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Abstract

Aim: As a result of mutations in TSC1 (9q34) and TSC2 (16p13.3) tumor supressor genes, the mammalian target of the rapamycin (mTor) signaling
pathway is overactivated in patients with tuberous sclerosis. Abnormal cell proliferation and differentiation is responsible for the growth several
different tumors. The aim of this study was to review tumors in our patients with tuberous sclerosis.

Material and Methods: Thirty-six patients with tuberous sclerosis were reviewed retrospectively in terms of age, sex, family history, clinical find-
ings, presence of tumors, and treatments.

Results: Our study included 36 patients (18/18:M/F) aged between two days and 17 years with a median age of 6 years. There were hypopigment-
ed spots in 30 patients, seizures in 28 patients, and a family history in 11 patients. Tumors related to tuberous sclerosis were renal angiomyoli-
pomas in 21 patients, cardiac rhabdomyomas in 11, subependymal giant cell astrocytomas in seven, and non renal hamartoma in one patient.
Everolimus treatment was used in only two patients because of hemodynamic instability.

Conclusions: Tuberous sclerosis is a multisystemic disease characterized by the presence of various benign tumors and neurologic disorders.

Renal angiomyolipomas, cardiac rhabdomyomas, and subependymal giant cell astrocytomas are commonly observed in patients with tuberous
sclerosis. mTOR inhibitors such as everolimus and sirolimus have been increasingly used in the treatment of these tumors. However, the dura-
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tion and optimal dose of mTOR inhibitors is still controversial and should be used in selected cases.

(Turk Pediatri Ars 2017; 52: 30-4)
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Introduction

Tuberous sclerosis complex (TSC) is a condition which
may involve many organs including the brain, retina,
kidneys, heart, skin and lung. In tuberous sclerosis
which has an autosomal dominant inheritance, muta-
tions in the TSC1 (Tuberous sclerosis complex 1) and
TSC2 (Tuberous sclerosis complex 2) genes lead to
involvement of hamartin and tuberin proteins which
are products of these genes. These proteins inhibit the
mTOR pathway which regulates cell growth and differ-
entiation. The mTOR pathway is activated in relation
with defect in hamartin and tuberin proteins. As a result
of this tumor supression, cell growth and cell differenti-
ation are impaired (1, 2). 9934 (TSC1) and 16p13 (TSC2)
loci were specified for these two genes (3). In conclu-
sion, hamartomas occuring in many systems constitute
the characteristics of the disease. Subependimal giant

cell astrocytoma (SGCA) which develops in the brain,
angiomyolipomas in the kidney and rhabdomyomas
in the heart are the tumors which may lead to clinical
symptoms. In this retrospective study, it was aimed to
evaluate the clinical fidnings and the tumors observed
in the patients with tuberous sclerosis who were fol-
lowed up in our clinic.

Material and Methods

A total of 36 patients who were being followed up with
a diagnosis of tuberous sclerosis in the Pediatric Oncol-
ogy Clinic of our hospital between 2005 and 2015 were
included in the study. Ethics committee approval was
obtained from the Clinical ResearchEthics Committee
of the Ministry of Health Ankara Children’s Hematol-
ogy and Oncology Education and Research Hospital
(2016 034/ 11.4.2016). The records of the patients in-
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cluded in the study were examined retrospectively and
the ages, genders, involvement site, familial history, im-
aging findings and presence of tumor were recorded.
The diagnosis was specified according to the interna-
tional diagnostic criteria for tuberous sclerosis complex
(TSC) which were updated in 2012 (Table 1) (4).

Statistical analysis

The data obtained from the files were entered in the
Statistical Package for the Social Sciences 15,0 for Win-
dows (SPSS Inc.; Chicago, IL, USA) program. The group-
ing, percentages and differences of the patients with
tuberous sclerosis were examined.

Results

Eighteen (50%) of 36 patients in the study were male
and 18 (50%) were female. The median age at the time
of diagnosis was found to be 6 years (2 days-17 years).
Twenty three patients (64%) had been diagnosed in the
first year of life. Eleven patients had a positive familial
history of TSC. Mental retardation was found in 23 of
the patients. The most common cause of presentation
was skin lesions in 30 patients (83%). Among these le-
sions, facial angiofibroma (adenoma sebaceum) was
found in 19 patients and “shagreen” patch was found
in 10 patients. Brain involvement was found in 31 pa-
tients. The most common finding was subepandimal
periventricular nodules. Sixteen patients had cortical
tubers. Radiological findings were interpreted as sub-
epandimal giant cell astrocytoma in seven patients (Fig-
ure 1). The mean age at the time of diagnosis was found
to be 6,5 years in seven patients who were found to have
subepandimal giant cell astrocytoma; three of these
patients were female and four were male. Six patients
presented with seizure and infantile spasm was found
in one of these patients. The tumor was excised in one
patient, because hydrocephaly developed and ventricu-
loperitoneal shunt operation was performed. Everolim-
us treatment was initiated in one patient, because the
mass which was radiologically defined to be SGCA was
enlarged (Table 3). This patient had used everolimus in
the neonatal period because of cardiac rhabdomyoma.
Everolimus was discontinued three months later be-
cause of incompliance with treatment. The patient was
monitored without a change in the mass size.

Renal angiomyolipoma (AML) was found in 21 patients
(58%) and renal cyst was found in 10 patients (28%).
Unilateral nephrectomy was performed in only one pa-
tient because of hypertension and hematuria. Nonrenal
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Table 1. Diagnostic Criteria for Tuberous Sclerosis (2012)

Major Criteria

Minor Criteria

Cortical tubers
Subependymal nodules

Hypomelanocytic macule
(at least 3 or more and larger
than 5 mm)

Shagreen patch

Angiofibroma in the face
(more than three)

Ungal and periungal fibromas
Retinal hamartomas

Rhabdomyoma in the heart

Lymphangiomatosis in the lung

Angiomyolipoma in the kidney

(more than two)

Non-renal hamartoma
Confetti-like skin lesions

Multiple renal cysts

Hypopigmented patch in
the retina

Definite diagnosis: 2 major or 1 major + >2 minor criteria

Possible diagnosis: 1 major or >2 minor criteria

Table 2. Characteristics of the Patients with Tuberous

Sclerosis
Number of patients (n) 36
Age (year) (median, range) 6 (0-17)
Sex (M/F) 18/18

Presentation findings (n)
Epilepsy
Prenatal

Age (year) at the time of
diagnosis (median, range)

Familial history

Skin findings (n)
Hypomelanocytic macules
“Shagreen” patch
Facial angiofibroma

Brain findings (n)
Subependymal nodules
Cortical tuber

SGCA

Heart involvement (n)

Renal involvement (n)

28 (78%) (5 infantile spasm)
4
6 years (2 days-17 years)

11 (%31)

30
10
19
31 (23 patients MMR)
27
16
7
11
28

MMR: mental motor retardation; SGCA: subependymal giant cell astrocy-

toma
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Table 3. Characteristics of the Tumors Observed in
Patients with Tuberous Sclerosis

Tumor type Number

Subependymal giant cell astrocytoma astrocytoma 7

Treatment
Follow-up 5
Surgery (shunt+tumor excision) 1
Everolimus 1
Renal angiomyolipoma 28
Treatment
Follow-up 27
Nephrectomy 1
Cardiac rhabdomyoma 11
Asymptomatic 5
Murmur 3
Cyanosis 2
Arrythmia 1
Treatment
Surgery 2
Everolimus 2
Spontaneous regression 7

Figure 1.

Cortical tubers and subependymal giant cell astrocy-
toma in magnetic resonance imaging
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Figure 2.

Echocardiographic appearance of multiple cardiac
rhabdomyomas

hamartoma was diagnosed following surgical excision
in one patient who had a retroperitoneal mass.

Cardiac rhabdomyoma was found in a total of 11 pa-
tients. Four of these were diagnosed with prenatal fetal
echocardiography. The mean age of the patients with
cardiac rhabdomyoma was found to be 3,5 years (1
week-15 years). Multiple rhabdomyomas were found
in five patients (Figure 2). Five patients were asymp-
tomatic. Murmur, arrythmia and cyanosis were found
in the other patients. Surgery was performed in two
patients at the age of two months and five months be-
cause of severe right ventricule outlet obstruction and
hemodynamic disorder. In one patient who was diag-
nosed prenatally, multiple rhabdomyomas obstructing
the right ventricular outlet were found in the right and
left ventricles. This patient who had severe cyanosis and
arryhtmia had no chance for surgery because of intra-
mural localization of the tumors. Everolimus which in-
hibits mTOR was used in this patient. Everolimus was
given orally at a dose of 0.25 mg two times a day two
days a week. Treatment was continued such that the
blood everolimus level was kept between 5 and 15 ng/
mL. The patient responded markedly to this treatment.
Two of eight rhabdomyomas disappeared completely
in two months. The others were reduced to about a half.
Treatment was discontinued after a total period of 2.5
months. The second patient who was diagnosed prena-
tally presented with apnea and cyanosis at the age of 15
days. Everolimus was used because of arrythmia. When
partial reduction in the rhabdomyomas was provided
at the end of two months, the treatment was discon-
tinued. In the other patients, rhabdomyomas showed
spontaneous regression (Table 3). All patients who un-
derwent surgery and received medical treatment are
still being followed up in an asymptomatic state.
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Discussion

Tuberous sclerosis is mainly characterized by mental
retardation, epilepsy, central nervous system involve-
ment, and skin involvement. The majority of patients
are diagnosed below the age of 15 months and the inci-
dence decreases as age increases (5, 6). The prevalence
ranges between 1:5000 and 1:10,000 (5, 6). Sirolimus
and everlimus, which are among the drugs developed
based on the fact that the gene disorders in tuberous
sclerosis excessively activate the mTOR pathway, are
currently used in the treatment (7).

Skin lesions are among the most commonly observed
findings in patients with tuberous sclerosis and found
in approximately 90% of patients (8-10). Among these,
the most commonly observed lesions are hypomela-
notic macules with different sizes, which are generally
oval in shape and frequently observed on the trunk and
extremities. Presence of at least three macules has been
found significant for the diagnosis because one or two
hypomelanotic macules may be observed in the normal
population (8-10). Hypomelanotic macules were pres-
ent in 83% of the patients in our clinic. The lesions with
characteristics of angiofibroma as pink-red papules,
which were previously named adenoma sebaceum, are
localized on the face and observed in 75% of patients
(8-10). They are typically observed between the ages of
2 and 5 years. Presence of three or more of these lesions
are considered a major criterion for the diagnosis of
TSC (11-14). “Shagreen” patches are generally observed
in the first decade in approximately 50% of patients and
typical for TSC (8-11). In our study, “shagreen” patches
were found with a frequency of 28%.

The most important findings that affect morbidity
and mortality rates in tuberous sclerosis include find-
ings related with the central nervous system (4). These
include neuropsychiatric diseases related with brain
structure, tubers, tumors, and TSC (4). A part of the
neurologic findings are among the major and minor
criteria used in the diagnosis (4, 9). Subependymal nod-
ules and SGCA are among the major findings. Subep-
endymal nodules are observed in 80% of patients and
SGCA is observed in 5-15% of patients (12). There is a
risk for subependymal nodules to transfrom into SGCA.
The risk factors for transformation to SGCA include lo-
calization near the foramen monro, calcification, visu-
alization with gadolinium, and size larger than 5 mm
(12). Tubers were found in 16 (44%) of our patients and
SGCA was found in seven (19%). The neurologic find-

Emir et al. Tumors associated with tuberosclerosis

ings in patients with tuberous sclerosis are mostly in
the form of epilepsy. One third of the clinical picture
of epilepsy is in the form of infantile spasm, and 69%
of this group had their first seizure before the age of
one year (13). Intellectual development is generally af-
fected; the frequency and time of onset of the seizures
has a direct effect on intellectual development. Men-
tal retardation is observed in 50% of patients and this
renders control of seizures difficult (13). Twenty-eight
(78%) of our patients had some kind of seizure. An-
giomyolipomas are benign tumors that contain vascu-
lar, smooth muscle, and adipose tissues (14-16). Renal
cystic disease, angiomyolipoma (renal angiolipoma),
polycystic renal disease, and rarely, renal cell carcinoma
are observed in 80% of pediatric patients with tuber-
ous sclerosis. Renal lesions may lead to hypertension
and chronic renal failure in untreated patients (14-16).
Renal angiomyolipoma was present in 21 (58%) of our
patients. Renal cysts were present in ten patients. Only
one of our patients was symptomatic. Nephrectomy was
performed in this patient because of hypertension and
severe hemorrhage. Renal anomalies were observed in
atotal of 21 patients (86%) and this rate was compatible
with the literature (14-16). Although most renal lesions
are asymptomatic, they may lead to symptoms and re-
nal failure with a higher rate in adulthood. Monitoring
of renal functions, hypertension control, radiologic im-
aging, and monitoring of renal lesions should be per-
formed regularly in these patients.

Cardiac rhabdomyoma, which is observed in tuberous
sclerosis, is a benign cardiac tumor. It is the most com-
mon cardiac finding in tuberous sclerosis (17, 18). Thir-
ty to fifty percent of rhabdomyomas show spontaneous
regression at about the age of 2-4 years (17, 18). Some
may lead to cardiac muscle injury, rhythm disturbance
or obstruction by affecting the cardiac region where
they are localized (18). Although they usulally do not
cause severe problems, they are among the major find-
ings. Problems may occur if they are localized near the
valves. They may be specified in the fetal period. Sim-
ilarly, four (40%) of our patients’ rhabdomyomas were
diagnosed prenatally. Cardiac rhabdomyomas general-
ly regress in the first six years. Cardiac rhabdomyomas
can be treated with medication and rarely surgery, if
they lead to hemodynamic impairment (19). In recent
years, a significant increase in treatment response has
been observed with mTor inhibtor drugs. We found
cardiac rhabdomyoma in 11 (28%) patients who were
being followed up for tuberous sclerosis in our clinic.
Two of our patients with rhabdomyoma received ever-
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olimus treatment in early infancy following prental
diagnosis because of rhabdomyomas that caused he-
modynamic impairment. Both patients responded dra-
matically positively to treatment.

Although hamartomas that occur in tuberous sclerosis
are benign, they may lead to life-threatening conditions
depending on the area of involvement. Treatment is rec-
ommended in case of involvement of functions of vital
organs including the brain and heart, and in the presence
of renal lesions that could lead to renal failure. In treat-
ment, one tries to improve the dysfunction of the rele-
vant organ depending on the condition of the disease.

In light of current information, mTOR inhibitor drugs
(sirolimus, everolimus) are used for treatment based on
the fact that the condition arises from excessive action
of the mTOR pathway. Therefore, there is an increased
number of studies reporting that these drugs are be-
ing used in lesions related with tuberous sclerosis in
the literature. However, mTOR inhibitors should only
be used in children in the presence of life-threatening
symptoms, cardiac hemodynamic impairment, and
SGCA, which may cause rapidly growing hydrocephaly,
because the long-term adverse effects are not known,
especially in children. In conclusion, renal angiomyo-
lipoma, cardiac rhabdomyoma, and SGCAs observed in
36 patients with tuberous sclerosis were evaluated in
this study. mTOR inhibitor everolimus was used in only
two patients because of life-threatening symptoms.
The other patients are being clinically followed up in
an asymptomatic state.
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