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Abstract

Background: The application of heparinoid moisturizer for 2 weeks following whole-breast radio-

therapy (WBRT) was previously reported to significantly increase skin water content (WC) and

help improve skin dryness and desquamation. The prospective open-label, randomized trial

included an exploratory arm to investigate the preventive efficacy of heparinoid moisturizer for

acute radiation dermatitis (ARD).

Methods: Between April 2011 and April 2013, patients receiving WBRT were assigned (1:2:2) to

receive either: moisturizer for prophylaxis (group P), moisturizer starting 2 weeks after WBRT for

treatment (group M), and no moisturizer (group C). This paper presents the results of comparison

between the exploratory arm and no moisturizer group. Skin WC was measured prior to WBRT,

on the last day of WBRT, and 2 weeks, 4 weeks and 3 months following WBRT. Signs and symp-

toms were also assessed.

Results: Comparing two groups, WC values were significantly higher in group P until 4 weeks follow-

ing WBRT. At 2 weeks following WBRT, mean WC values in group P and C were 38.5 ± 6.1 arbitrary

units (a.u.) and 30.2 ± 7.8 a.u., respectively (P < 0.001). In group C, dryness was more severe at 2 and

4 weeks following WBRT and desquamation more severe until 3 months following WBRT. However,

the erythema score showed no difference between the two groups. Regarding symptoms, group C

pain scores on the last day of WBRT were significantly higher than in group P (P < 0.030).

Conclusions: The preventive application of heparinoid moisturizer has the potential of reducing

skin desquamation and dryness in patients receiving WBRT.
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Introduction

A systematic review confirmed that post-operative radiotherapy
(RT) reduces recurrence and breast cancer death after breast-
conserving surgery (1,2). Radiotherapy is therefore essential for
patients undergoing breast-conserving surgery.

For almost all patients undergoing breast radiotherapy, acute radi-
ation dermatitis (ARD) is the most common reported reaction (3). ARD
occurs between a few hours and a few weeks following RT and symp-
toms present at different degrees of type and severity: erythema, skin
dryness, desquamation, moist desquamation, and sometimes ulceration.
In contrast, chronic radiation dermatitis occurs between a few months
and a few years after RT and leads to symptoms such as fibrosis, pig-
mentation, skin atrophy and telangiectasia (4). Owing to these symp-
toms, radiation dermatitis has a profound impact on patients’ quality of
life (QOL). In addition, ARD may be the cause of premature interrup-
tion of RT which can impact negatively on the control of cancer.
Therefore, managing radiation dermatitis is an important priority in
caring for patients undergoing RT. Although many topical agents are
currently used in clinical practice for prevention and treatment of ARD,
there has been little evidence to support the effectiveness of a specific
medicine (5). Many patients undergoing RT in Japan are instructed to
not apply any topical agent providing that ARD is not severe.

In our previous report, the application of heparinoid moisturizer
for 2 weeks following whole-breast radiotherapy (WBRT) signifi-
cantly increased skin water content (WC) and helped improve skin
dryness and desquamation compared with no use of moisturizer (6).
The aim of this study is to assess the efficacy of heparinoid moistur-
izer as a prophylactic agent for ARD in patients with breast cancer
receiving WBRT.

Patients and methods

Study design

The prospective open-label, randomized trial was originally planned
to evaluate the efficacy of the application of heparinoid moisturizer
after 2 weeks following WBRT, comparing the moisturizer treat-
ment group vs. control. The results of this comparison were
reported previously (6). The third group had been prospectively set
for the exploratory aim of investigating the efficacy of moisturizer
as a prophylactic agent. According to block randomization, patients
receiving WBRT were assigned (1:2:2) to receive either: moisturizer
for prophylaxis (exploratory, group P), moisturizer starting 2 weeks
after WBRT for treatment (group M), and no moisturizer (group C).
This paper presents the results of comparison between the explora-
tory arm and the control group.

Patients in group P were instructed to apply the heparinoid mois-
turizer from the first day of WBRT and to continue to use the mois-
turizer twice daily until 3 months after completion of WBRT. Group
C patients were instructed to not apply any topical moisturizer dur-
ing the study period (although patients with itchy or reddened skin
could use topical corticosteroids). Randomization was stratified
according to the beam energy (4MV vs 6MV).

Patients

Eligible patients were women aged between 30 and 65 years with histo-
logic evidence of a primary invasive breast cancer or ductal carcinoma
in situ who underwent lumpectomy at St Luke’s International Hospital.
The tumor was required to be located outside the inner-upper quadrant,
which was designated as a skin WC measurement site. Patients with the

following characteristics were excluded: a history of RT to the thorax;
wide-spreading skin disease; collagen vascular disease; sensitivity to
heparinoid substance; and patients who did not keep to the instructions
on how to apply the topical agents on the breast. A compliance rate of
60%was set as the lower limit for acceptance.

Radiation therapy

The treatment plan was devised with computed tomography scans
in all cases. The field-in-field technique (7) was used and efforts
were made to ensure that the breast treatment volume received was
not less than 95%, nor more than 107%, of the prescribed dose.
Conventional fractionation was used in 2 Gy 5 days a week up to
48–50 Gy with photons (4–6MV). An additional dose of 10–18Gy
was boosted with an electron beam (4–6MeV), if necessary, accord-
ing to the patient’s age and pathological findings.

Moisturizer treatment

Hirudoid® (Maruho, Osaka, Japan), was applied to group P
patients as the designated moisturizer as it is commonly used in
Japan. It contains mucopolysaccharide polysulphate (at 0.3% w/w),
which is structurally closely related to components of the connective
tissue. The efficacy of heparinoid moisturizer has previously been
demonstrated in the treatment of milder atopic dermatitis (8).

Study outcomes

Skin water content
The primary outcome measure was a comparison of WC at each
study point between the two groups. Skin WC was measured using
the corneometer CM825® (Courage+Khazaka, Cologne, Germany).
On the day of measurement, patients were instructed to not bathe in
the morning and to not apply any topical agents to the bilateral
breast. Following a minimum of 20min bed rest, the skin was
washed with hypoallergenic soap. After wiping gently with lint-free
cloth, the skin was dried well for 20min and WC was measured
using a corneometer. The two designated areas for WC measure-
ment were 3 × 3 cm2 for each skin area analysis in an upper-inner
quadrant of the irradiated breast, at least 2 cm apart from the mid-
line. These areas had to be at least 2 cm away from the surgical
wound and 1 cm away from the edge of the boost. WC was mea-
sured a total of five times at different points in each area, and the
mean value of 10 measurements was used for analysis. For controls,
the corresponding area of skin of the non-irradiated breast was mea-
sured in the same manner (6) (Fig. 1).

Skin-related signs and symptoms
Secondary outcomes of the study were to compare ARD signs and
symptom between two groups.

Figure 1. Measurement site for water content.
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Clinical evaluation

A dermatologist and a radiation oncologist assessed signs associated
with ARD (i.e., skin dryness, desquamation and erythema) using dif-
ferent scoring scales. The dermatologist used atopic dermatitis sever-
ity classification of dryness and desquamation (9), while radiation
oncologists assessed ARD using a simpler grading system. Erythema
was assessed with the same scale. Radiation oncologists directly
assessed ARD under direct vision, whereas the dermatologist, who
was blinded for the treatment group, assessed ARD signs via digital
photographs (Table 1).

The diary was distributed to all the participants so that they
could record about daily compliance of the heparinoid moisturizer
and rate the degree of itching and pain within the irradiated field by
means of the visual analog scale (VAS) (a 100-mm horizontal line
that was anchored at the extremes by ‘none’ and ‘severe’).

Statistical methods

Two sets of skin WC measurements between groups and study
points, skin toxicity scores, VAS and demographic factors were
compared for differences using the Wilcoxon signed-rank test with
Bonferroni’s correction, Mann–Whitney U test, Student’s t-test, and
χ2 test. All P values expressed are two-sided with statistical signifi-
cance evaluated at the 0.05 alpha level. Statistical analyses were per-
formed using SPSS software (IBM SPSS statistics 25; IBM Corp,
New York, NY, USA).

Ethical considerations

The study was approved by the institutional review board. Consent
was obtained from all patients and signed copies of the consent

form were provided to each of these patients. The completed study
is registered with UMIN-CTR5532.

Results

As previously mentioned, group P was an exploratory arm of the
main study. As such, the required number of prophylactic group
was not estimated and the enrollment was stopped in accordance
with the main study. A total of 749 patients underwent RT follow-
ing breast-conserving surgery between April 2011 and April 2013.
Among those patients, 48 constituted the exploratory and control
cohort. There were two withdrawals due to consent decline and
autosensitization dermatitis. Therefore, 14 patients remained on the
preventative application group P, and 32 patients on the control
group C (Fig. 2). All patients in each group completed every WC
measurements and clinical assessment.

Despite the small number of patients, the patient and treatment
characteristics were similar with respect to age, tumor location, breast
volume, adjuvant therapy, boost dose, photon energy, smoking history
and body mass index. Each group was almost identical in terms of the
rate of topical steroid use in the treated breast (Table 2).

Time-course of skin WC

The skin WC in group C was significantly lower than the pre-
WBRT level until 4 weeks following WBRT. In contrast, the skin
WC in group P significantly decreased at the last day of WBRT com-
pared with baseline, and improved at 2 weeks following RT.
Thereafter, until 3 months, no significant difference with baseline
was noted (Fig. 3 and Supplementary Material S1). Comparisons
between two groups revealed that WC in group C was significantly
lower than those in group P from the last day of WBRT until 4
weeks following WBRT. However, there was no significant differ-
ence at 3 months following WBRT (P = 0.28).7

Clinical assessment

According to the skin toxicity score graded by the dermatologist, all
scores were maximal at the end of RT or 2 weeks following WBRT
(Fig. 4 and Supplementary Material S2). Dryness scores in group C
were significantly higher from the last day until 4 weeks following
WBRT compared to pre-WBRT score. The time-course in group P
showed a similar and lower curve to that in group C; however, there
was no difference at 4 weeks and 3 months following WBRT.

Table 1. Severity scoring system for acute radiation dermatitis

Severity
score

Dryness and desquamation Erythema

Dermatologist (D) Radiation oncologist (RO) D and RO

0 None None None
1 Mild Mild Faint
2 Moderate Moderate-Severe Moderate
3 Severe – Brisk
4 Very severe – –

Figure 2. Consort trial flow diagram.
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Comparison between two groups revealed a significant difference at
2 weeks and at 4 weeks following WBRT. Regarding desquamation
in group C, scores were significantly higher than pre-WBRT at the
last day of WBRT and continued to the end of study. In contrast,
there was no significant difference at every study point in group P,
compared with pre-WBRT. As a result, score curves between the
two groups were more separated and significant difference between
two groups remained after the completion of WBRT until 3 months
following WBRT. Erythema scores of two groups were almost simi-
lar through the study period. The skin toxicity score by radiation
oncologists was almost identical to the score made by the derma-
tologist (data not shown).

The itching and pain VAS scores, generally low, were highest at the
last day or 2 weeks following WBRT, and gradually improved in both
groups. Itching and pain scores in group C were higher compared with
pre-WBRT from the last day until 4 weeks or 3 months following
WBRT. Skin symptom score demonstrated no differences between
groups except pain at the last day of WBRT (Fig. 5,Supplementary
Material S3). One of 15 patients suffered from autosensitization derma-
titis due to heparinoid moisturizer; this improved after the cessation of
application and she was able to complete WBRT without delay.

Discussion

Adequate skin hydration is critical for maintaining healthy skin. In
normal skin, the ability to hold water is primarily related to the epi-
dermis and its outermost stratum corneum (SC), which plays the
role of barrier to water loss (10).

The retention of water in the SC is dependent on two major
components. First, natural moisturizing factor (NMF) within the
corneocytes (SC cells). Secondly, the SC intercellular lipids orderly
arranged to form a barrier to transepidermal water loss (TEWL)
(10). In addition, in the upper chest which is one of the highest con-
centration area of sebaceous glands (11), the endogenous glycerol
which is derived from the sebaceous gland and also from the circula-
tion plays an important role in SC hydration. Sebaceous glands-
enriched skin sites display higher SC hydration (10).

Skin is susceptible to radiation damage because the basal keratino-
cytes, hair follicle stem cells, and melanocytes are highly radiosensitive
(4). Furthermore, sebaceous glands (12) and eccrine sweat glands (13)
are also very sensitive to radiation. Radiation skin injury involves
immediate damage to these cells after which the barrier function of epi-
dermis to hold water suffers serious damage. It causes a reduction in
NMF and intercellular lamellar lipids, and severe damage to sweat and
sebaceous glands, leading to a loss of skin barrier function. Consequently,
irradiated skin often feels drier, which causes symptoms such as discom-
fort, irritation, itching and pain (14).

Although ARD is a common adverse event following RT, few
systematic studies for prevention and management have been pub-
lished on this topic (5,14). Currently, a variety of interventions are
used for topical therapy of ARD, however, randomized controlled
trials (RCTs) have not yet consistently indicated the superiority of
any single agent (15). In a pooled analysis and systematic review,
the prophylactic application of topical corticosteroid in breast can-
cer patients undergoing radiotherapy appears to significantly reduce
the incidence of ARD, specifically moist desquamation, compared
with other treatments (16,17). However, the use of topical steroids
may result in thinning of the SC, which leads to the transepidermal
water loss (TEWL) and skin irritation (18). Furthermore, moist des-
quamation beyond skin folds and creases is infrequent using mega-
voltage irradiation to WBRT (19).

So, we evaluated in a randomized fashion whether heparinoid
moisturizer was appropriate candidate as non-steroidal prophylactic
agent or not for ARD. WC values of SC, and skin related signs and
symptoms were monitored.

Cutaneous barrier function can be assessed quantitatively using
bioengineering techniques, such as measurement of the capacitance of
a dielectric medium (corneometer) and TEWL. Both hydrometers are
deemed relevant and valid for assessment of skin moisture, however
the corneometer might be more sensitive (20). The findings on ARD
using TEWL measurement have conflicted in the literature (21,22).
With the corneometer CM825®, the measurement depth is very small
(10–20 μm of the SC) to exclude the influence of deeper skin layers like
the blood vessels. The measurement accuracy has ever been evaluated
in a broad multicentric study (23). In our previous report, with interin-
dividual difference and seasonal fluctuation in moisture state taken
into account, the normalized ratio of skin WC ratio between irradiated
and non-irradiated field was used to assess moisture recovery.
However, unexpectedly, WC values of SC as a reference in the non-
irradiated fields temporally decreased over time without significant
change (Supplementary Material S4). Hence, in this report, we used
raw a.u. to evaluate WC changes. The distance of ≥2 cm from the field
edge was insufficient. According to Epstein et al., the surface dose of
contralateral breast 2–4 cm from the midline receives 3–12% of the
prescribed dose (24).

The time-course of WC from pre-WBRT in the irradiated field was
again analyzed. However, contrary to the previous report, there was
no significant difference at the 3 months following RT, owing to ana-
lysis using a.u. The immediate decrease and following slow recovery of

Table 2. Patient and treatment characteristics

Group P
N = 14

Group C
N = 32

P*

Age (mean ± SD) 46.4 ± 9.0 51.6 ± 7.2 0.073
Affected breast

Right 6 18
Left 8 14 0.40

Tumor location
Lateral 13 28
Inner 0 3
Central 1 1 0.43

Breast size: CTV (cm3)
(mean ± SD)

331.4 ± 176.7 330.0 ± 137.1 0.98

V107% (%) (mean ± SD) 2.47 ± 7.5 0.41 ± 0.87 0.32
Chemotherapy before RT 4 4 0.22
Endocrine therapy 1 1 0.52
Boost

6-16 Gy 9 16
No boost 5 16 0.37

Energy
4MV 10 24
6MV 4 8 0.54

Smoker
Never 10 25
Former 4 6
Current 0 1 0.63

Body mass index (mean ± SD) 21.6 ± 3.5 21.2 ± 3.2 0.69
Topical corticosteroids use in

the treated breast during or
after RT

6 9 0.63

*Student’s t-test, chi-square test.
CTV (cm3), clinical target volume (=breast tissue); V107% (%), breast vol-

ume receiving 107% of prescribed dose; RT, radiotherapy.

Jpn J Clin Oncol, 2018, Vol. 48, No. 5 453



WC after WBRT were consistent with the time-course reported by
Yamazaki et al. (25). Comparing two groups, the group P significantly
preserved WC at the last day, 2 and 4 weeks after RT. However, there
was no significant difference at 3 months after WBRT (Fig. 3,
Supplementary Material S1). Di Franco et al. reported the preventive
effect of five types of moisturizer cream for ARD in breast cancer
patients. Patients began the application of cream 15 days before and
stopped to use one month after WBRT. They confirmed using corne-
ometer that skin hydration increased at the end of topical treatment.
All moisturizing creams used in their study were equally valid (26). In
our study, WC values at pre-RT and 4 weeks following WBRT were
41.1 ± 6.5 a.u. and 40.0 ± 6.2 a.u., respectively (P = 1.00) (Supplementary
Material S1). Although the reason for the discrepancy between studies
is unclear, each time we measured WC after taking 20min bed rest,
washing with soap, wiping and drying well.

There may be several reasons for the non-significant difference
between groups at 3 months. First, the slow and natural recovery of
WC following WBRT noted in the control group may have contrib-
uted to it. Second, it may be caused by a change in the patient’s pat-
tern of behavior. The compliance of moisture application gradually
decreased over time. Although the rate was within acceptance, it
decreased slightly from 96%, 93%, 92% and 89% at the last day, 2
weeks, 4 weeks, and 3 months following WBRT, respectively. Third,
at 3 months following WBRT in the late-acute phase of dermatitis,
damage to the SC might be so prominent that it is unable to main-
tain any WC provided by the moisturizer.

The severity of signs of ARD, such as dryness and desquamation,
which was evaluated by the experienced dermatologist, correlated well
with WC as a marker of skin barrier function. Those signs remained
milder in the moisturizer group. At 2 weeks and 4 weeks following
WBRT, dryness score was significantly less in group P, compared with
group C. Desquamation score was also significantly less from the last
day until 3 months following RT in group P, compared with group C.
In contrast, there was no difference between erythema score curves.

Four RCTs have assessed non-steroidal topical products as a
prophylactic agent for ARD compared to no treatment. Williams
et al. found no difference in ARD severity including erythema and
desquamation with or without Aloe vera gel in breast cancer
patients receiving RT (27). Fenig et al. also evaluated two topical
moisturizers in patients receiving WBRT and found no advantage
for either preparation compared to no treatment in terms of the pro-
portion of Grade 3–4 dermatitis (P = 0.15) (28). In contrast, Rizza
et al. examined the time-course of erythema in breast cancer patients
using non-invasive instrumental reflectance spectrophotometry.
Patients were randomized either to treatment (one of two topical
agents, twice daily from the first day of WBRT over 8 weeks) or
nontreatment groups. The application of topical moisturizers was
found to significantly reduce erythema compared with the non-
treated group (29). Wells et al. tested aqueous, sucralfate, or no
cream in patients mainly with head and neck and breast cancer.
Patients randomized to either of the two creams were advised to
apply it to the treatment area twice daily, from the first day of RT.
The investigators evaluated ARD with modified Radiation Therapy
Oncology Group (RTOG) score and erythema with reflectance spec-
trophotometry (30). They analyzed data at the fifth week after the
start of RT as the time at which the worst skin reactions were appar-
ent. On an adjusted analysis, desquamation score was lower for the
sucralfate and aqueous cream groups than no-cream group (P =
0.04). However, the differences of erythema score by modified
RTOG grading system between three groups were clearly small (P =
0.69). Even when the reflectance spectrophotometry was used, ery-
thema meter readings showed that sucralfate was better than aque-
ous cream, but it was not better than no cream (P = 0.41). An
analysis of itching and pain on the patient diary card revealed only
small differences between groups (P = 0.97, P = 0.77 respectively).
In our study, although the use of the heparinoid moisturizer helped
alleviate the pain related to ARD, the scores were generally low,
suggesting that the positive influence of heparinoid moisturizer is
limited.

For breast cancer patients receiving RT, dryness is the most
uncomfortable symptom of ARD for which they want management
(3). Previously, we reported the application of heparinoid moistur-
izer for 2 weeks following WBRT significantly increased WC and
helped improve skin dryness and desquamation compared with no
use of moisturizer. However, we believe that the preventive applica-
tion for ARD is more effective than a treatment of local side effects
once they appear.

Findings in this study can be generalized to patients who receive
postmastectomy RT because similar doses are generally used to the
same body part. However, for patients with head and neck cancer,
who often receive higher doses of RT in combination with concur-
rent chemotherapy, efficacy may be limited.

There were several limitations to our study. First, this study had
small numbers of patients and confidence intervals were wide.
Nevertheless, the preventive treatment of heparinoid moisturizer signifi-
cantly helped to keep WC until 4 weeks following WBRT compared
with no use. Second, the symptoms were assessed with VAS alone. As
symptom severity is mild, and information from VAS is limited, it is
hard to evaluate the usefulness of moisturizer from the point of view of
impact on patient QOL. In a Phase 3 trial of momentasone cream vs.
placebo to prevent ARD in breast cancer patients, patient-reported out-
come (burning, itching, and tenderness) was not correlated with
CTCAE (the Common Terminology Criteria for Adverse Events) (31).
We are currently recruiting patients into a new RCT to evaluate the
preventive efficacy of heparinoid moisturizer using DLQI (32), which

Figure 3. Time-course of water content by skin treatment. WBRT, whole

breast radiotherapy. *Statistically significant by Mann–Whitney-U test.
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is one of the instruments to measure the effects of skin disease on
patients’ QOL (trial ID: UMIN000026987).

The present study has also several strengths. First, to our knowl-
edge, the present study is the only randomized trial to compare the
time course of WC in patients with or without moisturizer during and
after WBRT. The WC of SC was prospectively measured in a specific,
accurate and reproducible way using the corneometer, which is useful
for objectively assessing ARD for breast cancer patients (25).

Furthermore, this is the first study using a blinded method for the
evaluation of ARD signs taken by digital camera. Skin appearance on

digital images was evaluated by an expert dermatologist blinded to the
randomly assigned group. According to Wengstrom et al., visual
assessment by the RTOG scoring system correlated well with that by
digital photographs (33).

In conclusion, the preventive application of heparinoid moistur-
izer was safe and improved WC loss during and after WBRT. It also
helped improve skin desquamation and dryness. These findings sug-
gest that the preventive application of heparinoid moisturizer from
the early phase of RT is recommended for breast cancer patients
receiving WBRT.

Figure 4. Time-course of grading score of ARD signs by skin treatment. ARD, acute radiation dermatitis; WBRT, whole breast radiotherapy. *Statistically signifi-

cant by Mann–Whitney-U test.

Jpn J Clin Oncol, 2018, Vol. 48, No. 5 455



Supplementary data

Supplementary data are available at Japanese Journal of Clinical
Oncology online.
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