Clinical, Cosmetic and Investigational Dermatology Dove

REVIEW

Overview of the Active Ingredients in Cosmetic
Products for the Care of Skin That Has Been
Exposed to lonizing Radiation — Analysis of Their
Effectiveness in Breast Cancer Radiotherapy

Joanna Kondziotka
Stawomir Wilczynski

Department of Basic Biomedical Science,
Faculty of Pharmaceutical Sciences in
Sosnowiec, Medical University of Silesia,
Katowice, Poland

Correspondence: Stawomir Wilczynski
Email kpnb@sum.edu.pl

Abstract: Treatment that uses ionizing radiation is one of the most common therapeutic
methods in case of breast cancer. However, it often results in radiation dermatitis, which
manifests itself, among others, as erythema, burning, itching and pain as well as dry or moist
desquamation of the epidermis in the irradiated areas. The intensity of these symptoms
significantly reduces the patient’s quality of life, which could affect the effectiveness of the
entire therapy. There are more and more cosmetic preparations on the market for daily care
of skin that has been exposed to radiation. The composition of the active ingredients in these
preparations is designed to support the protective functions of the skin, delay the occurrence
of the side effects of ionizing radiation, reduce their intensity, and accelerate the regeneration
of the irradiated areas. Unfortunately, there is little scientific evidence of the effectiveness of
the active ingredients that are contained in these preparations. This paper presents a narrative
review of the most commonly used ingredients and compares them with the current state of
knowledge on their effectiveness in preventing radiodermatitis.
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Introduction
In 2020 breast cancer was the most commonly diagnosed cancer in the entire population
of patients (ca.11.7%). When only the female population is considered, breast cancer
constitutes ca. 24.5%, which translates into almost 2.3 million new cases per year.'”
Radiotherapy has been very important in the treatment of this disease for many years. It
uses ionizing radiation to destroy cancer cells. Despite its undeniable advantages such as
its high degree of effectiveness, high safety profile and local action, it is accompanied by
various side effects. Over 95% of patients that are exposed to ionizing radiation report
adverse effects such as erythema, edema and dryness of the skin, itching, dry or moist
desquamation, soreness, and, in extreme cases, skin necrosis.” > These symptoms are
known as radiation dermatitis.” This skin inflammation is divided into acute radiation
dermatitis, which appears within the first four weeks of treatment and chronic radiation
dermatitis, which can be observed even years after radiation.®

The pathogenesis of radiodermatitis is a complex process and involves a combina-
tion of direct radiation injuries and inflammatory reaction of epidermis, dermis, and
vasculature. First, tissue damage, which is the beginning of acute radiodermatitis,
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appears during initial dose of ionizing radiation when sec-
ondary electrons and reactive oxygen species (ROS), respon-
sible for cellular structure damage, are formed.” Each
following fraction of radiation increases inflammatory reac-
tion which causes changes in skin pigmentation, hair loss and
damage of dermis, and leads to a disruption of the normal
process of self-renewal of the skin. As a response to higher
doses of radiation, skin starts to produce novel cells by
increasing the rate of mitosis in the basal keratinocyte cell
layer. Because this process is faster than shedding of the old
cells, it leads to thickened and dry desquamation. During
subsequent doses the basal cells are unable to recover and
exudate appears which leads to moist desquamation, broken
epidermis, and pain. Depending on immune function and
degrees of tissue injury, there is an increased risk of infection
in the irradiated area.®

The mechanism of this inflammatory reaction is not yet
completely understood, but keratinocytes, fibroblasts, and
endothelial cells stimulate resident as well as circulating
immune cells, which produce ranks of cytokines and chemo-
kines (eg, interleukin (IL)-1a, IL-1B, tumor necrosis factor
(TNF)-a, TGF- B, IL-6, IL-8, C-C motif chemokine ligand
(CCL)-4, C-X-C motif chemokine ligand (CXCL)-10 and
CCL-2). The presence of these molecules results in upregu-
lation of the expression of adhesion molecules and plays
a very important role in the transendothelial migration of
immune cells from circulation to the irradiated skin.”*®

Chronic radiodermatitis mechanism is based also on
extended inflammatory reaction which starts during initial
dose of ionizing radiation and is prolonged even for
months or years after the last radiotherapy session. In
case of acute effect, the

inflammatory cytokines

responsible for this reaction are IL-6, (TNF)-a, (IL)-1 a,
TGF-  which enhance tissue fibrosis and induce synthesis
of extracellular matrix proteins and metalloproteinases and
form telangiectasia. Accumulation and activation of leu-
cocytes at the irradiated area leads to skin atrophy and
necrosis.”

All radiation dermatitis can significantly reduce a patient’s
quality of life, and its intensification with each subsequent
exposure could be the reason for dose reduction or even
unplanned interruptions of the therapy, which could affect
the effectiveness of the treatment.**'* The intensity of the
reaction depends on many factors such as the total dose and
how it is fractioned, concurrent chemotherapy, the condition of
the skin, and any other comorbidities.'’ The severity of reac-
tions is evaluated using one of two grading systems shown in
Table 1. Depending on the institute, medical staff either use
classification according to the Radiation Therapy Oncology
Group (RTOG) or the Common Terminology Criteria for
Adverse Events (CTCAE). Because of the frequency of the
occurrence of an acute reaction and the consequences that
result from its presence, an effective skin care procedure
during radiation therapy needs to be determined and the effec-
tiveness of the active ingredients in preventing and treating
should be
Multinational Association of Supportive Care in Cancer

radiodermatitis confirmed. According to
(MASCC) there is only a few recommended active
ingredients for skin care during radiotherapy. First of all,
gentle washing with or without mild soap is recommend as
skin care procedure. Positive effect in reducing the maximum
toxicity grade is also observed in case of topical prophylactic
steroids which are also recommended by MASCC as

Table | Comparison of the Scoring of Acute Toxicity in RTOG and CTCAE

RTOG NCI CTCAE v.5.0
Grade 0 Normal skin, no visible symptoms Normal skin, no visible symptoms
Grade | Follicular, faint or dull erythema, Epilation, dry Faint erythema, dry desquamation
desquamation decreased sweating

Grade Il Tender or bright erythema, patchy moist desquamation Moderate to brisk erythema, patchy moist desquamation

confined to skin folds, moderate edema confined to the skin folds and creases, moderate edema
Grade Il Confluent, moist desquamation in areas other than in the Moist desquamation in areas other than in the skin folds and

skin folds, pitting edema - bleeding may occur creases, bleeding induced by minor trauma or abrasion
Grade IV Ulceration, hemorrhage and necrosis Skin necrosis or ulceration of full thickness in the dermis,
spontaneous bleeding from involved site

Grade V The intensity of the reaction was not determined Death

Note: Data from these studies.*'"'?
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prophylaxis. Additionally, silver sulfadiazine cream could be
used as a treatment to reduce intensity of radiodermatitis."®
Currently, many preparations are available on the mar-
ket, whose manufacturers declare that they are effective in
soothing or preventing inflammation and protecting skin
that has been exposed to ionizing radiation. Some of these
are medicinal products such as over-the-counter drugs
(OTC), but the main and most common group is cosmetic
preparations or so-called dermocosmetics, which include
skin care creams and balms, as well as mouthwashes, gels
and ointments. Owing to their carefully selected composi-
tions, these products are designed to improve skin hydra-
tion and lubrication by rebuilding the hydrolipidic film,
regenerating the epidermis, to neutralize the effects of free
radicals and to support the protective functions of the skin.
Their action is based on a wide variety of active ingredi-
ents such as hyaluronic acid, allantoin, panthenol (provi-
tamin BY),
macadamia), and plant extracts (chamomile, oats, pot mar-

ectoine, natural oils (linseed, argan,
igold). In addition to the main active ingredients, these
cosmetics differ significantly in their base, and, as a result,
there are water-in-oil or oil-in-water emulsions, petrola-

tum-based ointments or cream gels.

Materials and Methods

In order to analyze the effectiveness of the active ingre-
dients in reducing the intensity of radiation dermatitis, the
research was conducted in the electronic database
PubMed, which was searched for articles that were pub-
lished between 1991 and 2020. The search was conducted
up to July 5, 2021. The language of the articles was
limited to English and the databases that were used sup-
plied the appropriate filters. The following keywords were
searched in various conjunctions to optimize the search
results in accordance with the topic of this article: radia-
tion dermatitis, breast cancer, hyaluronic acid, panthenol,
Aloe Vera, Calendula officinalis, prevention. All articles
that were cited in this narrative review were also screened
in order to identify other potential studies in their refer-
ence lists. Once again only English articles were reviewed.

Results

During the online search, the articles were screened by
their titles and abstracts. A total of 31 articles were con-
sidered to be relevant and were selected for full-text read-
ing. A scan of literature and citations of the included
studies yielded 17 more articles for full-text reading.
Among the 48 papers that were considered for the present

review, ten did not have any relevant data for the planned
narrative review and were excluded. For the remaining 38
articles, among which were reviews, case studies, rando-
mized controlled trials, contents were evaluated and
selected for data analysis. A summary of this analysis,
including name of the active ingredient, type of test and
reference products, name of the investigator conducting
the study, size of the test group and the result of the study,
is shown in Table 2.

Discussion
Hyaluronic Acid

One of the most common ingredients that is used in irradiated
skin care products is hyaluronic acid, which is a natural
biopolymer from the family of glycosaminoglycans that are
found in many tissues, which accelerates wound healing by
affecting the development of fibroblasts and fibrin.'*
Because of these properties, it has been subjected to several
clinical trials that were designed to prove its importance in
the skin care preparations that are used during radiation
therapy. An analysis of literature data did not unequivocally
confirm the effectiveness of hyaluronic acid in preventing
radiation dermatitis. A study published in 1997 by Liguori
et al showed that a preparation containing 0.2% sodium
hyaluronate significantly delayed the occurrence of the first
signs of radiodermatitis and also reduced its intensity com-
pared to the placebo (p <0.01). The most significant differ-
ences in severity of skin reaction scores (scale created for the
purpose of the study) between hyaluronic acid and placebo
were noticed from week 3 (score > 1: hyaluronic a. = 4.4% vs
placebo = 31.3%) until week 7 (score > 1: hyaluronic a. =
20.4% vs placebo = 44.5%). A shorter healing time of irri-
tated skin after the therapy was also observed in a group of
patients who were using a preparation containing hyaluronic
acid.'” However, research that was conducted by Kirova et al
from 2005-2008 showed that there was no significant differ-
ence in alleviating the symptoms of negative effects of ioniz-
ing radiation between the 0.2% sodium hyaluronate
preparation tested by Liguori’s team and a simple emollient
containing 2% urea and 9.5% glycerol. However, in the
group of patients that were using the preparation with hya-
luronic acid, there was a decrease in the level pain sensation
(hyaluronic a. +7.0 vs emollient +13,7; p = 0.053) and less
erythema in the irradiated area (the relative reduction of
colorimetric value: hyaluronic a. = 20.4%, emollient =
13.0%; p = 0.46) compared to the control group, although it
should be noted that other studies have not confirmed the
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effectiveness of hyaluronic acid in the care of skin that
has been exposed to ionizing radiation.'® A study by Pinnix
et al showed that significantly better results, and thus less
severe radiodermatitis, were observed in patients who were
using the petrolatum-based gel compared to the hyaluronic
acid-based gel (= Grade 2 according CTCAE v.3: hyaluronic
a. = 61.5%, petrolatum gel = 47.7%; p = 0.027)."”

D-Panthenol

The second most frequent active ingredient in the com-
mercially available skin care preparations that are used
during radiotherapy is D-panthenol or provitamin BS5. It
is a polyhydroxy alcohol that is present in the skin, hair
and nails, and plays an important role in the metabolic
processes of proteins, carbohydrates, and fats. It partici-
pates in tissue regeneration and accelerates wound healing.
When applied to the skin, it soothes irritation and redness
and also improves the lipid barrier of the epidermis, which
is why it is often used in cosmetics for irritated skin and
after-sun lotions.'® A study by Lekkevik et al that was
conducted in a group of 86 patients showed that the
application of a cream containing 5% d-panthenol to skin
that had been subjected to radiotherapy significantly
reduced epidermal peeling (p = 0.027), but if only grades
3 and 4 are considered — no significant difference
was found (p = 0.83). However, an overall assessment
did not reveal any significant differences in skin condition
compared to the areas to which no care product had been
applied." Another study was conducted by Censabella
et al to compare the effectiveness of a hydroactive colloi-
dal gel containing arginine versus two historical
groups using cream with 5% d-panthenol in preventing
moist desquamation after radiotherapy. The first historical
group applied cream for the duration of radiotherapy,
the second group applied cream with d-panthenol during
the first 11-14 days of radiotherapy, than replaced it with
hydroactive colloidal gel. The test results proved that the
product with d-panthenol exhibited weaker effects in the
tested range (incidents of moist desquamation: hydroactive
colloidal gel = 6.9%, first historical group (d-panthenol) =
35.1%, second historical group (d-panthenol and hydroac-
tive colloidal gel) = 12.6%; p < 0.0001). In addition, the
gel had an advantage in terms of its functional aspects
such as quick absorption without leaving an adhesive
layer, a cooling effect and less skin irritation during
application.'® In the absence of sufficient evidence for
the effectiveness of provitamin BS5, this component is not
Association of

recommended by the Multinational

Supportive Care of Cancer (MASCC).'? Nevertheless, it
is still one of the most common ingredients in the dis-
cussed products that are available on the market.

Allantoin

Allantoin is another common ingredient that is used in
preparations recommended for the care of skin that has
been exposed to ionizing radiation. It is a heterocyclic urea
derivative that has soothing, protecting, skin conditioning
and moisturizing effects in cosmetic products and also
affects skin regeneration by stimulating cell reconstruction
and acting as anti-inflammatory.>?! In this case, there is
also insufficient evidence that this component has
a positive effect on minimizing radiation dermatitis. The
aim of the research that was conducted by Chan et al at the
turn of 2012 and 2013, was to compare the effectiveness of
an emulsion containing natural oils and allantoin with
a reference cream in preventing and treating radiation-
induced skin inflammation. Patients who received aqueous
cream had significantly higher average level of worse pain
(p < 0.05) and itching (p = 0.046) up to the third week.
However, the obtained results showed that there were no
significant differences between the tested preparations in
reducing pain or itching at other weeks. Similar relation
was noticed in case of skin toxicity analysis. Patients from
allantoin-cream group had significantly lower average
level of skin toxicity (CTCAE) at week three (p < 0.05)
but at week seven, eight, and nine, level of skin toxicity
was statistically higher in this group (p < 0.001). Despite
the initial similar or even better results, it finally turned out
that the allantoin-containing cream was much less effec-
tive in relieving inflammation symptoms after six weeks of
radiation and after the radiotherapy had been completed.?

Extract of Pot Marigold (Calendula
officinalis L.)

Among the natural active ingredients that are used in
preparations for skin care after radiotherapy, there is also
pot marigold (Calendula officinalis L.). The raw material
that is obtained from its flowers is rich in essential oils,
flavonoids, triterpene alcohols, phenolic acids, saponins,
carotenoids, and sterols. This extract has moisturizing and
anti-inflammatory effects, which is why it is recommended
for cosmetics for dry, irritated, and sensitive skin.
However, its widest application is to accelerate wound
healing and epidermal reconstruction. Research that was
conducted by Patrick et al in 1996 proved that the
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flavonoids that are contained in the extract stimulate the
process of hyaluronan deposition and accelerate the for-
mation of blood vessels, which would confirm the theory
of its effect on wound healing.>® Research conducted by
Pommier et al in a group of 254 patients confirmed that an
ointment containing the marigold extract reduced the num-
ber of cases of grade 2 and 3 dermatitis (occurrence of
acute dermatitis: calendula = 41%, trolamine = 63%, p =
0.001) and significantly reduced the pain sensation in this
group of patients compared to the group that was using
a trolamine cream (pain evaluated on visual analog scale
(VAS): calendula = 1.54, trolamine = 2.10, p = 0.03). The
largest differences were observed in problem areas such as
skin folds, armpits, and thin skin.>*** Another study that
compared the effectiveness of a cream with marigold with
a reference cream was conducted by Sharp et al in 2013.
The results that were obtained confirmed that there were
no significant differences between the tested products (>
grade 2 according RTOG/EORTC scale during follow-up
visit: calendula: 23%, reference cream: 19%) and, what is
more, the marigold cream was rated worse in terms of its
application (p < 0.001) and absorption (p < 0.001).>2¢
Promising results were obtained by Schneider et al during
evaluation in a group of 51 patients with head and neck
cancer — efficacy of Calendula Officinalis cream with 4%
Calendula oil versus Essential Fatty Acid cream (EFA)
with The
a statistically significant difference between the occurrence

sunflower oil. obtained results showed

of grade 2 and 3 (RTOG) reactions in the studied groups
22.22%, EFA =
42.86%).%” However, in reference to the research that has

(week 7, > grade 2: calendula =

been conducted to date, this component has not been
recommended by the Multinational Association of

Supportive Care of Cancer (MASCC)."?

Aloe Vera L. Gel

The results of the effectiveness of a very common ingre-
dient, namely aloe vera gel, in the care of radiation-
damaged skin may seem surprising. Aloe vera gel, which
mainly contains polysaccharides, is one of the more pop-
ular soothing ingredients used in cosmetics. Because of its
antibacterial, antiviral, anti-ulcer, and antioxidant effects,
it is also used in many specialized preparations that are
designed to treat skin problems and wounds, including
burns.*** The healing effect of aloe vera gel was con-
firmed by Somboonwong et al in a study in rats that was
conducted in 2000. After the results were analyzed, it was
found that the wound-healing process was significantly

faster in the group of animals treated with the aloe vera
gel than in the control group.?®*° Nevertheless, a number
of studies have not proven the effectiveness of this raw
material in preventing and treating radiation dermatitis.>'~
34 Research conducted by Heggie et al in a group of 225
patients confirmed that Aqueous cream was significantly
better in reducing dry desquamation and pain than Aloe
vera gel (dry desquamation > 1%: Aloe vera = 70%,
aqueous cream = 41%, p < 0.001; cumulative probability
of > grade 2 of pain: Aloe vera = 26%, aqueous cream =
17%, p = 0.03).*> Moreover, according to a study con-
ducted by Hoopfer et al, compared to dusting powder, the
cream containing aloe vera gel and the placebo, which was
the base of the tested cream, it was found that there was an
increase in radiodermatitis for both emulsions compared to
the third group of patients who were using the dusting
powder.>* However, it should be taken into account that in
this case the base itself could have had a crucial impact on
the final results of the effectiveness of these creams.

Extract of Chamomile (Chamomile

recutita)
Chamomile is a medical plant common because of its anti-
inflammatory properties and effectiveness against candida
and gram-positive organism. It contains many substances
among which bisaboloids, flavonoids, levomenthol, and
chamazulene.*> Because of its anti-inflammatory proper-
ties, chamomile was considered as treatment during radio-
therapy. A study conducted by Maiche et al on a group of
48 women with breast cancer confirmed that there was no
statistically significant difference between chamomile
cream and almond ointment, however most of the skin
reactions appeared later in case of chamomile cream.’”
During another clinical trial, conducted by Ferreira et al,
chamomile gel containing 8.35% chamomile (Chamomile
Recutita), was compared with urea cream. No statistical
difference was observed in case of the delay in the devel-
opment of grade 1 (p = 0.67) and grade 2 (p = 0.17)
radiodermatitis. However the figures showed that gel
with chamomile might be helpful in delaying or reducing
itching, sensation  or

burning development  of

hyperpigmentation.*®

Silymarin (Silybum marianum L.)

In 2016-2018, Karbasforooshan et al conducted a trial to
prove effectiveness of an extract from milk thistle
(Silybum marianum L.), which is well-known because of
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its liver protecting properties. During the research, a 1%
silymarin gel that was applied once a day was evaluated.
The obtained results indicated a statistically significant
difference in the frequency and severity of radiodermatitis
based on the RTOG and NCI-CTCAE scores. In the fifth
week, 100% of patients in silymarin group developed
grade 1, while in the placebo group also grades 2 and 3
were reported (grade 1 = 55%, grade 2 = 40%, grade 3 =
5%). Although the results showed that this active ingredi-
ent reduced the grade of acute radiodermatitis and delayed
its occurrence, the group included only 50 patients and
therefore a larger clinical study is required to confirm these
initial results.®’

Extract of Black Cumin (Nigella sativa L.)
Additionally, there was a clinical trial with another plant
extract — Nigella Sativa L. in 2018. This medicinal plant,
which is commonly known as black cumin, has been used
as a remedy for many ailments such as headache, fever,
inflammation, cough or metabolic disorders. The oil from
black cumin has been used in the form of ointment for
treating wounds and skin irritations or inflammation. For
their research, Rafati et al used a gel with a Nigella sativa
extract. The obtained results showed that this active ingre-
dient was more effective than a placebo gel in preventing
acute radiation dermatitis (skin toxicity by RTOG/EORTC,
p < 0.05 for all weeks of study, except the second week,
where p = 0.36). There was a significant difference
between the N. sativa gel and the placebo for the severity
of moist desquamation at weeks five and six (p = 0.01) as
well as in the time in which the related symptoms
appeared (time of occurrence of moist desquamation:
N. sativa = 37 days, placebo = 33 days, p = 0.01; time
of the incidents of skin toxicity RTOG/EORTC grade 2:
N. sativa = 35 days, placebo = 29 days, p = 0.00).
Moreover, for this research, the group of patients was
also small and therefore a larger study is required to
confirm the initial results and effectiveness of N. sativa
in preventing radiodermatitis.>®

Conclusion
There are many products on the market for the care of skin
that has been exposed to ionizing radiation. These are
primarily cosmetics that include common active ingredi-
ents. According to the literature review, only a few of them
have undergone clinical trials (Table 2), thus there is no
scientific evidence for their effectiveness in preventing
The MASCC guidelines

radiation dermatitis. only

recommend topical steroids, silver sulfadiazine and care
that is based on gentle washing using a mild soap for
preventing radiodermatitis. For the hyaluronic acid, sucral-
fate and petrolatum-based ointments, there is insufficient
evidence of their effectiveness, but there is no reason to
completely remove them from further research.'?
However, it should be noted that in most studies which
aimed to confirm the effectiveness of a given active sub-
stance in delaying, minimizing and assisting in the treat-
ment of the side effects of radiotherapy, a preparation with
a completely different composition, not a placebo, was
used for the comparisons. This may have affected the
observed differences between the products and the final
results, because various bases affect the skin and its hydra-
tion, lipid barrier or absorption of active ingredients
differently.'®* At the same time, it should be noted that
the analysis of the effectiveness of the preparations that are
used in the care of radiation-damaged skin is only prova-
ble using qualitative methods. This limits the unambiguous
and independent assessment of the clinical usefulness of
individual ingredients or preparations of a researcher.
Therefore, it is first necessary to develop a methodology
for the quantitative assessment of the skin during the
course of radiation therapy using skin measurement. All
of the previously-mentioned methods have been used in
dermatological distribution and concentration of chromo-
phores such as melanin and hemoglobin in the skin.***!
Thermographic analysis allows to determine the tempera-
ture gradient of irradiated areas and intact skin. This para-
meter, together with information on the number of
chromophores in a given area, can be used to determine the
severity of skin inflammation. At the same time, taking into
account the number of cases of breast cancer per year and the
frequency of the side effects of radiotherapy, research should
be continued to identify preparations that are effective for
irradiated skin care. To improve the quality of life of treated
patients, these products should delay the occurrence of side
effects, minimize them, and accelerate recovery. The appli-
cation itself and the form of the preparation also play a very
important role, because even when a very effective prepara-
tion is administered in the form of a hard-to-spread cream or
ointment, it can intensify the pain of areas that have been
irritated by radiation and will not be used by patients.
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