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The myeloproliferative neoplasm (MPN), polycythemia vera (PV), essential thrombocytosis
(ET), and primary myelofibrosis (PMF) are clonal hematopoietic stem cell diseases that
share in common overproduction of one or more of the formed elements of the blood with
overlapping clinical features but exhibit different natural histories and different therapeutic
requirements. Therefore, accuracy of diagnosis is the cornerstone of therapy. The World Health
Organization diagnostic criteria for both the classic BCR-ABL-negative MPNs (that is PV, ET,
and PMF) and chronic eosinophilic leukemia/hypereosinophilic syndrome have been revised in
the 2008 edition, by incorporating new information on their V617F mutation in the Janus kinase
2 (JAK2) tyrosine kinase. The JAK2 V617F point mutation makes the normal hematopoietic
progenitor cells hypersensitive to thrombopoietin, erythropoietin, and myeloid progenitor cells,
leading to trilinear hematopoietic myeloproliferation. JAK2 V617F is found in most patients with
PV, ET, or PMF and is, therefore, useful as a clonal marker when present. However their
absence does not exclude the diagnosis of an MPN. The major complications of the MPN are
thrombosis, hemorrhage and extramedullary hematopoiesis with massive splenomegaly and
bone marrow failure. Myelofibrosis is classically listed as a complication of the MPN. Current
treatment options are low dose aspirin, phlebotomy and cytoreductive therapy with hydroxyurea,
anagrelide, and interferon for PV and ET but the most effective therapy is still bone marrow
transplantation for PMF for the relief of symptoms and the prevention of complications. Drugs
targeting JAK2 V617F are promising. This article reviews the changes in diagnostic criteria and
algorithms, and also provides treatment guidelines that are tailored to routine clinical practice.

Keywords: Myeloproliferative neoplasm; Janus kinase 2 V617F; World Health Organization
criteria

© Korean Medical Association

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is
properly cited.

X2 X| J Korean Med Assoc 2011 January; 54(1): 112-126

ne
o

112 z2+3430 2



o

Diagnostic and therapeutic guideline for myeloproliferative neoplasm @ ps|

M B2

U"_"é%zf‘%‘él"éé]%(chronic myeloproliferative

L diseases)2 AHETFZF75(polycythemia vera,
PV), EejAE ATE7 5 (essential thrombocythemia,
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Figure 1. (A) Annual registered number of patients with polycythemia vera (PV), essential thrombocythemia (ET) and primary myelofibrosis

(PMF). (B
Insurance Review and Assessment Service).

) Assumptive prevalence rate of PV, ET, and PMF per 100,000 persons per one year (from the databases of Korean Health
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Figure 2. Correlation between vascular events (VE) and mutational levels of Janus kinase 2
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Table 1. The 2008 World Health Organization (WHO) diagnostic criteria for polycythemia vera (PV), essential thrombocythemia (ET), and

primary myelofibrosis (PMF) [9]

pv? ET?

PMF?

Major criteria 1. Hgb>18.5 gdL" (men) >16.5 gdL’
(women) or Hgb or Het >99th
percentile of reference range for
age, sex or altitude of residence or
Hgb >17 gdL" (men) or >15 gdL’
(women) If associated with a
sustained increase of >2g gdL’
from baseline that cannot be
attributed to correction of iron
deficiency or elevated red cell mass
>25% above mean normal
predicted value

. Presence of JAK2V617F or
similar mutation

N

1. Platelet count =450x10°%"

2. Megakaryocyte proliferation
with large and mature
morphology. No or little

1. Megakaryocyte proliferation and
atypia® accompanied by either
reticulin and/or collagen fribrosis,
or In the absence of reticulin
firbrosis, the megakaryocyte
changes must be accompanied by
increased marrow cellularity,
granulocytic proliferation and often
decreased erythropoiesis (i.e.,
prefibrotic PMF)

2. Not meeting WHO criteria for
CML, PV, MDS, or other myeloid
neoplasm

granulocyte or erythroid
proliferation.

3. Not meeting WHO criteria for
CML, PV, PMF, MDS or other
myeloid neoplasm

3. Demonstration of JAK2V617F
or other clonal marker or no
evidence of reactive marrow
fibrosis

4. Demonstration of JAK2V617F
or other clonal markr or no
evidence of reactive thrombo-

cytosis

Minor criteria 1. BM trilineage myeloproliferation
2. Subnormal serum Epo level
3. EEC growth

1. Leukoerythroblastosis
2. Increased serum LDH
3. Anemia

4. Palpable splenomeglay

Hgb, hemoglobin; Hct, hematocrit; CML, chronic myelogenous leukemia; MDS, myelodysplastic syndrome; BM, bone marrow; Epo,
erythropoietin; EEC, endogenous erythroid colony; LDH, lactate dehydrogenase.

“ Diagnosis of polycythemia vera (PV) requires meeting either both major criteria and one minor criterion or the first major criterion and

2 minor criteria. Diagnosis of ET requires meeting all four major criteria.

® Small to large megakaryocytes with an aberrant nuclear/cytoplasmic ratio and hyperchromatic and irregularly folded nuclei and dense clus-

tering.

olF.oH, HToll= A Harolld A Vo17F E<1H o] 9
o= exon 129]] BHAISH= TRt S ol E0] HalEar 9]
TH6- 8], o]2f3h oI A9eg Tl 7]E 2001 World
Health Organization (WHO) 7= 7|Aslde =29
Fo2 MPN AezeH = ofe] ghevh sde] o] 2o
2008 WHO ol AN A2 277 1520 | R =01,

2. JAK2 VB17F 2 0|2} SALSH JAK2 S0iH10|2
=3t5t PV, ET, PMFQ| ZIky | 5

JAK2 V617F2} MPN, £3] pvete] edgtale] a2 mA
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5) Amplification refractory mutation system
ARMS-PCRE 9714 tha BN ALE3E 7o =
FE7h o] Al eollA] o] AlEA| = AHAF ) Ho g T
A2 FAO HED o AL TIAFA ] B oA THA
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6) Melting curve analysis

JAK2 f77412] codon 128 553 3F o] Ak} gt
o] 22 0] 881=1| sensor probedlE 3" Wl
5" hol] LCRE
£9l & LightCycler &= LightTyperol|A] fluorescence

fluorescein< ]l anchor probeol|&=
resonance energy transfer Y#]& o|-83}e] HS-A]7] &
melting curve peakg 2&sle] AT EY o2 FAJgth
(12,13, 217 o] 734 wlo| P Hr} QA o] m= 61T e,
FRATA P o] A 53C A o] dEE= vk
oA o) P olM= 53T} 61T oM F 7Y HS
e oin 7 Z“J%LEE 5% HIE 9ot

Cankovic S[141& 10%2] Y& Q7 e 2 ¥ 118} v} Qi
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53] A g, 78T 2, oA, T B Hoxd
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Table 2. Category of risk in polycythemia vera (PV) Zo QBT TRRS0] @ & S
Risk category Age  History of thrombosis Cardiovascular risk factors Zo|tH18,26],
Low <60 No Hypertension (-) and |-HESE m-HES¢} &g Y7} H)
Hypercholesterolemia (-) and _ -
Diabetes (-) and S5l whEskar B, A8 1A1E
Smoking b 3] 53] 7% Aglo] g Ao &
Intermediate <60 No Hypertension (+) or
Hypercholesterolemia (+) or & ot 4 W 1gEe] 7P 54
Diabetes (+) or
Smoking (+) o] thymus and activation-regu-
High >60 Yes Not applicable lated chemokine©] 27} Zo| Zgk

o] =go] Hr}h FACSOIM ol F&
undefined HES, overlap HES, associated HESZ 53} & Hol&= TAH|E (4], CD3-CD4+, CD3+CD4-CDS-,
23], 7H7§ﬂ 2008 WHO #-[10J9M= 32571} CD3+CD4+CD7-)°]u}, TCR gene rearrangement A7}
e 4§42 Ho 7t 9 7492 “myeloid and lym- Zlcho]] §-8-31cH23]. 0]59] TA-ET] Yol O]-H}E
phoid neoplasms with eosinophilia and abnormalities SANETVE S Aol BRI (cytokine, ¢ TL-5)5
of PDGFRA, PDGFRB or FGFR1” 2}= EH% #Hgo 2 Z712 A2 E]o) &AL o} A 7Al = m-HES )| v]s)] ¥E 74

Bk AL, =4 %ok_o_g__ 9] o] frdat Makrt glo] CEL o] zF orefA] A k. vluA ZE|Ro|=o 2 uhg-ato]

o] 7]%L V=S 292 MPN 259 CEL, not other- S5t o FE A Ao 2 AZtEH, Y] =S $RE

wise specified & 2|45} Ac}, oA A= HEF o7 Mtk Zlo] Byl 9lon
m-HESE 2H| 20 2|5l ¥hg-0] F] o} LHE 4] 2,32z F st

SE2 717 2o = ol Eo] gkom CEL, F/P associated

HES2} $12] 2] myeloproliferative HESZ A8t 4= PNI=PNES]

ATH23). o)E2 AFH 2= F2 PN B,

dysplastic eosinophil, vitamin B12 (>1,000 pg/mL) 2! JAK2 5721 o)z} vbA s A Hot HEst 7tk 7158

g3 tryptase?] T7H>12 ng/ml), anemia and/or o] ghi¥ vh AA| A5l QlofjA] o] Hsh= o}2] mjn|

thrombocytopenia, splenomegaly, bone marrow cellu- slth. EA| JAK2 3 T A ATE 0] i3] ZlgE

larity (>>80%), myelofibrosis, spindle-shaped mast cell I AT o4 8 Dl o B2 A5 A]F Fiol

(>5%)9] 2712 w5 9lom, A eAldTS A3t A AAEA A% 275 7L A EHE ASHE T

9 e 2Ao] &4 s} 5o P sk Jo R AR S Th =

delA g 94l %‘94 m-HESE $]9] 8744 &

4712 o) WHEslE 7= AoJsith. QA 4q12004 1, ZMEHEREIIE

2k ol ¢]&} F/p %ﬁz}—a— RT-PCRO|U} FISHE gH18F 4= 9] 1) M 7o ==

o FEog Ngd A FAU ZHE & F oo Pvel A E o|$hg3 APdEL T o Aol st

2, m-HES7} oAl == ghajollx= wheA] Alggstolof &t I B g EH o g g 2 A &

= Axtoltt, AR HsabtEea Ak 10-50%9 FrEolu g o 2 o] Hgho] W A o] 2417
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Diagnosis |__| Intermediate
of ET risk

Individualization with
Cardiovascular risk
- Cardiovascular risk
- Low dose aspirin

Reduce platelets
<400,000/uL

High risk

Figure 4. Therapeutic recommendation for patients with essential thrombocythemia (ET).

Table 3. Risk stratification in essential thrombocythemia

Low-risk Age <60 yr, and

No history of thrombosis, and
Platelet count<1.5 million/uL (or <1
million/uL), and

No cardiovascular risk factors®
(smoking, obesity)

No JAK2V617F mutation”

Neither high-risk nor low-risk

Age =60 yr, or
A previous history of thrombosis
JAK2V617F mutation?

Intermediate-risk
High-risk

“Not yet established.
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