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Резюме
Актуальность. Нейрофиброматоз 1-го типа (НФ1) — это наследственный опухолевый синдром, встречающийся с частотой 1:3164 населения 

в мире. Болезнь характеризуется тяжелыми клиническими проявлениями в виде множественных кожных и подкожных опухолей, плекси-

формных нейрофибром, скелетных аномалий, когнитивных расстройств и различных осложнений. Цель исследования. Определение частоты 

встречаемости НФ1 в Республике Башкортостан и ее динамики, клинических особенностей НФ1 для совершенствования организационных 

и лечебно-диагностических подходов при оказании медицинской помощи пациентам с НФ1. Материал и методы. Проведено клинико-эпиде-

миологическое исследование больных НФ1 в Республике Башкортостан и сравнительный анализ с данными за 2009 и 2021 годы. Результаты. 

В Республике Башкортостан зарегистрировано 544 больных НФ1 из 433 семей в возрасте от 1 до 85 лет (средний возраст 30 лет и 7 месяцев), 

частота встречаемости составила 1:7407 человек. Характерные для НФ1 пигментные пятна определены у всех пациентов, кожные и подкож-

ные нейрофибромы у 58 %, плексиформные нейрофибромы — у 7 %, сколиоз — у 17,4 %. Трудности в обучении выявлены у 14 %, эпилепсия — 

у 3,7 %, гидроцефалия — у 4 %, глиомы зрительных нервов — у 6 %, опухоли головного мозга — у 4 % больных. Обсуждение. Сравнительный 

анализ особенностей клинических проявлений НФ1 у больных из Республики Башкортостан с мировыми данными показал достоверно более 

редкое выявление нейрофибром, узелков Лиша, глиом зрительных нервов, нарушений интеллекта и психологических расстройств. Количе-

ство пациентов с НФ1 в республике увеличилось в 2,3 раза за 15 лет и на 35 % за последние 3 года. Более того, 4 больных с плексиформными 

нейрофибромами получают ингибитор митоген-активируемой протеинкиназы, показавший свою эффективность. Заключение. Полученные 

результаты свидетельствуют о повышении количества зарегистрированных случаев НФ1 за последние годы и необходимости мультидисци-

плинарного подхода в исследовании пациентов в связи с достоверно низкой частотой регистрации характерных симптомов болезни.
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Abstract
Relevance. Neurofibromatosis type 1 (NF1) is a hereditary tumor syndrome occurring with a frequency of 1:3164 of the world’s population. The disease is 

characterized by severe clinical manifestations such as multiple cutaneous and subcutaneous tumors, plexiform neurofibromas, skeletal abnormalities, 

cognitive disorders and various complications. The aim of the study. To determine the frequency of NF1 in the Republic of Bashkortostan and its 

dynamics, clinical features of NF1 to improve organizational and therapeutic and diagnostic approaches in providing medical care to patients with NF1. 
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Material and methods. A clinical and epidemiological study of NF1 patients in the Republic of Bashkortostan and a comparative analysis with data for 

2009 and 2021 were conducted. Results. In the Republic of Bashkortostan, 544 patients with NF1 from 433 families aged 1 to 85 years (average age 

30 years and 7 months) were registered, the incidence rate is 1:7407 people. Pigment spots were identified in all patients, cutaneous and subcutaneous 

neurofibromas in 58 %, plexiform neurofibromas in 7 %, scoliosis in 17.4 %. Learning difficulties were identified in 14 %, epilepsy in 3.7 %, hydrocephalus 

in 4 %, optic nerve gliomas in 6 %, and brain tumors in 4 % of NF1 patients from the republic. Discussion. A comparative analysis of the characteristics 

of NF1 in patients from the Republic of Bashkortostan with global data showed a significantly rarer detection of neurofibromas, Lisch nodules, optic 

nerve gliomas, intellectual disabilities and psychological disorders. The number of patients with NF1 in the republic has increased by 2.3 times in 15 years 

and by 35 % in the last 3 years. Moreover, 4 patients with plexiform neurofibromas are receiving a mitogen-activated protein kinase inhibitor, which has 

proven its effectiveness. Conclusion. The obtained results indicate an increase in the number of registered cases of NF1 in recent years, but the need 

for a multidisciplinary approach in the study of patients due to the reliably low frequency of registration of characteristic symptoms of the disease.

Keywords: NF1 gene, diagnosis, treatment, neurofibromatosis type 1, neurofibromas, tumors, incidence.
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Introduction
Neurofi bromatosis, type 1 (NF1) is one of the most 

common hereditary tumour syndromes with autosomal 

dominant mode of inheritance, the global incidence 

of which is 1  :  3,164  people (the value varies between 

1  :  2,132  and 1  :  4,712  depending on the country) [1]. 

Th is condition is driven by heterozygous mutations in 

NF1 tumour suppressor gene, which encodes neurofi bro-

min, GTP-activating protein, comprising 2,818  amino 

acids and containing a domain, downregulating the 

activity of Ras protooncogenes, called GRD (GAP-related 

domain) [2]. Approximately a half of all NF1  cases are 

sporadic due to new mutations in gametal cells in par-

ents (80 % are found in spermatozoa) [3].

NF1  manifests with specifi c café-au-lait pigmented 

spots (CALM, café-au-lait macules) measuring over 

5  mm in diameter in pre-puberty and over 15  mm in 

post-puberty (99 %), or inguinal or axillary freckles, iris 

hamartomas (Lisch nodules), cutaneous and subcutane-

ous neurofi bromas, optic nerve gliomas and plexiform 

neurofi bromas, as well as typical bone abnormalities 

(sphenolateral bone dysplasia, cortex thinning and/or 

long bone pseudoarthrosis). Where two or more of these 

signs are present, clinical NF1  is diagnosed as per the 

guidelines of the National Institutes of Health (NIH). 

Where NF1  is confi rmed in close relatives, one sign of 

the disease is enough [4]. NF1  is associated with com-

plete penetration, therefore molecular genetic verifi ca-

tion is not mandatory, and the condition is diagnosed on 

the basis of the above criteria in 90 % of cases in patients 

under 7 years old and in 100 % of cases in patients under 

19 years old [3].

According to global references, CALM is observed in 

96.5 % of patients with NF1, while inguinal or axillary 

freckles are recorded in 90 % of cases. Cutaneous and/or 

subcutaneous neurofi bromas are diagnosed in over 99 %, 

iris hamartomas — in 70 %, plexiform neurofi bromas — 

in a half of NF1 patients [4]. Th e incidence of optic nerve 

gliomas in this disease is 27 %, brain tumours  — 10 %, 

dropsy of brain — 7.7 % [5]. Malignant peripheral nerves 

sheath tumours (MPNST) are very rare and aggressive 

neoplasms in general population, while they are observed 

in 13 % of NF1 cases. Usually, these tumours are a result 

of canceration of existing plexiform neurofi bromas [6].

Cognitive disorders in NF1  patients are diff use and 

can be observed throughout their lives [3]. According 

to meta-analysis results, convulsive disorder is recorded 

in 8.1 % of NF1  patients (of which: generalised tonic-

clonic epilepsy  — 16.8 %, focal fi ts  — 54.2 %; with one 

or two anticonvulsants, absence of seizures was observed 

in 68.5 %; median age: 3.5 to 12 years old) [7]. Impaired 

mental capacity, resulting in learning diffi  culties, is diag-

nosed in 40 % of NF1 cases; the mean IQ value is 85–90. 

Autism spectrum disorders are observed in 25–30 % of 

NF1 patients, while attention defi cit/hyperactivity disor-

der is recorded in 40 % [3].

NF1  patients have locomotor disorders. According 

to a meta-analysis, approximately 26.6 % of NF1 patients 

have scoliosis. It  usually develops in the early child-

hood and aff ects the thoracic spine. No  reliable cor-

relation between scoliosis and NF1  genotype has been 

identifi ed. In  terms of effi  cacy and safety, spinal fusion 

and growing rods demonstrated the best results in sco-

liosis management in NF1 patients [8]. On the average, 
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5 %  of  NF1  patients globally have pseudoarthrosis [4], 

24 % of them have short stature [9]. Of  interest is the 

description of the clinical presentation of NF1 in patients 

in the Republic of Bashkortostan and comparison of the 

results with the results of academic publications and 

meta-analyses from various countries, as well as previ-

ous data for this region. Th e results of the analysis can 

help in identifying the required areas of medical care 

improvement.

Study Objective
To identify the incidence of NF1  in the Republic of 

Bashkortostan and its changes, clinical characteristics of 

NF1 and comparison of results with available global data 

in order to improve organisational, treatment and diag-

nostic approaches to the management of NF1 patients.

Materials and Methods
Th e analysis included data on NF1 patients from the 

Republic of Bashkortostan (RB) registered with a genetics 

specialist at the Republican Medical and Genetics Centre 

with confi rmed NF1. All the studies were performed in 

accordance with the requirements of biomedical ethics 

and GCP (Good Clinical Practice). We  have studied 

clinical manifestations of NF1 in patients in RB and the 

comparison of the data with global results, as well as 

published results of studies conducted in RB in 2009 and 

2021. Statistical processing of qualitative binary data 

was performed using an interactive 2×2 cross table with 

calculation of relation statistics (Pearson’s χ2) with Yates’ 

correction for continuity developed by V. P. Leonov, as 

well as analysis of four-fold cross tables; see https://med-

statistic.ru/calculators/calchi.html.

Results
In the Republic of Bashkortostan, there are 

544  NF1  patients aged 1  to 85  years old (mean age: 

30 years 7 months) in 433 families, i. e. 1 : 7,407 people, 

with uneven area distribution (Figure  1). Despite the 

fact that these fi gures diff er from the global values more 

than two times (1  : 3,164 population [1]), if comparing 

to the 2009 national data (238 NF1 patients in 192 fami-

lies, incidence: 1 : 17,000 [10]), the number of registered 

NF1 patient rose 2.3-fold, evidencing higher utilisation 

of genetics specialist services by patients. Over the past 

three years vs. the 2021 data (401 patients in 321 fami-

lies, incidence: 1 : 10,103 [11]), the number of registered 

NF1 cases increased by 35 % (Figure 2).

In the RB, there are 299 sporadic cases (55 %) and 45 % 

of hereditary NF1 cases; male-to-female ratio is approxi-

mately 1 : 1 (52 % of females and 48 % of males), corre-

sponding to the global statistics [3] and results of previ-

ous NF1 studies conducted in the RB [10, 11]. Pigmented 

spots were observed in all NF1  patients; 314  patients 

(58 %) had cutaneous or subcutaneous neurofi bromas, 

which is lower than the global value (99 %) [4]. Th is dif-

ference can be explained by the fact that 42 % of patients, 

who did not present with cutaneous or subcutaneous 

neurofi bromas, had their NF1 diagnosed from the family 

history (NF1 in either parent). Also, some patients had 

CALM + plexiform neurofi bromas  or CALM + optic 

nerve gliomas without visible cutaneous or subcutaneous 

neurofi bromas, which meets the criteria set forth by the 

NIH for NF1 diagnosis. Of  them, 112 people had focal 

neurofi bromas, whereas the majority of patients (64 %) 

had multiple neurofi bromas. Although the global inci-

dence of MPNST in NF1 patients is 13 % [6], there were 

no cases of this neoplasm among 544 NF1 patients in the 

RB. Learning diffi  culties were diagnosed in 78  patients 

in the RB (14 %), which also diff ers from study results in 

other countries (40 %) [3].

Some NF1 patients in the RB had brain damage; 20 

(3.7 %) NF1 patients had epilepsy, 23 (4.23 %) — dropsy 

of brain, 22 (4 %) — cerebral cysts, 21 (3.86 %) — brain 

growth, and 34 (6.25 %)  — optic nerve gliomas. Lisch 

nodules were described just in 5 patients (1 %). Scoliosis 

was diagnosed in 95  NF1  patients (17.4 %), short stat-

ure — in 75 (13.8 %), lower-leg bones pseudoarthrosis — 

in 15 (3 %).

Figure 1. Distribution map of patients with NF1 

in the Republic of Bashkortostan
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Plexiform neurofibromas were described in 38 

(7 %) NF1  patients in the RB. Four patients are cur-

rently undergoing efficient target therapy with mito-

genic-activated protein kinase inhibitor (selumetinib 

[12]) within the Circle of Goodness program. These 

are a 10-year-old boy (inherited NF1 from his mother, 

selumetinib 30 mg/day) with facial plexiform neurofi-

broma; a 6-year-old boy (inherited NF1 from his father, 

selumetinib 30  mg/day) with oropharynx plexiform 

neurofibroma; a 12-year-old girl (inherited NF1  from 

her mother, selumetinib 50  mg/day) with hypophar-

ynx plexiform neurofibroma; and a 6-year-old boy 

(sporadic case, selumetinib 20 mg/day) with plexiform 

neurofibroma of his supraclavicular region and medi-

astinum. With the therapy, the four NF1  patients had 

improvements over a one-year follow-up period: reduc-

tion in the size of plexiform neurofibromas.

Discussion
A comparative analysis of clinical manifestations 

of NF1  in patients in the Republic of Bashkortostan 

(Table  1) shows statistically significantly lower inci-

dence of cutaneous and subcutaneous neurofibromas, 

Lisch nodules, plexiform neurofibromas, optic nerve 

gliomas, short stature and impaired mental capacity 

vs. global data [3–6, 9]. These data are likely to be a 

result of lack of specialised consultations to describe 

and diagnose the pathology. An  analysis of medical 

records demonstrated that only eight NF1 patients in 

the RB were consulted by an eye specialist; following 

consultations, Lisch nodules were diagnosed in 63 %, 

which is also less than the global data [4], however, 

the difference is not statistically significant (χ2 = 808; 

p = 0.369). According to the data from medical records, 

oncologists consulted 168 (31 %) NF1 patients, mainly 

those with severe signs of disease, e.g., recorded 

plexiform neurofibromas, optic nerve gliomas, brain 

tumours, because these patients require a special 

approach and antitumour management. There are no 

data on consultations by surgeons, psychiatrists and 

psychologists in patient medical records, and such 

consultations need to be included into examinations 

of NF1  patients. More reliable pathology identifica-

tion requires a thorough examination, consultation 

by an eye specialist, and NF1  signs, patient height 

and weight should be recorded in medical records; 

questionnaires should be used to identify any mental 

impairment.

Also, absence of MPNST, autism spectrum disorders 

and attention deficit disorder in NF1 patients in the RB 

is statistically different. It  shows the need for whole-

body MRI and consultation by a cancer specialist to 

diagnose MPNST, and consultation by a psychiatrist 

and psychologist to diagnose mental disorders. The 

incidence of CALM, brain tumours, dropsy of brain, 

epilepsy and skeleton abnormalities correlates with the 

data presented by other authors [4, 5, 7, 8].
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Figure 2. Scheme of the dynamics of the increase in the frequency of occurrence of NF1 in the Republic of Bashkortostan 

and in the world
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A comparative analysis of recorded clinical manifes-

tations of NF1 in patients in the RB this year vs. 2009 [10] 

and 2021 [11] did not demonstrate signifi cant changes 

in the incidence of clinical manifestations of the disease. 

In order to determine possible impact of sex diff erences 

on the incidence of NF1 symptoms, a comparative analy-

sis of clinical signs in male and female patients was per-

formed (Table 2). Signifi cant diff erences were found only 

in terms of learning diffi  culties (learning diffi  culties are 

more frequent in male patients).

According to the analysed data from the study of 

NF1 patients in the RB, there is no information on the 

presence of autism spectrum disorders, attention defi -

cit/hyperactivity disorder; however, the global incidence 

of these conditions among patients is 30–60 % and 

25–30 %, respectively [3]. It  demonstrates the need to 

refer NF1 patients to psychologists, neurologists and psy-

chiatrists for timely diagnosis and management of neuro-

logical and mental disorders. It is even more important, 

since multiple neurofi bromas on patients’ bodies (64 % 

of examined NF1 patients) have mental implications [3] 

(Figure 3). Medical records of NF1 patients in the RB do 

not contain any data on mental disorders, such as depres-

sion, anxiety or distress; however, scientifi c references 

suggest that these conditions are not uncommon among 

NF1  patients. For instance, clinical depression is diag-

nosed in 19 % and anxiety disorders are observed in 15 % 

of NF1 patients [13]. Th eir diagnosis and management by 

a psychologist will help improve the quality of patient’s 

life signifi cantly. Given a new therapy of plexiform neu-

rofi bromas — mitogenic-activated protein kinase inhibi-

tor (selumetinib), this product should be used more 

widely, since plexiform neurofi bromas were diagnosed 

in 38 NF1 patients in the RB. Indications for selumetinib 

therapy currently include documented plexiform neu-

rofi broma, and the condition of use is genetically con-

fi rmed NF1 (heterozygous mutation in gene NF1) [14]. 

Effi  ciency criteria of the medicinal product are tumour 

reduction, which, according to a meta-analysis [12], was 

observed in 75.3 %. Th e majority of adverse reactions to 

selumetinib were mild; the most common reactions were 

diarrhoea and vomiting [12].

Table 2. Comparative analysis of clinical manifestations of NF1 in male and female patients from the Republic 
of Bashkortostan

Clinical features
Frequency of occurrence in male 

NF1-patients with from RB, n=259
Frequency of occurrence in female 
NF1-patients with from RB, n=285

χ2 test; p-value at 1 degree 
of freedom

neurofi bromas 149 (58 %) 165 (58 %) χ2 = 0,007; p = 0,932

Lisch nodules 3 (1,16 %) 2 (0,7 %) χ2 = 0,311; p = 0,578

plexiform neurofi bromas 18 (7 %) 20 (7 %) χ2 = 0,001; p = 0,976

optic nerve gliomas 19 (7,34 %) 15 (5,3 %) χ2 = 0,995; p = 0,319

brain tumor 12 (4,6 %) 9 (3,1 %) χ2 = 0,796; p = 0,373

hydrocephalus 14 (5,4 %) 9 (3,1 %) χ2 = 1,693; p = 0,194

epilepsy 11 (4,3 %) 9 (3,1 %) χ2 = 0,455; p = 0,501

scoliosis 47 (18,15 %) 48 (16,8 %) χ2 = 0,160; p = 0,689

short stature 27 (10,4 %) 48 (16,8 %) χ2 = 3,480; p = 0,063

pseudoarthrosis 4 (1,54 %) 11 (3,9 %) χ2 = 2,713; p = 0,100

learning diffi  culties 46 (17,7 %) 32 (11,23 %) χ2 = 4,714; p = 0,030

Table 1. Comparative characteristics of neurofi bromatosis type 1 features in patients from the Republic of Bashkortostan 
with world data

Clinical features
Frequency of occurrence in 
NF1-patients from RB in %

Frequency of occurrence in 
patients worldwide in % [author]

χ2 test; p-value at 
1 degree of freedom

cutaneous and subcutaneous neurofi bromas 58 % 99 % [4] χ2 = 49,8; p<0,001

Lisch nodules 1 % 70 % [4] χ2 = 103,9; p<0,001

plexiform neurofi bromas 7 % 50 % [4] χ2 = 45,37; p<0,001

MPNST 0 % 13 % [6] χ2 = 13,9; p<0,001

optic nerve gliomas 6,25 % 27 % [5] χ2 = 16,004; p<0,001

brain tumor 3,86 % 10 % [5] χ2 = 2,765; p = 0,097

hydrocephalus 4,23 % 7,7 % [5] χ2 = 1,418; p = 0,234

epilepsy 3,7 % 8,1 % [7] χ2 = 1,418; p = 0,234

scoliosis 17,4 % 26,6 % [8] χ2 = 2,914; p = 0,088

short stature 13,8 % 24 % [9] χ2 = 3,25; p = 0,072

pseudoarthrosis 3 % 5 % [4] χ2 = 0,521; p = 0,471

learning diffi  culties 14 % 40 % [3] χ2 =27,022; p<0,001

autism spectrum disorders 0 % 28 % [3] χ2 = 32,558; p<0,001

attention defi cit hyperactivity disorder 0 % 40 % [3] χ2 = 50; p<0,001



O R I G I N A L  A R T I C L E The Russian Archives of Internal Medicine • № 3 • 2025

204 

Conclusion
We have conducted a clinical and epidemiological 

study of NF1 patients in the Republic of Bashkortostan. 

As a result, we have identifi ed the incidence of the dis-

ease, which was 1  :  7,407, i.e. signifi cantly lower than 

the global fi gures (1  :  3,164); however, the incidence is 

signifi cantly higher than in previous periods. Th e ration 

between male and female NF1  patients was 1  :  1, spo-

radic cases accounted for 55 %. Th e clinical character-

istics of NF1 patients in the Republic of Bashkortostan 

show comparable incidence of neurofi bromas, brain 

tumours, dropsy of brain, epilepsy, scoliosis, and pseu-

doarthrosis if compared to the global data. Signifi cantly 

lower incidence of plexiform neurofi bromas, optic nerve 

gliomas, short stature and impaired mental capacity have 

been observed in NF1 patients in the Republic of Bash-

kortostan. It  has been established that the incidence of 

clinical manifestations of the disease in male and female 

patients is comparable, and men have learning diffi  -

culties more oft en. An  analysis of patient examination 

in the Republic of Bashkortostan shows the need for 

patient referral to all-body MRI for timely diagnosis of 

plexiform neurofi bromas, because these tumours are an 

indication for mitogenic-activated protein kinase inhibi-

tor therapy. Since the diagnosis of NF1 is based on NIH-

approved clinical criteria, a multidisciplinary approach 

in disease diagnosis would be advisable. Also, consulta-

tions by specialists can help in more precise diagnosis 

of NF1, since this condition shares clinical presentation 

with other diseases [15]. For instance, a consultation 

by an eye specialist can help diagnose Lisch nodules, 

the presence of which is described just in 1 % of all 

NF1  patients in the RB. A  consultation by a neurosur-

geon allows identifying an approach to the management 

of dropsy of brain, tumours and cerebral cysts. Referral 

of paediatric NF1 patients to an orthopaedist can ensure 

early diagnosis and correction of skeleton abnormalities. 

Resection of multiple cutaneous and subcutaneous neu-

rofi bromas is possible in a surgical ward, especially in 

those using a surgical laser [14]. In order to diagnose and 

treat autism spectrum disorders, attention defi cit/hyper-

activity disorder, cognitive defi cit and distress caused by 

numerous psycho-traumatic tumours, it is advisable to 

refer patients to psychologists and psychiatrists. Th ese 

measures will signifi cantly improve the quality of diag-

nosis and management of NF1 patients and make their 

life better.
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