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Advances in the Diagnosis of Myeloproliferative Neoplasms

Mi-Ae Jang' and Chul Won Choi’

lDepartment of Laboratory Medicine and Genetics, Soonchunhyang University Bucheon Hospital,
Soonchunhyang University College of Medicine, Bucheon; *Division of Oncology-Hematology, Department of Internal Medicine, Korea
University Guro Hospital, Korea University College of Medicine, Seoul, Korea

Philadelphia chromosome-negative classical myeloproliferative neoplasms include polycythemia vera, essential thrombocythemia,
and primary myelofibrosis. In recent years, there have been major advances in our understanding of the molecular pathophysiology
of these rare subgroups of myeloproliferative neoplasms. The World Health Organization diagnostic criteria were revised in 2008,
and incorporated new somatic mutations of JAK2 V617F, found in most patients with polycythemia vera, essential thrombocythe-
mia, or primary myelofibrosis. Subsequently, other mutations (MPL W515 and CALR) were discovered and this led to substantial
changes in the diagnosis and treatment guidelines. This article reviews the diagnostic criteria for Philadelphia chromosome-negative
classical myeloproliferative neoplasms, and changes in the diagnostic algorithm for clinical practice in Korea. (Korean J Med
2016;90:281-287)
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Table 1. 2008 WHO diagnostic criteria of polycythemia vera, essential thrombocythemia, and primary myelofibrosis [1]

Criteria Polycythemia vera® (PV)

Essential thrombocy‘[hemiab (ET)

Primary myelofibrosis® (PMF)

Major 1. Hemoglobin > 18.5 g/dL in men, 1. Sustained platelet count > 450 x 10°L 1. Megakaryocyte proliferation and atypia,

16.5 g/dL in women or other 2. Proliferation of megakaryocytes with accompanied by either reticulin and/or
evidence of increased red cell enlarged, mature morphology collagen fibrosis, or in the absence of re-
volume* 3. Not meeting WHO criteria for PV, ticulin fibrosis, the megakaryocyte changes

2. Presence of JAK2 V617F or similar

PMF, CML, MDS or other myeloid

must be accompanied by an increased

mutation such as J4K2 exon 12 neoplasm marrow cellularity, granulocytic pro-
mutation 4. Demonstration of JAK2 V617F or liferation and often decreased erythropoi-
other clonal marker, or no evidence esis
for reactive thrombocytosis 2. Not meeting WHO criteria for PV, CML,

Minor 1. Bone marrow proliferation with
panmyelosis
2. Subnormal serum EPO level
3. Endogenous erythroid colony
formation in vitro

MDS, or other myeloid neoplasms

3. Demonstration of JAK2 V617F or other
clonal marker or no evidence of reactive
bone marrow fibrosis

. Leukoerythroblastosis

. Increase in serum LDH level
Anemia

. Splenomegaly

W~

WHO, World Health Organization; CML, chronic myelogenous leukemia; MDS, myelodysplastic syndrome; EPO, erythropoietin; LDH,

lactate dehydrogenase.

"Diagnosis of PV requires the presence of both major criteria and 1 minor criterion or the presence of the first major criterion together

with 2 minor criteria.
bDiagnosis of ET requires meeting all 4 major criteria.

‘Diagnosis of PMF requires meeting all 3 major criteria and 2 minor criteria.

dHemoglobin or hematocrit > 99th percentile of reference range for age, sex or altitude of residence or hemoglobin > 17 g/dL in men or >
15 g/dL in women if associated with a sustained increase of at least 2 g/dL from baseline that cannot be attributed to correction of iron
deficiency or elevated red cell mass > 25% above mean normal predicted value.

- 282 -



— Mi-Ae Jang, et al. Advances in the diagnosis of MPN —

§]—7<}01]1\1 A Ei= T FHFo] WERELE 75, oAl

=, A2l ol 50 S 58] ERbehH, 1 9]
T AokZo|u} TMALR|EZ(erythromelagia), 522 343}
+ A% Eoici1]. Agho] g EHA oFdA(plethora)t
BRI (70%), ZHH]TH(40%) 5o 42 FRISHCHI.

NS GZ71e-2 3T A= A=, 157 =7t
201317 U pre-polycythemic phase) 87 5517} 77| 2715t
+= A]7](overt polycythemia) = Z<=A|ZFA =7} Ht 80%
ooz Agddhn] A4 el nls| A F7lelaL, gxd
Hp Zpol A P57 Helrk Agho] 1gstA| wof
AELZ7-57) T8 (post-polycythemic myelofibrosis)
o o]=2H vl ANEH-S TR A8 et A 24

Z4go] 93t ujA| Y], Z4=38(myeloid metaplasia)>-
FxE oo A WA 1]555{ eukoerythroblast051s), ==
—?~—7]~—(p01kllocyt0515)
]7]°ﬂ Eﬂ‘:/]%ﬁl(retlculm) =
Zl(collagen) Eﬂ;ﬁiﬁi}}c’g S =3 AT J—_/,\_/\‘]_Prﬁ.
Sholgh o= glom, TeAlEFHEE s o
lok= gl stielel 2512 sl i
1]. 2008 WHO &0l w2 188157k
=2 & 19 A E BRe} A

AIEZFHBHA o) A E 5715 A oF 20%0]]
A E 5 Qloh 7HE & A
(20q), del (9p) 522 53] ABF57-57] 24s 9
of = Yehw, Aol dolu 54 S dudi e

oJ3T - 100%0f| A A|ZFHA o)k Kl

hu)

=

2 u:u i
— W

0%

I

2

Q

il

O

r@

>

F_E

o&

d

(O < _E B

;-ﬁ B oy &

SENHALST

=211

oM

W02 AYTTAYL ST BFFHFPOR o
2R 2|22 450 x 10'L o) 4pe] BAUZ7F3 &
RS EEERELEELEEDE- SRS
GH1) BHULATINS WAEE L 25

' RANE BT SUBE L - 30t
Ofof] Z7He BT 2717} hehaL, =

Fi BrEan) 2L o4 e
1

N

o

—'—(pseudopod)

=)
= s -
a7lo] THRTHI YANE/ES 27] AT RZ

ol FhkE = =t EHEanSrSol Ble =

Aok AW 7Ms Aol £ AEEo] © wron] At
whe A2 M| thy] uEe] graditte] Fa3tTHg)
12 Aol ojste, BejEantErlEoR AT 4387

N

o] FAEL WHO 7|20 ARR19S uf 16299] A1
EeEanETlE olelo] Uux|t dxjEeeEo A4
ATk R

K184 Aol ALY 271 AH-2K1377)
7F Qe 10]. EefE w372 544
7 F7FSRAL B W A A SR 2ol w(left
shift)o] glck. ofof vls Px=4dA52 Bl78/d2el FH
O] vy AN 27} eI Y SA e I
*1]55%% EZ7Eet A8 20T FHbE o] WA AL

A lactate dehydrogenase (LDH) Z7}, W&, v]&E] o]
= Zo] F2 Zpo|xloltil1].

1=
=8 Bate] ARolAE g F 2d H BRdsi0
TPy, Beo] AR Y 4 910, 2008 WHO £50

| E ST 1597 S5~ H-7-5(post-essential thrombocythemia
myelofibrosis)ol] ThaF Agt7|Z=0] WA E]o] Qir}. o] Hoj He)
dais7lsor AeE sRpoA F5k ool &4
37 TAEHEA] UE, WA EAE= vjZE|gle] 27} LDH
o] 27, harEArel olske7I ATt 10% ol4kel AFia, of
PR 3755 oS o5 & ¢ jle B F sl ol
9] 7| W) F 270 ol WAl ko] kst 11].

B9 A8l o]Alo & JAK2 V6ITF E¢io]7} axje]
40-50%0] A AZE, JAK2 V617F Hol7} %QX] oL 3}
A} % 1% MPL 57410] Ws15 Selsto] 7t A1)
2008 WHO 5o whg ZEjEAa37h59) Ae7)es & 1
o AAIE e} 2.

S BRI H(90%) 2k

s
3
o
£
W
S

=xxel Hohsx *Ziii% ES DI RS Aty
9] AYLE ZHksl | AR 2 H A T 127} 2(anisopoikilo-

ey} T DA BN 9 oA A o]
93 @Y LDH/} Z7kh). B4t AEFUEs} Eou

- 283 -



— e eE] A A1 90 d A4 5 FH A 668 T 2016 —

A At dEEY e SRS 2ol “e‘—f—ﬁ fi
3} A= Agto] YA HA3} daiRich A=A

9] AXM-G3} B 27| A-F-3ldA|(pre-fibrotic and early stage)
= FTAIEZSAETE 224 o] A7l 2 FAHE A2
5579 093P ATl S5 u3Y AjaA L
AR B4 FHE 5k = e wixkr]E el
HAebA o g Bzl grade 0-1 HE9] 460312 vehdich &
sto] 28w o] A-4-ZTHA(fibrotic stage)7} EH mAd<s 28

AIZ7F el Hoq o, HpiA|E= 10% B]Tkolt). o
A7|oE B]AE AN T} 2 AT 0|2 EXS 1
o} AR grade 2-3 o] g Hfsit TE
o|¢} Bl Eo] Fitko| F4]=|11, Z7 Sl(osteosclerosis) = 5
2= Qeh1). 714 B3] 24e] Zo] dofibs Al
ER S R R 1 Aol S7tshu,
M= Z59 =8

JAK2 V617FF o ,j Z 3kz}o] oF 50%0] A
eI, 7542 }f& MPL 5-21710] W515 S o]
7} 5%l A AHE Eh:}[l] AN|ZSABFA o] AR AITEA| OF 30%
ol A =], del (13) (q12-22), der (6) t (1;6) (q21-23; q21.3),
del (20q), partial trisomy 1q 5= & 4 Stk

(A

—

m
[l

¢

J

(o4

ON

ril

T4 Ak fleiA= WA T, 95,
- E 5 7F50] viA = ofof
w7)&0] ¥= BCR-ABLI 885
SF E’—AdHo]M— T,‘_Lo]

T 2T ©

o}-}l

JAKZ LR 5750/

JAK2 THale- B 2 AIQ1AFSHA Ax(tyrosine kinase) = =8 /J
A EA =R E AZAES AAeh=t S8t g
sttt J4K2 G-AAke] 617HA ZE=Q1 v (valine)ol| Al
#)d &b (phenylalanine) & 2 B A E]= JAK2 V617F =<1

Jat

Blol 7|%5215 Belvlo] 2 JAK2 vhile] 724 4ot
fuEsto] 4ot R ASH O BHTA AL
F42 Uo7l Jlo] WHATHAI. olF TS YHAT
2 %3te] JAK2 V6ITF Sl t Hehdsold A &4
FHEAFYIA Y 5] WA aRpololu, Kx
of whe} tha Zpo|7} QA|u KA HELZT1Z0] 90-95%, H-
S RLTZ715] 3570% UABHHGF] 50% o)A

&= Ao FelEQrH13]. JAK2 V6ITF S0l 214
A L=

=
2
BLFE, B ALAINE AABSHGF el v]

Re ofuAe14], 7+ 2ot
el ol A2 e ol
o250l F-g3lek eiA 9)
(15,16 J4K2 V617 E9140]7} B9 252 24 4aT
£ K2 7] o 12810 7]

= Feuol7t AEHECHIT)

MPL W515 Z27#0/

MPL Shle. £ 21 sEo]o8l A5 IEro] Tofsh A|zu}
=8-A|(thrombopoietin receptor) 24 7 HA|Z2] E3le} &
At 548 2Ask=d) IRk MPL $HA) Ol 1040
AgE 57]2] ofu|ieil HE] B(RWQFP motif, Arg-Trp-Gln-
Phe-Proyi= MPL chijo] 2k eHs}e oljekt] Za3t
s @it S1SvA 2EQl ER Eul(tryptophan)©]

< ofviate 2 X|&kE= MPL W515 7] 5855 ol
7h bl MPL vhilo] 724 $48E fmstel 1144
Q) AL uIT{18). 1o wef ch 2]z} 9]
T 2T 1%, AR5l 5%lA MPL

o7} HEEH[18], WA BT olA= @

PE

o] Hi1E|ItH19]. MPL W515&1Ho] <
Au-E FAWo] SAdtoll vls A9 T wE Tt B
T o Hamas wolthy oFel A 9ItH2021] Sy ol
Aito]] w=H, %EH@E TE71% $140) 3%ol| A MPL W515
31 JAK2 V6ITF 2421 32} Fo A=
F QUTH22,23]. 9)=2] Hile} up7A|
2 MPL W515 S91u0] 94 $ix1So| 4] MPL W515 =911
o] &/ = JAK2 VOITF /g Shapol| vlsf & P49}
A7) FolobA Wtk ®argl vf QIoH22]. MPL W515
=9Hol9 oL EfETo| FAl(leucine)oF 2| &&=
W515L7} gho] Al(lysing) O 2 x]3+E]= W515K7} 714 &3}
™, 71 9of| &= of=Ad(arginine) > = %|H=|= W5ISR, °*ﬂ‘r
U(alanine) 0.2 X]|&E= W515A 50| E54 BiEal
tH24].

CALR RLIAF Z21510/
2| I H Calreticulin (CALR) 5-4A} Q& 9 E¢{Ho|
Zofol| A JUK2 AL S0 =



7FS dAe] 25%, ?zl‘}*é.%% 5 JM 35%01]/\-] 254
Rl ’?57%‘ %PZMW% %73_51 A OPLE}[S 6]. CALR

3 é
.CﬂR%%V‘%ﬂ%ﬂiobﬂﬂﬁiﬁﬂ%ﬁVwﬁ
295} oAk HE]H(KDEL motif, Lys-Asp-Glu-Leu)
Zo] ol Ak, o}RAI7IR] B2 AE
7] wets) uhel A2 QkTHS.625]. o AI7kA] HaE
o] F 52709 A717F AAEA ol
rHo|(frameshift) 7} HAYSH= type 1 EAHO|7F 50%= 71
2513, 1 thE0 R type 2 SAW0|(57e] @7] TTGTC7}

EEN AE T

A7} 30%S XA|3He, 1 9ol of 400150 o] 24= T}
gt BolgHlo|So] Baw|glrhs6]

CALR 717 BAHo HEHE Bo545Y PSS
K2 i MPL §34 S80S %7310 9 8o
o S WA, e WU Y HmIey £HE Wolyt

T S R T
& ol AoR HUHYL52S] T AT Aol up=,
CALR 717} Bdwlo)s Hej@imzrls shxto] 1825%,
AR AE B 1521%004] P9 T(26-28], 915
o B3o} P7HARE CALR 77 S21M0] QA SRS
A JAK2 §32 Eo] o Bhato] I3 & el
o] 9ol Wekn BusGri2627]. CALR 74 5

Table 2. Primary and secondary laboratory tests for diagnosis of myeloproliferative neoplasms in Korea [7]

Category Test

Details

Primary  CBC, differential count

Blood cell morphology

Serum LDH level

Serum erythropoietin

Bone marrow aspirate and biopsy = clot section
Cytochemistry

Cytogenetics analysis

Fusion transcript (RT-PCR)

Gene mutation

Immunohistochemistry (biopsy or clot section)
FISH

Secondary

Reticulin/collagen®

BCR-ABLI

JAK2 V617F mutation

CD34, CD117, CD61, CD14, CD64, CDl11c, CD2, CD25, tryptaseb
BCR-ABLI, FIPILI-PDGFRA®, PDGFRB break-apart’, FGFRI®, +1q, +8,

+9, del(13q), del(20q), -7/del(7q)"

Fusion transcript (RT-PCR)

Gene mutation

FGFRI rearrangements"
PTPNII®, NRAS', KRAS, NFI°, CBL, KIT D816 mutation®, JAK2 exon

12 mutation’, MPL W515K/L mutation®, CALR exon 9 mutation®

Hemoglobin F°
Erythroid colony formation assayh

GM-CSF hypersensitivity assay”

CBC, complete blood count; LDH, lactate dehydrogenase; RT-PCR, reverse transcriptase polymerase chain reaction; FISH, fluorescence
in situ hybridization; GM-CSF, granulocyte-macrophage colony-stimulating factor.

“For evaluation of patients with suspected myelofibrosis.
*For evaluation of patients with suspected mastocytosis.

‘For evaluation of patients with suspected chronic myelomonocytic leukemia, chronic eosinophilic leukemia, or atypical chronic myeloid

leukemia, BCR-ABL 1 negative.

%For evaluation of patients with suspected chronic myelomonocytic leukemia or juvenile myelomonocytic leukemia.
“For evaluation of patients with suspected juvenile myelomonocytic leukemia.

"The second-line test for PV without JAK2 V617F mutation.

¥The second-line test for ET or PMF without JAK2 V617F mutation.

"No laboratory in Korea.
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