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The following Protocol contains medical necessity criteria that apply for this service. It is 
applicable to Medicare Advantage products unless separate Medicare Advantage criteria are 
indicated. If the criteria are not met, reimbursement will be denied and the patient cannot be 
billed. Preauthorization is required. Please note that payment for covered services is subject to 
eligibility and the limitations noted in the patient’s contract at the time the services are 
rendered. 

 

Description 

Mutations in the gene encoding Janus kinase 2 (JAK2) protein and in the myeloproliferative leukemia virus 
oncogene (MPL) encoding the thrombopoietin receptor have been associated with myeloproliferative 
neoplasms and with acute lymphoblastic leukemia (ALL) in Down syndrome patients. This Protocol addresses the 
use of JAK2 and MPL gene mutation testing for diagnosis, prognosis, and treatment selection in patients with 
myeloproliferative neoplasms. This Protocol also will address the potential use of JAK2 mutations in the 
diagnosis or selection of treatment in patients with Down syndrome and acute lymphoblastic leukemia.  

Background  

Myeloproliferative neoplasms (MPNs) are uncommon overlapping blood diseases characterized by the 
production of one or more blood cells and includes chronic myeloid leukemia (CML), polycythemia vera (PV), 
essential thrombocythemia (ET), primary myelofibrosis (PMF), systemic mastocytosis, chronic eosinophilic 
leukemia, and others. A common finding in many of the MPNs is clonality, and a central pathogenic feature is 
the presence of a mutated version of the tyrosine kinase enzyme, such that it is abnormally constitutively 
activated. The paradigm for use of this information to revolutionize patient management is CML. A unique 
chromosomal change (the Philadelphia chromosome) and an accompanying unique gene rearrangement (BCR-
ABL) resulting in a continuously activated tyrosine kinase enzyme were identified. These findings led to the 
development of targeted tyrosine kinase inhibitor drug therapy (imatinib) that produces long-lasting remissions.  

Diagnosis and monitoring of patients with Philadelphia chromosome-negative MPNs have been challenging 
because many of the laboratory and clinical features of the classic forms of these diseases – PV, ET, and PMF – 
can be mimicked by other conditions such as reactive or secondary erythrocytosis, thrombocytosis, or myeloid 
fibrosis. In addition, these entities can be difficult to distinguish on morphologic bone marrow exam, and 
diagnosis can be complicated by changing disease patterns:  PV and ET can evolve into PMF or undergo leukemic 
transformation. World Health Organization (WHO) criteria were published as a benchmark for diagnosis in 2001. 
These have been challenging to use because they involve complex diagnostic algorithms, rely on morphologic 
assessment of uncertain consistency, and require tests that are not well-standardized or widely available, such 
as endogenous erythroid colony formation.  

In March and April of 2005, four separate groups using different modes of discovery and different measurement 
techniques reported the presence of a novel somatic point mutation in the conserved autoinhibitory 
pseudokinase domain of the gene encoding JAK2 protein in patients with classic MPNs. The mutation was noted 
to cause a valine-to-phenylalanine substitution at amino acid position 617 (JAK2V617F). Loss of JAK2 
autoinhibition, caused by JAK2V617F, results in constitutive activation of the kinase and in recruitment and 
phosphorylation of substrate molecules including signal transducers and activators of transcript (STAT) proteins 
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(so-called JAK-Stat signaling). The result is cell proliferation independent of normal growth factor control. These 
findings were subsequently confirmed, and additional mutations affecting the JAK2 gene – mutations in exon 12 
or in complementary pathways such as thrombopoietin-receptor-pathway mutations in MPL exon 10 – were 
identified. These mutations were seen with varying but reliable frequency in patients with classic MPNs and with 
uncommon and erratic frequency in other MPNs. In addition, unique cases of JAK2 mutations were reported in a 
subset of patients with Down syndrome-associated acute lymphoblastic leukemia (ALL).  

Although these mutations were of importance in better understanding the biology of MPNs, they also were of 
immediate interest as laboratory tools to aid in diagnosis and management of disease. To that end, at least four 
potential intended uses for mutation testing have been considered, including:  
a. Diagnosis of patients with clinical, laboratory, or pathologic findings suggesting classic MPNs (PV, ET, or 

PMF);  
b. Diagnosis or selection of treatment for patients with Down syndrome ALL;  
c. Phenotyping of disease subtypes in patients with MPNs to establish disease prognosis;  
d. Identification, selection, and monitoring of treatment.  

More than a dozen commercial laboratories currently offer a wide variety of diagnostic procedures for JAK2 
testing and MPL mutation testing. These tests are available as laboratory developed procedures under the U.S. 
Food and Drug Administration (FDA) enforcement discretion policy for laboratory developed tests. Variable 
analytic and clinical performance has been reported, suggesting that nucleic acid amplification methodologies 
are more sensitive than mutation sequence analysis. It appears that there can be considerable interassay and 
interlaboratory variability in the generation of testing results. 

 

Policy (Formerly Corporate Medical Guideline) 

JAK2 tyrosine kinase and MPL mutation testing may be considered medically necessary in the diagnosis of 
patients presenting with clinical, laboratory, or pathologic findings suggesting classic forms of myeloproliferative 
neoplasms (MPN), that is, polycythemia vera (PV), essential thrombocythemia (ET), or primary myelofibrosis 
(PMF).  

JAK2 tyrosine kinase and MPL mutation testing may be considered investigational in all other circumstances 
including, but not limited to, the following situations:  
• Diagnosis of nonclassic forms of MPNs  
• Molecular phenotyping of patients with MPNs  
• Monitoring, management, or selecting treatment in patients with MPNs  
• Diagnosis or selection of treatment in patients with Down syndrome and acute lymphoblastic leukemia  

 

Policy Guideline  

Testing strategy 

Patients suspected to have polycythemia vera (PV) should first be tested for the most common finding JAK2V617F. 
If testing is negative, further testing to detect other JAK2 tyrosine kinase mutations, e.g., in exon 12, is 
warranted.  

Patients suspected to have essential thrombocythemia (ET) or primary myelofibrosis (PMF) should first be tested 
for JAK2 mutations, as noted. If testing is negative, further testing to detect MPL mutations is warranted. 
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Services that are the subject of a clinical trial do not meet our Technology Assessment Protocol criteria and are 
considered investigational. For explanation of experimental and investigational, please refer to the Technology 
Assessment Protocol. 

It is expected that only appropriate and medically necessary services will be rendered. We reserve the right to 
conduct prepayment and postpayment reviews to assess the medical appropriateness of the above-referenced 
procedures. Some of this Protocol may not pertain to the patients you provide care to, as it may relate to 
products that are not available in your geographic area. 

 

References 

We are not responsible for the continuing viability of web site addresses that may be listed in any references 
below. 

1. Murphy S, Peterson P, Iland H et al. Experience of the Polycythemia Vera Study Group with essential 
thrombocythemia: a final report on diagnostic criteria, survival, and leukemic transition by treatment. Semin 
Hematol 1997; 34(1):29-39.  

2. Pearson TC, Messinezy M. The diagnostic criteria of polycythaemia rubra vera. Leuk Lymphoma 1996; 22 
Suppl 1:87-93.  

3. Vardiman JW, Harris NL, Brunning RD. The World Health Organization (WHO) classification of the myeloid 
neoplasms. Blood 2002; 100(7):2292-302.  

4. Vardiman JW, Thiele J, Arber DA et al. The 2008 revision of the World Health Organization (WHO) 
classification of myeloid neoplasms and acute leukemia: rationale and important changes. Blood 2009; 
114(5):937-51.  

5. Tefferi A, Thiele J, Vardiman JW. The 2008 World Health Organization classification system for 
myeloproliferative neoplasms: order out of chaos. Cancer 2009; 115(17):3842-7.  

6. Wilkins BS, Erber WN, Bareford D et al. Bone marrow pathology in essential thrombocythemia: interobserver 
reliability and utility for identifying disease subtypes. Blood 2008; 111(1):60-70. 

7. Baxter EJ, Scott LM, Campbell PJ et al. Acquired mutation of the tyrosine kinase JAK2 in human 
myeloproliferative disorders. Lancet 2005; 365(9464):1054-61.  

8. Levine RL, Wadleigh M, Cools J et al. Activating mutation in the tyrosine kinase JAK2 in polycythemia vera, 
essential thrombocythemia, and myeloid metaplasia with myelofibrosis. Cancer Cell 2005; 7(4):387-97.  

9. James C, Ugo V, Le Couedic JP et al. A unique clonal JAK2 mutation leading to constitutive signalling causes 
polycythaemia vera. Nature 2005; 434(7037):1144-8.  

10. Kralovics R, Passamonti F, Buser AS et al. A gain-of-function mutation of JAK2 in myeloproliferative 
disorders. N Engl J Med 2005; 352(17):1779-90.  

11. Jones AV, Kreil S, Zoi K et al. Widespread occurrence of the JAK2 V617F mutation in chronic 
myeloproliferative disorders. Blood 2005; 106(6):2162-8.  

12. Tefferi A, Sirhan S, Lasho TL et al. Concomitant neutrophil JAK2 mutation screening and PRV-1 expression 
analysis in myeloproliferative disorders and secondary polycythaemia. Br J Haematol 2005; 131(2):166-71.  

13. Zhao R, Xing S, Li Z et al. Identification of an acquired JAK2 mutation in polycythemia vera. J Biol Chem 2005; 
280(24):22788-92. 

 Page 3 of 6 



Protocol JAK2 and MPL Mutation Analysis in Myeloproliferative Neoplasms Last Review Date:  03/14 
 
14. Campbell PJ, Scott LM, Buck G et al. Definition of subtypes of essential thrombocythaemia and relation to 

polycythaemia vera based on JAK2 V617F mutation status: a prospective study. Lancet 2005; 
366(9501):1945-53.  

15. Wolanskyj AP, Lasho TL, Schwager SM et al. JAK2 mutation in essential thrombocythaemia: clinical 
associations and long-term prognostic relevance. Br J Haematol 2005; 131(2):208-13.  

16. Campbell PJ, Griesshammer M, Dohner K et al. V617F mutation in JAK2 is associated with poorer survival in 
idiopathic myelofibrosis. Blood 2006; 107(5):2098-100.  

17. Tefferi A, Lasho TL, Schwager SM et al. The JAK2(V617F) tyrosine kinase mutation in myelofibrosis with 
myeloid metaplasia: lineage specificity and clinical correlates. Br J Haematol 2005; 131(3):320-8.  

18. Xu X, Zhang Q, Luo J et al. JAK2(V617F): Prevalence in a large Chinese hospital population. Blood 2007; 
109(1):339-42.  

19. Sidon P, El Housni H, Dessars B et al. The JAK2V617F mutation is detectable at very low level in peripheral 
blood of healthy donors. Leukemia 2006; 20(9):1622. 

20. Steensma DP. JAK2 V617F in myeloid disorders: molecular diagnostic techniques and their clinical utility: a 
paper from the 2005 William Beaumont Hospital Symposium on Molecular Pathology. J Mol Diagn 2006; 
8(4):397-411; quiz 526.  

21. James C, Delhommeau F, Marzac C et al. Detection of JAK2 V617F as a first intention diagnostic test for 
erythrocytosis. Leukemia 2006; 20(2):350-3.  

22. McMullin MF, Reilly JT, Campbell P et al. Amendment to the guideline for diagnosis and investigation of 
polycythaemia/erythrocytosis. Br J Haematol 2007; 138(6):821-2.  

23. Tefferi A, Thiele J, Orazi A et al. Proposals and rationale for revision of the World Health Organization 
diagnostic criteria for polycythemia vera, essential thrombocythemia, and primary myelofibrosis: 
recommendations from an ad hoc international expert panel. Blood 2007; 110(4):1092-7.  

24. Kondo T, Okuno N, Naruse H et al. Validation of the revised 2008 WHO diagnostic criteria in 75 suspected 
cases of myeloproliferative neoplasm. Leuk Lymphoma 2008; 49(9):1784-91.  

25. Steensma DP, Dewald GW, Lasho TL et al. The JAK2 V617F activating tyrosine kinase mutation is an 
infrequent event in both “atypical” myeloproliferative disorders and myelodysplastic syndromes. Blood 
2005; 106(4):1207-9.  

26. Scott LM, Tong W, Levine RL et al. JAK2 exon 12 mutations in polycythemia vera and idiopathic 
erythrocytosis. N Engl J Med 2007; 356(5):459-68.  

27. Pardanani A, Lasho TL, Finke C et al. Prevalence and clinicopathologic correlates of JAK2 exon 12 mutations 
in JAK2V617F-negative polycythemia vera. Leukemia 2007; 21(9):1960-3. 

28. Siemiatkowska A, Bieniaszewska M, Hellmann A et al. JAK2 and MPL gene mutations in V617F-negative 
myeloproliferative neoplasms. Leuk Res 2010; 34(3):387-9.  

29. Pikman Y, Lee BH, Mercher T et al. MPLW515L is a novel somatic activating mutation in myelofibrosis with 
myeloid metaplasia. PLoS Med 2006; 3(7):e270.  

30. Pardanani AD, Levine RL, Lasho T et al. MPL515 mutations in myeloproliferative and other myeloid 
disorders: a study of 1182 patients. Blood 2006; 108(10):3472-6.  

31. Beer PA, Campbell PJ, Scott LM et al. MPL mutations in myeloproliferative disorders: analysis of the PT-1 
cohort. Blood 2008; 112(1):141-9.  

 Page 4 of 6 



Protocol JAK2 and MPL Mutation Analysis in Myeloproliferative Neoplasms Last Review Date:  03/14 
 
32. Pancrazzi A, Guglielmelli P, Ponziani V et al. A sensitive detection method for MPLW515L or MPLW515K 

mutation in chronic myeloproliferative disorders with locked nucleic acid-modified probes and real-time 
polymerase chain reaction. J Mol Diagn 2008; 10(5):435-41. 

33. Ruan GR, Jiang B, Li LD et al. MPL W515L/K mutations in 343 Chinese adults with JAK2V617F mutation-
negative chronic myeloproliferative disorders detected by a newly developed RQ-PCR based on TaqMan 
MGB probes. Hematol Oncol 2010; 28(1):33-9.  

34. Schnittger S, Bacher U, Haferlach C et al. Characterization of 35 new cases with four different MPLW515 
mutations and essential thrombocytosis or primary myelofibrosis. Haematologica 2009; 94(1):141-4.  

35. Malinge S, Ben-Abdelali R, Settegrana C et al. Novel activating JAK2 mutation in a patient with Down 
syndrome and B-cell precursor acute lymphoblastic leukemia. Blood 2007; 109(5):2202-4.  

36. Bercovich D, Ganmore I, Scott LM et al. Mutations of JAK2 in acute lymphoblastic leukaemias associated 
with Down’s syndrome. Lancet 2008; 372(9648):1484-92.  

37. Gaikwad A, Rye CL, Devidas M et al. Prevalence and clinical correlates of JAK2 mutations in Down syndrome 
acute lymphoblastic leukaemia. Br J Haematol 2009; 144(6):930-2.  

38. Tefferi A, Lasho TL, Schwager SM et al. The clinical phenotype of wild-type, heterozygous, and homozygous 
JAK2V617F in polycythemia vera. Cancer 2006; 106(3):631-5.  

39. Vannucchi AM, Antonioli E, Guglielmelli P et al. Clinical profile of homozygous JAK2 617V>F mutation in 
patients with polycythemia vera or essential thrombocythemia. Blood 2007; 110(3):840-6.  

40. Vannucchi AM, Antonioli E, Guglielmelli P et al. Prospective identification of high-risk polycythemia vera 
patients based on JAK2(V617F) allele burden. Leukemia 2007; 21(9):1952-9. 

41. Tefferi A, Strand JJ, Lasho TL et al. Bone marrow JAK2V617F allele burden and clinical correlates in 
polycythemia vera. Leukemia 2007; 21(9):2074-5.  

42. Panani AD. Janus kinase 2 mutations in Philadelphia negative chronic myeloproliferative disorders: clinical 
implications. Cancer Lett 2009; 284(1):7-14.  

43. Dahabreh IJ, Zoi K, Giannouli S et al. Is JAK2 V617F mutation more than a diagnostic index? A meta-analysis 
of clinical outcomes in essential thrombocythemia. Leuk Res 2009; 33(1):67-73.  

44. Valla DC. Primary Budd-Chiari syndrome. J Hepatol 2009; 50(1):195-203.  

45. Mannucci PM, Peyvandi F. Thrombophilia screening: little role for the JAK2V617F mutation. Mayo Clin Proc 
2008; 83(4):398-9.  

46. Xavier SG, Gadelha T, Pimenta G et al. JAK2V617F mutation in patients with splanchnic vein thrombosis. Dig 
Dis Sci 2010; 55(6):1770-7. 

47. Carobbio A, Thiele J, Passamonti F et al. Risk factors for arterial and venous thrombosis in WHO-defined 
essential thrombocythemia: an international study of 891 patients. Blood 2011; 117(22):5857-9.  

48. Hussein K, Bock O, Theophile K et al. JAK2(V617F) allele burden discriminates essential thrombocythemia 
from a subset of prefibrotic-stage primary myelofibrosis. Exp Hematol 2009; 37(10):1186-93 e7.  

49. Tefferi A, Lasho TL, Huang J et al. Low JAK2V617F allele burden in primary myelofibrosis, compared to either 
a higher allele burden or unmutated status, is associated with inferior overall and leukemia-free survival. 
Leukemia 2008; 22(4):756-61.  

50. Barosi G, Bergamaschi G, Marchetti M et al. JAK2 V617F mutational status predicts progression to large 
splenomegaly and leukemic transformation in primary myelofibrosis. Blood 2007; 110(12):4030-6.  

 Page 5 of 6 



Protocol JAK2 and MPL Mutation Analysis in Myeloproliferative Neoplasms Last Review Date:  03/14 
 
51. Guglielmelli P, Barosi G, Specchia G et al. Identification of patients with poorer survival in primary 

myelofibrosis based on the burden of JAK2V617F mutated allele. Blood 2009; 114(8):1477-83.  

52. Jovanovic JV, Ivey A, Vannucchi AM et al. Establishing optimal quantitative-polymerase chain reaction assays 
for routine diagnosis and tracking of minimal residual disease in JAK2-V617F-associated myeloproliferative 
neoplasms: a joint European LeukemiaNet/MPN&MPNr-EuroNet (COST action BM0902) study. Leukemia 
2013; 27(10):2032-9.  

53. Bench AJ, White HE, Foroni L et al. Molecular diagnosis of the myeloproliferative neoplasms: UK guidelines 
for the detection of JAK2 V617F and other relevant mutations. Br J Haematol 2013; 160(1):25-34. 

54. Fantasia F, Di Capua EN, Cenfra N et al. A highly specific q-RT-PCR assay to address the relevance of the 
JAK2WT and JAK2V617F expression levels and control genes in Ph-negative myeloproliferative neoplasms. 
Ann Hematol 2013.  

55. Furtado LV, Weigelin HC, Elenitoba-Johnson KS et al. Detection of MPL mutations by a novel allele-specific 
PCR-based strategy. J Mol Diagn 2013; 15(6):810-8.  

56. Topkaya SN, Kosova B, Ozsoz M. Detection of Janus Kinase 2 gene single point mutation in real samples with 
electrochemical DNA biosensor. Clin Chim Acta 2013; 429C:134-39.  

57. Kumar C, Purandare AV, Lee FY et al. Kinase drug discovery approaches in chronic myeloproliferative 
disorders. Oncogene 2009; 28(24):2305-13.  

58. Verstovsek S, Kantarjian H, Mesa RA et al. Safety and efficacy of INCB018424, a JAK1 and JAK2 inhibitor, in 
myelofibrosis. N Engl J Med 2010; 363(12):1117-27. 

59. Rambaldi A, Dellacasa CM, Finazzi G et al. A pilot study of the Histone-Deacetylase inhibitor Givinostat in 
patients with JAK2V617F positive chronic myeloproliferative neoplasms. Br J Haematol 2010; 150(4):446-55.  

60. Santos FP, Kantarjian HM, Jain N et al. Phase 2 study of CEP-701, an orally available JAK2 inhibitor, in 
patients with primary or post-polycythemia vera/essential thrombocythemia myelofibrosis. Blood 2010; 
115(6):1131-6.  

61. Quintas-Cardama A, Verstovsek S. Spleen deflation and beyond: The pros and cons of Janus kinase 2 
inhibitor therapy for patients with myeloproliferative neoplasms. Cancer 2012; 118(4):870-7.  

62. Antonioli E, Carobbio A, Pieri L et al. Hydroxyurea does not appreciably reduce JAK2 V617F allele burden in 
patients with polycythemia vera or essential thrombocythemia. Haematologica 2010; 95(8):1435-8.  

63. Verstovsek S, Mesa RA, Gotlib J et al. A double-blind, placebo-controlled trial of ruxolitinib for myelofibrosis. 
N Engl J Med 2012; 366(9):799-807.  

64. Harrison C, Kiladjian JJ, Al-Ali HK et al. JAK inhibition with ruxolitinib versus best available therapy for 
myelofibrosis. N Engl J Med 2012; 366(9):787-98. 

 Page 6 of 6 


	Protocol

