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AKTyanbHocTb. Ty6epo3Hbiit cknepos (TC) — 3TO HacC/eACTBEHHBIN OMyXO/EBbI CUHAPOM C ayTOCOMHO-AOMWHAHTHBIM TUMOM Hac/leA0BaHwA,
BCTpeyatowmmnca ¢ yactoton 1:6000 — 10000 HoBOpOXAeHHbIX B MMpe. bone3Hb xapaKTepusyeTca TAXKe/NbIMU KJAMHUYECKMMU MPOABAEHUAMMU
B BM/le aCTPOLMTOM rO/IOBHOIO MO3ra, pab4oMMOM cepALa, aHTVIOMUO/IMIOM MoYeK, IMMbaHTMONeOMMOMaTO3a IerKUX U aHrMOPUOPOM KOXMN.
MockonbKy AN neveHus 6onesHn paspaboTaH I$PeKTUBHbIM METOZ NedeHns nHrmbutopamm mTOR, aKkTyaslbHO CBOEBPEMEHHOE BbIIBIEHWE Na-
uunerToB ¢ TC. Llenb nccnepgoBanus. OnpegeneHne KAMHUKO-3NMAEMUONOrNYecknx ocobeHHocTeln TC B Pecnybanke bawkoptoctaH. MaTtepuassl
1 MeToAbl. [poBe/ieH peTPOCNEeKTUBHbIA aHaNN3 AaHHbIX U UccnesoBaHue naymenTos TC B Pecny6inke bawkopTocTaH. PesynbTaTsl. B Pecnybanke
BawkopTocTaH 3apeructpuposaHo 86 nauuneHtos TC 13 82 ceMeld, 4acToTa BcTpeyaeMocTu coctaBuna 1:47048 yenosek. CpeaHuii BospacT na-
umeHToB coctaeun 18,5 net (ot 1roga go 61 neT). XapaktepHble Ana TC naTHa genurMeHTaumm onpegenerbl y 90 % naumeHToB, aHrMopuEpombl
mua — y 56 %, ¢pnbposHble 6a1LWKM ronoBbl — y 33 %, WwarpeHesble 6AWKN — Y 36 %, cy63neHAMMasbHble Y3/1bl FOJIOBHOTO Mo3ra — y 66 %,
cyb3neHANManbHas rMraHToK1eToYHas actpounToMa — y 19 %, aHrMoMnonnnomel novek — y 43 %, ammMearHrnommomatos nerkux —y 1,2 %. Kor-
HUTUBHBIN AeduumnT BoifBeH Y 47 %, anunencua —y 67 %, aytnsm — y 1% naumentoB TC. O6cyxaeHne. CpaBHUTE/IbHBIN aHan3 0CobeHHOoCTel
KAUHMYeckux nposenennin TC y naumeHToB n3 Pecrny6mkn BallkopToCTaH C MMPOBLIMM AaHHLIMM NOKa3an 3HauynuMo 6onee peskoe BbifBNEHUE
aHrMopubpoM nua, onyxonei Nerkunx, NoYek N roJIOBHOro Mo3ra, KOrHUTUBHBIX HapyLIeHWi 1 ayTusma. B Pecny6avke bawkopToctaH 8 nauuen-
TOB C MAEHTUPMLMPOBaAHHBIMM MyTaumnamMun B reHax TSC1/TSC2 nonyyatoT neyeHve nHrnbutopom mTOR. 3akntoueHue. [onyyeHHble pe3yibTaThl
CBMAETEe/IbCTBYIOT O HU3KOW YacToTe 3aperncTpMpoBaHHbIxX ciyvaeB TC B pecrnybavke no CpaBHEHUIO C MUPOBLIMU AaHHbIMU, B CBA3M C YeM He-
06X0AMMO 03HaKOM/IeHMe Bpayeit BCcex crelunanbHoCTel 0 Heo6X0AMMOCTU HanpaBeHNA NaLMeHTOB C CUMNTOMaMu, XapakTepHbiMu ana TC, Ha
Me/MKO-TreHeTUYECKYI0 KOHCY/IbTauuto. [1f 4OCTOBEPHOTO BbIABJEHUA OMyX0/ell FON0BHOrO MO3ra U BHYTPEHHUX OPraHOB HEOBXOANMbI UHCTPY-
MeHTa/IbHble NCCIeAl0BaHMA B ANHAMUKE, OLL@HKa NCUXO/IOrMYeCKMX HapyLweHunii y nauneHTos TC ¢ KOHCyNbTaumen NCuXoTepaneBToB, HEBPO/IOTOB
1 MCUXO/NOTOB.

KnroyeBbie cn0Ba: aHzuomuoaunomsl noyex, acmpoyumomi, 2eH TSC1, 2en TSC2, AumpaHzuoneomMuomamosa Ae2Kux, NAmMHa denuzmeHmayuu,
paboomuombl cepoya, mybepo3sHsbill CKAepo3, Yacmoma BcmpedaemMocmu.
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Abstract

Relevance. Tuberous sclerosis (TS) is a hereditary tumor syndrome with autosomal dominant type of inheritance, occurring with frequency of
1:6000 — 10000 newborns worldwide. The disease is characterized by severe clinical manifestations in the form of astrocytomas of the brain,
rhabdomyomas of the heart, angiomyolipomas of the kidneys, pulmonary lymphangioleomyomatosis and angiofibromas of the skin. Since effective
treatment with mTOR inhibitors has been developed for TS, timely detection of patients with TS is important. The aim of the study. To determine
the frequency and clinical features of TS in the Republic of Bashkortostan to improve organizational and therapeutic and diagnostic approaches in
providing medical care to patients with TS. Material and methods. Determination of clinical and epidemiological features of TS in the Republic of
Bashkortostan. Results. In the Republic of Bashkortostan, 86 patients with TS from 82 families were registered, the frequency of occurrence was
1:47048 people. The average age of patients was 18.5 years (from 1 year to 61 years). Depigmentation spots were found in 90 % of patients, facial
angiofibromas in 56 %, head fibrous plaques in 33 %, shagreen plaques in 36 %, subependymal nodules of the brain in 66 %, and subependymal giant
cell astrocytoma in 19 %, renal angiomyolipomas in 43 %, pulmonary lymphangioleiomyomatosis in 1.2 % of patients. Cognitive deficit was found
in 47 %, epilepsy in 67 %, and autism in 1% of patients with TS. Discussion. Comparative analysis of TS clinical manifestations in patients from the
Republic of Bashkortostan with global data showed a significantly lower incidence of facial angiofibromas, lungs, kidneys and brain tumors, cognitive
impairment and autism. 8 patients with identified mutations in the TSC1/TSC2 genes are treated with an mTOR inhibitor. Conclusion. The obtained
results indicate a low frequency of registered cases of TS in the republic compared to world data. Therefore it is necessary to familiarize doctors of
all specialties with the need to refer patients with symptoms characteristic of TS for medical genetic consultation. For reliable detection of tumors
of the brain and internal organs, dynamic instrumental studies are necessary; assessment of psychological disorders in TS patients is necessary with
consultation of psychotherapists, neurologists and psychologists.

Key words: renal angiomyolipomas, astrocytomas, TSCT gene, TSC2 gene, pulmonary lymphangioleomyomatosis, depigmentation spots, cardiac

rhabdomyomas, tuberous sclerosis, frequency of occurrence
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Introduction

Tuberous sclerosis (TS) is an autosomal dominant
multisystemic disease [1] from the group of hereditary
neoplastic syndromes, with an average global incidence
within the range from 1:6,000 to 1:10,000 of newborns
[2]. TS is caused by inactivating mutations in TSCI and
TSC2 (abbr. Tuberous SClerosis) tumor suppressor
genes. Most common mutations are detected in the
TSC2 gene (in 70-90 % cases) [3]. Mutations in TSCI and
TSC2 genes causing TS are characterized by significant
variability and absence of mutagenesis hot points. The
meta-analysis of molecular-genetic test results in various
countries did not demonstrate significant differences in
the types of mutations and genophenotypical correla-
tions [4]. TS is characterized by variable clinical mani-
festations in different organs and systems, including the
emergence of hamartomas (benign neoplasms) on the
skin, in the lungs, brain, heart, kidneys, and liver [3].

Depigmentation spots are detected since birth
in patients with TS; their amount and sizes gradu-
ally increase [5]. Depigmentation spots are detected in
90 % patients [2, 5]. Specific facial angiofibromata start

emerging from the age of 3-4 years; the number of
lesions increases in adolescence, stabilizing in the adult
age. Angiofibromata are determined in 83 % patients
with TS. These manifest with violaceous or normally
colored (depending on the blood vessel predominance)
papules in zygomatic regions, the back of the nose, naso-
labial fold, forehead, and chin. Periungual fibromata are
detected in patients with TS over 20 years of age, most
commonly — in female toes. Gingival fibromata develop
in 20-50% patients (mainly adults) [5]. “Shagreen”
plaques emerge during the first 10 years of life and are
detected in 50 % patients with TS, while fibrous cranial
plaques (mainly on the forehead) are detected in 25 %
patients [2].

Besides external manifestations, patients with TS
suffer from the systemic neoplastic lesions of various
organs and tissues. Brain lesions, including subependy-
mal nodules (90 %), cortical tubers (80-90 %), subepen-
dymal giant-cell astrocytoma (5-20%), are detected in
the majority of patients with TS. Renal angiolipomata
(benign neoplasms consisting of blood vessels, smooth
muscles, and fatty tissue) are diagnosed in 75 % patients
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with TS [6]. Cardiac rhabdomyomata (benign mesen-
chymal neoplasms consisting of cardiomyocytes) are
detected in 90 % children with TS aged under 2 years.
Cardiac rhabdomyomata usually spontaneously regress
during the first year of life in patients with TS, thus this
tumor incidence decreases to 20 %, starting from the
second year of life [3]. Pulmonary lymphangioleiomyo-
matosis is detected in 40 % patients with TS [5, 6]. A spe-
cific category of renal neoplasms has been defined for TS,
i.e. “TS-associated renal cell carcinoma” (eosinophilic
solid cystic renal cell carcinoma) [7].

Epilepsy is detected in 63-93 % patients with TS with
the onset during the first year of life; it is closely asso-
ciated with the impaired neurocognitive development.
Neuropsychiatric disorders develop in 90% patients
with TS [3]. Meta-analysis conducted in 2020 dem-
onstrated that 30 % patients with TS suffered from the
autistic spectrum disorder (ASD), with 90% showing
signs of intellectual deficit [8]. A significant association
was detected between seizures and ASD in patients with
TS — this was not affected by the genotype, number and
location of neoplasms [9]. Based on the 2012 Diagnostic
Criteria adopted by the International Consensus Group
on the Tuberous Sclerosis Complex, 2 major or 1 major
and 2 minor diagnostic criteria are required to establish
the diagnosis of TS (Table 1). Major criteria include over
3 hypopigmentation spots (with the minimum diameter
of 5 mm), facial angiofibromata (over 3) or fibrous plaques
on the head, periungual fibromas (over 2), “shagreen”
plaques, multiple renal hamartomata, cortical dysplasias,
subependymal nodes, subependymal giant-cell astrocy-
toma, cardiac rhabdomyomas, lymphangioleiomyoma-
tosis, angiomyolipomata (over 2). Minor criteria include
polycystic renal disease, extrarenal hamartomata, achro-
matic retinal areas, oral cavity fibromata (over 2), foveae
on the dental enamel (over 3), cutaneous “confetti’-type
lesions [2]. 202 patients with TS were reported in the
Russian study conducted in the N.P. Bochkov Medical
Genetics Scientific Center, with mutations detected in
96.5% patients (with 6.7% represented by prolonged
deletions) [10]. Clinical features of 71 patients with TS
were described by the State Autonomous Healthcare
Institution of Sverdlovsk Region “Regional Pediatric
Clinical Hospital” in Ekaterinburg [11].

As mutations in TSCI and TSC2 genes [3] eliminate
the inhibition of mTOR (mammalian target of rapamy-
cin), this leads to the uncontrollable proliferation of
normal resting cells [1]. Thus, mTOR inhibitors are
used in the TS treatment. According to the meta-anal-
yses arranged, rapamycin (sirolimus) and its analogues
decrease the sizes of cerebral astrocytomas, renal angio-
lipomata [6], with a significantly decreased rate of sei-
zures [12], including in children over 1 year of age con-
cerning astrocytomas, facial angiofibromata, optic nerve
tumors [13]. Moreover, mTOR inhibitors used by females

Table 1. Diagnostic criteria for tuberous sclerosis
and their frequency

Criterion Frequency Author
Depig.mentation spots on 90% (5]
the skin
Faces angiofibromas 83% [5]
Heads fibrous plaques 25% [2]
Skin shagreens plaques 50% [2]
Pul

ulmonary 40% 5, 6]

lymphangioleiomyomatosis

90 % in children under
2 years of age, [3]
20% over 2 years of age

Heart rhabdomyomas

Subependymal giant cell

astrocytoma 5-20% (e}
Subependymal nodes 90 % [6]
Brain cortical dysplasia 80-90% [6]
Multiple renal hamartomas 75 % [6]
Gingival fibromas 20-50% [5]
Multiple renal cysts 30% [3]

pregnant with fetuses with TS decreased the sizes of car-
diac rhabdomyomata [14]. Meta-analysis conducted in
2024 confirmed the data on rapamycin efficacy in TS [1].
Various topical sirolimus levels were tested for the treat-
ment of facial angiofibromata. Based on the meta-anal-
ysis, after the application of various topical sirolimus
levels, the hazard ratio was 3.34 for the 1% drug, 4.43 for
the 0.2 % drug, 2.7 for the 0.1 % drug, 3.87 for the 0.005 %
drug. The rank analysis demonstrated that the best result
belonged to the 0.2% topical sirolimus [1]. Everolimus
(sirolimus derivative), which is another mTOR inhibitor,
is the most efficient anticonvulsant in TS [15].

Study objective

Determining clinical & epidemiological features of
tuberous sclerosis in the Republic of Bashkortostan (RB).

Materials and methods

Data were analyzed for patients with TS from RB
that were followed up by the genetic specialist in SBHI
“Republican Medical Genetics Center” (RMGC) with the
confirmed TS diagnosis. A total of 86 patients (48 males,
37 females) aged 1 to 61 years (25 [21; 33] years) with
the diagnosis of tuberous sclerosis established by genetic
specialists in RMGC of RB were enrolled in the study. All
patients had their history collected, they underwent the
clinical examination, including the ultrasound (US) of
the abdominal cavity, echocardiography, magnetic reso-
nance imaging (MRI) or computed tomography (CT) of
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the brain. Inclusion criteria: confirmed clinical diagnosis
of tuberous sclerosis with at least 2 major or 1 major and
2 minor diagnostic criteria based on the 2012 Diagnostic
Criteria adopted by the International Consensus Group
on the Tuberous Sclerosis Complex [2]. The study pro-
tocol was approved at the meeting of the Local Ethics
Committee (Protocol No. 5 dated December 7, 2009).
Each TS patient was analyzed concerning the data about
specific signs, including subependymal giant-cell astro-
cytoma (SEGA), subependymal nodes (SEN), pulmo-
nary lymphangioleiomyomatosis (PLAM) according
to the Russian clinical guidelines on the diagnosis and
treatment of tuberous sclerosis in children [16]. The
results of the US of internal organs were also accounted
for when determining the presence of cardiac rhabdo-
myomata, renal angiolipomata; features of cognitive
functions were described to detect the mental retarda-
tion and cognitive defects. See the Table 2 for baseline
patient characteristics.

Features of clinical TS manifestations in patients
from RB were compared to the global ones. All patients
signed the informed consent. Checklists and schemes
developed by international healthcare organizations
(EQATOR, Enhancing the Quality and Transparency of
Health Research) were used [17, 18].

Data were statistically processed and presented
based on Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals (Ann Intern Med 1997,
126: 36-47) [19]. When preparing the Statistics section,
special guidelines were used (“Quality Editorial Prac-
tice Charter”, https://scardio.ru/content/publication/

Table 2. Initial characteristics of patients with tuberous
sclerosis from the Republic of Bashkortostan

Frequency in pa-

Criterion tients from RB
n (%)
Depigmentation spots 78 (90 %)
Face angiofibromas 48 (56 %)
Heads fibrous plaques 28 (33%)
Skin shagreen plaques 36 (42 %)
Pulmonary lymphangioleiomyomatosis 1(1,2%)
Heart rhabdomyomas in pateints under 2 years 6 (75 %)
Heart rhabdomyomas in patients over 2 years 30 (38 %)
Subependymal giant cell astrocytoma 16 (19 %)
Subependymal nodes 57 (66 %)
Cortical dysplasia 37 (43 %)
Renal angiomyolipomas 37 (43 %)
Gingival fibromas 4 (5%)
Multiple renal cysts 19 (22 %)

Notes: RB — Republic of Bashkortostan, TS — tuberous sclerosis

Buklet_150x150_v3.pdf; European Heart Journal Guide-
lines. Calculator link: https://medstatistic.ru/calcula-
tors/calchi.html [20]. Quality binary data were statisti-
cally processed using the 2x2 interactive contingency
table calculating the link statistics (Pearson’s x* test) with
the Yates’ adjustment for continuity developed by V.P.
Leonov, as well using quadrupole contingency tables.
Differences were considered statistically significant with
p <0.05.

Results

86 patients (48 males, 37 females) aged 1 to 61 years
(25 [21; 33] years) from 82 families were reported in RB
(Fig. 1). Patients were distributed irregularly in the dif-
ferent Republic of Bashkortostan districts: 28 patients
with TS were rural dwellers (33 %), while 58 patients
lived in cities (67 %). Patient ethnicities corresponded
to distribution features in the region. Accounting for
the RB population in 2025 (4,046,094 people), the inci-
dence of TS is 1:47,048 people, which is 5.9-fold lower
than the global average [2]. The maternal disease inheri-
tance was 13 cases (15 %), while the other 73 were spo-
radic (85%). The analysis of clinical TS manifestations
corresponding to the established diagnostic criteria of
the disease [2] demonstrated that their incidence among
patients from RB differed from those collected from the
global TS statistics (Table 3). Cutaneous depigmentation
spots were detected in 78 patients with TS (90 %), facial
angiofibromata — in 48 (56 %), fibrous plaques on the
forehead — in 28 (33 %), “shagreen” plaques on the skin
of the torso — in 36 (42 %), pulmonary lymphangioleio-
myomatosis — in 1 (1.2%), subependymal nodes — in
57 (66 %), cortical tubers — in 37 (43 %), subependymal
giant-cell astrocytoma — in 16 (19 %), renal angiolipo-
mata — in 37 (43 %), gingival fibromata — in 4 (5%),
renal cysts — y 19 (22 %). The incidence of cardiac rhab-
domyomata significantly differed depending on the age
of patients with TS, accounting for the fact that many
of those anomalies tended to regress spontaneously after
2 years of age [3]. The current article calculated the inci-
dence of cardiac rhabdomyomata in various age groups:
they were detected in 6 (75 %) of 8 children with TS aged
under 2 year, while in patients over 2 years (n=78) this
parameter reached 30 (38 %).

The analysis of data presented in Table 1 demon-
strated that the incidence of polycystic kidney disease,
subependymal giant-cell ependymoma, cardiac rhabdo-
myomata, “shagreen” plaques on the skin, fibrous plaques
on the forehead, and depigmentation spots did not differ
statistically from global data. At the same time, gingival
fibromata, renal angiomyolipomas, cortical dysplasias,
subependymal nodes, pulmonary lymphangioleiomyo-
matosis, and facial angiofibromata in patients with TS
from RB were detected less frequently.
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Figure 1. Age range of patients with tuberous sclerosis in the Republic of Bashkortostan

Table 3. Comparative characteristics of diagnostic criteria for tuberous sclerosis in patients from RB
with world data [2, 3, 5, 6]

Frequency in patients World frequency in
Criterion from RB, patients with TS, X2 test;
(%) (%) p-value at 1 degree of freedom

Depigmentation spots 90% 90 % x> =0;p=1

Face angiofibromas 56 % 83% x* = 17,195; p<0,001
Heads fibrous plaques 33% 25% x* = 1,554; p=0,213
Skin shagreen plaques 42% 50% X* = 3,998; p=0,046
Pulmonary lymphangioleiomyomatosis 1,2% 40% X* = 46,664; p<0,001
Heart rhabdomyomas in pateints under 2 years 75% 90% X =7,792; p=0,006
Heart rhabdomyomas in patients over 2 years 38% 20% X* = 7,868; p=0,006
Subependymal giant cell astrocytoma 19% 13% x* = 1,339; p=0,248
Subependymal nodes 66 % 90% x* = 16,783; p<0,001
Cortical dysplasia 43% 85% X* = 38,281; p<0,001
Renal angiomyolipomas 43% 75% X* = 21,166; p<0,001
Gingival fibromas 5% 35% X* = 28,125; p<0,001
Multiple renal cysts 22% 30% X* = 1,663; p=0,198

Notes: RB — Republic of Bashkortostan, TS — tuberous sclerosis

Table 4. Characteristics of tuberous sclerosis clinical manifestations (not included in the criteria for diagnosis)
in patients from RB compared with world data

Frequency World frequency 2 test:
Criterion in patients from RB, in patients with TS, value at l)fle ree, of freedom
n (%) n (%) P &
Epilepsy 67 % 78 % (3] X* = 3,034; p=0,082
Cognitive impairment 47 % 75% [5] x* = 16,478; p<0,001
Autism spectrum disorder 1% 30% [8] X* = 32,105; p<0,001

Notes: RB — Republic of Bashkortostan, TS — tuberous sclerosis
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Besides the aforementioned TS manifestations (diag-
nostic criteria), other clinical signs were also detected
in patients from RB: epilepsy was detected in 58 (67 %),
cognitive disorders — in 40 (47 %), while ASD — only in
1 (1.16 %) TS patient. Compared to global data (Table 4),
the incidence of epilepsy in patients with TS from RB
did not differ statistically, while cognitive disorders and
ASDs occurred significantly less frequently compared to
global data.

The analysis of Table 4 confirms that patients with TS
need to be examined by psychiatrists and psychologists
to describe the cognitive disorders and ASDs in them.

8 (9%) people with the genetically confirmed diag-
nosis of TS from 86 followed up by the RMGC are
administered everolimus 10 mg/day. 2 of these patients
had a prolonged TSC2 gene deletion, 1 had a binucleo-
tide deletion in the TSCI gene (exon 7:¢.530_531delTC
(p.Leul77fs*40)), and 5 had intragene TSC2 muta-
tions: exon 12:TSC2:¢.1225G>T; exon 30:¢.3610+6G>A;
exon30:c.3610+1G>A; exonl7:c.1840-1G>A;
exonl17¢.1831C>T(p.R611W). All 8 patients using evero-
limus had neoplastic and brain lesions typical for TS:
6 (75%) — cardiac rhabdomyomata, 5 (63 %) — renal
angiolipomata, 4 (50 %) — epilepsy, 4 (50 %) — cognitive
disorders in various combinations. Compared to global
data, the incidence of cardiac rhabdomyomata, renal
angiolipomata, cognitive disorders, and epilepsy did not
differ statistically from 8 patients administered everoli-
mus, accounting for the small sample size (using the ¢
test and Pearson’s contingency ratio).

Discussion

The comparative analysis of TS incidence in RB
(1:47,048) and global data (1:6,000 — 1:10,000) dem-
onstrate that the incidence of reported cases is 5.9-fold
lower than the expected one. This can be explained by
the fact that not all patients with TS are referred for
counseling to the RMGC. Thus, this issue has to be
widely discussed among pediatricians, general practi-
tioners, dermatologists, diagnostic specialists (deter-
mining typical TS manifestations on US, EchoCG,
MRI); it also has to be included into educational pro-
grams for junior and postgraduate medical students,
young physicians. The regional issue is also associated
with the possibility of using everolimus treatment (cur-
rently in 8 patients).

The comparative analysis of clinical TS features in RB
and the global statistics data demonstrates a significantly
less frequent detection of facial angiofibromata. If the
age effect is assumed (i.e. angiofibromata in TS emerge
at the age of 3-4 years [5]), this factor cannot be used,
as the mean age of examined patients was 18.5 years,
while the number of patients under the age of 3 years
was 7 (8%). Subependymal nodes, cortical dysplasias,

renal angiolipomata, gingival fibromata, and pulmonary
lymphangioleiomyomatosis (important diagnostic cri-
teria in TS) were also detected less frequently [2]. The
results obtained may reflect the features of clinical TS
manifestations in RB, however repeated imaging of inter-
nal organs and the brain is required for a more accurate
evaluation. Insufficient patient examination may be the
possible cause of a lower tumor diagnosis. Thus, brain
neoplasms were detected in 65 (76 %) patients with TS
from RB. However, only in 2 (2.3 %) patients the MRI
was not abnormal, while the brain MRI was not arranged
in 19 (22 %) patients.

Concerning other TS manifestations, the rate of epi-
lepsy in patients with RB is not statistically different
from the global data. However, cognitive disorders and
ASDs were reported significantly less frequently, which
requires counseling of neurologists, psychotherapists,
psychologists to be arranged in all patients with TS with
the purpose of determining the character of psychoneu-
rological disorders and recommendations on their treat-
ment. Although neoplastic lesions of internal organs (in
various combinations) were detected in all 86 patients
with TS, only 8 of those (9 %) are currently treated with
everolimus. This is related to the fact that the genetic
disease confirmation is required to obtain the drug via
the Krug Dobra fund. This organization was created on
January 5, 2021 by the Order of the President of the Rus-
sian Federation “On Creating the Fund for Supporting
Children with Severe Life-Threatening and Chronic Dis-
eases, Including Rare (Orphan) Diseases (Krug Dobra)”.
The procedure of obtaining drug products in the Krug
Dobra Fund is presented in the Decree of the RF Gov-
ernment dated April 6, 2021 No. 545 according to the
List of Children Categories (Krug Dobra). Criteria for
everolimus administration include children with the
clinical symptom complex of tuberous sclerosis; children
with the symptom complex of tuberous sclerosis, but
no detected TSC1 or TSC2 mutation, confirmed by the
mutual statement of two Federal Medical Centers con-
cerning the drug product administration; children with
the detected TSCI1 or TSC2 gene mutation; children with
dysphagia under 18 years of age; children with cognitive
disorders under 18 years of age [21].

To provide the drug coverage of patients with TS,
mutations in TSCI/TSC2 genes have to be identified
in all patients with further referral for everolimus
treatment and regular follow-up. It should be noted
that when encountering pulmonary lesions in young
females and children, physicians often establish the
diagnosis of lymphangioleiomyomatosis without dif-
ferential diagnosis with TS. It is important to accentu-
ate the attention of general practitioners, pediatricians,
and other specialists about the hereditary disease and
possible lesions of other organs (mainly the heart, kid-
neys, and brain).
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As stated in our article, in RB 24 patients (28 %)
underwent the genetic testing, which differs from global
data, according to which the mutation detection rate
in different countries varies from 13 % in the Nether-
lands [22] to 72 % in the USA [23], 76 % in Taiwan [24],
78 % in Germany [25], 80 % in the UK [26], 83 % in the
USA [27], 89% in Brazil [28], and 94 % patients with
TS in Mexico [29]. This situation is due to the fact that
patients from RB have to apply to the N.P. Bochkov
Medical Genetics Scientific Center (MGSC) for muta-
tion testing, and this is not available to everyone due to
the required trip to Moscow. One possible solution is to
conduct the tests in the Republican Medical Genetics
Center or to develop a scientific diagnostic program with
the possibility of collecting blood in RMGC (Utfa) and
sending it for free testing to N.P. Bochkov MGSC with-
out visiting Moscow.

Only 9.3% patients with TS from RB are adminis-
tered targeted therapy, while based on global data the
treatment is recommended for all patients [22-29]. This
regional limitation is associated both with the incom-
plete genetic testing coverage of all patients from RB
(as detection of mutations in TSCI or TSC2 genes is
required for everolimus administration) and the required
informed consent of patients for treatment (not all
patients consent for therapy, especially those with mild
clinical disease manifestations). It should be noted that
thanks to the molecular-genetic testing, 5 patients had
mutations in the TSCI gene detected, with 3 mutations
(c.530_531delTC:p.Leul77fs, ¢.587C>T:p.Prol96Leu,
c.936C>G:p.Tyr312X) not described priorly in the
scientific literature, while 2 were observed by other
researchers: ¢.682C>T:p.Arg228X in Germany [25],
c.2287C>T(p.GIn763Ter) in the Netherlands [22], the
USA [23], and Brazil [27]. In our study, 19 patients had
mutations in the TSC2 gene detected, with 11 pathogenic
variants (c.43delT:p.Phel5fs, ¢.707T>C:p.Leu236Pro,
c.767G>T:p.Cys256Phe, €.931_932del:p.Ser311fs,
c.973C>T:p.GIn325X, ¢.1225G>T:p.Glu409X, ¢.1840-1G>A,
€.2380C>T:p.GIn794X, ¢.2707dupC:p.Leu902fs,
c.3610+6G>A,c.4161_4162del:p.Ser1387fs)notdescribed
earlier in the scientific literature. 8 mutations detected in
RMGC among patients from RB were described priorly in
patients with TS in other countries: ¢.268C>T (p.GIln90X)
inthe USA [23,27] and Taiwan [24], c.976-15G>A in Ger-
many [30] and the USA [27], c.1831C>T(p.Arg611Trp)
in India [31], the USA [23], China [32], and Mexico [29];
¢.2083C>T(p.GIn695X) in the UK [26], China [33], and
the USA [23]; ¢.3095G>C(p.Argl032Pro) in the Neth-
erlands [34], ¢.3610+1G>A in the UK [26] and the
USA [27], ¢.4174C>T(p.GIn1392X) in China [35] and
Mexico [29], c.4242dupT(p.Lys1415fs) in the USA [23].

RB has accumulated the experience of administering
and using everolimusin 8 patients with mutations detected
in the TSCI (exon 7:¢.530_531delTC (p.Leul77{s*40))

and TSC2 genes (exon 12:TSC2:c.1225G>T; exon
30:¢.3610+6G>A; exon30:c.3610+1G>A; exonl17:c.1840-
1G>A; exon17¢.1831C>T, and prolonged gene deletions
in 2 patients). The treatment administered resulted in the
reduction of several clinical TS manifestations, including
seizures. The follow-up also confirmed the improvement
of cognitive functions in patients with TS administered
targeted therapy (everolimus). This confirms its efficacy
and cost-effectiveness of drug administrations to a larger
pool of patients with TS, which requires the molecu-
lar-genetic testing with the detection of mutations in
TSC1I and TSC2 genes.

Conclusion

The results obtained confirm the lower (5.9-fold)
rate of reported TS cases in RB compared to global
data. This may be associated with the low alertness of
physicians about typical TS symptoms and diagnostic
criteria. When finding such signs as depigmentation
spots, facial angiofibromata, fibromata on the forehead,
“shagreen” plaques on the skin, renal angiolipomata,
cardiac rhabdomyomata, pulmonary lymphangioleio-
myomatosis, nodular cerebral lesions, clinicians should
suspect TS and refer the patient to the medical genet-
ics counseling. The detected statistically significant dif-
ferences in the incidence of specific TS manifestations
may be associated with the insufficient examination —
thus, all patients with TS should undergo regular brain
MRI, US of internal organs, EchoCG. Psychotherapist,
neurologist, and psychologist counseling is required to
detect and treat psychoneurological disorders. Consid-
ering the treatment of neoplastic disease manifestations,
all patients in need have to be provided mTOR inhibi-
tors, which requires the molecular-genetic confirmation
of the diagnosis by detecting mutations in TSCI and
TSC2 genes. Physicians in different Russian regions
should know that patients with suspected TS should be
referred to the genetics specialist counseling in interre-
gional medical genetics centers or directly in Moscow
MGSC (if the former ones are absent) in order to detect
the disease timely and administer targeted therapy.
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