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Hepatic Veno-ocelusive Disease after Allogeneic Bone Marrow Transplantation in
Patients with Leukemia : Risk Factors and Therapeutic Effect of Recombinant
Human Tissue Plasminogen Activator

Seok Lee
Department of Internal Medicine, College of Medicine, Ewha Womans University

Objectives : Hepatic veno-occlusive disease(VOD) is a major life-threatening complication of
bone marrow transplantation(BMT) caused by high-dose chemotherapy or radiotherapy. The
aim of this study is to evaluate the incidence, risk factors, prophylactic effects of low-dose hepa-
rin and pentoxifylline(PTX) and therapeutic response to recombinant human tissue plasmino-
gen activator(rt-PA) in VOD patdents with leukemia after allogencic BMT.

Methods : Thirty-two consecutive leukemia patients who underwent HIA-matched allo-
geneic BMT were included in this study. VOD was clinically defined as having two of the follo-
wing features : hyperbilirubinemia(>2mg/dL), tender hepatomegaly, unexplained weight gain(>
2% from baseline) and/or ascites. Low-dose heparin(100unit/kg/day, IV) and PTX(1,600mg/
day, PO) were administered for the prevention of VOD.

Results : The median age of recipients in this study was 27(17 — 44) years, Patients were
treated for the following diseases : 17(53.1%) for acute myeloid leukemia(AML), 10(31.3%) for
acute lymphoblastic leukemia(ALL) and 5(15.6%) for chronic myeloid leukemia(CML). Four-
teen patients(43.7%) were classified as having high-risk pre-BMT status. Of the 32 consecutive
patients undergoing allogeneic BMT, 5(15.6%) developed VOD. A higher risk of developing
VOD was associated with pre-BMT disease status(p <0.01). All VOD patients received rt-PA-
based thrombolytic therapy and complete resolution was achieved in 4(80.0%) of 5 patients
without significant bleeding complications.

Conclusion : Further studies are needed to develop more effective prophylactic and thera-
peutic approaches of VOD in patients with high-risk leukemia after allogeneic BMT.

KEY WORDS : Veno-occlusive disease(VOD) - Allogeneic bone marrow transplantation(BMT)
Risk factors - Recombinant human tissue plasminogen activator(rt-PA).
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3 (HLA-identical) EAZTE 5% 50
e 329)) BAE AL VODS 9
& 24& At o4 7 71AAge] Fejel]

2 g7y EENETOR FEIYeH, udg
T2 o)A BA] A BTt opd S HE B
7}47) (accelerating phase) &2 F47](blastic cri-
sis)¢l ¥Hg FFAHEEY AR A AA
He¥e2 cyclophosphamide(CY)st AAgARZ
AHtotal body irradiation ; ©]8} TBDE T7ho2 Ui
Aol etoposides] F71 2 busulfan(BU) -+
CY7} Fo5 i}

BE A FA oldHnisFEEe] ey
closporin-A+methotrexate) s  &hlo}z] Al (acy-
clovir) ¥ HAFEETH] FoEglon HEPA-filt-
er’t FHIE laminar air-flow roomolA] ©]4-& A]8)
gt #xte] FEE 9 AFE FIA)7) S =
Hog o4 F 5dsRE FHPFEZUA(granulo
cyte colony-stimulating factor ; G-CSF)& 300pg/
m?9] §3Fo = H]YTG5r} 1,000/L o) 3Uz FXE
w7+ i A58t

2.% o

McDonald 9] 7]&] 2Age] 1) wizFud
Z(8% 1859 >2mg/dL), 2) 2 Z& 74 9
% SAEE 55, 3) 53 9 glo] N AAZ
3] 2% ol AF F7t B B4} = A B
A 71 T A ol WEIE 4§ VODE
TSt

VODS d#hE 918l B @xojA D-9YRE A&
% heparin(100unit/kg/Q, V)34 PTX(1,600mg/<,
PO)& D+3047HA Fofsiglon, Fo71708< W
AP AAAE A B on, F 23] AR HF71F
ol )5 % IS uXFe HIFFE AASAC)

1825 HE 99 99 rt-PA(10~20mg/Y, Vx4
) Z7heE ke f-5d wet 2% A$ pros-
taglandin E;(PGE; ; 0.3ug/kg/¥, V), antithrom-
bin M(AT-T : 2,000unit/¥, IV) & 18&% AHZ
ol=AA & HEsst

S
M o = o

i

o

3. Mo

VODY AgUAIES] A3 £4E 93] Fisher's
exact A3, BlEZ44%4 (Mann-Whitney U test, Kru-
skal-Wallis test)& Al&319 L, 95%9] A=THez
SAAE FroAS Frlste.
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1731(53.1%), 84 #¥Z749Ed 104(31.3%), &
A 25398 53(15.6%) 9. o2 d 2@ded
2= ZFEAET 2 aA8Te] 2 18#(56.3%), 14
#(43.7%) $ck. AR W o2 CY+TBI} 232(71.
9%)2 71 %ol T er, 45 LTI
70(21.9%) 14 etoposide’t F7HEA3L, BU+CY
7t Fold A= 2(6.2%) YR HTable 1).

2. V0D SyHIT U AR

% 32dl9] 3R F 58(15.6%)94 VOD7} &Ayst
gt o5 FU dHE 29(20~3DA, F HlE 4
c1olem, ZZh 24 CY+TBISH CY+TBI+
etoposide® HAHXE Algoka, BU+HCYE Foigt
A4 189, olE BF o) A A3 u9 ¥
o sEE g en, o]F 43(80.0%) MM E 4] T

2R 2709 oo 7Y Bl A%, APgA 2
o] W A5 28 At

VOD7} @A alA] ek 3l 2749} vl w3l 9

Table 1. Clinical characteristics of patients

No. of patients 32
Age(year) 27(17 - 44)
Sex(Male : Female) 16 : 16
Diagnosis
Acute myeloid leukemia(AML) 17(53.1%)
Acute lymphablastic leukemia(ALL) 10(31.3%)
Chronic myeloid leukemia(CML) 5(15.6%)
Pre-BMT status
Standard-risk 18(56.3%)

High-risk
Preparative regimen

14(43.7%)

Cyclophosphamide(CY)+total body 23(71.9%)
irradiation(TBI)
CY+TBi+etoposide 7(21.9%)
Busulfan(BU)+CY 2( 6.2%)
Veno-occlusive disease(VOD) 5(15.6%)

Abbreviation : BMT, bone marrow transplantation

Alel dig EAE AW 2F, ZERATLINE
VOD7} 18= 2 AskA] 24 W u9gdore
148)% 53l BAFOEA o] A AFAe I}
VODY 2z froldk datidol shgol EHUT
(p<0.01). O & ¥FE, & X9 4F, 49, A4,
A -BYA §5F, 29 22 7% Aol A9 &

5 5o mE & 77 Aole Ao, AMX W
o glojxls BUHCYE AMHE-3E Z47} 2d#9 £
3o TBIE T A9 Hart =7bsion,
CY+TBIY Hl&] CY+TBI+etoposide® AME3 7
204 VODE] WlEr} v T2 %S B #

o Aol giSith(Table 2).

3. V0D ANz EY

VODE o4 F 5~2294 2483 eH, o|§ ¥
o[2d Ayt mFTl AFHE d¥H 54
€ B3t oF sEelAE FE, $EF- T R A
27l &L lrs} 2 P A7) BF 23
HE 278 2309, vriA 288 2714 Z1ERt

Table 2. Clinical manifestations according to the occurr-

ence of VOD
Variables VOD(+) VOD(-) p-value
(n=>5) (n=27)
Agelyear) 29(20-29) 26(17-44) NS
Sex(Male : Female) 41 12:15 NS
Sex incompatibility NS
Match 4 19
Female — Male 1 1
Male — Female 0 7
Diagnosis NS
AML 3 14
ALL 1 9
CML 1 4
Previous disease NS
Liver dysfunction 2 7
(ALT>40IU/L or
T.Bilirubin >2.0mg/dL)
Infection 4 3
Pre-BMT status <0.01
Standard-risk 0 17
High-risk 5 10
Preparative regimen NS
CY-+TBI 2 21
CY+TBl+etoposide 2 5
BU~+CY 1 1

Abbreviation : NS, not significant
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Table 3. Clinical and laboratory findings of patients with VOD

UPN Age Dx Preparative = VOD 'RUQ Jaundic Wtgain  T.Bil AST/ALT ALP Pdime Cr
(yn  (Status) regimen onset  pain /ascites  (mg/dL)  (IUA) (UL (%)  (mg/dl)

17 39  AMLH) CY+TBI D+15 + + + 3.2 634/238 192 49 1.6

19 33 AML(H) CY+TBI D+22 + + + 2.4 66/48 170 94 1.6

36 27  CMLH) BU4CY D+18 + + + 27.8 1275/1015 114 12 6.7

38 29 AMLH) CY+TBI+VP D418+ + - 7.8 46/37 162 78 5.1

39 20 ALLH) CY+TBI4+VP D+ 5 + + - 6.5 30/68 77 69 2.5

Abbreviations : UPN, unique patient number ; Dx, diagnosis ; H, high-risk ; VP, etoposide ; RUQ, right upper quadrant ;
T.Bil, total bilirubin ; ALP, alkaline phosphatase ; P-time, prothrombin-time ; Cr, creatinine

Table 4. Therapeutic outcomes of patients with VOD

UPN vOD Treatment Day of Outcome
onset rt-PA start
17 D+15 1t-PA(20mg/d X 4 days) D+20 Complete recovery(D+34)
19 D422 rt-PA(10mg/d X 4 days) D422 Complete recovery(D+30)
36 D+18 r-PA20mg/d x 4 days)+PGE,+AT-TI + D+19 Death due to VOD progression(D+28)
Steroid +Hemodialysis
38 D+18 rt-PA(20mg/d X 4 days) D+18 Complete recovery(D-36)
39 D+ 5 rt-PA(20mg/d X 4 days)+PGE,+AT-1I D+ 5 Complete recovery(D+46)

Abbreviations : rt-PA, recombinant human tissue plasminogen activator ; PGE;, prostaglandin E,

ZE319th VOD ¥4 § Ar1F o= A3t 717
ArVE T2 P AdRE 24, F B8 AR
£9] JarXe SRl 2.4~27.8mg/dL, AST/
ALT 30~1,275/37~1,015IU/L, alkaline phospha-
tase 77~192IU/L7AA 5= 2, prothrombin-
time B9 12~94%7HA] AF=HNLL, tF-E4
gzl A Al71%5 ol (creatinine 1.2~6.7mg/dL)7}
e BAS B tH(Table 3).

4.VOD BAZY NE Hit

VODZ Agd 58 EFoA rt-PA7L FoE A oH,
©]% 18(UPN 19; 10mg/¥ x48)E AYstae 25
oA 0mg/d R 447 Ttk UPN 17,
19, 389l4%E rt-PA @EAMETto 2 VODS 3%

o o=
=
=
o

Aol A BAZ & 8~181te] S4F 717 %50] $33)
AdHFE 3 EHY v 28l ME PGE; 2 AT-

me} B4 Fozk 270 eH, o]F 1#¥e g A=
d2RH 4194 AT HEHJeY o 18]
A 18&F 2HZo|=AA B AT A BHS
d= 73 1719 ole 3 AT EE B
o] o] % 289 APgasitt. rt-PA A9 @ 28
T 2 AR 7282 AEHA $%rHTable 4).

: AT-1I, antithrombin Ti

ot

| 554

TF EF014 F ¥¥EHE VODE Z}‘E 2 74 ol
A sFE87 3:1’ ] 71 vehg = e F8 F
WZ 2o shbz, YAolHS) ALEL T~50% AE
ot} FFx= uh “?-__1’ A9olE 98%S APEES
d F Qe AP Aok, o) z*’ﬂ"]u—‘iﬂ, &
TEF] A E2 AARAzAL s A
29| &) 2HHIL ofdf e o2 s34l
7ol Wl 28 ytok1ne-4 243 5 B 7144
g3 daskE Ao AN AP, VoD

A& 749 von Willebrand 9A$t 3 angioten-
sin converting enzyme X7} ¥, protein
C, protein S ¥ AT-M<} Z-& natural anticoagu-
lant7} Z4HH, XA, A-F-2Y fibrinogen) ¥ hy-
alurinic acid®] Z7}F, VIQIRb] 724 5ol #a=s |
4L VOD9] 28714 glojA Eddsle &4des
Qg o]x1AQ HlgauA A et #ATHE AAL
o ST, g A3 ATl AE cytokine H¥
o] FoAo] ZZ=a ¢ v, tumor necrosis fa-
ctor(TNF)-o., interleukin(IL)-1, IL-2, interferon
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B 9EAAE AT Y0, S g A A
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W 2 BnE A7) S et 9894 B8 7 B
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ek 5 EFolAE AgLe 1gY 849

A Adgdeuto] VOD] 2w A%

2 & 58 A9 A8 G5 T2 foe
AR &S 1T F i ol VODI} &
| 5k 9ol B3 A2
2 A9 ut, o] AR B A FE7} A
o} oA A A 11%s FRI7F Al vl
3] ol F/HE AT dER AAA AQAAA
A, AAxaxe] tREE CY+TBl+tetoposideS
B oE VODY AT B} Flo] & ez
Ru5a Qe BUHCY a¥o] A3d A97) A
A, 283 BE A Sds 97 ste] G-CSFrt
FAET VODY o 5402 8% heparin &
PTXE FAANE & To] 7|&9] EuEF thi Aol
7} dE 22 29 YAER A7 & 5 gt
utgka] VODO] HEARES thet B41A] oo} 2
FHH 2AE9 ¥ wEr 2 A3} =g Aol$
FdE BY F Qe v 54 gAY Fe4e

Az o UdEAlTe] S BE AT F
Zo] "Bad Aoz AgHY Hd: type M pro-
collagen, protein C, protein S, AT-MI 59 84 %
EE A71F o8 &33te] VoD 4 AEAe =7
o J&E ¢ Yt AT AAEe] YF HuEH1 gl
o} 9™ ol gt A P =¥ TG o}Fo o}

& Hojr}.
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g e A8}
3t7] S)gk el #8 ATFEoINeH, AEF he-
paring] Foi7t 7B WA QAHoR A=Y,
Heparin® o3t @sjo] dis)xis =gho] glo®
Attal $%] A& heparing AH-E A4l VOD
7 DA TS} ol s e A% T4 AT
& Bl Hugomx EESE ooz v}
E49x)31 9}t Heparin 99l= Ht} 2338¢] VOD
9] dure 98 a8y, d48-899 Ad, HHa
2349 84 2 endogenous t-PAS] EH|E A}=3}
E 59 ok8tE Z4-2 JHA| AL 9= PGEE TNF-
af] B4-& 2dshe Aoz €A e PTX, 28x
ursodeoxycholic acid®} H&e] g YA A7t
AldE D glor dRdAE ol Ay ouladld
g IR gyt R Qe 9P, A&
AT 2 FA2ed Aoz Y.

£ Ao VODY S sy ¢ 2E
A} A A4 heparin 2 PTXE Fojsigen, o
A3 A4 2x 328%F 52(15.6%)°04 o] F 5~
2295 VOD7} dAge A 7184 RuEs) {Ale
P HAT olE B AT S JojA A
£ heparind} PTX¢] Foigto g VODE] ZARlE
E dAEHA ZaA7171d e A7) deH, 53] o4
A Agdert 1 et 3t 9Ey #AY AS
A FANET} FolatA E5E A2 8% hepa-
rin B PTXE Fosle WHETE A2 oo
off tigk EAe] Ha g-g ojnjgict st}

VOD9| A8E M E ¢4 8ad A {4
33 GEAF(sodium retention)E WA ¢ 9l
FAeH H 7% BEE Y3 AR Qo] ErEe]
o, A3 A oeld HEH 2T E
3ta A3 ARje] FPoz Qdte] XHA
H=l7] witel] Hoh S22 X5l
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A ZUT. o) 71EY EaEY H]F
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T lde VOD—% oz Asf APFsigE vl rt-
PAS] Fojd = 7581 B Fo] AAHAY IAHE
AEE Z]EHJ‘%QC’] Fasitt a2 oy ¥

S0l
AE ZE37] §18) PGE,, AT-II, 8% 2HZo|=
AA 2] B Sof st A7) AP 1 gom 2
AT hdEAF 1894 = rt-PAd #-8-of gley
PGE. 7 AT-IE #& FA% & APAFE 354
Ag B o, ofdf tig A&HQ] AT 2 FAL o] F
ofxjok & Zlojrt,

FAZre] 5F
ola A AgAF
£ AE% heparin® PTX
8l Fofel]l 4% VO D«] oﬂtﬂoﬂ 9loiAle) S dE
v}, 3% VOD 24 7P5Ale] B8 gty Bt Age
A8 g 3 041%%‘9] wAo] Aests o}ge
A5ZHE FUANZ T de A2 Pol Es

ojof & Zejrt
2 9

o 25!

AN ARGAR(VOD)S F2, BFE T 1
Fol, v AF5Fr 2 B 58 Fistke 9
A FEToR, BF 5014 T WA o3
oF 10~50%9] Bl LAet, B AHE 2
#e & e Aot} Axe 2AX Il YA
HAZRE FF FFolds Aduke Wy IARE
gz VOD #xbe] wAule, A¥dxl, A&

=R

heparin ¥ PTX9] «h&s), T8la rt-PAS] X
ol gk AdH £4& APt

¥ H:

[¢3

FFolAg AT 32¢9] 24 F& T4

FAMEH 25 Aoz Ut VODY T

D ndzl$Es(84 Y9eg¥9 >2mg/dl), 2)
Ke N

2ol S $9ER BE, D) BET 24 ¢

2 o

0] 2

7\ A A Fol vs) 2% olde] AF Ut £ 5t
Qe AF B A 71EF M oS U
A2 stk VODY dwS $j8] D-9¥FE AL
% heparin(100unit/kg/¥, V)3 PTX(1,600mg/<,
PO)E D+30U7MA FAstdnt. X885 HEH 8
9o rt-PA(10~20mg/Q, IVx4d)E ko= 9h¢
Axo] wet PGE(0.3ug/kg/d. V), AT-I(2,000
unit/d, V) &2 38%F ~H 2| =44 5& Fo3)
e},

3 o

1) gidsRe] $9 d85e 27A(1T~44) 013
Adae FA4 FFE9NEY 17(63.1%). 4 2
ZFAuEY 108(31.3%), T4 %"’”‘é‘ﬂiﬁbﬂ 53
(15.6%)Act, o4 A dgdedEs 28T ¥
p9garel Zkzt 184(56.3%), 14#1(43.7%)9 k. A
AXLWOE CY+TBI} 238(71.9%)2 718 Bel
Fosgon, AR mHFTeln= 7a(21.9%) 4
£ etoposide”} F71E 3, BUHCY7 F948 A5
= 28(6.2%) AUt

2) % 32#9] A} F 58(15.6%)°4 VOD7} 014
F 5~20UA) dAstAT ojEe] T4 AHL 29 (20
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~39)4, Fd vl 4: 10102, 72 28e) A CY+
TBI% CY+TEI+etoposide® HAA XS A3k,
BU+CYE FoI3 49-& 18€%c}t. VOD 243 4
A L3 AARRE o4 A ASEAHp<0.01).

3) VODZ A9 5815 3alol M rt-PA FojA17
F 8~18UTol S 2 77)Fe] A AYEFE
FEPYS vk 2#ol e PGE, € AT-T 9] Foj7}
a7HE9eH ©F 1EHe Mg ARUZRE 4194
AaFs JEHYoY g2 1HdME 18F 26
2o|=AA E EAFAAA NPPLNE EF8I
H719Eel 275 2 A% U4SE HY o) &
284 Abgalgeh. rt-PA A &% &8 T3 ¢
2 A7 7342 AEER] gy

3 E:

Heparin®} PTX] o4 Foii= o] A Ag4)
7} 29E2d dFH e HEE SN AV Q)
A up o]Eo glojAe] ool dig A= o
gests, T3 rt-PAc] B-84E Hole H$ore
Az X3 /o] =& vlolt},
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