during follow-up. gProgression in abnormal lymph node for
a woman who refused adjuvant chemotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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a b
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Figure 2. A 44-year-old woman with LABC (case 1 in Tables I and II).
Initial CE breast MRI showed an enhanced large breast tumor (a) (arrows).
Complete response was achieved just after therapy on CE breast MRI (b).
No recurrence was identified on final CE breast MRI (c). Initial US depicted
a low echoic breast tumor and intratumoral color flow signals (d). Complete
response was achieved just after therapy (e) and on final follow-up US (f),
while posterior shadow artifacts appeared just after therapy (e) and on final
US study (f) (arrows). Initial chest CT showed positive results for left axillary
lymph node metastases (g) (arrows). Left axillary lymph nodes were negative
both just after therapy on chest CT (h) and on final FDG-PET-CT (i) (arrows).
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i
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that could be mapped to a lymph node was also rated as a
positive sign of metastasis (15). The interpreters of chest
CT (N.H.) and FDG-PET-CT (K.M.) were provided with
information about primary breast tumor, but were blinded to
data on staging and therapy. Chest CT was performed using a
16-multidetector CT scanner (Aquilion; Toshiba Medical
Systems, Tokyo, Japan) with the following parameters: thick-
ness, 3 mm; 120 kV, 60-70 mAs; 1-mm slice collimation;
table speed, 46 mm/sec. Patients were scanned in a supine
position 1 min after intravenous contrast agent injection at a
flow rate of 2 ml/sec. Whole-body FDG-PET-CT scans were
obtained using a Discovery ST Elite PET-CT system (GE
Healthcare), comprising a full-ring dedicated PET and a 16-
slice spiral CT. All patients were instructed to fast 6 h before
receiving an intravenous application of 3.5 MBq/kg FDG.
Imaging started ~60 min after application of FDG. CT was
acquired before PET with 50 mA/sec at 130 kV without
administration of non-ionic contrast agent. All images were
reconstructed with 5-mm slice thickness and 3.7-mm
increment. After CT a 3D-mode PET was performed. PET
emission time was adapted to the body weight of the patient:
<65 kg, 2 min/bed position; 65-85 kg, 2.5 min/bed position;
and >85 kg, 3 min/bed position.

Beginning and frequency of observation. Both assessment of
primary tumor and axillary nodes started within 2-4 weeks
after the completion of adjuvant chemotherapy, regardless of
endocrine therapy (Fig. 1). CE breast MRI, chest CT and
FDG-PET-CT were performed at least once a year following
the completion of chemotherapy. US and clinical exami-
nations were performed every 3 months. Mean duration of
observation was 13.4 months (range, 1-26 months).

Results

Adverse events. All patients experienced mild local pain at
the injection site. For all 17 patients, radiation-induced
dermatitis was mild (Grade I) and equivalent to that observed
in our facility after radiotherapy alone, as described in our
previous report (11). Chemotherapy did not result in adverse
events severe enough to warrant withdrawal of therapy after
appropriate supportive therapy was provided (i.e., anti-allergic
agent, anti-emetic drugs). However, 1 patient (case 11 in
Tables I and II), refused adjuvant chemotherapy based on a
mistaken impression of chemotherapy, despite experiencing
only mild adverse events.

Primary breast tumor (as assessed by CE breast MRI). Patient
data are summarized in Tables I and II. All patients achieved
complete response (CR) after being unable or unwilling to
undergo surgery and therefore undertaking non-surgical
breast-conservation therapy (Figs. 2 and 3). These patients
have so far shown no local recurrence.

Primary breast tumor (as assessed by US). Patient data are
summarized in Tables I and II. US depicted tumor-like
findings in 9 of the 17 patients (Fig. 3) (CR, 8 cases; partial
response (PR), 8 cases; stable disease (SD), 1 case). The size
of the tumor-like finding changed little during the obser-
vation period (Fig. 3). A posterior shadow artifact appeared

frequently after therapy (8/17) compared to baseline data
(2/17) (Figs. 2 and 3). The frequency of posterior shadows
remained unchanged during the observation period. Color
Doppler US depicted intratumoral flow signals in 16 of 17
tumors before therapy, but these flow signals disappeared
from all patients after completion of therapy (Figs. 2 and 3).
Absence of flow signals continued throughout the observation
period.

Axillary lymph nodes (as assessed by chest CT or FDG-PET-
CT). Data on axillary nodes are shown in Table II. Chest CT
depicted lymph node abnormalities in 16 of 17 patients
before therapy (Figs. 2 and 3). Lymph nodes became normal
in all except 2 patients after completion of therapy (Figs. 2
and 3). Abnormal lymph nodes remained stable in 1 patient
(case 4 in Table II), but deteriorated in another patient
(case 11 in Table II). The progression in abnormal lymph
nodes was seen in the woman who refused adjuvant chemo-
therapy.

Discussion

Surgery alone cannot control LABC, and the 5-year survival
rate is poor, at <20% (5). Fisher established the concept in
the 1970s and 1980s that breast cancer is a systemic disease,
needing systemic therapy for management (16). Induction
chemotherapy followed by locoregional therapy is recom-
mended for the management of LABC (2-4,17). Surgery
alone and radiotherapy alone following induction chemo-
therapy have achieved equivalent survival rates in LABC
patients (5,6). Axillary dissection alone showed a higher 5-
year survival rate compared to radiotherapy alone following
breast-conserving surgery for early-stage breast cancer in a
report from the Curie laboratory (18). However, the use of
adjuvant chemotherapy for node metastasis-positive cases in
the axillary dissection group but not in the radiotherapy group
appears likely to have biased that result (18). A subsequent
report from the same laboratory showed equivalent 15-year
survival rates between axillary dissection alone and radio-
therapy alone (19). No results have indicated that surgical
results surpass those of radiotherapy in the management of
large breast cancer and axillary node metastases in terms of
survival rate (5,6,18,19). However, surgery surpasses radio-
therapy in the locoregional management of breast cancer
(5,6,18,19). Our new treatment, using radiotherapy assisted
by a new radiosensitizer combined with systemic chemo-
therapy and endocrine therapy, yielded excellent locoregional
management in this initial assessment. Such results suggest
a strong potential to remove surgery from the therapeutic
options for LABC, as radiotherapy originally appeared
equivalent to surgery in terms of survival after LABC, and
has now obtained advances in locoregional management.
However, further investigation with long-term follow-up and
a large study population are needed to confirm the reliability
of the present findings.

Currently, most radiotherapy for breast cancer is per-
formed using X-rays or high-energy electron beams from a
linear accelerator (2-6,20,21), but these forms of low-linear
energy transfer (LET) radiation are not ideal for radiotherapy
compared to high-LET radiation. To overcome the dis-
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Figure 3. A 60-year-old woman with LABC (case 2 in Tables I and II). Initial
CE breast MRI showed an enhanced large breast tumor (a). Complete response
was achieved just after therapy on CE breast MRI (b). No recurrence was
evident on final CE-breast MRI (c). Initial US depicted a low echoic breast
tumor and intratumoral color flow signal (d). US depicted tumor-like findings
just after therapy (e) and at final follow-up (f). Posterior shadow artifacts
appeared just after therapy (e) and became more evident at the final US study
(f) (arrows). Color flow signals disappeared from the tumor-like finding after
therapy (e and f). Initial chest CT showed positive findings for right axillary
lymph node metastases (g) (arrows). Right axillary lymph nodes appeared
negative both just after therapy (h) and at final FDG-PET-CT (i) (arrows).
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advantage of these low-LET beams, we introduced a new
radiosensitizer containing hydrogen peroxide and sodium
hyaluronate for intra-tumoral injection. Theoretically, this
inactivates anti-oxidative enzymes and produces oxygen in
topical tumor tissue, and appears able to convert radioresistant
tumors into radiosensitive ones. We have already reported
favorable efficacy of this new radiosensitizer in vivo and in
some preliminary clinical trials (7-11). Although several
studies in the late 1960s and early 1970s investigated the use
of hydrogen peroxide in radiotherapy, this line of investigation
appears to have been discontinued (22,23). We combined
sodium hyaluronate with hydrogen peroxide to preserve
oxygen concentrations in tumor tissue for >24 h, while
intratumoral injection of hydrogen peroxide alone results in a
rapid lowering of oxygen concentrations (unpublished data).
This might be one factor needed to enable the use of hydrogen
peroxide as a radiosensitizer.

Furthermore, global advances in systemic therapy for
breast cancer appear likely to enhance our treatment. Systemic
chemotherapy has become the standard of care for women
with LABC (2-4,17). Several studies have indicated corre-
lations between chemotherapy response and survival (24,25).
These data led to the hypothesis that locoregional response to
neoadjuvant chemotherapy could be used as a surrogate for
the overall systemic efficacy of chemotherapy. In addition,
early identification of drug resistance can promote a change
to potentially more effective regimens (25). Following these
hypotheses, we could exchange an EC regimen with a taxane
regimen if the tumor does not respond to EC. Recently,
taxanes have been widely viewed as beneficial and are
increasingly used for patients with node-positive breast cancer
(12). We consider that adjuvant trastuzumab is recommendable
for patients with HER2-positive LABC in view of the demon-
strated benefit of adding this agent to adjuvant chemotherapy
in early-stage disease (26). Adjuvant endocrine therapies,
such as tamoxifen and aromatase inhibitors, also increase the
survival rate and represent an acceptable option for patients
with hormone receptor-positive LABC (27). These advances
in systemic care for breast cancer support our clinical results.

Precise assessment of therapeutic efficacy is also central
to the success of our clinical trial. CE breast MRI offers
>95% sensitivity to breast cancer with enhancement of the
lesion by gadolinium-based contrast material (28,29). CE
breast MRI can accurately reveal the extent of tumor spread
regardless of prior neoadjuvant chemotherapy (30-32). US is
reportedly more reliable than mammography for detecting
and measuring the size of breast tumors, particularly in cases
of dense breast (33-35). Both chest CT and FDG-PET-CT are
reliable modalities to monitor the staging of lymph nodes
(14,15). We therefore employed MRI and US as diagnostic
tools for primary breast tumor. Conversely, we used chest CT
and FDG-PET-CT to assess nodal staging. In the current
report, US depicted tumor-like findings in some cases defined
as CR on CE breast MRI. Compared to US, CE breast MRI
provides equivalent to superior detection rates for bulky breast
masses (35-37). Moreover, CE breast MRI shows higher
sensitivity to small lesions, such as intraductal spread, com-
pared to US (36,37). These tumor-like findings on US after
therapy thus seem likely to represent scar tissue. Fibrous scar
tissue that develops after exposure to radiation (38,39) would

cause ultrasound attenuation (40) as the source of the posterior
shadow artifact. The higher rate of posterior shadow artifacts
on US and the absence of flow signals on color Doppler US
after therapy support the likelihood that the tumor-like
finding represents scar tissue (41). The current results suggest
that tumor-like findings after therapy on US do not necessarily
indicate tumor recurrence. CR on CE breast MRI thus
represents a reliable indicator of our treatment efficacy.

In conclusion, KORTUC II combined with systemic therapy
has strong potential to obviate surgery as a therapeutic option
for LABC based on our locoregional therapeutic outcomes.
Radiological imaging modalities including CE breast MRI,
US, chest CT and FDG-PET-CT allow monitoring of the
therapeutic effect and are necessary for the success of this
therapy. Further investigations are needed to confirm the
long-term therapeutic outcomes using this new approach to
LABC.
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