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• Louis Henri Vaquez (27 

August 1860 – 1936) was a French 
Physician 

• In 1892 he was the first to describe 

polycythaemia vera or 

polycythaemia rubra vera, which is also 
known as "Osler-Vaquez disease“

• Vaquez described the disease in a 40-
year-old male suffering from chronic 
cyanosis, distended veins, vertigo, 
dysnea, hepatosplenomegaly, 
palpitations and marked erythrocytosis
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Classifying Different MPNs or 
Recognizing The Disease Continuum?

ET PV PMF

William Dameshek

1951

“…we find it difficult to draw any clear-cut dividing lines; 
in fact, so many “transition forms” exist that one may 
with equal reasonableness call a single condition by at 

least two different terms.”

Slide courtesy of Jyoti Nangalia, MBBChir, FRCPath.
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Patient case:

• 17 year old female from Lebanon. Living in 
London

• Coincidental finding of thrombocytosis

• Wbc 8 x109/L; Hb 123g/l; Platelets 1204 x109/L

• Normal blood film, normal LDH

• No splenomegaly

• Prolonged APTT – factor XI deficiency

• Bone marrow biopsy  “consistent with ET”



• No treatment 

• Seeks second opinion at Mayo clinic

• Ski injury receives anagrelide for surgery

• 4 years later (age 23) gets married

• Wbc 8 x109/L; Hb 123g/l; Platelets 1534 
x109/L

• Gets pregnant, 3 doses of IFNa miscarriage

• Marriage breaks up



Later found to have a type 2 CALR mutation



Aspirin

Extrapolated to ET

p=0.03

Low-risk disease

Bleeding p=0.03

Venous 
thrombosis

p=0.045



High-risk ET: cytoreduction

24%

3.6%

• High risk ET

Hydroxycarbamide:

• Fewer MF transformations 

• Fewer treatment withdrawals

Anagrelide: second-line



Additional risk factors

Campbell et al, 

Lancet 2005; 

Rotunno et al, 

Blood 2014; Rumi 

et al, Blood 2014

JAK2 V617F vs CALR

White cell count

Campbell et al, Blood 2012

Reticulin grade at diagnosis

Campbell et al, 

JCO 2009 

Cardiovascular risk factors

Barbui et al, Blood 2012

“IPSET-thrombosis”

p=0.03 p=0.01



Back to our case
• Her diagnosis was (very) low-risk ET – perhaps Pre-MF (lacks current WHO 

2016 features)

• Traumatised by her diagnosis and the lack of information.

• With other patients and clinicians at GSTT, starts MPN voice

• Gets married again age 38 has an uneventful pregnancy managed with 
aspirin. By this time there is data published on >300 pregnancies including 
prospective study from the UK
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Our mission
Information, community and advocacy for MPN patients.

The volunteers who founded MPN Voice* (previously known as MPD

Support Charity and MPD Voice), wanted to provide a source of

professionally backed information, build and facilitate an MPN community

and advocate for patients affected by this rare group of blood cancers*.

 MPN Voice is still run by volunteers comprising MPN patients and

healthcare professionals who continue to share this vision.

Myeloproliferative neoplasms (MPNs) were formally known as

myeloproliferative disorders (MPDs). 

Over the last 12 years MPN Voice has developed to provide a wide range

of unbiased and medically backed information including leaflets and

newsletters, and runs regional forums where MPN patients can meet and

hear about the latest MPN research.  It has also invested in research and

supporting clinical trials and recently has become proactive in developing

links with other European MPN groups to become more visible in

advocating on behalf of MPN patients.

MPN Voice offers a unique buddy system, supported by healthcare

professionals, putting MPN patients in contact with other patients who can

provide a sympathetic and supportive ear for when things are new, tough

or confusing.

*Myeloproliferative neoplasms (MPNs)and blood cancers.  The World

Health Organization have classified MPNs as blood cancers due to the

fact that in these diseases the blood cells are behaving in an
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Low-risk ET: cytoreduction?

• No prior data indicating whether cytoreduction beneficial

• “Intermediate risk” arm of PT1:

Hydroxycarbamide + aspirin

Target plts 200 - 400 x 109/L

Aspirin alone

Age 40 to ≤59 years

No high-risk factors:

• Prior ischaemia or thrombosis

• Prior haemorrhage due to ET

• Hypertension/diabetes on therapy

• Current or previous platelet count 

>1000 x 109/L 

(>1500 x 109/L May 2004)
Median duration f/u 73 months

15 years 

140 centres 

Godfrey et al, JCO 2018

Randomisation

1:1, n=382



Vascular endpoints

Primary: Arterial or venous 

thrombosis, serious hemorrhage or 

death from vascular causes
Primary end−point

Time (years)
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166 147 131 112 102 89 80 68 53 41 32 23 15HC

Asp

Number at risk

p=1.0

Aspirin (11)

HC + Aspirin (11)

Aspirin 

alone 

(n=176)

HC+ aspirin 

(n=182)

Arterial thrombosis 7 5

Myocardial infarction 2 0

Ischemic stroke 2 3

Transient ischemic attack 3 1

Small bowel infarction 0 1

Venous thromboembolism 3 4

Deep vein thrombosis 1 3

Pulmonary embolism 2 2

Serious haemorrhage 2 3

Intracranial haemorrhage 1 2

GI haemorrhage 0 1

Post-op major 

haemorrhage
1 0

Death 7 10

Thrombotic cause 2 2

Hemorrhagic cause 0 1

Hematological cause 2 3

Other cause 3 4
No difference in overall survival



Disease transformation

Transformation to myelofibrosis, AML or MDS
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Caution in interpreting long-term safety:

• 47% in aspirin alone arm changed therapy

o Most started HC

o Reasons: clinical event / symptoms / 

lack of platelet control / aged 60

• 21% in HC+ aspirin arm changed therapy

No difference in non-haematological cancers

Aspirin 

HC + Aspirin 



Low-risk ET: summary

Aspirin
• For all?

Monitor CV risk

Cytoreduction: 
• Pre-emptive addition of hydroxycarbamide to aspirin did not reduce 

vascular events, myelofibrotic or leukemic transformation

• No cytoreduction until another clinical indication arises

Age <60

No previous vascular events

Who else might need cytoreduction?

• Symptoms: microvascular, disease-related

• Progressive leucocytosis

• Progressive splenomegaly

Treatment target should reflect the 

indication for cytoreduction



Alternatives: pegylated interferon-alfa

Phase 3

Quintas-Cardama et al, JCO 2009; 

Masarova et al, Lancet Haematol 2017

54% molecular response 

14% complete MR

38% molecular response 

6% complete MR

PV = 40 ET = 39

Responses can be durable:

55 JAK2+ PV/ET

Phase 2

• MPD-RC 112

 Pegylated IFN-α-2a vs HC in PV / ET 

• PROUD/CONTI-PV

 Ropeginterferon-α-2b vs HC in PV

• Haematological responses ≈ HC

• Good tolerability

• Molecular / histological responses

… but what about long term?

UPDATES DUE AT ASH 2018

Mascarenhas et al, ASH 2016; Gisslinger et al, ASH 2017



Alternatives for second line therapy: new 
and old

Ruxolitinib

• 110 ET refractory / intolerant to HC

• Randomised rux vs BAT

• No difference in CHR at 1 yr

• No difference in survival

• No difference in transformation, 

thrombosis or haemorrhage 

logrank P = .34
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Other second-line agents

 Anagrelide (alone or in combination)

 Busulphan

 Radioactive phosphorus

 Pipobroman

 Imetelstat

(updates in MF @ ASH 2018)

Harrison et al, Blood 2017



Exels

• A large study of 3700 ET patients in Europe

• Non randomised

• CONFIRMS anagrelide is less good than HU at preventing 
arterial thrombosis & bleeding per PT-1

• AND there was more MF in anagrelide treated patients per 
PT-1

• CONFIRMS risk of skin cancer with HU

Birgegard et al 2018
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The mutational landscape in 
hydroxycarbamide-resistant/intolerant 

essential thrombocythemia treated on the 
MAJIC-ET study

Jennifer O’Sullivan
Angela Hamblin

Adam Mead
Presented at EHA 2018



MAJIC-ET: mutation status

N (%) BAT (%) RUX (%) Overall (%)

Driver mutations

JAK2 25 (48.1) 28 (49.1) 53 (48.6)

CALR 14 (26.9) 19 (33.3) 33 (30.3)

MPL 3 (5.8) 2 (3.5) 5 (4.6)

Triple negative 10 (19.2) 8 (14) 16 (16.5)

Additional  
mutations

17 (32.7) 15 (26.8) 32 (29.6)

1                      13 (25) 9 (16.1) 22 (20.4)

2 3 (5.8) 5 (8.9) 8 (7.4)

3 1 (1.9) 0 1 (0.9)

4 0 1 (1.9) 1 (0.9)



MAJIC-ET: non-driver mutations
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MAJIC-ET: 2-year 
transformation-free survival

Log rank p=0.003 

Log rank p=0.042

TP53 mutated

TP53 wild type

Log rank p=0.001

SF3B1 wild type

SF3B1 mutated

TP53

SF3B1

Impact of additional non-driver mutations*

*remains 
significant for 
BAT but not 
RUX patients



Back to our case

• Age 45 there is a gradual fall of platelets 700 x 109/L and Hb 109g/l, 

leucoerythroblastic film, LDH , continues to have no symptoms, no splenomegaly

• Marrow shows grade 1 reticulin

• Karyotype is normal

• Now has ASXL1 mutation as well as type 2 CALR . 

• ASXL1 is a NEW mutation not present in earlier samples

• Using current criteria we cannot give her a clear diagnosis of PET-MF or overt PMF

• Currently considering options for watch and wait, IFNa, HLA typing siblings……



On-going issues in ET?

Normal platelet 

count?

Haematological 

response?

Molecular 

response?

<400 - high-risk PT1

<600 - Bergamo study

High platelet count 

correlates with 

haemorrhagic but not 

thrombotic risk

• Standardised criteria from ELN 

(2009) and IWG-MRT (2013)

• Complete haem response:
plts ≤400, normal spleen, WBC ≤10

• Complete remission: 
symptom improvement, histological 

remission, no vascular events 

• Retrospective study showed no 

benefit of CR on thrombotic risk or 

survival

Patients in molecular 

response still have 

thrombotic and 

transformation events

Uncertain long-term 

benefit

Barosi et al, Blood 2009, 2013; 

Hernandez-Boulla et al, B J Haematol 2011

• What about the HCT for JAK2 positive ET?

• Should we manage JAK2 positive ET as PV?

• What about the leucocyte count? Cut-off?

• What about avoiding the appearance of 

additional mutations?



Physician Patient 

Finding these answers?

• Only by collaboration (fostered by excellent meetings like this!)

• Long term well designed clinical trials under pinned by 
excellent science 

• Gaps in goals for therapy
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Our mission
Information, community and advocacy for MPN patients.

The volunteers who founded MPN Voice* (previously known as MPD

Support Charity and MPD Voice), wanted to provide a source of

professionally backed information, build and facilitate an MPN community

and advocate for patients affected by this rare group of blood cancers*.

 MPN Voice is still run by volunteers comprising MPN patients and

healthcare professionals who continue to share this vision.

Myeloproliferative neoplasms (MPNs) were formally known as
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advocating on behalf of MPN patients.
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With thanks to all the clinical teams who recruited patients…
United Kingdom – Aberdeen Royal Infirmary, Aberdeen: H.G. Watson; Addenbrooke’s Hospital NHS Trust, Cambridge: A.R. Green, B.J. Huntly; Aintree University Hospitals NHS Trust, Liverpool:
A. Olujohungbe, B.E. Woodcock; Airedale General Hospital, Keighley: P. Prabu; Alexandra Hospital, Redditch: D. Obeid; Arrowe Park Hospital, Wirral: N. Butt; Barnsley District General Hospital
NHS Trust, Barnsley: D. Chan-Lam, J.P. Ng; Basildon Hospital, Basildon: E.J. Watts; Basingstoke and North Hampshire Hospital, Basingstoke: A.E. Milne, T.J.C. Nokes; Bassetlaw Hospital, Worksop:
B. Paul; Belfast City Hospital, Belfast: M.F. McMullin, R.J.G. Cuthbert; Bishop Auckland General Hospital, Bishop Auckland: P.J. Williamson; Bradford Royal Infirmary, Bradford: L.J. Newton, A.T.
Williams; Burton Hospitals NHS Trust, Burton-on-Trent: A.G. Smith; Causeway Hospital, Coleraine: P. Burnside; Cheltenham General Hospital, Cheltenham: E. Blundell, A. Johny; Chesterfield
Royal Hospital, Chesterfield: R. Collin; R. Stewart; Colchester General Hospital, Colchester: G. Campbell, M. Wood; Countess of Chester Hospital, Chester: J.V. Clough, E. Rhodes; Darlington
Memorial Hospital, Darlington: P.J. Williamson; Dewsbury and District Hospital, Dewsbury: M.R. Chapple; Doncaster Royal Infirmary, Doncaster: J. Joseph, S. Kaul, B. Paul; Dumfries & Galloway
Royal Infirmary, Dumfries: R.K.B. Dang; Epsom General Hospital, Epsom: L. Jones; George Eliot Hospital, Nuneaton: A.H.M Cader, M. Narayanan; Glasgow Royal Infirmary, Glasgow: T. Holyoake,
A.N. Parker; Gloucestershire Royal Hospital, Gloucester: J. Ropner, A. Johny; Good Hope Hospital NHS Trust, Sutton Coldfield: J. Tucker; Grantham & District Hospital, Grantham: V.M. Tringham;
Great Western Hospital, Swindon: N.E. Blesing, E.S. Green, A.G. Gray; Guy’s Hospital, London: C.N. Harrison; Harrogate District Hospital, Harrogate: A.G. Bynoe, C.J. Hall; Heart of England NHS
Foundation Trust, Birmingham: D.W. Milligan; Hemel Hempstead General Hospital, Hemel Hempstead: J.F.M. Harrison; Hereford County Hospital, Hereford: L.G. Robinson, S.J.B. Willoughby;
Hillingdon Hospital, Uxbridge: R. Jan-Mohamed; Hinchingbrooke Hospital, Huntingdon: C.E. Hoggarth; Huddersfield Royal Infirmary, Huddersfield: S. Feyler; Hull & East Yorkshire Hospitals, Hull:
S. Ali, R.D. Patmore, M.L. Shields; Ipswich Hospital, Ipswich: I.H.M Chalmers, N.J. Dodd; James Cook University Hospital, Middlesborough: A.C. Wood, R. Dang, D. Plews; James Paget Hospital,
Great Yarmouth: M.T. Jeha; Kent & Canterbury Hospital, Canterbury: G. Evans, C.F.E Pocock; Kidderminster Hospital, Kidderminster: M.L. Lewis, R. Stockley; King’s College Hospital, London: R.
Arya; King’s Mill Hospital, Sutton-in-Ashfield: E.C.L. Logan; Kingston Hospital, Kingston upon Thames: V. Jayakar; Leicester Royal Infirmary, Leicester: A.E. Hunter, R.M. Hutchinson; Lister
Hospital, Stevenage: C. Tew; Luton & Dunstable Hospital NHS Trust, Luton: H.K. Flora; Manor Hospital, Walsall: A. Jacob; Mayday Hospital, Thornton Heath: C.M. Pollard; Medway Maritime
Hospital, Gillingham: V.E. Andrews; Monklands District General Hospital, Airdrie: J.A. Murphy, P. Paterson; Nevill Hall Hospital, Abergavenny: G.T.M. Robinson; Northwick Park Hospital, Harrow:
N. Panoskaltsis; Oldchurch Hospital, Romford: A. Brownell; Pembury Hospital, Tunbridge Wells: D.S. Gillett; Pilgrim Hospital, Boston: C. Rinaldi; Pinderfields General Hospital, Wakefield: J.
Ashcroft; Pontefract General Infirmary, Pontefract: D. Wright; Prince Philip Hospital, Llanelli: M.S. Lewis; Princess Royal Hospital, Haywards Heath: P.R. Hill; Princess Royal University Hospital,
Orpington: C.F.M. de Lord; Queen Elizabeth Hospital, Birmingham: P. Mahendra; Queen Elizabeth Hospital, King’s Lynn: P. Coates; Queen Elizabth Hospital, Tyne and Wear: G.P. Summerfield;
Queen Elizabeth II Hospital, Welwyn Garden City: H. Davis, J.M. Voke; Queen Margaret Hospital, Dunfermline: A. Evan-Wong; Queen Mary’s Sidcup NHS Trust, Sidcup: S. Bowcock; Queen Mary’s
University Hospital, London: M.R. Rowley; Queen’s Hospital, Burton-on-Trent: H. Ahmad; Queens’ Hospital, Romford: A. Brownell, D. Lewis; Raigmore Hospital, Inverness: P. Forsyth; Rotherham
District Hospital, Rotherham: H.F. Barker, B. Paul; Royal Berkshire Hospital, Reading: H. Grech; Royal Bournemouth Hospital, Bournemouth: D.G. Oscier, T.J. Hamblin; Royal Cornwall Hospital,
Treliske: M.D. Creagh; Royal Derby Hospital, Derby: A. McKernan; Royal Devon and Exeter Hospital, Exeter: C.E. Rudin; Royal Free Hospital, London: M. Sekhar; Royal Gwent Hospital, Newport:
H.A. Jackson; Royal Hallamshire Hospital, Sheffield: J.T. Reilly; Royal Infirmary of Edinburgh, Edinburgh: C.A. Ludlam; Royal Lancaster Infirmary, Lancaster: D.W. Grant; Royal Liverpool University
Hospital, Liverpool: R.E. Clark; Royal Surrey County Hospital, Guildford: L. Hendry, G. Robbins, J.A. Shirley; Royal United Hospital NHS Trust, Bath: C.J.C. Knechtli; Royal Wolverhampton NHS
Trust: S.I. Hands; Russells Hall Hospital, Dudley: D. Bareford, S. Fernandes, J. Neilson; Salisbury NHS Foundation Trust, Salisbury: J.O. Cullis; Sandwell & West Birmingham Hospitals NHS Trust,
Birmingham: D. Bareford, P.J. Stableforth, J.G. Wright; Singleton Hospital, Swansea: S. Al-Ismail, M.S. Lewis; South Tyneside Hospital, South Shields: A.M. Hendrick; Southmead Hospital, Bristol:
M. Kmonicek; St. George’s Hospital NHS Trust, London: F. Willis; St. Helier Hospital, Carshalton: J. Mercieca; St. James’s University Hospital, Leeds: D. Bowen; St. John’s Hospital, Livingston: P.
Shepherd, M.K. Cook; St. Mary’s Hospital, London: S.H. Abdalla, B.J. Bain, A. Whiteway; St. Richard’s Hospital, Chichester: P.C. Bevan, S.L. Janes; Stafford Hospital, Stafford: P. Revell; Stepping
Hill Hospital, Stockport: S. Jowitt; Stoke Mandeville Hospital, Aylesbury: A. Watson, H. Eagleton; Taunton & Somerset NHS Trust, Taunton: S.V. Davies; Torbay Hospital, Torquay: D.L. Turner, S.R.
Smith; Trafford Healthcare NHS Trust, Manchester: D. Alderson; Ulster Hospital, Belfast: M. El-Agnaf; University Hospital Coventry, Coventry: N. Jackson, S. Bokhari, O. Chapman, B. Harrison, S.
Jobanputra; University Hospital Lewisham, London: N. Mir; University Hospital of Wales, Cardiff: A.K. Burnett; S. Knapper; Victoria Hospital, Kirkcaldy: S.Y. Rogers, C.J. McCallum; Watford
General Hospital, Watford: A. Wood; West Middlesex University Hospital, London: M.S.J. Al-Obaidi; West Suffolk Hospital, Bury St. Edmunds: M. Karanth, D. Chitnavis; West Wales General
Hospital, Carmarthen: P. Cumber; Western General Hospital, Edinburgh: P. Shepherd, M.J. Mackie, P.R.E. Johnson; Wexham Park Hospital, Slough: N. Bienz; Whipps Cross Hospital, London: C.
DeSilva; Worcestershire Royal Hospital, Worcester: A.H. Sawers; Wrexham Maelor Hospital, Wrexham: J. Duguid; Wycombe General Hospital: J.K. Pattinson, R. Aitchison; Australia – Fremantle
Hospital, Fremantle: F. Cordingley; Geelong Hospital, Geelong: R. McLennan; Gosford Hospital, Gosford: C. Forsyth; Royal Melbourne Hospital, Melbourne: A. Grigg; Westmead Hospital, Sydney:
M.S. Hertzberg; France – C.H. St Vincent – St Antoine, Lille: N. Cambier; C.H.U. D’Angers, Angers: F. Boyer; Centre Hospitalier Universitaire, Brest: J.-C. Ianotto; CHU de Dijon, Dijon: M.
Maynadie; CHU de Grenoble, Grenoble: J.-Y. Cahn; Hopital Avicenne, Paris: J.-J. Kiladjian; Hopital Hotel Dieu, Clermont-Ferrand: L. Calvert, B. De Renzis; Hopital Louis Pasteur, Chartres: L. Al
Jassem Abdelkader; Institut Bergonie, Bordeaux: G. Etienne; Ireland – Midwestern Regional Hospital, Dooradoyle: M. Leahy; New Zealand – Canterbury Health Laboratories, Christchurch: P.
Ganly; Christchurch Hospital, Christchurch: R.L. Spearing, S. Gibbons, Middlemore Hospital, Auckland: H. Blacklock, G. Royle; Palmerston North Hospital, Palmerston North: B. Baker; Wellington
Hospital, Wellington: J.C. Carter, K.R. Romeril.

…and to all participants in the PT1 and MAJIC studies


