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Abstract: Objective: High doses of radiation, while effective at destroying tumor tissues, also result in radiation 
dermatitis (RD) at irradiated sites, which is one of the most common complications in cancer radiotherapy. Cur-
rently, no standardized protocols for the prevention and treatment of RD have been established in clinical practices, 
and severe RD can compromise treatment efficacy and reduce patients’ quality of life. This systematic review and 
network meta-analysis (NMA) aims to compare the effectiveness of various interventions in preventing RD in pa-
tients. Methods: As of June 2023, four databases, including PubMed, Embase, Web of Science, and the Cochrane 
Library, were searched, with a total of 19 interventions obtained for comparative analysis of their effectiveness in 
preventing RD. The Cochrane risk-of-bias tool was employed to screen literature, extract data, and appraise the 
quality of the studies by two researchers. Bayesian network meta-analysis (NMA) was conducted utilizing StataSE 
15 and R 4.2.3. Results: A total of 33 studies involving 4307 patients were included in this analysis. From the 33 
studies, 19 interventions, encompassing Barrier Films and Dressings (BFD), Boron_Gel, Best supportive care, Cor-
ticosteroids_cream, Doxepin_cream, Eau Thermale Avèn_gel, Epidermal Growth Factor_cream, Hyaluronan_cream, 
Medicinal_Plants, Mineral_Oil, Olive oil and calcium hydroxide (OOCH), Photobiomodulation therapy, Recove_cream, 
Silicone_gel, Silver sulfadiazine (SSD), Timolol_Gel, Trolamine, VitD_Gel, and VitE_Gel, were retrieved and com-
pared. The NMA results indicated that Hyaluronan_cream (SUCRA: 94.9%) was highly effective in preventing Grade 
0/1 RD. Meanwhile, OOCH (SUCRA: 95.7%) demonstrated the most prominent effect in preventing ≥ Grade 2 RD. 
Conclusion: The study reveals that Hyaluronan_cream and OOCH are two promising treatments for the prevention of 
RD in patients undergoing radiotherapy. Future research might focus on validating the efficacy of these two thera-
pies with large sample sizes and on identifying an optimal intervention strategy.
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Introduction

Radiotherapy has now become an extensively 
employed treatment for cancer patients, with 
nearly 50% of cancer patients undergoing it at 
some point during their illness. However, radio-
therapy can give rise to specific side effects, 
one of the most common being radiation der-
matitis (RD), which affects up to 95% of pa- 
tients [1, 2]. Typically, RD manifests within 2 to 
3 weeks after the commencement of radiother-
apy and persists for 4 to 5 weeks after radio-
therapy [3]. RD refers to inflammatory skin and 
mucosal damage caused by exposure to radia-

tion, primarily β-rays, γ-rays, and X-rays. It main-
ly presents with symptoms such as erythema, 
edema, dryness, dry desquamation, and pig-
mentation on the skin. In severe cases, it can 
escalate to moist desquamation, skin damage, 
hemorrhagic necrosis. This condition can cause 
significant physical and psychological discom-
fort to patients and may potentially affect the 
radiotherapy progress [4, 5]. The mechanism  
of RD involves high-energy radiation causing 
direct damage to the DNA of human epidermal 
cells, either in single or double strands, result-
ing in cell mutations and a series of skin reac-
tions and injuries [6, 7]. These injuries typically 
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progress from mild erythema to dry desquama-
tion and moist desquamation. Grade 3 or high-
er RD is the primary cause of treatment inter-
ruption during radiotherapy [6].

Commonly prescribed treatments for RD en- 
compass topical corticosteroids, trichloroace-
tic acid, aloe vera, sucralfate, and hyaluronic 
acid [8, 9]. However, so far there is no evidence 
to indicate whether these topical medications 
could prevent or alleviate RD. Still, a variety of 
topical medications have been developed to 
treat acute RD, which are extensively employed 
in clinical practice. But these medications do 
not always yield satisfactory clinical effects  
due to various confounding factors. Therefore, 
it becomes particularly important to choose 
appropriate interventions for the prevention of 
RD.

In this study, a network meta-analysis (NMA) 
was carried out to thoroughly assess the 
effects of various interventions in preventing 
RD, while simultaneously exploring their differ-
ences and feasibility as RD intervention mea-
sures. By employing this analysis, we can iden-
tify the advantages and disadvantages of 
different intervention measures, thereby pro-
viding more reliable evidence and guidance  
for clinical practice. Ultimately, this approach 
aims to enhance patients’ treatment experi-
ence and outcomes.

Data and methods

This study adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-An- 
alyses (PRISMA) guidelines [10] and followed 
the Population, Intervention, Comparator, and 
Outcome (PICO) framework. The study was  
registered in the International Prospective 
Register of Systematic Reviews (PROSPERO) 
(CRD42023481643).

Literature retrieval

Two authors, Hongxin Cao and Wangbin Li, 
independently searched for articles in four 
databases, including PubMed, Embase, Web  
of Science, and Cochrane Library, covering the 
period from the earliest available records to 
June 7, 2023. Any disagreements regarding  
the search results were resolved through dis-
cussion between the two authors, or consulta-

tion from a senior author. The keywords we- 
re set as (“radiation dermatitis”, “radiation-
induced dermatitis”, “skin toxicity”, “skin reac-
tion”, “skin damage”, or “cutaneous reac- 
tion”) and (“prevention” or “reduction”). The 
search strategy is detailed in Supplementary 
File 1.

Inclusion and exclusion criteria

Studies were eligible if they included adult 
patients that had undergone radiotherapy for 
breast cancer, head and neck cancer, neck 
cancer or rectal and anal cancer undergoing 
radiotherapy; they designed an intervention 
group that had received at least one drug inter-
vention; they encompassed a control group 
receiving either a placebo or standard of care; 
their enrolled patients in both intervention and 
control groups underwent the same general 
adjunctive treatment simultaneously, if such 
treatment was necessary; they reported the 
intervention effects on Grade 0 or Grade 1 der-
matitis (F1) or ≥ Grade 2 dermatitis (F2); they 
were randomized controlled trials (RCT); and 
they were written in English.

Studies were ineligible if they were case 
reports, case series, cohort studies, case-con-
trol studies, non-RCTs, or self-controlled trials; 
their diagnostic and effect criteria were unclear; 
their full texts were unavailable; they were con-
ference posters; their data were incomplete or 
incorrect that couldn’t be pooled.

The incidence and grading of RD in the includ- 
ed studies were assessed using the Acute 
Radiation Morbidity Scoring Criteria of the Ra- 
diation Therapy Oncology Group (RTOG) [11]. 
This scale consists of six grades: Grade 0 indi-
cates no change in baseline data; Grade 1 
denotes for follicular, faint, or dull erythema/
depilation/dry desquamation/reduced sweat-
ing; Grade 2 stands for tender or bright ery- 
thema, patchy moist desquamation/moderate 
edema; Grade 3 means confluent moist des-
quamation, except in skin folds and creases/
skin wrinkling, and pitting edema; Grade 4 sug-
gests ulceration, bleeding, necrosis; Grade 5 
stands for death directly related to acute radia-
tion reactions. An I2 of 0%-25% signifies no  
heterogeneity, 25%-50% suggests mild hetero-
geneity, 50%-75% represents moderate hetero-
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Figure 1. Flowchart of literature screening.

geneity, and 75%-100% indicates substantial 
heterogeneity.

Data extraction and quality assessment

Two authors, Hongxin Cao and Wangbin Li, in- 
dependently extracted relevant data from the 
eligible studies, including the grading of RD. In 
cases of discrepancies, a senior author, Hongyi 
Cai, was consulted to resolve the issue. The 
extracted data were as follows: authors, publi-
cation year, country where the study was con-
ducted, the number of patients, treatment 
details, cancer type, outcome measures, and 
radiation dose. The primary endpoint was set 

as the occurrence of Grade 0 or Grade 1 RD. 
These grades were considered equivalent be- 
cause the RTOG RD grading system and the 
CTCAE RD grading system were similar [11]. 
The secondary endpoint was the occurrence of 
≥ Grade 2 RD.

The quality of the included RCTs was evaluated 
using the risk of bias tools described in the 
Cochrane Handbook [12]. Two authors, Hongxin 
Cao and Wangbin Li, independently assessed 
the studies for potential biases. Any disagree-
ments were resolved by reaching a consensus 
between the two. The risk of bias assessments 
were then visualized using the Revman 5.4.1 
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Table 1. Characteristics of included studies

Study Sample size Gender 
(M/F) Mean age Type of 

tumor Intervention Outcome DT

Fisher [13]
2000 USA

Trolamine: 83
BSC: 89

0/172 Trolamine: 61.2
BSC: 61.8

Breast 
cancer

Trolamine: TID Grade 0, 1, 
2, 3

50-64 Gy

Pasalar [14]
2022 Iran

D-H (Medicinal_Plants): (n = 48)
Mometasone (Corticosteroids_cream): (n = 53)

0/106 D: 46.64-10.49
M: 47.54-9.4

Breast 
cancer

Mometasone: 
5 g QD

Grade 1, 2 About 50 Gy

Marzbali [15]
2022 Iran

Recove: 37
Petrolatum ointment (Mineral_Oil): 34

0/71 Recove: 50.68±13.4
Petrolatum ointment: 49.8±9.83

Breast 
cancer

Not reported Grade 0, 1, 
2, 3, 4

50 Gy

Togni [16]
2015 Italy

Boswellia (Medicinal_Plants): 55
BSC (placebo): 59

0/114 Mean: 58.2±11.1
Median: 58.5
Age range: 32-78

Breast 
cancer

BID Grade 1, 2 50 Gy

Schmeel [17]
2019 Germany

Hydrofilm (BFD): 74
BSC: 74

1/79 Median: 62
Mean: 60.31
Age range: 37-84

Breast 
cancer

Not reported Grade 0, 1, 
2, 3

40.05 Gy

Shariati [18]
2020 Iran

Doxepin: 24
BSC (Placebo): 24

0/48 Mean: 48±10 vs. 47.8±11 Breast 
cancer

TID Grade 0, 
1, 2

50 Gy

Pommier [19]
2004 France

Calendula (Medicinal_Plants): 126
Trolamine: 128

0/254 M 56.5 R 28.5-74.5
VS.
M 55.1 R 26.5-74.3

Breast 
cancer

>BID Grade 0, 1, 
2, 3

52-62 Gy

Nasser [20]
2017 Israel

VitD_Gel: 23
BSC: 23

0/23 Mean: 63
Range: 37-74

Breast 
cancer

QD Grade 0, 1, 
2, 3, 4

42.72-50 Gy

Karbasforooshan [21]
2019 Iran

Silymarin (Medicinal_Plants): 20
BSC (placebo): 20

0/40 S: Mean 49.5±10
P: Mean 47.30±11.46

Breast 
cancer

QD Grade 0, 1, 
2, 3, 4

50 Gy

Omidvari [22]
2022 Iran

Silicone_gel: 50
BSC (Control): 50

0/100 Control: 45.08±14.38
Silicone: 43.04±10.61

Breast 
cancer

BID Grade 0, 1, 
2, 3, 4

50 Gy

Thanthong [23]
2020 Thailand

Centella (Medicinal_Plants): 29
Thunbergia (Medicinal_Plants): 30
BSC: 27

0/90 Mean: 56.7±11.4
Mean: 56.5±10.4
Mean: 53.4±13.2

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

50-66 Gy

Meybodi [24]
2022 Iran

Timolol: 32
BSC (placebo): 32

0/64 Timolol: 53.8 (11.0)
Placebo: 54.8 (12.4)

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

50-60 Gy

Liao [41]
2019 China

Mometasone (Corticosteroids): 41
BSC: 41

Not specifically 
reported

Mean: 53.3±12.64
Range: 19-74

Neck cancer Not specifically 
reported

Grade 1, 2, 
3, 4

About 60 Gy

Sharp [25]
2013 Sweden

Calendula (Medicinal_Plants): 194
Essex (BSC): 196

0/420 Calendula Mean: 58±11.1
Range: 30-79
Essex Mean: 58±10.8
Range: 29-86

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3, 4

Calendula Mean 
49.3±6.4 Gy
Range: 42.4-66 Gy
Essex (BSC): 49.1±6.7 Gy
Range: 20-66 Gy

Rahimi [26]
2020 USA

Hyaluronan_cream: 30
BSC (placebo): 30

0/30 Mean: 60
Range: 33-66

Breast 
cancer

TID Grade 0, 1, 
2, 3

50-60 Gy

Ribet [42]
2008 France

ETA_gel: 35
Trolamine: 34

8/61 ETA_gel: Mean 57.4±9.5
Range 36-78
Trolamine: Mean 58.4±13.1
Range 35-84

Breast 
cancer head 
and neck 
cancer

Not specifically 
reported

Grade 1, 2, 
3, 4

Not specifically reported

Ulff [27]
2017 Sweden

Steroid (Corticosteroids_cream): 102
Moisturizer (BSC): 100

0/202 Steroid (Corticosteroids_cream): 
Mean 64
Moisturizer (BSC): Mean 62

Breast 
cancer

BID Grade 0, 1, 
2, 3

42.56-50 Gy
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Liu [45]
2022 China

EGF: 193
BSC: 193

111/82 Mean: 54.1
Range: 16-80

Rectal and 
anal cancer

2000 IU BID Grade 0, 1, 
2, 3, 4

45.0-64 Gy

Hindley [28]
2014 United Kingdom

Mometasone (Corticosteroids_cream): 62
Diprobase (BSC): 58

0/120 Mometasone (Corticosteroids_cream): 
Mean 59±11
Diprobase (BSC): Mean 60±10

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

About 50 Gy

Chitapanarux [29]
2019 Thailand

Control (BSC): 31
Olive oil calcium hydroxide (OOCH): 31

0/62 Control (BSC): Mean 55
Range 47-62
Olive oil calcium hydroxide (OOCH): 
Mean 56
Range 51-61

Breast 
cancer

Not specifically 
reported

Grade 1, 2 50.39±3.39
49.76±3.38

Sahin [30]
2022 Iran

Boron_Gel: 181
Placebo (BSC): 76

0/257 Boron_Gel: Mean 50.0±12.1
Placebo (BSC): Mean 48.1±11.1

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3, 4

50 Gy

Elliott [43]
2006 Canada

Trolamine: 163
Institutional
Preference (BSC): 159

264/331 Trolamine: 59.1
Preference (BSC): 58.8

Head and 
neck

Not specifically 
reported

Grade 0, 1, 
2, 3, 4

About 60 Gy, Not specifi-
cally reported

Hemati [31]
2012 Iran

SSD: 51
Control (BSC): 51

0/102 SSD: 48.7±10.3
Control (BSC): 48.1±9.9

Breast 
cancer

TID Grade 0, 1, 
2, 3, 4

50 Gy

Kong [32]
2013 Korea

EGF: 20
BSC: 20

0/40 EGF: Mean 57.3 Range 40.2-74.0
BSC: Mean 51.8
Range 36.5-76.1

Breast 
cancer

TID Grade 1, 
2, 3

EGF: 56 (46-66) Gy
BSC: 56 (46-60) Gy

Schmidt [33]
2022 Brazil

Vit E: 12
BSC: 14

0/26 Mean: 60
Range: 29-91

Breast 
cancer

TID Grade 1, 
2, 3

50-60 Gy

Fife [34]
2010 USA

Treatment (PBMT): 18
No Treatment (BSC): 15

0/33 Not specifically reported Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

45-61.2 Gy

Robijns [35]
2016 Belgium

No Treatment (BSC): 27
LT (PBMT): 30

0/57 Not specifically reported Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

Not specifically reported

Møller [36]
2018 Denmark

Mepitel film (BFD): 76
BSC: 76

0/79 Mean: 61.9 Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

40-50 Gy

Schmeel [37]
2018 Germany

Hydrofilm (BFD): 62
BSC: 62

0/62 Mean: 62
Range: 36-82

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

50-66 Gy

Wooding [38]
2018 New Zealand/China

Film (BFD): 22
Sorbolene (Mineral_Oil): 22
Film (BFD): 11
Trolamine: 11

0/36 Not specifically reported Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

50-74 Gy

Zhang [44]
2018 China

Treatment (PBMT): 30
No Treatment (BSC): 30

42/18 Treatment (PBMT): 46.4±11.91
No Treatment (BSC): 45.23±12.70

Head and 
neck

Not specifically 
reported

Grade 0, 1, 
2, 3

Not specifically reported

Robijns [35]
2019 Belgium

Control (BSC): 60
PBMT: 60

0/120 Control (BSC): 56.92±10.34
PBMT: 56.52±10.54

Breast 
cancer

Not specifically 
reported

Grade 1, 
2, 3

40-66 Gy

Behroozian [40]
2023 USA

MF (BFD): 251
BSC: 125

0/376 MF (BFD): Mean 58.2±11.7
BSC: Mean 59.5±13.4

Breast 
cancer

Not specifically 
reported

Grade 0, 1, 
2, 3

40-50 Gy

BSC: Best supportive care; BFD: Barrier Films and Dressings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth Factor; OOCH: Olive oil and calcium hydroxide; PBMT: Photobiomodulation therapy; SSD: Silver sulfadiazine.
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Figure 2. Risk of bias plot: in the form of a percentage of each bias risk in all included studies.

software, allowing for clear presentation and 
analysis of the findings.

Statistical analysis

The statistical model for this study was devel-
oped based on a Bayesian framework using the 
JAGS software (gem 0.8-2 and rags 4-10 pack-
ages) in R (V4.2.3) (Rstudio, Boston, MA, USA). 
For the analysis of categorical data, the pooled 
odds ratio (OR) was calculated, and the 95% 
confidence interval (CI) was provided. All NMAs 
were performed using a random-effect model 
to account for the clinical heterogeneity ob- 
served in the included studies. The surface 
under the cumulative ranking curve (SUCRA) 
was employed to estimate the relative effec-
tiveness of each intervention, providing a rank-
ing based on the probability of each interven-
tion being the most effective option. A higher 
SUCRA value indicates a greater likelihood that 
the intervention measure is among the most 
effective options available. Additionally, the 
consistency and inconsistency models were 
compared utilizing the Deviance Information 
Criterion (DIC) to evaluate the fit of the models 
and assess whether direct and indirect evi-
dence within the network were in agreement. A 
difference in DIC of less than 5 between two 
models indicates good consistency, suggesting 
that the consistency model should be adopted. 
To address potential publication bias, a com-
parison-adjusted funnel plot was employed. 
Both the network plot and the comparison-
adjusted funnel plot for the NMA were generat-

ed using Stata 15.0 (StataCorp, College Station, 
Texas, USA).

Results

Study selection

A total of 6797 articles were initially identified 
from searches in PubMed, Embase, Web of 
Science, and Cochrane Library databases. 
After removing 1759 duplicates, 5038 articles 
remained for further review. Of these, 4949 
articles were exclude through scanning the 
abstracts, and an additional 56 were eliminat-
ed after full-text review. In the end, 33 studies 
met the inclusion criteria and were included in 
this NMA. The literature screening process is 
illustrated in Figure 1.

Characteristics of the included studies

Characteristics of all included studies are 
detailed in Table 1. The included studies were 
published between the years 2000 and 2023, 
involving 4,307 patients, from 11 to 251 in 
each study. Among these, 28 studies involved 
breast cancer patients [13-40], 1 study focus- 
ed on patients with either breast cancer or 
head and neck cancer [41], 3 studies encom-
passed patients with head and neck cancer 
[42-44], and 1 study involved rectal and anal 
cancer patients [45]. Medicinal_Plants was as 
an intervention in 6 studies [14, 16, 19, 21, 23, 
25], Trolamine in 5 studies [13, 19, 38, 42, 43], 
Barrier Films and Dressings (BFD) in 5 studies 
[17, 36-38, 40], for Photobiomodulation thera-
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Figure 3. Each risk of bias item for the included stud-
ies.

py (PBMT) in 4 studies [32, 35, 39, 44], 
Corticosteroids_cream in 3 studies [14, 27, 
28], Mineral_Oil in 2 studies [15, 38], and 
Epidermal Growth Factor (EGF) in 2 studies [32, 
45]. There was only one study reported the use 
of Doxepin [18], VitD_Gel [20], Silicone_gel 
(StrataXRT) [22], Timolol [24], Corticosteroids 
[41], Hyaluronan_cream [26], Eau Thermale 
Avèn (EAT)_gel [42], Olive oil and calcium 
hydroxide (OOCH) [29], Boron_Gel [30], Silver 
sulfadiazine (SSD) [31], Vit E [33].

Risk of bias assessment

The risk of bias in the included studies is sum-
marized in Figures 2 and 3. Two studies were 
considered to have a high risk of bias due to the 
lack of double-blinding. Thirty-one studies were 
assessed as having an unclear risk of bias 
because one or more domains were not clearly 
reported. The overall quality of the studies was 
considered moderate.

Network meta-analysis of Grade 0/1 radiation 
dermatitis

The meta-analysis involved 33 studies encom-
passing a total of 4307 patients. The network 
plot is presented in Figures 4 and 5. The ef- 
fects of different intervention measures on RD 
patients are summarized in Figure 6. It was 
found that Hyaluronan_cream was superior  
to BFD in preventing Grade 0/1 RD (OR =  
19.01, 95% CI [1.8, 598.81]), Hyaluronan_
cream outperformed Boron_Gel (OR = 33.06, 
95% CI [2.44, 1186.56]), Corticosteroids_
cream (OR = 14.35, 95% CI [1.34, 452.9]) and 
Doxepin_cream (OR = 354.99, 95% CI [16.37, 
20544.31]). However, the difference between 
BFD and Boron_Gel was not statistically sig- 
nificant. The results of the probability ranking 
for the effects of 19 intervention measures 
showed that, in the prevention of Grade 0/1 
RD, Hyaluronan_cream had the most signifi-
cant impact (SUCRA: 94.9%), as shown in Table 
2.

Network meta-analysis of ≥ Grade 2 radiation 
dermatitis

The network plot showed that OOCH was  
superior to BFD (OR = 4047979559468390, 



Interventions to prevent radiation dermatitis

1866	 Am J Transl Res 2024;16(5):1859-1879

Figure 4. The network plot of included treatments in the Grade 0/1 radiation dermatitis network meta-analysis. BSC: 
Best supportive care; BFD: Barrier Films and Dressings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth Factor; 
OOCH: Olive oil and calcium hydroxide; PBMT: Photobiomodulation therapy; SSD: Silver sulfadiazine.

95% CI [1.07, 1.61748812958921e+53]), 
Boron_Gel (OR = 2346960783629546, 95% 
CI [0.59, 9.97191853181877e+52]), and BSC 
(OR = 18145697219621848, 95% CI [4.93, 
7.70348826941922e+53]) in preventing ≥ 
Grade 2 RD (Figures 7 and 8). No statistically 
significant differences were found between 
Boron_Gel and BFD, while BFD had a better 
effect than BSC (OR = 0.22, 95% CI [0.15, 
0.32]). Compared to BSC, Boron_Gel had a  
better effect (OR = 0.13, 95% CI [0.04, 0.37]), 
as shown in Figure 9. The probability ranking 
results for the impact of 19 intervention mea-
sures showed that OOCH was the most effec-
tive intervention for preventing Grade 2 RD 
(SUCRA: 95.7%), as shown in Table 3.

Assessment of publication bias

Publication bias was adjusted utilizing funnel 
plots, as shown in Figures 10 and 11. The fun-
nel plots suggested that there was no evidence 
of publication bias in this meta-analysis, indi-

cating a balanced distribution of studies irre-
spective of their results.

Discussion

We comprehensively retrieved relevant studies 
and compared the effects of 19 intervention 
measures on RD based on 33 studies. The 
results revealed that Hyaluronan_cream and 
Trolamine were the most effective interven-
tions for preventing Grade 0/1 RD, while OOCH 
and Silicone gel were the optimal interventions 
for preventing ≥ Grade 2 RD.

Most clinical studies have adopted topical hyal-
uronic acid cream to inhibit skin irritation and 
prevent infection. Hyaluronic acid is a natural 
carbohydrate polymer widely distributed in con-
nective tissues and is a critical element in the 
extracellular matrix of dermal cells. The meta-
analysis conducted by Chieh-Jui Lee et al. sh- 
owed that hyaluronic acid exhibited a remark-
ably lower risk ratio in comparison to phytoster-
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Figure 5. Forest and heterogeneity analysis plot for the network meta-analysis of Grade 0/1 radiation dermatitis. BSC: Best supportive care; BFD: Barrier Films 
and Dressings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth Factor; OOCH: Olive oil and calcium hydroxide; PBMT: Photobiomodulation therapy; SSD: Silver 
sulfadiazine.
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Figure 6. Effects of different intervention measures on patients with Grade 0/1 radiation dermatitis.
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thema and dry desquamation, is that the  
water content in hydrophilic creams and gels 
can be quickly absorbed by the skin. Hyalu- 
ronan_cream and gels like those containing 
hyaluronic acid not only provide water but also 
form a protective film over the skin. This film 
helps to reduce moisture loss, increase the 
skin’s tolerance to radiation, and alleviate dis-
comfort caused by skin dryness. Hyaluronic 
acid has the ability to help water penetrate into 
the intercellular spaces, maintaining cell mois-
ture, and enhancing the skin’s healing capabili-
ties. Therefore, Hyaluronan_cream has shown 
superior preventive effects in the management 
of RD patients.

Trolamine has long been considered a topical 
skin radioprotective agent, valued for its good 
tolerance and effectiveness in moisturizing the 
skin and alleviating local discomfort. Its proper-
ties make it a popular choice for managing and 
preventing skin issues in association with RD. 
However, the results of the random-effect 
meta-analysis conducted by Amanda Gomes 
de Menêses et al. indicated that there were no 
significant differences in effectiveness bet- 
ween the trolamine group and the control gr- 
oup (RR = 1.02, 95% CI [0.92-1.14], I2 = 49%). 
Trolamine could not effectively prevent RD in 
patients with breast, head, and neck cancer 
[49]. The results of a systematic review and 
meta-analysis conducted by Sakeena Fatima et 
al. suggested that using Trolamine alone could 
not significantly prevent the occurrence of RD 
[50]. An NMA conducted by Yung-Shuo Kao et 
al. found that Trolamine showed no statistical 
significance in alleviating RD in patients with 
head and neck cancer [51]. In our study, Tro- 
lamine was found to be effective in preventing 
Grade 0 or 1 RD, but its effect in preventing RD 
of ≥ Grade 2 was not satisfactory. In addition, 
Trolamine is not suggested as an intervention 
measure for the prevention of RD in a few ran-
domized studies. The limited effectiveness 
could be attributed to various risk factors, 
including body size, comorbidities, lifestyle 
choices, concurrent chemotherapy, and the 
dose and duration of radiation. In addition, 
patient’s sensitivity to radiation can vary sig- 
nificantly depending on the body part being 
treated. Given these complexities, more evi-
dence is needed to conclusively determine 
whether Trolamine can be an effective interven-
tion for preventing RD.

Table 2. Probability of effects of different in-
tervention measures on patients with Grade 
0/1 radiation dermatitis

Interventions Grade 0/1 radiation 
dermatitis

Hyaluronan_cream 94.9%
Trolamine 89.8%
BSC 82.4%
EGF_cream 75.8%
VitD_Gel 73.8%
EAT_gel 73.3%
Medicinal_Plants 67.8%
Mineral_Oil 66.1%
VitE_Gel 56.2%
Corticosteroids_cream 51.1%
BFD 43.1%
PBMT 36.1%
Timolol_Gel 34.1%
Boron_Gel 32.2%
SSD 27.1%
Recove_cream 23.9%
Doxepin_cream 13.2%
OOCH 4.4%
Silicone_gel 4.4%
BSC: Best supportive care; BFD: Barrier Films and Dress-
ings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth 
Factor; OOCH: Olive oil and calcium hydroxide; PBMT: 
Photobiomodulation therapy; SSD: Silver sulfadiazine.

ols and vitamin E. Moreover, the study demon-
strated that hyaluronic acid was more effective 
in preventing RD in breast cancer patients and 
had a lower incidence of desquamation events 
compared to other topical medications [46].  
A double-blind, randomized clinical study also 
indicated that the use of hyaluronic acid cream 
significantly reduced the incidence of high-
grade RD in patients undergoing radiotherapy 
for head and neck cancer, breast cancer, or pel-
vic cancer [47]. A single-masked, randomized 
Phase III study indicated that the hyaluronic 
acid emulsion reduced the development of 
Grade 2 RD following adjuvant breast ra- 
diotherapy [48]. In this study, the effects of 19 
different intervention measures on RD pa- 
tients were evaluated. The results showed th- 
at Hyaluronan_cream was the most effective 
intervention in preventing the occurrence of 
Grade 0 or 1 RD. The possible reason for the 
effectiveness of Hyaluronan_cream in treating 
Grade 0 or 1 RD, which manifests as mild ery-
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Figure 7. Network plot of included treatments for ≥ Grade 2 radiation dermatitis. BSC: Best supportive care; BFD: 
Barrier Films and Dressings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth Factor; OOCH: Olive oil and calcium 
hydroxide; PBMT: Photobiomodulation therapy; SSD: Silver sulfadiazine.

Olive oil is an extensively used treatment regi-
men. An NMA conducted by Yung-Shuo Kao et 
al. found that compared to conventional care, 
olive oil demonstrated better preventive capa-
bilities for localized RD in patients with head 
and neck cancer (OR = 0.18, 95% CI = 0.03-
0.95) [51]. An NMA conducted by Jolien Robijns 
et al. also found that oral olive oil (RR: 0.66, 
95% CI: 0.51-0.85) significantly reduced the 
incidence of Grade 2 RD in individuals receiving 
radiotherapy [52]. Our study unveils that OOCH 
has a better effect in preventing ≥ Grade 2 RD. 
Olive oil has antioxidant components, including 
phenolic constituents, squalene, and oleic acid, 
which may hold promise for treating those suf-
fering from seborrhoeic dermatitis, acne, pso- 
riasis, and atopic dermatitis [53]. Therefore, 
OOCH may be a potential candidate for prevent-
ing RD, but more evidence is needed to prove 
its effectiveness.

Early evidence suggested that silicone resin 
film dressings can reduce the severity of ra- 
diation-induced acute skin reactions without 

affecting the rate of moist desquamation [54]. 
A systematic review and meta-analysis of a  
randomized, controlled study conducted by 
Shing Fung Lee et al. indicated that Silicone  
gel (StrataXRT) effectively prevented Grade 3 
acute RD in patients with breast cancer under-
going radiotherapy (OR = 0.05, 95% CI [0.01-
0.22]) [55]. Robijns J et al. found that the soft 
silicone polyurethane film dressing Mepitel Film 
could significantly reduce the incidence of ≥ 
Grade 2 acute RD in cancer patients (RR = 
0.21, 95% CI [0.05, 0.89]) [56]. A single-
masked, randomized study showed that Grade 
2 and Grade 3 RD incidence in the StrataXRT 
treatment group was lower than that in the sor-
bolene group (80% vs. 91% and 28% vs. 45%, 
respectively) [57]. In another phase III random-
ized study with 78 patients, the use of Mepitel 
that started before radiotherapy and persisted 
for several weeks after radiotherapy [54] signifi-
cantly reduced the incidence of moist desqua-
mation compared with the control group (metal 
film group 0% vs. aqueous cream group 26%). 
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Figure 8. Forest and heterogeneity analysis plot of included treatments for ≥ Grade 2 radiation dermatitis. BSC: Best supportive care; BFD: Barrier Films and Dress-
ings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth Factor; OOCH: Olive oil and calcium hydroxide; PBMT: Photobiomodulation therapy; SSD: Silver sulfadiazine.

Figure 9. Effects of different intervention measures on ≥ Grade 2 radiation dermatitis.
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to minimize potential biases, further enhancing 
the study’s validity and applicability.

However, the study has its limitations. First, 
while the quality of all randomized controlled 
studies was considered reasonable, the sam-
ple sizes of some studies are small. Second, 
differences in tumor types and radiotherapy 
doses among the included studies may be a 
significant source of heterogeneity. Third, most 
comparisons in the NMA were indirect; thus, 
more head-to-head studies are needed to  
compare the effects of different treatments 
directly.

Conclusion

Based on the NMA results, Hyaluronan_cream 
is the most effective intervention for prevent- 
ing Grade 0/1 RD caused by radiotherapy,  
and OOCH has the best effect in preventing ≥ 
Grade 2 RD. However, due to the limited num-
ber of included studies, multi-center random-
ized controlled studies with larger samples are 
warranted to validate this study’s findings fur-
ther. Simultaneously, it is essential to improve 
the evaluation variables to assess the effec-
tiveness of interventions from multiple dimen- 
sions.
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Figure 11. Funnel plot for the network meta-analysis of ≥ Grade 2 radiation dermatitis. BSC: Best supportive care; 
BFD: Barrier Films and Dressings; EAT: Eau Thermale Avèn; EGF: Epidermal Growth Factor; OOCH: Olive oil and cal-
cium hydroxide; PBMT: Photobiomodulation therapy; SSD: Silver sulfadiazine.
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Supplementary File 1: search strategy

Cochrane Library

Search Name:

Date Run: 06/06/2023 16:11:45

Comment:

ID Search Hits

#1 (radiodermatitis):ti,ab,kw OR (Radiodermatitides):ti,ab,kw OR (“Radiation-Induced Der- 
matitis”):ti,ab,kw OR (“Radiation Induced Dermatitis”):ti,ab,kw OR (“Dermatitis, Radiation-
Induced”):ti,ab,kw (Word variations have been searched) 434

#2 (“Dermatitides, Radiation-Induced”):ti,ab,kw OR (“Dermatitis, Radiation Induced”):ti,ab,kw OR 
(“Radiation-Induced Dermatitides”):ti,ab,kw OR (“Radiation Recall Dermatitis”):ti,ab,kw OR (“Der- 
matitides, Radiation Recal”):ti,ab,kw (Word variations have been searched) 1

#3 (“Dermatitis, Radiation Recal”):ti,ab,kw OR (“Radiation Recall Dermatitides”):ti,ab,kw OR (“Radia- 
tion Recall Reaction”):ti,ab,kw OR (“Radiation Recall Reactions”):ti,ab,kw OR (“Reaction, Radiation 
Recal”):ti,ab,kw (Word variations have been searched) 0

#4 (“Reactions, Radiation Recall”):ti,ab,kw OR (“Recall Reaction, Radiation”):ti,ab,kw OR (“Recall 
Reactions, Radiation”):ti,ab,kw (Word variations have been searched) 0

#5 #1 OR #2 OR #3 OR #4 434

#6 (prevention):ti,ab,kw OR (control):ti,ab,kw OR (preventive):ti,ab,kw OR (prophylaxis):ti,ab,kw OR 
(reduce):ti,ab,kw (Word variations have been searched) 1346970

#7 (precautions):ti,ab,kw OR (prophylactic):ti,ab,kw OR (preventable):ti,ab,kw OR (prevent):ti,ab,kw 
(Word variations have been searched) 279782

#8 #6 OR #7 1349573

#9 #5 AND #8 377

PubMed

Search 
number Query Results

5 ((“Radiodermatitis”[Mesh]) OR ((((((((((((((((((Radiodermatitis[Title/Abstract]) OR 
(Radiodermatitides[Title/Abstract])) OR (Radiation-Induced Dermatitis[Title/Abstract])) OR 
(Radiation Induced Dermatitis[Title/Abstract])) OR (Dermatitis, Radiation-Induced[Title/
Abstract])) OR (Dermatitides, Radiation-Induced[Title/Abstract])) OR (Dermatitis, Radia-
tion Induced[Title/Abstract])) OR (Radiation-Induced Dermatitides[Title/Abstract])) OR 
(Radiation Recall Dermatitis[Title/Abstract])) OR (Dermatitides, Radiation Recall[Title/
Abstract])) OR (Dermatitis, Radiation Recall[Title/Abstract])) OR (Radiation Recall 
Dermatitides[Title/Abstract])) OR (Radiation Recall Reaction[Title/Abstract])) OR (Radiation 
Recall Reactions[Title/Abstract])) OR (Reaction, Radiation Recall[Title/Abstract])) OR (Re-
actions, Radiation Recall[Title/Abstract])) OR (Recall Reaction, Radiation[Title/Abstract])) 
OR (Recall Reactions, Radiation[Title/Abstract]))) AND (((((((((prevention[Title/Abstract]) OR 
(control[Title/Abstract])) OR (preventive[Title/Abstract])) OR (prophylaxis[Title/Abstract])) 
OR (reduce[Title/Abstract])) OR (precautions[Title/Abstract])) OR (prophylactic[Title/Ab-
stract])) OR (preventable[Title/Abstract])) OR (prevent[Title/Abstract]))

754
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4 ((((((((prevention[Title/Abstract]) OR (control[Title/Abstract])) OR (preventive[Title/
Abstract])) OR (prophylaxis[Title/Abstract])) OR (reduce[Title/Abstract])) OR 
(precautions[Title/Abstract])) OR (prophylactic[Title/Abstract])) OR (preventable[Title/Ab-
stract])) OR (prevent[Title/Abstract])

4,896,927

3 (“Radiodermatitis”[Mesh]) OR ((((((((((((((((((Radiodermatitis[Title/Abstract]) OR 
(Radiodermatitides[Title/Abstract])) OR (Radiation-Induced Dermatitis[Title/Abstract])) OR 
(Radiation Induced Dermatitis[Title/Abstract])) OR (Dermatitis, Radiation-Induced[Title/
Abstract])) OR (Dermatitides, Radiation-Induced[Title/Abstract])) OR (Dermatitis, Radiation 
Induced[Title/Abstract])) OR (Radiation-Induced Dermatitides[Title/Abstract])) OR (Radia-
tion Recall Dermatitis[Title/Abstract])) OR (Dermatitides, Radiation Recall[Title/Abstract])) 
OR (Dermatitis, Radiation Recall[Title/Abstract])) OR (Radiation Recall Dermatitides[Title/
Abstract])) OR (Radiation Recall Reaction[Title/Abstract])) OR (Radiation Recall 
Reactions[Title/Abstract])) OR (Reaction, Radiation Recall[Title/Abstract])) OR (Reactions, 
Radiation Recall[Title/Abstract])) OR (Recall Reaction, Radiation[Title/Abstract])) OR (Re-
call Reactions, Radiation[Title/Abstract]))

3,176

2 (((((((((((((((((Radiodermatitis[Title/Abstract]) OR (Radiodermatitides[Title/Abstract])) OR 
(Radiation-Induced Dermatitis[Title/Abstract])) OR (Radiation Induced Dermatitis[Title/
Abstract])) OR (Dermatitis, Radiation-Induced[Title/Abstract])) OR (Dermatitides, Radiation-
Induced[Title/Abstract])) OR (Dermatitis, Radiation Induced[Title/Abstract])) OR (Radiation-
Induced Dermatitides[Title/Abstract])) OR (Radiation Recall Dermatitis[Title/Abstract])) 
OR (Dermatitides, Radiation Recall[Title/Abstract])) OR (Dermatitis, Radiation Recall[Title/
Abstract])) OR (Radiation Recall Dermatitides[Title/Abstract])) OR (Radiation Recall 
Reaction[Title/Abstract])) OR (Radiation Recall Reactions[Title/Abstract])) OR (Reaction, 
Radiation Recall[Title/Abstract])) OR (Reactions, Radiation Recall[Title/Abstract])) OR (Re-
call Reaction, Radiation[Title/Abstract])) OR (Recall Reactions, Radiation[Title/Abstract])

1,495

1 “Radiodermatitis”[Mesh] 2,574

Embase

No.  Query Results                                                    Results  Date

#5.  #3 AND #4                                                2,284  6 Jun 2023 

#4.  ‘prevention’/exp OR ‘prevention’ OR ‘control’/exp    9,334,872   6 Jun 2023 

     OR ‘control’ OR ‘preventive’ OR ‘prophylaxis’/exp 

     OR ‘prophylaxis’ OR ‘reduce’ OR ‘precautions’ OR 

     ‘prophylactic’ OR ‘preventable’ OR ‘prevent’

#3.  #1 OR #2                                                 5,623  6 Jun 2023 

#2.  ‘radiodermatitis’/exp OR ‘radiodermatitis’ OR           5,623   6 Jun 2023 

     ‘radiodermatitides’ OR ‘radiation-induced 

     dermatitis’ OR ‘radiation induced dermatitis’ OR 

     ‘dermatitis, radiation-induced’ OR ‘dermatitides, 

     radiation-induced’ OR ‘dermatitis, radiation 

     induced’ OR ‘radiation-induced dermatitides’ OR 

     ‘radiation recall dermatitis’/exp OR ‘radiation 

     recall dermatitis’ OR ‘dermatitides, radiation 
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     recal’ OR ‘dermatitis, radiation recall’ OR 

     ‘radiation recall dermatitides’ OR ‘radiation 

     recall reaction’/exp OR ‘radiation recall 

     reaction’ OR ‘radiation recall reactions’ OR 

     ‘reaction, radiation recall’ OR ‘reactions, 

     radiation recall’ OR ‘recall reaction, radiation’ 

     OR ‘recall reactions, radiation’

#1.  ‘radiodermatitis’/exp OR radiodermatitis                 5,418  6 Jun 2023 

Web of Science

# Search details Results
1 (((((((((((((((((TS=(Radiodermatitis)) OR TS=(Radiodermatitides)) OR TS=(Radiation-Induced 

Dermatitis)) OR TS=(Radiation Induced Dermatitis)) OR TS=(Dermatitis, Radiation-
Induced)) OR TS=(Dermatitides, Radiation-Induced)) OR TS=(Dermatitis, Radiation In-
duced)) OR TS=(Radiation-Induced Dermatitides)) OR TS=(Radiation Recall Dermatitis)) OR 
TS=(Dermatitides, Radiation Recal)) OR TS=(Dermatitis, Radiation Recall)) OR TS=(Radiation 
Recall Dermatitides)) OR TS=(Radiation Recall Reaction)) OR TS=(Radiation Recall Reactions)) 
OR TS=(Reaction, Radiation Recall)) OR TS=(Reactions, Radiation Recall)) OR TS=(Recall Reac-
tion, Radiation)) OR TS=(Recall Reactions, Radiation) and Preprints (excluded - database)

6899

2 ((((((((TS=(prevention)) OR TS=(control)) OR TS=(preventive)) OR TS=(prophylaxis)) OR 
TS=(reduce)) OR TS=(precautions)) OR TS=(prophylactic)) OR TS=(preventable)) OR TS=(prevent) 
and Preprints (excluded - database)

46645951

3 #1 AND #2 and Preprints (excluded - database) 3383


