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Abstract Radiodermatitis (radiation dermatitis, radiation-
induced skin reactions, or radiation injury) is a significant
side effect of ionizing radiation delivered to the skin during
cancer treatment as well as a result of nuclear attacks and
disasters, such as that which occurred in Fukushima in
2011. More specifically, 95 % of cancer patients receiving
radiation therapy will develop some form of radioder-
matitis, including erythema, dry desquamation, and moist
desquamation. These radiation skin reactions result in a
myriad of complications, including delays in treatment,
diminished aesthetic appeal, and reduced quality of life.
Recent technological advancements and novel treatment
regimens have only been successful in partly ameliorating
these adverse side effects. This article examines the current
knowledge surrounding the pathogenesis, clinical mani-
festations, differential diagnoses, prevention, and man-
agement of radiodermatitis. Future research should
examine therapies that incorporate the current under-
standing of the pathophysiology of radiodermatitis while
measuring effectiveness using objective and universal
outcome measures.
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Key Points

Radiodermatitis is a major side effect associated with
radiation exposure and exists on a continuum
ranging from erythema to moist desquamation.

Despite recent advancements in technology and the
development of new treatments, there is no definitive
evidence supporting any one intervention in the
prevention or treatment of radiodermatitis.

1 Introduction

Tonizing radiation is often utilized to treat various forms of
cancer. In North America, 50 % of cancer patients will
receive radiotherapy during their illness [1]. It is estimated
that up to 95 % of these patients will develop some degree
of radiodermatitis [2, 3]. Radiodermatitis is also referred to
as radiation dermatitis, radiation-induced skin reactions, or
radiation injury of the subdermal fat. It may also be caused
by a variety of other forms of radiation exposure (i.e., other
interventional procedures, environmental factors, or occu-
pation-related exposure, as seen in nuclear power plant
workers), even when the skin is not the primary target.
These radiation-induced skin changes have been recog-
nized and scientifically reported since the beginning of the
20th century [4, 5].

The effects of radiation injury may affect the patient’s
quality of life and well-being, resulting in a potentially
detrimental cessation of therapy and consequent inappro-
priate treatment [1, 5]. Consequently, much research has
explored the underlying factors, pathophysiology, and
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management of radiodermatitis. Novel technologies and
treatment schedules have been successful in partly ame-
liorating, but not eliminating, these adverse side effects [4].
Despite this growing interest, much remains to be explored
and discovered with respect to this pervasive condition.

2 Epidemiology

Radiodermatitis is among the most common side effects
experienced by patients receiving radiation therapy for
sarcoma, breast, anal, vulva, and head and neck cancers [2,
7, 8]. The higher incidence of radiodermatitis in these
cancers is due to proximity of the intended radiation target
to the skin and hence the inability to spare the skin from
higher doses of radiation [9]. Additionally, radiation injury
may be more symptomatic in certain skin regions such as
the vulva and anus [3]. Radiation dermatitis occurs in up to
95 % of patients receiving radiotherapy [2, 3]. In Canada,
the USA, Europe, and Australia, at least 50 % of patients
diagnosed with cancer will receive radiation therapy during
their illness [1]. Erythema is the first visible manifestation,
occurring in more than 90 % of these patients, followed by

Table 1 Radiation skin reactions

moist desquamation in more than 30 % of patients
(Table 1) [10]. The varying severities of radiation-induced
skin reactions in cancers most commonly associated with
radiodermatitis are explored in Table 2. This varying
degree of severity depends on numerous risk factors that
have been classified in the literature as being patient-re-
lated (intrinsic), treatment-related (extrinsic), or both (in-
trinsic and extrinsic) [11, 12]. Patient-related risk factors
may include age, sex, smoking, poor nutritional status, high
body mass index (BMI), large breast cup size, excessive
skin folds, ethnic origin, coexisting disease, hormonal
status, ultraviolet (UV) exposure, tumor site, and genetic
factors. Treatment-related factors include the total radia-
tion dose, the dose fractionation schedule, the type of
external beam employed, radio-sensitizers, concurrent
chemotherapy, the site of treatment, and the volume and
surface area of irradiated tissue [2, 3, 6, 8, 9, 11]. Three
studies have demonstrated reduced incidence, stage,
severity, and duration of radiation-induced skin reactions in
breast cancer patients receiving intensity-modulated
radiotherapy (IMRT) versus conventional radiation therapy
[13-15]. IMRT significantly improves dose distribution
compared with conventional radiation therapy [14].

Symptom Definition Pathogenesis Onset dosage (cGy)
Erythema Reddened skinned that may be Histamine-like substances release due to basal 2000-4000
edematous and feel hot keratinocyte destruction

Redness around treatment field Results in capillary dilation and RBC extravasation

Intensifies with treatment
Dry desquamation Dry flaky skin Compensatory mitosis to replace damaged cells >3000

Pruritus Novel cells produced faster than damaged cells

removed
Results in scaly, thickened skin

Moist desquamation Serous drainage Stem cell apoptosis and sloughing off of epidermis >4000

Typically around regions of
friction

Skin may blister, become moist and edematous, and
exudate may be present

Based on information gathered from Feight et al. [5], Glover and Harmer [17]

¢Gy centigray, RBC red blood cell

Table 2 Grades of severity of most commonly occurring cancers with radiodermatitis

RTOG/NCI CTCAE grade Head and neck

Breast cancer Vulvar cancer Anal cancer®

cancer (%) [50] (%) [48] (%) [57] (%) [58]
Grade 0 (no dermatitis) 1 6 0 76
Grade 1 (mild dermatitis) 20 61 11 16
Grade 2 (moderate dermatitis) 57 24 67 5
Grade 3 and 4 (severe dermatitis) 23 9 22 3

CTCAE Common Terminology Criteria for Adverse Events, NCI National Cancer Institute, RTOG Radiation Therapy Oncology Group

* Standard treatment for anal cancer involves chemoradiation. These patients received chemotherapy (mitomycin; standard chemotherapy) in
conjunction with radiation. The radiodermatitis observed is secondary to the chemoradiation vs. radiation alone
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3 Pathogenesis
3.1 Acute Effects

The pathogenesis of radiodermatitis involves a combina-
tion of direct radiation injury and a subsequent inflamma-
tory response, affecting cellular elements in the epidermis,
dermis, and vasculature. The energy from the initial dose of
ionizing radiation during radiation therapy produces
immediate tissue damage via the production of secondary
electrons and reactive oxygen species (ROS) that attack
cellular structures (i.e., cell membranes and DNA). Each
subsequent fraction of radiation generates greater inflam-
matory cell recruitment [16—18]. Ionizing radiation causes
an acute reaction that causes changes in skin pigmentation
through the migration of melanosomes, interrupted hair
growth, and damage to the deeper dermis, while sparing the
upper epidermal layer. Damage to the dermis disrupts the
normal process of skin cell repopulation, initially resulting
in erythema due to dermal vessel dilation and histamine-
like substance release [12]. At higher doses of radiother-
apy, greater damage occurs and the skin attempts to com-
pensate by increasing its rate of mitosis in the basal
keratinocyte cell layer. However, as the turnover of novel
cells is faster than the shedding of the old cells, this leads to
thickened, scaly skin (dry desquamation). At even higher
radiation doses, the basal layer is unable to recover and an
exudate is released; this is referred to as moist desquama-
tion (see Table 1, [12, 17, 19]). These varying degrees of
damage compromise the integrity of the physical barrier
produced by the skin and its immune function, resulting in
increased risk of infection [3]. Damage to the vascular
endothelium induces hypoxia and upregulates transforming
growth factor (TGF)-p, a cytokine that plays a central role
in mediating radiation-induced fibrosis [20]. Fibrosis and
tissue hypoxia resulting from vascular damage result in the
generation of ROS [20, 21]. ROS cause significant damage
to cellular structures and promote the production of
inflammatory cytokines in the skin. During radiation
treatment, ROS production increases dramatically and
overwhelms the body’s protective antioxidant system [21].

The mechanism of radiation-induced inflammation is
not yet completely understood, but keratinocytes, fibrob-
lasts, and endothelial cells stimulate immune cells in the
epidermal and dermal layers, as well as those in circulation
[3]. These activating signals result in a cascade of cytoki-
nes and chemokines (i.e., interleukin [IL]-10, IL-1f, tumor
necrosis factor [TNF]-a, IL-6, IL-8, C-C motif chemokine
ligand [CCL]-4, C-X-C motif chemokine ligand [CXCL]-
10, and CCL2) that in turn result in skin fibrosis, the pro-
duction of matrix metalloproteases that degrade dermal
components and the basal cell layer, and act on vascular

endothelial cells to upregulate adhesion molecules (i.e.,
intercellular adhesion molecule [ICAM]-1, vascular cell
adhesion molecule [VCAM]-1, and E-selectin). These
adhesion molecules are important in the facilitation of
transendothelial migration of immune cells from circula-
tion to irradiated skin, a hallmark of radiation-induced skin
injury [3, 20, 21].

3.2 Late Effects

The development of chronic dermatitis and skin fibrosis
appears to be attributable to the activity of dermal fibroblasts.
The TGF- cytokine appears to play an integral role in this
process. Irradiation and its effects on the coagulation cascade,
i.e., an associated increase in thrombin-induced TGF-f} acti-
vation. TGF-B binds to its receptor complex and activates
Smad3 proteins that initiate the fibrotic process [20, 21]. A
study by Miiller and Meineke [22] demonstrated that ionizing
radiation effects chemokine production by dermal fibroblasts
via the release of mast-cell-derived histamine, serotonin,
TNF-0, and tryptase. These fibroblast-derived mediators in
turn influence the nature and magnitude of inflammatory cell
recruitment at the site of irradiation [3, 22].

Bone marrow-derived cells (BMDCs) appear to play an
integral role in recovery. Mesenchymal cells, endothelial
progenitor cells, and myelomonocytic cells have all been
implicated in the healing process. It is believed that these
cells are drawn to sites of radiation damage due to the
chemotactic effects of stromal cell-derived factor (SDF)-1
and CXCR4 overproduction [20, 21]. Myelomonocytic
cells appear to be the predominant BMDC that localize to
irradiated tissue and stimulate vessel formation and repair
via the release of angiogenic factors. These BMDCs have
been shown to be an effective treatment in accelerating the
wound-healing process [23]. However, these cells may
initiate the inflammatory cascade and cause ischemia
reperfusion injury [20, 21].

Adipose tissue, a rich source of mesenchymal stem cells,
appears to have wound-healing effects similar to those of
BMDCs [24]. Adipose-derived stem cells (ADSCs) are
multipotent cells capable of promoting angiogenesis,
secreting biochemical messengers (i.e., cytokines and
growth factors), and stimulating dermal fibroblast prolif-
eration during the re-epithelialization phase of wound
healing [25]. Two-dimensional electrophoretic gel pro-
teomic analysis has demonstrated that the intracellular
protein composition of both BMDCs and ADSCs are
similar [26]. ADSCs are 100 times more abundant than
BMDC:s per tissue [27]. Furthermore, ADSCs can be more
easily obtained from donor sites than BMDCs through
liposuction or solid fat tissue at sites distant from the
radiation injury [23]. The regenerative potential of ADSCs
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was demonstrated in a study examining the use of non-
cultured ADSCs in the treatment of chronic radiation
injuries. The study concluded that the ADSC treatment was
effective in improving the quality of the wounds and did
not result in recurrence or new ulceration [25].

4 Clinical Presentation

Radiodermatitis is often categorized as either acute or
chronic (i.e., late), ranging from acute erythema to chronic
skin fibrosis. Acute radiodermatitis, which by definition
occurs within the first 90 days of radiation therapy, typically
starts to occur after a moderately high dose has been
delivered to the skin (e.g., 35-40 Gy in 2 Gy per fraction)
[20] (Fig. 1). Severe acute injuries are not a predictor of late
injuries [28]. Acute reactions are graded as a spectrum
ranging from erythema to dry and eventually moist
desquamation (see Table 1). Acute effects begin with ery-
thema, edema, and pigment changes. Patients often report
heightened skin sensitivity and tightness. With higher doses
of radiation, the patient may develop dry desquamation
presenting with dryness, pruritus, and scaling. Finally, with a
further increase in dose of ionizing radiation, the patient may
develop moist desquamation. The treatment field will appear
moist, tender, red, and be accompanied by light or heavy
serous exudate and crusting [2, 12]. De Langhe et al. [29]
reviewed patients after whole-breast IMRT. Bra cup size

>D (p < 0.001), BMI (p < 0.001), and smoking during
radiotherapy (p = 0.029) were shown as risk factors for
radiodermatitis [29].

Chronic radiodermatitis often presents several months to
years after radiation therapy has been completed [5, 7]
(Fig. 2). Chronic changes can be transient, such as the peau
d’orange appearance of the edematous skin [4]. Post-in-
flammatory hypo- and hyperpigmentation are common
chronic changes seen in patients as a result of the der-
moepithelial junction being disrupted; depending on
patient- and treatment-related factors, it may persist or
normalize with time [4]. The patient may also experience a
loss of hair follicles, nails, skin appendages, and sebaceous
glands in the treatment field, as well as experience textural
changes (xerosis, scales, etc.) [4, 9, 20, 21]. Telangiectasia
and fibrosis are also common among patients experiencing
chronic radiodermatitis, with the latter predisposing
patients to ulcers, skin breakdown, tissue retraction and
subsequent movement limitation, pain, and thrombosis/
obstruction due to the proliferation of small blood vessels
[5, 20]. Abnormal fibroblast activity and the deposition of
thickened collagen may result in the development of
radiation-induced morphea (RIM). RIM is a rare, under-
recognized, painful, and disfiguring complication of
radiotherapy that is often misdiagnosed as another derma-
tological condition or recurrent malignancy due to its non-
characteristic appearance (erythematous plaques, indurate
popular lesions, etc.) [30]. At higher radiation doses, this

Fig. 1 Acute radiodermatitis: well demarcated erythematous plaque
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acute dermatitis and dermal ischemia, as a result of the
obstruction of small vessels, may progress into radiation
necrosis. This condition is characterized by a marked
impairment in healing and increased propensity for infec-
tion [2, 5].

These radiation-induced skin changes often occur in the
setting of radiotherapy and may result in a process called
“field cancerization,” whereby the ionizing radiation used
to treat a target neoplasm will often affect adjacent tissue,
resulting in radiation dermatitis, mutations to mitochondria
and nuclear DNA, and chromosomal instability. Following
these subclinical changes, precursor and incipient neo-
plasms may later develop in the tissue immediately sur-
rounding the primary neoplasm [31].

5 Severity Grading of Radiation Dermatitis

Accurate assessment and classification of radiation der-
matitis is essential for appropriate treatment, management,
and monitoring in clinical practice. Several assessment
tools have been developed to describe the spectrum of
radiation dermatitis; however, a gold standard is yet to be
established [3]. The most widely used grading scales are
(1) the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0 for the
classification of acute radiation dermatitis and (2) the
Radiation Therapy Oncology Group (RTOG)/European
Organization for Research and Treatment of Cancer
(EORTC) scale or Late Effects Normal Tissue Task Force/
Subjective, Objective, Management, and Analytic (LENT/
SOMA) scale for the classification of chronic dermatitis [3,
32]. Both the CTCAE and RTOG/EORTC tools assess
acute radiation injury on a scale from 0 to 4, with incre-
ments of 1. These large increments often fail to capture
subtle yet important skin changes. As a result, a number of
newer scales have been developed with smaller increments
(i.e., 0.5), including the Oncology Nursing Society (ONS)
and Radiation Dermatitis Severity (RDS) scales [3].
Whereas both the CTCAE and the RTOG/EORTC scales
measure acute radiation injury, only the RTOG/EORTC
tool provides acute grading for skin toxicities and late
toxicities [32]. Both the RTOG/EORTC and the LENT/
SOMA scales measure late skin and subcutaneous tissue
changes (graded 1-4), but only the LENT/SOMA scale
incorporates pain intensity [3].

Although these tools allow for the classification and
grading of radiation-associated skin toxicities, data exam-
ining their reliability and validity are sparse [32]. As a
result, a number of “objective” measurement techniques
have been developed to assess radiation-induced skin
changes, including laser Doppler perfusion imaging,
quantitative ultrasound, reflectance colorimetry, digital

photography, and spectrophotometry [33, 34]. These non-
invasive methods measure parameters directly and indi-
rectly associated with radiation-induced skin changes,
including changes in microcirculation (laser Doppler per-
fusion imaging) [35], skin thickness and Pearson co-effi-
cient (quantitative ultrasound) [33], and melanin and
erythema indices of skin discoloration (reflectance col-
orimetry, digital photography, and spectrophotometry) [34,
36, 37].

It is important to note that certain treatments in com-
bination with radiation therapy can result in an increased
incidence and severity of radiation-induced skin reactions
by causing increased cellular damage and impaired cellular
repair. These drugs, termed “radiosensitizers” are often
administered immediately before, during, or <7 days after
radiation therapy [4]. For instance, the conjunctive use of
paclitaxel or docetaxel with radiotherapy in the treatment
of breast cancer has been shown to cause synergistic
cutaneous toxicity that is both dose and schedule dependent
[38]. Another study has demonstrated that the simultaneous
use of tamoxifen with radiation therapy may result in an
increased incidence of subcutaneous fibrosis [39].

6 Differential Diagnosis

A number of cutaneous conditions that resemble radio-
dermatitis may become manifest during or after radiation
exposure. One such condition is contact dermatitis, a
localized inflammatory skin reaction that occurs in
response to both physical and chemical irritants. Contact
dermatitis presents clinically along a continuum, ranging
from erythema to necrosis [40].

Radiation port dermatophytosis is another condition that
may appear similar to radiodermatitis in its clinical mani-
festation. Radiation port dermatophytosis is the occurrence
of tinea corporis within the radiation therapy treatment
field. The lesions caused by the condition are often pruritic,
erythematous scaling patches that are circular in appear-
ance and spread outwardly. The diagnosis may be con-
firmed by microscopic examination of a potassium
hydroxide preparation, biopsy, or fungal culture taken of
the lesion [41].

A number of cutaneous hypersensitivity syndromes may
appear similar to radiodermatitis. These include erythema
multiforme, Stevens—Johnson syndrome (SJS), and toxic
epidermal necrolysis (TEN) [4]. SIS and TEN are charac-
terized by varying degrees of epidermal detachment and
may or may not occur together. Patients who are HIV
positive and receiving radiotherapy are particularly at risk
of developing these two conditions [42].

Finally, radiation recall dermatitis (RRD) is a condition
that closely resembles radiodermatitis. It is an acute
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inflammatory reaction confined to previous sites of irradi-
ation after the administration of certain pharmacological
agents [43, 44]. RRD is most commonly triggered by
chemotherapeutic agents (i.e., doxorubicin, gemcitabine,
docetaxel) [43, 44]. Patients with RRD present with a
pruritic, maculo-papular eruption with erythema, a reaction
that is mild to moderate in severity. Although great vari-
ations exist in the time between drug administration and the
onset of symptoms, RRD typically manifests after days to
weeks of drug exposure [45].

7 Prevention, Management, and Treatment

Recommendations on the use of dermatologic skin-care
products and practices for the prevention and management
of radiation dermatitis are limited. Most interventions used
to ameliorate radiation-induced skin reactions are based on
anecdotal evidence or poorly powered studies. As a result,
treatment practices among practitioners are often varied,
leaving patients confused and with conflicting information
[7, 17].

General management of radiodermatitis begins with
basic preventive measures, including self-care and the use
of prophylactic topical corticosteroids. Self-care includes
daily hygiene practices (i.e., washing and the use of soaps
and deodorants), clothing (i.e., wearing loose-fitted cloth-
ing over the site receiving radiotherapy), and diet (e.g.,
avoiding tobacco and alcohol, and maintaining adequate
hydration) [17]. The use of mild soap and deodorant is now
accepted as standard clinical practice despite being a topic
of contention in the past [2]. Preventing patients from
partaking in socially expected hygiene practices may cause
unnecessary distress and social isolation without any pro-
ven benefit [2, 7, 32]. Apart from general preventive
measures, there is little evidence to date supporting any
particular clinical intervention (see Table 3).

The use of IMRT has been shown to reduce skin toxi-
cities [5, 10, 32].

The results illustrated in Table 3 appear to favor the use
of steroids and silver sulfadiazine (SSD) in the prophylactic
treatment of radiation-induced skin reactions. Several stud-
ies have examined the use of prophylactic steroids in the
reduction of acute radiation dermatitis and have demon-
strated a favorable effect [46—48]. The Miller et al. [48] trial,
which compared the use of 0.1 % mometasone furoate
versus placebo, provides the strongest evidence in support of
prophylactic steroids. This trial demonstrated a significant
reduction in the mean grade of discomfort/burning (1.5 vs.
2.1; p = 0.02) and itching (1.5 vs. 2.2; p = 0.02) in the
mometasone treatment group versus the placebo control
group. There also appears to be some evidence in favor of

SSD cream as a prophylactic measure in the prevention of
acute radiation dermatitis. In a trial conducted by Hemati
et al. [49], breast cancer patients (n = 102) receiving radi-
ation who were treated with SSD had a significantly lower
RTOG skin injury score than controls (p < 0.001). There is
insufficient evidence to support the use of the other agents
outlined in Table 3 in the prophylaxis and treatment of
radiation-induced skin injury (e.g., hyaluronic acid, aloe
vera). However, it is important to note that the trials
examining the use of trolamine, in particular, have demon-
strated no benefit [S0-53]. Those trials that support the use
of trolamine are often plagued by methodological chal-
lenges, including small sample sizes [54].

For patients with established radiation-induced telang-
iectasia and fibrosis, a handful of studies favor the use of
pulse dye laser for cosmesis and the use of pentoxifylline
for the reduction of fibrosis. Nymann et al. [55] compared
the use of long-pulsed dye laser (LPDL) with the use of
intense pulse light (IPL) and found that the efficacy of
LPDL was superior and that patients preferred LPDL in the
treatment of radiation-induced telangiectasia [55]. The
trials examining pentoxifylline in the treatment of radia-
tion-induced fibrosis have shown that pentoxifylline (in
combination with vitamin E) may lead to continuous
clinical regression and functional improvement [56].

8 Conclusions and Future Directions

Radiodermatitis is one of the most common side effects
experienced by patients undergoing radiotherapy [2, 7, 8].
Despite its prevalence, a gold standard does not exist for its
prevention and management. Many of the currently used
interventions are often based upon anecdotal evidence,
poorly powered studies, or physician preferences [2, 5].
Furthermore, trials evaluating topical agents have failed to
demonstrate effectiveness in the prevention and manage-
ment of radiation-induced skin injury. These therapies do not
account for the underlying pathophysiology (i.e., dermal
damage), a process that involves the disruption of the intri-
cate cellular balance between dermis and epidermis [2].
Moreover, it is often difficult to quantify this damage and
draw comparisons, as many of the measures are susceptible
to inter-rater variability and fail to account for important
outcome measures (i.e., patient-reported outcomes [33]).

Future research should be conducted in a more sys-
tematic manner and should strive for a more rigorous study
design. These studies should incorporate current knowl-
edge regarding the underlying pathophysiology of the
condition and include objective and universal outcome
measures. These measures should be validated and account
for patient-reported outcomes.
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