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Editorial
IMPORTANCE Facial angiofibromas occur in approximately 75% of individuals with tuberous

Author Audio Interview

sclerosis complex (TSC), causing substantial morbidity and disfigurement. Current therapies are
partially effective, uncomfortable, produce scarring, and need repeating to treat recurrence.
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OBJECTIVE To evaluate the efficacy and safety of topical rapamycin for TSC-related facial
angiofibromas.
DESIGN, SETTING, AND PARTICIPANTS This prospective, multicenter, randomized,
double-blind, vehicle-controlled trial with 6 monthly clinic visits enrolled 179 patients with
TSC-related facial angiofibromas not treated within 6 months from May 2012 to March 2014
in 9 clinical sites in the United States and 1 in Australia.
INTERVENTIONS Patients were randomized (1:1:1) to topical formulation containing 0.3 g per

30 g (1%) rapamycin, 0.03 g per 30 g (0.1%) rapamycin, or vehicle alone. Participants applied
1.0 mL to designated areas daily at bedtime.
MAIN OUTCOMES AND MEASURES Angiofibroma Grading Scale (AGS) change from baseline
scored from photographs by independent masked dermatologists. Safety analyses included
adverse events (AEs) and serum rapamycin levels.
RESULTS All 179 patients randomized (99 [55.3%] female) comprised the primary analysis
population (59 in the 1% rapamycin group, 63 in the 0.1% rapamycin group, and 57 in the
vehicle-only group). The mean age was 20.5 years (range 3-61 years). Clinically meaningful and
statistically significant improvement in facial angiofibromas was observed for both 1% and 0.1%
rapamycin relative to the vehicle-only control group, and for 1% vs 0.1% rapamycin, with most
of the improvement realized within the first month. At 6 months, AGS mean improvement for
1% rapamycin was 16.7 points compared with 11.0 for 0.1% rapamycin and 2.1 points for vehicle
only (P < .001 for 1% and 0.1% vs vehicle only). Compared with baseline, end-of-treatment
photos were rated “better” for 81.8% of patients in the 1% rapamycin group, compared with
65.5% for those in the 0.1% rapamycin group and 25.5% for those in the vehicle-only group
(P < .001, all 3 pairwise comparisons). Topical rapamycin was generally well-tolerated, with no
measurable systemic absorption. Apparent drug-related adverse effects were limited to 10% or
less incidence of application site discomfort and/or pain, pruritus, erythema, and irritation.
Nearly all AEs were mild, with no drug-related moderate, severe, or serious events.
CONCLUSIONS AND RELEVANCE Topical rapamycin appears effective and safe for treatment of
TSC-related facial angiofibromas. In this trial, the preferred dose was 1% once daily. Future
studies are needed to evaluate prophylactic, early, and long-term use of topical rapamycin,
durability of response, and combination therapy with oral mammalian target of rapamycin
(mTOR) inhibitors.
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01526356
JAMA Dermatol. doi:10.1001/jamadermatol.2018.0464
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T

uberous sclerosis complex (TSC) is an autosomal
dominant genetic disorder that results in dysregulation of the mammalian target of rapamycin (mTOR)
signaling pathway.1-3 Symptoms vary among individuals,
ranging from mild to severe, and frequently include skin
lesions, kidney, heart, and brain tumors, lung disease, seizures, and intellectual disability. Facial angiofibromas occur
in approximately 75% of individuals, are associated with
substantial morbidity and disfigurement, and negatively
impact quality of life (QOL).4-7
Rapamycin inhibits mTOR activity.3,8 Trials of orally ingested mTOR inhibitors, including rapamycin and its derivatives, have demonstrated positive results for TSC-related subependymal giant cell astrocytomas, renal angiomyolipomas, and
lymphangioleiomyomatosis.9-12 Franz et al10 reported a partial
response of TSC-related skin lesions. Oral mTOR inhibitors,
however, can be associated with serious adverse effects,9,10 are
not approved for dermatologic conditions, and are not indicated in all individuals with TSC.
Tuberous sclerosis complex-related facial angiofibromas
have been treated by laser surgery, cryotherapy, dermabrasion,
or similar approaches. These treatments can be painful, may
lead to scarring, and do not prevent recurrence of lesions.13-15
Early reports of topical rapamycin treatment of TSC-related
facial angiofibromas suggested efficacy.16-28 In 2012, Koenig
et al21 reported a phase 1 randomized clinical trial in which 73%
of patients in the treatment groups reported a perceived improvement in the appearance of their facial angiofibromas compared with 38% of patients in the vehicle-only group. In 2017,
Wataya-Kaneda et al27 reported a phase 2 randomized clinical
trial showing statistically significant improvements for adults
in the high-dose treatment group and children in all treatment
groups. No study-related serious adverse events (AEs) occurred
in either study but Wataya-Kaneda et al21,27 detected low-level
systemic absorption of rapamycin in 10 patients.
The purpose of the Topical Rapamycin to Erase Angiofibromas in TSC—Multicenter Evaluation of Novel Therapy
(TREATMENT) Trial was to assess the efficacy and safety of
topical rapamycin therapy for treatment of patients with
TSC-related facial angiofibromas in a large population.

Methods
Study Design
T h i s w a s a p ro s p e c t ive , m u l t i c e nte r, r a n d o m i ze d ,
double-blind, vehicle-controlled trial (protocol provided in
Supplement 1). Patients were recruited from 9 clinical sites
in the United States and 1 in Australia. The primary study
site was the University of Texas Tuberous Sclerosis Center at
the McGovern Medical School, The University of Texas
Health Science Center at Houston (UTHealth). A list of collaborators and additional study sites is provided at the end
of the text. This study was approved by the UTHealth Committee for the Protection of Human Subjects and site institutional review boards (IRBs), as detailed in Supplement 2.
This trial was registered with ClinicalTrials.gov, identifier
NCT01526356.
E2

Key Points
Question Is topical rapamycin an effective and safe for treatment
of tuberous sclerosis complex (TSC)-related facial angiofibromas?
Findings This randomized clinical trial of 179 patients showed
clinically meaningful and statistically significant improvement in
the appearance of TSC-related facial angiofibromas were observed
for both the 1% rapamycin and 0.1% rapamycin treatment groups
vs the vehicle-only group, and also for 1% vs 0.1% rapamycin. The
topical application of rapamycin was well tolerated and systemic
absorption was not observed.
Meaning Topical rapamycin may be used to treat TSC-related
facial angiofibromas; in this trial, the preferred dose was 1%
(0.3 g rapamycin per 30 g vehicle).

Study Population
Eligible patients had a diagnosis of TSC,5 visible facial angiofibromas, and the ability to comply with trial procedures.
Patients were excluded if they were receiving rapamycin or
immunosuppressive therapy, had received an oral mTOR
inhibitor at any time, were pregnant or nursing, or had immune dysfunction, a dermatologic condition that could interfere with study assessments, known hypersensitivity to the
topical formulation or rapamycin, undergone laser surgery,
cryotherapy, or other dermatologic treatment for their facial
angiofibromas within the preceding 6 months, or participated in any interventional clinical trial within the preceding
30 days. Female patients of child-bearing potential were tested
for pregnancy prior to enrollment and required to use appropriate contraceptive methods during the trial. Patients were
enrolled by individual sites. Written informed consent was
obtained from patients or, in the case of minors or cognitively
impaired patients, a legal guardian with assent of the patient.

Randomization and Masking
Enrolled patients were randomized (1:1:1) to receive rapamycin (1% or 0.1%) or vehicle-only using a computerized random number generator. Stratification by site was performed
and each site’s randomization was performed in block sizes of
6. Randomization was performed centrally according to study
identification (ID) number by personnel not involved with
recruitment or analysis. Treatment allocation by study ID
number allowed the research pharmacy to prepare bottles of
investigational study drug product and ship the product to collaborating sites prior to enrollment. On enrollment, patients
were assigned a unique study ID number and given the appropriate bottle of study product. All bottles of experimental
product were identical in size, appearance, and texture. Product was contained in amber bottles, stored and shipped at
ambient temperature, and labeled identically except for study
ID number. The allocation key was kept by the compounding
pharmacy until completion of the study. Blinding was maintained throughout the study.

Interventions
At enrollment, each patient’s facial angiofibromas were assessed
by investigators and baseline lesion distribution documented.
Standardized frontal and 45° oblique digital facial photographs
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were taken as described in Supplement 2. Patients were provided
the experimental product and instructed to apply 1 pump
(1.0 mL) of product at bedtime to areas designated at the time
of enrollment, for 6 months. Active treatment groups received
a topical formulation containing either 0.3 g per 30 g (1%) or
0.03 g per 30 g (0.1%) rapamycin/vehicle. The vehicle-only group
received only vehicle (no rapamycin). All bottles of study drug
were identical in appearance and produced centrally by the research pharmacy. Patients were instructed to store the experimental product at room temperature in a controlled location.
Depending on age and cognitive ability, patients completed the Dermatology Life Quality Index (DLQI) or the
Children’s DLQI (CDLQI), and/or a guardian/representative
completed the Family DLQI (FDLQI).28-31 These QOL questionnaires were completed at baseline, 3 months, and 6 months.
Patients were to return monthly to the study site for digital photographs, physical examination, recording of AEs and
concomitant medication, and, if applicable, pregnancy testing. Patients were assessed visually for hypersensitivity to the
experimental product and signs of immunosuppression in the
adjacent skin or mucous membranes. Unused study drug was
collected and a new bottle of study drug dispensed.
Serum rapamycin was assessed in patient blood samples by
immunoassay (lower limit of detection <0.5 ng/mL). Initially,
blood samples were collected monthly from all patients. Blood
draws were performed during clinic visits, which typically occurred in the morning. After rapamycin was not detected in the
first several hundred samples, monthly blood sampling was discontinued by recommendation of the Data and Safety Monitoring Board (DSMB), with approval of involved IRBs (data and
safety monitoring described in Supplement 2). However, serum
rapamycin levels were assayed in all patients at the end of trial.

Original Investigation Research

size estimation determined 50 patients were needed in each
treatment group to achieve 80% power to detect an 8-point difference in AGS change assuming a standard deviation (SD) of 9
and 2-sided α of .05. The AGS was analyzed primarily using a
restricted maximum likelihood-based repeated measures
linear model including fixed effects for treatment group, site,
visit, and treatment by visit interaction, with baseline disease
severity as a covariate. An analysis of covariance (ANCOVA)
model was also used, including fixed effects for treatment group
and site, with baseline disease severity score as a covariate, using
both last observation carried forward (LOCF) and observedonly values. In addition, a global test for any differences between treatment groups was obtained from the type 3 sumsof-squares table, and the Kruskal-Wallis test used as a global test
to test if the mean ranks for disease severity were the same
among the 3 treatment groups at each of the study visits.
A secondary outcome was the photo readers’ rating (better, same, or worse) of paired baseline and end of trial photographs for each patient. Readers were shown side-by-side
images to compare, but remained unaware of treatment
assignment and chronology of images (before vs end of treatment). Overall treatment difference and pairwise comparisons were tested using the Cochran-Mantel-Haenszel (CMH)
test stratified by study site with modified ridit scores at the
2-sided α level of significance of .05.
An additional secondary outcome was QOL questionnaire scores change from baseline. The analysis methods for
QOL were the same as for AGS, but with baseline QOL score as
a covariate.
A 2-sided P = .05 was considered statistically significant
for all tests. No adjustments to P values were made to address
multiplicity of testing.

Outcome Measures
All photographs were evaluated independently by 3 boardcertified dermatology readers masked to treatment assignment, visit, and chronology of the photographs, and not involved in any other aspect of the study. The photo readers
determined unreadable photos, and therefore patient visits
unevaluable for analysis. An algorithm and adjudication rules
were used to derive a single consensus score for each patient
visit from the 3 readers’ scores.
The primary outcome was change from baseline in the
Angiofibroma Grading Scale (AGS) (eTable 1 in Supplement 2).
Secondary outcomes consisted of photo readers’ rating (better, same, or worse) of paired baseline and end-of-trial (EOT)
photographs for each patient, and QOL questionnaire scores
change from baseline.
All patients were included in safety analyses including AEs
and assessment of serum rapamycin levels. All AEs were described clinically, evaluated for severity, seriousness, and study
relatedness, and coded to MedDRA dictionary terminology. The
AEs at the site of application of study product included the
phrase “at application site.”

Statistical Analysis
Statistical processing was performed using SAS statistical software (version 9.4 or higher; SAS Institute, Inc). Prestudy sample
jamadermatology.com

Results
A total of 179 patients were enrolled and randomized from
May 2012 through March 2014: 59 (33.0%) to 1% rapamycin
treatment, 63 (35.2%) to 0.1% rapamycin, and 57 (31.8%) to
vehicle only (Figure 1). The treatment groups were generally
well balanced for baseline characteristics (eTable 2 in
Supplement 2). Of the 179 enrolled patients, 99 (55.3%) were
female and 80 (44.7%) male. The mean age was 20.5 years
(range 3-61 years). The race/ethnicity distribution was
predominantly white (121 [67.6%]), followed by black (14
[7.8%]), mixed white/Hispanic (6 [3.4%]), and then various
other combinations. For AGS, with a possible range of 0 to 202,
the mean baseline score was 46.4 (range 2.7-132.5).
For the AGS analysis, 159 (84.9%) of 179 patients had evaluable photos at both baseline and at least 1 postbaseline visit.
Use of 1% rapamycin (resulting in, at visit 7 for example, a mean
16.7-point improvement) was statistically superior to vehicle
only (2.1-point visit 7 mean improvement) overall (P < .001)
and at every individual visit (Figure 2). Use of 0.1% rapamycin (11.0-point visit 7 mean improvement) was statistically
superior to vehicle only overall (P = .01), and at P ≤ .006 at
every individual visit except visit 2 (P = .07). Use of 1% rapamycin was visually superior to 0.1% rapamycin but not
(Reprinted) JAMA Dermatology Published online May 23, 2018
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Figure 1. The TREATMENT Trial CONSORT Diagram

179 Randomized

59 Dispensed 1% rapamycin

63 Dispensed 0.1% rapamycin

57 Dispensed vehicle only

51 Completed trial
8 Did not complete
3 Lost to follow-up
2 Withdrawal by patient
1 Adverse eventa
1 Progressive disease
1 Protocol deviation

53 Completed trial
10 Did not complete
5 Lost to follow-up
2 Withdrawal by patient
1 Sponsor terminated study
1 No diagnosis of TSC
1 Noncompliance study drug

45 Completed trial
12 Did not complete
2 Lost to follow-up
6 Withdrawal by patient
1 Adverse eventb
1 Sponsor terminated study
1 Noncompliance study visits
1 Physician decision

54 Evaluable for AGS analysis
5 Excluded from analysisc

54 Evaluable for AGS analysis
9 Excluded from analysisc

49 Evaluable for AGS analysis
8 Excluded from analysisc

Figure 2. AGS Change From Baseline by Treatment Group

a

Application site rash, mild, probably
related to study drug.

b

Phlebitis superficial, moderate, not
related to study drug.

c

All patients excluded on the basis of
lacking either baseline or at least 1
postbaseline evaluable photograph.

Figure 3. Baseline to End-of-Study Paired Photographs Comparison
P <.001
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Restricted maximum likelihood-based repeated measures linear model.
AGS indicates angiofibroma grading scale; LS, least square.

Cochran-Mantel-Haenszel test.

statistically significantly superior. These results from the
repeated measures linear model are supported by similar
findings from the ANCOVA model, both using LOCF and
observed-only values, and also the Kruskal-Wallis test.
Paired baseline and end-of-trial (EOT) photographs were
available for side-by-side rating of same, better, or worse for
164 (91.6%) of 179 patients. The EOT photo was rated better
than the baseline photo in the 1% rapamycin group for 45
(81.8%) of 55 patients, compared with 38 (65.5%) of 58 patients in the 0.1% rapamycin group and 13 (25.5%) of 51 in the
vehicle-only group (Figure 3). The EOT photo was rated the
same as the baseline photo in the 1% rapamycin group for 5
(9.1%) of 55 patients, compared with 11 (19.0%) of 58 in the 0.1%
rapamycin group and 15 (29.4%) of 51 in the vehicle-only group.
The EOT photo was rated worse than the baseline photo in the
1% rapamycin group for 5 (9.1%) of 55 patients, compared with
9 (15.5%) of 58 in the 0.1% rapamycin group and 23 (45.1%)
of 51 in the vehicle-only group. Overall, 1% rapamycin and
0.1% rapamycin were each highly statistically superior to
vehicle-only (P < .001) and the 1% rapamycin was statistically superior to the 0.1% rapamycin (P = .03).

Representative patient photographs are shown in Figure 4
(additional patient photographs are provided in eFigures 1, 2,
and 3 in Supplement 2).
The QOL scores (possible range 0 to 30) in this study were
low at baseline, with mean scores of 3.6 for DLQI, 2.8 for CDLQI,
and 4.1 for FDLQI. These scores are in the severity banding
range of “small effect” on QOL (2 to 5 points). More than a quarter of patients in the study were rated with a score of 0: 28.6%
(26/91) for DLQI, 32.5% (13/40) for CDLQI, and 17.6% (16/91)
for FDLQI. Approximately 41% were rated in the severity
banding range “no effect” on quality of life (0 to 1 point): 48.4%
(44/91) for DLQI, 42.5% (17/40) for CDLQI, and 31.9% (29/91)
for FDLQI. This leaves less than 60% of patients in the study
who could have experienced any improvement in QOL. In
general, QOL scores decreased substantially from baseline to
visit 4 and often further to visit 7. The observed change from
baseline to visit 4 may represent a regression to the mean
phenomenon. There was no apparent rapamycin treatment
effect and no statistically significant differences among the
treatment groups for DLQI, CDLQI, or FDLQI.
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Figure 4. Patient Photographs
A Baseline clinical image

B

Baseline clinical image

C

Baseline clinical image

D Posttrial clinical image

E

Posttrial clinical image

F

Posttrial clinical image

Frontal photographs taken at
baseline (A-C) and paired with end of
trial photographs (D-F) for 3 patients
in the 1% rapamycin treatment group.

All patients were evaluated for safety. The overall rate of
completion of this 6-month study was 83.2%, and highest for
1% rapamycin (86.4%), followed by 0.1% rapamycin (84.1%) and
vehicle-only (78.9%) (Figure 1). Two patients were withdrawn owing to an AE, only 1 of which was a suspected drug
reaction (mild application site cutaneous eruption). The incidence of individual AEs, patients with at least 1 AE, and patients with at least 1 AE at least possibly related to study drug
all increased as function of rapamycin concentration (Table).
There were no deaths or drug-related serious AEs. Nearly all
AEs were mild, and there were no drug-related moderate or
severe AEs. Based on a comparison of incidence, the AEs most
likely attributable to the addition of 1% rapamycin to the vehicle formulation were application site pain, application site
pruritus, application site erythema, application site irritation, and possibly sunburn. The data suggest that application
site acne and acne may be associated with the vehicle itself,
and not the addition of rapamycin. No apparent hypersensitivity or allergic-type AEs were reported. The application of
study drug did not appear to predispose to cutaneous infecjamadermatology.com

tion. Systemic absorption of rapamycin was not detected in any
of the more than 500 blood samples assayed.

Discussion
To our knowledge, the TREATMENT Trial is the largest randomized clinical trial to date to evaluate efficacy and safety
of topical rapamycin treatment of TSC-related facial
angiofibromas.16-28 Clinically meaningful and statistically significant improvement in the appearance of facial angiofibromas was observed for both 1% and 0.1% rapamycin treatment
groups relative to the vehicle-only control, and for 1% vs 0.1%
rapamycin, with most of the improvement realized within the
first month.
The safety findings from this study reinforce the findings
from previous clinical trials and published literature of topical rapamycin. Topical rapamycin was generally welltolerated and demonstrated a favorable AE profile, with no
measurable systemic absorption and with apparent drug(Reprinted) JAMA Dermatology Published online May 23, 2018
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Table. Adverse Events
No. (%)

Event

1%
Rapamycin
(n = 59)

0.1%
Rapamycin
(n = 63)

Vehicle
Only
(n = 57)

Individual AEs

44/99 (44.4)

36/99 (36.4)

19/99 (9.2)

Patients with ≥1 AE

24 (40.7)

19 (30.2)

11 (19.3)

Patients with
≥1 drug-related AEa

18 (30.5)

11 (17.5)

6 (10.5)

Patients with
≥1 AE grade 3 or 4b

1 (1.7)

1 (1.6)

2 (3.5)

Patients with
≥1 serious AEb

2 (3.4)

1 (1.6)

1 (1.8)

Application site pain

6 (10.2)

2 (3.2)

1 (1.8)

Application site
pruritus

5 (8.5)

0

1 (1.8)

Application site acne

3 (5.1)

1 (1.6)

1 (1.8)

Cutaneous eruption

1 (1.7)

2 (3.2)

1 (1.8)

Pruritus

0

2 (3.2)

2 (3.5)

Application site
erythema

2 (3.4)

1 (1.6)

0

Sunburn

2 (3.4)

1 (1.6)

0

Application site
irritation

1 (1.7)

2 (3.2)

0

Acne

0

2 (3.2)

1 (1.8)

Nasopharyngitis

2 (3.4)

0

0

Nasal congestion

2 (3.4)

0

0

Application site
papules

1 (1.7)

1 (1.6)

0

Sinusitis

1 (1.7)

1 (1.6)

0

Application site
paraesthesia

1 (1.7)

0

1 (1.8)

Nausea

0

2 (3.2)

0

Mouth ulceration

0

1 (1.6)

1 (1.8)

Cough

0

1 (1.6)

1 (1.8)

Most common AEsc

Abbreviation: AEs, adverse events.
a

Drug-related AEs are those assessed by the investigator as possibly, probably,
or definitely related to study drug, and does not include AEs assessed as not
related or unknown.

b

None assessed as related to study drug.

c

AEs experienced by 2 patients or more (ⱖ1.1%) in the study, regardless of
assessed relatedness to study drug, by MedDRA dictionary preferred terms.

related AEs limited to 10% or lower incidence of discomfort/
pain, pruritus, erythema, and irritation at the application site.
Nearly all AEs were mild severity, and there were no drugrelated serious events or drug-related moderate or severe
events. Only 1 patient was withdrawn from the study owing
to an AE, for a mild facial cutaneous eruption.
The findings of this trial extend the available knowledge
of topical rapamycin, attesting to the generalizability of
findings.16-28 Serious AEs occurred in this TREATMENT Trial
as well as in prior studies but none were considered related to
treatment.16,20,21,27 Treatment-related AEs were generally
mild and dermatologic in nature, occurring at or near the site
of application of the topical formulations. 16-18,20-23,26,27
Rarely did such events prompt patients to cease therapy.21
Hence, topical rapamycin treatment appears to present a
satisfactory balance of benefits to harms.16-28
E6

Franz et al 10 demonstrated oral mTOR inhibitors are
partially effective for treatment of TSC-related skin lesions.
Patients receiving oral mTOR inhibitor therapy were excluded
from the TREATMENT Trial; however, because no systemic
absorption of rapamycin was observed, it is worthwhile to
contemplate whether topical rapamycin might be safe and/or
at least additive as adjunctive therapy for patients receiving
oral mTOR inhibitors.16-28 No studies to date have addressed
whether concomitant use of topical and oral mTOR inhibitors
might lead to high levels of the drug in the skin or an
increased risk for or exacerbation of AEs.
A limited number of small studies have evaluated the use
of topical rapamycin for treatment of other TSC-related skin
lesions.32-35 The efficacy and safety of topical rapamycin with
respect to these lesions remains uncertain.
Systemic use of rapamycin is associated with a variety of
adverse reactions.36 Some adverse reactions, such as hypersensitivity and increased susceptibility to infection and skin
cancer, may also be relevant with chronic use of topical
rapamycin.

Limitations
There are caveats and limitations to this study. Although the
study was terminated before the prespecified enrollment of
230 patients, the enrolled patient sample size provided sufficient statistical power for the study. Although some efficacy
analyses showed continued small incremental improvement
through the last visit on study, the 6-month duration of the trial
appears appropriate for the evaluation of most of the effect of
the study drug. The DLQI questionnaire may not be established as an appropriate QOL instrument for TSC-related
facial angiofibroma, was not sensitive enough to capture the
effect of the disease at baseline, and therefore was not an appropriate tool for the assessment of any change from baseline
in QOL. Also, the cognitive impairment that is inherent in
many patients with TSC presents a challenge with any selfassessment questionnaire that might be used in this patient
population. This study was not designed to assess whether the
application of topical rapamycin to newly forming angiofibromas may be more effective than for well-established lesions.
The study prohibited the concomitant use of topical and oral
administration of rapamycin, and therefore did not evaluate
the safety or efficacy of such coadministration, although it is
conceivable that topical rapamycin might produce additive
improvement of facial angiofibromas if used adjunctly in
patients receiving an oral mTOR inhibitor. This study did not
continue to monitor patients after discontinuation of study
treatment, and therefore provides no information on the
durability of benefit after treatment is stopped.

Conclusions
Topical rapamycin therapy appears effective and safe for
treatment of TSC-related facial angiofibromas. In this trial,
the integrated efficacy and safety findings indicate that 1%
rapamycin is preferrable to 0.1% rapamycin. Future studies
are needed to explore long-term effic acy and safety
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of topical rapamycin therapy, the durability of response,
whether prophylactic or very early use of topical rapamycin
in patients with TSC alters the natural history of facial
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