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IMPORTANCE Radiation dermatitis is common and often treated with topical therapy. Patients
are typically advised to avoid topical agents for several hours before daily radiotherapy (RT)
out of concern that topical agents might increase the radiation dose to the skin. With modern
RT’s improved skin-sparing properties, this recommendation may be irrelevant.

OBJECTIVE To assess whether applying either metallic or nonmetallic topical agents before
radiation treatment alters the skin dose.

DESIGN, SETTING, AND PARTICIPANTS A 24-question online survey of patients and clinicians
was conducted from January 15, 2015, to March 15, 2017, to determine current practices
regarding topical therapy use. In preclinical studies, dosimetric effect of the topical agents
was evaluated by delivering 200 monitor units and measuring the dose at the surface and at
2-cm depth in a tissue-equivalent phantom with or without 2 common topical agents: a
petroleum-based ointment (Aquaphor, petrolatum 41%) and silver sulfadiazine cream, 1%.
Skin doses associated with various photon and electron energies, topical agent thicknesses,
and beam incidence were assessed. Whether topical agents altered the skin dose was also
evaluated in 24 C57BL/6 mice by using phosphorylated histone (γ-H2AX) immunofluorescent
staining and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay.
Preclinical studies took place at the University of Pennsylvania.

MAIN OUTCOMES AND MEASURES Patient and clinician survey responses; surface radiation dose
readings in tissue-equivalent phantom; and γ-H2AX and TUNEL intensity measured in mice.

RESULTS The 133 patients surveyed received RT for cancer and had a median (range) age of
60 (18-86) years; 117 (87.9%) were women. One hundred eight clinicians completed the survey
with 105 reporting that they were involved in managing patient skin care during RT. One
hundred eleven (83.4%) of the patients and 96 (91.4%) of the 105 clinicians received or gave
the advice to avoid applying topical agents before RT treatments. Dosimetric measurements
showed no difference in the delivered dose at either the surface or a 2-cm depth with or
without a 1- to 2-mm application of either topical agent when using en face 6- or
15-megavoltage (MV) photons. The same application of topicals did not alter the surface dose
as a function of beam incident angle from 15° to 60°, except for a 6% increase at 60° with the
silver sulfadiazine cream. Surface dose for 6- and 15-MV beams were significantly increased
with a thicker (�3-mm) topical application. For 6 MV, the surface dose was 1.05 Gy with a thick
layer of petroleum-based ointment and 1.02 Gy for silver sulfadiazine cream vs 0.88 Gy without
topical agents. For 15 MV, the doses were 0.70 Gy for a thick layer of petroleum-based ointment
and 0.60 Gy for silver sulfadiazine cream vs 0.52 Gy for the controls. With 6- and 9-MeV
electrons, there was a 2% to 5% increase in surface dose with the use of the topical agents.
There were no dose differences at 2-cm depth. Irradiated skin in mice showed no differences in
γ-H2AX–positive foci or in TUNEL staining with or without topical agents of varying thickness.

CONCLUSIONS AND RELEVANCE Thin or moderately applied topical agents, even if applied just
before RT, may have minimal influence on skin dose regardless of beam energy or beam
incidence. The findings of this study suggest that applying very thick amounts of a topical
agent before RT may increase the surface dose and should be avoided.
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U p to 90% of patients undergoing radiotherapy (RT) will
experience acute radiation dermatitis,1 with Common
Terminology Criteria for Adverse Events (CTCAE),

version 4.0 grade 2 or higher dermatitis reported in 40% of
patients undergoing whole-breast radiotherapy,2 64% of patients
undergoing concurrent chemoradiotherapy for head and neck
cancer, and 73% undergoing concurrent chemoradiotherapy
for anal cancer.3,4 Although most patients experience mild to
moderate dermatitis, some experience significant discomfort,
pruritus, and infections.1 Topical agents are frequently used
several times daily to ameliorate this condition, including
creams, such as silver sulfadiazine, that contain heavy metals.
Most patients undergoing daily RT to the breast, head and neck,
cervix, anus, or extremities use topical agents. Patients are
typically advised to avoid use of topical agents for several hours
before RT based on the concern that these topical agents may
increase the radiation dose to the skin.1 This recommendation
came into widespread practice during the era of orthovoltage
radiation, which lasted until the early 1950s. Orthovoltage
radiation uses lower-energy photons that deliver a significantly
higher dose to the skin than the modern linear accelerator.
In the era of modern RT with improved sparing of dose to the
skin, the typical recommendation to avoid applying topical
agents before RT, although still popular, may no longer be
relevant. We hypothesized that the application of either metal-
lic or nonmetallic topical agents before RT would have minimal
effect on dose to the skin.

In this study, we assessed current practices regarding use
of topical agents before RT by conducting online surveys of
both radiation oncology patients and clinicians. We performed
dosimetric experiments to measure dose at given depths in a
tissue-equivalent phantom by using different topical agents, dif-
ferent incident beam angles, and different beam energy levels to
assess the association of topical agent use with dose to the skin.
Last, we performed preclinical experiments to assess the asso-
ciation of topical agent use with dose to the skin in C57BL/6 mice
by using phosphorylated histone (γ-H2AX) immunofluorescent
staining to detect radiation-induced DNA damage and a termi-
naldeoxynucleotidyltransferasedUTPnickendlabeling(TUNEL)
assay to test for radiation-induced apoptosis.

Methods
Online Survey
We conducted anonymous online surveys of patients and
clinicians posted on OncoLink (https://www.OncoLink.org) to
determine current practices regarding topical therapy use
(eMethods 2 in the Supplement).5 OncoLink is a nonprofit
educational website providing free cancer information to
patients and clinicians. Patients completed a 24-question
survey about skin care and radiotherapy. Clinicians completed
a separate 18-question survey. Responses were collected
between January 15, 2015, and March 15, 2017. Responders were
not compensated for their participation. Differences in
responses with respect to baseline characteristics were assessed
using χ2 and Mann-Whitney tests, and 2-sided P < .05 was
considered significant. The University of Pennsylvania

institutional review board approved this study and
granted a waiver of written informed consent from participants.

Dosimetric Experiments
To evaluate the dosimetric effect of topical agents, we delivered
200 monitor units at a 100-cm surface-to-skin distance to a
10 × 10–cm field using a TrueBeam linear accelerator (Varian). We
measuredthedoseatthesurfaceandatadepthof2cminatissue-
equivalentphantomwithandwithoutapplicationof2commonly
used topical agents for radiation dermatitis, a petroleum-based
ointment (petrolatum, 41% [Aquaphor; Beiersdorf AG]), which
is available over the counter, and silver sulfadiazine cream, 1%,
which is available by prescription only, using optically stimulated
luminescent dosimeters (OSLDs) (NanoDot; Landauer) (eImage
in the Supplement). We assessed the association of various
photon and electron energy levels (6 megavolts [MV], 15 MV,
6 million electron volts [MeV], and 9 MeV), topical agent thick-
nesses(moderateorverythick),andbeamangles(0°,15°,30°,45°,
and60°)withdosetotheskin.Experimentswereconductedusing
a relatively thick (1- to 2-mm) application of each topical agent as
well as a thicker layer (≥3 mm). The 1- to 2-mm thickness was
based on measurements of the thickness of the petroleum-based
ointment used by 20 patients with breast or head and neck can-
cer with CTCAE grade 2 or higher dermatitis, with no patients
applying a thickness greater than 2 mm. Patients were shown
an ointment thickness of 3 mm; all denied applying 3 mm or more
of the ointment. The 3-mm or greater thickness was therefore
chosen to represent an extreme scenario not encountered in
the clinic of applying a very thick layer of topical treatments
immediately before RT.

Preclinical Experiments
Theassociationoftopicalagentusewithradiationdosetotheskin
was also evaluated in C57BL/6 mice by using γ-H2AX immuno-
fluorescentstainingtodetectradiation-inducedDNAdamageand
TUNEL staining to assess radiation-induced apoptotic cell death.

Twenty-four 8-week-old female C57BL/6 mice (The Jackson
Laboratory) were housed in the animal facilities of the University
of Pennsylvania. All experimental procedures were conducted in
accordance with the guidelines and protocols approved by the

Key Points
Question Do topical agents applied just before radiotherapy
alter the surface dose?

Findings Surveys of 241 clinicians and patients found that avoiding
topical agents prior to radiation treatments was widespread. In this
dosimetricandpreclinicalstudy,therewasnodifferenceinthemeasured
radiation dose at the skin surface with or without a 1- to 2-mm-thick layer
of metallic or nonmetallic topical agents regardless of beam energy or
beam incidence, although very thickly applied topical agents increased
the surface dose; irradiated skin in mice showed no differences in
phosphorylated histone H2AX–positive foci or in terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
staining with or without topical agents of varying thickness.

Meaning Use of topical agents just before radiotherapy may be
safely liberalized, although it appears that very thick applications
of topical treatments just before radiotherapy should be avoided.
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University of Pennsylvania Institutional Animal Care and Use
Committee. Mice were anesthetized using ketamine hydrochlo-
ride and xylazine and then the hair of the dorsal thorax/abdomen
was shaved (eFigure 1 in the Supplement). A grid pattern consist-
ing of four 0.5 × 0.5–in squares was drawn on each mouse. A
moderate (50-mg) application of a petroleum-based ointment
(petrolatum, 41% [Aquaphor; Beiersdorf AG]) was applied to the
upper right square and a heavy (200-mg) application to the lower
left square. The amount of ointment applied was determined to
replicate the thickness of the ointments used in the dosimetric
studies. The remaining 2 squares had no ointment and served as
internal controls. Mice were then focally irradiated using an
animal irradiator(XRAD320ix;PrecisionX-ray),withleadshield-
ing to protect the head and distal hindquarters (eMethods 1 in the
Supplement). Optically stimulated luminescent dosimeters were
used to confirm that the delivered dose matched the prescription
dose.Miceweretreatedwitheither2Gy×1or15Gy×1,with3mice
in each treatment group (to convert gray to rad, multiply by 100).
Another group of 3 mice served as unirradiated controls. Skin tis-
sue was harvested from each of the four 0.5 × 0.5–in quadrants,
embedded in optimal cutting temperature molds, and stored at
−80°C for further processing (eFigure 1 in the Supplement).
Experiments were repeated with tissue harvested at different
intervals after RT. Sections were cut and stained for γ-H2AX to
detect radiation-induced double-stranded DNA breaks and
with TUNEL assay to detect apoptotic cells (eMethods 1 in the
Supplement).6-9 Quantification of γ-H2AX and TUNEL-positive
cells in immunofluorescent images was performed using ImageJ
software(NationalInstitutesofHealth).Quantificationofγ-H2AX–
positive foci per cell was performed for the 2 Gy ×1 experiments,
and quantification of γ-H2AX–positive cells per 10× field was
performed for the 15 Gy ×1 experiments.

Table. Survey Results From 133 Patients About Topical Therapy Use
During Radiotherapy

Variable No. (%)a

Age, median (range) y 60 (18-86)
Sex, No. (%)

Male 15 (11.3)
Female 117 (87.9)
Other 1 (0.7)

Race/ethnicity, No. (%)
White 114 (85.7)
Black 7 (5.3)
Latino 5 (3.7)
Asian 3 (2.2)
Mixed race 3 (2.2)

Educational level
High school diploma 17 (12.8)
Some college 27 (20.3)
College degree 58 (43.6)
Graduate school 31 (23.3)

Diagnosis
Breast cancer 87 (65.4)
Head and neck cancer 11 (8.3)
Lung cancer 6 (4.5)
Multiple diagnoses 12 (9.0)
Otherb 17 (12.8)

Radiation treatment center
Academic center 63 (47.3)
Community practice 70 (52.6)

Time since RT
Currently receiving treatment 19 (14.3)
RT completed in past 6 mo 39 (29.3)
RT completed in past 7-24 mo 21 (15.8)
RT completed >24 mo ago 56 (42.1)

Did clinician recommend topical agents?
Yes 124 (93.2)
No 9 (6.8)

Main clinician managing RT dermatitis
Physician 59 (44)
Nurse 74 (56)

Did the patient report skin peeling?
Yes 60 (44.4)
No 73 (54.9)

Did the patient report skin erythema?
None 0
Mild 50 (37.6)
Moderate 39 (29.3)
Severe 44 (33.1)

Advised to avoid use of topical agents just before RT?
Yes 111 (83.4)
No 23 (17.3)

Advised to avoid use of topical agents for several hours before RT?
Yes 98 (73.7)
No 35 (26.3)

Advised to wipe off topical agents before RT?
Yes 72 (54.1)
No 61 (45.9)

Abbreviation: RT, radiotherapy.
a Totals may not equal 100 because of rounding.
b Includes anal cancer, esophageal cancer, endometrial cancer, Hodgkin lymphoma,

non-Hodgkin lymphoma, melanoma, nonmelanomatous skin cancer, penile
cancer, prostate cancer, rectal cancer, sarcoma, and testicular cancer.

Figure 1. Quantification of Phosphorylated Histone (γ-H2AX) Staining of Skin
From Unirradiated Mice (Controls) Compared With Skin From Mice Irradiated
With 2 Gy ×1 in the Presence or Absence of Skin Ointment of Varying Thickness
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Quantification of γ-H2AX staining in frozen sections of skin from unirradiated
mice (control) compared with skin sections from mice irradiated with 2 Gy in
the presence or absence of petrolatum-based ointment (petrolatum, 41%
[Aquaphor; Beiersdorf AG]) of varying thickness, including application of 50 mg
of ointment (moderate application) and application of 200 mg of ointment
(thick application). Data are expressed as mean; whiskers indicate SEM (n = 3).
RT indicates radiotherapy. To convert gray to rad, multiply by 100.
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Results

Survey Results
Two hundred forty-one respondents completed the survey, 133
patients and 108 clinicians. Among the 133 patients, the median
(range) age was 60 (18-86) years, 117 (87.9%) were female, and 114
(85.7%)werewhite(Table).Ofthese,111(83.4%)reportedthatthey
were advised to avoid applying topical agents just before RT, 98
(73.7%) were advised to avoid applying topical agents for several
hours before RT, and 72 (54.1%) were advised to wipe off any resi-
dual topical agents before RT. Among the 124 patients (93.2%) for
whom topical therapy was recommended, 105 (84.7%) were ad-
vised to avoid applying topical agents right before RT, 93 (75.0%)
were advised to avoid topical agents for several hours before RT,
and 68 (54.8%) were told to wipe off any residual topicals before
RT.Eighty-threeofthetotal133patients(62.4%)reported“moder-
ate” or “severe” skin erythema during RT. Of those 83, 74 (89.1%)
were advised to avoid applying topical agents just before RT, 65
(78.3%) were told to avoid topical application for several hours
before RT, and 44 (53.0%) were instructed to remove excess
topical agents before RT. Most respondents had breast cancer.
There was no difference in patient response regarding topical
agent recommendations based on cancer diagnosis, sex, educa-
tional level, treatment setting (academic vs private practice),
primary clinician managing their dermatitis (physician vs
nurse), time since completion of RT, and degree of skin peeling
or erythema.

Ninety-twopatientswithbreastcancercompletedthesurvey,
with87(94.6%)ofthesepatientshavingbreastcancerastheironly
diagnosis. Results for these 87 patients were similar to those for
the entire cohort. Seventy-four patients (85.0%) were advised to
avoid applying topical agents just before RT, 66 (75.8%) were ad-
vised to avoid topical agents for several hours before RT, and 49
(56.3%) were advised to wipe off residual topical agents before

RT. Fifty patients (57.5%) reported moderate or severe skin ery-
thema and 37 (42.5%) reported skin peeling. There was no differ-
ence in patient response based on educational level, treatment
setting (academic vs private practice), primary clinician (physi-
cian vs nurse), time since completion of RT, or degree of skin
peeling or erythema.

One hundred five of 108 clinicians (97.2%) reported that they
are directly involved in managing radiation dermatitis and were
includedintheanalysis.Ofthese,52(49.5%)werephysiciansand
53 (50.5%) were nurses. Ninety-six (91.4%) reported that they ad-
vise their patients to avoid applying topical agents just before or
within a few hours of RT. Reasons cited were bolus effect by 81
(84.3%) and routine clinical practice by 57 (59.3%). Ninety-eight
clinicians (93.3%) advised their patients to avoid applying metal-
containing creams just before or several hours before RT. Reasons
cited included concern about electron scatter from metals by 69
(70.4%), bolus effect by 59 (60.0%), and routine clinical practice
by 50 (51.0%). There were no significant differences in responses
based on academic vs private practice or physicians vs nurses.

Dosimetric Results
Measurements showed no difference in dose at the surface or
2-cm depth with or without a relatively thick 1- to 2-mm applica-
tion of either topical agent when using en face 6- or 15-MV
photons. Similarly, there was no association with increased sur-
face dose with 1- to 2-mm applications of either topical agent at
various beam angles except for a 6% increase at an incident angle
of 60° observed only with the silver sulfadiazine cream, 1%
(1.20 Gy with silver sulfadiazine cream vs 1.13 Gy without topi-
cal agents). When a thicker (≥3-mm) layer of either topical was
applied, a bolus effect was observed with increased skin dose.
For en face 6-MV beams, the surface dose was 1.05 Gy with a thick
layerofthepetroleum-basedointmentand1.02Gyforsilversulfa-
diazine cream compared with 0.88 Gy without topicals. For
en face 15-MV beams and a layer of cream 3 mm or greater, the

Figure 2. Quantification of Phosphorylated Histone (γ-H2AX) Staining of Skin From Unirradiated Mice (Controls) Compared With Skin
From Mice Irradiated With 15 Gy ×1 in the Presence or Absence of Skin Ointment of Varying Thickness
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Quantification of γ-H2AX staining in frozen sections of skin from unirradiated mice (control) compared with skin sections from mice irradiated with 15 Gy ×1 in the presence or
absence of petroleum-based ointment (petrolatum, 41% [Aquaphor; Beiersdorf AG]) of varying thickness, including application of 50 mg of ointment (moderate application)
and application of 200 mg of ointment (thick application). Quantification of γ-H2AX–positive cells per 10× field at 8 hours (A) and 24 hours (B) after 15 Gy of RT in
immunofluorescent images is presented. Data are expressed as mean; whiskers indicate SEM (n = 3). RT indicates radiotherapy. To convert gray to rad, multiply by 100.
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surface doses were 0.70 Gy for petroleum-based ointment, 0.60
Gy for silver sulfadiazine cream, and 0.52 Gy without topicals.

Even with a thick (≥3-mm) layer of either topical agent, there
was only a 2% to 5% increase in the surface dose with en face 6-
or 9-MeV electrons. With en face 6-MeV electrons, the surface
doses were 1.57 Gy for a thick layer of petroleum-based ointment,
1.52 Gy for silver sulfadiazine, and 1.49 Gy without topicals. With
enface9-MeVelectrons,thesurfacedoseswere1.63Gyforathick
layerofpetroleum-basedointment,1.64Gyforsilversulfadiazine,
and 1.59 Gy without topicals. No differences in dose were ob-
served at 2-cm depth with or without topical agents regardless
of the topical agent type, applied thickness of the topical agent,
or beam energy.

Preclinical Results
Irradiated skin in C57BL/6 mice showed no difference in γ-H2AX–
positive foci (or intensity) with or without petroleum-based oint-
ment when 2 Gy ×1 or 15 Gy ×1 were administered. Thickness of
the ointment application also did not alter the γ-H2AX staining.
eFigure 2 in the Supplement shows representative images from
the γ-H2AX staining from frozen sections from the unirradiated
control mice (n = 3) compared with skin sections from mice irra-
diated to 2 Gy (n = 3) with or without petroleum-based ointment
of varying thickness (50 mg vs 200 mg). Each irradiated mouse
servedasitsowncontrol.Therewasasignificantincreaseinmean
(SEM) γ-H2AX–positive foci in the skin of irradiated mice vs un-
irradiated mice: 46.3 (4.8) vs 3 (0.03), P < .001 (Figure 1). There
was no difference in the quantification of γ-H2AX–positive foci
with or without ointment of varying thickness when 2 Gy of ra-
diationwasadministered.Quantificationofγ-H2AXwas46.8(3.1)
for the thick application of ointment, 45.7 (4.1) for the moderate
applicationofointment,and46.3(4.8)forirradiatedcontrolswith-
out any ointment (P = .67) (Figure 1). No difference in levels of
apoptosis was shown by the TUNEL assay for the mice irradiated
to 2 Gy in the presence or absence of creams of varying thickness.

To determine if these findings would be replicated in the set-
ting of a much higher biologically equivalent dose (eg, hypofrac-
tionatedtreatmentorconventionallyfractionatedtreatmentdeli-
vered across many days), we repeated the experiment irradiating
mice (n = 3) to 15 Gy ×1 in the presence or absence of petroleum-
basedointmentofvaryingthickness(50mgvs200mg)andfound
thattherewasnosignificantdifferenceinmean(SEM)forγ-H2AX–
positivestainedcellsateither8hoursor24hoursafterRT(Figure2
andeFigure3intheSupplement).Quantificationofγ-H2AXstain-
ing at 8 hours was 116.7 (13.8) for the thicker application of oint-
ment,101(10.5)forthemoderateapplicationofointment,and102
(8.9) without ointment (P = .2). At 24 hours, γ-H2AX staining was
33.8 (2.2), 30.3 (3.5), and 29.3 (2.3), respectively (P = .56). There
was no difference in positively stained TUNEL cells at 8 and 24
hours after RT (Figure 3 and eFigure 4 in the Supplement). At 8
hours after RT, quantification of TUNEL staining was 127 (26.6)
for the thicker application of ointment, 112 (7) for the moderate
applicationofointment,and118(10.3)withoutointment(P = .89).
After 24 hours, quantification of TUNEL staining was 86.7 (4.3),
85 (3.5), and 80.8 (5.5), respectively (P = .72).

Discussion

There are limited data on the dosimetric effect of topical agents
on the skin surface dose of patients receiving RT. The literature
has focused on the effect of antiperspirants for patients under-
going breast RT, with 2 dosimetric studies showing no difference
in surface dose with antiperspirants5,10 and several clinical trials
showing no increased toxic effects with their use.11,12 To our
knowledge, the present study is the first dosimetric assessment
of whether commonly used creams and ointments alter surface
dose. It is somewhat surprising that there have been no studies
assessing dose alterations resulting from cream or ointment use

Figure 3. Quantification of Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling (TUNEL) Staining in Frozen Sections of Skin
From Control Mice Compared With Skin Sections From Mice Irradiated to 15 Gy ×1 in the Presence or Absence of Skin Ointment of Varying Thickness
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Quantification of positively stained TUNEL apoptotic cells in frozen sections of skin from unirradiated mice (control) compared with skin sections from mice irradiated
to 15 Gy ×1 in the presence or absence of petroleum-based ointment (petrolatum, 41% [Aquaphor; Beiersdorf AG]) of varying thickness at 8 hours (A) and 24 hours (B)
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because this is an issue that affects not only patients with breast
cancer but also most patients undergoing radiotherapy. The
results of this analysis therefore have the potential to influence
care for patients undergoing RT across a range of disease sites.

Our survey results indicate that patients are still routinely
advised to avoid applying topical agents just prior to RT, although
modern radiation equipment and techniques are associated
with greater skin sparing than the cobalt-60 and orthovoltage
machines used in the 1950s through 1980s when the recommen-
dation to avoid applying topical agents before RT became wide-
spread practice.

Results of our dosimetric analysis suggest that thin or mod-
erately thick applications of topical agents, even if applied imme-
diatelybeforeRT,onlyminimallyalterthedosetotheskinregard-
less of beam energy or beam angles. Very thick applications of a
topicalagentjustbeforeRTmayhaveaboluseffectwithincreased
surface dose and should be avoided. However, the very thick
application used in this study was designed to represent an ex-
treme situation that is very unlikely to occur in the clinic. Because
a 0.5-cm tissue-equivalent bolus is frequently applied to the
skin to deliberately increase the surface dose for therapeutic
purposes,13 it should not be surprising that a cream thickness of
3 mm or greater would result in a modest increase in surface dose.

Our study also found no increase in the surface dose for the
metallic vs nonmetallic topical agents. Theoretically, metallic
creams might be expected to increase the skin dose owing to
electron scatter from the metallic atoms, but our study found no
such increase in dose, perhaps because of the very low metallic
content in silver sulfadiazine. The dosimetric results were so
similar between the petroleum-based ointment and silver sulfa-
diazine cream that we did not think it necessary to perform
preclinical studies on silver sulfadiazine, which is less commonly
used clinically.

Studiesinmousemodelstoevaluatetheassociationoftopical
agent use on skin dose by using γ-H2AX and TUNEL staining
similarly demonstrated no significant difference in radiation-
induced DNA damage or apoptosis in the skin with or without
petroleum-based ointment after 2 Gy ×1. We also tested the use
of a much higher dose (15 Gy ×1) to simulate the biological out-
comes after a course of fractionated radiotherapy or a large hypo-
fractionated treatment as is used for stereotactic body radio-
therapy. Immunofluorescent analysis of the mice treated to 15 Gy
showed no difference in the surface dose in the presence or
absenceofointmentsofvaryingthicknesswhetherassessedusing
γ-H2AX or TUNEL staining.

The preclinical results recapitulated the results observed in
the dosimetric studies: there was no increase in the surface dose
with or without a moderately thick application of ointment. This
is noteworthy because the mice were irradiated with kilovoltage
RT,whichhaslessskin-sparingthanthemegavoltagebeamsused
in modern clinical practice and in our dosimetry studies. The
preclinical studies did not confirm the findings that very thick
applications of ointment alter the surface dose. We suspect that
OSLD measurements are more accurate as an assessment of sur-
face dose than γ-H2AX and TUNEL assays, but slight differences
in surface dose may not be clinically meaningful.

The results of this multidisciplinary study suggest that the
current practice of advising patients to avoid applying topical

agents for several hours before RT does not rest on sound sci-
ence, with the possible exception of patients who apply very
copious amounts of topical agents immediately before treat-
ment. We suggest that patients be advised that applying thin
or moderate amounts of a topical agent, even right before RT,
is acceptable and unlikely to increase toxic effects to the skin.
Allowing patients to apply topical agents regardless of the tim-
ing with respect to RT will simplify patient instructions and
reduce patient confusion and anxiety because many patients
are concerned that having any residual topicals on their skin at
the time of RT will increase toxic effects to the skin. In our
experience, these patients often underuse emollients or exac-
erbate their dermatitis by mechanical irritation of the skin to
remove residual topicals before RT. Of the 133 patients surveyed,
72 (54.1%) were told to wipe away excess topical agents before
RT; this practice appears to be relatively common and likely to
cause discomfort for many patients. Allowing patients to ap-
ply topical agents as needed without restrictions on the timing
of application is likely to improve patient quality of life.

Limitations
The study has several limitations. The size of the survey popula-
tion(n = 241) isrelativelymodest;however,webelievethesurvey
results are reasonably representative of current practice. More
than 100 clinicians, who presumably offer their advice to many
patients,participated,andtheresponsesofpatientsandclinicians
with respect to avoiding topical agents before RT were virtually
identical. The study does not report on toxic effects to the skin
in the presence or absence of topical agents during a course of RT.
Instead, we report the surrogate end points of surface dose
assessed using phantoms and dosimeters and the degree of
radiation-induced DNA double-strand breaks and cellular apop-
tosis in the skin of mice irradiated in the presence and absence
of topical agents. Although a clinical trial would be the criterion
standard, such a trial would rely on more subjective end points
and may not be able to detect a small but potentially meaningful
difference in toxic effects. Like the randomized clinical trials as-
sessing antiperspirant use during breast RT, a trial of skin creams
would be limited by inherent difficulties in assessing skin toxic
effectsbyusingtheoverlybroadCTCAEsystem.5 Grade2dermati-
tis is so broadly defined that it could mask potentially meaningful
differences by grouping together asymptomatic patients with
moderate erythema and patients experiencing significant pain
and pruritus from severe erythema and focal moist desquama-
tion. This grading system is acknowledged to be a major limita-
tionintrialsassessingdermatitis.14,15 Webelievethatthequantita-
tivedosimetricandpreclinicalassessmentsarecompellingenough
that a clinical trial may not be necessary to inform practice. Other
limitations include limits in OSLD accuracy in measuring surface
dose. The study also does not directly quantify the effect of elec-
tron scatter caused by silver in silver sulfadiazine, although the
effect is likely very modest given the dosimetric results.

Conclusions
To our knowledge, this is the first dosimetric and preclinical
assessment of the association of topical therapy use with
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radiation dose to the skin. Our findings suggest that thin or
moderately applied topical agents, even if applied immedi-
ately before RT, have minimal ability to alter the skin dose

regardless of the beam energy or beam incidence. Applying
very thick amounts of a topical agent just before RT increased
the surface dose and should be avoided.
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Invited Commentary

Avoiding Topical Agents Before Daily Radiotherapy
Debunking Dogma
Simon A. Brown, MD; Chelsea C. Pinnix, MD, PhD

The clinical science of radiotherapy (RT) has evolved consid-
erably since the early use of low-energy (150- to 300-kV)
orthovoltage x-rays, which deposit much of their energy at

the skin surface. Indeed, the
skin “erythema dose” was the
primary means of standard-
izing radiation doses given

the limited tangible criteria for documenting radiation
effects at the time.1 Contemporary RT uses high-energy
photons that deposit their maximum dose several
centimeters below the skin surface. Nevertheless, in 90%
to 95% of cases, moderate to high doses of this megavoltage

radiation can lead to acute radiation dermatitis, which begins
as erythema during the first 2 weeks of treatment before pro-
gressing to dry desquamation, and, in some cases, on to moist
desquamation.2 Management of these reactions varies;
preventive and interventional strategies have included fre-
quent washing with mild soap and using topical dressings and
corticosteroidal and noncorticosteroidal topical agents.

In the orthovoltage era, the 1920s through the 1950s,
radiation oncologists often proscribed the use of topical agents
or emollients immediately before daily RT sessions out of
concern for increased toxic effects to the skin, purportedly
arising from a bolus effect or from the x-rays interacting with
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