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Learning Objectives:

Gain insight into the 
molecular profiling of MPN 
including classification and 
biomarkers implicated in the 
diagnosis, prognosis, and 
therapeutic selection for 
MPN patients.

1
Assess traditional sequential 
single genes testing via PCR 
in identifying driver genes.

2
Assess clinical scenarios 
where an amplicon-based 
myeloid NGS panel 
identified critical co-
mutations of clinical 
significance.

3
Explore a proposed 
diagnostic algorithm that 
integrates both PCR and 
NGS for detecting very low 
variant allele frequencies 
(VAF) in driver genes.
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Myeloproliferative Neoplasms (MPNs): 

Khoury, J.D., Solary, E., Abla, O. et al. The 5th edition of the World Health Organization Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. Leukemia 36, 1703–1719 (2022). https://doi.org/10.1038/s41375-022-
01613-1

Hematological disorders, characterized by clonal 
overproduction of mature WBCs, platelets and/or 
erythrocytes in the bone marrow and blood

• No evidence of myelodysplasia or dysplastic features on 
morphology

• ​Insidious onset, asymptomatic, identified on routine blood count 
showing increased counts and/or organomegaly

• Progression to myeloid blast phase and secondary AML
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WHO 2022 Classification of MPNs
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CNL CS3FR
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MPN – NOS

JMML

JAK2 V617F or 

exon 12

MPL

CALR

CML: Chronic myeloid leukemia

PV: Polycythemia Vera

ET: Essential Thrombocythemia

PMF: Primary Myelofibrosis

CNL: Chronic Neutrophilic Leukemia

CEL: Chronic Eosinophilic Leukemia

MPN- NOS: Myeloproliferative Neoplasms – Not Otherwise Specified

JMML: Juvenile Myelomonocytic Leukemia

Driver events²
Account for over 90% of 

MPN cases and are 

usually mutually 

exclusive to diagnosis 

References:

1- Khoury, J.D., Solary, E., Abla, O. et al. The 5th edition of the World Health Organization 

Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. 

Leukemia 36, 1703–1719 (2022). https://doi.org/10.1038/s41375-022-01613-1

2-Zulkeflee RH, Zulkafli Z, Johan MF, Husin A, Islam MA, Hassan R. Clinical and Laboratory 

Features of JAK2 V617F, CALR, and MPL Mutations in Malaysian Patients with Classical 
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Polycythemia Vera (PV)

• JAK2 V617F accounts for ~95% of PV cases

• JAK2 exon 12 rare insertions and deletions are found in 

2% to 3% of patients with PV

Primary Myelofibrosis (PMF)

• JAK2 V617F accounts for 60% of MF cases. 

• CALR frameshift mutations in exon 9 are found in 20% 

to 30% of all patients with MF

• MPL W515L/K accounts for 7-10% of MF cases

Essential Thrombocythemia (ET)

• JAK2 V617F accounts for 50-60% of ET cases. 

• CALR frameshift mutations in exon 9 are found in 20% 

to 25% of all patients with ET 

• MPL W515L/K accounts for 5-7% of ET cases

Driver Events in MPNs
❑ ~90% of MPN cases harbor mutations in the three driver genes 

❑  ~10% of MPNs (ET/PMF) are considered “triple negative”:  ASXL1, EZH2, TET2, IDH1, IDH2, SRSF2, SF3B1 mutations

Reference: 
NCCN Guidelines V1.2024 Myeloproliferative Neoplasms
Genetic basis and molecular profiling in myeloproliferative neoplasms | Blood | American Society of Hematology6
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https://ashpublications.org/blood/article/141/16/1909/487047/Genetic-basis-and-molecular-profiling-in


MPN Workup
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Diagnosis 

Prognosis

Therapy Selection

Determine diagnosis & subclassification (PV, ET, PMF) via clinical features, blood smear, BM 

morphology, cytogenetics, and molecular testing (e.g., JAK2, CALR, and MPL)

PCR based sequential testing

Identify other MPN-associated genetic aberrations such as mutations in ASXL1, EZH2, TET2, 

IDH1, IDH2, SRSF2 and SF3B1 for risk stratification and disease prognostication

Myeloid NGS panel

Select appropriate therapy based on diagnosis and risk category such as JAK2 inhibitors 

Myeloid NGS panel

Disease Monitoring 

(MRD)

Acquired mutations in JAK2, MPL, CALR. Reduction of mutation allele burden are reported in 

many therapies such as JAK2 inhibitors, allogeneic stem cell transplant, and interferon. 

qPCR

Tan, J., Chow, Y.P., Zainul Abidin, N. et al. Analysis of genetic variants in myeloproliferative neoplasms using a 22-gene next-generation sequencing panel. BMC Med Genomics 15, 10 (2022). 

Haslam K, Langabeer SE. Monitoring Minimal Residual Disease in the Myeloproliferative Neoplasms: Current Applications and Emerging Approaches. Biomed Res Int. 2016;2016:7241591. 



Myeloproliferative 
Neoplasms

From: Wong WJ, Pozdnyakova O. Myeloproliferative neoplasms: Diagnostic workup of the cythemic 

patient. Int J Lab Hematol. 2019 May;41 Suppl 1:142-150. doi: 10.1111/ijlh.13005. PMID: 31069979.
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• PCR: Reported within 8-12 

hours (?5days)

• Descending prevalence in MPNs

• Mutually exclusivity



Mutual exclusivity- Fact or Fiction?



Other MPN- Related Mutations Recommended 
by NCCN Guidelines  
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RNA Splicing

SRSF2
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ZRSR2

Epigenetic Regulation

TET2
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IDH2

ASXL1

DNM2TA

Tumor Suppressor 

TP53

Signal Transduction

CBL

SH2B3

Reference:  

NCCN Guidelines V1.2025 Myeloproliferative Neoplasms (MPNs)

Khoury, J.D., Solary, E., Abla, O. et al. The 5th edition of the World Health Organization Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. Leukemia 36, 1703–1719 (2022). https://doi.org/10.1038/s41375-022-01613-1

TET2, ASXL1, and DNMT3A 
found in over half of MPNs

https://doi.org/10.1038/s41375-022-01613-1
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NCCN: NGS- based panel recommended to assess  
prognosis and establishing clonality in TN-MPNs

Primary myelofibrosis 
(PMF)

• ASXL1, EZH2, SRSF2, TP53, 
IDH1, IDH2, or U2AF1 
mutations are considered as 
high-molecular-risk (HMR) 
mutations and are 
associated with significantly 
shorter OS and leukemia-free 
survival (LFS) in patients with 
PMF.

Polycythemia Vera 
(PV)

• In one report, a mutation in 
one of these genes (ASXL1, 
SRSF2, and IDH2 ) was 
associated with inferior OS 
and MF-free survival but it 
did not significantly affect 
the LFS in patients with PV

Essential 
Thrombocythemia 

(ET)

• SH2B3, IDH2, U2AF1, 
SF3B1,SRSF2, EZH2, and 
TP53 mutations were 
identified as significant risk 
factors for inferior OS, MF-
free survival, and LFS in 
patients with ET

NGS may also be useful to establish the clonality 
(e.g., triple-negative MPN with non-mutated JAK2, MPL, and

CALR)

• NCCN Guidelines V2.2025 Myeloproliferative Neoplasms (MPNs)



Beyond The Three Driver Genes (ASH 2023 Publication)
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Gene Name

Location & Type of Mutation

PV % ET % PMF % Post-MPN  AML % Clinical Implication

TET2 (all exons) 10%-20% 3%-10% 10%-20% 19%-25% No prognostic impact reported

DNMT3A (R882 and all exons) 5%-10% 1%-5% 8%-12% 3%-17% No prognostic impact reported

IDH1 (R312) 1%-2% 1%-2% 5%-6% 13% High molecular risk (HMR) in PMF and adverse prognosis 

impact in all MPN subtype

IDH2 (R140 or R172) 1%-2% 1%-2% 5%-6% 7%-15% HMR in PMF and adverse prognosis impact in all MPN subtype

ASXL1

(mostly nonsense/frameshift in 

the last exon)

2%-7% 5%-10% 15%-35% 17%-47% HMR in PMF and adverse prognostic impact in all MPN 

subtypes 

EZH2 (all exons) 1%-2% 1%-2% 7%-10% 7%-13% HMR in PMF and adverse prognosis impact in all MPN subtype

NRAS (G12, G13, or Q61) <2% <2% 2%-4% 11% Adverse prognostic impact in all MPN subtypes

KRAS (G12, G13, or Q61) <2% <2% 2% 4%-7% Adverse prognostic impact in all MPN subtypes

SH2B3 (exon 2) 2%-9% 1%-3% 2%-4% 6%-11% Rare mutations in JAK2 negative MPNs

Luque Paz, et al. Blood 2023; 141 (16): 1909–1921. doi: https://doi.org/10.1182/blood.2022017578

❑ Recurrent somatic gene mutations in MPNs and secondary AML. 

❑ Secondary AML is rare but devastating complications with a median survival of <6 months 

https://doi.org/10.1182/blood.2022017578


Beyond The Three Driver Genes (ASH 2023 Publication)
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❑ Recurrent somatic gene mutations in MPNs and secondary AML. 

❑ Secondary AML is rare but devastating complications with a median survival of <6 months 

Gene Name

Location & Type of Mutation 

PV % ET % PMF % Post-MPN AML % Clinical Implication

CBL (exon 8 and 9) <2% <2% 4% 4% Adverse prognostic impact in all MPN subtypes

SRSF2 (P95) <2% <2% 6%-14% 7%-22% HMR in PMF and adverse prognostic impact in all MPN

subtypes

SF3B1 (exon 14-16) 2%-3% 2%-5% 5%-7% 7%-11% Adverse prognostic impact in ET

U2AF1 (S34 or q157) <2% <2% 7%-10% 5%-12% Adverse prognostic impact in all MPN subtypes

NFE2 (all exons) 3%-6% 1%-7% 3%-5% ? Increased risk of leukemic transformation

RUNX1 (all exons) <2% <2% 2%-3% 20% Adverse prognostic impact in all MPN subtypes

TP53 (all exons) <2% <2% 4%-5% 16%-50% Adverse prognostic impact in all MPN subtypes

Luque Paz, et al. Blood 2023; 141 (16): 1909–1921. doi: https://doi.org/10.1182/blood.2022017578

https://doi.org/10.1182/blood.2022017578


Chronic Myeloid Leukemia (CML):

From: Vuelta E, García-Tuñón I, Hernández-Carabias P, Méndez L, Sánchez-Martín M. Future Approaches for Treating Chronic Myeloid Leukemia: CRISPR Therapy. Biology. 2021; 10(2):118. 

https://doi.org/10.3390/biology10020118

https://doi.org/10.3390/biology10020118


BCR::ABL1 kinase 
domain mutations

Resistance Mutations:

BCR::ABL1 kinase 
independent mutations

T315I/A, M244V, G250E, 

Y253H, E255K/VV299L, 

F317L/V/I/C, A337T, 

F359V/I/C, P465S.

ASXL1, IKZF1, BCOR, 

TET1/2, IDH1/2, 

DNMT3A/3B, EZH2

NCCN Guidelines Version 1.2026 Chronic Myeloid Leukemia (CML).
 



DNA panel: 
Hotspot genes (28)

DNA panel: 
Full genes (17)

RNA panel: 
Fusion driver genes (35)

RNA panel: 
Expression genes (5)

RNA panel: 
Expression control genes (5)

ANKRD26 KRAS ASXL1 PRPF8 ABL1 HMGA2 NUP98 BAALC EIF2B1

ABL1 MPL BCOR RB1 ABL2 JAK2 NUP214 MECOM FBXW2

BRAF MYD88 CALR RUNX1 BCL2 KAT6A (MOZ) PAX5 MYC PSMB2

CBL NPM1 CEBPA SH2B3 BRAF KAT6B PDGFRA SMC1A PUM1

CSF3R NRAS ETV6 STAG2 CCND1 KMT2A PDGFRB WT1 TRIM27

DDX41 PPM1D EZH2 TET2 CREBBP KMT2A PTDs RARA

DNMT3A PTPN11 IKZF1 TP53 EGFR MECOM RUNX1

FLT3 (ITD, SMC1A NF1 ZRSR2 ETV6 MET TCF3

TKD) SMC3 PHF6 FGFR1 MLLT10 TFE3

GATA2 SETBP1 FGFR2 MRTFA (MKL1) ZNF384

HRAS SF3B1 FUS MYBL1

IDH1 SRSF2 MYH11

IDH2 U2AF1 NTRK2

JAK2 WT1 NTRK3

KIT

AMPLICON-BASED MYELOID NGS PANEL
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64 y/o male with persistent thrombocytosis for two years 
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Screening for a second 
driver mutation in 
low JAK2V617F allele 
burden (<1%): The disease 
phenotype of dictated by 
the predominant mutation



Case #2: 
65 y/o male with leukocytosis & thrombocytosis; hypersegmented 
neutrophils and giant platelets
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High molecular risk and 
adverse prognostic impact in 
MPNs.
Treatment with IDH inhibitors?
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A gain-of-function mutation 

associated with inferior 

overall and myelofibrosis-free 

survival in patients with ET



Case #4: 

57 y/o female with primary erythrocytosis
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DNMT3A R882H (VAF=5.7%)
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Data 

RBC: 5.32 x 10¹²/L
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JAK2 V617F (-)
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MPL (NA)

DNMT3A R882H (VAF=5.7%)

DNMT3A mutations are 

well reported in CHIP 

and myeloid neoplasms



Case #5: 
63 y/o male with borderline erythrocytosis and thrombocytosis

Amplicon-
based myeloid 
NGS panel 
(PB)

PCR Results 

Notable 
Laboratory 

Data 

RBC: 5.67 x 10¹²/L

HB: 166 g/L

HCT: 48.7%
WBC: 8.2 x10⁹/L

PLTs: 466 x 10⁹/L

JAK2 V617F (-)

CALR (-)

JAK2 exon 12 (-)
MPL (NA)

DNMT3A Q527(VAF=2.5%) TET2 Q1852 (VAF = 1.9%)



Case #5: 
63 y/o male with borderline erythrocytosis and thrombocytosis

Amplicon-
based myeloid 
NGS panel 
(PB)

PCR Results 

Notable 
Laboratory 

Data 

RBC: 5.67 x 10¹²/L

HB: 166 g/L

HCT: 48.7%
WBC: 8.2 x10⁹/L

PLTs: 466 x 10⁹/L

JAK2 V617F (-)

CALR (-)

JAK2 exon 12 (-)
MPL (NA)

DNMT3A Q527(VAF=2.5%) TET2 Q1852 (VAF = 1.9%)

DNMT3A and TET2 variants 

could provide additional 

information in terms of 

thrombotic risk prediction 

and disease prognosis



Case #6: 
55 y/o female with erythrocytosis 

Amplicon-
based myeloid 

NGS panel 
(PB)

PCR Results 

Notable 
Laboratory 

Data 

RBC: 5.47 x 10¹²/L

HB: 162 g/L

HCT: 49.5%
WBC: 7.3 x10⁹/L

PLTs: 308 x 10⁹/L

JAK2 V617F (-)

CALR (-)

JAK2 exon 12 (-)
MPL (-)

DNMT3A N838D (VAF=2.8%)



Case #6: 
55 y/o female with erythrocytosis 

Amplicon-
based myeloid 

NGS panel 
(PB)

PCR Results 

Notable 
Laboratory 

Data 

RBC: 5.47 x 10¹²/L

HB: 162 g/L

HCT: 49.5%
WBC: 7.3 x10⁹/L

PLTs: 308 x 10⁹/L

JAK2 V617F (-)

CALR (-)

JAK2 exon 12 (-)
MPL (-)

DNMT3A N838D (VAF=2.8%) DNMT3A mutations are 

well reported in CHIP 

and myeloid neoplasms



NGS is a Win Win?????



Turn around times for NGS
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Discrepant JAK2 
V617F PCR?





Follow up PCR 6 weeks later



• Sensitivity of NGS for detecting low allele-frequency variants is limited by the 

proportional representation of these variants within the amplified product

• PCR-based testing and targeted amplification ensures that even low frequency 

variants are preferentially amplified.



INCORPORATING 
THE ADVANTAGES 

OF NGS-BASED 
AND PCR-BASED 

TESTING



MPN Workup

56

Diagnosis 

Prognosis

Therapy Selection

Proposed integrated algorithm

Proposed integrated algorithm

Proposed integrated algorithm

Disease Monitoring 

(MRD)
Proposed integrated algorithm



THANK 
YOU

• Dr Goldstein 

• Dr Naeem

• Dr KH Ramesh

• Dr Xiaowei Liu

• Juan Du

• Kang, Darya, Saif, Emily, Guimin.

• All our wonderful technologists,

 LAB HELPERS, SECRETARIES AND TEAM!

65172 0925
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