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Introduction. The identification of driver mutations in the JAK2, CALR, and MPL genes is a gold standard approach in the molecular diagnosis of patients with 

Ph-negative myeloproliferative neoplasms (Ph-MPNs). However, such patients are characterized by a heterogenous genomic landscape. Standard molecular 

genetic methods cannot be used to identify most somatic mutations, thus failing to provide a comprehensive understanding of the course and prognosis of 

Ph-MPNs and to confirm the clonality of the disease in patients with triple-negative status. The next generation sequencing (NGS) technology allows simulta-

neous analysis of an extensive panel of genes and identification of both pathogenic and driver mutations.

Aim. To evaluate the possibility of using NGS to study the mutational status of patients with Ph-negative MPNs and to analyze the effect of identified patho-

genic mutations on patient survival.

Materials and methods. The study included 83 patients with polycythemia vera, essential thrombocythemia, and primary myelofibrosis aged from 19 to 85 

years (the median onset age of 51 years). For all patients, sequencing was performed using a myeloid panel of 118 genes with an average reading depth of 

1000x on MiSeq (Illumina, USA). The clinical significance of the mutations was determined using the COSMIC and Franklin databases. The survival rate was 

analyzed using the Kaplan–Meyer method followed by assessment of statistical significance using the Cox-Mantel test in the GraphPad Prism 8 environment.

Results. Pathogenic mutations in 23 genes were detected in 39 (46%) patients out of the total cohort of patients. The most frequent mutations were detected 

in the ASXL1 gene in 25% of patients, which reduced event-free survival by 50.3% (Me = 7.83 years vs 15.75 years). The pathogenic mutations identified in 

other genes combined with mutations in driver genes also decreased event-free survival compared to patients with isolated driver mutations. Two or more 

pathogenic mutations significantly reduced event-free survival compared to patients with only one pathogenic mutation. The NGS method was also capable 

of identifying pathogenic mutations in 8 out of 10 triple-negative patients studied, thus confirming the clonality of the disease.

Conclusions. The next-generation sequencing (NGS) method using a panel of 118 genes is an effective tool in identifying predictively significant mutations 

important for selecting the most effective personalized therapy to achieve hematologic response.
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Введение. Определение драйверных мутаций в генах JAK2, CALR и MPL является «золотым стандартом» в молекулярной диагностике пациентов 

с Ph-МПН. Однако геномный ландшафт таких пациентов гетерогенен, и стандартные молекулярно-генетические методы не позволяют выявить 

большинство соматических мутаций и тем самым не дают полного представления об особенностях течения и прогнозе Ph-МПН, а также не по-

зволяют подтвердить клональность заболевания у больных с тройным негативным статусом. Метод секвенирования следующего поколения (NGS) 

дает возможность одновременно провести анализ обширной панели генов и выявить как патогенные, так и драйверные мутации.

Цель. Оценка возможности использования NGS в изучении мутационного статуса пациентов с Ph-негативными МПН и анализ влияния выявлен-

ных патогенных мутаций на выживаемость пациентов.

Материалы и методы. В исследование были включены 83 пациента с диагнозами «истинная полицитемия», «эссенциальная тромбоцитемия» 

и «первичный миелофиброз» в возрасте от 19 до 85 лет (медиана начала заболевания — 51 год). У всех пациентов секвенирование выполнялось 

с использованием миелоидной панели из 118 генов со средней глубиной прочтения 1000х на приборе MiSeq (Illumina, США). Клиническая значи-

мость мутаций устанавливалась по базам данных COSMIC и Franklin. Для анализа выживаемости использовали метод Каплана — Мейера с оцен-

кой статистической значимости с помощью теста Кокса — Мантела с использованием программы GraphPad Prism 8.

Результаты. Патогенные мутации в 23 генах были выявлены у 39 (46%) пациентов из общего числа больных. Наиболее часто, у 25% пациентов, 

мутации детектировали в гене ASXL1; они снижали бессобытийную выживаемость на 50,3% (Me = 7,83 года против 15,75 года). Выявленные пато-
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генные мутации в других генах сочетанно с мутациями в драйверных генах также ухудшали показатели бессобытийной выживаемости по сравне-

нию с показателями пациентов, имевших изолированные драйверные мутации. Две и более патогенные мутации значимо снижали бессобытийную 

выживаемость по сравнению с пациентами с одной патогенной мутацией. Методом NGS также удалось выявить патогенные мутации у 8 из 10 

исследуемых пациентов с тринегативным статусом и таким образом подтвердить клональность заболевания.

Выводы. Метод секвенирования следующего поколения (NGS) с использованием панели из 118 генов является эффективным инструментом в вы-

явлении прогностически значимых мутаций, важных для подбора наиболее эффективной персонализированной терапии, позволяющей достигать 

гематологического ответа.

Ключевые слова: Ph-негативные миелопролиферативные новообразования; секвенирование следующего поколения; патогенные мутации; бес-

событийная выживаемость
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INTRODUCTION

BCR::ABL1-negative myeloproliferative neoplasms (Ph-

MPNs) are clonal hematologic malignancies characterized 

by excessive release of mature myeloid cells into the blood, 

arising from a mutated hematopoietic stem cell [1, 2, 3]. 

Classic Ph-MPNs include polycythemia vera (PV), essential 

thrombocythemia (ET), and primary myelofibrosis (PMF) [4]. 

Recent advances in molecular genetics have revealed 

a common trigger mechanism in the pathogenesis of the 

above diseases. This mechanism is based on constant ac-

tivation of the Janus kinase (JAK-STAT) signaling pathway 

in the cell, through which information is transmitted from 

external chemical signals to the nucleus, resulting in DNA 

transcription and expression of genes involved in immuno-

genesis, proliferation, differentiation, apoptosis, and onco-

genesis [5]. Constant activation of the JAK-STAT signaling 

pathway is related to mutations in the JAK2, CALR, and 

MPL genes, referred to as driver mutations. Detection of 

mutations in these genes has become an integral part of 

the modern diagnostic algorithm for patients with MPNs, 

being included in current clinical guidelines. Deciphering 

the pathogenetic mechanisms of Ph-MPN development 

has contributed to the development and introduction into 

clinical practice of targeted therapy for Janus kinase inhibi-

tors that block the intracellular JAK-STAT signaling system 

[5].

At the same time, recent studies have revealed the het-

erogeneity of the genomic landscape of Ph-negative MPNs. 

Mutations were detected in genes responsible for different 

functions within the cell, such as epigenetic regulation of 

DNA methylation (TET2, DNMT3A and IDH1/2), histone/

chromatin modification (ASXL1, EZH2, SUZ12), RNA splic-

ing (SRSF2, SF3B1, U2AF1), signal transduction (SH2B3, 

LNK, CBL, RAS, NF1) and transcription factors (TP53 and 

RUNX1), and others [6–9]. Detection of these mutations 

possesses a diagnostic and prognostic value, allowing the 

risk of disease progression to be assessed, the most ef-

fective treatment tactics to be selected, and the need for 

hematopoietic stem cell transplantation to be determined. 

Thus, the next generation sequencing (NGS) method for 

simultaneous determination of the mutational status of a 

large number of genes is acquiring particular significance 

in the diagnosis of BCR::ABL1-negative MPNs in patients.

In this study, we aim to evaluate the feasibility of NGS 

analysis in studying the mutational status of patients with 

Ph-negative MPNs and to assess the impact of identified 

pathogenic mutations on patient survival.

МАТЕRIALS AND METHODS

Our study enrolled 83 patients (30 males and 53 females) 

aged 19 to 85 years (with the median onset age of 51 

years) undergoing hospital treatment in St. Petersburg and 

Moscow, Russian Federation. The diagnosis of Ph-negative 

MPN was previously established in all patients according to 

the WHO criteria. Out of them, 47, 15, and 21 patients were 

diagnosed with PMF, PV, and ET, respectively (Table 1).

All patients had been previously screened for mutations 

in driver genes followed by detection of mutations in the 

JAK2 gene (V617F) in 54 cases (65%), CALR in 16 cases 

(19%), and MPL in 3 cases (4%). Nevertheless, these genes 

were included in the NGS panel of investigational genes for 

use as internal positive controls. The group of patients with 

ET and PMF without mutations in any of the driver genes 

(so-called triple-negative patients) comprised 10 (14.7%) 

patients of the total sample. 

During the follow-up period, 14 patients showed phase 

transition or leukemic transformation: seven patients diag-

nosed with PMF showed transformation to Acute Myeloid 

Leukemia (AML); three patients with ET and four with 

PV showed transformation to secondary myelofibrosis 
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(Table 1). DNA isolation from peripheral blood samples was 

performed with a QIAamp RNA Blood Mini Kit (Qiagen, the 

Netherlands).

Identification of mutations in JAK2, MPL, CALR genes

Mutation in the JAK2 gene was determined with a reagent 

kit for detection of V617F G/T mutation in JAK2 (Janus 

kinase 2) gene (Syntol, Russian Federation). Mutations in 

the CALR and MPL genes were determined by Sanger se-

quencing using a NANOFOR-05 genetic analyzer (Syntol, 

Russian Federation). The following primers were used to 

design DNA fragments:

MPL-F 5’-TAGCCTGGATCTCCTTGGTG-3’;

MPL-R 5’-AGAGAGGTGTGACGTGCAGGAAGT-3’;

CALR-F 5’-TGAGGTGTGTGTGTGCTCTGCCT-3’;

CALR-R 5’-AGAGACATTATTTGGCGCGCGG-3.

Next-generation sequencing

In all patients, sequencing was performed using a targeted 

exon panel of 118  genes with an average read depth of 

1000x on a MiSeq device (Illumina, USA). The indepen-

dently developed panel included key genes involved in 

myeloid neoplasms [6–9]. For Illumina sequencing, librar-

ies were prepared from 200 ng of genomic DNA split into 

300 bp fragments using a Covaris S2 focused ultrasound 

system.

Fragmented DNA was transformed into DNA libraries us-

ing a KAPA Hyper Prep Kit (Roche, Switzerland). DNA librar-

ies were enriched using a Hyper Cap Target Enrichment kit 

and a KAPA Hyper Exome Probes kit (Roche, Switzerland) 

according to the manufacturer’s protocol. The MGIEasy 

Circularization Module V2.0 (MGI, China) was used to pre-

pare DNA libraries. Quantitative analysis of the library was 

performed on a Quantus fluorimeter with a QuantiFluor® 

dsDNA System kit (Promega, USA).

The Illumina Sequence Analysis Viewer software was 

used as the sequencing analysis viewer. The quality of the 

raw NGS data was assessed using the FastQC software in 

the Illumina BaseSpace Sequence Hub. Sequencing data 

were analyzed using a combination of two sequence align-

ment and variant calling applications also used in Illumina 

Base eSpace Sequence Hub, DNA Amplicon and Pindel, 

with a 3% allele frequency detection limit (VAF).

The clinical significance of mutations was determined 

using the COSMIC, ClinVar and Franklin databases accord-

ing to the ACMG/AMP criteria. The KEGG database was 

used for gene function annotation.

The Kaplan–Meier method was used for survival 

analysis, with statistical significance assessed using the 

Cox-Mantel test. Statistical analysis was performed us-

ing GraphPad Prism 8 (GraphPad Software, La Jolla, CA, 

USA).

RESULTS

Mutational status of driver genes

At least one of the driver mutations in the JAK2, CALR and 

MPL genes was detected in 72 (87%) of the total number 

of patients diagnosed with Ph-negative MPN who partici-

pated in the study. This finding is consistent with the data 

obtained by other molecular methods. 

We detected a mutation in the JAK2 gene (V617F) in 

27 (57.5%) patients diagnosed with PMF, a mutation in the 

CALR gene in 12 (25.5%), a mutation in the MPL gene in 

2 (4.2%) patients. Mutations in driver genes were not de-

tected in 6 (12.8%) patients (the so-called triple-negative 

status). In all 15 patients with PV, a mutation in the JAK2 

gene (V617F) was detected. In the JAK2 gene, only muta-

tion in exon 14 (V617F) was detected; mutations in exon 

12 were not detected. In the MPL gene, mutations were 

detected only in the W515 position. Two main types of mu-

tations were detected in the CALR gene: deletion of 52 nu-

cleotides and insertion of 5 nucleotides.

In the course of the study, 12 (57%) of 21 patients diag-

nosed with ET had a mutation in the JAK2 gene (V617F). 

Mutations in the CALR and MPL genes were registered in 4 

(19%) and 1 (5%) patients, respectively. At the same time, 4 

(19%) patients were triple-negative.

Mutation profile of the studied patient cohort

Our NGS study of 118 genes found mutations in 39 (46%) 

of 83 patients in 23 genes presented in Fig. 1. Moreover, 

19 (49%) of 39 patients under observation showed one 

pathogenic mutation, with two mutations being recorded in 

7 (18%) patients and three or more mutations being noted 

in 13 (33%) patients with Ph-negative MPNs. On average, 

one pathogenic mutation was detected across the entire 

cohort.

Table 1. Patient cohort description

Main characteristics Number of patients, n

Gender: 

male 30

female 53

Age (Me), yr 19–85 (51)

Diagnosis:

Primary myelofibrosis (PMF) 47

Polycythemia vera (PV) 15

Essential thrombocythemia (ET), 21

Mutations in driver genes:

JAK2 54

CALR 16

MPL 3

Triple-negative status 10

Phase transition / Leukemic transformation:

PMF in acute myeloid leukemia 7

ET in secondary myelofibrosis 3

PV in secondary myelofibrosis 4

Table prepared by the authors using their own data
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In the analyzed sample of patients, pathogenic muta-

tions were detected most often in the ASXL1 and TET2 

genes, in 25% and 15% of patients, respectively. Mutations 

in the SRSF2 and IDH1/2 genes were detected in 8% of 

patients; DNMT3A — in 6%; U2AF1, PHF6, and TP53 — in 

4% each; APC, EZH2, SF3B1, and KRAS —  in 3% each. 

Mutations in the ATRX, CBL, DDX3X, EP300, GATA2, 

RUNX1, SETBP1, SUZ12, and ZRSR2 genes were detected 

only in 1% of patients each (Fig. 1).

Among triple-negative patients, pathogenic mutations 

were detected in 8 (80%) of 10 patients in seven different 

genes. In this case, only one mutation was detected in four 

of them; two patients had two mutations; and two patients 

had three pathogenic mutations simultaneously. Mutations 

in two genes combined SRSF2 and ASXL1 were detected 

in four patients with triple-negative status; a mutation in 

IDH1 gene was detected in two patients; mutations in the 

RUNX1, TET2, NF1, and HRAS genes were detected in one 

patient.

Our study established pathogenic mutations in 23 

genes, which were further analyzed using the KEGG data-

base to predict the functions of these genes. Most genes 

(SRSF2, U2AF1, SF3B1, PHF6, DDX3X, ZRSR2) are involved 

in RNA splicing and DNA methylation (DNMT3A, IDH1, IDH2, 

TET2, SUZ12). A smaller number of genes are responsible 

for chromatin (histone) modification, DNA replication and 

signaling within the cell; three genes act as transcription 

factors (Table 2). The limited cohort of the patients included 

in the study did not allow us to evaluate the impact of each 

functional group on the prognosis of the disease course or 

the efficacy of treatment therapy. Nevertheless, the analy-

sis using the KEGG database improved our understanding 

of the molecular mechanisms underlying Ph-negative my-

eloproliferative neoplasms.

Genetic markers of leukemic transformation

On average, we detected two pathogenic mutations 

in 14 patients with phase transition to secondary myelofi-

brosis or leukemic transformation. Mutations in the ASXL1 

gene were detected in 9 (64%) patients; mutations in the 

IDH1/2, DNMT3A, TET2 genes were detected in 3 (22%) 

patients; mutations in SRSF2, SF3B1, TP53 genes were de-

tected in 2 (14%) patients; mutations in KRAS, SUZ12, PHF6 

genes were detected in 1 (7%) patient.

Impact of identified mutations on event-free patient 
survival 

Our study showed a significant impact of the gene muta-

tion profile on event-free survival rates of patients. Thus, 

mutations in the ASXL1 gene were statistically significantly 

associated (p = 0.0011) with a decreased event-free sur-

vival (median — 11.8 years and 15.75 years) (Fig. 2) in the 

studied cohort of patients.

An analysis of the data presented in Fig. 3 found that the 

combination of driver and any of the pathogenic mutations 

(driver+, pathogenic+ group) was statistically significantly 

associated with a decreased event-free survival compared 

to the group of patients with exclusively driver mutations 

(driver+, pathogenic- group) (median survival of 10 and 

Figure prepared by the authors

Fig. 1. Mutational profile of 83 patients with Ph-negative myeloproliferative 

neoplasms

Figure prepared by the authors

Fig. 2. Impact of mutations in the ASXL1 gene on event-free survival of patients 

with Ph-negative myeloproliferative neoplasms. The event was considered to 

be phase transition, leukemic transformation, or death
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Table 2. Functions of the genes identified during NGS analysis

Gene functions Gene names

Chromatin (histones) modification ASXL1, ATRX, EZH2, EP300

RNA splicing
SRSF2, U2AF1, SF3B1, PHF6, 

DDX3X, ZRSR2

DNA methylation
DNMT3A, IDH1, IDH2, TET2, 

SUZ12

Transcriptional factors RUNX1, TP53, GATA2

DNA replication SETBP1, APC

Signal transmission KRAS, CBL

Table compiled by the authors; annotation of the gene function was carried out 

using the KEGG database
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15.8 years). The worst prognosis was shown for patients 

with triple-negative status and the presence of at least one 

pathogenic mutation (driver-, pathogenic+ group) (median 

survival of 6.9 years). For the group of patients in whom nei-

ther pathogenic nor driver mutations were detected (driver-, 

pathogenic+), the median survival was not reached.

Figure 4 shows that the presence of two or more mu-

tations was also associated with a significantly decreased 

event-free survival (p < 0.0001) (median survival of 7 and 

13.17 years) compared to patients with fewer pathogenic 

mutations. An analysis of NGS data showed that a higher 

number of pathogenic mutations was associated with a 

worse survival prognosis.

DISCUSSION

The pathogenesis of Ph-negative myeloproliferative neo-

plasms is based on mutations in the driver genes, includ-

ing JAK2, CALR, and MPL. Detection of mutations in these 

genes is currently the basis of molecular diagnostics in 

patients with suspected Ph-negative MPNs. Meanwhile, 

recent studies have shown that the genetic landscape of 

classical Ph-negative MPNs is not limited only to mutations 

in driver genes. A significant number of mutations in various 

genes have been described as pathogenic for Ph-negative 

MPNs, influencing the phenotype, course, and prognosis 

of the disease. Rapid and reliable detection of such muta-

tions in a wide range of genes is not possible with routine 

laboratory methods. In this regard, the NGS method, which 

detects mutations simultaneously in a large number of 

genes with high accuracy and sensitivity renders feasible.

At present, both in research and clinical practice, the di-

agnosis of patients with Ph-negative MPNs by NGS is per-

formed using various personalized and commercial panels 

of genes [9–12]. In our study, the mutational status of pa-

tients with Ph-negative MPNs was investigated for the first 

time using a personalized panel of 118 genes. This panel in-

cludes not only genes associated with Ph-negative MPNs, 

but also genes with mutations in other types of myeloid 

neoplasms. Sequencing was performed in 83 Ph-negative 

MPN patients. The data analysis showed that mutations in 

the JAK2, MPL and CALR genes, detected in patients by 

standard laboratory methods, were successfully detected 

in our conditions by NGS. This fact indicates the reliability 

of the obtained sequencing data.

In our study, in addition to driver genes, mutations de-

fined as pathogenic were detected in 23 (20%) genes out of 

118 studied; these mutations were found in 39 patients. In 

comparison with our data, the researchers in [13] analyzed 

a group of 197 patients by NGS using a targeting panel 

and found pathogenic mutations in 35% of patients. At the 

same time, mutations were detected in 27% of genes out 

of 104 analyzed. The difference in the number of mutated 

genes (20% and 27%) of the total number of genes can be 

explained by the different set of genes used in targeting 

panels of our work and that of Lundberg et al. [13].

The most frequent additional pathogenic mutations in 

patients with different MPNs are found in the ASXL1 gene 

[8]. We also found that 25% of patients had a mutation 

in this particular gene. The frequency of mutations in the 

ASXL1 gene varies in different Ph-negative MPNs. Thus, 

according to the data presented in [14–19], mutations were 

found in 23–25% of cases in primary myelofibrosis and in 

5–20% cases of essential thrombocythemia. In true poly-

cythemia, the frequency of mutations in the ASXL1 gene 

was 3.5–11.8%. In our study, mutations were found in 

26.6% of PMF patients, 14.2% of ET patients, and 16% of 

PV patients.

Two pathways of mutagenesis involving the ASXL1 gene 

are proposed in the clonal evolution of MPNs:
• pathogenic mutations may occur as a consequence of 

driver mutations in the JAK2 and CALR genes in PMF;

• may be the primary triggering event preceding driver 

mutations [20–22].

Numerous studies showed the effect of mutations in 

the ASXL1 gene on general, event-free survival and throm-

botic events in patients with Ph-negative MPNs [23, 24]. 

However, Guglielmelli et al. found that mutations in the 

ASXL1 gene reduced overall survival in patients with PMF 

but not with secondary MF [25]. In addition, ASXL1 muta-

tions impact the outcome of therapy with targeted drugs 

and allo-HSCT [26]. Our study showed an association of 

Figure prepared by the authors

Fig. 3. Impact of pathogenic mutations on event-free survival of patients with 

Ph-negative myeloproliferative neoplasms

Figure prepared by the authors

Fig. 4. Impact of the number of pathogenic mutations on event-free survival of 

patients with Ph-negative myeloproliferative neoplasms
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dramatic reduction in event-free survival (median survival 

of 7.83 vs 15.75 years, p = 0.0011) for all patients with and 

without mutations in this gene.

Advances in genetics and molecular biology in recent 

years have offered an improved description of the genet-

ic landscape of Ph-negative MPNs and identified genes 

whose mutations have a negative impact on prognosis. 

These include ASXL1, EZH2, IDH1, IDH2, SRSF2, and 

U2AF1Q157. Such mutations, referred to as high-risk mu-

tations, have been included in various prognostic scales. 

The number of mutations in these genes also affects 

prognosis, namely, one pathogenic mutation led to a 1.7-

fold reduction in the median overall survival of patients, 

two mutations led to a 4.7-fold reduction compared to pa-

tients without mutations in these genes (Me = 12.2 years, 

Me = 7  years, Me = 2.6  years respectively, p < 0.0001) 

for patients with myelofibrosis [27]. Our study, based on a 

panel of 118 genes, showed that not only high-risk muta-

tions affect the survival of patients with MPNs. Indeed, 

any pathogenic variants in combination with driver genes 

(p  =  0.0004) significantly reduced patient survival, with 

both the presence of such a variant and their number be-

ing important. Patients with two or more mutations dem-

onstrated a significantly decreased event-free survival 

compared to those with one mutation (p < 0.0001). Thus, 

when carrying out a diagnosis of Ph-negative MPNs, at-

tention should be paid to analyzing the maximum possible 

panel of genes, rather than the mutational status of only 

six genes of high molecular risk.

Recent studies have demonstrated the importance of 

the NGS method for characterizing the mutational pro-

file of triple-negative patients [28, 29]. Indeed, pathogenic 

mutations in various genes were detected in 8 out of 10 

such patients in our study cohort. The detection of mu-

tations in this group of patients allowed us to confirm 

clonality and assess the risks of the disease course. It is 

important to note that the absence of driver and patho-

genic mutations in patients with the confirmed diagnosis 

of Ph-negative MPN allows us to distinguish them into a 

separate cohort with the most favorable prognosis of the 

disease course without leukemic transformation [12]. Not 

all studies, however, identified such a group; thus, Huang 

et al. identified pathogenic mutations in all 12 patients with 

triple-negative status [12].

In addition to assessing disease prognosis, NGS is 

a convenient tool for selecting target genes for targeted 

therapy, targeting not only driver genes but also genes 

with different functions (e.g., IDH1/2 and EZH2). Mutations 

in these genes were also identified in patients from our 

cohort. The IDH1/2 genes were mutated in 8% of patients, 

and EZH2 in 3% of patients, which is consistent with the 

data obtained by other researchers using standard mo-

lecular methods [8, 30]. 

Somatic mutations across a wide range of genes were 

detected in 80% of patients with PMF and 50% of patients 

with ET/PV, affecting the course and prognosis of the dis-

ease [29]. In our patient group, we found pathogenic mu-

tations affecting prognosis in 46% of patients with PMF, 

including patients with leukemic transformation. Risk fac-

tors that increase the likelihood of leukemic transformation 

include, among others, mutations in various genes: IDH1, 

IDH2, SRSF2, ASXL1 in primary myelofibrosis, in SRSF2, 

IDH2, or RUNX1 in polycythemia vera, in TP53, SRSF2, 

EZH2, U2AF1, or RUNX1 in essential thrombocythemia. 

At the same time, it was shown that the time to leukemic 

transformation decreases with the increase in the number 

of pathogenic mutations in patients with Ph-negative MPNs 

(p < 0.0001), which agrees with our findings of a greater 

number of mutations in patients with disease transforma-

tion [12].

The detection of driver mutations has been a break-

through discovery in the diagnosis of myeloproliferative 

neoplasms, which facilitates determination of the patho-

genesis of these diseases. At present, the introduction of 

NGS analysis is substantially changing the perception and 

approach to the diagnosis, risk assessment, and treatment 

of patients with Ph-negative MPNs. Due to the possibility of 

simultaneous search for mutations in many genes, NGS as-

sists not only in establishing the diagnosis and confirming 

the clonality of the disease, but also in identifying groups of 

patients with unfavorable prognosis and increased risk of 

disease progression and transformation.

CONCLUSION

Thus, the application of NGS technology using a panel of 

118 genes in the diagnosis of patients with Ph-negative 

myeloproliferative neoplasms made it possible to study the 

mutational profile of the disease, to confirm the clonality 

of the disease in patients with triple-negative status, and 

to identify pathogenic mutations significantly affecting the 

results of patient therapy.

In our study, pathogenic mutations were detected in al-

most half of patients with Ph-negative MPNs in 23 genes. 

Reduced event-free survival was shown for patients with 

a combination of driver and pathogenic mutations. Two 

or more pathogenic mutations in a single patient reduced 

event-free survival compared to patients with a single mu-

tation. The most frequent molecular event in Ph-negative 

MPNs was mutations in the ASXL1 gene associated with a 

decreased event-free survival of patients. An integrated ap-

proach to the diagnosis of Ph-negative MPNs using mod-

ern molecular genetic technologies will make it possible to 

establish the diagnosis, assess the prognostic features of 

the disease course, and select the most effective personal-

ized therapy.
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