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Abstract
Radiation-induced skin damage (RID) is the most prevalent, significant side effect of radiotherapy (RT). Nearly 95% of 
patients experience moderate to severe skin reactions after receiving radiation therapy. However, criteria for acute radia-
tion dermatitis (ARD) treatment remain unavailable. Topical agents with anti-inflammatory properties may protect the 
skin and facilitate tissue regeneration in patients with RID. Many of these topical agents function through nuclear factor 
kappa B pathway regulation. They either reduce the levels of inflammatory factors or elicit anti-inflammatory properties 
of their own, thus preventing oxidative stress and inflammatory responses and thus enabling RID prevention and manage-
ment. Herein, we explore the 25 topical agents investigated for RID prevention and management thus far and evaluate their 
mechanisms of action. These agents include 11 natural agents, 3 miscellaneous agents, 9 topical nonsteroidal agents, and 2 
topical corticosteroids.
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Introduction

During radiotherapy (RT) for cancers, the skin is the first 
organ exposed to radiation and related damage; therefore, 
radiation-induced skin damage (RID) is the most common 
serious side effect of RT in patients with malignancies. 
Moderate-to-severe skin reactions occur in approximately 
95% of patients with malignancies, most notably in those 
with head and neck cancer (HNC) and breast cancer [1, 2]. 
RID is characterized by consequences such as erythema, 
soreness, ulceration, scaling, distended, pruritus, and burn-
ing sensation. These consequences can be severe—requir-
ing dose reduction or treatment interruption and worsening 
patients’ esthetic appeal and quality of life.

RID refers to inflammation of the skin caused by radia-
tion therapy. The mechanism mainly involves primary 

damage to skin cells by radiation as well as secondary dam-
age (Fig. 1). Radiation interacts directly with skin cells and 
with radiation energy with water molecules, causing damage 
to DNA and other cellular structures, leading to cell death 
and damage, triggering an inflammatory response. Primary 
damage refers to reactive oxygen species (ROS) and short-
lived free radicals that trigger irreversible double-strand 
breaks in basal keratinocytes, hair follicle stem cells, and 
melanocytes DNA, inhibit the migration of basal cell divi-
sion and keratinization, and induce RID in patients under-
going RT [3]. Transendothelial migration of leukocytes and 
other immune cells from circulation to irradiated skin is a 
hallmark of RID. Some studies have found that p53 plays 
a crucial role in radiation-induced apoptosis, apoptosis or 
programmed death dependent on p53 occurs within hours 
after irradiation [4]. The release of red flags during necrosis, 
as well as secondary necrosis following apoptosis, trigger 
proinflammatory cytokine production and immunostimula-
tory responses [4]. Necrosis can lead to the release of inflam-
matory cytokines such as IL-1, IL-6, IL-8 and TNF-α, as 
well as other inflammatory mediators, secondary to inflam-
mation and injury. Research by Allam et al. has shown that 
radiation-induced mitochondrial apoptosis can lead to the 
release of oxidized mitochondrial DNA into the cytoplasm 
and binding to NLRP3 inflammasome in the cytoplasm, 
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Fig. 1  Schematic diagram of 
the mechanism of radiation der-
matitis: A: Schematic diagram 
of damage to skin cells by radia-
tion B: Schematic diagram of 
primary damage caused by skin 
cells under radiation conditions 
C: Schematic diagram of sec-
ondary damage of inflammatory 
cells to skin cells
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causing activation of NLRP3 inflammasomes, which pro-
mote the maturation and secretion of the inflammatory fac-
tors IL-1 β and IL-18 [5]. Free radicals cause upregulation 
of cyclooxygenase, nitric oxide synthase, and lipoxygenase, 
and their effects on mitochondrial function vary significantly 
[3]. NO is produced by macrophages stimulated by inflam-
mation by the iNOS enzyme, while cyclooxygenase (COX) 
2 can produce ROS indirectly. These factors are secondary 
to skin inflammation and injury.

In the Multinational Association for Supportive Cancer 
Care (MASCC) guidelines, the skin care recommendations 
during RT mainly include gentle skin care (eg., washing 
with moisturizing soap and water and wearing loose cloth-
ing). However, no consensus regarding the effectiveness or 
safety of topical prophylactic drugs for RID prevention has 
been reached thus far [6]. Moreover, although the MASCC 
guidelines recommend topical corticosteroids (commonly 
used anti-inflammatory drugs) for RID treatment [6], long-
term topical corticosteroid use can lead to severe side effects 
[7]. Therefore, many studies have focused on identifying 
other topical drugs that may reduce RT-related skin dam-
age with fewer adverse effects [7]. These topical drugs can 
be broadly divided into four categories: (i) natural agents, 
(ii) miscellaneous agents, (iii) topical nonsteroidal agents, 
and (iv) topical corticosteroids. In this review, we explore 
the effects of 25 topical agents in RID treatment and their 
underlying prevention mechanisms (Fig. 2).

Natural agents

Silymarin

Silymarin is a standardized extract of seeds and fruits of 
milk thistle (Silybum marianum), a member of the Aster-
aceae family. Silymarin gel may reduce RID severity and 
delay its occurrence after 5 weeks of application. A double-
blind, randomized trial evaluated the RID-preventive effects 
of 1% silymarin gel in patients receiving RT [8]. During RT, 
compared with the placebo, silymarin led to the development 
of grade 1 RID; at the end of week 5, only 8 patients devel-
oped grade 2 RID and only 1 developed grade 3 RID [8].

Silymarin elicits a hepatoprotective effect because of 
its antioxidant activity: it enhances the free radical-scav-
enging activities of glutathione peroxidase and superoxide 
dismutase (SOD) [9]. In addition, silymarin demonstrates 
immunomodulatory properties by inhibiting COX-2 produc-
tion; it also shows anti-inflammatory properties by blocking 
the nuclear factor kappa B (NF-κB) pathway and inhibits 
IL-1, IL-6, and TNF-α production [8]. In an in vitro model, 
silymarin inhibited lipopolysaccharide-induced microglial 
activation and reduced levels of inflammatory mediators 

(eg., nitric oxide [NO] and TNF-α), thereby blocking the 
cascade of inflammatory events [7].

Calendula

In 2008, the European Medicines Agency recognized calen-
dula (Calendula officinalis) as a plant with anti-inflamma-
tory, antioxidant, and other therapeutic effects when used for 
RID prevention and treatment [10]. Using calendula alone 
for RID prevention and treatment is effective and safe in 
breast cancer and HNC patients undergoing postoperative 
RT; however, this result has been reported by low-quality 
studies [11, 12]. Furthermore, calendula has been noted 
to be more effective in preventing and treating RID than 
triethanolamine; in particular, patients receiving calendula 
interrupted RT less frequently and had significantly lower 
levels of radiation-related pain [13].

C. officinalis contains many compounds, including fla-
vonoids, triterpenoids, and carotenoids [14]. Triterpenoids 
have anti-inflammatory and antiedema effects by stimulating 
fibroblast proliferation and inhibiting COX-2, C3 invertase, 
and 5-lipoxygenase (5-LOX) activities [15]. Flavonoids 
demonstrate anti-inflammatory, antioxidant, and antiedema 
properties by inhibiting 5-LOX [16].

In summary, calendula mainly inhibits inflammatory 
cytokine (eg., IL-6, IL-1β, TNF-α, and interferon [IFN]-γ), 
COX-2, prostaglandin E2 (PGE2), inducible NO synthase 
(iNOS), and C-reactive protein production, thus exerting 
anti-inflammatory and antioxidant effects [14].

Phlorotannins

Cosmeceuticals containing phlorotannins (PTNs) can 
prevent or mitigate skin damage during or after RT [17]. 
Through histopathological and Western blot analyses, these 
cosmeceuticals have been confirmed to reduce epidermal 
and dermal thickness and alleviate acute skin inflammation 
in irradiated mice [17]. Of all tested PTNs, dieckol leads to 
the most prominent decrease in ultraviolet radiation-induced 
cell damage [17]. PTNs mitigate RID by disrupting the 
expression of nuclear factor erythroid 2-correlated factor 
(Nrf2), NF-κB, and their downstream targets.

PTNs also enhance the radiation-induced increase in the 
expression of heme oxygenase (HO) 1 and the downstream 
targets of Nrf2 and Nrf2 [17]. HO-1, an Nrf2-dependent 
enzyme, is a potent anti-inflammatory target. Under oxida-
tive stress, HO-1 is released from its inhibitor (Kelch-like 
ECH-associated protein 1) and transferred from the cyto-
plasm to the nucleus, where it initiates the expression of 
many genes that protect cellular ROS damage and reduce 
the inflammatory response [18].

In summary, PTNs inhibit NF-κB pathway activation 
and IL-1β production in response to radiation. The NF-κB 
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pathway is crucial in initiating and amplifying inflamma-
tion; PTNs can reduce radiation-induced tissue damage 
and related side effects by lowering IL-1β production [17].

Chamomile

Chamomile (Chamomilla recutita or Matricaria recutita), 
particularly its flowers, are widely and frequently used for 
their anti-inflammatory properties. Chamomile promotes 
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wound healing at a faster rate than corticosteroids. The 
therapeutic properties of chamomile are attributable to its 
components, such as chamazurine, α-bisabolol, bisabolol 
oxide, spiroether, and flavonoids [16]. Applying chamomile 
gel to the skin not only delays the onset of dermatitis but 
also reduces the severity of itching, burning, and hyper-
pigmentation [19]. This finding is attributable to the anti-
inflammatory effects of chamomile, facilitating inflamma-
tion alleviation and soothing sensation in the affected areas 
of the skin [13]. Although chamomile microparticles do not 
reduce or delay the onset of radiation dermatitis of any level 
significantly, they lead to a significant decrease in the inci-
dence of grade 2 or higher radiation dermatitis; in addition, 
the onset of radiation dermatitis is delayed by 7 days [7]. 
Therefore, chamomile microparticles may delay the onset of 
severe symptoms (eg., excessive pain and itching), further 
confirming the potential of chamomile in RID prevention.

Chamomile may also inhibit the expression of the iNOS 
gene; this may be a mechanism underlying its anti-inflam-
matory properties [20, 21]. iNOS induces the production 
of NO, a key molecule involved in inflammatory disease 
development and progression. In addition, NF-κB initiates 
the production of proinflammatory molecules, including 
iNOS. Chamomile inhibits NF-κB activity by preventing 
the degradation and phosphorylation of its inhibitor protein, 
inhibitor kappa B (IκB). By preventing IκB degradation and 
phosphorylation, chamomile effectively inhibits NF-κB acti-
vation, reducing iNOS expression and NO production and 
thus preventing RID-related inflammatory response [20].

In summary, chamomile inhibits NO production and 
exhibits antioxidant effects by inhibiting ROS; it also exerts 
anti-inflammatory effects by activating macrophage lipopol-
ysaccharides and reducing the expression of various inflam-
matory mediators, such as COX-2, 5-LOX, TNF-α, IL-6, 
and PGE2 [21].

Nigella sativa

Rafati et al. reported the effectiveness of an N. sativa gel in 
preventing ARD in patients with breast cancer. Compared 
with the placebo gel, the N. sativa gel prevented grade 2 and 
3 of Radiation Therapy Oncology Group and the European 
Organization for Research and Treatment of Cancer toxicity, 
reduced wet desquamation severity, and increased time until 
the onset of related symptoms [22].

An N. sativa extract exerts anti-inflammatory effects by 
downregulating the expression of the inflammatory enzymes 
5-LOX and COX-2, inhibiting cytokines TNF-α and IL-6, 
and reducing NO production but increasing the levels of 
the anti-inflammatory cytokine IL-10 [22, 23]. An N. sativa 
extract may exert anti-inflammatory and antioxidant proper-
ties by inhibiting the production of superoxides and enhanc-
ing the activities of antioxidant enzymes such as catalase, 
glutathione transferase, SOD, and quinone reductase, thus 
protecting skin cells from damage due to free radicals pro-
duced during RT [22, 24].

Thymoquinone, the main active component in N. sativa, 
has antioxidant, anti-inflammatory, and anticancer properties 
[24–26]. In patients with breast cancer, thymoquinone has 
been shown to scavenge free radicals in experimental studies 
[24], as well as aid in reducing ARD severity and delaying 
wet desquamation onset observed [22].

In summary, N. sativa and its active component, thymo-
quinone, might mitigate the side effects of RT on the skin.

Turmeric

Turmeric (Curcuma longa) is widely used to treat inflam-
mation; one of its main components, curcumin, has been 
found to have anti-inflammatory, antioxidant, and antimi-
crobial properties [27]. Palatty et al. reported that an Ayur-
vedic cream containing turmeric and sandalwood oil reduces 
radiation dermatitis significantly [28]. Similarly, another 
study demonstrated that compared with the placebo, cur-
cumin significantly reduces radiation dermatitis severity and 
wet desquamation [29]. In their randomized controlled trial, 
Ryan et al. noted no significant differences in RID severity 
at the end of RT between breast cancer patients treated with 
topical curcumin and control patients [30].

The precise mechanisms underlying the effects of cur-
cumin on RID remain unclear. A possible mechanism is as 
follows: curcumin reduces skin tissue damage by downregu-
lating COX-2, 5-LOX, and iNOS expression, thus inhibit-
ing the production of inflammatory cytokines (TNF-α, IL-1, 
IL-6, IL-8, and IL-12) [31]; it also upregulates IL-10 expres-
sion, thus reducing TNF-α, IL-6, and ROS release [27]. Cur-
cuminoid supplements have been noted to reduce serum IL-6 
levels significantly [32]. Finally, curcumin can also block 

Fig. 2  D: Protective mechanism of topical drugs on skin tissue cells. 
The black lines represent the signaling pathway, the red lines repre-
sent the influence of traditional Chinese medicine on the signaling 
pathway, and the pink and green oval represent the cell signaling mol-
ecules activated and inhibited by traditional Chinese medicine. The 
numbers represent each type of topical drug. Topical agents: 1.Sily-
marin 2. Calendula 3.Phlorotannins 4. Chamomile 5.Nigella sativa 
6. Turmeric 9. Honey 11. Aloe vera 12. Juango cream 13. Holoil 15. 
Doxepin 16. Hyaluronic acid 19. Epigallocatechin gallate 20. Allan-
toin 21. Sucralfate 22. Trolamine 23. Biafine emulsion. E: Mecha-
nism of action of topical drugs on inflammatory cells. The black lines 
represent the signaling pathway, the red lines represent the influence 
of traditional Chinese medicine on the signaling pathway, and the 
pink and green oval represent the cell signaling molecules activated 
and inhibited by traditional Chinese medicine. The numbers represent 
each type of topical drug. Topical agents: 1.Silymarin 2. Calendula 
3.Phlorotannins 4. Chamomile 5.Nigella sativa 6. Turmeric 7. Olive 
oil 9. Honey 10. Henna extract 11. Aloe vera 12. Juango cream 14. 
Vitamins 15. Doxepin 17. Statins 19. Epigallocatechin gallate 21. 
Sucralfate 24. Mometasone furoate 25.Betamethasone

◂
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inflammatory gene expression by inhibiting NF-κB activity 
[33].

In summary, curcumin reduces inflammatory markers and 
thus may be a promising option for RID treatment. However, 
further research to clarify the mechanisms of action of cur-
cumin, as well as its effectiveness and optimal dosage for 
RID treatment and prevention, are warranted.

Olive oil

Olive oil is considered the most effective option for pre-
venting RID [6, 34]. In particular, the unique chemical and 
physiologic functions of olive oil make it a potent antioxi-
dant and anti-inflammatory agent [35] and thus a potential 
RID-preventive agent [34–37]. In patients undergoing RT 
after hypofractionated mastectomy, the use of olive oil and 
calcium hydroxide emulsions led to better prophylaxis than 
the typical skin care regimens. These emulsions combina-
tion can delay skin toxicity, reduce acute RID severity, and 
improve the quality of life [36]. Chitapanarux et al. reported 
that compared with control treatment, olive oil use reduced 
skin reaction severity and led to better health-related qual-
ity of life; moreover, none of the patients who used olive oil 
experienced grade 3 skin reactions [36].

According to a systematic review and network meta-
analysis, olive oil prevents RID effectively [34]; moreover, 
olive oil has promising therapeutic effects against RID. 
These observations may be attributable to linoleic acid in 
olive oil, which improves skin physiology and skin barrier 
function [35]. Linoleic acid—an important component of 
skin cell membranes and ceramides—is vital for maintaining 
skin barrier function [35]. The precise mechanism by which 
olive oil acts on RID remains unknown; nevertheless, extra 
virgin olive oil, believed to be rich in phenolic antioxidants, 
squalene, and oleic acid, may provide considerable protec-
tion against RID by inhibiting oxidative stress [38]. This 
oxidative stress is a main factor leading to the development 
of dermatitis caused by RT.

Cucumber cream

Cucumber cream facilitates irradiated skin recovery and 
regeneration. A study reported that none of the patients 
treated with a cucumber cream developed grade 1 or higher 
skin lesions over the month following RT [39]. Cucumber 
is added to various skin care products because it not only 
nourishes and soothes the skin but also reduces swelling 
and relieves pain caused by skin irritation or sunburns [40]. 
Copper oxide nanoparticles produced through green syn-
thesis using cucumber extract demonstrate resistance to 
ultraviolet radiation and ROS inhibition without cytotoxic-
ity. When incorporated into skin creams, the nanoparticles 
can repair the skin [41]. In general, cucumber cream leads 

to satisfactory RID treatment outcomes; however, its mecha-
nism of action remains unclear.

Honey

Honey can prevent radiation-induced oral mucositis (OM), a 
common, painful side effect of RT in patients with HNC. A 
study reported that patients who received honey as an inter-
vention demonstrated a considerable reduction in the sever-
ity of OM, particularly grade 3 and 4 OM [42]. Moreover, 
honey consumption significantly prolongs the time to OM 
onset in patients undergoing RT [43].

Honey can reduce severe mucositis incidence during RT 
in patients with OM and HNC. Moreover, using honey as a 
complementary treatment can aid in lowering OM-associ-
ated discomfort but without the effectiveness of RT in tar-
geting and killing cancer cells [44]. In contrast, a Canadian 
double-blind clinical trial noted that their patients did not 
tolerate honey well; in addition, it did not relieve RT-induced 
OM significantly, even in the mouth [45].

Honey contains phenolic substances with anti-inflamma-
tory properties; they inhibit the proinflammatory activity of 
COX-2, iNOS, or both [46]. Although their mechanisms of 
action remain unclear, these anti-inflammatory properties 
are essential for RI-induced OM prevention and treatment.

In summary, honey can inhibit the expression of inflam-
matory pathway markers, such as IL-1, IL-10, IL-6, COX-2, 
TNF-α, NF-κB, IκB, TGF-β, 5-LOX, NO, iNOS, and PGE2, 
and prevent OM by inhibiting the release of macrophages, 
monocytes, neutrophils, keratinocytes, and other leukocytes, 
thereby preventing ROS production [47].

Henna extract

Henna (Lawsonia inermis L.) extract and topical ointment 
α (containing natural henna) have been noted to prevent and 
reduce RID severity after RT in patients with breast cancer; 
it can also relieve discomfort related to burning and itching 
[7]. A study used henna-leaf decoctions to treat some skin 
problems, including skin inflammation [48]; its results indi-
cated that henna has antioxidant properties, reducing lipid 
peroxidation rate, malondialdehyde levels, and RNA and 
DNA oxidation and thus inhibiting inflammatory responses 
and accelerating wound healing—thereby preventing and 
alleviating RID [7].

Aloe vera

Aloe vera is a medicinal plant traditionally used for the treat-
ment of burns and scalds; it also has analgesic, antidiabetic, 
anti-inflammatory, antiproliferative, anticancer, anti-aging, 
and immunomodulatory properties [16, 49]. The use of 
aloe vera gel in combination with the typical skin care plan 
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before RT initiation can significantly reduce the degree of 
burning sensation, as well as the incidence of skin erythema 
and wet desquamation, in HNC patients undergoing concur-
rent chemo-RT; however, it may not prevent RID [49].

Karbasizade et al [50] reported that an aloe vera solution 
prevented OM and reduced its severity. Sakhbujami et al. 
reported a similar result: aloe vera mouthwash reduced RT-
induced OM severity effectively without any side effects; it 
may thus be used as an alternative option for OM treatment 
in patients with HNC [51]. A systematic review and cumu-
lative analysis of randomized controlled trials reported that 
patients pretreated with aloe vera demonstrated significantly 
lower RID incidence (including the overall incidence and 
that of grade 2 to 4, grade 2, and grade 3 RID) and reduced 
RID risk by > 70%; among all RID grades, grade 3 RID dem-
onstrated the lowest incidence after aloe vera treatment [52].

Aloe vera, particularly its active components, elicits a 
protective effect on the skin, promoting wound healing, 
reducing inflammation, and improving skin health through 
its antioxidant and anti-inflammatory mechanisms. In an 
animal model, topical application of aloe vera promoted 
wound healing, reduced inflammatory cell infiltration, and 
increased epidermal thickness and collagen deposition [53].

Aloe vera exerts anti-inflammatory effects by reducing 
IL-8 levels, ROS production, and DNA damage [54]. In 
addition, topical aloe vera increases antioxidant-enzyme 
activity and glutathione content but reduces ROS pro-
duction, thereby preventing x-ray-induced damage [55]. 
Besides, aloin compounds, present in aloe vera, can promote 
cytokine and growth factor phosphorylation, leading to cell 
migration followed by wound healing acceleration [56].

Miscellaneous agents

Juango cream

Juango (containing Lithospermum Radix, Angelica Gigan-
tis Radix, beeswax, and sesame oil) has anti-inflammatory 
properties, which may facilitate RID treatment. A study indi-
cated that Juango cream reduced RID due to RT in patients 
with breast cancer without significant side effects. Similarly, 
several in vivo and in vitro studies have demonstrated the 
efficacy of Juango in dermatopathy [57]. Park et al [58] 
found that deoxyshikonin, the active component of Caryo-
phyllum, activates extracellular signaling, which facilitates 
the regulation of kinases, including p38 mitogen-activated 
protein kinase, and thereby enhances human keratinocyte 
proliferation and migration and promotes skin healing. In 
patients with RID, Caryophyllum inhibits TNF-α release, 
NF-κB nuclear translocation, and proteasome activity in 
macrophages, whereas decursin (purified from angelica) 

exerts anti-inflammatory effects by inactivating inflamma-
tory mediator expression in macrophages [59].

Holoil

Holoil—a medicinal mixture of Hypericum flower extract 
and neem oil—stimulates granulation tissue growth and 
effectively eliminates fibrin. Both Hypericum flower extract 
and neem oil have anti-inflammatory properties. In particu-
lar, Hypericum flower extract facilitates keratinocyte pro-
liferation [60].

The effectiveness and safety of holoil have been validated 
for acute skin toxicity treatment in HNC patients undergoing 
chemo-RT [60]. Moreover, Franco et al. demonstrated that 
both Hypericum flower extract and neem oil may prevent wet 
desquamation and RID grade reduction [61].

Vitamins

Patients with severe OM are deficient in vitamins that inhibit 
proinflammatory pathways (eg., vitamins E, A, and D) [62].

Vitamin E, a potent antioxidant, alleviates OM in patients 
with HNC after RT [63–65]. It is a cofactor in an enzymatic 
antioxidant molecular complex that protects cells from dam-
age [66] and reduces mucositis severity by exerting anti-
oxidant effects, thus preventing skin and mucous membrane 
damage due to ROS [67].

Ascorbic acid (ie., vitamin C) is a potent antioxidant with 
free radical-scavenging properties; it maintains the intracel-
lular redox balance by aiding the removal of free radicals 
such as ROS, NO, superoxide, and ozone, thus preventing 
oxidative damage [68]. However, topical ascorbic acid has 
not been shown to be effective in the management of RID 
[13, 69].

Topical nonsteroidal agents

Doxepin

Topical doxepin can alleviate OM pain [70]. Moreover, dox-
epin cream has been reported to be effective in preventing 
grade 2 or higher skin inflammation in patients undergoing 
RT for breast cancer postoperatively [71]. A randomized 
trial reported that doxepin improved acute cutaneous toxicity 
caused by breast intensity-modulated RT and significantly 
reduced dermatitis incidence rate and severity compared 
with the placebo [71].

Feng et al [72] explored the mechanism underlying the 
beneficial effects of doxepin; the authors reported that dox-
epin has anti-inflammatory properties: it blocks histamine 
H1 and H2 receptors and prevents histamine release. Ani-
mal studies further support these observations: doxepin 
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administration leads to a decrease in the levels of various 
inflammatory cytokines (eg., IL-2, IL-12, IFN-γ, TNF-α, 
IL-6, and IL-1β) [73]. In summary, doxepin can suppress 
dermatitis symptoms and reduce inflammatory cytokine 
levels, making it a promising agent for RID prevention and 
treatment.

Hyaluronic acid

Hyaluronic acid (HA) is a natural biopolymer from the 
glycosaminoglycan family; it is widely employed as a key 
ingredient in irradiated skin care products. HA accelerates 
the healing process of wounds substantially by influencing 
the growth and activity of fibroblasts and fibrin [74]. Several 
studies have noted that HA gel does not prevent RID, reduce 
its severity, or provide protection against radiation [75, 76]. 
A meta-analysis demonstrated that HA has no significant 
effect on grade 2 RID occurrence or overall RID incidence 
[77]. However, in a study on RID treatment using HA gel 
(ie., Jalosome soothing gel), patients showed great satisfac-
tion with RID-related pain reduction and resolution [78]. 
In their meta-analysis on randomized controlled trials, Lee 
et al. [79] indicated that compared to other topical drugs, HA 
demonstrates higher RID treatment efficacy and lower des-
quamation incidence, without major side effects, in patients 
with breast cancer; therefore, it may be a great alternative 
topical agent for RID treatment [79].

HA is believed to promote epidermal cell migration; it 
also has an occlusive effect, potentially allowing HA-con-
taining cosmetics to persist in the skin layer and penetrate the 
epidermis more easily. In addition, HA can aid in maintain-
ing skin firmness by eliciting a potential antioxidant effect; 
therefore, sunscreen products containing HA can protect the 
skin from ultraviolet radiation and reduce related damage 
[80]. Therefore, HA may have several RID-preventive and 
-treatment benefits in cancer patients undergoing RT.

Statins

Statins are a class of drugs mainly used to reduce cholesterol 
levels; they also have lipid-lowering, anti-inflammatory, 
immunomodulating, antioxidant, metabolic, and antibacte-
rial properties. Statins have also been noted to reduce the 
severity of skin diseases satisfactorily [13].

Ghasemi et al. [81] investigated the effects of topical ator-
vastatin on radiation-induced breast site skin. The authors 
found that atorvastatin cream application significantly 
reduced swelling (measured as cup size increase), itching, 
and pain. In particular, the reduction in breast swelling, itch-
ing, and pain was nearly 1.8, 1.7, and 1.5 times higher in the 
atorvastatin group than in the control group, respectively 
[81].

D‑Panthenol

D-Panthenol, also known as provitamin B5, is a common 
ingredient in commercially available skin care formu-
lations indicated for use in individuals undergoing RT. 
D-Panthenol in these formulations mitigates the adverse 
effects of radiation on the skin.

Provitamin B5 deficiency can lead to dermatitis, 
whereas excessive provitamin B5 can promote epithelial 
regeneration and formation [13]. It is a polyhydroxy alco-
hol occurring naturally in human skin, hair, and nails.

The molecular structure of D-panthenol includes mul-
tiple hydroxyl groups; therefore, it promotes tissue regen-
eration and wound healing. When applied topically to the 
skin, D-panthenol effectively relieves all forms of irrita-
tion and redness, soothes burning sensations, and enhances 
epidermal lipid barrier integrity and function [74]. How-
ever, although creams containing D-panthenol signifi-
cantly reduce epidermal flaking, they have no effect on 
grade 3 or 4 RID and a weak wet desquamation-preventive 
effect after RT [74].

Epigallocatechin gallate

Epigallocatechin gallate (EGCG) may be an innovative 
option for skin treatment for patients undergoing RT. In a 
study including patients undergoing adjuvant RT for breast 
cancer, a prophylactic EGCG solution significantly reduced 
RID incidence and severity by inhibiting oxidative stress 
induced by ultraviolet radiation [82]. In a single-arm study 
on the effects of EGCG in breast cancer, dermatitis severity 
regressed to grade 2 in 2 patients using EGCG [83]. The 
antioxidant activity of EGCG involves free radical scav-
enging; as such, it is being increasingly used for RID [84]. 
EGCG pretreatment significantly enhances skin cell viability 
after irradiation with x-ray and prevents x-ray-associated 
apoptosis incidence [85].

The beneficial effects of EGCG against RID may be 
attributable to a complex set of molecular mechanisms. 
EGCG effectively impedes NF-κB gene transcription, lead-
ing to a reduction in the expression of various inflammation-
associated genes [86]. In particular, EGCG phosphorylates 
IκB and its upstream kinase inhibitor, κB kinase; this exter-
nal stimulation activates macrophages, which in turn induces 
NF-κB activation [87]. This activation leads to inflammatory 
response modulation: it blocks the transcription of NF-κB, 
mainly through the induction of iNOS and COX-2, and 
reduces the levels of proinflammatory molecules, such as 
IL-1, TNF-α, and NO; furthermore, activation of antioxidant 
genes such as HO-1 mediated by Nrf2 inhibits NF-κB acti-
vation and thus the inflammatory response in macrophages 
[88].
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Allantoin

Allantoin is a common ingredient in formulations recom-
mended for treating skin care after exposure to ionizing radi-
ation. A compound derived from heterocyclic urea, allantoin 
is widely used in skin care products to soothe, protect, condi-
tion, and moisturize the skin.

Allantoin affects skin regeneration by promoting cell 
reconstitution and exhibiting anti-inflammatory proper-
ties [74]; therefore, it may have therapeutic effects on RID. 
Allantoin significantly reduces mean skin toxicity levels 
after 3 weeks of RT; compared with that before RT initia-
tion, allantoin-containing creams are much less effective at 
relieving inflammatory symptoms after 6 RT weeks or RT 
termination [89].

Sucralfate

Topical sucralfate exhibits excellent barrier ability, antibac-
terial activity, anti-inflammatory effects, and angiogenesis-
promoting ability. Topical sucralfate also has therapeutic 
effects on mucocutaneous inflammatory diseases (including 
post-RT reactions) and mucocutaneous infectious diseases 
[90].

The results regarding the clinical efficacy of sucralfate in 
RID treatment are, however, mixed. Maiche et al. conducted 
a double-blind, randomized study on breast cancer patients 
undergoing electron beam therapy to assess the effectiveness 
of 7% micronized sucrose sucralfate cream. Their results 
revealed that sucralfate cream application significantly pre-
vents acute radiation response in the skin. Delany et al [90] 
evaluated the effectiveness of topical 10% sucralfate cream 
in patients with wet desquamation due to RT. However, the 
authors noted that in these patients, 10% sucralfate cream 
does not lead to superior outcomes.

The potential mechanism through which sucralfate pre-
vents or alleviates RID are as follows: (i) reduction in oxy-
gen radical generation; (ii) modulation of macrophage acti-
vation and COX-2 activity and increase in PGE2 release; and 
(iii) enhancement of growth factor availability, promotion of 
blood flow and cell proliferation, and tissue repair through 
tissue growth factor binding.

Trolamine

Trolamine, a nonsteroidal anti-inflammatory molecule, is 
widely used as an oil-in-water emulsion in clinical practice 
for RID treatment in some European countries. Hamza et al. 
confirmed that trolamine emulsion considerably reduces 
ARD severity in head and neck squamous cell carcinoma 
patients receiving chemo-RT [91]. However, in a study, 
trolamine did not demonstrate superior RID treatment out-
comes to those of supportive care or the placebo [13]. A 

study comparing calendula and trolamine for RID treatment 
indicated that trolamine might not be suitable as a stand-
ard alternative for RID prevention or treatment in patients 
with breast cancer or HNC [92]. Trolamine may resolve RID 
through a nonsteroidal anti-inflammatory process, where it 
may stimulate macrophage recruitment and promote granu-
lation tissue growth [13].

Biafine emulsion

Biafine emulsion topical emulsion can accelerate wound 
healing by enhancing macrophage infiltration into the 
wound bed. In the early stages of healing, biafine emulsion 
use is associated with increased macrophage infiltration but 
reduced neutrophil infiltration [93].

A systematic review and meta-analysis suggested that 
biafine emulsion prevents RID development in patients 
with breast cancer; however, although it is less effective in 
preventing grade 1 and 2 RID or reducing RID incidence, it 
can reduce RID severity [77]. A study indicated that when 
used to treat grade 2 or 3 RID, the effects of biafine emulsion 
did not differ from those of Mabel ointment (comprising 
0.25% b-sitosterol); in contrast, Mabel ointment significantly 
reduced toxic itching and local skin pain [94].

In summary, the application of biafine emulsion to RID 
may reduce inflammatory response by enhancing mac-
rophage infiltration and lowering the neutrophil count. How-
ever, it may not be as effective as other topical nonsteroidal 
agents.

Topical corticosteroids

Mometasone furoate

Mometasone furoate, a synthetic corticosteroid, can prevent 
the development of severe RID. In particular, it induces pro-
teins that inhibit phospholipase A2 and prevents arachidonic 
acid release from the phospholipid membrane, thus inhibit-
ing the synthesis of specific inflammatory mediators effec-
tively [95].

Recent studies on mometasone furoate cream have 
reported that it significantly alleviates ARD when applied 
topically. Mometasone furoate potentially inhibits the ara-
chidonic acid pathway; it also significantly reduces leukot-
riene production and adhesion molecule expression and 
inhibits inflammatory cytokine and growth factor production 
[96]. Taken together, these effects lead to the inflammation-
inhibition effect of mometasone furoate.

A clinical trial including 120 patients with breast cancer 
demonstrated that the patients using mometasone furoate 
cream experienced a significant reduction in RID incidence 
and an improvement in health-related quality of life [97]. In 
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a randomized controlled trial including 41 head and neck 
squamous cell carcinoma patients undergoing radical RT, 
mometasone furoate cream application after high-dose RT 
(> 50 Gy) prevented ARD effectively, particularly when the 
radiation dose was < 6000 Gy [98].

In summary, many studies have examined topical corti-
costeroid use for ARD prevention. Current evidence con-
sistently supports the efficacy of mometasone furoate in 
preventing ARD and the associated symptoms [99].

Betamethasone

Betamethasone, also a topical corticosteroid, can effectively 
prevent severe RID. Its mechanism of action inhibits the 
activation of NF-κB and the production of inflammatory 
cytokines (IL-6, IL-8, IL-1β, TNF-α), leading to its potent 
glucocorticoid activity [95].

Compared with mometasone furoate, betamethasone 
has a higher anti-RID potential because it more effectively 
prevents RID occurrence and progression in patients with 
cancer. Current evidence supports the use of topical cor-
ticosteroids to prevent ARD and its associated symptoms 
[99–101]. In breast cancer patients undergoing RT, daily 
topical application of betamethasone reduces ARD inci-
dence [102]. In summary, betamethasone is more effective 
than mometasone furoate in preventing RID occurrence and 
progression in patients with cancer.

Conclusions

Many topical agents currently available on the market 
have RID treatment potential. These agents include natural 
agents (eg., silymarin, calendula, and PTNs), miscellane-
ous agents (eg., Juango cream, holoil, and vitamins), topical 
nonsteroidal agents (eg., EGCG, statins, and D-panthenol), 
and topical corticosteroids (eg., mometasone furoate and 
betamethasone). In experimental studies, silymarin, N. 
sativa gel, olive oil, Juango cream, doxepin, EGCG, and 
betamethasone have demonstrated positive RID treatment 
outcomes in breast cancer patients undergoing RT treatment; 
similarly, honey and holoil have demonstrated positive RID 
treatment outcomes in HNC patients undergoing RT. Moreo-
ver, calendula and mometasone furoate may be suitable for 
RID treatment in breast cancer patients undergoing chemo-
therapy, as well as in HNC patients after RT. In particular, 
MASCC guidelines recommend topical steroids and olive 
oil for RID prevention.

Most topical agents reviewed herein are used to prevent 
and manage RID by regulating oxidative stress and inflam-
matory responses; their mechanisms of action include regu-
lation of the NF-κB pathway, promotion of antioxidant and 
anti-inflammatory activities, acceleration of wound healing, 

and formation of skin barriers. However, the mechanisms 
of action of some topical agents with promising preventive 
and therapeutic effects on RID remain unclear. Moreover, 
the applicability and efficacy of most of these topical agents 
for RID prevention and treatment in patients with different 
types of cancer vary widely. Therefore, whether these topical 
agents can be used for RID treatment or prevention, regard-
less of the cancer type, warrants further research.

All relevant studies reported thus far have several limita-
tions. These studies have not classified patients based on the 
differences in their skin sensitivity to radiation; moreover, 
they have used small patient samples, employed different 
study designs and intervention types, and reported different 
assessment results. As such, the currently available evidence 
regarding the use of topical agents for RID prevention and 
management is of low quality. Furthermore, relevant trials 
have reported conflicting findings, with most of them not 
recommending the assessed topical agents for use in RID 
prevention and management.

RT is typically indicated for weak patients undergoing 
multiple treatments.

Patients typically become debilitated by multiple radia-
tion treatments. In these patients, topical agents are the most 
convenient, inexpensive, and safest options for RID preven-
tion and treatment. Future studies should focus on develop-
ing criteria for RID prevention and treatment using topical 
agents.
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