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Purpose: A two-arm, double-blind, randomized trial was performed to evaluate the effect of 0.1% mometasone
furoate (MMF) on acute skin-related toxicity in patients undergoing breast or chest wall radiotherapy.
Methods and Materials: Patients with ductal carcinoma in situ or invasive breast carcinoma who were undergoing
external beam radiotherapy to the breast or chest wall were randomly assigned to apply 0.1% MMF or placebo
cream daily. The primary study endpoint was the provider-assessed maximal grade of Common Terminology Cri-
teria for Adverse Events, version 3.0, radiation dermatitis. The secondary endpoints included provider-assessed
Common Terminology Criteria for Adverse Events Grade 3 or greater radiation dermatitis and adverse event
monitoring. The patient-reported outcome measures included the Skindex-16, the Skin Toxicity Assessment
Tool, a Symptom Experience Diary, and a quality-of-life self-assessment. An assessment was performed at baseline,
weekly during radiotherapy, and for 2 weeks after radiotherapy.
Results: A total of 176 patients were enrolled between September 21, 2007, and December 7, 2007. The provider-
assessed primary endpoint showed no difference in the mean maximum grade of radiation dermatitis by treatment
arm (1.2 for MMF vs. 1.3 for placebo; p = .18). Common Terminology Criteria for Adverse Events toxicity was
greater in the placebo group (p = .04), primarily from pruritus. For the patient-reported outcome measures, the
maximum Skindex-16 score for the MMF group showed less itching (p = .008), less irritation (p = .01), less symptom
persistence or recurrence (p = .02), and less annoyance with skin problems (p = .04). The group’s maximal Skin
Toxicity Assessment Tool score showed less burning sensation (p = .02) and less itching (p = .002).
Conclusion: Patients receiving daily MMF during radiotherapy might experience reduced acute skin toxicity com-
pared with patients receiving placebo. � 2011 Elsevier Inc.
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INTRODUCTION

Radiation dermatitis is a common adverse effect of radiother-

apy in patients undergoing irradiation of the breast and/or

chest wall. It is the most common treatment-related toxicity

for patients undergoing RT for early-stage breast cancer (1).
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Although many topical agents are currently used in clinical

practice for the prevention and treatment of radiation derma-

titis, the results from randomized clinical trials have not con-

sistently indicated the superiority of any single agent.

However, a recent randomized clinical trial of mometasone
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furoate (MMF) combined with an emollient cream vs. an

emollient cream alone showed a reduction in dermatitis

and patient symptoms in the MMF arm (2–6). The present

clinical trial was conducted as a confirmatory trial to assess

the value of MMF in decreasing the treatment-related

skin toxicity of patients receiving adjuvant therapy for breast

cancer.

METHODS AND MATERIALS

The North Central Cancer Treatment Group performed a two-

arm, double-blind, randomized trial designed to evaluate the effect

of MMF on skin-related toxicity in breast cancer patients undergo-

ing RT to the breast (breast conservation therapy) or chest wall

(postmastectomy RT). The Mayo Clinic Institutional Review Board

and the institutional review board of the participating institutions in-

dependently approved the present study. All patients provided writ-

ten informed consent before enrollment in the trial. The study

registration numbers were NCCTG-N06C4 and NCT00438659.

Patient selection criteria
The patients eligible for enrollment in the present trial were adults

(age, $18 years) with histologic proof of a primary invasive breast

carcinoma or ductal carcinoma in situ who were to undergo

a planned course of continuous, definitive, or adjuvant external

beam RT to the whole breast as part of breast conservation therapy

or to the chest wall as a part of postmastectomy RT (minimal pre-

scription dose, 50.0 Gy). Treatment of the regional lymph nodes, in-

cluding the axillary, supraclavicular, and internal mammary lymph

nodes, was permitted. The daily treatment dose was 1.75–2.12 Gy.

Patients could enter the trial before receiving the third radiation frac-

tion. An Eastern Cooperative Oncology Group performance status

of 0, 1, or 2 was required.

The ineligibility criteria included the presence of inflammatory

carcinoma of the breast or a known allergy or hypersensitivity to

mometasone and furoate, imidazolidinyl urea, or formaldehyde. Ad-

ditional ineligibility criteria included the use of leukotriene inhibi-

tors or the use of a prescription or over-the-counter medication

that contained hydrocortisone or any other cortisone- or

corticosteroid-containing preparation. Patients were not eligible

for the present trial if they had pre-existing loss of skin integrity

or previous RT to the area being treated. Also excluded were women

who were pregnant or breastfeeding and women of child-bearing

age who were unwilling to use adequate contraception during the

study period. Patients with bilateral breast carcinoma were ineligi-

ble, as were patients receiving partial (<75%) breast treatment.

Randomization
The patients were randomly assigned, in a double-blind manner

using a dynamic allocation procedure, to either 0.1% MMF cream

or an identical-appearing placebo cream (Dermabase, Paddock Lab-

oratories, Minneapolis, MN). Randomization was performed

through the operations office of the North Central Cancer Treatment

Group (Rochester, MN). The stratification factors included whole-

breast RT after lumpectomy vs. chest wall RT after mastectomy,

treatment vs. no treatment of regional lymph nodes, and total radia-

tion dose of 50.0–55.0 Gy vs. >55.0 Gy.

Treatment
Patients were instructed to apply 3 mL of MMF cream or placebo

cream lightly once daily to the area under treatment at not less than 4
hours before or after RT until completion of the prescribed RT

course. They were instructed to vary the amount of cream on the ba-

sis of body habitus and to cover the entire treated area. No other top-

ical agents were allowed to be used in the RT field while the patient

was receiving the study medication. If, in the judgment of a patient’s

clinician, radiation dermatitis necessitated initiation of an agent

other than the study medicine, the patient was to discontinue the

study medication and continue with the evaluations in accordance

with the study protocol.

Study evaluation
The patients were evaluated at baseline and at weekly intervals

during their RT by their treatment providers (Table 1). The evalua-

tion consisted of a provider-assessed toxicity assessment using the

Common Terminology Criteria for Adverse Events (CTCAE), ver-

sion 3.0 (7), and patient-reported symptoms and quality of life

(QOL) noted in the patient-completed assessment forms. Addition-

ally, after RT completion, the patients completed a patient question-

naire booklet for the 2 weeks immediately after RT completion. The

patient-reported outcomes were measured using the Skindex-16, the

CTCAE Symptom Experience Diary, and the Skin Toxicity Assess-

ment Tool.

The Skindex-16 is an analog scale of symptoms and functional

endpoints related to skin toxicity that can occur in the treatment

area (8). The Symptom Experience Diary requires the patient to

rate the severity of multiple skin toxicity-related signs and symp-

toms on a scale of 0 (do not experience) to 10 (experience all the

time). The Skin Toxicity Assessment Tool is a skin-specific instru-

ment consisting of a provider-assessed objective measure of skin

changes and five measures of patient-reported discomfort (9). The

patient-completed QOL assessment was the linear analog self-

assessment. It consisted of six questions, with responses ranging

from 0 (poor QOL) to 10 (best QOL). These questions have been

validated as general measures of global QOL dimensional constructs

in numerous settings and have been validated at Mayo Clinic for use

in cancer patients (10–13).

Statistical analysis
The primary study endpoint was radiation dermatitis determined

by the patient’s health care provider with CTCAE version 3.0. The

maximal grade of this adverse event during treatment was evaluated

for each patient. The mean maximal grades were compared between

the two treatment arms with a single two-sample t test. We calcu-

lated that a two-sample t test (two-sided a = 0.05) with 64 patients

in the MMF group and 64 patients in the placebo group would have

an 80% power to detect a difference of one-half standard deviation

(approximately 0.4 of a severity grade according to the standard de-

viation of the placebo arm in the double-blind portion of North Cen-

tral Cancer Treatment Group 909252, ‘‘Phase III Double-Blind

Evaluation of an Aloe Vera Gel as a Prophylactic Agent for

Radiation-Induced Skin Toxicity’’) (6). The sample size was in-

creased by 15% to account for missing data (e.g., patient ineligibil-

ity, cancellation of trial participation). The total number planned for

accrual was 148 patients, or 74 per treatment arm.

The secondary endpoints included the incidence of severe

(CTCAE grade 3 or greater) radiation dermatitis, grade of adverse

events at the end of RT, and the maximal grade of other adverse

events, the latter 2 endpoints were measured using the CTCAE ver-

sion 3.0. These endpoints were compared between the treatment and

placebo arms using the chi-square test and Fisher’s exact test, as ap-

propriate. The secondary endpoints of patient-reported skin toxicity

(Skindex-16 and Skin Toxicity Assessment Tool) and QOL were



Table 1. Evaluation schedule of Phase III trial

Tests and procedures Baseline Weekly during RT* Observation and follow-upy

Provider-assessed toxicity
CTCAE dermatitis assessment Yes Yes NA
Adverse-event assessment (CTCAE version 3.0) Yes Yes NA

Provider-assessed and patient-reported toxicity
Skin toxicity assessment Yes Yes NA

Patient-reported toxicity
LASA, Skindex-16, and Symptom Experience Diary Yes Yes Yes

Abbreviations: RT = radiotherapy; CTCAE = common terminology criteria for adverse events; LASA = linear analog self-assessment;
NA = not applicable.

* At clinic visit.
y Follow-up period was 2 weeks after RT completion.
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analyzed by comparing the mean responses between the study arms

using the Kruskal-Wallis test.
Fig. 1. Flow of patients in Phase III trial. CTCAE = Common Ter-
minology Criteria for Adverse Events.
RESULTS

A total of 176 patients were enrolled between September

21, 2007, and December 7, 2007 (Fig. 1). The follow-up pe-

riod was the 2 weeks after RT completion. This enrollment

exceeded the original target accrual by 28 patients and re-

sulted from an extremely rapid rate of enrollment. Of the

176 patients, 90 were randomly assigned to the treatment

group and 86 patients were randomly assigned to the control

group. After randomization, 5 patients in the MMF arm and 2

patients in the placebo arm declined participation, for 169 el-

igible patients. Data were missing for 3 patients, leaving 166

patients eligible for evaluation of the primary endpoint. The

baseline characteristics were equally balanced between the

study agent arm and the placebo arm (Table 2).

No significant difference was found in the mean maximal

grade of provider-assessed radiation dermatitis (1.2 in the

MMF arm vs. 1.3 in the placebo arm; p =.18; Table 3). Sim-

ilarly, no significant difference was found in the incidence of

provider-assessed severe (CTCAE grade 3 or greater) radia-

tion dermatitis or the provider-assessed maximal radiation

dermatitis grade.

A number of secondary endpoints were positive for a re-

duction in skin toxicity in the MMF group. Itching, irritation,

the persistence of symptoms, the recurrence of toxicity symp-

toms, and annoyance with dermatitis were all reduced by

a statistically significant fraction in the treatment group com-

pared with the placebo group in the Skindex-16 (Table 4).

The total Skindex-16 score was 1.4 in the MMF arm and

1.7 in the placebo arm (p = .07), suggesting a trend toward

a more favorable outcome for the patients treated with

MMF. The patients in the MMF arm also reported less dis-

comfort and burning (p = .02), less itching (p = .002), and

less redness (p = .003; Table 5) using the Skin Toxicity As-

sessment Tool and Symptom Experience Diary. Significantly

less itching was observed in the patients in the MMF arm af-

ter approximately Week 2 (Fig. 2). No difference was found

in overall QOL using the linear analog self-assessment instru-

ment. The MMF group had a mean score of 8.3 (median, 9.0),

and the placebo group had a mean score of 8.4 (median, 9.0).
Similarly, no difference was found in the six linear analog

self-assessment subdomains.

The adverse event monitoring by providers using CTCAE,

version 3.0, showed a greater mean maximal grade of any

type of toxicity in the placebo group than in the treatment

group (p = .04; Table 6). This difference was largely second-

ary to the maximal grade of pruritus being greater in the pla-

cebo group (p = .005), with 6% of patients reporting Grade 3

pruritus vs. 1% in the MMF group, and 61% of patients re-

porting mild pruritus in the placebo group vs. 36% in the

MMF group.
DISCUSSION

Radiation dermatitis is a common adverse effect in patients

undergoing RT to the breast and chest wall. Clinically, the se-

verity of this symptom is related to its dose and fractionation

delivered to the skin and to patient-related factors such as

obesity, smoking, and use of radiosensitizing chemotherapy

(4, 14).



Table 2. Baseline characteristics

Characteristic

Group

Total
(n = 169) p

MMF
(n = 85)

Placebo
(n = 84)

Age (y) .38
Median 60 57 58
Range 35–89 27–85 27–89

Radiation fields .81
Breast (after
lumpectomy)

71 (84) 69 (82) 140 (83)

Chest wall
(after mastectomy)

14 (16) 15 (18) 29 (17)

Regional lymph nodes .44
Treated 18 (21) 22 (26) 40 (24)
Not treated 67 (79) 62 (74) 129 (76)

Planned total radiation
dose (Gy)

.33

50.0–55.0 17 (20) 12 (14) 29 (17)
>55.0 68 (80) 72 (86) 140 (83)

Abbreviation: MMF = mometasone furoate.
Data are presented as number of patients, with percentages in

parentheses, unless otherwise noted.
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Acute radiation dermatitis is associated with an inflamma-

tory cascade thought to be cytokine mediated, although its

exact mechanisms are unclear. In vitro studies of irradiated

human skin have shown alterations to the normal histologic

characteristics, including a marked decrease in basal cell pro-

liferation, endothelial cell damage, and resultant vasodilation

with altered membrane permeability, and inflammatory

cytokine release (1, 15, 16). Corticosteroids act as anti-

inflammatory agents by regulating leukocyte adhesion to

endothelial cells, inducing vasoconstriction, decreasing cap-

illary permeability, and inhibiting leukocyte proliferation and

migration. They have been shown to decrease the expression

of interleukin-6 in vitro (17).

No clear consensus about the superiority of any single top-

ical agent in the prevention and treatment of radiation derma-
Table 3. Provider-assessed primary and secondary

Endpoint MMF (n = 84)

Provider-assessed primary endpoint
Maximal radiation dermatitis grade
Mean � standard deviation 1.2 � 0.85
Range 0.0–3.0

Provider-assessed secondary endpoints
Incidence of severe (grade 3 or greater)
radiation dermatitis
No 80 (95)
Yes 4 (5)

Maximal radiation dermatitis grade
0 20 (24)
1 34 (40)
2 26 (31)
3 4 (5)

Data are presented as numbers of patients, with percentages in parenth
titis has emerged, despite decades of investigations (3, 6, 18–

22). Corticosteroid preparations have been investigated as

agents for the treatment of radiation dermatitis since shortly

after synthetic corticosteroids were first used clinically (23).

Scott and Kalz (24) found that a single application of var-

ious corticosteroid preparations was capable of either amelio-

rating or delaying the onset of radiation dermatitis in a small

cohort of patients undergoing RT with grenz rays. Bjornberg

et al. (25) performed a double-blind comparison of fluocino-

lone acetonide vs. placebo in 26 patients and demonstrated

a statistically significant decrease in the degree of overall der-

matitis at 3 weeks after therapy initiation; however, the differ-

ence was no longer significant at 6 weeks. Bjornberg et al.
(26) also conducted a double-blind comparison of

bethamethasone-17-valerate vs. Vaseline (Unilever United

States, Englewood Cliffs, NJ) and vs. Eucerine (Beiersdorf

AG, Hamburg, Germany) in 26 patients. A statistically sig-

nificant difference was found in favor of bethamethasone

compared with Vaseline or Eucerine. This difference was

no longer significant at 6 weeks, however. Repeat checks

of the skin at 2 to 4 months showed no statistically significant

difference among the 3 groups in atrophic skin lesions in the

treatment area (26). Later trials exploring the use of cortico-

steroids did not find a statistically significant difference be-

tween patients treated with corticosteroid preparations and

those treated with other agents or placebo (27–29).

More recently, two double-blind, randomized trials have

evaluated the use of corticosteroids in preventing radiation

dermatitis. The first of these trials evaluated MMF cream

plus emollient cream compared with a placebo emollient

cream (2). Those patients receiving MMF and emollient

cream experienced less radiation dermatitis than the placebo

group (p = .003). Also, an indication was found for less burn-

ing sensation (p = .069) and less pain (p = .087) in the MMF-

treated patients. The second trial evaluated the topical prepa-

rations 0.1% methylprednisolone vs. 0.5% dexpanthenol in

a cohort of patients undergoing RT for breast cancer (30).

The investigators reported that, although neither agent
endpoints with use of CTCAE, version 3.0

Group

Total (n = 166) pPlacebo (n = 82)

1.3 � 0.80 1.3 � 0.83 .18
0.0–3.0 0.0–3.0

78 (95) 158 (95) .97
4 (5) 8 (5)

13 (16) 33 (20) .51
32 (39) 66 (40)
33 (40) 59 (36)
4 (5) 8 (5)

eses, unless otherwise noted.



Table 4. Patient-reported maximum Skindex-16 toxicity
score*

Toxicity characteristic

Maximum Skindex-16 score

Change
in score p

MMF
(n = 83)

Placebo
(n = 84)

Itching 2.3 3.1 �0.8 .008
Burning or stinging 2.6 3.1 �0.5 .06
Pain 2.5 2.9 �0.4 .15
Irritation 2.6 3.4 �0.8 .01
Persistence or recurrence 2.3 3.0 �0.7 .02
Worry about skin

condition
1.5 1.8 �0.3 .45

Appearance 1.6 2.0 �0.4 .10
Frustration 1.5 1.8 �0.3 .23
Embarrassment 0.7 1.2 �0.5 .07
Annoyance 1.2 1.8 �0.6 .04
Depression 0.8 1.1 �0.3 .24
Interaction with others 0.8 1.0 �0.2 .30
Desire to be with people 0.7 0.8 �0.1 .43
Shows affection 0.8 1.0 �0.2 .79
Effect on daily activities 1.2 1.4 �0.2 .24
Work or do what enjoy 1.2 1.4 �0.2 .43
Total Skindex-16 score 1.4 1.7 �0.2 .07

Abbreviation: MMF = mometasone furoate.
* Lower score indicated less toxicity.

Fig. 2. Mean itching score by week of radiotherapy. Score mea-
sured using Skindex-16 instrument. Maximal mean Skindex-16
score was 2.3 for mometasone furoate group and 3.1 for placebo
group.

1464 I. J. Radiation Oncology d Biology d Physics Volume 79, Number 5, 2011
reduced the incidence of radiation dermatitis, both agents de-

layed the onset of the maximal clinical symptoms by 1 week

compared with the control cohort.

An analysis of the primary study endpoint in the present

trial, the maximal grade of provider-assessed radiation der-

matitis using CTCAE version 3.0, showed no significant dif-

ference in the dermatitis grades. Most patients had only grade

1 or 2 toxicity, and the narrow range of toxicity limited our
Table 5. Maximal patient-reported Skin Toxicity
Assessment Tool and Symptom Experience Diary toxicity

scores*

Characteristic

Maximal score

p
MMF

(n = 83)
Placebo
(n = 84)

Skin Toxicity Assessment Tool
Discomfort or burning 1.5 2.1 .02
Itching 1.5 2.2 .002
Pulling 1.0 1.4 .07
Discomfort or tenderness 2.1 2.5 .11

Symptom Experience Diary
Redness 5.1 6.8 .003
Dry peeling 2.7 3.4 .52
Wet peeling 1.3 1.6 .97
Weeping 1.2 1.4 .65
Rash 2.6 4.0 .01
Swelling 2.3 2.4 .70
Fatigue 4.5 5.0 .24
Decrease in color 2.3 2.1 .72
Band, stripes, or lines 1.7 1.5 .72

Abbreviation: MMF = mometasone furoate.
* Lower score indicated less toxicity.
ability to assess MMF’s effect on radiation dermatitis. How-

ever, secondary patient-reported measures of toxicity, includ-

ing the Skindex-16, Skin Toxicity Assessment Tool, and

Symptom Experience Diary, did suggest a modest benefit

in patients treated with MMF. Moreover, overall toxicity,

evaluated with CTCAE version 3.0, was decreased in the

MMF-treated patients, primarily because of decreased pruri-

tus in the MMF group. Overall, patient QOL did not appear to

be affected by use of the study agent and the reduction in tox-

icity reported for skin symptoms.

These findings are consistent with those of Bostrom et al.
(2), whose results suggested a modest reduction in radiation

dermatitis in the MMF-treated patients during breast RT. Our
Table 6. Provider-assessed maximal CTCAE version 3.0
toxicity grade

Toxicity type
and grade*

Group

pyMMF (n = 84) Placebo (n = 82)

Pruritus .005
0 33 (39) 13 (16)
1 36 (43) 50 (61)
2 14 (17) 14 (17)
3 1 (1) 5 (6)
4 0 0

Worst grade of any type
of toxicity

.04

0 23 (27) 5 (6)
1 34 (40) 50 (61)
2 25 (30) 20 (24)
3 2 (2) 7 (9)
4 0 0

Abbreviations: CTCAE = common terminology criteria for
adverse events; MMF = mometasone furoate.

*Grades 0, none; 1, mild; 2, moderate; 3, severe; and 4, life-
threatening.
y Wilcoxon rank sum test.
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results are also consistent with those from Schmuth et al.
(30), who found that 0.1% methylprednisolone decreased

patient symptoms, despite the lack of a statistically signifi-

cant reduction in the incidence of radiation dermatitis in

our study. The present study was not designed to identify

which patients might benefit most from MMF, as determined

by known risk factors such as obesity, smoking history, daily

radiation fraction size, and history of chemotherapy (4, 14).

Patients were not stratified by fraction size, although

a statistically significant difference was not present

between treatment groups according to the total RT dose.

Another unknown factor is whether MMF is effective when

its use is delayed until the onset of patient-reported symp-

toms, typically around the third week of therapy. This factor

will be addressed in a future North Central Cancer Treatment

Group trial.

The patient-reported outcomes have been defined by the

U.S. Food and Drug Administration as a measure of the pa-

tient’s health status that is obtained from the patient without

interpretation by the physician. In recent years, interest has
grown in using reports obtained directly from patients with-

out intervening interpretation by their care providers. The

patient-reported outcome measures in the present study delin-

eated a wider spectrum of toxicity than the provider-assessed

measures using the CTCAE version 3.0. Although the pri-

mary study endpoint did not show a positive effect with

MMF on reducing radiation dermatitis, the secondary mea-

sures suggested a value to the prophylactic use of MMF in re-

ducing skin toxicity during breast RT (31, 32).
CONCLUSION

No reduction in radiation dermatitis during RT for breast

cancer was observed by the medical providers with the use

of MMF, as assessed by the primary study endpoint, and

the maximum grade of radiation dermatitis, as assessed using

CTCAE version 3.0. However, MMF use reduced the skin

toxicity symptoms compared with placebo in terms of pruri-

tus, burning, redness, and other measures, as assessed by the

secondary measures in the present study.
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