21

AWnSGURTY

a | . ‘t (Y]
mMsiSaueu@n Leukocyte Alkaline Phosphatase tW3zez61%h
LLazszﬂzﬂﬁmsLﬂﬁﬂuLLﬂaamaeIsﬂ‘lunaqusﬂ Myeloproliferative
Disorders
3z ‘Buﬂizm%gﬁ"ﬁé, oo i'sjﬂﬁﬁnéﬁ'ﬂ, ELUW 5311,1,&7&1, 255041 bAIDINTWE],

fiwasaos yRRuzwiilana was Usees auangy

amimladninen medmogsenans owennafing aminenduniion

unAmga : Chronic myeloid leukemia (CML) polycythemia vera (PV) myelofibrosis (MF) Wa¢ essential
thrombocythemia (ET) Lﬂun@"y[m myeloproliferative disorders (MPD) anwAnLnNGReTaaR R
v lEssnmuasmsainidange [5m7un@b¢ﬁ3‘immﬁuﬁu§ﬁu Tnernamanifod dauii ifavasri
safiamamdaiuls wenaniimssdiuaadlse sensnuAsmantunsSadndonnriadeumay
(acute leukemia) & nresn leukocyte alkaline phosphatase (LAP) ansoisngielunsinasy uay
Faenaumasnfiuzaslsn mmumsmowwwaoﬂgummiauq NANTSAN LAP score Yuﬂuﬂnmwaotﬁ77m
ﬂ?[@&/tﬂﬁ&/ 49.9+27.4 7uﬂaNNﬂ?ﬂ CML Ni/’.)&/ CML %4 myelofibrosis TJJJ@?E/ NIJ?E/ CML ‘VIJJ blastic
transformation ey NU’JH CML W?E/mﬂz_‘iﬂu {A1 LAP score ZWE/LQHE/ 09420, 862203, 6.3+19.1 uae
77.8+67.5 nuaey aswiagihe CML Afiman/Aesuasmadlsn @ LAP score wi/ayutwwng/uuaz
Qxﬁuﬁ?&ﬁuﬂnﬁzﬁtﬁamm)m[m &3V polycythemia vera, myelofibrosis UAY essential thrombo-
cythemia M1 LAP score Ineinde 176+45, 77+73 Wae 80+40 ¢1Na 161 n@wjﬂomfw‘jaﬁn754U§'yuu1/mﬂz/a\7
Fn viodledulungudeniufinsaadas e LAP score amalaenusaslsinn viawfaenisnnmsdni
v09lsnlsiiAn A961I0E/N essential thrombocythemia Amanaeuaatiulee polycythemia vera
W21 LAP score gUenNLYY LAP score ﬁlwuﬁluz_iﬂ polycythemia vera
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Chronic myeloid leukemia (CML), poly-
cythemia vera (PV), myelofibrosis (MF), essen-
tial thrombocythemia (ET) L“Js_luﬂq'uiiﬂ myelopro-
liferative disorders (MPD) fenuAendiReTizad
$urufia (clonal stem cell disorders) ¥ lal
amnmupmsadadonde dunalizad
Wadesum Wadarn iainiaden ustuule
st vEawsasfmausrunfsdmnduaths
nang!

ANNAAUNGL chronic myeloid leukemia
\Du acquired abnormality vl hemopoietic
stem cell a%ﬁaLmsﬂaﬁuﬁﬁﬁua&mmnmu Wy
Fanaiitelaslilas Ph chromosome 1(9:22) fis
11 myeloid uag lymphoid cells 1091he o
AMuAnUNAT IR TS LsTEL pluripotent
stem cell? madfasitlsn oML Tawilulienn
endiulugihe CML emefisnnwdiadanemlu
donlaigann fhallallavnuenanlsefifl granu-
locytosis SW’] Ifenn Mg leukocyte alkaline
phosphatase (LAP) 1a3ilasila Fiianiiafiay
fromivaulumsifiaselse lay LAP score Tu
CML alsimuvdawushann §wsy polycythemia
vera (PV) dnwniisiu axinmsadrasindanuaaiia
%uaehomnma (extra-erythropoiesis) ‘V'Hslﬁ red
cell mass Wssnniu seudlulnatuiasdnlo-
AIAgeNIMIN@INN leukocyte alkaline phospha-
tase (LAP) wasihalasiagoninnd  sedAmau
B12 gandun@ wuhseannuTaeas 75 909t el
shule® myelofibrosis (MF) emufiaun@vnlw
stem cell inmsstasiadon Tauwwnuniadan
LaeiademT I stromal cell Hobtasuonty
na¥Qn MInMATeainwuNEe Snimiliadan
WAIWL anisopoikilocytosis tear drop cell, frag-

mented red cell, nucleated red cell e normo-

blast |4 oranuiradisindonmisaudau my-
eloblast 14 myelocyte (leukoerythroblastic blood
picture) ingaidaanylshuage Snaann
vy fiedane biflunsys LAP avinfivdegs’ es-
sential thrombocythemia (ET) QntusdAtyzas
Tl fhuasfingadongenn  Sngadudm
(1,000xI0%/L)** nwn3ALEDAEY (thrombocythe-
mia) sansomuldiali CML, PV way MF uan
QWﬂﬁWU’h Ussnusaeay 20 284 primary throm-
bocythemia filseawe) T MPD iy ms
JHiasuien essential thrombocythemia 9NN
Isﬂ‘lunejuﬁ 21AGEIMIMIsIINMBILRTRMS
disn lamuRtaeailelas Tl dowyldviaslu
fthe CML laiwunsfisne red cell mass wilau
L‘ﬁuﬁwﬂuﬁﬂ’m PV Iy leukoerythro-blastosis
Twdon uay fibrosis Twlanszgn Faguiinlu
B;J:ﬂ’)&l MF \EJW‘LI erythropoiesis ¢ leukopoiesis
whasoR megakaryoblast  Swidudnuourag
acute megakaryoblastic leukemia \Jugw’
éwwﬁmqﬂizmﬁmawﬁﬁaﬁ {edini LAP
T lasfiaasanansnldifiu test fitasiiusmums
”EﬁaﬁmLﬂnﬁﬁmaﬂ‘mslumju myeloproliferative
disorders $uldiun PV, CML, MF uatET lo3a
W deswmnlanlunguitaansofied dantuld
(overlap) INAIINMU INAMNNAINU HIaD1RAMS
Lﬂéﬂuttﬂawﬁuﬁ blastic transformation (;Jﬂ?; 1)
AR LAP score 96snsn Mifuasswiian
fofiemy vidafamuanufunrnaaslsaaaanan
Useduramssnmlanlesnntiaeidiele

Taquazisms
Q’ﬂw myeloproliferative disorders ﬁﬁﬂmﬁb’d
yurfidniau 208 T8 FugheldSumsasiasmn
ferrfilofisring MEATLIFENS AOLUNTE-
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ManSFNINEILG TWRATY Ussnaumerie
CML 126 99¢ PV 46 51¢) MF 25 978 wae ET 11
16 LN normal control 44 118 FMSLMAN
inuTimifiasielsaden Tunga myeloproliferative
disorders (CML, PV, MF way ET) aclamdninmu
solanamtiudwumi losldmsaamenddin
mMATINF00 (complete blood count) mimufﬂ‘u
mz@m‘ﬂuﬁuﬁm eyl Puifuriio
723l5A610EN9 19U MIATIA red cell mass LM
WWIE polycythemia vera Tueu dmdunams
avamenatinuasmsaTamdaieinen Teun wer
0y swudlalnatu Swawdiadonriuasinde
Ham mmwuaqﬁuﬁmuazém uansislummnad
1 MIaTamySnmead LAP ufhlasialditues
Kaplow® nemlaetiadsts Sonadiesidanud e
284 Ol-naphthyl acid phosphate a¢ fastblue
RR 61% propanediol buffer 0.05 M WAINTIATIL
LAP score 105hlasfladondasqarien uwanan
et LAP score Tundafithy MPD #ifinm
wWassuasaslanllanidadl  Tungudioe
CML 15LLﬁD§ﬂ’J&J CML ﬁﬁ myelofibrosis AT
e (CML+MF) laeAfiastannamsasia bone
marrow biopsy W 23 3¢ Hiy CML 7l
blastic transformation I@Uéﬂ’)&l CML sluﬂa:u‘&ﬁ
TaAARaRIBaU myeloblast UaY promyelo-
cyte SR 20-92% FilnEinde 32.316.9%
1w 20 T Kthe CML fneanlseiiudn Tog
Wasennmaara binudadansseu (blast)
ﬁasl,unmmt.ﬁamLLaziuimnsx@n @9 kiny  Ph
chromosome #9733 8WU ber-abl gene 41w 5
Ny nduéﬂ’m polycythemia vera “7%53 myelofibro-
sis finsanent (PV+MF) 3 318 fihe polycythe-
mia vera fSiMsiAtuutasnanlse essential
thrombocythemia 41 1 118 fihemeiiaadny

finSaRangenn (2.5 x 10°L) setwsiaan red cell
mass §9 (75.0 mL/kg) wauniadanaamiaiiu
e

NAMSANL

Chronic myeloid leukemia L‘fluI‘iﬂﬁWU‘lﬁﬂaal
ﬁfjmeluﬂdﬂ‘iﬂ myeloproliferative disorders Wu
2NN polycythemia vera Useans 3 0 &
essential thrombocythemia W‘Uﬁaﬂ“ﬁ:ﬁﬂ (Gnﬂd‘?;
1) &:J:ﬂ')EILWﬂ‘IﬂULf]uIﬁﬂsluﬂdNﬁmﬂﬂ’hLWﬂmﬁd lsa
1undu&wu1uﬂu§aa1qﬂuﬁ’m‘lmqj seonlalnadiu
T CML, MF uae ET wushidniosfessiiudng
unU polycythemia vera ﬁﬁ‘szﬁuﬁiﬂnaﬁuﬁd
AlAENRAE 197427 g/dL (W&o 14.6-26.2 g/dL)
Swowdiadesrmgandunaduniiulu pv, MF
wae ET LLazgammﬂuLLﬂuh chronic myeloid
leukernia lsAlungx MPD azwurnindaidanglae
wnelu essential thrombocythemia asqammﬂu
Ruensienade 1604+752x107L (Rt 940-3,282 x
10%/L) N:ﬂ’JEJ myeloproliferative disorders du
Tneiishale Tz CML dihefidaas 90 7f
shalln moewashalaoiadt 6.846.5 cm (e 0-
30 cm) fiheiiddulafwlFonudlisnuhiin
wazrwa lllawhsha (mm'?'; 1)

HAMIATIA LAP score Wwihlasila wumh
Uszannotag 90 103the CML & LAP score o
anlopdy 09420 (R 0-14) 0uzfl LAP
score WAULNAWNTL 49.9+274 (Rd 10-117)
CML 17;53 myelofibrosis (CML+MF) w38l blastic
transformation @ LAP score qa%uiﬂﬂmaiﬂ 8.6t
20.3 (Wew 0-71) way 6.3+19.1 (W 0-83)
&6 lu acute leukemia (?l':d acute lymphoblastic
leukemia 8¢ acute non-lymphoblastic leuke-

mia) 9% 11 NN WU LAP score
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el 1 Whsuifsusemsnamslafisinenuazdnuosmenaiinuasnaduiilie myeloproliferative

disorders

CML PV MF ET
No. 126 46 25 11
Sex M/F 72/54 28/18 16/9 6/5
Age Median (range) 36 (12-89) 59 (29-82) 54 (27-75) 54 (38-88)
Hemoglobin (X+SD)(g/dL) 9.3+1.9 19.742.7 8.242.6 126415
(range) (3.5-14.5) (14.6-26.2) (2.6-12.8) (11.1-15.4)
WBC(X+SD) x 10°/L 231.61+1475 26.0%£16.9 52.8%131.3 20.7+11.3
(range) (33-780.6) (3.7-76.7) (4.4-662) (9.9-44.1)
Platelet count (X+SD) x 10°/L 655.51+476.6 678.21420.5 407£312.7 16941752
(range) (93-2580) (191-2220) (47-1243) (940-3282)
Splenonegaly (X+SD) cm 6.816.5 14118 55+5.3 0.2+04
(range) (0-30) (0-8) (0-20) (0-1)
Incidence* 90.9% 55% 88.2% 28.6%
Hepatomegaly (X+SD) cm 15126 0.6%1.0 2.1%16 0.3x0.7
(range) (0-20) (0-4) (0-5) (0-2)
Incidence* 53.6% 40.9% 72.7% 50%

* incidence of enlargement

Touimay 636+46.2 (R 7-138) %@@dﬂdnhdn
LAP score T CML 17;53‘ blastic transformation
athadliiudAny (p <.0001) Kl CML Alasums
avasnwawneanlsa wuh LAP score zﬂﬂ'wqﬁu
Towisd 7784675 (Rt 16-163) (nmai 2) fithan
fifl polycythemia vera annisaray 90 fien
LAP score guannlneiad 176445 (Rt 40-259)
endifemilmefif LAP score ¢ athalsfona
fhemeilifenmassidlilnatuuay red cel
mass LLﬁQWU’hQG %ﬂL%WiﬁﬁUI‘iﬂ polycythemia
vera éﬂ’)&l PV ‘7;51 myelofibrosis FINAE (PV+
MEF) i LAP score fhspuganilawn Tnefieiadt
178.3+335 (Wdfe) 140-202) Tuffihe myelofibrosis

#1 LAP score wuviash 1nfi uaxge laufidadt
77473 (W 1-233) #ile essential thromb-
ocythemia &¢n LAP score aqﬁlumm‘ﬁﬂﬂa%%aqa
fetloeind 80440 (Wit 35-154) £ihe essential
thrombocythemia AswAewaadiulse poly-
cythemia vera (ET — PV) e LAP score = 272
fehgawiion LAP score fmuidudulvnflulse

polycythemia vera

a (3

Q195U
Qjﬂﬂ’ﬁﬁﬂﬁwwu’jﬂlﬂ"ﬁ@ﬁ:}f\] LAP score “ﬁI’JU
ﬁﬁuﬁuumﬁﬁ’«aﬁuiiﬂ chronic myeloid leukemia

WaY polycythemia vera laetlsesnnisoray 90 189
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mi'\\‘l'ﬁ 2 LEAINANIS®9I3 leukocyte alkaline phosphatase (LAP) score sl.uﬂullﬂa ‘luéﬂw myelopro-
liferative disorders (CML, PV, MF uay ET) LLazﬁuq

LAP score

No. X+SD (range)
Normal 44 49.9+27.4 (10-117)
Chronic myeloid leukemia 126 0.9+2.0 (0-14)
CML+MF 23 8.6+20.3 (0-71)
CML(blastic transformation) 20 6.34+19.1 (0-83)
CML in recovery 5 77.8+67.5 (0-83)
Acute leukemia 1 63.6+46.2 (7-138)
Polycythemia vera 46 176+45 (40-259)
PV+MF 3 178.3+33.5 (140-202)
Myelofibrosis(MF) 25 77473 (1-233)
Essential thrombocythemia 11 80+40 (35-154)
ET — PV 1 272

Athy CML axamalsinuvdadien LAP score fish
3N (0.9+2.0) %oaamﬂa”aaﬁu*mmuﬁlms‘g farn
mseidiulsaras CML fullethets) an ML
dosnd! fibrosis Wanwiiu myelofibrosis WavasyNe
¢ acute myeloid leukemia (AML) #3830
oML ddiulsastaluiiu AML Tosssa qU# 1)
Hihe CML & LAP score ¢ uddiafl blastic trans-
formation 14! LAP score g fulwailanaiilas
mnmmxﬁéjﬂwtﬂu CML av&l immature neutro-
phil SN uNsEUEFDR immature neutrophil
mdwfpu.a“szymmn CML clone ﬁmmﬁmaﬁfmlﬂu
waduriuiolasialduassl LAP ¢ ueidlarion
CML ﬁ;ﬁ blastic transformation Lﬁaamn blast
cells bisnansnaoyurishfieialasila vinlwiloma
fmrrany LAP sadblnsaundléanni dusa
1% LAP score s dwsudn LAP score Tulsn
acute leukemia lnemssfieiadt 63.6+46.2 ganh
@ LAP score IG\ULQ?R'EJ 6.3+19.1 W CML ﬁﬁ

51 1 meﬂamﬁuﬁuﬁmmmjﬂm myeloprolif-
erative disorders fiansnsnuaeuiasdulsndue
Tunqauifentiu

o S [

2
.
-

e

]

CML  Chronic myeloid leukemia
MF Myelofibrosis

PV Polycythemia vera

ET Essential thrombocythemia
AML  Acute myeloblastic leukemia
ALL  Acute lymphoblastic leukemia

— SnmuAsulsadulse

--------- > oaduuuaadulse
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blastic transformation Lﬁmmnﬁ’ﬂmﬂaslu acute
leukemia Willasftafiadnyurisnsnann nomal
hemopoietic stem cell Alnaniadd laiun
¢1oeha blast cells 11 acute leukemia &% CML
Wil blastic transformation udialasiafian
9N CML dlone flnsflagann laedfiasivan
WU total white blood cell count ELu CML '17;53
blastic transformation {e 213.2+168.8 x 10°/L
(W&o 9.2-644.8 x 107/L) fiwwuifu WBC count u
CML 231.6+147.5 x 10°/L (W&t 33-780.6) §w31
Kt CML fnausuesaMI3nma & complete
remission LAP score ﬂzﬁd%ﬁu%uéizﬁuﬂﬂa\lﬁ
LLa:MUiWD:J:ﬂQEI CML ‘ﬁﬁ complete remission )
fie LAP score Unfiagdl survival EMwwniwan
7 LAP score ﬁamv‘iwagw Harmedar" 161 fnm
LAP ugifumss3a Ph chromosome Iusihe
CML #ldsumssnmndng interferon-aL WwUh
fhy CML  fieeuausssiamsinsndaeentiad
LAP score sliaa 3 dau Sandmansala
WU Ph chromosome slumsﬁm:n LAP score Tu
naNKhy CML mamwﬁ%nwﬂma%%msﬂgpdwEﬂfu
naggn (bone marrow transplantation ) U
theanlsn CML laeAfiadannmsasa inugad
Siadoemingan (blast) Talunseusdonuasiula
nsvgn @379y Ph chromosome WAt ber-abl
gene wamwmmﬁamLLazé’nwmzmaﬂﬁﬁﬂﬁm
Un& Wi LAP score LﬁN%uLLazdm&lmﬁﬁm LAP
score NAUAUGIEALUNG ﬁ”'df:m‘smfﬁaﬁmﬁqgn
ynanemse e LAP score 7ilifiueh LAP score
rlasia (normal neutrophils) auinlé LAP
score AmRlETuaTsTRumsAamamasiiums
aadlsauazmssnwlsn oML |éatheiisvils Lap
score ‘ﬁ’asﬂﬁuﬁmgumﬁﬁaﬁﬂiﬂ polycythemia
vera lngsnnnin¥esas 90 9asthy PV & LAP

score LLﬁxLﬁa&Eﬂ’m PV i myelofibrosis NaTs
gy LAP score azﬁamqoag\lﬁtﬂéauLLﬂad
(Gﬂi‘ldﬁ 2) wihe myelofibrosis #5véU LAP score
Fashuag Kl essential thrombocythemia 7
waenuwaaiiulse polycythemia vera Wi LAP
score qaﬁuﬁuﬁﬁu red cell mass

aufinldnsnsnn LAP score 49i3fvidilsl
en Sisrlemituaiuamludumsiiadelse
(chronic myeloid leukemia Wa¢ polycythemia
vera) Ialossmaazaaldduassailumsfiamsms
fmifiuzadlsanaanaunamssnmnlsn CML wasld
FrelumItssiu stage maﬂsmslumju myelopro-
liferative disorders B95laMNFRLERMUNIAS:
ennurmsdnAuIaiamiulsalavasngudanan
2961

Lanasaneae

1. Loszol J. Myeloproliferative disorder (MPD) : myelo-
fibrosis, myelosclerosis, extramedullary hematopoiesis,
undifferentiated MPD, and hemorrhagic thrombocythe-
mia. Semin Haematol 1975;12:409-32.

2. Leonard BJ, Israels MCG, Wilkinson JF. Alkaline
phosphatase in the white cells in leukemia and
leukemoid reactions. Lancet 1958,7:289-92.

3. Berlin NI. Diagnosis and classification of polycythemia.
Semin Haematol 1975;12:339-51.

4. Ellis JT, Geller SA. The bone marrow in polycythemia
vera. Semin Haematol 1975,12:433-44.

5. Gunz FW. In : Wiliums WJ, Beutler E, Erslev AJ,
Rundles RW. Essential thrombocythemia, Hematology
2" ed. New York : McGraw-Hill, 1979:806-9.

6. Silverstein MN. Pz'jmaly or hemorrhagic thrombocythe-
mia. Arch Intern Med 1968;122:18-22.

7. Geller SA, Shapiro E. Acute leukemia as a natural
sequel to primary thrombocythemia. Am J Clin Pathol
1982,77:3:353-6.

8. Koplow LS. Leukocyte alkaline phophatase cytoche-

Thai Journal of Hematology and Transfusion Medicine Vol. 9 No. 1 January-March 1999



mswBeuifiuuen Leukocyte Alkaline Phosphatase Wstidin uarssusifimaw/aouasmaalsn 27

mistry : application and methods. Ann NY Acad Sci alkaline phosphatase in chronic myeloid leukemia after
1968,155:9ll. Interferon-a. Acta Haemato! 1993,90:104-5.

9. Valentine NW, Beck WS. Phosphatase activity in 11. Mitus XMJ, Mednicoff IB, Dameshek W. Leukocytic
health, leukocytosis and myelocytic leukemia. J lab alkaline phosphatase in busulfan induced remissions
Clin Med 1951;38:39-55. of chronic granulocytic leukemia. Blood 1961;18:202-

10. Haznedar R, Yamac K. Gradual correction of leukocyte 6.

Comparison in Leukocyte Alkaline Phosphatase Activity in
Patients with Myeloproliferative Disorders Before and During

Disease Transformation

Sriprapa Chinprasertsuk, Sanan Visuthisakchai, Maneenop Yimyam, Wanna Muangsup,

Tipawan Boonyapanichskul and Prayoon Tanamsuk

Division of haematology, Department of Medicine, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, 10700

Abstract : Chronic myeloid leukemia (CML), polycythemia vera (PV), myelofibrosis (MF) and essential
thrombocythemia (ET) are chronic myeloproliferative disorders (MPD) with clonal disorder of
multipotent hemopoietic stem cells. There is often considerable overlap between the myeloprolifera-
tive disorders and in progression of the diseases, some of them may end up with acute leukemia.
Leukocyte alkaline phosphatase (LAP) is helpful in diagnosis and assessment of the stage of MPD.
In our studies, LAP score was 49.9+27.4 in normal control. In CML, CML with myelofibrosis, CML
with blastic transformation and ex CML after bone marrow transplantation, their LAP score were 0.9+
2.0, 8.6+20.3 6.3+19.1 and 77.8467.5 respectively. LAP score in CML patients increased when the
disease transformed and returned to normal level when the patients entered recovery by bone
marrow transplantation. LAP score in patients with polycythemia vera, myelofibrosis and essential
thrombocythemia were 176145, 77+73 and 80+40 respectively. There were little to marked changes
in LAP score when the diseases in this group were transformed. LAP score in a patient with poly-
cythemia vera which had transformed from essential thrombocythemia was as high as LAP score
In polycythemia vera patients.
Key Words : ® Leukocyte alkaline phosphatase ® Myeloproliferative disorders

® Chronic myeloid leukemia ® Polycythemia vera ® Myelofibrosis

® Essential thrombocythemia
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