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Myelofibrosis	
  (MF)	
  
•  Rela%vely	
  rare	
  bone	
  marrow	
  disorder	
  
•  Can	
  be	
  primary	
  or	
  secondary	
  
•  Characteris%c	
  of	
  Philadelphia	
  chromosome-­‐nega%ve	
  myeloprolifera%ve	
  

neoplasms	
  (MPNs)	
  	
  
•  Prolifera%on	
  of	
  an	
  abnormal	
  clone	
  of	
  hematopoie%c	
  stem	
  cells	
  results	
  in	
  

fibrosis	
  
•  Symptoms	
  include:	
  	
  	
  

•  Abdominal	
  fullness	
  –	
  usually	
  caused	
  by	
  splenomegaly	
  or	
  hepatomegaly	
  
•  Bone	
  pain	
  
•  Bruising	
  and	
  easy	
  bleeding	
  –	
  caused	
  by	
  thrombocytopenia	
  
•  Cachexia	
  
•  Fa%gue	
  
•  High	
  uric	
  acid	
  levels	
  and	
  gout	
  
•  Pallor	
  and	
  shortness	
  of	
  breath	
  
•  Increased	
  suscep%bility	
  to	
  infec%on	
  



Clinical	
  manifesta+ons	
  of	
  Myelofibrosis	
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Philadelphia	
  Chromosome-­‐Nega+ve	
  Neoplasms	
  
•  Three	
  types	
  of	
  Philadelphia	
  chromosome-­‐nega%ve	
  myeloprolifera%ve	
  neoplasms:	
  

•  Essen%al	
  thrombocythemia	
  (ET)	
  
•  Polycythemia	
  vera	
  (PV)	
  
•  [Primary]	
  Myelofibrosis	
  (MF)	
  

•  Most	
  Philadelphia	
  chromosome-­‐nega%ve	
  cases	
  have	
  an	
  ac%va%ng	
  JAK2	
  (e.g.,	
  V617F)	
  
or	
  MPL	
  muta%on	
  

•  Muta%ons	
  in	
  CALR	
  (calre%culin)	
  are	
  found	
  in	
  a	
  majority	
  of	
  JAK2	
  and	
  MPL-­‐nega%ve	
  
essen%al	
  thrombocythemia	
  and	
  myelofibrosis	
  cases	
  

•  ET	
  is	
  associated	
  with	
  JAK2	
  V617F	
  muta%on	
  in	
  up	
  to	
  55%	
  of	
  cases,	
  and	
  with	
  a	
  MPL	
  
muta%on	
  in	
  up	
  to	
  5%	
  of	
  cases	
  

•  Cellular	
  phase	
  -­‐	
  increased	
  large	
  megakaryocytes	
  with	
  fibrosis	
  and	
  liWle	
  increase	
  
in	
  other	
  bone	
  marrow	
  elements	
  

•  Fibro+c	
  phase	
  –	
  collagenous	
  fibrosis	
  with	
  lack	
  of	
  marrow	
  elements	
  
•  PV	
  is	
  associated	
  most	
  oXen	
  with	
  the	
  JAK2	
  V617F	
  muta%on	
  (greater	
  than	
  95%	
  of	
  

cases),	
  whereas	
  the	
  remainder	
  have	
  a	
  JAK2	
  exon	
  12	
  muta%on	
  
•  Cellular	
  phase	
  -­‐	
  increased	
  megakaryocytes	
  which	
  cluster,	
  re%culin	
  fibrosis,	
  later	
  

trichrome	
  fibrosis	
  and	
  increased	
  myeloid	
  and	
  erythroid	
  precursors	
  
•  Fibro+c	
  phase	
  -­‐	
  collagenous	
  fibrosis	
  with	
  lack	
  of	
  marrow	
  elements	
  



Philadelphia	
  Chromosome-­‐Nega+ve	
  Neoplasms	
  



Pathology	
  of	
  Myelofibrosis	
  

Blasts	
  circula%ng	
  in	
  the	
  peripheral	
  blood	
  
can	
  be	
  found.	
  

Bone	
  marrow	
  biopsy	
  from	
  a	
  pa%ent	
  
with	
  primary	
  (also	
  called	
  idiopathic)	
  
myelofibrosis	
  (IMF)	
  shows	
  extensive	
  
fibrosis	
  with	
  clustered	
  megakaryocytes	
  
noted	
  in	
  the	
  center	
  of	
  the	
  specimen.	
  
Other	
  hematopoie%c	
  elements	
  are	
  not	
  
noted.	
  



Representa+ve	
  bone	
  marrow	
  biopsies	
  from	
  
pa+ents	
  with	
  MPNs	
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Practical Algorithm for Diagnosis of Polycythemia Vera (PV), Essential Thrombocythemia (ET), and Primary Myelofibrosis (PMF)



Megakaryocytes	
  play	
  a	
  central	
  role	
  in	
  MPN	
  pathogenesis	
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•  JAK-­‐STAT	
  signaling	
  pathway	
  transmits	
  
informa%on	
  to	
  the	
  nucleus	
  resul%ng	
  in	
  
DNA	
  transcrip%on	
  and	
  expression	
  of	
  
genes.	
  

	
  
•  Signaling	
  cascade	
  consists	
  of	
  three	
  

main	
  components:	
  	
  
•  Cell	
  surface	
  receptor	
  
•  Janus	
  kinase	
  (JAK)	
  	
  
•  Two	
  Signal	
  Transducer	
  and	
  

Ac%vator	
  of	
  Transcrip%on	
  (STAT)	
  
proteins	
  

	
  
•  Disrup%on	
  of	
  the	
  JAK-­‐STAT	
  

func%onality	
  can	
  result	
  in	
  immune	
  
deficiency	
  syndromes	
  and	
  cancers	
  

•  Overac%ve	
  signaling	
  of	
  the	
  JAK	
  
pathway	
  is	
  key	
  to	
  the	
  pathogenesis	
  of	
  
myelofibrosis.	
  

JAK-­‐STAT	
  signaling	
  pathway	
  



JAK2	
  
•  Janus	
  kinase	
  2	
  (JAK2)	
  –	
  non-­‐receptor	
  tyrosine	
  kinase	
  
•  Member	
  of	
  the	
  Janus	
  kinase	
  family	
  
•  Implicated	
  in	
  signaling	
  by	
  members	
  of	
  the	
  following	
  families:	
  	
  

•  Type	
  II	
  cytokine	
  receptor	
  family	
  
•  GM-­‐CSF	
  receptor	
  family	
  (IL-­‐3R,	
  IL-­‐5R	
  and	
  GM-­‐CSF-­‐R)	
  	
  
•  GP130	
  receptor	
  family	
  (IL-­‐6)	
  	
  
•  Single	
  chain	
  receptors	
  (Epo-­‐R,	
  Tpo-­‐R,	
  GH-­‐R,	
  PRL-­‐R	
  

•  Signaling	
  is	
  ac%vated	
  downstream	
  from	
  the	
  prolac%n	
  receptor	
  
•  JAK2	
  lacks	
  the	
  Src	
  homology	
  binding	
  domains	
  (SH2/SH3)	
  &	
  up	
  to	
  7	
  JAK	
  

homology	
  domains	
  (JH1-­‐JH7)	
  



Common	
  Soma+c	
  Muta+ons	
  in	
  MPNs	
  



Less	
  Common	
  Soma+c	
  Muta+ons	
  in	
  MPNs	
  (1)	
  



Less	
  Common	
  Soma+c	
  Muta+ons	
  in	
  MPNs	
  (2)	
  



Less	
  Common/Rare	
  Soma+c	
  Muta+ons	
  in	
  MPNs	
  



Co-­‐occurrence	
  of	
  soma+c	
  muta+ons	
  in	
  MPNs	
  



Role	
  of	
  cytokine	
  receptors	
  in	
  the	
  oncogenic	
  
proper+es	
  of	
  JAK2	
  V617F	
  and	
  CALR	
  mutants	
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CALR	
  mutants	
  bind	
  and	
  ac+vate	
  MPL	
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Genes	
  involved	
  in	
  epigene+c	
  regula+on	
  and	
  
leukemic	
  transforma+on	
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Presence	
  of	
  myeloprolifera+ve	
  and	
  
myelodysplas+c	
  features	
  in	
  MPN	
  

William Vainchenker, and Robert Kralovics Blood 
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Circula+ng	
  CD34+	
  cells	
  in	
  pa+ents	
  with	
  MPNs	
  	
  

Elisa Rumi, and Mario Cazzola Blood 2017;129:680-692 
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Treatment	
  of	
  MPNs	
  
•  There	
  are	
  currently	
  no	
  cura%ve	
  treatments	
  for	
  MPNs	
  other	
  than	
  allogeneic	
  stem	
  

cell	
  transplanta%on,	
  which	
  involves	
  significant	
  risks	
  

•  For	
  ET	
  and	
  PV,	
  the	
  goal	
  is	
  preven%on	
  of	
  thrombohemorrhagic	
  complica%ons	
  

•  For	
  MF,	
  the	
  goal	
  is	
  ameliora%on	
  of	
  anemia,	
  splenomegaly,	
  and	
  other	
  symptoms	
  

•  Treatment	
  op%ons	
  include:	
  	
  	
  

•  Low-­‐dose	
  aspirin	
  in	
  the	
  sefng	
  of	
  PV	
  and	
  ET	
  	
  

•  Tyrosine	
  kinase	
  inhibitors	
  (ima%nib)	
  

•  Ruxoli%nib,	
  which	
  is	
  a	
  JAK2	
  inhibitor	
  and	
  approved	
  for	
  primary	
  myelofibrosis	
  

•  Frequent	
  blood	
  transfusions	
  may	
  be	
  needed	
  

•  In	
  the	
  sefng	
  of	
  primary	
  myelofibrosis,	
  lenalidomide	
  and	
  thalidomide	
  may	
  be	
  used	
  

•  Peripheral	
  neuropathy	
  will	
  be	
  a	
  common	
  side-­‐effect	
  

•  If	
  the	
  pa%ent	
  is	
  diabe%c	
  and	
  taking	
  sulfonylurea,	
  this	
  should	
  be	
  stopped	
  
periodically	
  to	
  rule	
  out	
  drug-­‐induced	
  thrombocytopenia	
  



Treatment	
  algorithm	
  for	
  pa+ents	
  with	
  MF	
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Treatment	
  algorithm	
  for	
  anemia	
  in	
  MF	
  

Francisco Cervantes Blood 2014;124:2635-2642 
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*<	
  125	
  mU/mL	
  



Conven+onal	
  and	
  molecular	
  risk	
  factors	
  for	
  
pa+ents	
  with	
  MPNs	
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Priori+es	
  for	
  MPN	
  Treatment	
  



HSCT	
  op+ons	
  for	
  pa+ents	
  with	
  MF	
  



Kaplan-­‐Meier	
  analysis	
  of	
  survival	
  of	
  PMF	
  pa+ents	
  
stra+fied	
  according	
  to	
  their	
  driver	
  muta+on	
  or	
  a	
  
clinical-­‐molecular	
  prognos+c	
  model	
  that	
  includes	
  

IPSS	
  variables	
  and	
  driver	
  muta+on	
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