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Quantitative assessment of radiodermatitis through a
non-invasive objective procedure in patients with breast cancer
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Abstract. Assessment of skin condition is necessary for
providing advice regarding skin self-care to patients with
breast cancer who have undergone radiation therapy. Acute and
chronic phases of radiodermatitis were analyzed in patients
using objective assessment tools in the present study. A total
of 18 women who received radiation therapy for breast cancer
were enrolled in the present study and their skin surface
temperature (SST), hydration level of the skin surface (HL),
melanin intensity (MI) and erythema intensity (EI) were
measured prior to radiation therapy and six months thereafter.
Furthermore, skin condition was assessed using the Common
Terminology Criteria for Adverse Events (CTCAE). EI and MI
levels at the irradiated site peaked upon the completion of radia-
tion therapy and declined to baseline at 6 months. In contrast,
SST levels were elevated at the irradiated site during radiation
therapy (P<0.05) and plateaued after its completion. The same
parameters in non-irradiated control sites remained unchanged
during the study period. HL reached the minimum in irradiated
and non-irradiated sites upon completion of radiation therapy.
Although HL returned to baseline in the non-irradiated site
6 months after radiation therapy, it remained low in the irradi-
ated site. No relationship between the CTCAE and EI level was
observed. In conclusion, the present study demonstrated that
objective assessment tools, including SST and EI levels, were
useful for assessing skin condition during radiodermatitis. The
combination of the CTCAE and objective assessment tools will
enable a more accurate assessment of radiodermatitis.
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Introduction

Radiation therapy for breast cancer has been established as
a standard treatment after breast-conserving surgery (1). In
postmastectomy radiation therapy, the dose on the skin surface
ranges from 50 to 60% of the prescribed one, which is usually
2 Gy daily at the isocenter or the International Commission of
Radiation Units reference point (2). Darby et al reported that
survival rates improved and relapse rates for breast cancer
decreased after radiation therapy (3). However, radiation
therapy may have adverse effects on tissues or organs of patients
receiving the same. Therefore, it is of great importance that
medical staff supports skin self-care and adequately manages
the symptoms of patients undergoing radiation therapy.
Radiodermatitis, an acute adverse effect, has been considered
as one of the most frequent symptoms. Despite the skin-sparing
benefits of contemporary techniques, most patients experience
some degree of integumentary system reaction (4,5). Symptoms
usually appear a few weeks after the onset of radiation therapy,
wherein the skin becomes red, dry, warm, and sore (6). To take
care for such patients, medical staff needs to assess the skin
condition in the irradiated area and educate the patients regarding
skin lesion care according to the degree of skin reaction.
Generally, medical staff in Japan has used the Common
Terminology Ceriteria for Adverse Events (CTCAE version 4.0)
for skin evaluation (7). However, CTCAE is limited in its capa-
bility to assess detailed changes in skin condition because of its
subjective nature. For example, under the ‘Dermatitis radiation’
classification, CTCAE defines ‘Faint erythema or dry desqua-
mation’ and ‘Moderate to brisk erythema’ as Grade 1 and
Grade 2, respectively. However, nurses frequently find it diffi-
cult to distinguish ‘Faint’ skin reactions from ‘Moderate’ one.
Furthermore, the assessment of radiodermatitis using CTCAE
might vary depending on the person assessing the skin reaction.
Our previous research identified skin surface temperature
(SST) and erythema intensity (EI) as objective assessment
tools that could clarify the skin condition in detail both during
and after radiation therapy (8). However, our prior study
included only a small sample size, and the measurements of
those parameters were performed at only two points: Before
and after radiation therapy. The present study therefore inves-
tigated the changes in skin condition among patients with
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breast cancer who underwent radiation therapy using objective
assessment tools in greater detail.

Patients and methods

Subjects. A total of 18 patients with breast cancer undergoing
radiation therapy after surgery were enrolled. This study was
approved by the Committee for Medical Ethics of Hirosaki
University (Hirosaki) and was conducted after obtaining
written informed consent from each patient.

Radiation therapy was performed at Hirosaki Central
Hospital using a linear accelerator (ClinaciX, Varian Medical
Systems) employing 6-MV X-rays. Tangential irradiation tech-
nique with two non-parallel portals was used. The total target
dose was 50 Gy in 25 fractions with a conventional schedule.

Measurements. The patients' skin condition was measured
using a Multi-skin instrument® consisting of Mexameter®
MX18, Corneometer® CM825, and Skin-Thermometer®
ST500 (Courage + Khazaka Corporation) (9,10) before,
during, and six months after radiation therapy. These devices
enable non-invasive measurement through pen-type probes
and can evaluate four skin parameters. The measured param-
eters include SST, hydration level of the skin surface (stratum
corneum) (HL), melanin intensity (MI), and EI. The measure-
ment of HL was 10-20 gm of the stratum corneum to avoid the
influence of deeper skin layers (e.g., from the blood vessels).
Measurements using a 15 mm thick foil showed only 20% of
the original measurement value (9). MI and EI were measured
based on absorption/reflection of light. The Mexameter® MX18
probe is able to emit three specific light wavelengths (568, 660
and 870 nm), and the receiver measures the light reflected by
the skin. The highly sensitive measurement gives broad-scale
values (0-999) for melanin and erythema. Therefore, even the
smallest changes in color become traceable (10). The quantity
of light absorbed by the skin can be calculated. The MI among
healthy Japanese women is reported to be approximately
100-200 (11,12). The measurement procedure was performed
in a medical examination room that was maintained at a
temperature of 25.4+0.6°C via an air conditioner.

Subjective evaluation index of acute radiodermatitis. The
severity or grade of acute radiodermatitis was clinically
evaluated according to the CTCAE version 4.0, Japanese
Clinical Oncology Group version (7). CTCAE was developed
by National Cancer Institute and is widely accepted throughout
the oncology research community as the standard grading
scale for adverse events. The radiation dermatitis index of
the CTCAE consists of five scales (Table I). In this study,
one radiologist who is a specialist of radiotherapy judged
what CTCAE level of the subject's dermatitis and one nurse
confirmed that throughout the period of this study.

Statistical analysis. All data are expressed as means + standard
deviations and were analyzed using the SPSS version 22.0
software. Results were compared using repeated measures
ANOVA followed by Bonferroni. Comparisons between
the irradiated and contralateral side at the same time-point
were performed using a two-sided paired t-test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 18 patients with breast cancer
who underwent breast-conserving surgery and postmastectomy
radiation therapy were enrolled. The patient characteristics are
shown in Table II. The average age was 56.8+11.7 years, and their
breast cancer stages ranged from IA through IIIB. Moreover, the
laterality of the primary lesion of six patients was right side,
while that of the other 12 patients was left side. In the pathological
classification, one patient was adenocarcinoma, not other speci-
fied, and 11 patients were ductal carcinoma. Women who had
breast-conserving surgery for unifocal invasive ductal adeno-
carcinoma (excluding invasive carcinoma of classical lobular
type) of any grade (1-3) were recruited. Nine patients received
hormone administration, four received chemotherapy, and four
received both hormone administration and chemotherapy.

Changes in parameters during radiation therapy. EI levels at
the irradiated site gradually elevated during radiation therapy
and peaked upon completion thereof, whereas those at the
non-irradiated contralateral site remained unchanged (Fig. 1).
EI levels at the irradiated site returned to baseline six months
after cessation of the radiation therapy and were comparable to
those at the non-irradiated site.

Similar to EI, MI levels at the irradiated site were
elevated during radiation therapy but those at the contralat-
eral non-irradiated site remained unchanged (Fig. 2). Upon
completion of radiation therapy, MI levels at the irradiated
sites were higher than those at the contralateral site (P<0.05).
MI levels at the irradiated site subsequently declined to base-
line six months after radiation therapy.

Fig. 3 shows the changes in HL at the irradiated and nonir-
radiated sites during and after radiation therapy. In contrast to
EI and MI, HL at both sites was at its lowest upon completion
of radiation therapy. HL at the non-irradiated control site recov-
ered to baseline six months after radiation therapy, whereas that
at the irradiated site remained lower than that at the control site.

As shown in Fig. 4,no difference in SST levels was observed
between the irradiated and nonirradiated sites before radiation
therapy. However, SST levels at the irradiated site became
elevated during radiation therapy (P<0.05) and plateaued
even after its cessation, whereas that at the non-irradiated site
remained unchanged throughout the study. Even six months
after radiation therapy, the SST levels were higher at the
irradiated site than at the non-irradiated site (P<0.05).

Comparison between the CTCAE and EI levels. The CTCAE
grades ranged from O to 2 in this study. EI levels ranged from
177 to 333 and from 119 to 283 when the CTCAE was Grade 1
and Grade 2, respectively.

Discussion

Our research revealed the degree of radiodermatitis for
breast cancer patients using novel instrument however this
is a small study. The major findings of the present study
showed that EI and MI levels at the irradiated site peaked
upon completion of radiation therapy and subsequently
declined to baseline after six months. In contrast, SST levels
at the irradiated site increased during radiation therapy and
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Table I. Dermatitis radiation index of CTCAE.

Index Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Dermatitis Faint erythema or Moderate to Moist desquamation Life-threatening Death
radiation dry desquamation brisk erythema; in areas other than consequences; skin

patchy moist skin folds and creases; necrosis or ulceration

desquamation, bleeding induced by of full thickness

mostly confined
to skin folds and
creases; moderate
edema

minor trauma or abrasion

dermis; spontaneous
bleeding from involved
site; skin graft indicated

CTCAE, Common Terminology Ceriteria for Adverse Events.

Table II. Subject characteristics (n=18).

Characteristics Value
Age (years) 56.8+11.7
Disease stage
Stage IA 10
Stage IB 5
Stage 1A 1
Stage 1B 2
Laterality of primary lesions
Right 7
Left 11
Adenocarcinoma, NOS
Ductal 1
Mucinous adenocarcinoma 1
Tubular adenocarcinoma 1
Scirrhous adenocarcinoma 15
Combination therapy
Hormone therapy 9
Chemotherapy 4
Hormone therapy and chemotherapy 4

NOS, not otherwise specified.

plateaued after its completion. The same parameters at the
nonirradiated control site remained unchanged throughout
the study period. Moreover, HL levels at both the irradiated
and nonirradiated sites were at their lowest upon completion
of radiation therapy. HL at the nonirradiated sites returned
to the baseline six months after radiation therapy, whereas
that at the irradiated sites remained low. No relationship was
observed between the CTCAE grade and EI level.

Duration of skin observation and self-care. Radiodermatitis
has been associated with the integumentary system's response
to planned ionizing radiation exposure, which causes depletion
of stem cells from the basal layer of the epidermis (13). More
intense erythema and hyperpigmentation have been shown to
occur after 2-3 weeks of treatment (14,15). The present study
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Figure 1. Erythema index in patients with breast cancer undergoing radiation
therapy (n=18). "P<0.05, “P<0.01. RT, radiation therapy; M, months.
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Figure 2. Melanin levels of patients with breast cancer undergoing radiation
therapy (n=18). "'P<0.05, “P<0.01. RT, radiation therapy; M, months.

investigated changes in skin condition before and six months after
the radiation therapy in patients with breast cancer. According
to the objective assessment tools, SST, MI, and HL remained
impaired six months after cessation of radiation therapy,
although EI levels had already recovered after radiation therapy.
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Figure 3. Hydration level of skin surface in patients with breast cancer
undergoing radiation therapy (n=18)."P<0.05, “P<0.01. RT, radiation therapy;
M, months.
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Figure 4. Skin surface temperature in patients with breast cancer undergoing
radiation therapy (n=18). "P<0.05, “P<0.01. RT, radiation therapy; M, months.

In addition, EI evaluated as CTCAE-Grade 1 overlapped with
that evaluated as CTCAE-Grade 2. These findings suggest that
even when skin erythema could no longer be observed visually,
observation of skin condition should be continued for at least
six months after radiation therapy. Functional changes, such as
those to the sweating ability of the irradiated skin, might persist
longer than readily visible morphological changes.

HL at the irradiated sites was significantly lower than that
at the nonirradiated ones during and after radiation therapy.
This might be related to impaired sweating due to sweat gland
damage after irradiation. It seems reasonable to presume that
basal skin layer damage is involved in prolonged recovery.
This prolonged phenomenon strongly necessitates medical
staff to provide patient education regarding skin hydration and
usage of moisturizers. Moisturizers may facilitate skin fluid
volume recovery, which can be determined by analyzing the
difference between the presence and absence of moisturizer
usage and the frequency of application. In a study evaluating
radiodermatitis caused by accelerated partial breast irradiation
(APBI) using high-dose-rate interstitial brachytherapy, changes

in moisture were less severe and recovery was more rapid
after APBI than after external beam radiation therapy (16).
Accordingly, a difference in the appearance of dermatitis has
been observed based on radiotherapy treatment. In this study,
the subjects did not use moisturizer until after radiodermatitis
occurred. Sekiguchi er al reported that the application of
a heparinoid moisturizer for 2 weeks resulted in lower skin
dryness and desquamation compared to the non-application
thereof (17). Therefore, medical staff should advice their
patients regarding the appropriate timing of moisturizer usage.

Inflammation and preventive strategy. SST levels at the
irradiated sites were significantly higher than those at the
nonirradiated sites six months after radiation therapy. Although
this could have been caused by the inflammatory response
after surgery, it is difficult to confirm the pathogenesis of the
higher SST levels. We emphasize that even when EI levels at
the irradiated site had normalized, inflammatory changes that
needed self-care still persisted.

Incidence rates of dermatitis may be dependent on various
factors. For example, reports have shown that patients with
breast volume >1,600 cm® had more acute skin lesions (18),
while incidence rates of radiodermatitis were correlated with
the planning target volume. To anticipate the risk of adverse
effects, nurses need to communicate with radiologists and
radiological technologists regarding the treatment plan before
radiation therapy. After radiation therapy initiation, instruc-
tions regarding the appropriate underclothing and method
of skin cleaning provided by the nurses might prevent skin
problems. Given that the patients' self-care habits could affect
their skin condition, statements regarding patient self-care
should henceforth be analyzed using objective assessment
tools. Whelan et al reported that adverse effects like radio-
dermatitis and breast pain induced a decline in patient quality
of life (QOL) (19). Thus, using some objective parameters to
help patients understand their skin condition is imperative.
In this study, we used noninvasive instruments to objectively
assess the patients' skin condition objectively. Conversely,
Fuzissaki er al used the Radiation Therapy Oncology Group
and the World Health Organization scale together, whereas
Partl et al employed the application of a new image-analysis
tool (20,21). These methods can help to assess a patient's
skin without inter-observer variability. The assessment tool
in this study has a great benefit for patients to monitor their
skin changes without pain. In addition, patients who experi-
enced stress at the beginning of radiotherapy had the same
or increased levels of stress during and shortly after treat-
ment (22). The assessment of objective parameters might help
patients to maintain or improve their QOL and also provide
them the opportunity to recognize their skin condition.
Significant predictors of distress and emotional upset prior to
radiation therapy included feelings of pessimism, cancer stage,
and history of mastectomy (23). The level of distress among
patients with breast cancer did not significantly vary until six
months post-treatment, but it could span up to 12 months or
more after the initial diagnosis (24). Therefore, we should also
consider the patient's emotional state when providing an expla-
nation regarding their skin condition and methods of self-care.

In conclusion, skin assessment with the instrument used in
this study is useful to assess the details of the skin and explain
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patients regarding the need of good skin self-care. Moreover, we
believe that the combination of CTCAE and objective assessment
tools will enable a more accurate assessment of radiodermatitis.
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