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Acute myelogenous leukemia in a donor after granulocyte colonystimulating
factor-primed peripheral blood stem cell harvest

Case report

Bome Mamow Traraplen balion (2004) 33, 661655
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Acute myelogenous leukemia in a donor after granulocyte colony-
stimulating factor-primed peripheral blood stem cell harvest

K Makita'?, K Ohta®, A Mugitani’, K Hagihara'?, T Ohta®, T Yamane' and M Hino®

' Department af Hemaiology, Fuchu Hospital, (saka, Japan: and *Clinical Hematalogy and Clinical Diagnastics, (saka Ciry

University, Graduate Schoal of Medweine, Osaka, Japan

Summary:

This article describes the firsdt case of acute myeloid
leukemia (AML) in a healthy donor af 14 manths after
granulocyte colony-stimulating factor (G-CSF)-primed
peripheral blood stem cell (PBSC) harvest. In September
2001, a healthy 61-year-old female was given G-CSF
prior to PBSC harvest for her brother with msultiple
myelomi In spite of successful engraftment, the recipient
died from a dise sse relapse, In November 2002, the donar,
admitted with high fever and leukocytosis with 98.5%
blastoid celks, was diagnosed as having AML (M1} Her
leukemia cells were positive for CD 13, CD33, and G-CSF
receptor without chromosomal abnormality snd responded
to G-CSF in vitre. During chemotherapy, she died of
progressive pnemmonia. If our case is truly the first, the
incidence of lenkemia in donors may not be higher than
that of naturally occurring lenkemia, However, effarts
towards mn international long-term study, or at least to
repart every came similar to ours, would be required o be
conchisive,

Bune Marrow Tramplantation (X04) 33, 661-665.
doi: 10.1038/5). hmt.1 704394

Publizhed online 29 December 2003

Keywords: acuk myelox]l leukemms; peripheral bheod
stem cell transplantstion; donor; granukcyle colmy-
stimulating factor

Allogeneic peripheral blwxl stem cells ransplantstion
(PBSCT) mobilized with recombinant human grmulocyte
colmy-stmulating fector (GACSF) hes incressed signili-
canflly during the last few yean becawme of ils several
advaniagss over the we of bone marmow grafl. These
advantages indule the higher yiekl of CD34-positive cells,
earlier engraflment afler transplantation, and no need for
anesthesis and hone puncture! Although some severe

Conspradeny: D M Hoo, Gecl Heamoloy asd (eaxl
Dagecetion, (saka Ciy Ustveraly (ratms Schoo] of Molss,
143, Asadessacds, Alenoda, (eaka 958535 Japas,

E- =l Baoes fimeat ceaka-caac jp

Rexsved [ Fase W03, anepial 15 Ouoher 307

Poblded ool 19 Decestes N8

adverie ellects such & thrombolic complicstions, mier-
slitia] pneumonia, or splenic ruplure have been reported
the short-lerm complications during the sdminstration of
G-CSF and apheresis s=em in general (o be more tolersble
compared with the bone mamow harvesting procedune.' =
On the othe hand, long-lerm ammplicztions asssocis led
with (GCSF treatment have not besn well investigsted.
Among the kmgderm sdverse elleds of G-CSF trestment,
the pmsiHe property of GOSF lo merease the nisk of
leukemia has been @ muller of gresl miersst”

We report here the first csie of a healthy donor who
developed acule myelogenous kukemis (AML) aler G-
CSEprimed PBSC hanvest.

Came repart

In Seplamber 2001, 2 61-yearokl female wes sdmittel 25 a2
PBSCT donor for her younger brother, whose multiple
mysoma had progressed. She had slways been m excdlent
health except for allergies 1o some foaxls, meluding madkere],
amnd 1o some drugs. Her hemastokme exammation, perfommed
approxmately 2 manths before the apheneas (10 July, 2001),
showed a shightly low WBC count (3.69 x 10°/1) with normsl
dillerential count, hemoglobin 14.8g/dl, and platelet @unt
201 = 1PN (T=hle 1). A WBC @unt just before GOSF
adminsiration had retumed 1o nommel range (4.11x 10°1).
GUSF was admmistered subcutanesusly from 6 to 11
September (300 pg on Seplember Gand 11 and 300 gg twice a
elay Irom 7 Lo 10 Septeamber), in somndance with the protoam]
approved by the Mmnutry of Hezlth, Labor and Wellare in
Japan. PHSC were harvestal on 10 and 11 Seplember usmg
Cobe Spectra® and a w1zl of 135x 10° of CD34-posilive
cells were allacted She wes dischargsd from the hospatal
without having experienced any complics om, bul declined
the hespilals request for follow-up. The apheresis produds
were lemslused Lo her brother and resulled m suacesdul
tritmeags engrallmenl. However, the recipient Tater disd from
a rebpee of hi & A chr stmommahty of
recipient origin at the onsst of the multiple myeloma wes
detacted in 95% of bone marrow cdb during his relapse.
On 9 July 2002, the donor wes asymplomatic when she
underwenl a routine hezlth checkup; WBC count was
330 1P/ (dillerential counl unavailzble), hemoglobin
12.8g/dl, and platelel count 206 x 10%1. However, begin-
ning 18 November, she sullensd from 2 bow-grade leverand
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general fatigue. Om 21 Novenber, she was admitted 1o
Fuchu hespitel becaime of high Ever, fraquent vomiting,
and leukecytoss (121.5 = 10°1).

Al abmission, vilal signs were tempersture 395" C, blood
preisure 108/51 mmHg, and heart rate 120 mm. C resclive
proein (CRP) was elevated to 128 mg/dl wath dincal signs
of acule pneumaonia. In addition, shehada geners red hody
rash, presumably an allergic readion Lo vilamins presoribed
by her fmmily physician. Her penipheral WBC count wes
125 3 10%1 with 98.5% hlastoxl cells, hemoglobin 11.6 g/dl,
platelet count 29 x 10%(1, znd LDH 349101 (normel rangs,
106-211 1U/1). Bome marmow aspiration nevealsd a mono-
nuckar cell count of 3988 » 16%1 with 2 marked inaesss in
peroxklsepositive blastox] cdls, with morphologies char-
acterslic of AML (M1), according to FAR clesslicstions
(Figure 1) With flow tric analysis, leukemis cell
were positive for CD13 and 33 and were negative fior CD14,
16, 34, 412, 56, HLA-DE, and lymphod merkers. No
chromatomsl shnormedity was found i these leukemms
cells. WT-1 mRNA leveds® i peripheral bkwxd were
extremely elevated (160 000 copiey/ug RNA).

On the next day, daunorubicin () mg) wes sdmmistared
for 2 days to reducs the leukemic cdlk while preventmg
severe lumor lyss syndrome. Neverthdess, on day 5 of
chemotherapy, the WBC comnt rapidly decreasad from
165.8 x 1671 10 0.3 % 16%/1. Before hematopoietic recovery
was obtlzined, her pneumonia progresied rapidly and she
died of respiratory filuns on 1 December.

Materials and methods

Detection of G-CSF receptor

To deted the G.CSF receplors on her peripheral leukemic
cells, we uml ﬂlrmd:ffu'enl approaches, meludmg reverie
Lranscr iy clam dion (RT-PCR), llow
cy lometry, mdndxrremplm asay. For RT-PCR of G-
CSF reaplor, monmuckar celk were malated wmng
density gradient centrifugstion on Ficoll-Pague (Phanms-
ciz). Aller conlirming  mmcr ically that the cdk
exclusively consisted o leukemic cntls, total RNA was
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extracled wing a commercislly avalsble kil (RNAesy,
Cizgen), followal by BT using ancther kit (Ommzcrpt,
iagen). The cDNA was then subjected to PCR usmg
upper primers (SCATGOGAGGAGGATGCCTTOC-F) and
lower primers (F-TGGTGOCAGACTGOGGATTGSE).S
For flow cylomelric amslyss, anti-CD114  antibodies
conjugated with biotin and FITC-conjugated avilin were
used = previously described ® To evaluste the expresion of
cell surface receptor for GACSF m the leukemic cells of thi
patient, G-CSF was wxlinated uang the lbcloperoxklse
methosd.”

In vitro growth properties

Standard MTT asay was pedommed for kukemiz odk
oblained from peripheral bkexl ssmpls = previowsly
desaribed * Cells were cullured on 96-well plates =t 1x 10°/
well m 1004 of RPMI10% FCS ather with G.CSF,
granulocy le-macrophage-CSF  (GMAOCSF),  intereukin.3
(IL-3), or skem cell f=ctor (SCF) (0ng'ml) for 36, 60,
and B h, lollowed by lurther meubation with 10p] of MTT
(Smg/ml) for 4h. Aller lysing with 004 N HOl jsopropa-
nol, the lysste was measured with 2 microplate reader for
OD 5Mnm agamt OD 630nm. To oblzin the growth
curves, the leukemic cells were cullivaled m RPMI
contzining 10% FCSin 25an” fasks with (1) no cylokine,
(2) SCF (10ng/ml), (3) G-CSF (10ng/m), (4) SCF 2nd G-
CSF, or (5) SCF, GACSF, and [L-3 (10 ng/ml).

Reaulis

With RT-PCR amalysis [or G-CSF reasplor, 2 smgle sharp
band was obtained with a siee campatible with GOSF
receplor cDNA, sugpssting the expression of GUOSF
receplor mRNA [rom  the patents leukenic odb
(Figure 2). From flow cylomelnc smalyss using anbi-
CD114 antibodies, however, only a small portion (4.2%) of
the leukemis cells were positive for GACSF receplors,
presumsbly dus to the extremely’ kow [requency of the
receplor on the cell surface® Smularly, the rslic-receptor
amay resulls were positive m only small portions of cdk
(el la not shown).

With MTT sssys, on the other hand, laukemia cdb
respondsl (o all of the oy lokines tested in the present study,
with the response to G-CS5F heing the most spparent
{Figure 3a). As shown in Fgure 3b, growth curve smalyss
showed that the eflects of GACSF zlone on the lenkemic
cells were hikely to be & a “survival factor’ rather then = a
growlh promaoting factor. These GOSF ellects were
comparzhle, or even stronger than those of SCF alone.
SCF or $CF plus [L-3 synermstically =fTectal the lakemic
cells with G-CSF and tramsiently stimulsied their growth.
Haowever, none of the conditions used i this study was ahle
L keep them growing lor longer than 2 weeks.

Discusion

We report here the fint cste of a2 heslthy donor whao
deveopal AML, presumably 14 months afler G.CSF-

AML inPESCT das
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Figare 2 Egwesios of G-C5F socpior mANA 2 pafesth ledesim
o Tedal RNA ddasal fom Se pufeal | periphen] svecsuden ofls
wa eseds sl sad anplfal Witk PCR wizg grimer pais spasie
for Besias G-OSF raocpbon. The smiplifel paodect were dntroghedced
on 1% THE agsee gl Lase |, DNA do susles (1230 DNA ulded),
Bz 2 and 3, HLSD (podifie comtiod), bse 1, scpbe contiol, e 4,
leakemi il from (B paSest A sharp simle beed wis oblized of 2 goe
et Be wilh prepeinl POR pratects (03ba)

primsd PBSC harvest. Although it was also possible that
the patient alrexdy had the disesie al the time of & hexlth
checkup (10 months afler the donztion), when maldly
decreased WBC and hemoglobm were notxd, no detaled

information, melling blood smesrs at the tme of

donation or of health checkup, was available.

Her leukemia cells did expresi GAOSF receplors and
further studies with cell cultures suggested that GACSF =
able 1o suppirl prohfeation 2nd survival of AML cells.

Acconding o previous reports, although the expression of

G-CSF receplors © found m 97% of AML csss, a
pralilerative nssponss 1o exopmnows GOOSF, = sfen in
our cme, i mestricled o shout §7% of cses” These
observations mxy be of mporlance m that the possble
contribution of G-CSF 1o kukemogeness, by s mechamsm
such & the sslection of kukemic cells alresdy pressnt at the
time of denation,’ coukl not be completely excluded. In
addition, it might have indirectly caussd leukemic trams-
formastion of normal precurior cells de nove vis an unususl
promotion of the cycling of myelid progenilor cells,
thereby incressing the nsk of replication emrors.

In general, however, previous lindings suggest a minor
role for GWCSF = a leukemogenic agenl. For instance,
although possible roles ane suggeited for ecopnous GM-
CSF durmg the progresion [rom myelodysplastic syn-
drame (MDS) 1o AML, this & not the cse for GOS0
Furthermone, in 2 series of studiss 1o monitor long-lerm
adverse ellects of GOSF adminsiration in donors (each
stusly consists of 3-281 donors with mean follow-up of 1-5
years), no donors subssquently develop leukemi''-**
However, the mlormation available lo dale & extremely
Timi tedd i bl om the calanlation by Hasendever er al that
mare than 10y of follow-up of 2000 donors & reguired
1o determine statitically a 10-fokl mereste in the fsk of
leukemis

5| @
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evileainl by MTT sy (1) Leckonii oo Moo e patest were callaral
om Bl gtk at | 10" el in 100 1 of REMT/10% FOS Skt with G-
CSF (30 s fal), GM-CSF (S02ml), T1-3 (9 gfeal), ot stem 03 SCF
(N ep/ad) Tor 36, 80, & B ased asadlpord by stasdasl MTT iy The
data were egednl & meamtid of bploe cdiess Effas of
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Leahestia ol Sroe 1Be mtest were cellarol &t 2 10724 is RPMT10%
FOS comtaisieg s cytodise (doed sguse), SOF (opes square), G-OSF
{uoand S4fe), GOSF asd SCF (opes cxcie) of G-CSF, 5CF, azd 113
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were Belly addad teice 4 walt. Half of e moles win sepband cwry
week The ool wete comstal wifh a codier ooester anal sepdeesied as
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There & no detsilsd informstion on the number of
allogeneic PBSC transfusions pedormal worklwide. In
Japan, the Japanese Sociely of Hematopoietic Sem Cell
Transplanistion has o date colleckd and analyasd the
lollvw-up data of more than 2000 PBSCT donors. A senies
of reports presented by the Europeasn Group lor Blood and
Mamow Transplmt (EBMT) shows thal approxmately
14000 allogeneic PBSC translusions were perfonned [rom
1996 16 2001 m Europe and Isras] with an estima ted mean
lolkow-up duration of 28 yean = of 2002.' < On the other
hand, since 1994, 19938 alkogener: perpheral blxxd stam
cell trensplenis have been regitered with the Intemnational
Bone Marrow Transplant Regstry (IBMTR), 44% wee
done m North Amencs, 4% m Soulth Amerca, 33% in
Europe, 5% m Awtrahs/New Zesland, 8% in Alnca/the
Midlle Est, 2nd 6% in Asia. We estmated that ths
represents 40-50% of the tolal number done worldwide,
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thus meking a tola] number £ 000-50 000. Therelore, il the
melizn follow-up duration of these caes was estimaled =
2-3 years, there are ROO0OH1S0000 pabent years of
obsrvation. If' the natural incidence of acute kukania
was around live csies per 100000 patient years,' we would
expect 1o have szen 4-7.5 cates of acule leukemia in these
donors. Thus, il our case & truly the lirsd in the world, the
inadence of leukemiz in domors may nol ke higher than
that of nsturally occurring leukania. However, this
cakulston no doubt has 2 high rek of understimstion
due o unreporied patients. In adidition, it % of note that
our patient was 61 years old. Smos the age of reapients,
and hence of related doners, can be expectal (o incresse
with the estzblishment of safer transplantation procedures
such a3 nonmyeloablative approsches, ™ it 8 mersasmgly
imporiant Lo evalus ke whether previous dats on the safety
of donors ane applicable 1o 2n okler populstion. In the face
of the dillicull silustion of promoling an immedisle
worklwkle prospective study, what must be urpsd 1, at
the very kst to ask all physicians Lo report every case that
1% similer Lo ours.
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