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Abstract Facial angiofibromas are hamartomatous growths that are closely associated with
tuberous sclerosis complex and, in fact, they constitute one of the main diagnostic criteria for
that disease. These lesions composed of blood vessels and fibrous tissue appear on the face at an
early age. Since they have important physical and psychological repercussions for patients, several treatment options have been used to remove them or improve their appearance. However,
the lack of treatment guidelines prevents us from developing a common protocol for patients
with this condition.
The present article aims to review the treatments for facial angiofibromas used to date and
to propose a new evidence-based treatment protocol.
© 2012 Elsevier España, S.L. and AEDV. All rights reserved.

Opciones terapéuticas actuales para los angiofibromas faciales
Resumen Los angiofibromas faciales son tumoraciones hamartomatosas íntimamente relacionadas con el complejo de la esclerosis tuberosa, y representan uno de los criterios mayores
para el diagnóstico de la enfermedad. Su aparición desde edades tempranas en la región facial,
así como su naturaleza fibrovascular, producen importantes repercusiones físicas y psicológicas
en estos pacientes, lo que ha motivado la utilización de múltiples tratamientos para su eliminación o mejora. Sin embargo, no existen guías de tratamiento que permitan establecer un
protocolo de actuación común en este tipo de pacientes.
El objetivo de este artículo es revisar los tratamientos utilizados hasta la fecha para los
angiofibromas faciales en función de la evidencia científica demostrada e intentar aportar un
protocolo terapéutico.
© 2012 Elsevier España, S.L. y AEDV. Todos los derechos reservados.
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Tuberous sclerosis is a genodermatosis with an autosomal dominant inheritance pattern and variable expression.
It is characterized by the formation of multisystemic
hamartomas.1 The tumor suppressor genes TSC1 and TSC2
encode the proteins hamartin and tuberin, which form
a complex that inhibits mammalian target of rapamycin
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on the central part of the face bilaterally and symmetrically, and they characteristically affect the nasolabial folds.
Isolated cases of unilateral facial angiofibromas, in some
cases associated with other manifestations of tuberous sclerosis, have been reported.7,8 These cases could correspond
to segmental forms of tuberous sclerosis.
Facial angiofibromas appear in up to 80% of patients with
tuberous sclerosis and are a major diagnostic criterion for
tuberous sclerosis.9 They begin to appear between 2 and 5
years of age and progressively increase in number and size
before stabilizing after adolescence.
Although facial angiofibromas are closely related to
tuberous sclerosis, they can appear as manifestations of
other entities, such as neurofibromatosis type 2,10 Birt-HoggDubé syndrome,11 and multiple endocrine neoplasia type
1.12 Exceptionally, multiple bilateral facial angiofibromas
not associated with any systemic manifestations can occur.13
Because facial angiofibromas have both physical repercussions (nasal obstruction, bleeding after minor trauma)
and psychological repercussions (emotional and self-image
problems),14,15 multiple treatments have been used to eliminate these growths and increase patients’ quality of life.

Material and Methods

Figure 1 Dome-shaped growth formed by a dermal proliferation of fibroblasts and dilated blood vessels, surrounded
by collagen fibers. Hyperkeratotic epidermis with melanocytic
hyperplasia (hematoxylin-eosin, original magnification × 10).

(mTOR), a fundamental protein in the regulation of cell proliferation and differentiation. The broad clinical spectrum
of tuberous sclerosis is due to the presence of mutations
in TSC1 and TSC2, which cause dysregulation of mTOR
signaling, giving rise to uncontrolled cell proliferation and,
consequently, the appearance of hamartomas in different
parts of the body, including the skin, brain, kidneys, lungs,
heart, and eyes.2
Cutaneous manifestations of tuberous sclerosis include
facial angiofibromas, hypopigmented macules (‘‘ash leaf
spots’’), shagreen patches, periungual fibromas, and the
recently described folliculocystic and collagen hamartoma.3
In 1880, Bourneville4 included the facial lesions presented by patients with tuberous sclerosis under the name
acne rosacea; these lesions, together with mental retardation and convulsions, formed a characteristic clinical
triad. Pringle5 later coined the term adenoma sebaceum
to describe these growths. With the development of
histopathology, this term was abandoned because it was
seen as confusing: the lesions are not an adenomatous
proliferation of sebaceous glands but rather a dermal proliferation of fibroblasts and collagen fibers accompanied by
an increase in dilated blood vessels with irregular surfaces6
(Fig. 1). Because of these morphological findings, the term
facial angiofibroma has replaced the older, erroneous terms.
Facial angiofibromas are hamartomatous growths that
appear as multiple small, pinkish, erythematous papules
that tend to coalesce to form plaques. They usually appear

We conducted a literature search using the MEDLINE,
EMBASE, Medicina en Español (MEDES), Índice Médico
Español (IME), and Cochrane Library databases. We reviewed
articles in English and Spanish published between 1992
and August 2012, as well as their references. We
also consulted ongoing clinical trials at the website
http://www.clinicaltrial.gov.

Results
There has only been 1 randomized controlled trial evaluating
the treatment of facial angiofibromas associated with tuberous sclerosis. The rest of the available treatments are based
on data from small case series and isolated case reports. In
addition, all methods for measuring severity and response
to treatment are subjective, and only 1 method has yielded
data with intra- and interobserver reliability.16

Physical Treatments
Since tuberous sclerosis was first described, various physical
treatments have been used to correct facial angiofibromas.
All of these treatment modalities are invasive and painful
and therefore require the use of anesthesia. Although
they can yield good results, especially in patients with
severe facial angiofibromas, these treatments can lead
to complications such as hypertrophic scars, pigmentation
disorders, and postoperative infections. Additionally, their
success depends to a large extent on the dermatologist’s
expertise and prior experience with the technique.

Radiofrequency Ablation
Radiofrequency ablation has been used, with good results,
in 2 adult patients with dark skin phototypes, although
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Figure 2

A, Patient with multiple large facial angiofibromas. B, Result 9 months after treatment with electrosurgery.

postinflammatory hyperpigmentation occurred and the
lesions reappeared.17,18

Cryotherapy
There have been anecdotal reports of cryotherapy being
used to treat facial angiofibromas in 3 isolated cases.19,20
This method is inexpensive and easy to apply and does
not require anesthesia, but it requires several sessions and
patient collaboration----which is not possible in many cases
because of the psychological alterations associated with
tuberous sclerosis----and yields limited results.

have proposed the use of cultured epithelial autografts26
or artificial dermis.27 Hori et al.26 used cultured autologous epidermal grafts in 5 adults following the removal of
multiple large facial angiofibromas via shave excisions and
dermabrasion. Reepithelization was rapid and there were no
complications. However, because the process requires general anesthesia and the full cooperation of the patient to
ensure graft survival, several patients had to be sedated during the postoperative period. Some regrowth of the lesions
occurred 4 to 5 years after the procedure and retreatment
was necessary in 2 patients.

Laser Treatments
Electrocoagulation
Electrocoagulation has been used to treat large facial
angiofibromas, with good results (Fig. 2). However, the
quality of the results depends to a large extent on the dermatologist’s experience, and the risk of scarring and other
postoperative complications is high. More specific techniques that make it possible to control the electrical power
more precisely have therefore been developed. Capurro
et al.21 obtained good long-term results in a patient with
facial angiofibromas by using timed surgery, an electrosurgical procedure that allows the physician to set the energy
and emission-time parameters.

Dermabrasion
Dermabrasion has been used by several authors, with good
results.22---25 In this technique, the largest lesions are treated
with shave excision before the remaining lesions are treated
with dermabrasion under general anesthesia. The risk of
postinflammatory hyperpigmentation, scarring, and recurrence in the medium to long term is very high. To avoid these
complications and minimize the healing time, some authors

The development of laser treatments and their introduction in dermatology has allowed a more precise approach to
treating various diseases, with excellent results and fewer
adverse effects.
Various types of laser have been used in the treatment of
facial angiofibromas. The first types of laser to be used were
ablative argon28,29 and carbon dioxide (CO2 ) lasers.30,31 With
the introduction of new equipment such as copper vapor
lasers,32 argon lasers, potassium-titanyl-phosphate (KTP)
lasers,33,34 and, especially, pulsed dye lasers (PDL),35---38
numerous authors began to treat facial angiofibromas with
these types of lasers using the principle of selective photothermolysis. Later, PDL started to be used in combination
with other light sources such as with 5-aminolevulinic acid
photodynamic therapy39 and fractional resurfacing,40 with
good results. Table 1 summarizes all of the studies that have
reported more than 2 cases of facial angiofibromas treated
with various types of laser.34,35,37,39---42
CO2 lasers have been shown to be effective in both
the continuous-wave and superpulsed modes of operation,
with similar results (Fig. 3). The ablative effect of CO2
lasers has made it possible to treat larger facial angiofibromas and carry out deeper resurfacing, leading to more

Case Series of Patients With Facial Angiofibromas Treated With Laser Therapy.

Study

No. of
Patients

Type of Laser

Male/
Female,
No.

Mean Age
(Range)

Mean No. of
Sessions
(Range)

Response (%)

Follow-up

Adverse Effects

Boixeda et al.35 (1994)

10

6/4

16.5 (10-23)

1

Excellent (70)
Good (30)

4-20 mo
No recurrence

Hyperpigmentation (10%)
Hypertrophic scars (30%)

Tope et al.34 (2001)

5

CO2 (7)
Argon (2)
PDL (1)
KTP

1/4

-

1-5

Total (100)

Bittencourt et al.42 (2001)

10

CO2

7/3

30.3 (17-64)

1

Hyperpigmentation
Hypopigmentation
Hypopigmentation (20%)
Acneiform eruptions (30%)
Hyperpigmentation (10%)

Papadavid et al.37 (2002)

29

CO2 (13)
PDL (12)
CO2 + PDL (4)

14/15

22.6 (9-48)

2.8 (1-6)

Excellent (60)
Good (20)
Moderate (10)
Minimal (10)
Excellent (82.8)
Moderate (10.3)
Poor (6.9)

6-12 mo
No recurrence
24 mo
Recurrence: 80%

24-60 mo
Recurrence: 3.4%

Belmar et al.41 (2005)

23

CO2

7/16

22.5 (12-39)

1.9 (1-3)

CO2 :
-Hypertrophic scars (53.8%)
-Hyperpigmentation: (15.4%)
PDL: none
Overall rate: 21.9%

Weinberger et al.39 (2009)

6

PDT + PDL

4/2

22.6 (10-33)

2.5 (1-4)

Weiss et al.40 (2010)

3

PDL + AFR

3/0

20 (13-30)

1.6 (1-2)

Excellent (39.1)
Good (56.5)
Moderate (4.3)
↓ Erythema (100)
↓ Size (100)
↓ Number (33)
↓ Erythema (100)
↓ Size (100)

6-120 mo
Recurrence: 60.9%
48 mo
Recurrence: 33%

No

3-10 mo
No recurrence

No
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Table 1

Abbreviations: AFR: ablative fractional resurfacing; CO2 , carbon dioxide laser; KTP, potassium-titanyl-phosphate laser; PDL, pulsed dye laser; PDT, photodynamic therapy.
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Tranilast

Figure 3 A, Localized facial angiofibromas on the nose,
cheek, and nasolabial fold. B, Result after treatment with CO2
laser. Courtesy of Dr Pablo Boixeda.

effective treatment, but with more complications, such as
hypertrophic scarring, which can appear in up to 53.8% of
cases.37 General anesthesia is usually necessary, although
the procedure can be performed under local anesthesia in
some cases of localized lesions. In the study with the longest
follow-up period carried out to date,41 lesions recurred
in 60.9% of patients and the mean recurrence time was
3 years. Recurrence began as an increase in the volume
of the lesions followed by an increase in the number of
lesions, and patients younger than 20 years of age had earlier recurrences than older patients. Bittencourt et al.42
treated 10 patients with CO2 laser and classified them
in 3 groups according to trends in response and longterm maintenance. Two groups of patients showed a good
response to treatment at 6 months; long-term efficacy
was maintained in 1 group and lesions reappeared in the
other. The third group of patients invariably showed a poor
response.
PDL has been used to treat facial angiofibromas because
of the major vascular component of these lesions. Papadavid et al.37 obtained good results in 16 patients who had
facial angiofibromas with a predominantly vascular component. Improvement in erythema was observed in more than
90% of patients. However, no decrease in the fibrous component was observed, and as a result more than half of the
patients had to be treated with electrosurgery in addition
to CO2 laser. The PDL treatment achieved the best results
in children, who showed no signs of recurrence after 2 to 5
years of follow-up.
Although no clinical trials or prospective studies have
been carried out, the trends observed in the literature suggest that patients with facial angiofibromas with a large
vascular component and lower volume could benefit from
PDL treatment, whereas CO2 laser would be especially useful in patients whose lesions have a more pronounced fibrous
component.

Medical Treatments
Although physical treatments have generally been selected
to treat facial angiofibromas, some drugs have also been
used in isolated cases. The use of new topical formulations
has recently opened up a new therapeutic perspective in the
treatment of facial angiofibromas.

Tranilast (N-[3,4-dimethoxycinnamoyl]-anthranilic acid) is
an antiallergic drug that was approved in 1982 for use
in Japan and South Korea in the treatment of bronchial
asthma. The discovery of the drug’s antiproliferative
properties----inhibition of growth factors such as transforming growth factor-␤, reduction of mast-cell cytokine
secretion, and inhibition of metalloproteinase secretion in
the extracellular matrix----provided a rationale for its use in
the treatment of keloids and hypertrophic scars.43
Wang et al.44 treated 3 adults with tuberous sclerosis with
oral tranilast at a dose that increased from 1 to 5 mg/kg/d
for 3 years. Erythema improved and the size of the facial
angiofibromas decreased in 2 patients. A reduction in periungual fibromas was observed in 2 patients, although none of
the patients showed improvement in achromic macules. The
authors observed no adverse effects. Because the patients
were not followed up, it is not known whether the lesions
recurred after tranilast was withdrawn.

Podophyllotoxin
Podophyllotoxin is an alkaloid derivative that has been used
for years in the treatment of genital warts and actinic
keratoses. Only 1 case has been reported of podophyllotoxin being used in the treatment of facial angiofibromas
associated with tuberous sclerosis.45 A 25% podophyllotoxin
solution was applied once monthly for 3 months and a partial response was achieved. There were no adverse effects
except a burning sensation on application of the treatment.

Sirolimus (Rapamycin)
Sirolimus is a molecule that belongs to a group known as
mTOR inhibitors. It is currently approved for use in the prevention of organ rejection in patients who have undergone
a kidney transplant and in drug-eluting coronary stents.
The molecular mechanism of action of sirolimus is partially understood. Sirolimus induces immunosuppression by
blocking the cell cycle of T cells at the transition from the
G1 phase to the S phase, thereby preventing T cell activation and antibody production. The antitumor effect of
sirolimus is based on its ability to normalize abnormally
increased mTOR signaling in tumor cells and inhibit angiogenesis by causing levels of vascular endothelial growth
factor to decrease.46
Because of the aforementioned antiproliferative effects
of sirolimus and its analogs (everolimus, temsirolimus,
ridaforolimus), clinical trials of the drug in the treatment
of various tumors have been carried out.46---54
Hofbauer et al.55 and Tarasewicz et al.56 reported
considerable improvement in facial angiofibromas in 2
patients with tuberous sclerosis who had undergone a kidney transplant following oral administration of sirolimus as
a prophylaxis against rejection. This effect was corroborated in a subsequent clinical trial46 in which the authors
observed subjective improvement of facial angiofibromas
in 57% of patients after 52 weeks of treatment with oral
sirolimus. However, because of the potential adverse effects
of sirolimus, oral use of this drug would not be justified to
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treat facial angiofibromas in patients with no other associated abnormalities.
Haemel et al.57 reported the first case of facial angiofibromas treated with topical sirolimus. Supported by an
animal model58 and safety data from a clinical trial carried
out in patients with psoriasis,59 the authors developed a 1%
sirolimus ointment. A decrease in lesion size and erythema
was observed after 3 months of treatment with the ointment. A further 59 cases with different dosage regimens and
results have subsequently been reported.16,57,60---67
Because of the wide range of formulations and dosages
that have been used, and the lack of common measurement
systems for evaluating response to treatment, it is extraordinarily difficult to interpret the data from these studies
(Table 2). Only in 2 studies16,67 have systematized scales
been used to assess erythema, size, extent, and prominence
of facial angiofibromas and, of these scales, only the Facial
Angiofibroma Severity Index has yielded data with intra- and
interobserver reliability.16
Wataya-Kaneda et al.67 carried out the first controlled
study of topical sirolimus. The authors evaluated the
response of 9 patients who were treated with a 0.03%
tacrolimus ointment on half of the face and with 0.03%
tacrolimus ointment containing 0.2% rapamycin on the other
half. The authors quantified the effectiveness of the treatment by tallying partial scores assigned for the observed
improvement in the erythema, size, and thickness of the
facial angiofibromas. A score of 2 points was assigned for an
improvement of more than 80%, 1 point for improvement of
50% to 80%, and 0.5 points for improvement of 20% to 50%.
The final mean score for the 9 patients was 0.5 for the area
treated with tacrolimus only and 2.6 for the area treated
with sirolimus (P < .001).
In a recent controlled clinical trial,63 28 patients
were treated with a formulation containing sirolimus and
polyvinylidene fluoride (PVDF), an agglutinating polymer
used as a vehicle to make the formulation more occlusive
and favor the absorption of the active ingredient. Subjects
were randomized and assigned to 1 of 3 treatment groups:
0.015% sirolimus, 0.003% sirolimus, or PVDF only. The formulation was applied once daily for 24 weeks. No statistically
significant differences between the treatment groups were
found. However, of the 23 patients who completed the study,
73% in the treatment groups reported that they ‘‘got better’’
while using the treatment versus 38% in the placebo group.
None of the patients had detectable sirolimus plasma levels in the blood or abnormalities in their complete blood
counts. One patient had an episode of aspiration during a
seizure and developed pneumonia, which subsequently progressed to septic shock. However, this study had important
limitations. The authors did not define the initial severity of
the lesions, use researcher-assessed methods for measuring
efficacy, or carry out intermediate controls during treatment
in order to monitor clinical course in the patients.
Given that no commercialized topical sirolimus preparations exist, physicians have developed compounds at
different concentrations by crushing and sifting commercially available sirolimus tablets (Rapamune).60 The use of
sirolimus in powder form has considerably improved the
physical properties of sirolimus formulations and reduced
their cost.68 Some authors have applied the commercially available oral sirolimus solution (1 mg/ml) to facial
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Figure 4 A and C, Multiple facial angiofibromas in patients
with tuberous sclerosis. B and D, Improvement in erythema,
size, and extent of the lesions after 9 months of treatment with
0.4% sirolimus ointment.

angiofibromas, either alone61,64---66 or in combination with
emollients.62
Topical treatment with sirolimus has been found to
decrease the size of facial angiofibromas and accelerate
the resolution of erythema (Fig. 4), and it has been suggested that this treatment is more effective in younger
patients.60,61 However, studies with larger sample sizes are
needed in order to substantiate the observed trends.
The literature on sirolimus shows that the drug has a
good safety profile. Only 6 cases of local irritation have been
reported. Of these cases, 4 were related to the direct application of the oral sirolimus solution (1 mg/ml) and the other
2 were related to the sirolimus-PVDF formulation. No systemic adverse effects have been observed and the sirolimus
plasma levels have been below the limits of detection in 49
of the 50 patients who were tested. Sirolimus has only been
found in the blood of 1 patient, and the amount detected
was well below therapeutic levels and the toxicity range.61
Because the use of sirolimus and everolimus has been
associated with the possible impairment of the wound healing process,69,70 it has been recommended that topical
sirolimus not be applied on wounds.
It was initially suggested that the incidence of lymphomas and skin cancer is higher than normal in patients
treated with oral sirolimus.71 However, this claim has been
refuted by various studies that have shown that patients
who have received long-term treatment with sirolimus have
a lower overall incidence of cancer72 as well as lower rates
of lymphoma73 and nonmelanoma skin cancer,74 specifically.
There are no data on the possibility of facial angiofibromas growing back after suspension of treatment. Only
1 study has reported recurrence of erythema (1 month after
withdrawal of the formula).67
Topical sirolimus has also been used in 2 patients with
hypomelanotic macules associated with tuberous sclerosis,
and clearance of the lesions was achieved after 3 months of
treatment.75
Other mTOR inhibitors have also been shown to be effective in the treatment of facial angiofibromas. In a clinical
trial of everolimus for the treatment of subependymal giantcell astrocytomas, 13 of 15 patients reported subjective
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Table 2

Articles About Treatment of Facial Angiofibromas With Topical Sirolimus.

Author (Year)

No. of
Patients

Age,
Mean, y

Male/Female,
No.

Sirolimus
Formulation

Application
Regimen

Follow-up,
wk

Efficacy

Adverse
Effects

Sirolimus Plasma Levels

Haemel et al.57
(2010)
Kaufman
et al.62 (2012)
Wataya-Kaneda
et al.67 (2011)

1

16

1/0

1% ointment

1/12 h

12

SIR

No

Undetectable

2

13.5

2/0

1/24 h

12

SIR

No

Not tested

9

17

3/6

Oral solution + emollient
0.2% sirolimus in
0.03% tacrolimus

1/12 h

16

Mean (SD)
final score:
2.61 (1.5-4)

No

Undetectable 9/9

Mutizwa et al.64
(2011)

2

20.5

2/0

0.03% tacrolimus
Oral solution

1/12 h

10

SIR

Undetectable 2/2

Salido et al.16
(2012)

10

13.5

5/5

0.4% ointment

3/wk

36

Undetectable 10/10

DeKlotz et al.60
(2011)
ValeronAlmazan
et al.66 (2012)
Truchuelo
et al.65 (2012)
Foster et al.61
(2012)

1

-

-

1% ointment

1/12 h

4

Mean
improvement (FASI):
60.2%
SIR

Local
irritation
2/2
No

No

Not tested

1

27

1/0

Oral solution

1/12 h

12

SIR

No

Not tested

1

11

1/0

4

SIR

No

Undetectable

4

11.3

2/2

1%
1/24 h
sirolimus + emollient
0.1% ointment
1/12 h

24

75% MSI

Local
irritation
2/4

Undetectable 3/4

Koenig et al.63
(2012)

28

23

15/13

24

SIP

Local
irritation
2/28

Undetectable 23/23

Oral solution
0.003%
sirolimus + PVDF

Sirolimus:
73%
PVDF: 38%

Abbreviations: FASI, Facial Angiofibroma Severity Index; PVDF, polyvinylidene fluoride; SIP, subjective improvement assessed by patient; SIR, subjective improvement assessed by researcher.
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0.015%
sirolimus + PVDF
-PVDF

1/24 h
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Degree of severity
Facial angiofibromas
(FASI)
Severe

Mild

Moderate

Large FA?
No

Topical sirolimus

Child

No response

Yes

Adult

Laser

No response

FA ↑ vascular

FA ↑ fibrous

PDL

CO2

Curettage
+
Dermabrasion
or
Electrocoagulation

Figure 5 Proposed therapeutic algorithm for facial angiofibromas. CO2 indicates carbon dioxide laser; FA, facial angiofibroma;
FASI, Facial Angiofibroma Severity Index; PDL, pulsed dye laser.

improvement of facial angiofibromas.50 There have been no
studies on the possible topical use of everolimus.
The development of new mTOR inhibitors such as temsirolimus and ridaforolimus, currently used in the treatment
of various types of cancer,48,49 could play a role in controlling
cutaneous manifestations of tuberous sclerosis.

Conclusions
At present, it remains difficult to try to systematize the
treatments used for facial angiofibromas. Because of the
low prevalence of these growths, clinical trials have been
scarce and therapeutic alternatives have only been used in
isolated cases and small case series.
The treatments traditionally used for facial angiofibromas involve invasive techniques and the possibility of
complications and permanent sequelae. Surgery, electrocoagulation, cryotherapy, chemical peelings, and laser therapy
have been the most commonly used treatments. The introduction of sirolimus in recent years has revolutionized the
treatment of facial angiofibromas. Topical use of sirolimus,
to avoid the potential adverse effects of systemic use, has
been shown to be very safe. Treatment with topical sirolimus
has so far yielded encouraging results in terms of the drug’s
efficacy in reducing erythema and lesion size.
In our experience with topical sirolimus, we have
observed a rapid response to treatment in practically all
patients. In just a few days, erythema subsides and the

size and extent of the lesions subsequently decrease progressively. Our best results have been achieved in young
patients with small, low-volume facial angiofibromas; in
some such patients, complete resolution of the lesions has
been achieved with treatment. In adults with lesions that
have a more pronounced fibrous component, the response
is slower and the results are inferior. The stabilization of
facial angiofibromas after adolescence could play a role in
the more favorable response seen in younger patients. Other
authors have reported the same findings.61 It is therefore
possible to define a profile of potentially good responders:
young patients with facial angiofibromas in which the erythematous component is more developed than the fibrous
component and lesions that are not very elevated.
Physical treatments remain in use today despite their
potential for complications. Patients with severely disfiguring facial angiofibromas can obtain the greatest benefit
from these techniques. Although the results tend to be satisfactory, the possibility of recurrence is quite high. The
combination of laser therapy or dermabrasion and topical
sirolimus for maintenance after the lesions have healed
completely could be very useful in patients with severely
disfiguring facial angiofibromas.
Because public institutions and private entities have
been making considerable efforts to control pharmaceutical
expenses, the high cost of these treatments can be a barrier
to their use. The per-patient monthly cost of this treatment
was initially very high due to the concentrations and regimens used and the fact that the formulations were prepared
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using oral sirolimus tablets. Because the active ingredient has since became available in powder form through
pharmaceutical laboratories at a much lower price and the
concentrations used have decreased, the cost of preparing
the formulation is now much lower. As a result, this treatment is now very cost-effective and feasible for ongoing use
in patients with facial angiofibromas.
In contrast, laser treatments are expensive because they
require special equipment, an operating room equipped for
general anesthesia, and posttreatment hospitalization. The
high cost of laser treatment is a barrier to access for many
patients.
The introduction of topical sirolimus has made it possible to significantly improve the appearance of patients with
facial angiofibromas and avoid the complications that can
arise from conventional treatments. On the basis of the published data and the experience of our group, we propose
an algorithm for the management of facial angiofibromas
(Fig. 5). The clinical trials currently underway76 and future
comparative trials will provide additional scientific evidence
regarding safety and efficacy, making it possible to establish
more precise treatment indications.

Ethical Disclosures
Protection of persons and animals. The authors declare
that no experiments were performed on humans or animals
for the purpose of this study.
Data confidentiality. The authors declare that they have
followed the protocols of their hospitals concerning the publication of patient data and that all patients included in this
study were appropriately informed and gave their written
informed consent.
Right to privacy and informed consent. The authors
declare that no patient data are disclosed in this article.

Conflicts of Interest
The authors declare that they have no conflicts of interest.

Acknowledgments
We are grateful to Dr Juan Salvatierra of the pathology
department at Hospital Universitario Reina Sofía.

References
1. Curatolo P, Bombardieri R, Jozwiak S. Tuberous sclerosis.
Lancet. 2008;372:657---68.
2. Sampson JR. Therapeutic targeting of mTOR in tuberous sclerosis. Biochem Soc Trans. 2009;37:259---64.
3. Torrelo A, Hadj-Rabia S, Colmenero I, Piston R, Sybert VP,
Hilari-Carbonell H, et al. Folliculocystic and collagen hamartoma of tuberous sclerosis complex. J Am Acad Dermatol.
2012;66:617---21.
4. Bourneville D. Sclérose tubéreuse des circonvolutions
cérébrales: Idiotie et épilepsie hemiplégique. Arch Neurol
(Paris). 1880;1:81.

R. Salido-Vallejo et al.
5. Pringle J. A case of congenital adenoma sebaceum. Br J Dermatol. 1890;2:1.
6. Weedon D. Tumors and tumor-like proliferations of fibrous and
related tissues. In: Weedon D, editor. Weedon’s Skin Pathology.
3rd Ed London: Churchill Livingstone Elsevier; 2010. pp. 810---2.
7. Bordel-Gomez MT, Monteagudo-Sanchez B, Alvarez-Fernandez
JC. Multiple unilateral facial angiofibromas: description of a
new case. Actas Dermosifiliogr. 2008;99:824---7.
8. Trauner MA, Ruben BS, Lynch PJ. Segmental tuberous sclerosis presenting as unilateral facial angiofibromas. J Am Acad
Dermatol. 2003;49:S164---6.
9. Roach ES, Gomez MR, Northrup H. Tuberous sclerosis complex
consensus conference: revised clinical diagnostic criteria. J
Child Neurol. 1998;13:624---8.
10. Jaffe AT, Heymann WR, Schnur RE. Clustered angiofibromas on
the ear of a patient with neurofibromatosis type 2. Arch Dermatol. 1998;134:760---1.
11. Schaffer JV, Gohara MA, McNiff JM, Aasi SZ, Dvoretzky I. Multiple
facial angiofibromas: a cutaneous manifestation of Birt-HoggDubé syndrome. J Am Acad Dermatol. 2005;53:S108---11.
12. Darling TN, Skarulis MC, Steinberg SM, Marx SJ, Spiegel AM,
Turner M. Multiple facial angiofibromas and collagenomas in
patients with multiple endocrine neoplasia type 1. Arch Dermatol. 1997;133:853---7.
13. Hunter AG, Nezarati MM, Velsher L. Absence of signs of systemic involvement in four patients with bilateral multiple facial
angiofibromas. Am J Med Genet A. 2010;152A:657---64.
14. Muzykewicz DA, Newberry P, Danforth N, Halpern EF, Thiele
EA. Psychiatric comorbid conditions in a clinic population of
241 patients with tuberous sclerosis complex. Epilepsy Behav.
2007;11:506---13.
15. Prather P, de Vries PJ. Behavioral and cognitive aspects of tuberous sclerosis complex. J Child Neurol. 2004;19:666---74.
16. Salido R, Garnacho-Saucedo G, Cuevas-Asencio I, Ruano J,
Galán-Gutiérrez M, Vélez A, et al. Sustained clinical effectiveness and favorable safety profile of topical sirolimus for
tuberous sclerosis-associated facial angiofibroma. J Eur Acad
Dermatol Venereol. 2012;26:1315---8.
17. Gomes AA, Gomes YV, Lima FB, Pessoa SG. Multiple facial
angiofibromas treated with high-frequency equipment. An Bras
Dermatol. 2011;86:S186---9.
18. Swaroop M, Nischal K, Rajesh Gowda C, Umashankar N,
Basavaraj H, Sathyanarayana B. Radiofrequency ablation of adenoma sebaceum. J Cutan Aesthet Surg. 2008;1:89---91.
19. Dvir E, Hirshowitz B. The use of cryosurgery in treating
the fibrous papules of tuberous sclerosis. Ann Plast Surg.
1980;4:158---60.
20. Schepis C, Siragusa M. Cryosurgery: an easy and cheap therapy
for facial angiofibromas in tuberous sclerosis. Eur J Dermatol.
2010;20:506---7.
21. Capurro S, Fiallo P. Timed surgery for treatment of angiofibromas in tuberous sclerosis. Dermatol Surg. 2001;27:486---8.
22. Drake DB, Morgan RF, Cooper PH. Shave excision and dermabrasion for facial angiofibroma in tuberous sclerosis. Ann Plast Surg.
1992;28:377---80.
23. El-Musa KA, Shehadi RS, Shehadi S. Extensive facial adenoma
sebaceum: successful treatment with mechanical dermabrasion: case report. Br J Plast Surg. 2005;58:1143---7.
24. Fischer K, Blain B, Zhang F, Richards L, Lineaweaver WC. Treatment of facial angiofibromas of tuberous sclerosis by shave
excision and dermabrasion in a dark-skinned patient. Ann Plast
Surg. 2001;46:332---5.
25. Verheyden CN. Treatment of the facial angiofibromas of tuberous sclerosis. Plast Reconstr Surg. 1996;98:777---83.
26. Hori K, Soejima K, Nozaki M, Sakurai H, Takeuchi M, Yamaki
T, et al. Treatment of facial angiofibroma of tuberous sclerosis using cultured epithelial autografts. Ann Plast Surg.
2006;57:415---7.

Current Options for the Treatment of Facial Angiofibromas
27. Suzuki S, Shin-ya K, Kawai K, Nishimura Y. Application of artificial dermis prior to full-thickness skin grafting for resurfacing
the nose. Ann Plast Surg. 1999;43:439---42.
28. Kopera D. Angiofibroma in tuberous sclerosis–argon laser. Int J
Dermatol. 1993;32:541---2.
29. Arndt KA. Angiofibroma in tuberous sclerosis–argon laser. Int J
Dermatol. 1994;33:522---3.
30. Bellack GS, Shapshay SM. Management of facial angiofibromas in
tuberous sclerosis: use of the carbon dioxide laser. Otolaryngol
Head Neck Surg. 1986;94:37---40.
31. Janniger CK, Goldberg DJ. Angiofibromas in tuberous sclerosis:
comparison of treatment by carbon dioxide and argon laser. J
Dermatol Surg Oncol. 1990;16:317---20.
32. Kaufman AJ, Grekin RC, Geisse JK, Frieden IJ. Treatment of
adenoma sebaceum with the copper vapor laser. J Am Acad
Dermatol. 1995;33:770---4.
33. Finch TM, Hindson C, Cotterill JA. Successful treatment of adenoma sebaceum with the potassium titanyl phosphate laser. Clin
Exp Dermatol. 1998;23:201---3.
34. Tope WD, Kageyama N. ‘‘Hot’’ KTP-laser treatment of facial
angiofibromata. Lasers Surg Med. 2001;29:78---81.
35. Boixeda P, Sanchez-Miralles E, Azana JM, Arrazola JM, Moreno R,
Ledo A. CO2 , argon, and pulsed dye laser treatment of angiofibromas. J Dermatol Surg Oncol. 1994;20:808---12.
36. Hoffman SJ, Walsh P, Morelli JG. Treatment of angiofibroma
with the pulsed tunable dye laser. J Am Acad Dermatol.
1993;29:790---1.
37. Papadavid E, Markey A, Bellaney G, Walker NP. Carbon dioxide
and pulsed dye laser treatment of angiofibromas in 29 patients
with tuberous sclerosis. Br J Dermatol. 2002;147:337---42.
38. Sharma VK, Khandpur S, Khanna N. An interesting case of unilateral angiofibromas successfully treated with pulsed dye laser. J
Eur Acad Dermatol Venereol. 2004;18:641---2.
39. Weinberger CH, Endrizzi B, Hook KP, Lee PK. Treatment of
angiofibromas of tuberous sclerosis with 5-aminolevulinic acid
blue light photodynamic therapy followed by immediate pulsed
dye laser. Dermatol Surg. 2009;35:1849---51.
40. Weiss ET, Geronemus RG. New technique using combined pulsed
dye laser and fractional resurfacing for treating facial angiofibromas in tuberous sclerosis. Lasers Surg Med. 2010;42:357---60.
41. Belmar P, Boixeda P, Baniandres O, Fernandez-Lorente M, Arrazola JM. Long-term follow up of angiofibromas treated with CO2
laser in 23 patients with tuberous sclerosis. Actas Dermosifiliogr.
2005;96:498---503.
42. Bittencourt RC, Huilgol SC, Seed PT, Calonje E, Markey AC,
Barlow RJ. Treatment of angiofibromas with a scanning carbon
dioxide laser: a clinicopathologic study with long-term followup. J Am Acad Dermatol. 2001;45:731---5.
43. Rogosnitzky M, Danks R, Kardash E. Therapeutic potential of
tranilast, an anti-allergy drug, in proliferative disorders. Anticancer Res. 2012;32:2471---8.
44. Wang L, Gao L, Abe T, Mizoguchi M. Effects of tranilast on
angiofibromas of tuberous sclerosis. Pediatr Int. 1999;41:701---3.
45. Turkmen M, Ertam I, Unal I, Dereli T. Facial angiofibromas of
tuberous sclerosis: successful treatment with podophyllin. J Eur
Acad Dermatol Venereol. 2009;23:713---4.
46. Dabora SL, Franz DN, Ashwal S, Sagalowsky A, DiMario Jr FJ,
Miles D, et al. Multicenter phase 2 trial of sirolimus for tuberous
sclerosis: kidney angiomyolipomas and other tumors regress and
VEGF- D levels decrease. PLoS One. 2011;6:e23379.
47. Baselga J, Campone M, Piccart M, Burris 3rd HA, Rugo HS,
Sahmoud T, et al. Everolimus in postmenopausal hormonereceptor-positive advanced breast cancer. N Engl J Med.
2012;366:520---9.
48. Chawla SP, Staddon AP, Baker LH, Schuetze SM, Tolcher AW,
D’Amato GZ, et al. Phase II study of the mammalian target
of rapamycin inhibitor ridaforolimus in patients with advanced
bone and soft tissue sarcomas. J Clin Oncol. 2012;30:78---84.

567
49. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor
A, et al. Temsirolimus, interferon alfa, or both for advanced
renal-cell carcinoma. N Engl J Med. 2007;356:2271---81.
50. Krueger DA, Care MM, Holland K, Agricola K, Tudor C,
Mangeshkar P, et al. Everolimus for subependymal giant-cell
astrocytomas in tuberous sclerosis. N Engl J Med. 2010;363:
1801---11.
51. McCormack FX, Inoue Y, Moss J, Singer LG, Strange C, Nakata
K, et al. Efficacy and safety of sirolimus in lymphangioleiomyomatosis. N Engl J Med. 2011;364:1595---606.
52. Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S,
et al. Efficacy of everolimus in advanced renal cell carcinoma:
a double-blind, randomised, placebo-controlled phase iii trial.
Lancet. 2008;372:449---56.
53. Yao JC, Shah MH, Ito T, Bohas CL, Wolin EM, van Cutsem E, et al.
Everolimus for advanced pancreatic neuroendocrine tumors. N
Engl J Med. 2011;364:514---23.
54. Zhu AX, Abrams TA, Miksad R, Blaszkowsky LS, Meyerhardt JA,
Zheng H, et al. Phase 1/2 study of everolimus in advanced hepatocellular carcinoma. Cancer. 2011;117:5094---102.
55. Hofbauer GF, Marcollo-Pini A, Corsenca A, Kistler AD, French LE,
Wuthrich RP, et al. The mTOR inhibitor rapamycin significantly
improves facial angiofibroma lesions in a patient with tuberous
sclerosis. Br J Dermatol. 2008;159:473---5.
56. Tarasewicz A, Debska-Slizien A, Konopa J, Zdrojewski Z,
Rutkowski B. Rapamycin as a therapy of choice after renal
transplantation in a patient with tuberous sclerosis complex.
Transplant Proc. 2009;41:3677---82.
57. Haemel AK, O’Brian AL, Teng JM. Topical rapamycin: a novel
approach to facial angiofibromas in tuberous sclerosis. Arch
Dermatol. 2010;146:715---8.
58. Rauktys A, Lee N, Lee L, Dabora SL. Topical rapamycin inhibits
tuberous sclerosis tumor growth in a nude mouse model. BMC
Dermatol. 2008;8:1.
59. Ormerod AD, Shah SA, Copeland P, Omar G, Winfield A.
Treatment of psoriasis with topical sirolimus: preclinical development and a randomized, double-blind trial. Br J Dermatol.
2005;152:758---64.
60. DeKlotz CM, Ogram AE, Singh S, Dronavalli S, MacGregor JL. Dramatic improvement of facial angiofibromas in tuberous sclerosis
with topical rapamycin: optimizing a treatment protocol. Arch
Dermatol. 2011;147:1116---7.
61. Foster RS, Bint LJ, Halbert AR. Topical 0.1% rapamycin for
angiofibromas in paediatric patients with tuberous sclerosis: a pilot study of four patients. Australas J Dermatol.
2012;53:52---6.
62. Kaufman McNamara E, Curtis AR, Fleischer Jr AB. Successful
treatment of angiofibromata of tuberous sclerosis complex with
rapamycin. J Dermatolog Treat. 2012;23:46---8.
63. Koenig MK, Hebert AA, Roberson J, Samuels J, Slopis J, Woerner
A, et al. Topical rapamycin therapy to alleviate the cutaneous
manifestations of tuberous sclerosis complex: a double-blind,
randomized, controlled trial to evaluate the safety and efficacy
of topically applied rapamycin. Drugs R D. 2012;12:121---6.
64. Mutizwa MM, Berk DR, Anadkat MJ. Treatment of facial angiofibromas with topical application of oral rapamycin solution
(1 mg/mL[-1]) in two patients with tuberous sclerosis. Br J Dermatol. 2011;165:922---3.
65. Truchuelo T, Diaz-Ley B, Rios L, Alcantara J, Jaen P. Facial
angiofibromas treated with topical rapamycin: an excellent
choice with fast response. Dermatol Online J. 2012;18:15.
66. Valeron-Almazan P, Vitiello M, Abuchar A, Kerdel FA. Topical rapamycin solution to treat multiple facial angiofibromas
in a patient with tuberous sclerosis. Actas Dermosifiliogr.
2012;103:165---6.
67. Wataya-Kaneda M, Tanaka M, Nakamura A, Matsumoto S,
Katayama I. A topical combination of rapamycin and tacrolimus
for the treatment of angiofibroma due to tuberous sclerosis

568

68.

69.

70.

71.

72.

R. Salido-Vallejo et al.
complex (TSC): a pilot study of nine Japanese patients with TSC
of different disease severity. Br J Dermatol. 2011;165:912---6.
Cuevas Asencio I, Albornoz Lopez R, Salido Vallejo R, Reyes Malia
M. Topical sirolimus 0.4% formulation for treatment of facial
angiofibromas. Farm Hosp. 2012;36:433---4.
Ekici Y, Emiroglu R, Ozdemir H, Aldemir D, Karakayali H, Haberal
M. Effect of rapamycin on wound healing: an experimental
study. Transplant Proc. 2007;39:1201---3.
Feldmeyer L, Hofbauer GF, Boni T, French LE, Hafner J.
Mammalian target of rapamycin (mTOR) inhibitors slow skin
carcinogenesis, but impair wound healing. Br J Dermatol.
2012;166:422---4.
MacDonald AS. A worldwide, phase iii, randomized, controlled,
safety and efficacy study of a sirolimus/cyclosporine regimen
for prevention of acute rejection in recipients of primary mismatched renal allografts. Transplantation. 2001;71:271---80.
Alberu J, Pascoe MD, Campistol JM, Schena FP, Rial Mdel C,
Polinsky M, et al. Lower malignancy rates in renal allograft
recipients converted to sirolimus-based, calcineurin inhibitorfree immunotherapy: 24-month results from the CONVERT trial.
Transplantation. 2011;92:303---10.

73. Armand P, Gannamaneni S, Kim HT, Cutler CS, Ho VT,
Koreth J, et al. Improved survival in lymphoma patients
receiving sirolimus for graft-versus-host disease prophylaxis after allogeneic hematopoietic stem-cell transplantation
with reduced-intensity conditioning. J Clin Oncol. 2008;26:
5767---74.
74. Campbell SB, Walker R, Tai SS, Jiang Q, Russ GR. Randomized controlled trial of sirolimus for renal transplant recipients
at high risk for nonmelanoma skin cancer. Am J Transplant.
2012;12:1146---56.
75. Wataya-Kaneda M, Tanaka M, Nakamura A, Matsumoto S,
Katayama I. A novel application of topical rapamycin formulation, an inhibitor of mTOR, for patients with hypomelanotic
macules in tuberous sclerosis complex. Arch Dermatol.
2012;148:138---9.
76. The University of Texas Health Science Center; Houston. Topical rapamycin to erase angiofibromas in TSC. ClinicalTrials.gov
[Internet]. Bethesda (MD): National Library of Medicine (US).
2012. http://clinicaltrials.gov/show/NCT01526356. Accessed
September 4, 2012. NCT01526356.

