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ABSTRACT

Radiation-induced skin injury (RSI) refers to a frequently occurring complication of radiation therapy. Nearly
90% of patients having received radiation therapy underwent moderate-to-severe skin reactions, severely
reducing patients' quality of life and adversely affecting their disease treatment. No gold standard has been
formulated for RSls. In the present study, the mechanism of RSI and topical medications was discussed. Besides,

this study can be referenced for clinicians to treat RSIs to guide subsequent clinical medicine.

INTRODUCTION

Radiation therapy can be adopted to effectively
malignant tumors. Radiation not only has a killing
effect on tumor cells but also has a powerful destructive
effect on normal tissue cells in the irradiation field.
During radiotherapy treatment, to a certain extent, a
wide range of radiation doses, various radiation, energy
of the radiation, treatment time of the radiation, and
course of treatment overall affected the patient. Patients
having undergone radiotherapy may develop different
skin damage as impacted by their different ages,
physical conditions, skin types, as well as location and
duration of exposure. Numerous advanced radiotherapy
technologies for tumors have developed rapidly and
been progressively applied in clinics. Despite the
increasing accuracy of radiation therapy, normal tissues
are still unavoidably exposed. The main causes of RSI
include nuclear radiation accidents, tumor radiotherapy,
and occupational exposure. In tumor radiotherapy, the

incidence of RSIs has also been gradually elevated, and
nearly 85%-95% of tumor patients have developed
different degrees of skin damage attributed to
radiotherapy. Accordingly, the quality of life is
seriously deteriorated, and huge psychological and
economic pressure is exerted on the patient, while
radiotherapy, and thus, the treatment are interrupted [1,
2]. On the whole, RSIs consist of two types, i.e., acute
and chronic. Acute RSIs involve dry and wet
desquamation, skin necrosis, ulcers, as well as bleeding
[3]. Chronic RSIs cover chronic ulcers, radiation-
induced keratosis, telangiectasias, fibrosis, as well as
skin cancer [4]. Compared with skin damage that is
attributed to other factors, RSI is characterized by
incubation period, timeliness, potentiality, progress and
persistence. Unlike ordinary burns and ulcers, radiation
directly damages the skin as well as its deep tissue cells,
causing dryness, loss of elasticity, pigmentation, soft
tissue fibrosis, capillary dilatation, and radiation
dermatitis in irradiated areas. Moreover, it irreversibly
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damages microvascular and small blood vessel
endothelial cells in skin tissue. As a result, patients’
damaged skin does not heal for a long time, and it
exhibits susceptibility to infection. The lesion
eventually develops into fibrosis of the skin tissue and
even becomes cancerous, significantly deteriorating
patients” quality of life. Numerous existing
medicaments and dressings worldwide are available to
prevent and treat radioactive skin damage (e.g.,
corticosteroids, hyaluronic acid, triethanolamine,
sucralfate cream, aloe, calendula cream, as well as
water-based cream). The conclusions of various studies
often appear to contradict each other and lack
universality for the lack of high-quality large-sample
studies and uniform assessment standards. Clinically,
the prevention and management of RSI is commonly
based on personal experience, without scientific
evidence [5].

Pathophysiology and mechanism
Fibrosis

The pathophysiological variations in RSI consist of
erythema and desquamation that occur shortly, as well
as chronic skin atrophy, ulcers, telangiectasias and
fibrosis [6, 7]. Progressive endometritis occurs for
gradual occlusion of the microvasculature and hypoxia
attributed to fibrosis. The wound healing in the
illuminated area is limited as impacted by the disruption
of the natural process of overlapping wound healing [8].
Radiation fibrosis refers to a harmful chronic disease
that appears weeks to years after radiation [8]. Despite
the rapid development of radiation therapy technology,
radiation fibrosis is an irreversible procedure that
significantly impairs the progress of radiation therapy
and reduces the quality of life of patients [9]. Pandya et
al. [10] tested specimens from 27 patients with oral
squamous cell carcinoma who underwent radiation
therapy for the jaw and neck. They reported significant
tissue atrophy and atypical hyperplasia, increased
fibrous exudative necrosis, thickened blood vessel
walls, as well as dilated oropharynx of the salivary
glands. Moreover, for the same patients, dense fibrosis
with thick fibers was commonly identified in post-
radiation tissues. It was inferred that similar findings
elsewhere were due to increased tissue fibrosis and
hypoxia for microvascular damage. Glands in the
dermis were similarly damaged. The mentioned
findings again confirmed the characteristics of
microvascular thrombosis and tissue fibrosis of the final
ulcer attributed to skin variations after radiation [11].
Radiation fibrosis is a sophisticated reaction that
involves multiple stages. It consists of inflammation,
proliferation and remodeling. It is an abnormal wound
healing process attributed to the imbalance of

proinflammatory and profibrotic cytokines [12].
Increased connective tissue causes fibrosis and leads to
organ dysfunction [13]. Fibroblast-derived
myofibroblasts critically impact fibrosis development
by continuously synthesizing ECM and secreting type |
collagen and a-smooth muscle actin [14]. Facilitated
synthesis and deposition of ECM and accumulation of
fibroblasts are considered the characteristics of skin
fibrosis. Several mechanisms are involved in skin
fibrosis, including fibroblast differentiation [15],
epithelial-to-mesenchymal transition (EMT), [16] and
leukocyte recruitment [11].

Tissue damage repair and subsequent fibrosis involve
multiple molecules and signaling pathways (e.g.,
transforming growth factor (TGF)-B, and Wnt/B-
catenin) [17, 18]. TGF-p acts as a clear fibrosis driver.
Radiation-induced TGF-f is expressed in skin tissue in
a radiation dose-dependent manner [19]. TGF-B is
combined with its receptor to form a trimeric complex,
causing tissue fibrosis [20]. The TGF-B/Smad pathway
is a significant signaling pathway involved in skin
fibrosis. Activated Smad protein leads to the nucleus
translocation, activates specific transcription, and
triggers fibrosis in the nucleus [21]. Activated TGF-p
regulates fibrotic target genes by phosphorylating
Smad2/Smad3 proteins. The TGF-B signaling pathway
has acted as a therapeutic target for radiation fibrosis
[22]. lonizing radiation is exerted on skin cells to cause
apoptosis and generate free radicals and reactive oxygen
species, primarily causing skin damage. The Wnt/B-
catenin signaling pathway is vital to the physiological
processes of early embryonic development, organ
formation, and tissue regeneration in animals. Mutations
in vital proteins in this signaling pathway can cause
abnormal signal transduction, causing abnormal
development or tissue regeneration [23]. A schematic is
presented in Figure 1.

Changes of skin lipid metabolism

Skin fat represents the main building block of human
skin. Skin lipids have a radioprotective role. Radiation
modulates skin lipid metabolism by downregulating
multiple pathways. It also reduces the amount of skin
fat and variations in lipid metabolism. Mature
adipocytes promote the migration of co-cultured
keratinocytes and fibroblasts, but do not promote their
proliferation. Fatty acid-binding protein 4 can be
incorporated into skin cells and promote the repair of
DNA damage in irradiated skin fibroblasts. Radiation
induces skin lipid remodeling, and skin fat cells have
protective effects on radiation-induced skin damage
[24]. Radiation-induced skin damage is depicted by a
chronic inflammatory state and an increase in ROS
synthesis. lonizing radiation facilitates the synthesis of
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reactive nitrogen and oxygen species (RNS/ROS) for
the radiolysis of water [25]. The mentioned reaction can
induce oxidative damage and cytotoxicity, thereby
causing acute or chronic skin damage. The use of
antioxidants can reduce the damage attributed to
radiation [26]. For instance, superoxide dismutase and
its mimetics reduce ROS levels and RSI. Rare is known
regarding the underlying mechanisms by which
radiation generates and amplifies ROS. Nitric oxide
(NO) is critical to the homeostasis of the functioning of
the skin and has become the target of treatment for
specific skin diseases [27]. In mammals, NO is
synthesized by L-arginine, NADPH, as well as NO
synthase (NOS) in oxygen. NOS isoforms are identified
in the skin, and 5,6,7,8-tetrahydrobiopterin (BH4) acts
as an important cofactor for NOS [28]. ROS synthesis
may hinder the use of BH4 for the oxidation of BH4 to
dihydrobiopterin (BH2). Accordingly, uncoupling of
NOS may be caused, and the synthesis of oxidative
superoxide radicals can be facilitated [29]. The
inhibition of GCHL1 in vivo increases oxidative stress
and down-regulates the white blood cell count after
radiation [30]. Radiation destroys BH4, thereby
enhancing the ROS cascade response. GCH1 revives

BH4 levels and ROS synthesis [31].
5,
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Apoptosis

lonizing radiation is capable of affecting G2- and M-
phase cells in the cell cycle, thereby causing apoptosis
and impaired cell proliferation and migration; as a
result, an overall cell depletion is caused. lonizing
radiation can damage collagen structures. Cell
proliferation is suppressed in irradiated wounds.
Increased matrix metalloproteinases (MMPs) that are
not counteracted by tissue inhibitors of MMPs (TIMP)
cause abnormal degradation of ECM. Under decreased
angiogenesis and increased transforming growth factor-
B (TGF-B) levels, blood wvessels show variations,
causing increased endothelial fibrosis; subsequent
occlusion of the vascular lumen causes tissue hypoxia.
The low expression level of apoptosis-inhibiting gene
Ras and the over-expression of apoptosis-inducing
genes p35 and others attributed to radiation during
radiotherapy causes excessive apoptosis in patients’
bodies; thus, their skin is damaged. Existing studies
reported that considerable radiation is generated during
radiotherapy, and the reactive oxygen species and free
radicals generated by the radiation can seriously
damage the basal cells of the human body. Moreover,
radiation inhibits the basal cell division and migration
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Figure 1. Schematic diagram of related molecular mechanisms that may be involved in RSI.
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of keratinization function, inducing RSI in patients
having received radiotherapy [32]. Moreover, radiation
can lead to high expression levels of p53 and Bax
proteins; it causes apoptosis and necrosis of local tissues
(e.g., vascular endothelial cells, fibroblasts and
epidermal cells); it adversely affects the process of
neovascularization, wound margin contraction, as well
as wound epidermalization [33]. Existing studies
revealed that cytokines are directly or indirectly
involved in radiation-induced damage [34]. IL-10 is
capable of inhibiting the inflammatory response and
reducing the activity of macrophages [34]. Neutrophils
refer to the first cells that intrude the wound site within
minutes after injury. They undergo apoptosis and are
phagocytosed by macrophages 24-48 h after injury. The
mentioned macrophages engulf cell debris and secrete
growth factors that are critical to wound healing.

lonizing radiation boosts the synthesis of reactive
nitrogen and oxygen species (RNS/ROS) as impacted
by the radiolysis of water [25]. The mentioned reaction
causes oxidative damage and cytotoxicity, thereby
causing acute or chronic skin damage. The use of
antioxidants can mitigate the damage attributed to
radiation [26]. For instance, superoxide dismutase and
its mimetics down regulated ROS levels and RSI. The
underlying mechanisms by which radiation generates
and amplifies ROS are rarely known. Nitric oxide (NO)
is critical to the homeostasis of the functioning of the
skin, which has become the target of treatment for
specific skin diseases [27]. In mammals, NO is
synthesized by L-arginine, NADPH and NO synthase
(NOS) in oxygen. NOS isoforms are identified in the
skin, and 5,6,7,8-tetrahydrobiopterin (BH4) acts as a
crucial cofactor for NOS [28]. The ROS synthesis may
reduce the use of BH4 due to the oxidation of BH4 to
dihydrobiopterin (BH2). This may cause uncoupling of
NOS and lead to increased synthesis of oxidative
superoxide radicals [29]. The inhibition of GCH1 in
vivo increases oxidative stress and reduces the white
blood cell count after radiation [30]. Radiation destroys
BH4, thereby increasing the ROS cascade response.
GCHL1 revives BH4 levels and ROS synthesis [31].

Changes of the process of neovascularization

Radiation can also cause a reduction in the expression
levels of angiogenic factors. It up-regulates the
expression levels of proinflammatory cytokines IL-1,
IFN-y, TNF-a, and IL-6, prevents collagen deposition,
and induces TGF-betal expression by
macrophage/stromal cell activation. Elevated levels of
TGF-betal break down collagen and stimulate
microvascular  variations [8]. Neovascularization
requires signaling through the vascular
endothelial growth factor (VEGF) family [35]. VEGF

refers to a marker of neovascularization. After exposure
to 10 Gy irradiation, the synthesis of angiogenic factor
VEGF in the blood of rat tumor carriers was
significantly hindered [36]. Low levels of VEGF after
radiotherapy indicated that targeted VEGF treatment
enhanced vascular repair. Preclinical studies supported
this by showing that irradiated rat bladder administrated
with VEGF resulted in a marked reduction in fibrotic
tissue and enhanced tissue angiogenesis [37]. PIGF
refers to a member of the VEGF family and is involved
primarily in pathological angiogenesis, including cancer.
PIGF helps in wound healing by provoking blood vessel
formation, macrophage recruitment, keratinocyte
migration, and formation of granular tissue [38]. bFGF is
an angiogenic growth factor with the ability to induce
endothelial cell proliferation and migration. It is capable
of expediting the healing of second-degree burn wounds
and improving scar quality [39]. In burns, dermal
components are required for surface resurfacing, and
bFGF enhances wound healing and elevates the number
of skin-derived mesenchymal stem cells in a dose-
dependent manner under serum-free conditions [40]. In
surgery, bFGF is immediately used for skin grafts and
artificial dermal reconstruction after debridement [41].
Early use in local tissue may effectively protect
radiation-damaged cells from cell death [42].

General management

RSI management should start with patient education in
skin care before, after and during radiation treatment
(e.g., skin care, psychological care and diet care).

Skin care

Skin care refers to the cleaning and care of patients’ skin,
capable of effectively preventing wound infections as
well as reducing the physical symptoms of discomfort to
ensure the subsequent treatment of patients. Patient
education should promote personal and wound hygiene,
facilitate comfort, prevent trauma to the damaged skin,
and manage radiation dermatitis. First of all, soft cotton
clothing should be selected for the patient to prevent
large friction to patients’ skin. Applying all kinds of
irritating drugs or cosmetics is strictly prohibited. The
body should not be scrubbed with soap, iodine, etc. Also,
the use of ice or heat should prohibited. The hair in the
exposed area of the body should not be shaved. The skin
in the skin-irradiated area should be kept dry and clean.
Certain basic hygiene habits are beneficial for managing
radiation-induced skin toxicity. Intensive studies have
been conducted on warm soapy water and warm water
washing, which has now been recommended by clinicians
[42]. Reports showed a marked reduction in itching and a
lower RTOG radiation dermatitis score in moderate soap
and water washing compared with no washing [43].
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Psychological care

Overall, patients have different levels of fear before
receiving radiotherapy, which is quite normal. The
nursing staff of the hospital should provide the patient
knowledge regarding radiotherapy, various precautions,
possible adverse reactions of various types in the body,
and also skin care timely. Timely and effective
communication can alleviate patients’ internal stress,
and the patients can have a more relaxed attitude
towards treatment.

Diet care

A high-fat diet increases skin fat and increases
resistance to RSI [24]. It is recommended that patients
increase the amount of high-fat foods during treatment.

Therapy

Methods and possible mechanisms for treating RSI are
showed in Table 1.

Physical therapy

Hyperbaric oxygen therapy (HBOT)

HBOT refers to treatment with 100% oxygen at
pressures above atmospheric pressure [44]. Studies have
shown that the slow wound healing of patients results
from hypoxemia for the fractured surface of the wound
blood vessels. Oxygen therapy on skin lesions of
patients can effectively increase the oxygen supply
function of the skin lesions, reduce the inflammatory
exudation of the wound, and accelerate the drying and
healing of the wounds.

Herbal

Calendula

Calendula exerts antibacterial, anti-inflammatory and
antioxidant effects, and it is capable of promoting
angiogenesis. For this reason, it can repair wounds [45].
Pommier et al. delved into the effect of calendula on
radiation-induced skin damage. Compared with
triethanolamine, calendula significantly lowered the
incidence of dermatitis. Moreover, patients administrated
with calendula had fewer interruptions during radiation
therapy and less radiation-induced pain [46].

Catechins

Catechin is a natural phenolic compound. For its
antioxidant activity, it can heal the skin damage from
UV rays [47]. Epigallocatechin-3-gallate (EGCG) is
the primary component of catechins. Studies have
demonstrated its ability to inhibit radiation-induced
damage to human skin cells and mouse skin [48].

EGCG protects cells from ROS by scavenging
hydroxyl free radicals, superoxide anions, as well as
hydrogen peroxide [49]. It can effectively mitigate
radiation-induced damage. Clinical trials have
confirmed the security of EGCG as well as its
capability to avoid serious RSI. EGCG can
continuously weaken tenderness, itching, pain and
burns [50].

Aloe vera

Aloe vera is considered a natural anti-inflammatory herb
that mitigates radiation-induced skin damage [51].
Traditional Chinese medicine believes that RSI is
primarily attributed to heat poisoning. Hence, heat
treatment and detoxification should be employed as the
major methods in traditional Chinese medicine treatment.
As revealed from the results of traditional Chinese
medicine treatment, evenly applying fresh aloe vera juice
to the affected area daily can effectively mitigate the skin
damage of patients. Aloe vera is not only cheap and
effective, but also easy to use. Despite the mentioned
encouraging properties, aloe vera has not been shown to
decrease serious radiation-induced skin damage [52].
Compared with aqueous lotions in large randomized
controlled trials (RCTS), it is less effective in alleviating
patients' symptoms [52].

Chamomile

Chamomile is derived from a medicinal plant with anti-
inflammatory, antibacterial, and antispasmodic effects
[53]. Despite the mentioned encouraging properties, the
study of Ferreira et al. failed to illustrate the benefits of
chamomile in treating RSI [54].

p-Sitosterol

[B-Sitosterol acts as a vital composition of sesame oil
and beeswax. It is a herbal preparation with analgesic,
antibacterial and anti-inflammatory components [55].
Compared with triethanolamine, it exhibits no major
discrepancy to treat grade 2 and grade 3 dermatitis.
However, the use of B-sitosterol significantly down
regulated the incidence of severe itching and local skin
pain [56].

Topical vitamins

Ascorbic Acid (ASC)

ASC (vitamin C) serves as an antioxidant and scavenges
free radicals. ASC is capable of maintaining the
enzymatic activity in patients' body, enhancing the
tissue function of the biofilm and mitochondria,
removing free radicals from the human body, and
effectively treating the radiation-caused skin damage.
Moreover, ASC can be involved in the normal
metabolism of the human body, helping the body repair
skin epithelial cells [57]. Halperin et al. delved into the
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Table 1. Methods and possible mechanisms for treating RSI.

Treatment References Mechanism
HBOT Bassetto, F., et al. 2019 [44] increase the oxygen supply, reduce the inflammatory
exudation

Calendula Gilca, M., et al. 2018 [45] antibacterial, anti-inflammatory, antioxidant, and
promote angiogenesis

Catechin Scalia, S., et al. 2013 [47] antioxidant

Aloe Vera Surjushe, A., et al. 2008 [51] anti-inflammatory

Chamomile Aggag, M.E., et al. 1972 [53] anti-inflammatory, antibacterial and antispasmodic

jB-Sitosterol Atiyeh, B.S,, etal., 2002 [55] analgesic, antibacterial, and anti-inflammatory

ASC Aubertin, A. 1991 [57] antioxidant

Pantothenic Acid Aubertin, A. 1991 [57] promote epithelial regeneration

HA Liguori, V., et al. 1997 [59] prevent ROS injury

EGF Haubner, F., et al. 2012 [60] induce the proliferation of fibroblasts, epidermal stem
cells, and keratinocytes

GM-CSF Cioffi, W.G,, et al. 1991 [64] lymphokine

PTX Kumar, D., et al. 2018 [66] anti-inflammatory; inhibit the TGF-f expression

Plasma Lee, J., et al. 2019 [69] enhance cell function through AKT signaling

Interleukins Wei, J., etal. 2019 [70] inflammatory

SODs Kumar Soni, S., et al. 2019 [74] endogenous enzymatic antioxidants

Triethanolamine cream
Corticosteroids

Statins Khattri, S., et al. 2013 [80]
Trolamine Coulomb, B., etal. 1997 [83]
Sucralfate Kouloulias, V., et al. 2013 [88]
SSD Shanmugasundaram, N., et al. 2009

Silver Nylon Dressing

Silver-containing foam
dressings with Safetac

Lessmann, H., et al. 2009 [77]
Haruna, F., et al. 2017 [78]

[89]
Niazi, T.M., et al. 2012 [91];

Aquino-Parsons, C., et al. 2010

[92]
Davies, P., etal. 2017 [93]

reduce dryness, inflammation and edema
anti-inflammatory

immunomodulatory, anti-inflammatory, metabolic,
antioxidant and antibacterial

recruit macrophages and stimulate granulation tissue
anti-inflammatory and antibacterial
anti-inflammatory

anti-inflammatory; barrier-enhancing

provide a moist healing environment

Abbreviations: RSI: Radiation-induced skin injury; HBOT: Hyperbaric oxygen therapy; ASC: Ascorbic Acid; PTX: Pentoxifylline;
HA: Hyaluronic Acid; EGF: Epidermal Growth Factor; GM-CSF: Granulocyte Macrophage-Colony Stimulating Factor; SODs:
Superoxide dismutases; SSD: Silver Sulfadiazine

workable shielding part of ASC in radiation therapy.
However, the data failed to indicate any advantage of
ASC in treating skin damage attributed to radiation
therapy [57].

Pantothenic Acid

Pantothenic acid (i.e., vitamin B5) is critical to
metabolism and to maintain skin integrity. The lack
of pantothenic acid can cause dermatitis, while
its excess can promote epithelial regeneration.
The data showed that topical fentanyl cream did not
exert a protective effect on radiation-induced
dermatitis [57].

Endogenous agents

Hyaluronic Acid (HA)

HA is a carbohydrate polymer throughout the
connective tissue. It is a vital component in ECM of the
dermis [58]. A preliminary study using -cultured
fibroblasts showed that topical application of HA
prevented ROS injury attributed to radiation. In one
study, HA significantly decreased the occurrence of
serious skin injuries [59]. However, Pinnix et al.
discovered that the discovered that the area
administrated with oil was better than that administrated
with HA [58].

WWW.aging-us.com 23384

AGING



Biologic preparations

Epidermal Growth Factor (EGF)

EGF is important in inducing the proliferation of
fibroblasts, epidermal stem cells, and keratinocytes
[60]. Reports have demonstrated that platelet,
macrophages, and fibroblasts release EGF in acute
wounds and adjuvant treatments [61]. EGF is capable of
expediting the local healing of diabetic foot ulcers [62].
Kang et al. confirmed that the topical use of EGF down-
regulated the incidence of grade 2 toxicities in patients
with radiotherapy [63].

Granulocyte Macrophage-Colony Stimulating Factor
(GM-CSF)

GM-CSF is a Ilymphokine that facilitates the
chemotacticity of monocytes into tissues, thus
hampering the progress of macrophages. Macrophages
secrete plasminogen activator in the presence of GM-
CSF [64]. Patients administrated with steroids and GM-
CSF had lower radiation dermatitis scores and less pain
compared with those administrated with topical steroids
alone [65].

Pentoxifylline (PTX)

PTX refers to a competitive nonselective
phosphodiesterase inhibitor. For its anti-inflammatory
effect, it has been widely used in skin diseases; it can
repair the radiation-induced damage by inhibiting the
TGF-B expression [66]. Existing studies reported that a
combination of pentoxifylline and alpha-tocopherol
mitigates fibrosis for at least 6 months [67].
Microparticles loaded with pentoxifylline and succinate
D-a-tocopherol act as a novel topical formulation that
locally targets inflammatory cytokines and oxidation
pathways, which are applied to the skin after local laser
ablation [68].

Plasma

Platelet-rich plasma (PRP) can improve the healing of
skin wounds. Lee et al. studied the regeneration
function of PRP by locally irradiating the back skin of
mice. As revealed from the results, PRP enhances cell
function via AKT signaling, thereby facilitating the
regeneration of irradiated skin. The ability of PRP to
promote skin healing is worth conducting clinical
research and application [69].

Interleukins (ILs)

Proinflammatory cytokines are critical to the adverse
effects of early and late ionizing radiation.
Inflammatory bodies are capable of maturing the pro-
inflammatory cytokines (IL-6, IL-18, IL-22, and IL-1p),
as well as exacerbating radiation damage [70-72]. It can
be seen that inhibiting the expression of inflammatory
factors can promote skin repair. However, IL-12 has a

radioprotective effect on radiosensitive systems such as
bone marrow and gastrointestinal tract and it is a
potential mitigator of RIS [73].

Superoxide dismutases (SODs)

SODs are endogenous enzymatic antioxidants that can
act as an indicator to assay radiation-induced skin
damage [74]. Existing studies suggested that oral
administration of SOD-gliadin or SOD/catalase mimetic
can prevent or mitigate radiation-induced skin fibrosis
and injury in mice [75, 76].

Pharmaceuticals

Triethanolamine cream

Triethanolamine cream is a compound preparation with
good hydration. Applying it to the damaged area of the
patients' skin can drains and cleans the area, as well as
effectively reducing patients’ skin dryness, decreasing
body inflammation and edema response, facilitating
patients’ body microcirculation and enhancing skin
tolerance, thereby expediting the healing of the wound
[77].

Corticosteroids

Corticosteroids have anti-inflammatory effects. They
are commonly employed to treat radiation-induced
dermatitis because of its ability to prohibit radiation-
induced cytokine proliferation [3]. Haruna et al. showed
that the use of corticosteroids avoided the occurrence of
wet desquamation and lowered the severity of RSI. The
beneficial role of corticosteroids in preventing RSI has
been verified [78]. Ho et al. demonstrated topical
corticosteroids to be effective to reduce eczema peeling,
reduce the frequency of serious skin toxicity and delay
the occurrence of grade 3 dermatitis [79].

Statins

On the whole, statins are adopted to treat
hypercholesterolemia and prevent heart disease. They
also have immunomodulatory, anti-inflammatory,
metabolic, antioxidant and antibacterial characteristics
[80]. Existing studies reported that statins can improve
skin-related diseases and promote wound healing in
ulcers [81]. Ghasemi et al. divided patients into the
atorvastatin group and the placebo group for analysis,
and the results showed that the reported use of
atorvastatin mitigated primarily radiation-induced breast
swelling, itching and pain [82].

Trolamine

Trolamine is a topical oil-in-water emulsion widely
used to treat RIS in the clinic. Trolamine acts as a
nonsteroidal anti-inflammatory drug by recruiting
macrophages and stimulating granulation tissue [83].
Multiple RCTs reported that triethanolamine in aloe
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vera—, vitamin-, and lipid-based creams or placebos
could treat RD [84, 85]. As demonstrated by Abbas et
al., the incidence of RTOG grade 3 dermatitis was
down-regulated in patients with squamous cell
carcinoma of the head and neck using triethanolamine
emulsions [86]. Moreover, triethanolamine mitigated
patient discomfort compared with (3-sitosterol [56].

Sucralfate

Sucralfate refers to the primary aluminum salt of
sucrose octasulfate and an ordinary anti-ulcer drug
when taken orally. Sucralfate exerts a significant barrier
effect and exhibits anti-inflammatory and antibacterial
properties; it can facilitate angiogenesis as well. Three
studies were conducted to determine the clinical effect
of sucralfate to treat RIS, with mixed results. In clinical
studies, however, sucralfate significantly mitigated the
severity of dermatitis or alleviated the symptoms of
patients [87]. Fortunately, Kouloulias reported the
conducive functions of sucralfate in a small and
nonrandomized study [88].

Metallic ointments and dressings

Silver Sulfadiazine (SSD)

The topical antibacterial agent SSD is used primarily as a
topical cream for serious burns. SSDs have displayed anti-
inflammatory characteristics; they strengthen the barrier to
protect the skin from infections [89]. When employed to
manage RD, the overall RTOG dermatitis grade of SSD
was lower than that of the control group [90].

Silver nylon dressing

Silver nylon dressing is a nonadhesive nanocrystalline
material. It is used clinically as a burn dressing.
However, recent studies showed that nylon silver
dressings helped control skin toxicity attributed to
radiation [91, 92]. Compared with SSD, nylon silver
dressing was superior in reducing the average dermatitis
score and had a better effect. Compared with steroids,
humectants, and SSD, it mitigated itching, pain and
burning [91, 92].

Silver-containing foam dressings with Safetac

Silver-containing foam dressings with Safetac is
considered a transparent dressing that can gently be
adhered to various skin surfaces. It can provide a moist
healing environment for wounds and effectively protect
and repair damaged skin [93], without interfering with
the radiation dose. Several studies exploited this
dressing to achieve good results [94, 95]. However, the
sample size of the mentioned studies was generally
small, the evidence strength was insufficient, and the
credibility was low. For the mentioned reason, the
conclusions were difficult to generalize directly to the
clinic. Some researchers considered that self-adhesive

soft silicone film dressings were not practical and
suitable for all radiotherapy sites. Existing studies on
self-adhesive soft silicone film dressing worldwide
are basically limited to the prevention stage of radiation
dermatitis [95, 96]. Some researchers exploited a
novel type of soft silicone foam dressing to treat
radiation-induced skin injuries and achieved effective
results [97].

Future directions
Stem cells

Studies have reported that stem cells are a promising
way to treat refractory skin damage. Human fetal skin
stem cells (hFSSC) cover considerable stem and
progenitor cells for development, which help treat skin
damage. hFSSC is less antigenic and less likely to be
rejected by transplant recipients [96]. Because of the
mentioned characteristics, hFSSC can promote skin
repair in vivo and is beneficial for skin damage [98].
Because of these characteristics, hFSSC can promote
skin repair in vivo and is beneficial for skin damage
[99]. Fetal skin in the uterus applies to scar-free tissue
repair. Adult skin wounds heal slowly and form scars.
The unique characteristics of hFSSC can promote
scarless repair of wounds [100]. Stem cells can promote
the repair of radiation-induced skin damage. Chao et al.
used adipose-derived stem cells (ADSCs) as seed cells
and HA as a carrier to prepare stem cell complexes to
treat radiation-induced skin damage in rats [101]. Akita
et al. performed a local injection of ADSCs covered
with artificial skin to treat an elderly woman having
developed chronic radiation—induced skin ulcers after
radiotherapy of uterine cancer 40 years ago, achieving
good results [102]. Recent studies identified that
subcutaneous fat also exhibits endocrine functions; it
can secrete various cytokines and participate in
adjusting the biological behavior of epidermal cells and
fibroblasts, thereby facilitating the wound healing
quality [103]. ADSCs can promote the healing of
radioactive skin injuries and provide hope for the
treating radioactive skin injuries [104].

Dermaprazole

Animal studies have shown that dermaprazole can
improve the appearance of irradiated skin and
accelerate wound healing. Histopathological results
confirm that both prophylactic and therapeutic
dermaprazole have anti-inflammatory and anti-fibrotic
effects. Gene expression data indicate that
dermaprazole downregulates some pro-oxidant,
proinflammatory, and fibrotic genes. Esomeprazole's
topical formulations can effectively mitigate skin
inflammation and fibrosis [105].

WWW.aging-us.com 23386

AGING



Subsequent research

Given the mentioned information, bevacizumab as a
novel type of drug to treat radiation brain injury exhibits
a higher overall treatment efficiency, and it may be
more in-depth thinking and exploration in the future.
For instance, some patients may show the recurrence of
edema after being administrated with bevacizumab.
Thus, a question is raised that whether it is effective to
be applied bevacizumab again. If the answer is yes, how
should we grasp its optimal dosage and course of
treatment? The mentioned research can be deepened.

Prognosis

Patients' prognosis will be generally determined by
several factors, primarily based on the degree of
radiation damage of grade 1, 2, 3, or 4 and the
associated comorbidities [8].

CONCLUSIONS

In brief, RSI is a more common radiation therapy
complication. This type of skin protection and care is of
great significance. Generally accepted guidelines for
necrotic tissue management, infection prevention and
treatment, wound exudate management, and re-
assessment of treatment plans based on observation of
wound progress should be conducted to treat full-
thickness wounds resulting from delayed radiation
injury. Patient education should consist of daily skin
and wound care management and topical medications.
More cost-effective protective measures exerting fewer
side effects should be developed to effectively protect
the interests of patients, ensure smooth chemotherapy,
as well as improving the quality of life of patients.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.
FUNDING

Xiaojing Yang is the recipient of a grant from Shanghai
Jiao Tong University Affiliated Sixth People's Hospital
(contract grant number: ynlc201807) and a grant
from Shanghai Municipal Health Commission
(20184Y0229).

REFERENCES

1. Brand RM, Epperly MW, Stottlemyer JM, Skoda EM,

10.

11.

https://doi.org/10.1016/].jid.2016.09.033

PMID:27794421

Nystedt KE, Hill JE, Mitchell AM, Goodwin F, Rowe LA,
Wong FL, Kind AL. The standardization of radiation skin
care in British Columbia: a collaborative approach.
Oncol Nurs Forum. 2005; 32:1199-205.
https://doi.org/10.1188/05.0NF.1199-1205
PMID:16270115

Hymes SR, Strom EA, Fife C. Radiation dermatitis:
clinical presentation, pathophysiology, and treatment
2006. J Am Acad Dermatol. 2006; 54:28-46.
https://doi.org/10.1016/j.jaad.2005.08.054
PMID:16384753

Martin MT, Vulin A, Hendry JH. Human epidermal stem
cells: role in adverse skin reactions and carcinogenesis
from radiation. Mutat Res. 2016; 770:349-68.
https://doi.org/10.1016/j.mrrev.2016.08.004
PMID:27919341

Zhang Y, Zhang S, Shao X. Topical agent therapy for
prevention and treatment of radiodermatitis: a meta-
analysis. Support Care Cancer. 2013; 21:1025-31.
https://doi.org/10.1007/s00520-012-1622-5
PMID:23064885

Chamcheu JC, Siddiqui IA, Syed DN, Adhami VM, Liovic
M, Mukhtar H. Keratin gene mutations in disorders of
human skin and its appendages. Arch Biochem
Biophys. 2011; 508:123-37.
https://doi.org/10.1016/j.abb.2010.12.019
PMID:21176769

Jaschke W, Schmuth M, Trianni A, Bartal G. Radiation-
induced skin injuries to patients: what the
interventional radiologist needs to know. Cardiovasc
Intervent Radiol. 2017; 40:1131-40.
https://doi.org/10.1007/s00270-017-1674-5
PMID:28497187

Manna B, Cooper JS. Radiation Therapy Induced Skin
Ulcer. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; 2020.
PMID: 29939541

Ryan JL. lonizing radiation: the good, the bad, and the
ugly. J Invest Dermatol. 2012; 132:985-93.
https://doi.org/10.1038/jid.2011.411 PMID:22217743

Pandya JA, Srikant N, Boaz K, Manaktala N, Kapila SN,
Yinti SR. Post-radiation changes in oral tissues - an
analysis of cancer irradiation cases. South Asian J
Cancer. 2014; 3:159-62.

PMID:25136522

Kryczka J, Boncela J. Leukocytes: the double-edged

Gao X, Li S, Huqg S, Wipf P, Kagan VE, Greenberger JS, sword in fibrosis. Mediators Inflamm. 2015;
Falo LD Jr. A topical mitochondria-targeted redox- 2015:652035.
cycling nitroxide mitigates oxidative stress-induced skin https://doi.org/10.1155/2015/652035
damage. J Invest Dermatol. 2017; 137:576-86. PMID:26568664
WWww.aging-us.com 23387 AGING


https://doi.org/10.1016/j.jid.2016.09.033
https://pubmed.ncbi.nlm.nih.gov/27794421
https://doi.org/10.1188/05.ONF.1199-1205
https://pubmed.ncbi.nlm.nih.gov/16270115
https://doi.org/10.1016/j.jaad.2005.08.054
https://pubmed.ncbi.nlm.nih.gov/16384753
https://doi.org/10.1016/j.mrrev.2016.08.004
https://pubmed.ncbi.nlm.nih.gov/27919341
https://doi.org/10.1007/s00520-012-1622-5
https://pubmed.ncbi.nlm.nih.gov/23064885
https://doi.org/10.1016/j.abb.2010.12.019
https://pubmed.ncbi.nlm.nih.gov/21176769
https://doi.org/10.1007/s00270-017-1674-5
https://pubmed.ncbi.nlm.nih.gov/28497187
https://pubmed.ncbi.nlm.nih.gov/29939541/
https://doi.org/10.1038/jid.2011.411
https://pubmed.ncbi.nlm.nih.gov/22217743
https://pubmed.ncbi.nlm.nih.gov/25136522
https://doi.org/10.1155/2015/652035
https://pubmed.ncbi.nlm.nih.gov/26568664

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Spatek M. Chronic radiation-induced dermatitis:
challenges and solutions. Clin Cosmet Investig
Dermatol. 2016; 9:473-82.

https://doi.org/10.2147/CCID.S94320 PMID:28003769

Mancini ML, Sonis ST. Mechanisms of cellular fibrosis
associated with cancer regimen-related toxicities.
Front Pharmacol. 2014, 5:51.
https://doi.org/10.3389/fphar.2014.00051
PMID:24734020

Almendral JM, Sommer D, Macdonald-Bravo H,
Burckhardt J, Perera J, Bravo R. Complexity of the early
genetic response to growth factors in mouse
fibroblasts. Mol Cell Biol. 1988; 8:2140—48.
https://doi.org/10.1128/mcb.8.5.2140 PMID:2898731

Darby IA, Hewitson TD. Fibroblast differentiation in
wound healing and fibrosis. Int Rev Cytol. 2007;
257:143-79.
https://doi.org/10.1016/S0074-7696(07)57004-X
PMID:17280897

Guarino M, Tosoni A, Nebuloni M. Direct contribution
of epithelium to organ fibrosis: epithelial-mesenchymal
transition. Hum Pathol. 2009; 40:1365-76.
https://doi.org/10.1016/j.humpath.2009.02.020
PMID:19695676

Borthwick LA, Wynn TA, Fisher AJ. Cytokine mediated
tissue fibrosis. Biochim Biophys Acta. 2013;
1832:1049-60.
https://doi.org/10.1016/j.bbadis.2012.09.014
PMID:23046809

Wynn TA, Ramalingam TR. Mechanisms of fibrosis:
therapeutic translation for fibrotic disease. Nat Med.
2012; 18:1028-40.

https://doi.org/10.1038/nm.2807 PMID:22772564

Gallet P, Phulpin B, Merlin JL, Leroux A, Bravetti P,
Mecellem H, Tran N, Dolivet G. Long-term alterations
of cytokines and growth factors expression in
irradiated tissues and relation with histological severity
scoring. PLoS One. 2011; 6:€29399.
https://doi.org/10.1371/journal.pone.0029399
PMID:22216271

Yano H, Hamanaka R, Nakamura-Ota M, Zhang lJ,
Matsuo N, Yoshioka H. Regulation of type | collagen
expression by microRNA-29 following ionizing
radiation. Radiat Environ Biophys. 2018; 57:41-54.
https://doi.org/10.1007/s00411-017-0723-4
PMID:29230533

LuJ, Zhong, Lin Z, Lin X, Chen Z, Wu X, Wang N, Zhang
H, Huang S, Zhu Y, Wang Y, Lin S. Baicalin alleviates
radiation-induced epithelial-mesenchymal transition of
primary type Il alveolar epithelial cells via TGF-f and
ERK/GSK3p signaling pathways. Biomed Pharmacother.
2017; 95:1219-24.

22.

23.

24,

25.

26.

27.

28.

29.

30.

https://doi.org/10.1016/j.biopha.2017.09.037
PMID:28931214

Horton JA, Li F, Chung EJ, Hudak K, White A, Krausz K,
Gonzalez F, Citrin D. Quercetin inhibits radiation-
induced skin fibrosis. Radiat Res. 2013; 180:205-15.
https://doi.org/10.1667/RR3237.1 PMID:23819596

Ma L, Wang X, Jia T, Wei W, Chua MS, So S. Tankyrase
inhibitors attenuate Wnt/B-catenin signaling and
inhibit growth of hepatocellular carcinoma cells.
Oncotarget. 2015; 6:25390-401.
https://doi.org/10.18632/oncotarget.4455
PMID:26246473

XiaoY, Mo W, JiaH, Yu D, Qiu Y, Jiao Y, Zhu W, Koide H,
Cao J, Zhang S. lonizing radiation induces cutaneous
lipid remolding and skin adipocytes confer protection
against radiation-induced skin injury. J Dermatol Sci.
2020; 97:152-60.
https://doi.org/10.1016/.jdermsci.2020.01.009
PMID:32001116

Spitz DR, Azzam El, Li JJ, Gius D. Metabolic
oxidation/reduction reactions and cellular responses to
ionizing radiation: a unifying concept in stress response
biology. Cancer Metastasis Rev. 2004; 23:311-22.
https://doi.org/10.1023/B:CANC.0000031769.14728.bc
PMID:15197331

Kodiyan J, Amber KT. Topical antioxidants in
radiodermatitis: a clinical review. Int J Palliat Nurs.
2015; 21:446-52.
https://doi.org/10.12968/ijpn.2015.21.9.446
PMID:26412275

Cals-Grierson MM, Ormerod AD. Nitric oxide function
in the skin. Nitric Oxide. 2004; 10:179-93.
https://doi.org/10.1016/j.niox.2004.04.005
PMID:15275864

Alderton WK, Cooper CE, Knowles RG. Nitric oxide
synthases: structure, function and inhibition. Biochem
J. 2001; 357:593-615.
https://doi.org/10.1042/0264-6021:3570593
PMID:11463332

Berbée M, Fu Q, Kumar KS, Hauer-Jensen M. Novel
strategies to ameliorate radiation injury: a possible role
for tetrahydrobiopterin. Curr Drug Targets. 2010;
11:1366-74.
https://doi.org/10.2174/1389450111009011366
PMID:20583982

Pathak R, Pawar SA, Fu Q, Gupta PK, Berbée M, Garg S,
Sridharan V, Wang W, Biju PG, Krager KJ, Boerma M,
Ghosh SP, Cheema AK, et al. Characterization of
transgenic gfrp knock-in  mice: implications for
tetrahydrobiopterin in modulation of normal tissue
radiation responses. Antioxid Redox Signal. 2014;
20:1436-46.

WWW.aging-us.com

23388

AGING


https://doi.org/10.2147/CCID.S94320
https://pubmed.ncbi.nlm.nih.gov/28003769
https://doi.org/10.3389/fphar.2014.00051
https://pubmed.ncbi.nlm.nih.gov/24734020
https://doi.org/10.1128/mcb.8.5.2140
https://pubmed.ncbi.nlm.nih.gov/2898731
https://doi.org/10.1016/S0074-7696(07)57004-X
https://pubmed.ncbi.nlm.nih.gov/17280897
https://doi.org/10.1016/j.humpath.2009.02.020
https://pubmed.ncbi.nlm.nih.gov/19695676
https://doi.org/10.1016/j.bbadis.2012.09.014
https://pubmed.ncbi.nlm.nih.gov/23046809
https://doi.org/10.1038/nm.2807
https://pubmed.ncbi.nlm.nih.gov/22772564
https://doi.org/10.1371/journal.pone.0029399
https://pubmed.ncbi.nlm.nih.gov/22216271
https://doi.org/10.1007/s00411-017-0723-4
https://pubmed.ncbi.nlm.nih.gov/29230533
https://doi.org/10.1016/j.biopha.2017.09.037
https://pubmed.ncbi.nlm.nih.gov/28931214
https://doi.org/10.1667/RR3237.1
https://pubmed.ncbi.nlm.nih.gov/23819596
https://doi.org/10.18632/oncotarget.4455
https://pubmed.ncbi.nlm.nih.gov/26246473
https://doi.org/10.1016/j.jdermsci.2020.01.009
https://pubmed.ncbi.nlm.nih.gov/32001116
https://doi.org/10.1023/B:CANC.0000031769.14728.bc
https://pubmed.ncbi.nlm.nih.gov/15197331
https://doi.org/10.12968/ijpn.2015.21.9.446
https://pubmed.ncbi.nlm.nih.gov/26412275
https://doi.org/10.1016/j.niox.2004.04.005
https://pubmed.ncbi.nlm.nih.gov/15275864
https://doi.org/10.1042/0264-6021:3570593
https://pubmed.ncbi.nlm.nih.gov/11463332
https://doi.org/10.2174/1389450111009011366
https://pubmed.ncbi.nlm.nih.gov/20583982

3L

32.

33.

34.

35.

36.

37.

38.

39.

https://doi.org/10.1089/ars.2012.5025
PMID:23521531

Xue J, Yu C, Sheng W, Zhu W, Luo J, Zhang Q, Yang H,
Cao H, Wang W, Zhou J, Wu J, Cao P, Chen M, et al. The
Nrf2/GCH1/BH4 axis ameliorates radiation-induced
skin injury by modulating the ROS cascade. J Invest
Dermatol. 2017; 137:2059-68.
https://doi.org/10.1016/j.jid.2017.05.019
PMID:28596000

Yarnold J, Brotons MC. Pathogenetic mechanisms in
radiation fibrosis. Radiother Oncol. 2010; 97:149-61.
https://doi.org/10.1016/j.radonc.2010.09.002
PMID:20888056

Dormand EL, Banwell PE, Goodacre TE. Radiotherapy
and wound healing. Int Wound J. 2005; 2:112-27.
https://doi.org/10.1111/j.1742-4801.2005.00079.x
PMID:16722862

Zhou P, Streutker C, Borojevic R, Wang Y, Croitoru K. IL-
10 modulates intestinal damage and epithelial cell
apoptosis in T cell-mediated enteropathy. Am J Physiol
Gastrointest Liver Physiol. 2004; 287:G599—-604.
https://doi.org/10.1152/ajpgi.00063.2004
PMID:15331352

Roskoski R Jr. Vascular endothelial growth factor
(VEGF) and VEGF receptor inhibitors in the treatment
of renal cell carcinomas. Pharmacol Res. 2017;
120:116-32.
https://doi.org/10.1016/j.phrs.2017.03.010
PMID:28330784

Mitryayeva NA, Grebinyk LV, Uzlenkova NE. Influence
of combined action of x-radiation and cyclooxygenase-
2 - meloxivet inhibitor on vegf and pge-2 content in
blood of rat-tumor -carriers. Probl Radiac Med
Radiobiol. 2019; 24:261-69.
https://doi.org/10.33145/2304-8336-2019-24-261-269
PMID:31841472

Soler R, Vianello A, Fullhase C, Wang Z, Atala A, Soker
S, Yoo JJ, Koudywilliam J. Vascular therapy for radiation
cystitis. Neurourol Urodyn. 2011; 30:428-34.
https://doi.org/10.1002/nau.21002

PMID:21412823

Dewerchin M, Carmeliet P. PIGF: a multitasking
cytokine with disease-restricted activity. Cold Spring
Harb Perspect Med. 2012; 2:a011056.
https://doi.org/10.1101/cshperspect.a011056
PMID:22908198

Akita S, Akino K, Imaizumi T, Hirano A. Basic fibroblast
growth factor accelerates and improves second-degree
burn wound healing. Wound Repair Regen. 2008;
16:635-41.
https://doi.org/10.1111/j.1524-475X.2008.00414.x
PMID:19128258

40.

41.

42.

43.

44,

45.

46.

47.

48.

Riekstina U, Muceniece R, Cakstina I, Muiznieks |,
Ancans J. Characterization of human skin-derived
mesenchymal stem cell proliferation rate in different
growth conditions. Cytotechnology. 2008; 58:153-62.
https://doi.org/10.1007/s10616-009-9183-2
PMID:19219561

Akita S, Akino K, Tanaka K, Anraku K, Hirano A. A basic
fibroblast growth factor improves lower extremity
wound healing with a porcine-derived skin substitute. J
Trauma. 2008; 64:809-15.
https://doi.org/10.1097/TA.0b013e31802c8247
PMID:18332828

Matsuu-Matsuyama M, Nakashima M, Shichijo K,
Okaichi K, Nakayama T, Sekine I. Basic fibroblast
growth factor suppresses radiation-induced apoptosis
and TP53 pathway in rat small intestine. Radiat Res.
2010; 174:52-61.

https://doi.org/10.1667/RR1802.1 PMID:20681799

Roy I, Fortin A, Larochelle M. The impact of skin
washing with water and soap during breast
irradiation: a randomized study. Radiother Oncol.
2001; 58:333-39.
https://doi.org/10.1016/s0167-8140(00)00322-4
PMID:11230896

Bassetto F, Bosco G, Brambullo T, Kohlscheen E, Tocco
Tussardi I, Vindigni V, Tiengo C. Hyperbaric oxygen
therapy in plastic surgery practice: case series and
literature overview. G Chir. 2019; 40:257-75.
PMID:32011977

Gilca M, Tiplica GS, Salavastru CM. Traditional and
ethnobotanical dermatology practices in Romania and
other Eastern European countries. Clin Dermatol.
2018; 36:338-52.
https://doi.org/10.1016/].clindermatol.2018.03.008
PMID:29908576

Pommier P, Gomez F, Sunyach MP, D’Hombres A,
Carrie C, Montbarbon X. Phase Il randomized trial of
calendula officinalis compared with trolamine for the
prevention of acute dermatitis during irradiation for
breast cancer. J Clin Oncol. 2004; 22:1447-53.
https://doi.org/10.1200/JC0O.2004.07.063
PMID:15084618

Scalia S, Marchetti N, Bianchi A. Comparative
evaluation of different co-antioxidants on the
photochemical- and functional-stability of
epigallocatechin-3-gallate in topical creams exposed to
simulated sunlight. Molecules. 2013; 18:574-87.
https://doi.org/10.3390/molecules18010574

PMID:23292326

Zhu W, Xu J, Ge Y, Cao H, Ge X, Luo J, Xue J, Yang H,
Zhang S, Cao J. Epigallocatechin-3-gallate (EGCG)
protects skin cells from ionizing radiation via heme

WWW.aging-us.com

23389

AGING


https://doi.org/10.1089/ars.2012.5025
https://pubmed.ncbi.nlm.nih.gov/23521531
https://doi.org/10.1016/j.jid.2017.05.019
https://pubmed.ncbi.nlm.nih.gov/28596000
https://doi.org/10.1016/j.radonc.2010.09.002
https://pubmed.ncbi.nlm.nih.gov/20888056
https://doi.org/10.1111/j.1742-4801.2005.00079.x
https://pubmed.ncbi.nlm.nih.gov/16722862
https://doi.org/10.1152/ajpgi.00063.2004
https://pubmed.ncbi.nlm.nih.gov/15331352
https://doi.org/10.1016/j.phrs.2017.03.010
https://pubmed.ncbi.nlm.nih.gov/28330784
https://doi.org/10.33145/2304-8336-2019-24-261-269
https://pubmed.ncbi.nlm.nih.gov/31841472
https://doi.org/10.1002/nau.21002
https://pubmed.ncbi.nlm.nih.gov/21412823
https://doi.org/10.1101/cshperspect.a011056
https://pubmed.ncbi.nlm.nih.gov/22908198
https://doi.org/10.1111/j.1524-475X.2008.00414.x
https://pubmed.ncbi.nlm.nih.gov/19128258
https://doi.org/10.1007/s10616-009-9183-2
https://pubmed.ncbi.nlm.nih.gov/19219561
https://doi.org/10.1097/TA.0b013e31802c8247
https://pubmed.ncbi.nlm.nih.gov/18332828
https://doi.org/10.1667/RR1802.1
https://pubmed.ncbi.nlm.nih.gov/20681799
https://doi.org/10.1016/s0167-8140(00)00322-4
https://pubmed.ncbi.nlm.nih.gov/11230896
https://pubmed.ncbi.nlm.nih.gov/32011977
https://doi.org/10.1016/j.clindermatol.2018.03.008
https://pubmed.ncbi.nlm.nih.gov/29908576
https://doi.org/10.1200/JCO.2004.07.063
https://pubmed.ncbi.nlm.nih.gov/15084618
https://doi.org/10.3390/molecules18010574
https://pubmed.ncbi.nlm.nih.gov/23292326

49.

50.

51.

52.

53.

54,

55.

56.

57.

oxygenase-1 (HO-1) overexpression. J Radiat Res. 2014;
55:1056—65.
https://doi.org/10.1093/jrr/rru047 PMID:24968709

Richi B, Kale RK, Tiku AB. Radio-modulatory effects of
green tea catechin EGCG on pBR322 plasmid DNA and
murine splenocytes against gamma-radiation induced
damage. Mutat Res. 2012; 747:62-70.
https://doi.org/10.1016/j.mrgentox.2012.04.002
PMID:22521723

Zhu W, lJia L, Chen G, Zhao H, Sun X, Meng X, Zhao X,
Xing L, Yu J, Zheng M. Epigallocatechin-3-gallate
ameliorates radiation-induced acute skin damage in
breast cancer patients undergoing adjuvant
radiotherapy. Oncotarget. 2016; 7:48607—-13.
https://doi.org/10.18632/oncotarget.9495
PMID:27224910

Surjushe A, Vasani R, Saple DG. Aloe vera: a short
review. Indian J Dermatol. 2008; 53:163-66.
https://doi.org/10.4103/0019-5154.44785
PMID:19882025

Heggie S, Bryant GP, Tripcony L, Keller J, Rose P,
Glendenning M, Heath J. A phase lll study on the
efficacy of topical aloe vera gel on irradiated breast
tissue. Cancer Nurs. 2002; 25:442-51.
https://doi.org/10.1097/00002820-200212000-00007
PMID:12464836

Aggag ME, Yousef RT. Study of antimicrobial activity of
chamomile oil. Planta Med. 1972; 22:140-44.
https://doi.org/10.1055/s-0028-1099596
PMID:4628248

Ferreira EB, Ciol MA, Vasques Cl, Bontempo PS, Vieira
NN, Silva LF, Avelino SR, Dos Santos MA, Dos Reis PE.
Gel of chamomile vs. urea cream to prevent acute
radiation dermatitis in patients with head and neck
cancer: a randomized controlled trial. J Adv Nurs. 2016;
72:1926-34.

https://doi.org/10.1111/jan.12955 PMID:27020698

Atiyeh BS, Dham R, Kadry M, Abdallah AF, Al-Oteify M,
Fathi O, Samir A. Benefit-cost analysis of moist exposed
burn ointment. Burns. 2002; 28:659—63.
https://doi.org/10.1016/s0305-4179(02)00075-x
PMID:12417161

Geara FB, Eid T, Zouain N, Thebian R, Andraos T,
Chehab C, Ramia P, Youssef B, Zeidan YH. Randomized,
prospective, open-label phase Il trial comparing mebo
ointment with biafine cream for the management of
acute dermatitis during radiotherapy for breast cancer.
Am J Clin Oncol. 2018; 41:1257-62.
https://doi.org/10.1097/C0OC.0000000000000460
PMID:29889137

Aubertin A. Vitamin C: how it may protect against
cancer is unclear. J Natl Cancer Inst. 1991; 83:396-97.

58.

59.

60.

61.

62.

63.

64.

65.

https://doi.org/10.1093/jnci/83.6.396
PMID:1999846

Pinnix C, Perkins GH, Strom EA, Tereffe W, Woodward
W, Oh JL, Arriaga L, Munsell MF, Kelly P, Hoffman KE,
Smith BD, Buchholz TA, Yu TK. Topical hyaluronic acid
vs. standard of care for the prevention of radiation
dermatitis after adjuvant radiotherapy for breast
cancer: single-blind randomized phase Il clinical trial.
Int J Radiat Oncol Biol Phys. 2012; 83:1089-94.
https://doi.org/10.1016/].ijrobp.2011.09.021
PMID:22172912

Liguori V, Guillemin C, Pesce GF, Mirimanoff RO,
Bernier J. Double-blind, randomized clinical study
comparing hyaluronic acid cream to placebo in
patients treated with radiotherapy. Radiother Oncol.
1997; 42:155-61.
https://doi.org/10.1016/s0167-8140(96)01882-8
PMID:9106924

Haubner F, Ohmann E, Pohl F, Strutz J, Gassner HG.
Wound healing after radiation therapy: review of the
literature. Radiat Oncol. 2012; 7:162.
https://doi.org/10.1186/1748-717X-7-162
PMID:23006548

Shiraha H, Glading A, Gupta K, Wells A. IP-10 inhibits
epidermal growth factor-induced motility by
decreasing epidermal growth factor receptor-mediated
calpain activity. J Cell Biol. 1999; 146:243-54.

https://doi.org/10.1083/jcb.146.1.243 PMID:10402474

Hong JP, Jung HD, Kim YW. Recombinant human
epidermal growth factor (EGF) to enhance healing for
diabetic foot ulcers. Ann Plast Surg. 2006; 56:394-98.
https://doi.org/10.1097/01.sap.0000198731.12407.0c
PMID:16557070

Kang HC, Ahn SD, Choi DH, Kang MK, Chung WK, Wu
HG. The safety and efficacy of EGF-based cream for the
prevention of radiotherapy-induced skin injury: results
from a multicenter observational study. Radiat Oncol J.
2014; 32:156-62.
https://doi.org/10.3857/r0j.2014.32.3.156
PMID:25324987

Cioffi WG Jr, Burleson DG, Jordan BS, Becker WK,
McManus WF, Mason AD Jr, Pruitt BA Jr. Effects of
granulocyte-macrophage colony-stimulating factor in
burn patients. Arch Surg. 1991; 126:74-79.
https://doi.org/10.1001/archsurg.1991.014102500800
13 PMID:1845929

Kouvaris JR, Kouloulias VE, Plataniotis GA, Kokakis ID,
Vlahos LJ. Topical granulocyte-macrophage colony-
stimulating factor for radiation dermatitis of the vulva.
Br J Dermatol. 2001; 144:646-47.
https://doi.org/10.1046/j.1365-2133.2001.04115.x
PMID:11260045

WWW.aging-us.com

23390

AGING


https://doi.org/10.1093/jrr/rru047
https://pubmed.ncbi.nlm.nih.gov/24968709
https://doi.org/10.1016/j.mrgentox.2012.04.002
https://pubmed.ncbi.nlm.nih.gov/22521723
https://doi.org/10.18632/oncotarget.9495
https://pubmed.ncbi.nlm.nih.gov/27224910
https://doi.org/10.4103/0019-5154.44785
https://pubmed.ncbi.nlm.nih.gov/19882025
https://doi.org/10.1097/00002820-200212000-00007
https://pubmed.ncbi.nlm.nih.gov/12464836
https://doi.org/10.1055/s-0028-1099596
https://pubmed.ncbi.nlm.nih.gov/4628248
https://doi.org/10.1111/jan.12955
https://pubmed.ncbi.nlm.nih.gov/27020698
https://doi.org/10.1016/s0305-4179(02)00075-x
https://pubmed.ncbi.nlm.nih.gov/12417161
https://doi.org/10.1097/COC.0000000000000460
https://pubmed.ncbi.nlm.nih.gov/29889137
https://doi.org/10.1093/jnci/83.6.396
https://pubmed.ncbi.nlm.nih.gov/1999846
https://doi.org/10.1016/j.ijrobp.2011.09.021
https://pubmed.ncbi.nlm.nih.gov/22172912
https://doi.org/10.1016/s0167-8140(96)01882-8
https://pubmed.ncbi.nlm.nih.gov/9106924
https://doi.org/10.1186/1748-717X-7-162
https://pubmed.ncbi.nlm.nih.gov/23006548
https://doi.org/10.1083/jcb.146.1.243
https://pubmed.ncbi.nlm.nih.gov/10402474
https://doi.org/10.1097/01.sap.0000198731.12407.0c
https://pubmed.ncbi.nlm.nih.gov/16557070
https://doi.org/10.3857/roj.2014.32.3.156
https://pubmed.ncbi.nlm.nih.gov/25324987
https://doi.org/10.1001/archsurg.1991.01410250080013
https://doi.org/10.1001/archsurg.1991.01410250080013
https://pubmed.ncbi.nlm.nih.gov/1845929
https://doi.org/10.1046/j.1365-2133.2001.04115.x
https://pubmed.ncbi.nlm.nih.gov/11260045

66.

67.

68.

69.

70.

71.

72.

73.

Kumar D, Yalamanchali S, New J, Parsel S, New N,
Holcomb A, Gunewardena S, Tawfik O, Lominska C,
Kimler BF, Anant S, Kakarala K, Tsue T, et al.
Development and characterization of an in vitro model
for radiation-induced fibrosis. Radiat Res. 2018;
189:326-36.

https://doi.org/10.1667/RR14926.1 PMID:29351058

Wong RK, Bensadoun RJ, Boers-Doets CB, Bryce J, Chan
A, Epstein JB, Eaby-Sandy B, Lacouture ME. Clinical
practice guidelines for the prevention and treatment of
acute and late radiation reactions from the MASCC skin
toxicity study group. Support Care Cancer. 2013;
21:2933-48.
https://doi.org/10.1007/s00520-013-1896-2
PMID:23942595

Singhal M, Del Rio-Sancho S, Sonaje K, Kalia YN.
Fractional laser ablation for the cutaneous delivery of
triamcinolone acetonide from cryomilled polymeric
microparticles: creating intraepidermal drug depots.
Mol Pharm. 2016; 13:500-11.
https://doi.org/10.1021/acs.molpharmaceut.5b00711
PMID:26731121

Lee J, Jang H, Park S, Myung H, Kim K, Kim H, Jang WS,
Lee SJ, Myung JK, Shim S. Platelet-rich plasma activates
AKT signaling to promote wound healing in a mouse
model of radiation-induced skin injury. J Transl Med.
2019; 17:295.
https://doi.org/10.1186/s12967-019-2044-7
PMID:31462256

Wei J, Wang H, Wang H, Wang B, Meng L, Xin Y, Jiang
X. The role of NLRP3 inflammasome activation in
radiation damage. Biomed Pharmacother. 2019;
118:109217.
https://doi.org/10.1016/j.biopha.2019.109217
PMID:31302424

Su L, Wang Z, Huang F, Lan R, Chen X, Han D, Zhang L,
Zhang W, Hong J. 18B-glycyrrhetinic acid mitigates
radiation-induced  skin  damage via  NADPH
oxidase/ROS/p38MAPK and NF-kB pathways. Environ
Toxicol Pharmacol. 2018; 60:82—90.
https://doi.org/10.1016/j.etap.2018.04.012
PMID:29677640

Kim Y, Lee J, Kim J, Choi CW, Hwang YI, Kang JS, Lee W/J.
The pathogenic role of interleukin-22 and its receptor
during UVB-induced skin inflammation. PLoS One.
2017; 12:e0178567.
https://doi.org/10.1371/journal.pone.0178567
PMID:28558005

Gerber SA, Cummings RJ, Judge JL, Barlow ML, Nanduri
J, Johnson DE, Palis J, Pentland AP, Lord EM, Ryan JL.
Interleukin-12 preserves the cutaneous physical and
immunological barrier after radiation exposure. Radiat
Res. 2015; 183:72-81.

74.

75.

76.

77.

78.

79.

80.

81.

https://doi.org/10.1667/RR13802.1
PMID:25564716

Kumar Soni S, Basu M, Agrawal P, Bhatnagar A, Chhillar
N. Evaluation of gamma radiation-induced biochemical
changes in skin for dose assesment: a study on small
experimental animals. Disaster Med Public Health
Prep. 2019; 13:197-202.

https://doi.org/10.1017/dmp.2018.16 PMID:29792236

Yicel S, Sahin B, Giiral Z, Olgag V, Aksu G, Agaoglu F,
Saglam E, Aslay |, Darendeliler E. Impact of superoxide
dismutase-gliadin on radiation-induced fibrosis: an
experimental study. In Vivo. 2016; 30:451-56.
PMID:27381608

Doctrow SR, Lopez A, Schock AM, Duncan NE, Jourdan
MM, Olasz EB, Moulder JE, Fish BL, Mader M, Lazar J,
Lazarova Z. A synthetic superoxide dismutase/catalase
mimetic EUK-207 mitigates radiation dermatitis and
promotes wound healing in irradiated rat skin. J Invest
Dermatol. 2013; 133:1088-96.
https://doi.org/10.1038/jid.2012.410

PMID:23190879

Lessmann H, Uter W, Schnuch A, Geier J. Skin
sensitizing properties of the ethanolamines mono-, di-,
and triethanolamine. Data analysis of a multicentre
surveillance network (IVDK) and review of the
literature. Contact Dermatitis. 2009; 60:243-55.
https://doi.org/10.1111/j.1600-0536.2009.01506.x
PMID:19397616

Haruna F, Lipsett A, Marignol L. Topical management
of acute radiation dermatitis in breast cancer patients:
a systematic review and meta-analysis. Anticancer Res.
2017;37:5343-53.
https://doi.org/10.21873/anticanres.11960
PMID:28982842

Ho AY, Olm-Shipman M, Zhang Z, Siu CT, Wilgucki M,
Phung A, Arnold BB, Porinchak M, Lacouture M,
McCormick B, Powell SN, Gelblum DY. A randomized
trial of mometasone furoate 0.1% to reduce high-grade
acute radiation dermatitis in breast cancer patients
receiving postmastectomy radiation. Int J Radiat Oncol
Biol Phys. 2018; 101:325-33.
https://doi.org/10.1016/].ijrobp.2018.02.006
PMID:29726361

Khattri S, Zandman-Goddard G. Statins and
autoimmunity. Immunol Res. 2013; 56:348-57.
https://doi.org/10.1007/s12026-013-8409-8
PMID:23572428

Asai J, Takenaka H, Hirakawa S, Sakabe J, Hagura A,
Kishimoto S, Maruyama K, Kajiya K, Kinoshita S, Tokura
Y, Katoh N. Topical simvastatin accelerates wound
healing in diabetes by enhancing angiogenesis and
lymphangiogenesis. Am J Pathol. 2012; 181:2217-24.

WWW.aging-us.com

23391

AGING


https://doi.org/10.1667/RR14926.1
https://pubmed.ncbi.nlm.nih.gov/29351058
https://doi.org/10.1007/s00520-013-1896-2
https://pubmed.ncbi.nlm.nih.gov/23942595
https://doi.org/10.1021/acs.molpharmaceut.5b00711
https://pubmed.ncbi.nlm.nih.gov/26731121
https://doi.org/10.1186/s12967-019-2044-7
https://pubmed.ncbi.nlm.nih.gov/31462256
https://doi.org/10.1016/j.biopha.2019.109217
https://pubmed.ncbi.nlm.nih.gov/31302424
https://doi.org/10.1016/j.etap.2018.04.012
https://pubmed.ncbi.nlm.nih.gov/29677640
https://doi.org/10.1371/journal.pone.0178567
https://pubmed.ncbi.nlm.nih.gov/28558005
https://doi.org/10.1667/RR13802.1
https://pubmed.ncbi.nlm.nih.gov/25564716
https://doi.org/10.1017/dmp.2018.16
https://pubmed.ncbi.nlm.nih.gov/29792236
https://pubmed.ncbi.nlm.nih.gov/27381608
https://doi.org/10.1038/jid.2012.410
https://pubmed.ncbi.nlm.nih.gov/23190879
https://doi.org/10.1111/j.1600-0536.2009.01506.x
https://pubmed.ncbi.nlm.nih.gov/19397616
https://doi.org/10.21873/anticanres.11960
https://pubmed.ncbi.nlm.nih.gov/28982842
https://doi.org/10.1016/j.ijrobp.2018.02.006
https://pubmed.ncbi.nlm.nih.gov/29726361
https://doi.org/10.1007/s12026-013-8409-8
https://pubmed.ncbi.nlm.nih.gov/23572428

82.

83.

84.

85.

86.

87.

88.

https://doi.org/10.1016/j.ajpath.2012.08.023
PMID:23138019

Ghasemi A, Ghashghai Z, Akbari J, Yazdani-Charati J,
Salehifar E, Hosseinimehr SJ). Topical atorvastatin 1%
for prevention of skin toxicity in patients receiving
radiation therapy for breast cancer: a randomized,
double-blind, placebo-controlled trial. Eur J Clin
Pharmacol. 2019; 75:171-78.
https://doi.org/10.1007/s00228-018-2570-x
PMID:30291370

Coulomb B, Friteau L, Dubertret L. Biafine applied on
human epidermal wounds is chemotactic for
macrophages and increases the IL-1/IL-6 ratio. Skin
Pharmacol. 1997; 10:281-87.
https://doi.org/10.1159/000211516 PMID:9449167

Elliott EA, Wright JR, Swann RS, Nguyen-Tan F, Takita C,
Bucci MK, Garden AS, Kim H, Hug EB, Ryu J, Greenberg
M, Saxton JP, Ang K, Berk L, and Radiation Therapy
Oncology Group Trial 99-13. Phase Il trial of an
emulsion containing trolamine for the prevention of
radiation dermatitis in patients with advanced
squamous cell carcinoma of the head and neck: results
of radiation therapy oncology group trial 99-13. J Clin
Oncol. 2006; 24:2092-97.
https://doi.org/10.1200/JC0.2005.04.9148
PMID:16648511

Gosselin TK, Schneider SM, Plambeck MA, Rowe K. A
prospective randomized, placebo-controlled skin care
study in women diagnosed with breast cancer
undergoing radiation therapy. Oncol Nurs Forum.
2010; 37:619-26.
https://doi.org/10.1188/10.0NF.619-626
PMID:20797953

Abbas H, Bensadoun RJ. Trolamine emulsion for the
prevention of radiation dermatitis in patients with
squamous cell carcinoma of the head and neck.
Support Care Cancer. 2012; 20:185-90.
https://doi.org/10.1007/s00520-011-1110-3
PMID:21340657

Wells M, Macmillan M, Raab G, MacBride S, Bell N,
MacKinnon K, MacDougall H, Samuel L, Munro A. Does
aqueous or sucralfate cream affect the severity of
erythematous radiation skin reactions? A randomised
controlled trial. Radiother Oncol. 2004; 73:153-62.
https://doi.org/10.1016/j.radonc.2004.07.032
PMID:15542162

Kouloulias V, Asimakopoulos C, Tolia M, Filippou G,
Platoni K, Dilvoi M, Beli 1|, Georgakopoulos J,
Patatoukas G, Kelekis N. Sucralfate gel as a
radioprotector against radiation induced dermatitis in
a hypo-fractionated schedule: a non-randomized
study. Hippokratia. 2013; 17:126-29.

PMID:24376316

89.

90.

91.

92.

93.

94.

95.

96.

Shanmugasundaram N, Uma TS, Ramyaa Lakshmi TS,
Babu M. Efficiency of controlled topical delivery of
silver sulfadiazine in infected burn wounds. J Biomed
Mater Res A. 2009; 89:472-82.
https://doi.org/10.1002/jbm.a.31997 PMID:18431769

Hemati S, Asnaashari O, Sarvizadeh M, Motlagh BN,
Akbari M, Tajvidi M, Gookizadeh A. Topical silver
sulfadiazine for the prevention of acute dermatitis
during irradiation for breast cancer. Support Care
Cancer. 2012; 20:1613-18.
https://doi.org/10.1007/s00520-011-1250-5
PMID:22006502

Niazi TM, Vuong T, Azoulay L, Marijnen C, Bujko K, Nasr
E, Lambert C, Duclos M, Faria S, David M, Cummings B.
Silver clear nylon dressing is effective in preventing
radiation-induced dermatitis in patients with lower
gastrointestinal cancer: results from a phase IlI study.
Int J Radiat Oncol Biol Phys. 2012; 84:e305-10.
https://doi.org/10.1016/].ijrobp.2012.03.062
PMID:22652101

Aquino-Parsons C, Lomas S, Smith K, Hayes J, Lew S,
Bates AT, Macdonald AG. Phase Il study of silver leaf
nylon dressing vs standard care for reduction of
inframammary moist desquamation in patients
undergoing adjuvant whole breast radiation therapy. J
Med Imaging Radiat Sci. 2010; 41:215-21.
https://doi.org/10.1016/j.jmir.2010.08.005
PMID:31051882

Davies P, McCarty S, Hamberg K. Silver-containing
foam dressings with safetac: a review of the scientific
and clinical data. ] Wound Care. 2017; 26:51-32.
https://doi.org/10.12968/jowc.2017.26.Supba.S1
PMID:28594320

Mgller PK, Olling K, Berg M, Habzek I, Haislund B,
Iversen AM, Ewertz M, Lorenzen EL, Brink C. Breast
cancer patients report reduced sensitivity and pain
using a barrier film during radiotherapy - a Danish
intra-patient randomized multicentre study. Tech
Innov Patient Support Radiat Oncol. 2018; 7:20-25.
https://doi.org/10.1016/j.tipsro.2018.05.004
PMID:32095578

Wooding H, Yan J, Yuan L, Chyou TY, Gao S, Ward |,
Herst PM. The effect of mepitel film on acute
radiation-induced skin reactions in head and neck
cancer patients: a feasibility study. Br J Radiol. 2018;
91:20170298.

https://doi.org/10.1259/bjr.20170298
PMID:29072852

Wan BA, Chan S, Herst P, Yee C, Popovic M, Lee J, Lam
H, Pon K, Aljabri S, Soliman H, Wronski M, Chow E.
Mepitel film and mepilex lite for the prophylaxis and
treatment of skin toxicities from breast radiation.
Breast. 2019; 46:87—89.

WWW.aging-us.com

23392

AGING


https://doi.org/10.1016/j.ajpath.2012.08.023
https://pubmed.ncbi.nlm.nih.gov/23138019
https://doi.org/10.1007/s00228-018-2570-x
https://pubmed.ncbi.nlm.nih.gov/30291370
https://doi.org/10.1159/000211516
https://pubmed.ncbi.nlm.nih.gov/9449167
https://doi.org/10.1200/JCO.2005.04.9148
https://pubmed.ncbi.nlm.nih.gov/16648511
https://doi.org/10.1188/10.ONF.619-626
https://pubmed.ncbi.nlm.nih.gov/20797953
https://doi.org/10.1007/s00520-011-1110-3
https://pubmed.ncbi.nlm.nih.gov/21340657
https://doi.org/10.1016/j.radonc.2004.07.032
https://pubmed.ncbi.nlm.nih.gov/15542162
https://pubmed.ncbi.nlm.nih.gov/24376316
https://doi.org/10.1002/jbm.a.31997
https://pubmed.ncbi.nlm.nih.gov/18431769
https://doi.org/10.1007/s00520-011-1250-5
https://pubmed.ncbi.nlm.nih.gov/22006502
https://doi.org/10.1016/j.ijrobp.2012.03.062
https://pubmed.ncbi.nlm.nih.gov/22652101
https://doi.org/10.1016/j.jmir.2010.08.005
https://pubmed.ncbi.nlm.nih.gov/31051882
https://doi.org/10.12968/jowc.2017.26.Sup6a.S1
https://pubmed.ncbi.nlm.nih.gov/28594320
https://doi.org/10.1016/j.tipsro.2018.05.004
https://pubmed.ncbi.nlm.nih.gov/32095578
https://doi.org/10.1259/bjr.20170298
https://pubmed.ncbi.nlm.nih.gov/29072852

97.

98.

99.

100.

101.

https://doi.org/10.1016/j.breast.2019.05.012
PMID:31103812

Zhong WH, Tang QF, Hu LY, Feng HX. Mepilex lite
dressings for managing acute radiation dermatitis in
nasopharyngeal carcinoma patients: a systematic
controlled clinical trial. Med Oncol. 2013; 30:761.
https://doi.org/10.1007/s12032-013-0761-y
PMID:24186620

Kishi K, Okabe K, Shimizu R, Kubota Y. Fetal skin
possesses the ability to regenerate completely:
complete regeneration of skin. Keio J Med. 2012;
61:101-08.

https://doi.org/10.2302/kjm.2011-0002-ir
PMID:23324304

Pouyani T, Papp S, Schaffer L. Tissue-engineered fetal
dermal matrices. In Vitro Cell Dev Biol Anim. 2012;
48:493-506.
https://doi.org/10.1007/s11626-012-9541-9
PMID:22956043

Rong X, Li J, Yang Y, Shi L, Jiang T. Human fetal skin-
derived stem cell secretome enhances radiation-
induced skin injury therapeutic effects by promoting
angiogenesis. Stem Cell Res Ther. 2019; 10:383.
https://doi.org/10.1186/s13287-019-1456-x
PMID:31843019

Yang C, Xing X, Xu D, Xu J, Li J. [Effects of adipose-
derived stem cells-hyaluronic acid composite on
healing of wound combined with radiation injury].
Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2011;
25:1499-503.

PMID:22242354

102.

103.

104.

105.

Akita S, Akino K, Hirano A, Ohtsuru A, Yamashita S.
Noncultured autologous adipose-derived stem cells
therapy for chronic radiation injury. Stem Cells Int.
2010; 2010:532704.
https://doi.org/10.4061/2010/532704
PMID:21151652

Zhang Q, Fong CC, Yu WK, Chen Y, Wei F, Koon CM,
Lau KM, Leung PC, Lau CB, Fung KP, Yang M. Herbal
formula astragali radix and rehmanniae radix
exerted wound healing effect on human skin
fibroblast cell line Hs27 via the activation of
transformation growth factor (TGF-B) pathway and
promoting extracellular matrix (ECM) deposition.
Phytomedicine. 2012; 20:9-16.
https://doi.org/10.1016/j.phymed.2012.09.006
PMID:23083814

Liu Z, Rao Z, Sheng X, Long Y, Zhou X. [Effect of
adipose-derived stem cells on radiation-induced acute
skin injury in rats]. Zhong Nan Da Xue Xue Bao Yi Xue
Ban. 2019; 44:150-57.

PMID:30837383

Pham N, Ludwig MS, Wang M, Ebrahimpour A,
Bonnen MD, Diwan AH, Kim SJ, Bryan J, Newton JM,
Sikora AG, Donovan DT, Sandulache V, Ghebre YT.
Topical esomeprazole mitigates radiation-induced
dermal inflammation and fibrosis. Radiat Res. 2019;
192:473-82.

https://doi.org/10.1667/RR15398.1 PMID:31415221

WWW.aging-us.com

23393

AGING


https://doi.org/10.1016/j.breast.2019.05.012
https://pubmed.ncbi.nlm.nih.gov/31103812
https://doi.org/10.1007/s12032-013-0761-y
https://pubmed.ncbi.nlm.nih.gov/24186620
https://doi.org/10.2302/kjm.2011-0002-ir
https://pubmed.ncbi.nlm.nih.gov/23324304
https://doi.org/10.1007/s11626-012-9541-9
https://pubmed.ncbi.nlm.nih.gov/22956043
https://doi.org/10.1186/s13287-019-1456-x
https://pubmed.ncbi.nlm.nih.gov/31843019
https://pubmed.ncbi.nlm.nih.gov/22242354
https://doi.org/10.4061/2010/532704
https://pubmed.ncbi.nlm.nih.gov/21151652
https://doi.org/10.1016/j.phymed.2012.09.006
https://pubmed.ncbi.nlm.nih.gov/23083814
https://pubmed.ncbi.nlm.nih.gov/30837383
https://doi.org/10.1667/RR15398.1
https://pubmed.ncbi.nlm.nih.gov/31415221

