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Cutaneous manifestations of tuberous sclerosis
complex and the paediatrician’s role

Michael A Cardis, Cynthia Marie Carver DeKlotz

ABSTRACT

Tuberous sclerosis complex (TSC) is a multisystem genetic
disorder stemming from unregulated activation of the
mammalian target of rapamycin (mTOR) pathway,
resulting in the growth of hamartomas in multiple
organs. TSC-related skin lesions often develop early in
life and can be disfiguring, emotionally distressful and
even painful at times. Recognition of TSC-associated skin
features by paediatricians can be a catalyst for
facilitating early implementation of treatment strategies
and establishing appropriate follow-up care. The range
of potential treatment options for symptomatic or
disfiguring TSC-associated skin lesions includes non-
pharmacological (surgical excision, laser therapy) and
pharmacological (eg, topical or systemic mTOR inhibitors)
alternatives. In this review, we discuss the relevance of
TSC-associated skin findings, highlight available
treatment options, review guideline recommendations
and emphasise the role of the primary care physician in
the management of this complex disease.

INTRODUCTION

Tuberous sclerosis complex (TSC) is a multisystem
disorder that affects an estimated 40 000 indivi-
duals in the USA and approximately 2 million
people worldwide, with a birth incidence of about
1 in 6000.' Mutations in the tumour-suppressor
gene TSCI (encoding hamartin) or, more com-
monly, TSC2 (encoding tuberin) are implicated in
the pathogenesis of TSC via a loss of inhibition of
the mammalian target of rapamycin (mTOR)
pathway, allowing subsequent growth of hamarto-
mas in various organs, including the brain (cortical
tubers, subependymal nodules, subependymal giant

Table 1

cell astrocytomas (SEGAs)), kidneys (renal angio-
myolipomas), lung (lymphangioleiomyomatosis
(LAM)), heart (cardiac rhabdomyomas) and skin.* °
Cutaneous findings are the most common and
readily visible manifestation of TSC. More than
90% of patients with TSC have one or more skin
lesions, which usually develop early in life.” It is
important for the paediatrician to be able to iden-
tify TSC-associated skin manifestations to ensure
prompt diagnosis, early treatment initiation and
appropriate referral for follow-up of other
TSC-related sequelae. This review focuses primarily
on cutaneous TSC-associated features, available
treatment options and guideline recommendations
regarding the management of patients with TSC.

DIAGNOSIS OF TSC
Outside of positive genetic testing confirming a
pathological TSC1 or TSC2 mutation, the clinical
diagnosis of TSC relies on a combination of identi-
fiable major and minor characteristics, with cutane-
ous findings composing a large part of both major
(hypomelanotic macules, angiofibromas, ungual
fibromas, shagreen patch) and minor (‘confetti’ skin
lesions) features (table 1).° To establish a ‘definite’
clinical diagnosis of TSC, one must document
either two major features or one major feature with
two or more minor features. One can garner a ‘pos-
sible’ clinical diagnosis with the identification of
either one major or two or more isolated minor
features.®

Cutaneous manifestations of TSC are readily
apparent upon thorough physical examination. In
addition to internal organ evaluation, a detailed
dermatological examination is recommended upon

Tuberous sclerosis complex diagnostic criteria: major and minor features®

Major features*

Minor features*

. Hypomelanotic macules (>3, at least 5 mm diameter)
. Angiofibromas (>3) or fibrous cephalic plaque
. Ungual fibromas (>2)

. Shagreen patch

. Multiple retinal hamartomas

. Cortical dysplasiast

. Subependymal nodules

. Subependymal giant cell astrocytoma

9. Cardiac rhabdomyoma

10. Lymphangioleiomyomatosis#

11. Angiomyolipomas (>2)#

0 N O U1 B W N =

. 'Confetti’ skin lesions

. Dental enamel pits (>3)
. Intraoral fibromas (>2)
. Retinal achromic patch
. Multiple renal cysts

. Non-renal hamartomas

S U B W N =

Reprinted permission from Elsevier. Reproduced from Northrup H, et al. Tuberous Sclerosis Complex Diagnostic Criteria Update: Recommendations
of the 2012 International Tuberous Sclerosis Complex Consensus Conference. Pediatric Neurology 2013;49:243-54.
*Definite diagnosis=two major features or one major feature with two or more minor features. Possible diagnosis=one major feature or two or

more minor features.
tincludes tubers and cerebral white matter radial migration lines.

tCombination of lymphangioleiomyomatosis and angiomyolipomas without other features does not meet criteria for diagnosis.
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Figure 1  Age-dependent expression
of tuberous sclerosis
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DEVELOPMENT OF CUTANEOUS FEATURES IN TUBEROUS SCLEROSIS

complex—associated cutaneous
manifestations.® This figure was
published in Dermatology, 3rd ed,
Bolognia JL, Jorizzo JL, Schaffer JV,
Chapter 61: Neurofibromatosis &
Tuberous Sclerosis, 925-942, copyright
Elsevier 2012.
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diagnosis of TSC, followed by at least annual skin examina-
tions.” Patients should be advised to use sun protection as a pre-
ventive measure to minimise the appearance of some skin
lesions.

CLINICAL PRESENTATION OF TSC-ASSOCIATED

CUTANEOUS MANIFESTATIONS

The subtypes of skin lesions tend to develop in an age-
dependent manner, many arising early in life.® Figure 1 provides
a general timeline when certain lesions are more likely to be
seen, allowing physicians examining paediatric patients to tailor
their index of suspicion accordingly. Some cutaneous features
can be subtle, especially in young children, and they are not all
specific for TSC.

Facial angiofibromas, sometimes erroneously referred to as
adenoma sebaceum, are the most visually apparent
TSC-associated, often starting to appear within the first
2-5 years of life and ultimately occurring in approximately 75%
of patients.” '© They are usually pink to red-brown papulono-
dules with a smooth, glistening surface and are typically distrib-
uted symmetrically on the face, at times mistaken for acne
(figure 2A).° 1% Angiofibromas start small and gradually increase
in size, with their growth being augmented by puberty.'®
Fibrous cephalic plaques are histologically similar and represent
a larger variant of angiofibromas.” '© They are raised, firm
plaques, usually located on the forehead or scalp and have a tan
to yellow-brown colour.” Fibrous cephalic plaques, which can
occur at any age, vary in size and shape and can grow to as
large as several centimetres in diameter.”

Hypomelanotic macules are often the earliest and most fre-
quently reported cutaneous finding in TSC.” '° They present as
hypopigmented macules and patches of various morphologies
and should not be confused with de-pigmented patches seen in
other pigmentary disorders such as vitiligo. In fair-skinned indi-
viduals, hypomelanotic macules can be difficult to identify,
necessitating the use of a Wood lamp to make them more con-
spicuous.” "' Medium to large (1-12 cm in diameter) hypopig-
mented patches are one of the earliest visible signs of TSC,
occurring in >50% of children at birth and in nearly all patients
by the age of 2.” '° These patches are referred to as ‘ash leaf’
spots because they can resemble the leaf of the eastern mountain
ash tree, shaped like a long oval with one rounded and one
tapered end.” '© Polygonal ‘thumbprint’-like macules are the
most commonly observed morphology and are usually smaller
(0.5-2 cm in diameter) than the ash-leaf type.” Hypomelanotic
macules appear asymmetrically and are most common on the

16 18 20

6 8 10 12 14
Age (years)

Figure 2 Representative skin lesion subtypes in tuberous sclerosis.
(A) Facial angiofibromas, (B) shagreen patch and (C) periungual or
subungual fibromas (also known as Koenen tumours).

trunk and buttocks. Scalp involvement is rare, but when present
can lead to poliosis.” *°

‘Confetti-like’ skin lesions, another type of hypomelanotic
macule, have been reported to occur in 2.8-28% of patients
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with TSC.” '© 12 These appear as numerous, small (approxi-
mately 1-3 mm in diameter) hypopigmented macules that occur
symmetrically; they are typically spread over the distal extrem-
ities.” '© Confetti-like skin lesions can appear any time from
childhood to adulthood.® * *°

Shagreen patches, a type of connective tissue hamartoma, are
found in approximately half the patients with TSC. They typic-
ally develop during the first decade of life’ ' and are elevated
pink to yellow-brown plaques with an orange peel-like texture,
ranging from several millimetres to several centimetres in length
(figure 2B).” '° Shagreen patches are asymmetric and usually
appear on dorsal surfaces, such as the back and the lumbosacral
regions, but occasionally occur on the chest or the abdomen.” '°

Finally, periungual or subungual fibromas, also called Koenen
tumours, are seen in approximately 15% of patients with TSC
and are often observed in early adolescence.” '® These nodules
are often red to skin-coloured and typically appear near the
proximal nail fold of the toenails (figure 2C) or, less commonly,
the fingernails. One of the initial features of ungual fibroma is a
nail groove without tumours.” '°

TREATMENT OF TSC-ASSOCIATED CUTANEOUS DISORDERS

International TSC management guidelines recommend that any
rapidly changing, disfiguring or symptomatic TSC-associated
skin lesion be treated according to clinical context and type of
lesion, using methods such as surgery, lasers or topical mMTOR
inhibitors.” Determining the best approach to the treatment of
cutaneous lesions also depends on clinical presentation, severity
and presence of other TSC manifestations (table 2).” '* In
patients with growing SEGA, angiomyolipoma or LAM, treat-
ment with systemic mTOR inhibitors, which address the under-
lying pathophysiology of the disease, might be indicated and is
also likely to result in simultaneous improvement of skin
lesions."*~'® However, systemic mTOR inhibitors can contribute
to surgical complications and delayed wound healing;'”'?
therefore, elective procedures (eg, cutaneous surgery, laser

treatment) might best be avoided while on systemic therapy. In
patients not receiving systemic treatment, topical mTOR inhibi-
tors or surgical procedures may be indicated.

Systemic treatment with mTOR inhibitors

Rapamycin (sirolimus) and its analogues (eg, everolimus) inhibit
the mTOR complex and,”” as a result, impede mTOR overacti-
vation, which may shrink existing lesions and prevent tumour
growth associated with TSC. Oral mTOR inhibitors have
proved effective in the treatment of a range of TSC-related man-
ifestations.’* ' Systemic mTOR inhibitor-associated adverse
effects should be monitored, and commonly reported events
include stomatitis, upper respiratory tract infection, wound
healing complications and hypercholesterolaemia.?* % If side
effects become severe or intolerable, dose adjustments or inter-
ruptions may be necessary.*' %2

Oral sirolimus is currently approved by the US Food and
Drug Administration (FDA) and the European Medicines
Agency (EMA) for the treatment of pulmonary LAM associated
with TSC*? and is being studied for the treatment of cutaneous
TSC-related manifestations.”>™>® A recent retrospective study
showed positive long-term effects of oral sirolimus on various
skin lesions in 14 women being treated for TSC LAM.' Of
11 patients with baseline photographs of their skin lesions,
significant improvements were observed in angiofibromas and
shagreen patches (p=0.018 and 0.039, respectively), but not in
ungual fibromas (p=0.109), after median treatment durations
of 12, 10 and 6.5 months, respectively.'* Three patients
with angiofibromas and shagreen patches were observed after
treatment cessation of between 6 and 48 months; shagreen
patches, but not angiofibromas, worsened after treatment
discontinuation.'*

Oral everolimus has been evaluated in several studies of
patients with SEGA, renal angiomyolipomas, LAM and epilepsy
associated with TSC.'® 1¢ 2735 QOral everolimus is approved by
the FDA and EMA for the treatment of certain TSC-associated

Table 2 Treatment options for tuberous sclerosis complex—associated skin, mucocutaneous and dental manifestations'?

Additional considerations

» Continual therapy necessary

Effect may be enhanced when combined with 5-aminolevulinic acid

Condition Treatment options
Facial angiofibroma Topical mTOR » Rapid response in weeks after initiating therapy
inhibitors » May be more effective for small early lesions and for preventing
recurrence after surgery
» Well tolerated with no systemic toxicity
Vascular laser surgery  » Consider pulsed-dye laser for erythematous lesions
>
Ablative laser surgery ~ » Consider for fibrotic lesions
Surgical excision » Consider for symptomatic large lesions
» Also consider for single or fewer fibrotic lesions
Fibrous cephalic plaque Surgical intervention » Consider if rapid progression and/or disfiguring

Treatment usually not necessary, but consider for cosmetic sensitive

Skin tags Snip excision » Treatment usually not necessary, but consider if symptomatic
Hypomelanotic macules Topical mTOR >
inhibitors area on the face
Periungual/subungual Ablative laser » Consider if lesions symptomatic or >3 mm
fibroma Surgical excision
Intraoral fibroma Good oral hygiene » To minimise irritation
Other options » If obstructive, consider electrocautery, ablative laser or surgical
excision
Dental pits Good dental hygiene -
Restoration » Consider if at risk for dental caries
Jaw cysts Curettage, surgical » Consider if at risk for bony destruction

excision

» Temporary improvement

» Sedation or general anaesthesia may be
necessary
Sedation may be necessary

v

Sedation may be necessary
Surgical risks

Minimal surgical risk

Long-term treatment may be necessary
High cost

Repeated treatment may be necessary

vVVvyVvVYY

None
» Sedation may be necessary

v

» None
Sedation may be necessary

» Sedation may be necessary

v

Reproduced with permission from JAMA Dermatology 2014;150:1095-1101. Copyright 2014 American Medical Association. All rights reserved.
mTOR, mammalian target of rapamycin.
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SEGAs and renal angiomyolipomas.>' The effect of oral everoli-
mus on skin lesions was evaluated prospectively as a secondary
endpoint in two pivotal phase III studies, EXIST-1 and
EXIST-2."* '® The skin lesion response rate, based on the
Physician’s Global Assessment, was significantly higher for ever-
olimus than for placebo in both studies.”® '® The clinical experi-
ence gained from these trials indicates that oral everolimus is
effective in improving cutaneous TSC lesions.'® Although
thought to be effective in treating cutaneous TSC manifesta-
tions, oral mTOR inhibitors are currently reserved for patients
whose internal disease warrants systemic treatment.

Non-systemic therapies (topical mTOR inhibitors)
Rapamycin (sirolimus) is a lipophilic compound®* that has been
examined in numerous topical formulations of different concen-
trations and bases for the treatment of certain dermatological
diseases. Studies demonstrate that topical mTOR inhibitors are
effective for the management of several TSC skin lesions;*®~*°
however, no formulation is currently commercially available.

Consensus guidelines indicate that topical mTOR inhibitors
are an effective treatment option for angiofibromas. They
provide rapid response by flattening lesions and decreasing ery-
thema. In some patients, particularly children with smaller
lesions, almost complete resolution has been achieved.'® *!
There are few known side effects of topical mTOR inhibitors,
and they appear to be dependent on the formulation;*® *°
blood drug levels are reportedly undetectable.'® ** Topical
mTOR inhibitor solutions can cause skin irritation,'® 3¢ which
can be managed through dose reduction, addition of topical
steroids®® or change of formulation to an ointment or gel. It
seems that continual use is necessary for sustained benefit, but
data on long-term safety and appropriate dosing are still lacking.

A recent review analysed 16 reports of topical rapamycin for
the management of angiofibromas, which included ointments,
gels, solutions and creams, with rapamycin concentrations
ranging from 0.003% to 1%.°® Treatment was associated with
moderate to complete clearance of lesions in 94% of the cases
identified. Furthermore, no recurrences were seen with contin-
ued use; the longest treatment duration was 30 months. In most
cases, side effects were absent, with the exception of cutaneous
irritation, which was mainly restricted to patients using topical
rapamycin formulated as a solution. Laser therapy can be used
adjunctively with topical rapamycin as an effective treatment
option for facial angiofibromas.*> ** In addition to facial angio-
fibromas, topical rapamycin has been reported to be effective in
the treatment of other cutaneous TSC findings. For hypopig-
mented macules, treatment is generally not necessary. However,
for cosmetically sensitive areas such as the face, topical mTOR
inhibitors have demonstrated improvement in some cases.”>” *®
Additionally, a single report shows improvement in subungual
fibromas with topical rapamycin.*®

Evidence on topical everolimus is limited to a case study of a
10-year-old girl treated for facial angiofibromas.*® A petrolatum
ointment containing 0.4% everolimus was applied once daily,
and positive results were seen after 3—6 months of treatment.
However, angiofibromas worsened when the strength of topical
everolimus was lowered to 0.1%, even when applied twice daily.
The only notable adverse effect of this topical formulation was
photosensitivity at the application site, which resolved in 2 days;
systemic everolimus levels were not detected.

Non-pharmacological therapies
Before the advent of mTOR inhibitors, surgery and other non-
pharmacological therapies were the mainstay of treatment for

TSC-associated skin lesions and, in some cases, are still the treat-
ment of choice. Erythematous lesions may respond well to
pulsed-dye laser treatment, which may be enhanced by the add-
ition of §-aminolevulinic acid.'® ** *¢ Additionally, use of abla-
tive lasers can be helpful for fibrotic lesions, and surgical
excision can be appropriate for large symptomatic lesions."
A range of surgical approaches has been used to treat facial
angiofibromas, including dermabrasion, cryosurgery, curettage,
shave excision and chemical peels.” '3 47 48

In patients with symptomatic or large periungual fibromas,
the use of ablative lasers or surgical excision are reasonable
options.'® *° It is important to counsel patients that even with
surgical removal, recurrence is possible.’’ In patients who are
not candidates for surgery, the use of carbon dioxide laser or
other ablative laser treatments of periungual fibromas might be
effective.”’ Shave excision of the tumour followed by phenol
application is another treatment option.*” 3% In patients with
shagreen patches, the levelling of elevated lesions with a Reese
dermatome might be a viable cosmetic treatment option.’* For
fibrous cephalic plaques that are disfiguring or rapidly progres-
sing, surgical intervention is occasionally necessary.'?

GENERAL PAEDIATRICIAN ROLE IN MANAGEMENT
Paediatricians should be knowledgeable about the diagnostic cri-
teria and cutaneous signs of TSC in order to facilitate timely
diagnosis. Also, because TSC-related manifestations can
change during the course of a patient’s illness, ongoing surveil-
lance is important to account for the potential emergence of
new or progressing sequelae.” In addition to new or growing
tumours and cutaneous lesions, many patients with TSC exhibit
tuberous sclerosis—associated neuropsychiatric disorder (TAND),
which include behavioural symptoms and psychiatric, intellec-
tual, academic, neurological and psychosocial manifesta-
tions.>* ** These can be assessed using a TAND checklist, which
is administered by the clinician to the parent and/or child with
TSC.’* Paediatricians should be aware of these symptoms and
educate patients and their parents on available services and
treatments. Given that TSC is a multisystem disease, the com-
prehensive assessment, surveillance and treatment of these
patients will necessitate orchestration of multidisciplinary
approaches involving numerous subspecialties, including dentis-
try, neurology, nephrology, dermatology, cardiology, ophthal-
mology and pulmonology (primarily in adult females), to
monitor and treat TSC-associated manifestations.” Consensus
guidelines recommend a thorough baseline assessment of
patients with newly diagnosed or suspected TSC, followed by
ongoing monitoring of those with a definite or probable diagno-
sis (table 3).”

Paediatricians also play an important role in educating fam-
ilies about the genetic basis of TSC, ordering genetic tests,
reviewing considerations for parental evaluations for TSC,
instructing parents about potential implications for other family
members and consideration of referral for genetic counselling.

CONCLUSION

Skin lesions are frequently reported in individuals with TSC and
are potentially disfiguring, painful or emotionally distressing.
The advent of targeted therapy with mTOR inhibitors has
proved promising for the treatment of TSC-associated skin
lesions. Although topical formulations of mTOR inhibitors
seem to be better tolerated than systemic therapies, adequately
powered and controlled prospective studies are necessary to
confirm the efficacy and safety of topical sirolimus or everolimus
in various subtypes of TSC-associated skin manifestations. Oral
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Table 3 Consensus guideline recommendations for baseline assessment and ongoing monitoring of tuberous sclerosis complex (TSC)’

Recommendations

Organ system or

specialty area Baseline workup for newly diagnosed or suspected TSC

Ongoing monitoring of definite or possible TSC

Genetics » Three-generation family history to determine TSC risk in
additional family members
» Offer genetic testing/family counselling

Brain » MRI to identify presence of tubers, subependymal nodules,

migrational defects and SEGA
» Screen for TAND

» Genetic testing/family counselling in individuals of reproductive age
or newly considering having children

» MRI every 1-3 years if asymptomatic and aged <25 years; more frequent
MRIs in asymptomatic patients with large or growing SEGAs
» Screen for TAND annually; comprehensive formal TAND evaluation at key

» Educate parents on infantile spasms during infancy developmental time points (particularly at 0-3, 3-6, 6-9, 12-16 and
» Perform baseline EEG; if abnormal, follow-up with 24-hour video 18-25 years)
EEG to assess for subclinical seizure activity » Routine EEG in patients with known or suspected seizure activity
Kidney » MRI of the abdomen to identify angiomyolipoma and renal cysts ~ » MRI of the abdomen every 1-3 years throughout lifetime of the patient
» Measure BP to screen for hypertension » Measure BP and GFR annually
» Measure GFR to assess renal function
Lung » Baseline pulmonary function testing, 6-minute walk test and » Clinical screening for LAM (ie, exertional dyspnoea) symptoms at each
HRCT if at risk for LAM (typically women >18 years) clinic visit
» Counsel on smoking risks and oestrogen use » Ongoing counselling on smoking risks and oestrogen use for patients at
risk for LAM
» HRCT every 5-10 years in absence of lung cysts at baseline scan or every
2-3 years if lung cysts present
» Pulmonary function testing and 6-minute walk test annually if lung cysts
present at baseline
Heart » ECG in all ages to identify underlying conduction defects » ECG every 3-5 years in all ages if asymptomatic
» Echocardiography in patients <3 years » Echocardiography every 1-3 years in asymptomatic paediatric patients until
» If rhabdomyomas are identified via prenatal ultrasound, consider cardiac rhabdomyomas regress
fetal echocardiography after delivery to assess risk for heart » Might necessitate more frequent or advanced diagnostics for symptomatic
failure patients
Skin » Detailed dermatological examination » Detailed dermatological examination annually
Teeth » Detailed dental examination » Detailed dental examination every 6 months
» Panoramic radiography by 7 years of age
Eye » Complete ophthalmological evaluation (including dilated » Ophthalmological evaluations annually if ophthalmological lesions or vision

funduscopy) to identify retinal lesions and visual field defects

symptoms present at baseline evaluation

Reproduced from Krueger DA, et al. Tuberous Sclerosis Complex Surveillance and Management: Recommendations of the 2012 International Tuberous Sclerosis Complex Consensus
Conference. Pediatric Neurology 2013;49:255-65. Copyright 2013, with permission from Elsevier.
BP, blood pressure; GFR, glomerular filtration rate; HRCT, high-resolution chest CT; LAM, lymphangioleiomyomatosis; SEGA, subependymal giant cell astrocytoma; TAND, tuberous

sclerosis complex-—associated neuropsychiatric disorder.

mTOR inhibitors, approved to treat internal manifestations of
TSC such as SEGAs and renal angiomyolipomas, have also been
effective in cutaneous disease.

TSC is a lifelong disease in which tumours may develop in
multiple organ systems over a patient’s lifetime; therefore, early
diagnosis is paramount. Many types of TSC-associated
skin lesions can develop at birth or during early childhood,
highlighting the role of the paediatrician in the diagnosis of
the disease. Therefore, awareness in the paediatric community
of TSC-associated skin lesions is critical to ensure that patients
receive an early diagnosis and systemic workup, timely initiation
of treatment strategies and appropriate referrals for follow-up
care.
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