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ABSTRACT

Tuberous sclerosis complex (TSC) is an autosomal-
dominant multi system disorder. The genetic basis of the
disorder is mutations in the 7SC/ or TSC2 gene, which
leads to over activation of the mammalian target of rapa-
mycin (mTOR) protein complex and results in develop-
ment of benign tumors in different body systems such as
brain, skin, lungs and kidney. The mTOR inhibitors are
presently the main treatment option for patients with TSC.
We here report a 21-year female patient with large bilat-
eral angiomyolipoma (AML) in both kidneys with longest
diameter more than 12.3 cm and subependymal giant cell
astrocytoma (SEGA). Treatment with everolimus (EVE)
was initiated at a dose of 10.0 mg/day and continued dur-
ing the following 3 years. Magnetic resonance imaging
(MRI) was performed before treatment with everolimus
was initiated, and consequently at 12 and 36 months for
follow-up of the efficacy of the treatment. After 3 years,
the total size of largest AML decreased by ~24.0% in the
longest diameter. A reduction of the total size of SEGA was
also observed. The most common adverse effect of treat-
ment was stomatitis grades 3 to 4 and one febrile episode
associated with skin rash that required a reduced dose of
EVE. In conclusion, the everolimus treatment improved
even such a large renal AML and the effect persisted dur-
ing the long-term administration with a small number of
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adverse effects. A positive effect was observed on the brain
tumor as well.
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INTRODUCTION

Tuberous sclerosis complex (TSC) is a rare disease,
with a birth rate of 1 in 6,000 to 1 in 10,000 newborns [1].
It is a multisystemic, autosomal dominant condition that
can result in formation of hamartomas in multiple organs,
mainly in brain, kidney, skin and lung. The two thirds of
affected patients have sporadic mutations [2].

The British dermatologist John James Pringle first
observed papular facial rash in a female patient with intel-
lectual impairment, describing it as “adenoma sebaceum”
[3]. The French neurologist Désiré-Magloire Bourneville
described potato-like tumors in the brain and associated
them with the cutaneous manifestations and other clinical
symptoms [4]. Hence, a historical text appeared as the
“Bourneville-Pringle disease” [5,6].

At a molecular basis, TSC results from a mutation
in one of two TSCI and TSC2 genes (located in chromo-
somes 9 and 16, respectively). These two genes encode
two proteins (hamartin and tuberin), form intracellular
complexes and physiologically inhibit a serine-threonine-
kinase, known as mTOR (mammalian target of rapamy-
cin). Their complete loss allows unregulated stimulation
of cell growth and proliferation [7].

The first TSC Consensus Conference was held in
1998 and the recommendations for diagnosis and clinical
management of patients with TSC were developed [8].
At the second International TSC Consensus Conference
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(2012), these criteria were reviewed and updated and rec-
ommendations for diagnosis, surveillance and manage-
ment of TSC patients were issued [9].

The mTOR inhibitor rapamycin, and later the rapa-
mycin derivate, everolimus, played a significant role in
solid organ transplant protocols to prevent rejection, in
oncology as an anticancer target therapy and for elution
of vascular stents in interventional cardiology [10]. In
2010, everolimus became the first approved therapy by the
US Food and Drug Administration (FDA) for treatment
of TSC-associated subependymal giant cell astrocytoma
(SEGA). Later, in 2012, everolimus was also approved
by the FDA to treat renal angiomyolipomas (AMLs), in
TSC patients [11].

Diagnosis of TSC can be confirmed with clinical di-
agnostic criteria and gene testing, but in 10.0-25.0% of
patients there is no gene mutation confirmed. Clinical di-
agnostic criteria consist of 11 major and six minor features.
Definitive diagnosis can be confirmed with presence of two
major or one major and two minor futures [9].

About 85.0% of patients with TSC during childhood
and adolescence manifest seizures, cognitive and/or be-
havioral problems (autism and autism spectrum disease).
A subset of adult patients have normal mental status. The
main brain lesions include cortical tubers, subependymal
nodules and SEGA present in only 5.0-15.0% of TSC
patients. Subependymal giant cell astrocytoma can lead
to ventricular enlargement and hydrocephalus increasing
the rate of morbidity and mortality among this group of
patients [12].

Angiomyolipomas are the most common renal lesions
(~80.0% of cases) in TSC patients. They are typically mul-
tiple and bilateral, composed of abnormal blood vessels,
immature smooth muscle and fat cells, and progressively
enlarge from the first years of life and adolescence. Spon-
taneous bleeding may occur due to abnormal vasculature
and aneurysm development. The size of tumors (AMLs) >4
cm is risk factors for bleeding. Except AMLs, TSC patients
have been diagnosed also with multiple renal cysts [13].

Lung involvement, called lymphangioleiomyomatosis
(LAM), is characterized by replacement of alveolar tissue
by cystic changes and proliferation of the smooth muscle
cells in pulmonary parenchyma. This condition is the third
most common cause of TSC morbidity, affecting almost
exclusively reproductive age females with TSC [14].

Cutaneous manifestations are observed in 90.0% of
patients and present the most visible features of TSC. The
most common are hypopigmented macules as pathogno-
monic sign for early diagnosis. Facial angiofibromas are
observed in 85.0-90.0% of cases [15].
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A 21-year-old female patient was diagnosed with
sporadic TSC at the age of 12. She was the first child in
the family, born at term with placenta previa. Because
of presence of multiple hypopigmented macules on the
skin at the time of birth, she was transferred to the Neo-
natology Department at the University Pediatric Clinic,
Skopje, Republic of North Macedonia. However, the exact
diagnosis was not established. At 1 year of age, the first
convulsion was reported and treatment with phenobarbitol
was initiated. At the age of 5, multiple facial angiofibromas
were noted in the medical records. Furthermore, some
cosmetic procedures were performed. In 2010, at the age
of 12, a new episode of convulsions appeared, and she
was hospitalized. A complete check-up was performed
and genetic analysis confirmed a deletion of exon 1 of the
TSC2 gene and the upstream region of the 7SC2 gene by
multiplex ligation probe amplification (MLPA) method
(MRC-Holland, Amsterdam, The Netherlands). No pres-
ence of mutation in the genetic analysis of the parents was
confirmed, and it was described as a de novo mutation.
Multiple major and minor features were described in the
medical reports (Table 1).

Table 1. The proband’s clinical diagnostic criteria.

Major Features Minor Features

Angiomyolipomas Multiple renal cysts
Cortical tubers Gingival fibromas
SEGA

Hypopigmented macules

Fagial angiofibromas

Cardiac rhabdomyoma

SEGA: subependymal giant cell astrocytoma.

Treatment with mTOR inhibitor was suggested, but
not initiated. In 2014, she was regularly transferred to
the University Clinic of Nephrology, Skopje, Republic of
North Macedonia, as an adult patient. Another investiga-
tion and laboratory tests were performed there. The patient
was asymptomatic, without the presence of new episodes
of epilepsy, flank pain and abnormal urinary sediment.

Ultrasonography of the urinary tract revealed multiple
heterogenous lipid-rich lesions present in both kidneys.
The largest formation in the upper pole of the right kid-
ney had the longest diameter of ~11 cm. She was referred
to the urologist, but surgical treatment or an emboliza-
tion procedure was not suggested. In 2015, according to
the guidelines for treatment of TSC patients, systematic
therapy with everolimus was initiated.
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Magnetic resonance imaging of the urinary tract and
brain were performed before initiation of everolimus treat-
ment (Figures 1 and 2). After 12 months of treatment,
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Figure 1. At the upper pole of the right kidney a large AML, longest
diameter of 12.3 x 7.1 cm (arrow left) with heterogenous density,
presence of microaneurisms at the posterior and lateral segments,
with a dominant lipid component revealed on the urinary tract MRI
(red arrow). At the lower pole of the left kidney, an AML with the
dimension of 5.3 x 3.7 cm (arrow right) and other multiple AMLs
with dimensions of 5-10 mm were found, as well as multiple cysts.
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Figure 3. Magnetic resonance imaging of the urinary tract at 12
months after everolimus initiation.

reduction of the renal tumors and SEGA were registered
(Figures 3 and 4). At 36 months, ~24.0% reduction in the
longest diameter of the largest AML in right kidney was

Figure 2. On the brain MRI, multiple lesions as subependimal
nodules, subcortical tubers and largest tumor mass presented in
foramen Monro as SEGA (diameter 3.0 x 1.5 cm) were described.

Figure 4. Magnetic resonance imaging of the brain at 12 months
after everolimus initiation.
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achieved. Reduction of SEGA was also observed (Figures
5 and 6). All biochemical parameters remained stable dur-
ing the follow-up period. Normal renal function without a
new onset of proteinuria was observed (Table 2).

Figure 5. Magnetic resonance imaging of the urinary tract at 36
months after everolimus treatment initiation.

Figure 6. Magnetic resonance imaging of the brain at 36 months
after everolimus treatment initiation.
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Table 2. Biochemical laboratory findings in the follow-up period.

Parameters First Year |Second Year| Third Year
Hb (g/dL) 12.1 12.4 12.6
RBC (10™/L) 39 4.1 4.0
Platelets (10°/L) 245.0 254.0 256.0
Protein/albumin (g/dL) 79.0/41.0 | 82.0/42.0 | 81.0/42.0
SCR (umol/L) 62.0 61.0 63.0
BUN (mmol/L) 3.8 29 3.5
Cholesterol (mmol/L) 4.0 4.1 4.0
HDL (mmol/L) 1.2 1.3 1.2
LDL (mmol/L) 2.3 22 2.1
Triglycerides (mmol/L) 0.96 1.10 1.10
CRP (mg/L) 1.9 1.2 1.6
Proteinuria (g/24 hours) 0.13 0.11 0.17

Hb: hemoglobin; RBC: red blood cell count; SCR: serum creatinine;
BUN: blood urea nitrogen; HDL: high-density lipoproteins;
LDL: low-density lipoproteins; CRP: c-reactive protein test.

DISCUSSION

According to the established diagnostic criteria, our
case displayed many major and two minor features for
“definitive diagnosis,” also confirmed by genetic testing.
The different disease presentation required a multi disci-
plinary approach for the patient to manage the epilepsy
and renal involvement.

Our patient started with everolimus treatment in the
late phase of the disease presentation, with large AMLs in
both kidneys (>12 cm). Everolimus tablets, 10 mg/day. were
administered, with blood trough levels in the range of 5.0-
15.0 ng/mL in accordance with the guidelines. Renal AMLs
are the most frequent features of TSC as benign tumors. In
the general population the prevalence of AML is rare (0.02-
0.29%) of both males and females. Treatment of renal AML
depends on its presentation [16]. According the guidelines
for asymptomatic AMLs of >3 cm, they should be treated
with mTOR inhibitors. In our case, the reduction of AML
in the follow-up period was lower than presented literature
results, as well as the reduction of the SEGA volume was
not similar to the published studies, but still acceptable.

Phase III EXIST-1 study (NCT00789828) included 117
patients at the age of 0.8-26.6 years with TSC-associated
growing SEGA. Patients were randomly included in a 2:1
ratio to receive everolimus (n = 78) and placebo (n = 39).
The median follow-up period was 9.7 months when 35.0%
of the patients in the everolimus treatment group achieved
>50.0% reduction in size of SEGA vs. 0.0% of the patients
in the placebo group. The exploratory end points, AML re-
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sponse rate (>1 AML>1 cm in the longest diameter) 53.0%
achieved response rate vs. 0.0% in the placebo group [17].

The everolimus for AML associated with TSC or
sporadic lymphangiomyomatosis (EXIST-2) trial has con-
firmed the previous reports. It was a multi center, rand-
omized, double blind, placebo-controlled, phase II trial of
118 patients with a definite TSC diagnosis and at least one
AML >3 cm that showed 42.0% reduction of AML volume
in everolimus compared to 0.0% in the placebo group [18].

After 3 years of treatment, our patient reached ap-
proximately 24.0% reduction in the longest diameter of
AML. No evidence of new AMLs or episodes of bleeding
were observed.

An extension phase of the EXIST study included 112
patients who received >1 dose of everolimus, and 58.0%
achieved AML response rate. Almost all patients (97.0%)
achieved reduction in renal lesion volumes during the
study period. Median duration of everolimus exposure
was 46.9 months. Approximately 14.3% of patients ex-
perienced progression in AML size [19]. While previous
reports have largely assessed the effect of everolimus for
AMLs with longest diameter <10 cm, another case report
included three patients suggesting this drug might also
be effective for huge lesions of >20 ¢cm in diameter [20].

Of note, in our case during the period of treatment,
some adverse events were registered. A few episodes of
aphthous stomatitis requiring reduction of the dose of
everolimus were observed. One febrile episode with zoster-
like cutaneous rash on the lower extremity was treated at
University Clinic of Dermatovenerology, Skopje, Republic
of North Macedonia, with temporary everolimus treatment
interruption.

Facial angiofibromas were features of the disease
with the highest response rate to treatment with good psy-
chological effect on the patient. In the reported studies,
proteinuria was one of the adverse events, but in our case
the patient did not experience proteinuria, and had normal
renal function for the whole period of treatment [18,19].

Due to the presence of a large brain structural mani-
festation, continuous follow-up by a neurologist and a
neurosurgeon was performed. The majority of TSC pa-
tients have neurological symptoms, ~90.0% of affected
individuals experience seizures and almost half also expe-
rience cognitive impairments, autism, or other behavioral
disorders. Epilepsy is seen in 70.0-90.0% of patients, most
commonly presenting in the first year of life [12]. Our
patient had normal mental status without autism and/or be-
havioral difficulties. However, seizures were present from
the first year of life, with prescribed therapy till 5 years.
At the age of 12 years, when the new onset of seizures
was registered, an anticonvulsive treatment was reiniti-
ated. After many years free of seizures, the anticonvulsive

therapy was again ceased. Thus, after 3 years undergoing
everolimus therapy, a new episode of seizure was reported
and anticonvulsive therapy was administered. The patient
was placed on lamotrigin. The MRI findings excluded
hydrocephalus without necessity of surgical treatment.
Based on the literature, surgical intervention of SEGA >3
cm has 67.0% risk of surgery-related complications and
surgery on tumors >4 cm was associated with 73.0% risk
of complications [21,22].

It is recommended that SEGAs are MRI-monitored
every 1-3 years in patients younger than 25, as these tumors
usually grow in children and young adolescents, but do
not have a tendency to grow in adulthood [21,22]. Similar
case reports are found in the literature with similar disease
presentation and medical treatment [23].

Conclusions. Tuberous sclerosis complex is a multi
systemic disorder with different symptom presentations
and the highest rate of morbidity and mortality associ-
ated with renal and brain manifestations. Treatment with
everolimus is beneficial for even such large AMLs, and the
positive impact persisted during a long-term administra-
tion with a low rate of adverse effects. A positive impact
of everolimus treatment was also observed on the brain
tumors, especially SEGA.
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