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 ead and neck cancer is a serious clinical and social problem. Surgery and radiotherapy play the most important role in
H
treatment and give the chance of cure. Optimal treatment of patients with head and neck cancer should provide for the
maximum destruction of cancerous tissue, saving as much healthy tissue as possible. Despite this, due to radiotherapy still
almost 90% of patients develop skin symptoms. It seems that the mechanism of radiodermatitis is quite clear, but studies
assume that its pathogenesis is not fully understood and there is much to be clarified. Acute and chronic dermatitis caused
by radiotherapy is usually diagnosed according to clinical criteria. It seems that it would be useful to have a photographic
classification that would facilitate and unify the clinical evaluation. In this article we shall summarize the current knowledge
about the mechanisms of formation, risk factors, clinical classifications and methods for the prevention and treatment of
acute and chronic radiation dermatitis. We have included clinical photos that depict individual stages according to the
clinical classification of RTOG.
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Introduction
Head and neck cancer is a serious clinical and social problem.
The major reason for poor treatment results is the advanced
stage of disease at diagnosis. Surgery and radiotherapy are the
main treatment options that give a chance of a complete cure
[1]. Radiotherapy utilizes ionizing radiation that usually covers
relatively large volumes of tissue surrounding the tumor [2].
The optimal treatment of patients with head and neck cancer
involves a compromise between destroying as much cancerous tissue as possible, and saving as much healthy tissue as
possible [3]. Radiotherapy should be carried out with the use
of modern technologies, such as conformal 3D radiation, and,
in particular, intensity-modulated radiation therapy (IMRT) [1].
This method allows for a significant reduction in tissue volume

subject to the high radiation dose, and in the intensity of acute
radiation-related reactions of these tissues. Despite this, still
almost 90% of patients develop skin symptoms after radiotherapy [4]. Radiation-induced reactions can be divided into early
and late as regards the time of their appearance in the relation
to radiotherapy. Acute (early) ones appear during radiotherapy
and usually disappear a few weeks after the completion of the
treatment. Late reactions appear months after radiotherapy and
may leave chronic results [5]. In turn, as far as the extent of radiation is concerned, reactions can be local or generalized [2, 3].

Pathogenesis
According to the Michalowski and Wheldon classification, proliferative tissues can be divided into “hierarchical” and “flexible”,
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and consequently, the course of radiation injury differs in these
two groups [6]. The skin belongs to hierarchical tissues and is
made of mature cells, maturing cells and stem cells. Radiotherapy causes cells, 70% of which is composed of water, to
become ionized [6]. Hydrolysis of water and the formation of
free radicals, be it direct or indirect, causes breaks in the DNA
and cell death. The lethal effect mainly pertains to stem cells
and, to some extent, to maturing cells [3]. Consequently, the
balance between normal cell production at skin’s basal layer
and cell destruction at skin surface is disrupted [3]. The radiation-induced skin reaction reflects the degree of cell damage.
Its intensity depends on the radiation dose, and increases with
the number of stem cells that die. The first phase, transient
erythema, may occur 24 hours after radiotherapy, with vessels
becoming wider and more permeable [5]. Inflammatory cytokines, prostaglandins, and many other mediators are secreted
[3, 5]. This inflammatory reaction causes the development of
a secondary erythematous response. Immune cells, keratinocytes, fibroblasts and other cells are stimulated. Subsequent
radiation doses create a vicious circle and correlate with the
degree of radiodermatitis [7]. In the next phase, dry exfoliation usually occurs, which results from the disturbed balance
between the division of new cells and the exfoliation of the
old ones. In the final stage, stem cells are lacking and the skin
has no material from which to rebuild individual layers. Wet
exfoliation and exudates occur [7]. The inflammation that started in the epidermis after the beginning of irradiation lasts for
months, and even years. Inflammatory cytokines are secreted,
including interleukin IL-1α, IL-1β, tumor necrosis factor TNF-α,
TGF-β, IL-6, IL-8 [7]. The secretion of TGF-β, which is a central
mediator of fibrogenesis, increases following the exposure to
ionizing radiation, and it is proportional to the radiation dose
delivered [8, 9]. Huang and Glick summarize the knowledge
about major genes and polymorphisms, and delineate the role
of TGF-β as a peptide protein gene associated with an immune
response that plays an important role in both early and late
dermatitis [10]. Studies using the rat and mice model show
that those less equipped with this protein are not as sensitive
to radiotherapy as wild rats [9, 11].
Despite this knowledge, the studies at the National Jewish
Health Biological Resource Center assumed that pathogenesis
of radiodermatitis is not fully understood. Using mouse models in their project, the researchers at the Center discovered
that the transient receptor potential melastatin 2 (TRPM2) ion
channel plays a major role in developing radiation injury. They
suggest that TRPM2 may be a potential target for a systemic
medicine which would inhibit this channel and reduce the severity of radiodermatitis [12]. However, other researchers who
have also used mouse models say that plasminogen plays a
major role in the development of radiation injury. Among other
things, it participates in the activation of many inflammatory
factors, such as TGF-β. Fallah et al. used tranexamic acid, postulating that inhibiting plasminogen could be used as treatment
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or as a preventive option in the future [13]. The pathogenesis
of bio-radiation dermatitis differs from that associated with
radiotherapy alone. Inhibition of the EGFR pathway results in
a disruption of physiological processes associated with the
migration and proliferation process, and the development
of inflammation in the skin. The type of response depends
on the degree of interaction between the inhibitor of EGFR
pathway and radiotherapy [14]. The multitude of reports on
factors that may be involved in the development of acute and
chronic radiation-induced dermatitis is certainly attributable
to the fact that many studies are still needed to find out the
actual pathogenesis of this process.

Risk factors
The risk factors associated with the development of radiodermatitis can be divided into patient- and treatment-related [3,
7], where the letter include the type and energy of irradiation,
the dose per fraction, the duration of treatment, and the total
radiation dose [3]. An additional factor associated with the
treatment may be concurrent chemotherapy. Researchers have
shown that chemotherapy improves the therapeutic effect
[15–17], but also increases the intensity of radiodermatitis [18].
EGFR inhibitor – cetuximab given during radiotherapy increases the intensity more seriously compared to radiotherapy
alone [14]. Concomitant diseases, a patient’s age, past injuries
and surgeries in the irradiated area should be considered as the
main patient-related factors [3]. Patients with genetic disorders,
such as ataxia-telangiectasia or the Nijmegen syndrome, show
a genetically determined susceptibility to the development of
radiation damage. Consequently, their normal cells are hypersensitive to the radiation-related damage [3].
The neoplastic tissue itself is a constant factor affecting the
severity and development of radiodermatitis. It secretes factors
that increase the number of cells that divide both cancerous
and healthy tissues [3]. Undoubtedly, the study conducted by
Huang and Glick shows how many risk factors are associated
with human genetic material and how many factors affect the
development of radiodermatitis [10]. Kawamura et al. present
a new radiation dermatitis scoring system. The results of their
study show that radiation dose, concurrent chemotherapy,
age and body mass index (BMI) have a predictive significance.
On this basis, they constructed a score system combining the
above parameters [18]. Apart from this, there are no other
commonly used score systems that allow predicting the risk
and intensity of acute and late skin reactions in patient before
radiotherapy.

Clinical classification
In clinical practice, various clinical scales are applied in the
assessment of acute and chronic radiodermatitis. The Radiation
Therapy Oncology Group and the European Organization for
Research and Treatment of Cancer (RTOG/EORTC), Common
Terminology Criteria for Adverse Events (CTCAE), and the Late

Effects Normal Tissue Task Force-Subjective, Objective, Management, Analytic (LENTSOMA) scales are used most often [19].
RTOG/EORTC scale is dedicated to assessing early and late
post-radiation reactions (Tab. I) [20].
LENTSOMA scores only late reactions [4]. In turn, CTCAE
does not describe the late effect, but only its acute phase
[19] (Tab. II).
Generally, RTOG scale refers to various tissues and organs.
At grade 0, no skin reactions are observed. Reactions of different intensities are scored between grades I to IV, with death
due to dermatitis at grade V [20]. In our review, we include
figures presenting the individual grades in line with the RTOG
classification.
At grade I, erythema of moderate intensity is observed.
Hair loss and dry exfoliation may also occur (Fig. 1) [20]. At
grade II, usually, tender or bright erythema is visible with moist desquamation. This is accompanied by moderate swelling
(Fig. 2) [20]. At grade III, erythema is accompanied by swelling
and moist exfoliation, which includes areas outside the skinfolds
(Fig. 3) [20]. Grade IV is characterized by ulceration, bleeding

Figure 1. Follicular dull erythema with epilation and red
dermographism in the course of acute radiodermatitis, RTOG/EORTC
grade I

Table I. Early and late post-radiation reactions
Grade I

Grade II

Grade III

Grade IV

Acute
radiodermatitis

follicular, faint or dull
erythema, epilation, dry
desquamation, decrease
sweating

tender or bright erythema,
patchy moist desquamation,
moderate edema

confluent, moist
desquamation other then
skin folds, pitting edema

ulceration, hemorrhage,
necrosis

Chronic
radiodermatitis

slight atrophy, pigmentation
change, some hair loss

patchy atrophy, moderate
teleangiectasia, total hair loss

marked atrophy, gross
teleangiectasia

ulceration

Table II. Late post-radiation reactions – proposed modifications
Grade I

Grade II

Grade III

Grade IV

NCI-CTCAE v 4.03
radiation dermatitis

faint erythema or dry
desquamation

moderate to brisk erythema;
patchy moist desquamation,
mostly confined to skin folds
and creases; moderate edema

moist desquamation in
areas other than skin folds and
creases; bleeding induced by
minor trauma or abrasion

life-threatening
consequences; skin necrosis or
ulceration of full-thickness dermis;
spontaneous bleeding from
involved site; skin graft indicated

Proposed
modifications

faint erythema or dry
desquamation

moderate to brisk erythema
and/or dry desquamation;
patchy moist desquamation,
or nonhemorrhagic crusts
mostly confined to skin folds
and creases

moist desquamation or
hemorrhagic crusts;
nonhemorrhagic
crusts other than in
skin folds and mostly
confined to skin folds and
creases; bleeding induced
by minor trauma or abrasion;
superinfection requiring
oral antibiotics

life-threatening
consequences; extensive
confluent hemorrhagic crusts
or ulceration (>50% of involved
field); extensive spontaneous
bleeding from involved site
(>40% of the involved site);
skin necrosis or ulceration of
full-thickness dermis or any size
ulcer with extensive destruction,
tissue necrosis or damage to
muscle, bone or supporting
structures with or without fullthickness skin loss; skin graft
indicated; ulceration associated
with extensive superinfection
with i.v. antibiotics indicated
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Figure 2. Tender and bright erythema with moderate edema-within
the irradiated area in the course of acute radiodermatitis, RTOG/EORTC
grade II

and necrosis [20]. In contrast to the acute cutaneous reaction
after radiation therapy, chronic dermatitis occurs not earlier
than 90 days from completing radiotherapy and may develop
even a few years after irradiation [5]. It is clinically characterized
by moderate (Fig. 4) to severe atrophy (Fig. 7) accompanied by
telangiectasia (Fig. 4–7), as well as ulceration (Fig. 7) (grade IV)
[20]. RTOG, CTCAE and LENTSOMA are descriptive scales, with
a risk of subjective evaluation and classification of acute and
chronic radiation dermatitis [21]. Zenda et al. provide an atlas of
radiodermatitis with pictures showing grades from I to IV according to CTCAE. A photographic classification could be useful in
supporting and unifying the clinical one [21]. Acute and chronic
dermatitis caused by radiotherapy is usually diagnosed based

Figure 3. Sharp demarcated, exacerbated erythema accompanied
by swelling and moist exfoliation, expanding to non-irradiated
neighbouring areas in the course of acute radiodermatitis, RTOG/EORTC
grade III
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Figure 4. Slight atrophy, poikilodermic pigmentation (mainly
depigmentation) with permanent hair loss and several thin
telangiectasias in the course of chronic radiodermatitis, RTOG/EORTC
grade I

Figure 5. Patchy atrophy areas with thin, moderate telangiectasias
accompanied by total hair loss and skin discoloration (depigmented
and brownish spots) in the course of chronic radiodermatitis, RTOG/
EORTC grade II

These would help clinicians to properly assess and manage it.
The treatment could be optimized, and there would be a greater chance of a good clinical outcome [14, 23]. Table II shows
the changes proposed by Bernier et al. in relation to CTCEA. In
grades II–IV, the change in type and extent of crusting can be
observed. Infections may influence the intensity of bio-radiation
and therefore appropriate local or systemic treatment should be
considered (Tab. II) [14]. The extent of spontaneous bleeding is
concerned at grade IV (Tab. II) [14].

Prevention and treatment

Figure 6. Marked skin atrophy presented as multiple whitish scarred
lines with multiple gross telangiectasias in the course of chronic
radiodermatits, RTOG/EORTC grade III

Figure 7. Advanced atrophy with multiple gross telangiectasias and
desquamation of the skin. Diffused white atrophy with multiple thick
telangiectasias also observed. Thinning of the skin of epidermis also
seen in the course of chronic radiodermatitis, RTOG/EORTC grade IV

on the above-mentioned clinical criteria. CTCAE 4.0 appears to
be the most commonly used scale during clinical assessment,
but it is not a unified, unambiguous system for the assessment
of post-radiation reactions [19]. It is worth mentioning that the
combined treatment involving concomitant radiotherapy and
EGFR inhibitor may result in reaction called bio-radiation dermatitis [22]. This type of reaction has a different pathogenesis
and clinical characteristics [14]. Bernier et al. propose guidelines
on the classification and treatment of bio-radiation dermatitis.

The latest recommendation on prevention and treatment was
published in 2013 by the Multinational Association of Supportive Care in Cancer (MASCC) Skin Toxicity Study Group [19], and
showed that randomized studies have confirmed that skin
hygiene with the use of water, with or without gentle soap, and
the use of antiperspirants is recommended. A positive effect of
using topical glucocorticosteroids has also been shown [19].
In 2015 O’Donnovan carried out an anonymous online
survey in Europe and in the United States [24]. It turned out that
there is a large discrepancy between the clinical management,
prevention and treatment of acute radiodermatitis, and what
has been confirmed in scientific studies. Many of the commercially available products have no scientific support [24].
In 2017 Lucey et al. began another such study in the United
States. They conclude that there is a considerably wide variety
in the prevention and treatment of acute radiodermatitis [25].
At the same time, this type of research shows that, in fact, no
recommendations are available yet. However, since clinical
experience shows that this process yields some effects, it requires confirmatory research. Lucey et al. show that aloe vera,
gentle soap, and topical glucocorticosteroids are most commonly used for the prevention of acute radiation injury [25].
When it comes to treatment, it is correlated with the degree
of the development of radiodermatitis [25]. Dry desquamation
is mostly treated with emollients and aloe vera [25]. For grade
II and III, silver sulfadiazine cream is most commonly used. A
comparison of procedures at different centers in the country
showed that the procedures result from observation in 89% of
cases, and only in 51,4% from scientifically confirmed studies
[25]. There is evidently a need to carry out tests confirming
the effectiveness of individual intervention. In 2018 a randomized Radiotherapy Related Skin Toxicity (RAREST-01) study
commenced [26]. It compares standard care and Mepitel Film
(gentle, transparent, breathable dressings) in patients with
locally advanced squamous-cell carcinoma of the head and
neck receiving radiotherapy or radiochemotherapy [26]. One
of the surveys done in China confirmed the effectiveness of
Mepitel Film dressings and it decreases acute radiation injury
in head and neck cancer patients [27].
At the same time, the third phase of the study protocol
of J-SUPPORT 1602 (TOPICS study) began, comparing topical
glucocorticosteroids with placebo as prevention of radiation
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injury [28]. Zhang et al. used red light therapy and it turned
out that such an intervention may accelerate wound healing,
reduce pain, and improve the patient’s life [29]. Ferreira et al.
published a review of 13 randomized studies. Intervention with
trolamine, aloe vera, allantoin, Lianbai liquid (Chinese remedy),
sucralfate, Na-sucrose octasulfate, olive oil, hyaluronic acid,
and dexpanthenol did not show any benefits in prevention
and treatment of radiation injury [30]. At the same time, there
was no difference between the control group using institution
routine, aqueous cream, mild soap, water thermal gel, placebo,
and no intervention [30]. Regarding bio-radiation dermatitis,
Bonomo et al. confirmed the effectiveness of calcium dressing
for moist exfoliation [22]. Side effects like radiodermatitis which
is particularly visible may significantly impair the quality of life.
Non-pharmacological recommendations and patient education should not be forgotten [31].
It is very important to minimize the risk of infection using
an appropriate standard of hygiene and choose the right
cosmetics and cleaning products that are clinically tested and
adapted to this group of patients. In addition, patients should
remember about photoprotection [31]. Experts believe that in
the interests of patient’s well-being, the use of deodorants and
non-irritating perfumes can be part of daily routine [31]. It is
very important to conduct regular dermatological follow-ups
due to the fact that chronic radiation dermatitis predisposes
patients to secondary malignant tumors [32, 33].

Conclusions
At this time, there is a lot of reports on factors that may be
involved in the pathogenesis of acute and chronic radiodermatitis. Further studies are still needed to confirm and find out
the actual nature of the pathogenesis of this process. Clinical
assessment is carried out using various clinical scales. There is
no one unified system which would make our assessments
uniform, and thanks to which we could subsequently proceed
with treatment. There is a good chance that the photographic
atlas presenting the selected grade of acute and chronic radiodermatitis may unify the clinical evaluation.
Currently, apart from one study, there are no specific prognostic factors and predictors that could indicate the dynamics
and severity of acute dermatitis caused by radiotherapy or
prognostic factors related to the late reaction of skin. Genetic susceptibility testing and the determination of the final
pathogenesis pathway in the future may bring the target for
treatment and prevention. Currently, the last recommendations come from 2013; they were published by MASCC Skin
Toxicity Study Group [17]. By 2019, no new recommendations
have been issued, and the clinics today are based on observation in 89% of cases and only in 51.4% on clinically confirmed
results [23].
Appropriate assessment of the severity of acute and chronic radiation induced skin injury makes it possible to decide
how to proceed with patients, especially with such groups for
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which the cosmetic effect has special importance for personal,
social and professional reasons.
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