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Allogeneic Bone Marrow Transplantation
for Severe Aplastic Anemia

Jae Hoo Park, Ho Young Lim, Hugh Chul Kim
Kwang Wha Park* and Yeun Sik Kwak**

Department of Hematology/Oncology, Department of Pathology*,
Department of Clinical Pathology**, Ajou University School of Medicine, Suwon, Korea

Allogeneic bone marrow transplantation(BMT) using HLA-identical siblings were carried out in 4 patients
with severe aplastic anemia from 1990 to 1995. Patients were conditioned with cyclophosphamide and total
lymphoid irradiation(TLI) or cyclophosphamide, antilymphocyte globulin(ALG) and procarbazine, which
provided successful engraftment. In order to prevent mismatched transfusion reaction hemagglutinins in the
recipient was removed by plasmapheresis and depletion of erythrocytes from donor marrow could be easily
separated using starch sedimentation method. The engraftment was evident with the increase of the peripheral
blood counts and increased cellularity in bone marrow biopsies at the fourth week.

In 2 cases, mild(Grade I) acute graft-versus-host disease(aGVHD) was developed, but the patients were
recovered spontaneously. All of the recipients are now in complete hematologic recovery and in good health
more than 48 months, 5 months and 2 months respectively.
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1. CH& EX}

1989 E] 199174 TAlTiehd Y kel Y3t
o Bholalg AW S F WA Fe] 5 20
(UPN-K3, UPN-K7)%}, 199511 89 RE] 12974A] ofF
wet Weloll A Al2gk 20(UPN-A2, UPN-ADE thgo
2 shlehTable 1). ol 8xHE 25 o7t 304 ]
% oolglm ZAAPA ol YA WAl AE
A2 BAelA, THol Mol tg A4 % PPZ 5o
Wkl AWe £ F3e oldted olol AU 3
A2 e sden, ol 2458 274744 9

=
2. 5 BHHA

A} ThEFol A SHaket =A A} FU(HLA-A, B,
C 9 DR)o] Uxstx= A AollF APRE A}
AL, 1990 wdof) AJePsk 26| = D 292 Ao R
£ 2719 At Foiate] 3 HEZF uitPA
(Mixed Lymphocytic Culture}E A}38s}gd v}t 19954 ol
A|2Ygk 200l A= MLCE Al#¥stA] il Fojate=
HLA 74 olelel AAE=ZHA, FH X-4 74, CBC,
#3518t AL, HBsAg, HBeAg, IgM anti-HBc, HCV, HIV,

CMV, Herpes Simplex, Herpes Zoster, Varicella, Candida
AgEel BIA A% AAS ¥ AA ek
3. M X X|(Preparative Regimen)

RAA 2= 199013 Eoll A 33k 29d|oj| 4] = cyclophospha-
mideE 50mg/KgE D-7¥olA] D-4d7tA], A=
A(total lymphoid irradiation:TLD)Y= 4 MeV @lo] & o]
£3o] 250cGy4 D-10ll4 D-37}A] 347 % 750cGy S
¥ S~10cGy 2 EASLT) 1995\d0l] Alsek 2eijoll 4
£ D8, -6, -4cll B0l FEG Y78 (Thy-
moglobin, Merieux, Pasteur Lab, France)gS 1.5 mg/Kg&
£H| 2ol =8} A Fof PYor D-7, -5, -30ll= procar-
bazine-g 12. 5 mgKgs, D-5, -4, -3, -2¢ll= cyclopho-
sphamide - 50 mg/KgE Foigirh of Az A% =&
4 Wl g o198 uroprotectore] MesnaZ $oi

+ cyclophosphamide 832 20%E 4A|7F 7Aoo 4
~63] Folglon, 1995el A 26l AL ool
6 L~10 Lo] B##FE Al7ic

4. O|AlE Cf =F99| 0|4 (Graft versus Host Dise-
ase: GVHD)

oA W %l e SIshA ol 12
ojAl% 3FR7 A wlFE 2~33] cyclosporin®] trough
level S FAste] AE 7 A 100~500 nguLo] §7
£% sglonl, BE FAFES 3 myKew ASHoz
A o, s, 24, FES] Huuol 4
F Foi7l &ol AW ATE vhFol 1-2%e] ahi
& cyclosporin level-s ZA3tH A 3 mgKegs 1Y 23]
pEsglon AL Vel g olg ol ¥
ofstgleh. ol A% 1), 3, 62U, 11U % 42
7} methotrexate & 10 mg/m®> FAslg et olAlAW %3

W A% 9 BFE Thomas 59 Bl mskeh

Table 1. Patient characteristics

UPN* Age/Sex Disease Interval from Treatment Transfusion Coc'axisting
status Dx to BMT before BMT frequency disease

K3 2M SAA** 9 month No No No

K7 28/F SAA 18 month ALG! 65 Platelet R#

A2 26/F SAA 16 month ALG, ATG!! 68 No

A3 26/F SAA 29 month ALG 110 Platelet R#

*UPN: Unique Patient’s Number, **SAA: Severe Aplastic Anemia, 'ALG: Antilymphocyte globulin, !!ATG: Antithymocyte globulin,

#R: Refractory
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5. @5 8% U 0]|A|(Bone Marrow Harvesting and
Infusion)

TARE FEAoA AAupHs Bk A
Z FAFTE U AR FFE AHT F, uy
A7t ge #gde]l Eolde =FMEFATC-19)22
A E, vl AFH7E o] 8l EHo|Y At o
olgl g AAs FFE Rob F {FHAE F7F 3x
10°7kg o]4o] HEE Fow HE AHHE FFES
1,200~1,500 mL A Xolch 1990350l Hla] 199510l
+ Collection bag(Baxter Co., Lid)oll 93l Hco} 7t
Moz FFE BE F A HAY EAR EFE
clean bench W|9] 2dE B3l EAHYo] =AY, HE
T oko] wo} o]F volumeg Fol7] HHMA 6%
hydroxy ethyl starch®l], 2] Zollf= 10% pentostatinS. 2 X
g AU, 94 3He A I E Infu-
sions}7] Aol il A9 T AlFMEFHAL
Z A, £ DA E, CFU-GM uftE vtz 3z
o] Ao g 40~50 mlyEo g A FAsAL.

6. 89X Rt (Supportive Care)

199010l o] A2 2o4]8} xRl F-FAo| ol A
2]5l 7lo] clean boothell4], 199513l 4 (laminar
air flow with HEPA filtered room)ol}4] A A|71%-, <@
FA S HES sech PRI, FAT, o
E5o, A 8, a2ln Y AE & AN
D-102 Aoll Hickman-broviac catheterZ At} =
Fol4] 109 ARE AYHog AWATFE AlA(selec-
tive gut decontamination)s}?] 9sled 1990wdoll= HlEFSF
A A7 dAAQ vancomycin, gentamicin, colistine®}
nystating, 1995\dell&= ciprobay®} fluconazoleg o}
93, pnumocystis carinii ZFege] ojwbg ¥ timer-
hoprim-sulfamethoxazole-Z, $-gluiehel] &3t Adolul-&
9s}o] Isoniazid, Rifampin-g cytomegalovirusg-2] ufo] &
2 74de) olE 98 acyclovird D-109 e D13
HA olAF 3L Foieddh A7 FEHA &
ol7}7] Aol FF HAWNS o2 FH% Ao AA
g H9ol A&ste BAFEE TR AMA F
F#A7 3kz}boll H3F surveillance culured et FE
3 oJorx e 9J3lo] Hickman catheter® FZEe}7}
30 cal/Kg, o]F olu|izAte] 1.5~20 mgKg HEF 3}
deow, el FFS Hote] Edulelwl FAE
ZFof] 23]4, ViK1l 10 mgg 3 Foll 3 MY FoAF
1=

Pl A9 8L NLE 70~80 gL7} HES §
om, 4o ZS do] Y& 75 20,000l ©]4
o] H|=% fYu 3go| Ugull= 35000uL ©]F {4
HEE don, ZE HdAAs 8 AHd dizA4
2,000 cGye] WAA =AS FEY. o] whAlsl
A5 1990wl o] AJ#gEt 26(UPN-K3, UPN-K7)EA4] o]
Al 3~4ds FE o] wAlste] dAngds 712
A AAFE Yol XL of 7R AEAY FAA
Ae8E sisch HEAH A 254 12 A5FA=
semisynthetic penicillin =+ 341t Al3}A]Q] ceftazidime
7 aminoglycosideE A Fostx, 3%e] AUE 14
o] Al&Em, 2218 MRSASL 7)Aol 73t vanco-
mycin®} metronidazole S Z7lslg o, X 8AF 5Y0)
AUE A& do] veh}d FFF A amphotericing
T ohA] F7F ok 19951 Al3E 200 (UPN-A2,
UPN-A3)E FHAdIA X8 Rov Z5xe AR F
1990135 9] Xpo] wfFQUA 8 o] nPE LA
orsi}. 1990udel uleto] 1995uol ZHAE 4l
A}l G-CSF(5 ug/Kg)E Fol4 ohgd RE| 25+
7} 500/uL o}4 2 wi7AA] A-&sdct

7. M&9| EOl(Proot of Engraftment)

4% AR oRE HAAI etol BzYY ¥
4o WEANE BRALD, FFAAE AT B
F7) 47 S00nL ol 4 AUzt 7Y o1 A%He A
WD, 2 o FE 3~64Y AL 2~33 o WA
sgich. AENHoE FoiAel B4E BAS A
2 Bxel oy, 4duA 59 A4S Frldes
Ayt

< o}

Aghale 4oz dairt 29, ofxrt 29 olgle
< 241004 28412 FHAE 2549 AR
gg Agihtol FFolAlzx| 9] 7|7k 9HY
t 15570Yelqlm, AGFE 1
2 3lxlE= 19o|%i. #AES
FqolAl S WA AAA AYEFA wdel dE X5
Z Anabolic androgen, Lithium carbonate 59} HEX &
o|2jell 20|(UPN K-7, UPN A-3)ofl4d gist+8A
(ALG)& 4~5%7F 30 mg/KgZ Fogom, kg leol
A= ALGSE ATGE 6709 7HHo2 Fo Fou A
Aol Rube 2AE Rold elsteh olAA HAe
performance scale2 ECOG 012 <33 4egch 48
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Y7 U Wi FUE B eto] 50491 ~100
A7 26, 100390 ol ol telgend, & olelA
G el FUE A gath WAR BETE
Q26 F lellold YRRBEE Aol Y
22 Aager, G IddAE BFYel 33, w

N{Eiﬂ

=

AR g wde] FpolAHe] wxYALAL ¥
A 28~56 gdL(FLR) 44 gdl), DAHET 03%
~08%(Z%}X] 05%), WEF 1,100~3,100/ul(F3A]
1,460/uL), EZF 325~1,200/uL(F}#] 641jul), 4T
3,000~12 000/uL(—§—°°l-:<] 8,750/uL)o| gl 3, TFZAAA
o MEZAEE 5%~25%(F%2 16%)2 dAs 4
5| of a’lait}(Table ). F5FARY BS EA7 198

oJz7} 3wolglon, d#e 19404 R2A(FLA 26
Aot Foixtel AZAHNE ZF Fxgers €93
A HAAZ A ol A anu-CMV IgG %AlQl ASE A

gare] FF Fa0ly 361

Sl% G2 WA viral markers BFolgich. Aollol
A B4 BodAe 2AAYA $UL VA At =
T dxlsiglond, 1990139 24dellAE MLCE AlgRe
1} 1995:99] 26elAE MLC ZAAE 344 ghskeh. 4ol
% 20|(UPN-K3, UPN-A3)ol| 4 3kte} Fofzke] AHo]
ggtov, olF I|(UPN-K7)= d4A HA4 3704
F T AR WP s XX—XY), otE ldl
(UPN-ADE o 43 2 ZFolch HAYL ool i %
A5k Foizre) Walel Yo 1o|UPNKIIAE
4 VIUA 09 MRE A Folgsl YL
2 Wgon(A-0-B), T el 4L Foidrt ©

0d, 3xte] AP L A BYoz A FH#Y %‘°l
o} 1990wdel] A8 2allel 4% cyclophosphamides TLI
2 AAA stEom, 1995\l A3k 2609 B9
cyclophosphamide, ATG®} procarbazine-2- Hl-§%-of g}
AR XA Adlol|lA FUd, 24, TE Z=4o] Ago
w}, 1995130 A28l 249 A= FFEA|Q ondanse-

Table 2. Clinical course and outcome

UPN-K3 UPN-K7 UPN-A2 UPN-A3

Karyotype

Donor XY XX XX XX

Recipient XY XY XX XY
Blood Group

Donor A+ A+ O+ O+

Recipient A+ B+ A+ B+
Conditioning regimen* CY+TLI CY+TLI CY+ATG+M CY+ATG+M
Infused MNC(xlOs/Kg)** 3.21 2.85 3.45 1.92
AntiGVHD prophylaxis”® CsA+MTX CsA+MTX CsA+MTX CsA+MTX
Hematologic recovery(days)

ANC**(JuL)>500 22 24 14 27

Reculocyte(%)>1 22 29 16 20

Platelet(/uL)>50,000 26 38 26 22
Acute GVHD"""(Grade 1-1V) No No 0-1 0-1
Infectious complication

Site unknown unknown No No

Organism unknown unknown

Day of onset 4 3

Treatment empirical empirical

Outcome contolled controlled
Clinical Outcome(months) alive(+48) alive(+48) alive(+4.5) alive(+2.0)

*CY: Cyclophosphamide, TLI: Total lymphoid irradiation, ATG: Antithymocyte globulin,
M: Procarbazine, **MNC: Mononuclear cell, “CsA: Cyclosporine, MTX; Methotrexate,
“"ANC: Absolute neutrophil count, “**GVHD: Graft versus host disease
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troneg A&3l] FEFHL 19909l vlste] A3
Zd 4 A9} kel cyclophosphamide2] -2F8-2]
sl 84 wagsde AS 1995119 ddloAut A3}
Al Yeht} mesna®] &-F ‘é'! FA34E F7HAIFIR 6
L~10 L AX9 w33FE A Algsidrel. Ao
A} cyclophosphamide®] AAEAZ 23t FAlFo

%ol A4 siA EKG montorings s+ th. Fo]AlA)
FolEl FFAEY 42 F FHYANEFTL 354-525%
10%Kg(Z x| 4.55x10%Kg), FHAELF7} 1.92-345%
10°Kg(EFx] 2.96 % 109%ich. 3olloll 4 HeHalel Lalx|
2 Q3 B&x88 Fol7lddl Aol HAS 6%~
10% hydroxy ethyl starch solutiong <9} 1:82] ul&
2 &3l olE HIE A Ee HIALIAE AAF

20+ Reti Heb 4000
-~ Retl -a
“Pit ~ANC 3500
154 PIatelet(X 100/UL)
ng(g/ db) ANC/uL. 2500
Reti(%)
104 -2000
11500
54 1000
500
0 i 10

Fig. 1. The change of ANC, platelet, Hgb, reticulocyte count
during bone marrow transplatation(UPN-A2).

Boo 2 FARAG. FroAE BRAL BFHE
o NEIAAAL Aze HATF ARAAE B
£33 S00pL Hdl A FIzke %
X 229), FRAUTA 1% ol goz Fob 2d A
9 AL 16~29UFFA 219), Yol 107 o] 4
©8 Fotetd 7AA At A% 2~BAFHA
280l 9ekFig. 1, 2). TxYAe] F7HE ool et
AR FEAAE ZE dlolA ol4 43l AWy
o9 Helolldl HAA ALFAEES RAZT AR
HFig. 3~6). o[ 43 Fukg PEFS A dloly A=
o Holt Agorh 24, FEI Asted AHA B,
olA% o 2% EFE A A4S ¥ & glo} dgn
52 Adl AL TPNS A83ch 199510l A

20 16
1 <-Reti —Hgo 143(())
—a— D -

o) Pit ANC Platelet( < 100/uL)
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Fig. 2. The change of ANC, platelet, Hgb, reticulocyte count
during bone marrow transplantation(UPN-A3).

Fig. 3. Bone marrow of pre-BMT(UPN-A2).
Bone marrow shows marked hypocellularity
and mostly replaced with fat marrow(x 400).



240l 4] cyclophosphamide2] B-zF-&9] shilel Alak %
A W3S 2 5 Ak 1990l AJ3E3E 2odjof 4
o] Al % 30| edo] whAsle] Z]EH Q) doHulekEol
AA Foll APHoE FAAY RNFAEE FoIzt

of A ARG oy, GRS} dAFL A K
U}t o)A H 4 FHE-S-(graft versus host reaction)2] o]
kS Qa4 #A7]7k2) cyclosporin®t ©h7])7+e] methotre-
xate *S  Fojgiow] A doy 0~1 FEe JFA4
GVHDE #33  Qloleow EWgr =xglo] zpiA

Fig. 4. Bone Marrow of post-BMT 30
days(UPN-A2). Bone marrow cellularity is
nearly normal and all elements of hemato—
poietic cells are noted(x 100).

Fig. 5. Bone marrow of pre-BMT(UPN-A3).
Bone marrow shows marked hypoceliularity
and mostly replaced with fat marow( x 400).

o2 A£AFNY. oA 40l F o]AF 100U o]
23k ool 4] 2k GVHDE © 3 ol glich 9
dlA 3~670Y Ao g <latHAS AA|sto] wiugat
o] Mol sol Pou} TLIS AAAZ ALa 2
dlell e BAstA gkgkon] TLIZ AH&x 9L 26
FH717ke] Fot obF wiulal WS B Folr}.
AEA g9 AN 3EE AL 246l Agion)
I A A 3AY Ao FH2A Foln, o]4F
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e o AF THYA, T celle] FHHLE o) HF 12
MEA FA=Ae, 71538 A4S AAstA X
cyclosporin®] A7l Fod2 QY FAEE F A&
(ALT/AST)®] F717 1ddl, nddee Q3 A&
Sodg A9t el MR 2HD AR 2HF
Gxe 25HEE A ollollA Al AE ew 1990
Woll Asidt 2ol A7EA H oj4dglel AAARE
saglom, 1995ell Al 20l ol A% FH7]7ko]
du}x]z] o1} performance scale 0-12 Foll4 <4A
78 Folth

| &

AP E LS oJZ|Ye(Table 3H2E Q3] &
o Qs wxyoe] AHAxe FLFE &Y

, A, 2959 $4e Jehle Aste
Z AALFA ke A Z9

A wrxsao]l FFF F7} 500l vk, HGHE T
F7b 1% uvjgk, P43 71 20,000/l HIUP 2o F
ol A 27} Adtat Axsln FFARL AEXFAETL
25% wiut A2 Fosixm Jow, o] A+ 1
F&o] 20% u|eQl FZo Aslelch AHBEF
9] dole g ATl FAATY FAl 27 =
BrRZzo] b4 won, slolela APFT 2 A&
< 5 AE ASE Jdou}, o e BEEY o
Ry Eutdog Azksia ok AAEFA WE

Fig. 6. Bone Marrow of post-BMT 35
days(UPN-A3). Bone marrow cellularity is
nearly normal and all elements of hemato~
poietic cells are noted(x 400).

Table 3. Etiologic classification of aplastic anemia

(I) Idiopathic
Constitutional
Fanconi anemia
Estren-Dameshek anemia

Acquired
(I) Secondary
Chemical and physical agents
Drugs '
Nonpharmacologic chemicals (e.g., benzene)
Radiation
Infectious

Viral: hepatitis, Epstein-Barr
Bacterial: miliary tuberculosis
Metabolic
Pancreatitis
Pregnancy
Immunologic
Humoral
Cellular
Paroxysmal nocturnal hemoglobinuria
Myelodysplastic syndrome (hypoplastic myelodysplasia)

lo e e Ay nt ok

AEYe Eagle €TAES EFAFe 5
tZ 27} androgen, lithium, B-415]% =22 4
HEE5ol o A9 1 XNzanE 7]

L2 = o
& oo¥ o
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& AAolct 1980137 ANBEFAANLE] HAZA #H
ofsbd sge] ol Wkt Hx ol FARTFEA
(ALG, ATG)S Y = dzlAld] wigt 73 A37t
wrgElgiou, o A 2~3lF dA A AAE
zafelels obAE welelAlAlel ofw Atgol Wy
qol wieg Yol ol ulak WS obd ¥
slek. 19854 ZAREl= HHzA e el cyclosporing 7]
2 BTl 2rbstel BholAol WAL A
ol i@ RTE glent ob AL sigohd, ALE
off gt w@-e FAHe] dol Uk FgolA 2 19399
OsgoodSVTo] B % ABEAE FHAT WARo] B
Hae 42 AURAY ol Baold HAz
E 7 AUrk 2 ol¥F WAt wgg Qs 1960w
7] Terasakigoll 2]3t HLA(human leukocyte antigen)7}
il & FgolA g Bl EG BE Arlo[4e] #itsl
Al ol Hxe) AYEFYUYe) 43H FIH B4
o] 412 197213 Seattle?] ThomasZoll &)#lf o]Fo] )
Thomas o]2l 4ol 4ol tigh 3Hg Aol 1990
d el S4eAl Sk BF Baolds u
e meste] WA olgel FALE RelslCel
Separatons] AN, FFA) ol A, AR WA
AA S A, o)A S FHFol it X559 AH=E
1990 el AAAIH g {7t 50006 ol 4-& AlEs)
v, 1960d 3 FFAL el el ot
ZYEAE 4IRS 19809 Fubrlol §7
A e hEon, olf 2HAE 4
A9l grol4eaiel Agoz 148U AE W

2

Mo M
oX of

Ot O ot oo 2 B ok O 1%

7% SOUL oo HHAA olAF TFT 7
2 % A AFSe AAFol 2e} wel w
g o4z Ewd pdZez A #Rte Aug
10% o2 F3A Hgich. ZHATARAR ) o)
Hob H3H g4dee HAd 24 AR 94
WA FA, Aozt g Aol FHNA A

AZbEgel e 2ERAE HAQAE o] &8 T
A =2ERAEZ Fel, FANA EFdl4dl ol &l
A=zt 3 gk 2EBAZoll tgh AT E Pluznik”,
Metcalf5-%0] 196010 A Al Wb ZAA17] F 9] v "o
A Ak Ae FEellA AR o, 1 o)l =y
EAE i3t Aldel E]iT} ofgd o] AES ExA)
A 7ol #HAA =AU zERAMAEY 5L
self-renewal, self-proliferative, autonomousg} pluripotent
stem cell24 F<Al(myeloid)2} ¢l 3} Al(lymphoid) & =
A E2 UHAE o FRe ZHAT 4EUAR
2Astol] 23t Haksto] BaYHelH BE A4Ha

A& Z7t A 28 RAQEE FFo 7ha go] X3}
o] glojn] zytol] HEYN AE, eote M 5

H s
Az EAlste] BxPN] Hee vFo] EA} =
SAE AAAAS Ade 2
BAEE FE3] mobilizeA]F 4 o] ofell thdt A+
7b AR g ks AgPFe

U 5EFEFo4 e AR 5F5E5 dild 5F
o] =FEA3
3 glek. EFolA e wA 3hAbel AHAEFANE
=%}, HLA Y3l Foiz7h glojof gk 7 ool
A AEFAETE 20% v|gte] FESANAERAE WUdo|A
k. Az, 53] P, Aulbel] olFo] A& FFEET
o]Ae] 7% 1990%de] 79 HLASH MLCE FAlol
AA glou, HIe HLAYL YA e E5old e &
A% 531 #Al, 2ol HS-ollAe MLCOl ejuj7t gl
Reoz wslA 19959l AJ2¥gk 2oel| A= HLAZ
AP o, B del4 ZE 3ate] HLA A4
[ ow, MLCE A A8 2ofol A RR rate= 2 o}
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Axakgol 4 & BAMCE AALFA
179 S, ol4" F FUAES, of

AHAGo| 22 Hol gk B ollolA & o T u
3 RE ollold 508l olge] HHUT o Yaw 5£8L
wskoo], olgh 717+ @4 AgkE 1d ulgrel lell, 1}

Sol o AR olq3t: el o] 4F g
=}
L
A

HAE 39 AE fov, ol FHANESFE 3d=
3x10%Kg ol4rolglor} upAlutell o] Ald ¢ 2.7x
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