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Abstract

Background

Radiation dermatitis (RD) is a prevalent and difficult-to-manage consequence of radiation
therapy (RT). A variety of interventions have been proven effective in preventing and treat-
ing RD. However, the optimal approach remains unclear. This network meta-analysis
(NMA) conducted a comparison and ranking of the effectiveness and patient-reported out-
comes (PROs) of the interventions currently utilized in RD.

Methods

PubMed, Web of Science, Embase, and Cochrane Library were searched to identify perti-
nent randomized controlled trials (RCTs) focused on the prevention and treatment of RD.
The primary outcome measures included the incidence of grade>2 RD (i.e., percentage of
moist desquamation) and RD score. The secondary outcome measures encompassed
patients’ subjective assessment scores of pains, itching and burning sensations.

Results

Our meta-analysis encompassed 42 studies and 4884 participants. Regarding the primary
outcomes, photobiomodulation treatment (PBMT) ranked first in surface under curve cumu-
lative ranking area (SUCRA:0.92) for reducing the incidence of grade>2 RD. It demon-
strated a significant difference when compared to Trolamine (OR 0.18,95%Crl 0.09—-0.33)
and Xonrid® (OR 0.28,95%Crl 0.12-0.66). Mepitelfilm (SUCRA: 0.98) achieved the highest
rank in reducing the RD score, demonstrating superiority over StrataXRT® (MD -0.89, 95%
Crl -1.49, -0.29). Henna (SUCRA: 0.89) demonstrated the highest effectiveness in providing
pain relief, with a significant difference compared to Hydrofilm (MD -0.44, 95% Crl -0.84,
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-0.04) and Mepitelfilm (MD -0.55, 95% Crl -0.91, -0.19). Hydrofilm (SUCRA: 0.84) exhibited
the fewest itching sensations, demonstrating superiority over Mepitelfilm (MD -0.50, 95%
Crl -0.84, -0.17). No statistically significant difference was observed among various inter-
ventions in the assessment of burning sensations.

Conclusion

PBMT and Mepitelfilm demonstrated better efficacy in reducing the incidence of grade>2
RD and RD score, respectively. In terms of PROs, Henna and Hydrofilm had fewer com-
plaints in pain and itching sensations, respectively. However, studies with larger sample
size on different interventions are warranted in the future.

Trial registration
PROSPERQO registration number CRD42023428598.

Introduction

Radiation therapy (RT) is the third most frequently used cancer treatment modality. Among
the side effects of RT, radiation dermatitis (RD) is a common occurrence, affecting up to 95%
of patients either during or after undergoing RT [1-3]. It is characterized by varying degrees of
skin inflammation and damage, ranging from mild erythema to severe ulceration and necrosis.
Patients undergoing RT commonly experience grade 2 or higher RD, which manifests as nota-
ble erythema, moist desquamation, edema, and is associated with significant discomfort, pain,
itching, burning, and morbidity [4]. Additionally, RD can hinder the effectiveness of RT by
imposing limitations on the prescribed dose and duration of treatment. Therefore, the preven-
tion and management of RD represent essential and significant clinical challenges in the field
of radiation oncology [1, 4].

The underlying mechanisms of RD are well comprehended. Ionizing radiation induces
damage to the dermis, resulting in vasodilation and the release of histamine-like substances
and activating inflammatory pathways and causing cytokines overproduction; which contrib-
ute to the onset of erythema [5]. The DNA damage caused by radiation leads to a depletion of
dividing basal stem cells in the epidermis. Consequently, the skin experiences thinning as the
superficial layers, which are normally shed, are inadequately replaced by the deeper basal cell
layer [6]. This process ultimately leads to both dry and moist desquamation. The emergence of
late skin effects can be attributed to imbalances between profibrotic and proinflammatory
cytokines [7].

The development of RD is influenced by various risk factors, including patient characteris-
tics and radiation treatment-related factors. Treatment-related factors encompass parameters
such as total dose, fractionation schedule, use of bolus or boost, treatment surface area or vol-
ume, radiation technique, and concurrent chemotherapy or targeted agents. Intrinsic factors
like chronic sun exposure, breast size, smoking status, diabetes, and obesity may also impact
the severity of RD [4, 8-11].

Multiple interventions have been proposed and demonstrated to be effective in the preven-
tion and management of RD across various categories. These interventions include topical cor-
ticosteroids (e.g., hydrocortisone) [6], barrier films and dressings (e.g., water-based, silicone-
based, and silver-based) [7,12], oral supplements (e.g., glutamine) [13], photobiomodulation
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treatment (PBMT) in the form of laser therapies, light emitting diode photomodulation, and
red light phototherapy [14-16], standard care measures (e.g., hygiene practices, moisturizers,
and topical sprays) [17], natural agents like Chamomile, Calendula, Curcumin, and Henna
[18-23], as well as miscellaneous agents such as trolamine and hyaluronic acid [24-26]. All
these interventions share similar clinical actions aimed at promoting the wound healing pro-
cess by restoring the physiological hydration levels of the affected skin areas and enhancing
their biological activity. They possess antioxidant, anti-inflammatory, and antimicrobial prop-
erties without exerting any tumor protection effects.

However, the efficacy of these interventions for RD and their impact on patient-reported
outcomes (PROs) are still subjects of debate. There is currently a lack of consensus regarding
the optimal approach to RD management. Previous traditional meta-analyses have focused on
evaluating the clinical effectiveness of interventions in comparison to standard care. However,
these approaches have limitations as they provide only partial insights into the overall hierar-
chy of interventions. This is due to the fact that intervention effects are estimated and pre-
sented for only a subset of relevant intervention comparisons. Furthermore, they have
reported conflicting results and limitations, such as heterogeneity, bias, and small sample sizes
[7,27-30]. Last but not least, most studies have focused on the individual categories of inter-
ventions rather than comparing them directly, which makes it difficult to determine the rela-
tive efficacy of different interventions for clinician decision-makers.

To tackle these challenges, a network meta-analysis (NMA) offers a solution by enabling a
thorough and quantitative comparison of the efficacy of various interventions for RD [31-33].
As of now, no NMA has been conducted to assess the effectiveness of various interventions in
the prevention and treatment of RD. Hence, the objective of this study was to employ a Bayes-
ian framework to compare the clinical effectiveness of various interventions in the prevention
and treatment of RD. The study aimed to estimate the relative efficacy of these interventions
and rank them based on their probabilities of being the best, second-best, and so on [34]. The
findings of this study hold significant implications for clinical practitioners in terms of the pre-
vention and management of RD. By identifying superior interventions for RD, the study has
the potential to enhance the quality of life (QOL) and treatment outcomes of patients undergo-
ing RT. Moreover, the study may contribute to the development of evidence-based guidelines
and recommendations for the prevention and management of RT.

Methods
Selection criteria and study design

The inclusion criteria for this study were as follows: (1) the investigation of an intervention
with at least two RCT's evaluating its efficacy in the prevention and treatment of RD, and (2)
the assessment of the intervention compared to a standard of care (SOC). The SOC, serving as
the reference group in this context, encompasses several aspects of the following treatments:
(a) Shame treatment, placebo, routine nursing methods, usual care, standard skin care, usual
supportive care, normal care, or no treatment. (b) Institutional nursing staff utilized the cur-
rently recommended standard skin care treatment and standard products as per hospital pro-
tocols or institutional standards for the trials. These products include hydrocortisone, urea
cream, HPRPlusTM, Biafine® cream, white Vaseline (PROPETO), Sorbolene®) cream, as
well as moisturizer/moisturizing base cream, aqueous creams, and other conventional
products.

We excluded studies that met any of the following criteria: (1) Study design type is non-ran-
domized controlled trial (non-RCT), including conference papers, summaries, abstracts, let-
ters, protocols, editorials, guidelines, review articles, comments, clinical observations, case
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studies, cohort studies, non-randomized trials, case-control studies, non-comparative studies,
and any non-experimental investigations such as cross-sectional and retrospective surveys; (2)
studies investigating an intervention with only a single RCT; (3) studies where the reference
group did not correspond to the SOC; (4) duplicate studies; (5) studies for which the full text
was not available; (6) studies with incomplete or unreported data; (7) studies not written in
English.

The prespecified primary outcomes of the study included the incidence of grade>2 RD
(i.e., percentage of moist desquamation) and RD score. The secondary outcomes comprised
subjective assessment scores of PROs such as pains, itching, and burning sensations. The out-
comes of interest encompassed the RD score and patients’ subjective assessment scores for
overall treatment. Higher scores on the designated rating scale indicated increased skin
toxicity.

All scores were defined as the highest intensity changes recorded on the rating scales pre-
sented in Table 1, at the conclusion of radiation treatments, typically occurring between five to
seven weeks. The maximum level indicated the most severe skin reaction associated with a spe-
cific intervention or no intervention. These widely reported outcome measures at these partic-
ular time points hold clinical significance as the radiation dose reaches its peak cumulative
level upon completion of radiation treatment. The results were recorded as closely as possible
to the end of radiation therapy for all analyses. In cases where data were unavailable at the end
of radiation therapy, data from time points near the conclusion of treatment were prioritized
for primary outcomes, as well as secondary outcomes.

Search strategy

A comprehensive literature search was conducted using electronic databases including
PubMed, Web of Science, and Embase (the period from 1964 to May 2023). Additionally, the
Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library (Issue 5
of 12 in May 2023), was searched. The medical subject headings (Mesh), Emtree and entry
terms were used as search strategies. The complete search strategy and the results can be found
in S1 Appendix.

Study selection and data collection

Two researchers, YG and SL independently screened the titles and abstracts of the potentially
eligible studies for initial retrieval. Subsequently, both researchers thoroughly read the full
texts, extracted relevant data, and engaged in discussions to reach a consensus on inclusion
validity. Any disagreements were resolved through team discussions (YG, SL, ACL, and
WQC). A formal extraction record form was developed to ensure systematic data extraction.
The following patient and study characteristics were extracted: cancer site, average age, gender,
author, year of publication, country, sample size, study design, RD grading scales, treatment
arms, frequency and duration of interventions, and outcomes. A summary of the baseline
characteristics of the included RCTs is provided in Table 1 [18, 35-75].

Three-arm trials that involved two different interventions were divided into the corre-
sponding number of pairwise comparisons, comparing each intervention against the reference
group (SOC).

Quality assessment and risk of bias

Two reviewers, YG and SL, assessed the risk of bias in the selected RCTs using the Cochrane
Collaboration tool within Review Manager 5.4.1. The criteria for evaluating bias included ran-
dom sequence generation, allocation concealment, blinding of participants and researchers,
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blinding of outcome assessors, the integrity of outcome indicators, selective reporting, and
other potential sources of bias. Each criterion was classified as having a low, unclear, or high
risk of bias. A funnel plot was generated using STATA 15.1 to examine the possibility of publi-
cation bias [76]. The funnel plot revealed an asymmetric distribution, indicating the presence
of publication bias. Additionally, we categorized studies with more than 100 patients per study
group as large studies [77].

Statistical analysis

Initially, the collected data were consolidated before being incorporated into the analysis. For
continuous outcomes indicated by mean differences (MDs), and dichotomous outcomes indi-
cated by odds ratios (ORs), we utilized both pairwise and network meta-analysis techniques to
estimate the effect sizes. The corresponding 95% credible intervals (CrI) were also calculated.
In instances where the extracted data from the studies provided information on continuous
variables in the form of medians, interquartile ranges, or ranges instead of means and standard
deviations, we employed the method outlined by Hozo et al. [78] to transform the data
appropriately.

We performed NMA using a Bayesian framework with random effects. This analysis was
conducted in the R software environment version 4.2.1, utilizing the "gemtc" package [79].
Additionally, we utilized Stata 15.1, a software package by StataCorp LLC, to generate a net-
work plot. In the network plot, each node represents either an intervention or SOC. The size
of the nodes corresponds to the number of patients, while the thickness of the lines indicates
the number of trials comparing the intervention against the SOC. Moreover, we calculated the
surface under the curve cumulative ranking area (SUCRA) to determine the rank probabilities
of different interventions. Higher SUCRA scores indicate better efficacy for each outcome.
Our protocol follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
for Protocols (PRISMA-P) guideline (S1 Checklist). It is important to note that the current
study protocol was registered in PROSPERO with the registration number CRD42023428598.

Results

Study characteristics and quality

Out of the 1725 titles that were examined, 1077 records had their abstracts evaluated. From
this group, 158 complete studies were assessed to determine their eligibility. Eventually, a total
of 42 publications, which involved 4884 patients and were conducted between 2006 and 2022,
met the criteria for inclusion in this analysis. We obtained the 1725 titles and abstracts from
various sources such as PubMed, Web of Science, Embase, and Cochrane Library. After
removing 648 articles that were duplicates, a quick review helped eliminate 919 irrelevant arti-
cles. We then proceeded to evaluate the eligibility of 158 full articles. The final selection con-
sisted of 42 studies for qualitative synthesis, and 41 studies for quantitative synthesis
(excluding Ferreira, E.B. 2020 [18], as the data provided for patients’ subjective assessment
scores could not be extracted or calculated as mean or standard deviation). Fig 1 illustrates the
flowchart, and Table 1 provides an overview of the basic characteristics of the forty-two RCTs
included.

A total of 14 different interventions were compared to SOC, namely Corticosteroid, PBMT,
Glutamine, StrataXRT®, Mepitelfilm, Hydrofilm, Xonrid®™, KeraStat, Chamomile, Calendula,
Curcumin, Henna, Trolamine, Hyaluronicacid. These interventions represent the following
classes of therapies: topical corticosteroids, PBMT, oral agents, barrier films and dressings, nat-
ural and traditional herbs, and miscellaneous agents (S1 File).
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Embase(n=311)
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Web of science(n=666)

—> (n =648)

Records removed before screening: Duplicate records removed

Records after removal of
duplicates(n=1077)

(n=919)
-Animal (n=27)

Records excluded after title and abstract screen

-No relative study (n=400);
-Duplicates(n=37); Not RCT(n=20)
- No available results(n=92)
-Conference(n=142)

-Letter(n=13); Editorial(n=6)
-Protocol(n=17); Guidelines(n=7)
-Review and meta-analysis(n=158)

Full-text articles evaluated
for eligibility (n=158)

Exclude records after full-text analysis(n=91)

A4

-Duplicates (n=8)

-Full text is not available(n=12)
-No available results(n=23)
-Not RCT(n=27)

-Not English articles(n=3); Chinese articles (n=5)
-No relative study(n=13)

Articles assessed for eligibility (n =67)

|

Exclude records

-investigating products with only
one RCT (n=24)

-not assessed versus SOC(n=1)

I ]

—

Studies included in
qualitative synthesis (Meta-

(n=42) (n=41)

Studies included in
quantitative synthesis

analysis) (Meta-analysis)

Fig 1. Flow diagram of the study selection process.

https://doi.org/10.1371/journal.pone.0298209.g001

Risk of bias in included studies and publication bias

Ninety-five percent (40 out of 42) of the trials included in the analysis were double-arm stud-
ies, while the remaining 5 percent (2 out of 42) were three-arm studies. The risk of bias for the
included RCTs is depicted in Fig 2. We observed a low risk of bias in all of the included RCT's
regarding random sequence generation, incomplete outcome data, selective reporting, and
other bias. However, there was an unclear bias risk for allocation concealment in 31 RCTs.
Regarding participant and staff blinding, as well as outcome assessment blinding, 20 RCT's
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Fig 2. Review authors’ judgement for each risk of bias. (A) Risk of bias graph, presented as percentage across all
included studies; (B) Risk of bias summary, each risk of bias item for each included study.

https://doi.org/10.1371/journal.pone.0298209.9002

exhibited a high risk of bias. The funnel plots for each outcome indicated that publication bias
was under control. These funnel plots were presented in Fig 3.

Network evaluations

Fig 4 illustrates the evidence network plots depicting the interventions tested in RCTs for their
effectiveness in managing RD, focusing on primary outcomes. Similarly, Fig 5 presents the evi-
dence network plots for secondary outcomes. In these plots, the size of the circles corresponds
to the number of studies that examined each intervention, while the thickness of the lines rep-
resents the number of studies that compared the two connected interventions.

Primary outcomes. The incidence of grade>2 RD was assessed using 13 pairwise com-
parisons, which involved 37 studies and 13 interventions compared to SOC. The interventions
included in this analysis were StrataXRT®), Mepitelfilm, Trolamine, Hyaluronicacid, PBMT,
Chamonmile, Hydrofilm, Calendula, Curcumin, Glutamine, Xonrid®), Corticosteroid, and
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Fig 3. The net-funnel graphs of primary and secondary outcomes. (A) Incidence of grade>2 RD, (B) RD sores, (C)
Pain sensations, (D) Itching sensations, and (E) Burning sensations.

https://doi.org/10.1371/journal.pone.0298209.g003
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Glutamine ~ Curcumin Glutamine
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Curcumin
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KeraStat

Corticosteroid
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Mepitelfilm Xonrid®

Trolamine

Trolamine

StrataXRT® soc StrataXRT®
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Fig 4. Network plots of available interventions comparisons for primary outcomes. (A) Incidence of grade>2 RD,
(B) RD sores. Line width is proportional to the number of trials including every pair of interventions (direct
comparisons). Circle size is proportional to the total number of patients for each intervention in the network.

https://doi.org/10.1371/journal.pone.0298209.9004

KeraStat (Fig 4A). The RD score was determined through 8 pairwise comparisons, which
encompassed 11 studies and 8 interventions compared to SOC. The interventions included in
this analysis were StrataXRT®), Mepitelfilm, Trolamine, Hydrofilm, Curcumin, Glutamine,
Corticosteroid, and KeraStat.

Secondary outcomes. For pain sensations, there were 7 pairwise comparisons contribut-
ing to NMA, which involved 11 studies and 7 interventions compared to SOC. The interven-
tions included in this analysis were StrataXRT ®), Mepitelfilm, Hydrofilm, Curcumin,
Glutamine, Corticosteroid, and Henna.

Regarding itching sensations, there were 5 pairwise comparisons that contributed to the
NMA, involving 6 studies and 5 interventions compared to SOC. The interventions included
in this analysis were StrataXRT®), Mepitelfilm, Hydrofilm, Corticosteroid, and Henna.

For burning sensations, there were 4 pairwise comparisons contributing to the NMA,
involving 5 studies and 4 interventions compared to SOC. The interventions included in this
analysis were Mepitelfilm, Hydrofilm, Corticosteroid, and Henna.

Forest plots

Figs 6 and 7 display the findings of the direct pairwise meta-analyses comparing various inter-
ventions with SOC for both primary and secondary outcomes.

Primary outcomes. Fig 6 shows the full findings of forest plots of network meta-analysis
of all trials for primary outcomes.

Glutamine Henna
Hydrofim Henna

Hydrofim

Hydrofim Coricostoroid Mepitelfim Cortcosteroid Corticosteroid

Mepiteltim

Mepielfim SataXRT®

"StataXRT®

soc

Fig 5. Network plots of available interventions for secondary outcomes. (A) Pain sensations, (B) Itching sensations,
and (C) Burning sensations. Line width is proportional to the number of trials including every pair of interventions
(direct comparisons). Circle size is proportional to the total number of patients for each intervention in the network.

https://doi.org/10.1371/journal.pone.0298209.g005
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Fig 6. Forest plots of network meta-analysis of all trials for primary outcomes. (A) measured as odds ratio in
incidence of grade>2 RD, and (B) measured as mean difference for RD score. Interventions compared with SOC,
which was the reference intervention. Crl = credible interval, T = number of trials, P = total number of patients.
OR = odds ratio, SOC = standard of care.

https://doi.org/10.1371/journal.pone.0298209.g006

ORs for the incidence of grade>2 RD demonstrated a significant difference when com-
pared to SOC. Specifically, Mepitelfilm (OR 0.21 [0.14-0.31]), PBMT (OR 0.16 [0.097-0.27]),
Hydrofilm (OR 0.19 [0.09-0.35]), Curcumin (OR 0.57 [0.38-0.85]), Glutamine (OR 0.25
[0.07-0.85]), and Corticosteroid (OR 0.54 [0.38-0.77]) showed a more favorable outcome
compared to SOC.

In terms of the RD score, Hydrofilm (MD-0.80 [-0.99- -0.61]), KeraStat (MD-0.36 [-0.61-
-0.11]), and Mepitelfilm (MD-0.19 [-1.69- -0.68]) exhibited superior performance compared
to SOC.

Secondary outcomes. Fig 7 shows the full findings of forest plots of network meta-analy-
sis of all trials for secondary outcomes.

For pain sensations, Hydrofilm (MD-0.49 [-0.73- -0.25]), Henna (MD-0.93 [-1.25- -0.61]),
and Mepitelfilm (MD-0.38 [-0.55- -0.22]) exhibited an advantage over SOC in terms of pro-
viding relief from pain.

Regarding itching sensations, Corticosteroid (MD-0.70 [-1.2- -0.25]), Hydrofilm (MD-0.70
[-0.99- -0.41]), Henna (MD-0.44 [-0.77- -0.11]), and Mepitelfilm (MD-0.20 [-0.37- -0.03])
demonstrated greater effectiveness compared to SOC in alleviating itching.

In relation to burning sensations, Corticosteroid (MD-0.60 [-1.1- -0.12]), Hydrofilm (MD-
0.50 [-0.77- -0.23]), Henna (MD-0.46 [-0.78- -0.14]), and Mepitelfilm (MD-0.20 [-0.37-
-0.03]) were found to be more helpful than SOC in reducing burning sensations.

League tables

We conducted direct and indirect comparisons to assess the comparative effectiveness of dif-
ferent interventions using league tables (Tables 2-6). The direct comparisons align with the
findings presented in the forest plots (Figs 6 and 7). Additionally, significant differences were
observed among the interventions when considering mixed comparisons.

A B c
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Fig 7. Forest plots of network meta-analysis of all trials for secondary outcomes. (A) measured as mean difference
in pain sensations, (B) measured as mean difference for itching sensations, and (C) measured as mean difference for
burning sensations. Interventions compared with SOC, which was the reference intervention. Crl = credible interval,
T = number of trials, P = total number of patients, OR = odds ratio, SOC = standard of care.

https://doi.org/10.1371/journal.pone.0298209.g007
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Table 3. League table with network meta-analysis (NMA) estimates for radiodermatitis (RD) score (primary outcome).

Corticosteroid | Corticosteroid

Curcumin -0.13 (-0.38, Curcumin
0.12)
Glutamine 0.10 (-0.29, 0.49) | 0.23 (-0.06, Glutamine
0.52)
Hydrofilm 0.70 (0.38,1.01) | 0.83 (0.64, 0.60 (0.25, Hydrofilm
1.02) 0.95)
KeraStat 0.26 (-0.09, 0.61) | 0.39 (0.14, 0.16 (-0.22, -0.44 (-0.75, KeraStat
0.64) 0.55) -0.13)
Mepitelfilm 1.09(0.52, 1.65) | 1.22(0.71, 0.99 (0.40, 0.39 (-0.15, 0.83 (0.26, Mepitelfilm
1.72) 1.57) 0.93) 1.39)
soC -0.10 (-0.35, 0.03(0.02, | -0.20(-049, | -0.80(-0.99, | -0.36(-0.61, | -1.19(-1.69, soC
0.15) 0.04) 0.09) -0.61) -0.11) -0.68)
StrataXRT® | 0.20 (-0.21, 0.61) | 0.33 (0.01, 0.10 (-0.34, -0.50 (-0.87, -0.06 (-0.46, | -0.89 (-1.49, 0.30 (-0.02, | StrataXRT®™
0.65) 0.54) -0.13) 0.34) -0.29) 0.62)
Trolamine 0.54 (-0.25, 1.32) | 0.67 (-0.08, 0.44 (-0.36, -0.16 (-0.93, 0.28 (-0.51, -0.55 (-1.45 0.64 (-0.11, 0.34 (-0.48, Trolamine
1.42) 1.25) 0.61) 1.07) 0.35) 1.39) 1.15)

Comparisons of RD score of different managements were shown and should be read from left to right. The effectiveness estimate is located at the intersection of the
column-defining treatment and the row-defining treatment. RD score estimates are presented in mean difference (MD) with the 95% Credible Intervals (CrI), a MD
below zero favors the row-defining management (less assessment of RD score, means the top-left treatment is better). Significant results are in red with Bayesian
P<0.05. Cells filling represent: Bold formatting: A MD of >0; Italic formatting and light gray: A MD of <0.

https://doi.org/10.1371/journal.pone.0298209.t003

Primary outcomes. In terms of the incidence of grade>2 RD (Table 2), Corticosteroid,
Curcumin, and Glutamine demonstrated greater effectiveness compared to Hyaluronicacid,
with ORs of (OR 0.37 [0.18, 0.74]), (OR 0.39 [0.18, 0.8]), and (OR 0.17 [0.04, 0.67]), respec-
tively. Additionally, Corticosteroid, Hydrofilm, Mepitelfilm, and PBMT were found to be
superior to Trolamine, with ORs of (OR 0.6 [0.36, 0.99]), (OR 0.21 [0.09, 0.43]), (OR 0.23
[0.13, 0.39]), and (OR 0.18 [0.09, 0.33]), respectively. Furthermore, Hydrofilm, Mepitelfilm,

Table 4. League table with network meta-analysis (NMA) estimates for pain sensations (secondary outcome).

Corticosteroid | Corticosteroid

Curcumin -0.30 (-0.96, Curcumin
0.36)
Glutamine -0.75 (-5.44, -0.45 (-5.13, 4.26) | Glutamine
3.95)
Henna 0.53 (-0.03, 1.09) | 0.83 (0.26, 1.41) | 1.27 (-3.41, Henna
5.96)
Hydrofilm 0.09 (-0.43,0.61) | 0.39 (-0.15, 0.83 (-3.85, -0.44 (-0.84, Hydrofilm
0.922) 5.52) -0.04)
Mepitelfilm -0.02 (-0.51, 0.28 (-0.22,0.79) | 0.73 (-3.95, -0.55 (-0.91, -0.11 (-0.40, 0.18) | Mepitelfilm
0.47) 5.40) -0.19)
SOC -0.40 (-0.86, -0.10 (-0.58, 0.38) | 0.34 (-4.33, -0.93 (-1.25, -0.49 (-0.73, -0.38 (-0.55, SOC
0.06) 5.01) -0.61) -0.25) -0.22)
StrataXRT® | 0.24 (-1.91,2.39) | 0.54 (-1.63,2.69) | 0.98 (-4.17, -0.29 (-2.42,1.84) | 0.15 (-1.97,2.26) | 0.25 (-1.86,2.37) | 0.63 (-1.47, StrataXRT®
6.12) 2.74)

Comparisons of pain sensations of different managements were shown and should be read from left to right. The effectiveness estimate is located at the intersection of
the column-defining treatment and the row-defining treatment. Pain sensations estimates are presented in mean difference (MD) with the 95% Credible Intervals (CrI),
a MD below zero favors the row-defining management (more effective pain relief, means the top-left treatment is better). Significant results are in red with Bayesian
P<0.05. Cells filling represent: Bold formatting: A MD of >0; Italic formatting and light gray: A MD of <0.

https://doi.org/10.1371/journal.pone.0298209.t004
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Table 5. League table with network meta-analysis (NMA) estimates for itching sensations (secondary outcome).

Corticosteroid | Corticosteroid

Henna -0.26 (-0.82, Henna
0.31)
Hydrofilm 0.00 (-0.53, 0.54) | 0.26 (-0.18, Hydrofilm
0.70)
Mepitelfilm -0.50(-0.98, -0.24 (-0.62, -0.50 (-0.84, Mepitelfilm
-0.01) 0.13) -0.17)
soC -0.70 (-1.15, -0.44 (-0.77, | -0.70 (-0.99, -0.20 (-0.37, SOC
-0.24) -0.11) -0.41) -0.03)
StrataXRT® -0.61 (-2.07, -0.362 (-1.77, | -0.62 (-2.03, -0.12 (-1.51, 0.08 (-1.30, | StrataXRT™
0.85) 1.07) 0.80) 1.28) 1.47)

Comparisons of itching sensations of different managements were shown and should be read from left to right. The
effectiveness estimate is located at the intersection of the column-defining treatment and the row-defining treatment.
Itching sensations estimates are presented in mean difference (MD) with the 95% Credible Intervals (Crl), a MD
below zero favors the row-defining management (more helpful itching relief, means the top-left treatment is better).
Significant results are in red with Bayesian P<0.05. Cells filling represent: Bold formatting: A MD of >0; Italic
formatting and light gray: A MD of <0.

https://doi.org/10.1371/journal.pone.0298209.t1005

Table 6. League table with network meta-analysis (NMA) estimates for burning sensations (secondary outcome).

Corticosteroid | Corticosteroid

Henna -0.14 (-0.72, 0.44) Henna

Hydrofilm -0.09 (-0.65, 0.46) 0.04 (-0.37, 0.46) Hydrofilm

Mepitelfilm -0.40(-0.91, 0.11) -0.26 (-0.62, 0.10) -0.30 (-0.62, 0.01) Mepitelfilm

SOC -0.60 (-1.08,-0.12) | -0.46 (-0.78,-0.14) | -0.50 (-0.77,-0.23) | -0.20 (-0.37,-0.03) | SOC

Comparisons of burning sensations of different managements were shown and should be read from left to right. The
effectiveness estimate is located at the intersection of the column-defining treatment and the row-defining treatment.
Burning sensations estimates are presented in mean difference (MD) with the 95% Credible Intervals (CrI), a MD
below zero favors the row-defining management (more helpful burning relief, means the top-left treatment is better).
Significant results are in red with Bayesian P<0.05. Cells filling represent: Bold formatting: A MD of >0; Italic
formatting and light gray: A MD of <0.

Mepitelfilm = Mepitel film, Mepilex Lite

Trolamine = Trolamine, Trolamine cream

Hyaluronicacid = Hyaluronic acid, HA formulation

PBMT = MLS™ laser therapy (LT), Light emitting diode (LED) photomodulation, Photobiomodulation therapy, Red
light phototherapy (RLPT)

Chamomile = Chamomile gel

Calendula = Calendula cream

Curcumin = Nanocurcumin, Curcumin C3 complex, Curcumin cream, Vicco®™ turmeric cream (VTC)

Henna = Alpha ointment

Glutamine = Oral glutamine, L- Glutamine

Corticosteroid = Difluprednate (MYSER ointment 0.05%), Mometasone, 0.1% mometasone furoate,
Betamethasone0.1%

KeraStat = KeraStat(R) Cream, Keratin

SOC = Standard of care, including: a) Standard skin care, standard of care, standard care, placebo, control, usual
care, sham treatment, institutional preference or no intervention; b) Institutional nursing staffs used the currently
recommended standard skin care treatment and standard products for prevention and treatment of these skin lesions
as a part of hospital protocols or institutional standard for the trials such as hydrocortisone, urea cream,
HPRPlusTM, Biafine™ cream, white Vaseline (PROPETO), Eucerin Original™ (E) cream and Sorbolene®™ cream, as

well as moisturizer/moisturizing base cream, aqueous creams, and other conventional products or normal care.

https://doi.org/10.1371/journal.pone.0298209.t006
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and PBMT exhibited better performance than Xonrid®), with ORs of (OR 0.32 [0.12, 0.83]),
(OR0.35[0.16, 0.79]), and (OR 0.28 [0.12, 0.66]), respectively. For RD score (Table 3), Hydro-
film was identified as the superior intervention for reducing the RD score. MDs for Hydrofilm
compared to other interventions (StrataXRT®) and KeraStat) ranged from —0.50 to —0.44.
Additionally, Mepitelfilm showed notable effectiveness with an MD of -0.89 when compared
to StrataXRT®.

Secondary outcomes. For pain sensations (Table 4), Henna was ranked as the most effec-
tive intervention for pain relief. MDs for Henna compared to Mepitelfilm and Hydrofilm ran-
ged from —0.55 to —0.44.

In terms of itching sensations (Table 5), Corticosteroid and Hydrofilm exhibited similar
efficacy to Mepitelfilm, with MDs of -0.50 (-0.98, -0.01) and -0.50 (-0.84, -0.17), respectively.

However, for burning sensations (Table 6), Corticosteroid, Hydrofilm, Mepitelfilm, and
Henna did not yield significantly different outcomes when compared to each other.

Ranking of interventions by efficacy

The ranking probability of different interventions in managing RD is presented in Table 7 and
Figs 8-12. Based on the SUCRA plot and values, PBMT (SUCRA, 0.92) achieved the highest
ranking in terms of the lowest incidence of grade>2 RD, while Hyaluronicacid (SUCRA, 0.10)
obtained the lowest ranking (Fig 8). In terms of decreasing RD scores, Mepitelfilm (SUCRA,
0.98) ranked the highest, while Curcumin (SUCRA, 0.03) ranked the lowest (Fig 9). Henna
(SUCRA, 0.89) was ranked the highest for pain sensations relief, whereas SOC (SUCRA, 0.17)
received the lowest ranking (Fig 10). Regarding the relief of itching sensations, Hydrofilm
(SUCRA, 0.84) demonstrated the greatest efficacy in reducing itching sensations, while SOC
(SUCRA, 0.09) had the highest incidence of itching sensations (Fig 11). For alleviating burning
sensations, Corticosteroid (SUCRA, 0.81) exhibited the most effective results, while SOC
(SUCRA, 0.01) was the least effective intervention (Fig 12).

Discussion

In this study, we conducted a Bayesian NMA to evaluate the efficacy of different interventions
used for the prevention and treatment of RD. Consistent use of assessment tools is important
to document the severity of RD and respond with appropriate therapeutic interventions. Clini-
cians often rely on clinician-reported outcomes (CROs) to assess the incidence of grade>2
RD, specifically the percentage of moist desquamation, and RD score. These measures are
commonly utilized as primary outcome measures in RD-related systematic reviews and clini-
cal trials. They offer quantitative and standardized assessments of RD severity, allowing for
meaningful comparisons across different studies. By considering both the analysis of the inci-
dence of grade>2 RD and RD score, the impact of a particular intervention in reducing the
severity of RD among patients is evaluated comprehensively.

Based on our cumulative probability ranking, PBMT demonstrated significantly better out-
comes compared to Trolamine and Xonrid®) in reducing the incidence of grade>2 RD.
PBMT is a non-invasive and a-thermal treatment approach that utilizes light to activate epithe-
lial healing through various metabolic processes involving photochemical reactions [52].
PBMT offers advantages such as enhanced light penetration and propagation within tissues,
leading to greater anti-inflammatory, bio-stimulating, and analgesic effects. Several open-label
studies have provided evidence of PBMT’s effectiveness in preventing the development of
grade 2 or higher acute RD [48, 50-52]. Despite this evidence, PBMT is not currently recom-
mended for clinical use by the Society and College of Radiographers (SCoR) due to uncertainty
regarding the replicability of study results. In 2010, Fife, D. presented an opposing viewpoint
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Fig 8. The surface under curve cumulative ranking area (SUCRA) of incidence of grade>2 RD for effective
outcomes. The SUCRA value would be 0 when an intervention is certain to be the worst and 1 when it is certain to be
the best.

https://doi.org/10.1371/journal.pone.0298209.9008

suggesting that PBMT may not effectively reduce the severity of skin reactions, indicating that
the effectiveness of PBMT may be influenced by various patient and treatment-related factors
[49].

Many scoring systems used to assess RD share several similarities. Two similarities are as
follows: (1) These scoring systems assess the severity of radiation dermatitis based on specific
criteria, including erythema, edema, desquamation, and pain; and (2) these scoring systems
utilize a grading system to categorize the severity of radiation dermatitis, typically ranging

/—_—"

50

Cumulative probabilty
4

treatment _ 4

Fig 9. The surface under curve cumulative ranking area (SUCRA) of RD sores for effective outcomes. The SUCRA
value would be 0 when an intervention is certain to be the worst and 1 when it is certain to be the best.

https://doi.org/10.1371/journal.pone.0298209.g009
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Fig 10. The surface under curve cumulative ranking area (SUCRA) of pain sensations for effective outcomes. The
SUCRA value would be 0 when an intervention is certain to be the worst and 1 when it is certain to be the best.

https://doi.org/10.1371/journal.pone.0298209.g010

from grade 1 (mild) to grade 4 (severe). In terms of RD score, Mepitelfilm was more effective
than other interventions in our findings, which was in agreement with several own-control
studies [38, 40-42]. Mepitelfilm is a sterile, transparent, breathable, and adhesive soft silicone
film. The utilization of barrier protectants is grounded in a fundamental concept and a poten-
tial mechanism that assumes safeguarding the keratinized surface and shielding the radiother-
apy-affected basal stem-cell layer from surface abrasion and friction can significantly prevent
skin damage. Additionally, a systematic review and meta-analysis conducted by Robijns et al.

100
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Fig 11. The surface under curve cumulative ranking area (SUCRA) of itching sensations for effective outcomes.
The SUCRA value would be 0 when an intervention is certain to be the worst and 1 when it is certain to be the best.

https://doi.org/10.1371/journal.pone.0298209.g011
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Fig 12. The surface under curve cumulative ranking area (SUCRA) of burning sensations for effective outcomes.
The SUCRA value would be 0 when an intervention is certain to be the worst and 1 when it is certain to be the best.

https://doi.org/10.1371/journal.pone.0298209.9012

[7] provided evidence showing that Mepitelfilm had a positive impact on the severity of radia-
tion dermatitis. Their subgroup analysis revealed that Mepitelfilm significantly reduced grade
2 radiation dermatitis in head and neck cancer patients, but did not affect the incidence of
moist desquamation in these patients. Mepitelfilm was found to be more effective for radiation
dermatitis of grade 2 or higher in breast cancer patients. Meanwhile, the use of barrier films
and dressings lacks widespread consensus or strong recommendations among guidelines due
to the challenges associated with the difficulty of designing unbiased studies on this topic.
Until now, most studies on RD have relied on CROs as the primary measure for guiding clini-
cal practice and symptom management, considering them the "gold standard." However, there
has been a growing focus on incorporating the patient perspective in recent RD studies [80].
Based on the SUCRA outcome, Henna demonstrated the highest ranking in terms of improv-
ing pain relief, showing significant differences. Henna is derived from natural compounds
found in Lawsonia inermis, and some researchers have presented evidence supporting its anti-
microbial and antioxidant properties in the context of wound healing [75]. So far, no recom-
mendation was made for any natural agent by practice guidelines. Our research provided
valuable insights into the potential of novel herbal interventions that specifically target pain
relief. In terms of PROs, Hydrofilm emerged as the intervention with the lowest incidence of
itching sensations reported by patients. Hydrofilm is a transparent, waterproof polyurethane
film that is coated with a hypoallergenic polyacrylate adhesive. Our findings corroborate the
results of previous meta-analyses conducted by Robijns et al. [7]. Analyzing the pooled data,
we found that Hydrofilm significantly reduced the average itching score and had a positive
impact on limiting day-to-day activities. However, our analysis did not find a significant effect
of Hydrofilm on the mean pain and burning sensation scores.

Regarding the evaluation of burning sensations, Corticosteroid proved to be the most bene-
ficial treatment, although its effectiveness did not show statistical significance when compared
to other interventions. RD is linked to an inflammatory process believed to be mediated by
cytokines. Corticosteroids function as anti-inflammatory substances by controlling the attach-
ment of white blood cells to endothelial cells, causing blood vessel constriction, reducing the
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permeability of capillaries, and inhibiting the multiplication and movement of white blood
cells. In laboratory studies, they have been demonstrated to decrease the production of inter-
leukin 6 [6]. Currently, most guidelines recommend the use of hydrocortisone, a moderately
potent corticosteroid, in the usual institutional care to reduce the occurrence of grade>2 RD.
This recommendation is based on the lack of clear evidence supporting the superiority of
other potent corticosteroids over hydrocortisone in the literature. However, it is important to
note a caveat regarding its use. Prolonged use of hydrocortisone carries a significant risk of
skin atrophy, telangiectasia, infection, and impaired wound healing. These factors limit its
acceptance as a prescribed treatment during radiation therapy. In the current study, several
newly developed high to medium potency corticosteroids, such as difluprednate, mometasone
furoate, and betamethasone, were tested. In an RCT conducted by Miller RC et al. [71], utiliz-
ing three tools to measure PROs, the group receiving corticosteroids reported less itching and
a lower persistence or recurrence of burning symptoms. These findings align with our own
analysis. Therefore, according to the ISNCC (International Society of Nurses in Cancer Care,
2021), betamethasone valerate cream and mometasone furoate cream are recommended for
managing RD during RT. However, it is emphasized that discontinuation of these creams is
necessary if the skin becomes disrupted [17]. On the other hand, Ho, A. Y. et al. [69] reported
no significant difference in patient-reported skin outcomes between the treatment arms (60 or
64 patients each treatment arm). Therefore, when comparing the effectiveness of different
interventions, it is important to consider not only the results shown in the network plot but
also the number of trials and participants involved, as well as the evidence from direct compar-
isons. Additionally, it is worth noting that patients may have reported more severe pain and
other side effects compared to clinicians, possibly due to differences in cultural background,
individual pain tolerance, and anticipation of symptom severity. These factors may partly
explain the discrepancy in the reported scores.

This study has several notable strengths. Firstly, it successfully created the first network that
compared 14 contemporary interventions for RD. Additionally, flexible Bayesian hierarchical
modeling was employed, allowing for the integration of both direct and indirect evidence,
effectively harnessing the collective strength of multiple trials and providing conservative esti-
mations and conclusions through shrinkage estimation. The robustness of the results was fur-
ther emphasized through sensitivity analyses that explored different model prior specifications
and inclusion criteria.

Nonetheless, this study is also subject to several limitations. Firstly, as with any meta-analy-
sis, there is heterogeneity in the design and reporting of the trials included in the analysis. The
assessment scales for grading RD and PROs were not consistently uniform across the studies.
Secondly, only RCTs were included in this network meta-analysis. While RCT's are generally
well-designed and provide high-quality clinical data, the number of studies available for inclu-
sion may have been limited. Although the intervention network was successfully established,
most direct comparisons relied on data from a single RCT connection, resulting in relatively
sparse direct evidence and limited assessment of incoherence. Thirdly, the outcomes would be
improved if they were coupled with data from other common terms for RD such as skin reac-
tions or skin burns in literature search. But it should be highlighted that Mesh and entry terms
were used as search the most popular strategies. Fourthly, less than 30% of the trials included
in the analysis were large studies. This could introduce bias due to the potential influence of
small study effects. Fifthly, this meta-analysis was conducted based on aggregated study-level
data. Individual patient characteristics, which can have a significant impact on treatment out-
comes, were not accounted for and would require further investigation in future studies.
Sixthly, while the primary focus of this study was the incidence of >Grade2 RD and RD scores
as efficacy endpoints, adverse event (AE) data were not compared between interventions due
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to incomplete or unavailable data in the included studies. Due to the majority of AE reports
being mild or showing no response, occasional serious AEs are typically attributed to the over-
all treatment for cancer, and it becomes difficult to determine if they are specifically related to
the intervention being studied. Seventhly, the SUCRA curve was utilized to estimate the rank-
ing probability of comparative effectiveness among the various therapies. However, it is impor-
tant to note that the SUCRA curve has its limitations, and the results should be interpreted
with caution.

Conclusion

Opverall, this NMA provides a summary of the efficacy and impact on PROs for 14 different
interventions used in the management of RD. Based on the findings, PBMT appears to have
demonstrated better efficacy in reducing the incidence of grade>2 RD, while Mepitelfilm
showed better efficacy in reducing RD scores. When considering PROs, Henna treatment
resulted in fewer complaints related to pain, while Hydrofilm showed fewer complaints related
to itching sensations. When comparing different treatments, it is important to take into
account the limitations of the available data, the characteristics of the patient group, and any
uncertainties arising from the dosage selection or the specific context of therapy. However,
since there is a lack of multi-arm RCTs that encompass all commonly used regimens, it is
expected that more RCTs evaluating various interventions for RD will be conducted in the
future. Despite these considerations, this NMA serves as a valuable and informative resource
to guide treatment decisions in RD.
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