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Objectives 

1. What are MPN? 

 

2. What do we know and do not know about their 

pathogenesis? 

 

3. How do I currently diagnose PV, ET and PMF? 

 

4. How do I prognosticate patients with ET, PV and PMF? 

 

5. How do I treat patients with ET, PV and PMF? 
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Tefferi and Vainchenker, J Clin Oncol 2011;29:573 
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Polyclonal stem cells 
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disease-susceptibility 

alleles such as 
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Tefferi A. Leukemia 24:1128-38, 2010 



JAK2 
>95% 

What mutant molecule should we use for diagnosis  

and which one should we target? 

LNK 
<3% 

IDH 
<5% 

ASXL1 
<10% IKZF1 

<1% 

EZH2 
<5% 

TET2 
<20% 

CBL 
<3% 

MPL 
<10% 

DNMT3A 

<10% 



Blood 

JAK2V617F and  

Epo screen 

(+) V617F 

Polycythemia vera 

Blood 

JAK2V617F  

screen 

Diagnostic algorithm  

PV 

Not PV 

Screen for 

JAK2 exon 12 
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subnormal 
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Essential thrombocythemia 

Myelofibrosis V617F, +9 or 13q- = MF 
Tefferi A. AJH 2011, 86:292 

Tefferi et al. JMD in press 



CML 

Prefibrotic 

PMF 
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VS. VS. 
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Overall  
survival  

Leukemia - free  
survival  

Thrombosis - free  
 survival  

Myelofibrosis - free  
survival  

An international study of 1,104 patients diagnosed and treated as ET and centrally  

reviewed and diagnosis revised to WHO-defined ET (n=891) or prefibrotic MF (n=180) 

Barbui et al. J Clin Oncol, in press 

*10-year risk of leukemia in ET <1% 

*10-year risk of fibrotic transformation in ET <1% 



ET and pre-fibrotic MF vs Europe*
Age- and sex-adjusted actuarial survival curves
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Survival and risk of leukemic transformation in ET are significantly  

influenced by accurate morphologic diagnosis:  

An international study of 1,104 patients.  
Barbui et al. J Clin Oncol, in press 



Characteristics at diagnosis 
ET (n=891) PMF (n=180) P value 

Age, years, median (range) 56 (13-91) 57 (21-88) 0.66 

Male/Female 370/521 74/106 0.92 

Follow-up, years (range) 6.2 (0-27) 7.0 (0-27.2) 0.30 

WBC, x 109/L, median  

(5th-95th percentile) 

8.6 (5.3-14.2) 9.7 (6.9-17.0) < 0.001 

Hb, g/dL, median 

(5th-95th percentile) 

14.1 (11.9-16.1) 13.8 (11.4-15.8) 0.01 

PLT, x 109/L, median  

(5th-95th percentile) 

774 (500-1464) 902 (564-1898) 0.002 

LDH (n=519), mU/mL median 

(range) 

298 (113-1070) 429 (70-1517) < 0.001 

CD34+ (N=246) /mcL, median 

(range) 

2 (0-15.2) 4.7 (0-60) 0.03 

JAK2V617F-pos (n=805) 422 (61%) 67 (58%) 0.56 

Reticulin grade 117 (13%) 47 (26%) < 0.001 

Splenomegaly 146 (16%) 41 (23%) 0.04 

Chemotherapy 507 (57%) 123 (68%) 0.005 

* 

* 

* 

* 

* 



Carobbio et al. Blood. 2008;112:3135                                                             









+ one baby aspirin* 

Phlebotomy to keep  

hematocrit below 45% 

*If high-risk, add hydroxyurea 
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Pegasys (IFN-alpha 2a)  
Quintas-Cardama et al. ASH 2010 abstract #461 

Á84 patients with high risk PV or ET 

 

–Starting dose was 450 but modified to 90 mcg/week 

–Median f/u 40 months (8-62)  

–30% discontinuation rate 

–75% “complete response” defined as platelets < 440 k for ET 

and no phlebotomy or spleen for PV 

–Two of 5 with abnormal karyotype had cytogenetic 

remissions 

–28% had a >50% reduction in JAK2 mutation allele burden 

–19% had complete molecular response by JAK2 testing 



INCB01424 in ET and PV 

Verstovsek et al. 

ASH 2010 abstract #461 

 

 

39 ET patients 

34 PV patients 

HU intolerant or ñrefractoryò 
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ET Response  

 

 

 
26% CR with INCB01424 

 
Vs.  
 

Busulfan >80% CR and no leukemia in patients > 60 years of age after a 

median f/u of 72 months; Shvidel L, et al. Leukemia. 2007;21:2071-2072. 

Pegylated interferon 76% CR plus some molecular remission; Quintás 

Cardama A, et al. J Clin Oncol. 2009;27:5418-5424. 
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   PV Results 

50% CR with INCB484 

 

Vs. 

  

Pegylated interferon 70% CR plus some molecular remission; Quintás-Cardama 

A, et al. J Clin Oncol. 2009;27:5418-5424. 

Pipobroman >70% CR; Najman A, et al. Blood. 1982;59:890-894. 

Busulfan >70%; Messinezy M, et al. Br J Haematol. 1985;61:657-666.; D’Emilio A, 

et al. Br J Haematol. 1987;65:121-122. 

 

 

  

         

         46%          43%          39%           37%          39% 



My current treatment algorithm in ET and PV 

Low-risk 

without 

extreme 

thrombocytosis 

Low-risk 

with 

extreme 

thrombocytosis 

High-risk 

hydroxyurea 

sensitive 

High-risk 

hydroxyurea 

refractory 

ASA 

 VWF-RCo >30% 

 VWF-RCo <30% 

Observation 

Hydroxyurea (Plt <400k) 

+ 

ASA 

+ 

Phlebotomy (Hct <45%) 

Busulfan 

Age >65 

Age <65 

IFN-Ŭ 



Which clinical trial do I currently recommend? 

PV ET 

None 

Hydroxyurea-refractory 
Hydroxyurea-sensitive 

Hydroxyurea-sensitive 

Reasonable to consider participation 

 in a randomized study comparing  

hydroxyurea vs. IFN-α  

or  

hydroxyurea vs. a selective JAK2 inhibitor 

such as TG101348 

Reasonable to consider participation 

 in a treatment trial using IFN-α  

or  

a selective JAK2 inhibitor 

such as TG101348 



Results of Cox multivariable analysis 

1,104 patients with ET or early PMF 
MF AL Death 

Parameters at 

diagnosis 

HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value 

BM histology PMF 2.18 (1.06-4.51) 0.03 3.25 (1.13-9.33) 0.03 1.53 (1.01-2.32) 0.047 

Age > 60 years 2.42 (1.30-4.50) 0.005 1.95 (0.68-5.60) 0.21 7.25 (4.71-11.2) <0.0001 

Gender M 1.71 (0.93-3.13) 0.08 1.41 (0.52-3.79) 0.50 1.26 (0.88-1.80) 0.21 

WBC > 11 x109/L 0.90 (0.42-1.93) 0.78 0.41 (0.12-1.42) 0.16 2.09 (1.44-3.02) <0.0001 

HB < 12 g/dL 4.16 (1.72-10.1) 0.002 3.17 (0.58-17.3) 0.18 3.29 (1.89-5.72) <0.0001 

PLT > 1000 x109/L 0.64 (0.31-1.32) 0.23 2.70 (0.92-7.94) 0.07 1.32 (0.89-1.96) 0.17 

JAK2V617F 0.39 (0.18-0.83) 0.015 1.84 (0.29-11.6) 0.52 1.58 (0.84-2.95) 0.15 

Reticulin grade >1 1.33 (0.46-3.85) 0.61 1.29 (0.33-5.12) 0.71 1.05 (0.58-1.92) 0.87 

Chemotherapy 0.75 (0.34-1.67) 0.49 -* - 1.21 (0.65-2.26) 0.55 

Barbui et al. J Clin Oncol, in press 
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DIPSS-plus (Dynamic International Prognostic Scoring System + karyotype + platelet count + transfusion status) risk stratification 

 in 793 patients with primary myelofibrosis seen at Mayo Clinic Rochester 

 ∆   Low risk (0 adverse points) 

     n=66; median survival ~ 185 months 

 

 Intermediate-1 risk (1 adverse point) 

     n=174; median survival ~ 78 months 

 

   Intermediate-2 risk (2 or 3 adverse points) 

      n=360; median survival ~ 35 months 

 

     High risk (4 or more adverse points) 

     n=193; median survival ~ 16 months 

 

P<0.0001 

Gangat et al. J Clin Oncol 2011;29:392  

 

• Hgb < 10 g/dL 

1. Circulating blasts ≥1% 

2. WBC > 25k 

3. Constitutional symptoms 

4. Age > 65 years 

 

5. Transfusion need 

6. Platelets < 100k 

7. Unfavorable karyotype 

 

Adverse points 
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Monosomal karyotype 

Complex karyotype 

Trisomy 8 

-7/del(7q) 

Del(5q) 

Inv(3) 

isochromosome 17q/17p- 

12p- 

11q23 abnormality 
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90 treatment-naive patients with PMF 

 

 Plasma IL-8 and IL-2R in the normal range (n=60) 

 Median survival ~80 months 

 

One or both cytokines elevated (n=30) 

Median survival ~17 months 

P<0.0001 
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Only intermediate-1 risk patients considered; N = 27 

 

 Plasma IL-8 and IL-2R in the normal range (n=21) 

 Median survival “not reached” 

 

One or both cytokines elevated (n=6) 

Median survival ~17 months 

Plasma cytokines in primary myelofibrosis are abnormally increased 

and correlate with phenotype and prognosis 
IL -8, IL-2R, IL-12, IL-15 and CXCL10 were independently associated with poor survival 

Tefferi et al. J Clin Oncol. in press 



Anemia 
Hemoglobin <10 g/dL 

Thrombocytopenia 
Platelets <100 x 109/L 

Constitutional 

symptoms 

Circulating  

blasts ≥1%  

Unfavorable 

karyotype 

Red blood cell 

transfusion need 

Age above  

65 years 

DIPSS-plus risk categories in primary myelofibrosis 

 
1. Low (no risk factors; median survival ~15.4 years) 

 

2. Intermediate-1 (one risk factor; median survival ~6.5 years) 

 

3. Intermediate-2 (2 or 3 risk factors; median survival ~2.9 years) 

 

4. High (4 or more risk factors; median survival ~1.3 years) 

 

Leukocytosis 
leukocytes >25 x 109/L 

Tefferi A. Blood, in press 



Is 5q- present? Yes 

DIPSS-plus prognostic category 
Lenalidomide 

(In the presence of symptoms) 

Myelofibrosis treatment algorithm 

No 

High risk or Int-2 risk 

< 45 yr. 

Observation 

Asymptomatic 

Low risk 

Consider 

CIC 

allo-SCT 

> 65 yr. 

conventional  

drug therapy 

Symptomatic 

45-65 yr. 

Consider 

RIC 

allo-SCT 

Investigational  

drug therapy 

Int-1 risk 

Tefferi A. Blood, in press 

Observation 



Anti-JAK2 

IC50 

(JAK1/JAK3 selectivity) 

Non-JAK 

kinase 

targets 

INCB018424 

(Phase 1/2 study) 

N=153 

5.7 nM 

(x1.0/x98) 

None of 

~28 kinases 

evaluated 

TG101348 

(Phase 1/2 study) 

N=59 

3 nM 

(x35/x332) 

FLT3 

RET 

CYT387 

(Phase 1/2 study) 

N=60 

18 nM 

(x0.6/x8.6) 

JNK1 

CDK2 

CEP-701 

(Phase 2 study) 

1 nM 

(x?/x3) 

FLT3 

TrkA 

SB1518 

(Phase 1/2 study) 

22 nM 

(x58/x24) 

FLT3 

AZD1480 

(Phase 1/2 study) 

0.26 nM 

(x5/x15) 

TrkA 

Aurora A 

FGFR1 

LY2784544 

(Phase 1/2 study) 

Scant  

literature 

Scant  

literature 

JAK inhibitor ATP mimetics in clinical trials for myelofibrosis 

460 

459 

461 

ASH 2010 

Abstracts # 



Anemia 

response 

per IWG 

(became 

transfusion 

independent) 

Spleen 

response 

per IWG 

Pruritus 

response 

Anemia 

toxicity 

(became 

transfusion 

dependent) 

 

Grade 3/4 

↓plt 

Other 

side effects 

(grade ≥2) 

INCB018424 (n=153) 

 

MTD (25 mg BID; n=47) 

ITD all patients (n=153) 

 

 

? 

8% 

 

 

49% 

44% 

 

 

? 

82% 

 

 

27% 

23% 

 

 

29% 

20% 

Cytokine rebound 

TG101348 (n=59) 

 

MTD (680 mg QD; n=34) 

ITD all patients (n=59) 

 

 

0% 

0% 

 

 

50% 

47% 

 

 

100% 

100% 

 

 

 

35% 

 

 

28% 

24% 

Nausea/vomiting 

Diarrhea 

↑Lipase/Amylase 

↑LFT/Creatinine 

CYT387(n=60) 

 

MTD (300 mg QD; n=27) 

ITD all patients (n=60) 

 

 

69% 

52% 

 

 

46% 

47% 

 

 

83% 

92% 

 

 

0% 

0% 

 

 

26% 

27% 

1st dose effect 

↑Lipase/Amylase 

↑LFT 

Headache/Dizzy 

JAK inhibitor therapy in myelofibrosis: 

what do we know so far regarding efficacy and toxicity? 
>90% of the patients in each of the three studies included high or intermediate-2 risk patients 

Verstovsek S et al. N Engl J Med 2010;363:1117 
Pardanani A et al. JCO in press 
Pardanani A et al. ASH 2010 abstract#460 



Anemia 

response 

per IWG 
(became 

transfusion 

independent) 

Spleen 

response 

per IWG 

Pruritus 

response 

Anemia 

toxicity 
(Grade 3 or 4:  

i.e. became 

transfusion 

independent) 

Grade 4 

↓plt 

Other 

side effects 

(grade ≥2) 

INCB018424 (n=153) 

 

MTD (25 mg BID; n=47) 

ITD all patients (n=153) 

 

 

(?) 

8% 

 

 

49% 

44% 

 

 

? 

82% 

 

 

27% 

23% 

 

 

6% 

3% 

Cytokine rebound 

TG101348 (n=59) 

 

MTD (680 mg QD; n=34) 

ITD all patients (n=59) 

 

 

0% 

0% 

 

 

 

42% 

 

 

100% 

100% 

 

 

54% 

35% 

Nausea/vomiting 

Diarrhea 

Xerodermia 

↑Lipase/Amylase 

↑LFT/Creatinine 

CYT387(n=60) 

 

MTD (300 mg QD; n=27) 

ITD all patients (n=60) 

 

 

69% 

57% 

 

 

54% 

51% 

 

 

83% 

92% 

 

 

0% 

7% 

 

 

7% 

8% 

1st dose effect 

↑Lipase/Amylase 

↑LFT 

Headache 

Lightheadedness 

JAK inhibitor therapy in myelofibrosis: 

what do we know so far regarding efficacy and toxicity? 
>90% of the patients in each of the three studies included high or intermediate-2 risk patients 

*TG101348 was associated with better response rates in the following: 

45% of patients with >20% JAK2V617F allele burden had a >50% reduction 

72% of patients with leukocytosis, in the MTD cohort, normalized their leukocyte count 

100% with thrombocytosis normalized their count 
Verstovsek S et al. N Engl J Med 2010;363:1117 
Pardanani A et al. JCO in press 
Pardanani A et al. ASH 2010 abstract#460 

Advantage CYT387  

Advantage TG101348  
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Vannucchi AM. N Engl J Med 2010;363:1180 

JAK2  

JAK2  

JAK1/3  
JAK1/2  

JAK1/2  



Pomalidomide 0.5 mg/day 
Mayo Clinic study of 58 patients with myelofibrosis and anemia 

JAK2V617F 

Positive Negative 

42 patients 
Anemia response = 24% 

16 patients 
Anemia response = 0% 

Spleen 

>10 cms 

Spleen 

<10 cms 

Response 

38% 

Response 

11% 

Additional observations: 

1. Well tolerated with little or no myelosuppression, neuropathy or thrombosis 

2. Early basophilia predicted anemia response 

3. 58% platelet response in patients with < 100k platelets 

4. No spleen responses 

5. Increasing dose to 2 mg/day did not increase anemia response 
Begna et al. Leukemia 2011;25:301 



CYT387 

What is the major problem? 

Selective JAK2 inhibitor 

e.g. TG101348 

JAK1/2 inhibitor 

e.g. INCB018424 

Anemia 

yes No 

Primarily  

myeloproliferative 

Symptoms 

i.e. 
Splenomegaly 

Leukocytosis 

Thrombocytosis 

Which clinical trial do I currently recommend? 

Primarily  

constitutional 

symptoms 

MF 

Pomalidomide 

JAK2v617F 

positive 

without  

big spleen 

Otherwise 



Coming soon… 

 

 

üAnnual Florence, Italy MPN patient symposium will be launched on 

April 15, 2011 

*in conjunction with the annual Florence meeting on MPN and the annual 

IWG-MRT workshop 

 

üMDACC annual MDS/MPN patient symposium on clinical trials will 

be launched in 2012 

*in conjunction with the annual Houston symposium on MDS and MPN 


