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Abstract
Purpose The purpose of the study is to evaluate the effects of
pharmacological and non-pharmacological topical controls in
the prevention of radiation dermatitis.
Methods Relevant clinical trials were identified through elec-
tronic searching databases CINAHL, CENTRAL, LILACS,
PubMed, Scopus, and Web of Science. Handsearching and
gray literature searches were also performed to find additional
references. Primary outcomes of interest were the develop-
ment of radiation dermatitis and the time of occurrence of
radiation dermatitis.
Results Thirteen randomized clinical trials were included in
this review. The trials were published in Chinese, English, or
French, from 1980 to 2015. Pharmacological interventions

used in the trials were trolamine, aloe vera, allantoin, Lianbai
liquid, sucralfate, Na-sucrose octasulfate, olive oil, hialuronic
acid, and dexpanthenol. Non-pharmacological topical controls
were usual care/institution routine, aqueous cream, mild soap,
water thermal gel, placebo, and no intervention.
Conclusions There was no strong evidence that indicates dif-
ferences between topical pharmacological interventions or
non-pharmacological topical controls in the prevention of
acute radiation dermatitis among patients with head and neck
cancer undergoing radiotherapy.
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Introduction

Acute radiation dermatitis is a radiation that induces injury to
the epithelium and underlying structures of the skin, charac-
terized by erythema, dry or moist desquamation, and even
ulceration [1, 2]. Its onset commonly occurs within 2–3 weeks
following the radiotherapy commencement [2], and it is usu-
ally observed at skin dose levels of 20–40 Gy [3]. About 80–
90% of all patients with head and neck cancer undergoing
radiotherapy develop radiation dermatitis [3], whereas severe
skin reactions occur in approximately 25% of these patients
[4].

Several factors may potentially affect skin toxicity.
Radiotherapy-related factors such as total dose, fractionation,
radiation energy, volume of treated regions [5], treatment du-
ration, boost application, and treatment site have been sug-
gested [3]. Patient-related factors depend on age, comorbid
conditions, skin phototype, and genetic predisposition [5].
Furthermore, the combination of radiotherapy and chemother-
apy increases skin reactions, resulting in severe xerosis, in-
flammation, skin thinning, and necrosis of the upper dermis
and epidermis [6]. Patients with head and neck cancer are
commonly treated with radical radiotherapy or chemoradio-
therapy [7], which increases the likelihood to have exacerbat-
ed acute skin toxicity [5, 7].

Radiotherapy side effects tend to have early onset.
Although mostly mild, they can become severe and signifi-
cantly impair quality of life [6]. These reactions may lead to
dose reduction or discontinuation of therapy, which, in turn,
could be detrimental to the treatment outcome [6], particularly
in head and neck cancer patients [8]. There is no evidence-
based standard approach for the prevention and treatment of
radiation dermatitis, although several medications have been
proposed such as topical agents , dressings, and
radioprotectors [5].

Previous systematic reviews have evaluated the prevention
of radiation dermatitis in several irradiated areas, either simul-
taneously or separately [9–15]. However, to the best of our
knowledge, no review has specifically assessed the use of
topical interventions in the prevention of acute radiation der-
matitis in head and neck cancer patients. Therefore, the main
goal of this systematic review was to answer the focused
question BIn patients undergoing radiotherapy for head and
neck cancer, what is the effect of pharmacological topical
interventions compared to non-pharmacological topical con-
trols in the prevention of acute radiation dermatitis?^

Material and methods

The reporting of this systematic review adheres to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Checklist [16].

Protocol and registration

The systematic review protocol was registered at the
International Prospective Register of Systematic Reviews
(PROSPERO) [17], registration number CRD42015020823.

Terminology definition

Prevention of acute radiation dermatitis was defined as to
prevent a reaction from occurring (yes or no) [18] and preven-
tion of grades 1 (erythema and dry desquamation) and 2
(bright erythema and moist desquamation) according to the
Radiation Therapy Oncology Group (RTOG) criteria of acute
radiation dermatitis or to the Common Terminology Criteria
for Adverse Events (CTCAE) criteria for dermatitis radiation
[19, 20]. Pharmacological topical interventions were consid-
ered as products that contain both the active ingredient and the
vehicle, whereas non-pharmacological topical controls were
considered as those that contain only the vehicle (or base) or it
is placebo/usual care/no medication [21].

Eligibility criteria

Only original prospective studies in which the objective was
to investigate the effects of the use of pharmacological topical
interventions (compared to non-pharmacological topical con-
trols) in the prevention of acute radiation dermatitis in patients
with head and neck cancer undergoing external beam radio-
therapy were included. Studies that compared topical inter-
ventions and used prevention of acute radiation dermatitis as
an outcome were eligible. There were no restrictions to the
year of publication or language of the study. Age of the par-
ticipants, gender, previous or concurrent therapies, health sta-
tus, or dosage of treatment were also not restricted.

Studies were excluded for the following reasons: (1) cobalt
therapy; (2) studies that compared exclusively non-topical in-
terventions; (3) therapeutic and not preventive interventions;
(4) studies that compared two or more products containing
active ingredient; (5) insufficient data on the effect of the
intervention; and (6) reviews, letters, conference abstracts,
personal opinions, book chapter, retrospective study, descrip-
tive study, case reports, or cases series.

Information sources and search strategy

Studies were identified using a search strategy adapted for
each electronic database, with the aid of a health sciences
librarian: CINAHL EBSCO, Cochrane Central Register of
Controlled Trials (CENTRAL), LILACS, PubMed,
SCOPUS, andWeb of Science (Appendix 1). The hand search
was performed on the reference lists from the selected articles
for any additional references that might have been missed in
the electronic search. In addition, a gray literature search was
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performed using Google Scholar and ProQuest Dissertations
and Theses databases.

After obtaining all references, duplicates were excluded by
using appropriate software (EndNoteBasic®, Thomson
Reuters, USA). All the electronic database searches were con-
ducted on March 27, 2016.

Study selection

Study selection was conducted in two phases. In phase 1, two
investigators (E.B.F. and P.E.D.R.) independently screened
the titles and abstracts of potentially relevant studies and se-
lected articles that appeared to meet the inclusion criteria
based on their abstracts. In phase 2, the same reviewers inde-
pendently read the full text of all selected articles and excluded
studies that did not meet the inclusion criteria. Any disagree-
ments, either in the first or second phases, were resolved by
discussion and mutual agreement between the two reviewers.
In case a consensus could not be reached, a third author
(C.I.V.) was involved to make a final decision. Studies that
were excluded after full-text assessment and the reasons for
their exclusion are listed in Appendix 2.

Data collection process and items

Two investigators (E.B.F. and P.E.D.R.) independently col-
lected the data from the selected articles: study characteristics
(author(s), year of publication, setting, objectives, methods),
population characteristics (sample size, age), intervention
characteristics (groups, follow-up period, primary outcomes,
radiation dermatitis criteria, and statistical analysis), and out-
come characteristics (results and main conclusion). The third
author (C.I.V.) cross-checked all the retrieved information to
make a final decision. If the required data were not complete,
attempts were made to contact the authors to retrieve any
pertinent missing information.

Risk of bias in individual studies

To assess the risk of bias of the included randomized
controlled trials (RCT), it was applied the Cochrane
Collaboration Risk of Bias Tool [22], including judgments
about the sequence generation, allocation concealment,
blinding of participants, personnel and outcome assessors,
incomplete outcome data, selective reporting, and other
sources of bias. The risk of bias was assessed as low,
high, or unclear. Two investigators performed this process
independently (E.B.F. and P.E.D.R.). Disagreements be-
tween the two reviewers were resolved by a third investi-
gator (C.I.V.).

Summary measures

The primary outcome was the development of grades 1 and 2
according to the RTOG criteria for radiation dermatitis.
Further measurements considered in this review were odds
ratios (OR) or risk differences for dichotomous outcomes.

Synthesis of results

The overall data combination of the included studies was per-
formed by a descriptive synthesis. Statistical pooling of data
using meta-analysis was planned whenever trials were consid-
ered combinable and relatively homogeneous in relation to
design, interventions, and outcomes. Heterogeneity within
studies was evaluated either by considering clinical (differ-
ences about participants, type of interventions, and results),
methodological (design and risk of bias), and statistical char-
acteristics (effect of studies).

Risk of bias across studies

The quality of evidence and grading of strength of recommen-
dations were assessed using Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) [23,
24]. The criteria for this assessment were study design, risk
of bias, imprecision, inconsistency, indirectness, and magni-
tude of effect. The quality of evidence must be characterized
as high, moderate, low, or very low [24].

Results

Study selection

In phase 1 of study selection, 1257 citations were identified
across six electronic databases. After the duplicated articles
were removed, 972 citations remained. The results from gray
literature added 44 references. A thorough screening of the
abstracts was completed, and 992 references were excluded.
Hand search from the reference lists of the identified studies
yielded no additional studies. Thus, 24 articles remained for a
full-text screening (phase 2). This process led to the exclusion
of 11 studies (Appendix 2). In total, 13 articles [25–37] were
selected for data extraction and qualitative synthesis (Table 1).
Figure 1 (flowchart) details the process of identification, in-
clusion, and exclusion of studies with reasons.

Study characteristics

Table 1 summarizes the descriptive characteristics of the
studies. The studies were published in Chinese [35],
English [25–34, 37], and French [36], from 1980 to
2015. All selected articles were prospective clinical trials.
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The follow-up period was mentioned in 9 out of the 13
studies (mean 25.5 months, range 7–68 months). With
regard to the radiation dose received by the participants,
four studies indicated minimal doses <50 Gy, and of
these, two presented the dose averages, as follows:
59.7 Gy [29] and 54 Gy [30]. The ionizing radiation doses
applied to patients are described in Fig. 2.

Seven studies included patients who also underwent con-
current chemotherapy [25–28, 30, 34, 37]. The chemotherapy
protocol was specified in only two studies: cisplatin 40 mg/m2

weekly [25] and cisplatin 25–30 mg/m2 and docetaxel 25–
30 mg/m2 [27]. Exclusive RT has been reported in two studies
[32, 36]. The remaining four studies did not mention the use of
chemoradiotherapy [29, 31, 33, 35].

Most studies evaluated trolamine [25, 28, 35, 36] as
active principle to prevent radiation dermatitis and aloe
vera [30, 34]. Other pharmacological interventions were
allantoin [26], olive oil [27], Lianbai liquid [33],
sucralfate [37], Na-sucrose octasulfate (Na-SOS) [29],
hialuronic acid [31], and dexpanthenol [32]. Non-
pha rmaco l og i c a l t o p i c a l c on t r o l s we r e u su a l
care/institution routine [25, 28, 33], aqueous cream [26,
37], mild soap [34], water thermal gel [35], placebo [27,
29, 31], and no intervention [30, 32, 35].

Eight of the selected studies (61%) included heteroge-
neous samples of patients with different cancer types and
irradiated areas: breast, lung, pelvis, and anorectal
cancer.

1
Adapted from PRISMA.
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Risk of bias within studies

In this review, it was considered uncertain/unclear when those
criteria were not clearly reported in the original study, with
incomplete or missing information. This situation occurred in
8 (61.5%) and 10 (76.9%) of the included studies on the do-
mains Brandom sequence generation^ and Ballocation
concealment,^ respectively.

For the domain Bblinding of participants and personnel,^
while there was an understanding that blinding of participants
would not be feasible, for comparing different interventions
not possible to blind and/or understanding that his absence
would not alter the degree of radiation dermatitis, it was
judged as low risk of bias. However, for the self-controlled
studies in which the patients themselves chose the product
application side or the information on the randomization was
unclear [30, 32] and those in which the authors themselves
concluded that lack of blinding could have caused bias [28],
the risk was rated high.

The domain Bincomplete outcome data^ showed predomi-
nantly low risk of bias in the evaluation of the studies (10
studies; 76.9%). This was the best result found for one single
domain.

Five studies were classified as high risk of bias because
they contained one or more compromised domains regarding
the reliability of results [28–30, 32, 36]. Five studies were
classified as uncertain risk of bias [25, 27, 33–35]. Two of

them received positive bias ratings, with low risk of bias in
91% of the evaluated domains [31, 37]. Only one study pre-
sented low risk of bias in all domains evaluated [26], allowing
us to ascribe the results of the study as of increased reliability.
Risk of bias assessment is reported in Fig. 3.

Results of individual studies

The studies used different types of interventions to prevent
radiation dermatitis and reported different results for all 13
articles. Characteristics and results of the included studies
are listed in Table 1.

Synthesis of results

First of all, the 13 selected studies were analyzed by a descrip-
tive synthesis.

Corticosteroids and non-steroidal anti-inflammatory drugs
were administered to manage more severe levels of radiation
dermatitis in some studies [28, 34]. Thus, given the inclusion
and exclusion criteria of the current review, the graduations
controlled by medications such as corticosteroids and non-
steroidal anti-inflammatory drugs were excluded from the
analysis.

Regarding the rating scales, 30.7% used the RTOG scale
[25, 30, 34], 30.7% used National Cancer Institute Common
Toxicity Criteria (NCI-CTC) [28, 33, 35, 36], 23% used
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expanded or modified scale RTOG [29, 32, 37], 7.7% used
CTCAE version 4.0 [26], and, finally, 7.7% used a scale de-
scribed in the study itself [31]. One study used both NCI-CTC
and ONS scales to assess the skin reactions of their patients
[28].

Taking into consideration the similarity between grades 1
and 2 of both the NCI-CTC and the RTOG grading systems,

the NCI-CTC grades 1 and 2 were reclassified as RTOG
grades 1 and 2 for the two studies using NCI-CTC [28, 35].

In one study [28], where institutional care included hydro-
cortisone treatment of patients with grade 2 and above, only
patients with grade 1 were included in the analysis for this
review.

At the assessment of heterogeneity, some studies represent-
ed data for patients with cancers in other areas than the head
and neck region [26, 29–33, 35, 36].

The studies selected for this review were considered to be
relatively homogeneous, however, showed some heteroge-
neous points, as the interventions, controls, assessment tools
of radiation dermatitis, and outcomes assessed, which influ-
enced the quantitative analysis of data extracted from studies.
Thus, there were no data that would allow a meta-analysis.

Risk of bias across studies

Overall, the quality of the evidence from the outcomes evalu-
ated by the GRADE system was assessed as moderate
(Table 2), suggesting moderate confidence in the estimated
effect from the outcomes assessed. The limitations in the stud-
ies, inconsistency, and important indirect evidence were the
main factors responsible for the limited quality of the evidence
from studies evaluated.

Discussion

Cancer of the head and neck is relatively common. The term
Bhead and neck cancer^ comprises a large number of neo-
plasms from the mucosa of the upper aerodigestive tract in-
cluding the oral cavity, pharynx, larynx, and sinuses [38].
Among all subtypes, carcinoma of the mouth and pharynx
together rank as the sixth most common neoplasm [39].
Surgery, radiotherapy, and concurrent chemoradiotherapy
have been used to manage head and neck cancer [40, 41].
This systematic review investigated evidence to evaluate the

Fig. 3 Risk of bias assessment for individual studies. Question marks
mean unclear; plus signs mean yes; minus signs mean no

Table 2 GRADE assessment

Quality assessment

Studies (n) Type of study Study limitations Inconsistency Indirectness Imprecision Publication bias GRADE quality

Outcome: acute radiation dermatitis grades 1 and 2, according score RTOG

6 RCT/self-controlled Xa Xb Xc √ √ ++−−−
Moderate

a Absence of blinding of participants and examiners in the study or uncertainty regarding its implementation and/or uncertainty about the process of
randomization and blinding of the random allocation of the sample due to insufficient data
b Heterogeneity
c Divergence between the data presented in the study protocol and the data presented as results of the individual outcomes (e.g., absence of a specific
ranking for scale previously defined)
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effects of pharmacological interventions and non-
pharmacological topical controls to prevent radiation derma-
titis in head and neck cancer patients.

To our knowledge, this is the first systematic review of
topical interventions for the prevention of acute radiation der-
matitis in patients with head and neck cancer undergoing ra-
diotherapy. We sought to comply the criteria of AMSTAR
[42] in order to increase its reliability.

The studies showed differences in baseline characteristics
collected from patients and between scales used to classify
radiation dermatitis. The ionizing radiation dose prescribed
to patients was not described in a uniform way between stud-
ies, varying from total dose, medium dose, and dose intervals.

Delivering chemotherapy concurrently with radiation in-
creases the severity of radiation dermatitis. However, some stud-
ies do not present this information clearly [29, 31, 33, 35], mak-
ing it difficult for comparisons among subgroups who received
only radiotherapy or chemoradiotherapy. Not all studies de-
scribed the type of chemotherapy used, which is important as
cetuximab caused more severe skin reactions than cisplatin.

This systematic review aimed to analyze studies that evaluat-
ed the effect of various topical pharmacological interventions to
prevent grades 1 and 2 of radiation dermatitis according to
RTOG criteria in head and neck cancer patients. There was no
difference between groups of pharmacological and non-
pharmacological topical controls for prevention of acute radia-
tion dermatitis; however, vehicles or bases that do not contain the
active ingredient in a formulation might have clinical relevance.

A review about topical interventions for radiation dermati-
tis in patients with breast cancer emphasizes the relevance of
creams in reducing adverse effect and the low cost of the
intervention [43]. Lotions, powders, creams, ointments, gel,
and other bases are examples of vehicles for topical products.
Both the vehicle and the active ingredient have action on the
cutaneous response to treatment. The application time product
topical is another important factor. The preferable application
of the product was overnight allowing the product to remain
on the skin for a longer period [21].

The usual care to prevent radiation dermatitis is also consid-
ered as a non-pharmacological care. The guidelines include hy-
giene orientation site, reduction of exposure and friction of the
irradiated area, use of appropriate clothing, preferably cotton,
avoid sun exposure and contact with extreme temperatures, as
compresses, avoid itching the irradiated area, and avoid using
products that have strong agents in their composition, as some
types of soaps [25, 33]. In the latter case, the option is at neutral
soap [34]. Usual care and skin cleaning of irradiated area are
consistent with other reviews that say that skin washing is impor-
tant for the prevention of acute radiation dermatitis [9]. Product
selection should also take into account the cost-effectiveness and
ability to understand the patient, family, and caregivers.

To evaluate the radiation dermatitis, the criteria adopted by
the main scales consist of visual measurements of signals as

erythema and scaling, like the RTOG scale, modified RTOG
scale, and CTCAE.A limitation of these scales is the subjectivity
that can occur in radiation dermatitis classification related to own
evaluator [44], leading to a significant bias when it comes to the
evaluation of radiation dermatitis in multicenter studies [28].

It is important that the studies follow rigorousmethodological
standards. The RCTs must have to be conducted properly. The
Standard Protocol Items: Recommendations for Interventional
Studies (SPIRIT) [45] statements can assist in the study plan.

We recommend that in future studies, the randomization be
stratified on the radiotherapy dose, so that the intervention and
control groups are balanced regarding the radiotherapy frac-
tion. There is also a need to clarify what type of chemotherapy
was used concomitant to radiotherapy. Time and duration of
product apply are a relevant item to describe in the methodol-
ogy section of the studies. It is also important to have a defi-
nition about what is the prevention endpoint, for example, it
can be the occurrence of RD (yes or not) or it can be the
development of erythema, dry or moist desquamation, and
edema, which are signs of RD, generally described in some
graduation scales. None of the studies included in this review
took pictures to evaluate RD, but it can be a good strategy to
evaluate the progression or regression of the signs of RD.

Conclusion

There was no strong evidence indicating differences between
topica l pharmacologica l in tervent ions and non-
pharmacological topical controls related to the prevention of
acute radiation dermatitis among patients with head and neck
cancer undergoing radiotherapy.

Patients with head and neck cancer are usually more sus-
ceptible to develop radiation dermatitis because they are com-
monly exposed to high doses of radiation and combined treat-
ment. An effort is needed in conducting studies with appro-
priate methodological rigor and to evaluate topical interven-
tions with homogeneous samples.
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