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Radiation therapy is a common treatment for various types of cancer, including breast, head

and neck, and skin cancers.1 An estimated 50% of patients with cancer in North America

will be treated with radiation therapy during their illness. Unfortunately, the same mechan-

ism that is effective in treating cancer also causes major adverse consequences.2 The energy

delivered to the irradiated body part can produce local inflammation and reactive oxygen

species that damage cellular structures, including cell membranes and DNA.

Although effective, the use of radiation therapy is often limited by these adverse

dermatologic changes.1 These include acute effects such as erythema and desquamation,

and late effects such as fibrosis. Unfortunately, radiation dermatitis is extremely common,

affecting up to 95% of patients who receive radiation therapy.1,2 Radiation dermatitis can

have major adverse consequences on patients’ quality of life. Although routine

nonpharmacologic skin care measures are accepted as standard care, unfortunately,

evidence is limited for pharmacologic therapies. Therefore, this review provides a summary

of the pathophysiology, presentation, and management of radiation dermatitis, with a focus

on pharmacologic and emerging treatments.

EPIDEMIOLOGY

Radiation therapy is commonly employed in treatment of anal, breast, head and neck,

sarcoma, skin, and vulvar cancers.2 Because the irradiated area is close to the skin, radiation

dermatitis is common in patients with these cancers. Various patient- and treatment-related

factors increase the risk of radiation dermatitis. For example, risk increases with irradiation

of more sensitive areas, such as the abdomen, anterior of the neck, chest, extremities, and

face. Patients with breast reconstructions and implants are at increased risk of severe

radiation dermatitis because these procedures can reduce the skin’s ability to dissipate heat.3

Additionally, older age increases risk because of aging cell lines and loss of collagen.4

Likewise, patients who smoke experience disruptions in healing due to impaired

oxygenation. Other risk factors include obesity, poor nutritional status, chronic sun

exposure, and disorders of connective tissue (eg, systemic lupus erythematosus) and skin

(eg, acne, psoriasis).

Treatment-related factors that increase risk of radiation dermatitis include higher total

radiation dose and use of bolus radiation therapy.4 Concurrent medical therapy also plays

a role; use of epidermal growth factor inhibitors has been associated with an approximate

2-fold increase in radiation dermatitis because of their effect on increasing radiosensitivity.5

PATHOPHYSIOLOGY

Ionizing radiation contributes to the pathophysiology of radiation dermatitis by generating

free radicals and reactive oxygen species.1,2,6 These cause damage to DNA and adverse

changes to components of the skin; thus the same mechanism used to kill cancer cells is

also responsible for radiation dermatitis. Acute dermatitis often presents shortly after

irradiation, but because these effects are cumulative throughout treatment, changes may

not occur for weeks after treatment initiation. Acute changes are reflective of both direct

tissue injury and local inflammation. For example, erythema is likely associated with
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capillary dilation and vascular permeability due to production

of inflammatory mediators. Skin dryness can result from

destruction of sebaceous glands and hair follicles. Over time,

chronic changes may involve modifications to the dermal and

subcutaneous vascular and connective tissue, potentially

resulting in telangiectasia and hyper- or hypopigmentation.

PRESENTATION AND DIAGNOSIS

Presentation of radiation dermatitis differs based on acute

versus chronic skin changes.1,2 Changes that occur within 90

days of radiation therapy are categorized as acute reactions.

These typically occur within days to weeks of therapy, and

often involve early erythema that often abates within days.

Other acute changes may include dryness, loss of hair, and

hyperpigmentation. In later weeks, dry desquamation can

occur, causing itchiness, flaking, and scaling of the skin.

Higher radiation doses may cause more severe cases, in which

moist desquamation occurs and causes edema, exudate, and

bullae formation. 

Chronic radiation dermatitis occurs 90 or more days after

completion of radiation therapy, but may develop over a course

of years.1,2 Signs include dermal atrophy, fibrosis, vascular

injury, thinning of the epidermis, and thickening of the dermis.

Severe cases may result in dermal necrosis, and as a result,

infection.

Grading of the severity of radiation dermatitis is important to

assessment and management; however, no consensus approach

exists.2 The most commonly used assessment scales include

the National Cancer Institute’s Common Terminology Criteria

for Adverse Events (CTCAE) version 5.0 and the Radiation

Therapy Oncology Group (RTOG)/European Organization for

Research and Treatment of Cancer (EORTC) scale.2,7 Both

systems implement scores representing similar severity and

presentation (Table 1). Illustrations of the grades of radiation

dermatitis based on CTCAE criteria are presented in Figure 1.8

Table 1. Common scoring systems 

for severity of radiation dermatitis.2,7

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events;

EORTC, European Organization for Research and Treatment of Cancer; NCI,

National Cancer Institute; RTOG, Radiation Therapy Oncology Group.

Figure 1. Grade 1 through 4 radiation dermatitis 

based on CTCAE criteria.8,a

aPanels represent dermatitis of Grade 1 (top left), 2 (top right), 

3 (bottom left), and 4 (bottom right).

The diagnosis of radiation dermatitis is a clinical one, relying

on assessment of skin changes and recent exposure to radiation

therapy, as well as consideration of predisposing risk factors.2,9

The reaction should be differentiated from other similarly

presenting cutaneous conditions, including contact dermatitis,

herpes zoster, radiation port dermatophytosis, and rarely

Stevens-Johnson syndrome or toxic epidermal necrolysis.

GUIDELINE RECOMMENDATIONS ON

PREVENTION AND MANAGEMENT

Prevention and management of radiation dermatitis can be

challenging.1,2 The mechanisms and properties of numerous

prescription and non-prescription agents seem promising in

managing radiation-induced skin changes. However, to date,

studies have reported conflicting or negative results for many

of these agents.10-12 Thus, current practice is often variable and

rooted in clinical experience.2 In 2013, the Multinational

Association for Supportive Care in Cancer (MASCC) Skin

Toxicity Study Group performed a systematic literature review

and produced a guideline for the prevention and treatment of

acute and late radiation reactions.13 Because it is one of the

most widely recognized treatment guidelines for management

of radiation dermatitis, recommendations from the MASCC

panel are summarized below.

Nonpharmacologic measures

General measures to prevent radiation dermatitis include

nonpharmacologic modalities such as wearing loose-fitting

clothing at the site of irradiation, avoiding tobacco and alcohol,

and maintaining adequate hydration.1,2 Patients undergoing

radiation therapy were historically instructed to not wash the

irradiated area; however, recent findings have challenged this

practice.13 Several randomized controlled trials (RCTs) demon-

strated that washing irradiated skin with water and mild soap

demonstrated reduced itching, erythema, and desquamation

compared with water alone.1,13 Therefore, the MASCC

guideline strongly recommends gentle washing with or without

a mild soap or shampoo.13

Score Scoring System and Definitions

NCI CTCAE RTOG/EORTC

0 No change

1 Erythema, dry desquamation

2

 Moderate to brisk erythema

 Patchy, moist desquamation

 Only skin folds and creases affected

 Moderate edema

 Bright erythema

 Moist desquamation

 Edema

3

 Moist desquamation in areas other 

    than skin folds and creases

 Bleeding induced by minor trauma 

    or abrasion

 Confluent moist

    desquamation

 Pitting edema

4

 Life-threatening consequences

 Skin necrosis or ulceration of full 

    thickness dermis

 Spontaneous bleeding

 Skin graft indicated

 Ulceration

 Hemorrhage

 Necrosis

5 Death



Pharmacologic measures

Various pharmacologic interventions have been evaluated

because they have a mechanism suggestive of benefit; how-

ever, few have evidence sufficient to justify recommendations

in favor of their use.13 These interventions and recommen-

dations on their use are summarized below and in Table 2.

Table 2. Summary of MASCC recommendations for

pharmacologic measures in radiation dermatitis.13

Prevention

Among various interventions, topical corticosteroids and silver

sulfadiazine cream appear to more consistently demonstrate

efficacy than other measures.13 Topical corticosteroids have

antiinflammatory effects that inhibit the increase in cytokine

production caused by irradiation.10-12 Several trials in patients

with breast cancer undergoing radiation therapy have compared

topical corticosteroids with control groups of either no

treatment, an emollient, dexpanthenol, or placebo.13 The

studies evaluated beclomethasone spray, mometasone furoate

combined with an emollient, and methyl-prednisolone.

Treatment with topical corticosteroids demonstrated a trend in

reducing maximum toxicity grade and intensity of skin

erythema. Evidence appeared to be strongest for mometasone

furoate, which in one double-blind RCT, demonstrated

significant reductions in the mean grade of itching and

discomfort or burning. Despite the small sample sizes of these

studies, the MASCC panel strongly recommends use of

prophylactic topical cortico-steroids (eg, mometasone) to

reduce discomfort or burning and itching.

Aloe vera is a commonly used natural topical agent with anti-

inflammatory properties.10,13 It contains vitamins, enzymes,

minerals, and amino acids that contribute to healing. However,

several RCTs found no benefit with aloe vera compared with

cream, mild soap, or no treatment.13 While studies have not

generally demonstrated safety concerns with aloe vera, the

MASCC panel strongly recommends against its use.

Nonetheless, a recent survey of radiation oncologists reported

that approximately half of respondents used aloe in prevention

and treatment of radiation dermatitis.14

Silver sulfadiazine also has anti-inflammatory, anti-bacterial,

and barrier-enhancing properties.10-12 Silver sulfadiazine cream

has been investigated in a single trial of women undergoing

radiation therapy for breast cancer.13 Compared with standard

skin care, silver sulfadiazine cream was associated with

improved total skin injury scores after 6 weeks. The MASCC

panel makes a weak recommendation for the prophylactic use

of silver sulfadiazine cream in breast cancer.

Trolamine, a topical non-steroidal anti-inflammatory agent, is

believed to recruit macrophages and stimulate granulation

tissue.13 However, several RCTs demonstrated no benefit in

comparisons of trolamine with control groups of no treatment

or topical emollients, and the MASCC panel strongly

recommends against the use of trolamine for prevention or

treatment of radiation dermatitis.

Various other agents were reviewed by the MASCC panel, but

were deemed to have insufficient supporting evidence to

warrant recommendations.13 These include sucralfate,

hyaluronic acid, ascorbic acid, petroleum-based ointments, and

dexpanthenol (an analog of vitamin B5). The mechanisms of

action and MASCC statements on these agents are summarized

in Table 2.

Treatment

Recommendations for treatment of radiation dermatitis are

limited.13 General skin care measures that promote moist

healing and improved cell growth, division, and migration

(include hydrogel and hydrocolloid dressing) are often used;

Abbreviation: MASCC, Multinational Association for Supportive Care 
in Cancer.
aLevels of evidence: I, meta-analyses and randomized trials with high
power; II, randomized trials with low power; III, nonrandomized trials; 
IV, descriptive and case studies; V, case reports and clinical examples.

bGrade of recommendation: A, Level I evidence or multiple consistent
findings of Level II through IV evidence; B, generally consistent 
Level II through IV evidence; C, inconsistent or low-power evidence; 
D, little or no evidence.

Intervention Proposed Mechanism MASCC
Recommendationa,b

Topical

Corticosteroids

Anti-inflammatory

properties; inhibition of

cytokine production

Strong recommendation 

for preventive use, 

particularly mometasone 

(Level II, Grade B)

Silver

sulfadiazine

Anti-inflammatory,

antibacterial, barrier-

enhancing properties

Weak recommendation 

for preventive use 

(Level II, Grade B)

Aloe vera 
Anti-inflammatory

properties

Strong recommendation 

against preventive use 

(Level I, Grade A)

Trolamine

Anti-inflammatory,

antibacterial, barrier-

enhancing properties

Strong recommendation

against preventive use 

(Level I, Grade A for

prevention; Level II,

Grade C for treatment)

Sucralfate

Anti-inflammatory, 

antibacterial, barrier-

enhancing properties

Insufficient evidence for

preventive use or treatment

(Level II, Grade C)

Ascorbic acid
Antioxidant; free radical

scavenging properties

Insufficient evidence 

for preventive use

(Level II, Grade C)

Dexpanthenol
Barrier-enhancing

properties

Hyaluronic acid

Stimulation of fibrin

development, granulocyte

and macrophage mobility,

and fibroblast proliferation

Petroleum-

based 

ointments

Barrier-enhancing

properties

Systemic

Pentoxifylline

+ vitamin E

Microcirculatory

enhancement; improved

tissue compliance

Insufficient evidence 

for preventive use 

(Level II, Grade B 

for treatment)

Proteolytic

enzymes

Analgesic,

anti-inflammatory

properties

Insufficient evidence 

for treatment

(Level II, Grade B 

for treatment)

Pentoxifylline
Microcirculatory

enhancement Insufficient evidence 

for treatment

(Level II, Grade C)
Sucralfate

Mucoprotective properties
Zinc



however, the MASCC panel concluded evidence for these

dressings is currently insufficient.15 Similar statements were

issued regarding sucralfate and trolamine. For late radiation

dermatitis, the panel makes a weak recommendation for use of

long-pulsed dye laser in treatment of telangiectasia. For

cutaneous fibrosis, two uncontrolled studies of pentoxifylline

alone or combined with vitamin E were available; however,

these were insufficient to support recommendations.

EMERGING TREATMENTS

Photobiomodulation

In recent years, photobiomodulation using low-level light

therapy has gained greater attention as an option in prevention

and management of radiation dermatitis.16 This therapy

involves application of low-intensity light in the visible and

near-infrared spectrum before and/or after radiotherapy

sessions.17 While not fully understood, the mechanism 

of photobiomodulation is believed to be related to photon

absorption, which causes release of nitric oxide and increases

in growth factor production, cellular proliferation, and

extracellular matrix deposition.16 Several clinical trials have

evaluated photobiomod-ulation, predominantly in patients 

with breast cancer, and have demonstrated reductions in 

the incidence and severity of radiation dermatitis and

improvements in pain and quality of life.16-18 There is currently

no consensus on the role of photobiomodulation in radiation

dermatitis, and evidence for this therapy will continue 

to evolve.16

Topical analgesics, antiseptics, and antioxidants

Alocane Plus is a topical ointment containing 4% lidocaine (a

topical analgesic) and 0.13% benzalkonium chloride (a topical

antiseptic), along with other ingredients such as aloe vera and

tocopherol acetate (vitamin E).19 Lidocaine is a local anesthetic

that exerts its analgesic effects through inhibition of voltage-

gated sodium channels in neurons, thus preventing the

generation and conduction of nerve impulses.20 Lidocaine has

long been used to numb regions of skin and relieve pain due to

skin wounds.21 The local anesthetic effect of lidocaine is rapid,

and the duration of effect ranges from 

3 to 8 hours based on the dose, route, and area of admini-

stration. Benzalkonium chloride, one of the most common

active ingredients in disinfectants, is an antiseptic with activity

against bacteria, fungi, and viruses.22 As a cationic surfactant,

benzalkonium chloride causes lysis of bacterial cell walls, and

has demonstrated reductions in bacterial biofilm burden in in

vitro studies and murine models.23,24

CURRENT MANAGEMENT AND CONSIDERATIONS

Given the limited number of interventions with supporting

evidence, some experts have developed local treatment

guidelines that describe their approach to prevention and

management of radiation dermatitis.9,15,25 Prior to irradiation,

topical moisturizers, gels, and dressings should be avoided

because they may produce a bolus effect, increasing the dose

of radiation delivered to the epidermis. Generally, topical

corticosteroids are utilized to reduce erythema and pruritis.

Low- to medium-potency agents (eg, mometasone furoate

0.1%, hydrocortisone 1%) applied once or twice daily are

preferred, and therapy can be escalated to higher-potency

corticosteroids if symptom relief is inadequate. The duration

of topical corticosteroid use is recommended to be limited to a

3- to 5-day period because long-term use may cause skin

atrophy and reduce blood flow to the skin.

Routine skin care, including hydration, hygiene, and protection

should be encouraged in all patients to manage erythema,

pruritis, and desquamation.9,15,25 Patients who develop grade 1

radiation dermatitis generally only require these general skin

care measures. Dry desquamation may be managed with

hydrophilic moisturizers or medium-potency topical

corticosteroids (eg, fluticasone propionate 0.05% cream,

hydrocortisone valerate 0.2% ointment), which can mitigate

pruritis and irritation; oral antihistamines may also be

considered. Patients with grade 2 to 3 dermatitis and moist

desquamation typically receive dressings over the areas of skin

sloughing, and may benefit from topical and/or systemic

antibiotics to prevent infection. Adjunctive topical or oral

analgesic therapy may also promote comfort in patients with

moist desquamation. Patients with grade 4 radiation dermatitis

should be managed on a case-by-case basis, and may require

multidisciplinary management including a wound specialist,

dermatologist, and radiation oncologist. These patients may

require surgical debridement or skin graft, as well as systemic

or topical antibacterials to prevent or treat infection.

Testimonials from clinicians also support use of emerging

therapies in radiation dermatitis, including Alocane Plus. A

clinician described use of Alocane Plus for relief of pain and

itching associated with radiotherapy, particularly in patients

with breast cancer and postradiotherapy soreness and itching.

A typical protocol used by this clinician includes application

of Alocane Plus 3 to 4 times daily between the twelfth and

twentieth days of radiotherapy. Patients may continue using

Alocane Plus for up to 2 weeks after completion of treatment.

Adjunctive treatments may also include moisturizing cream or

corticosteroid cream, which are applied after Alocane Plus.

Patients treated with this protocol reported mild pain relief and

decreased pruritis, and typically experienced resolution of

radiation dermatitis within a month.

CONCLUSION

Radiation dermatitis is an adverse effect that occurs in nearly

all patients with cancer who receive radiation therapy.

Symptoms including erythema, pruritis, and desquamation, can

have serious impacts on quality of life. Despite the incidence

of radiation dermatitis, few interventions have strong evidence

supporting use in prevention or treatment. Currently, only

topical corticosteroids and silver sulfadiazine are recom-

mended by guidelines for preventative use. A variety of other

measures have been studied, but are either recommended to be

avoided or lack sufficient data to provide recommendations on

use. Emerging therapies such as Alocane Plus may offer benefit

in radiation dermatitis through its topical analgesic and

antiseptic effects of lidocaine and benzalkonium chloride,

respectively. In the absence of a gold standard algorithm for

care of patients with or at risk for radiation dermatitis,

clinicians should consider patients’ risk factors, symptoms, and

values and preferences in selecting a management approach.
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