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Exhibit 4

Highly Purified CD34-Positive Cells Reconstitute
Hematopoiesis

By C.l. Gvin, T, Trischmaan, N.3. Kedzn, J. Dovis, S. Nega, K Cshen, 3. JurQ/ l. Groanewegen, ;. Wiley, ?
A. Harawicx, £, Cladham, ana A.

Surpesec  The abiective of this study wuas te characterizs
mm Mumcmwm
jergeing bons marrew wrwrsgianie
(IMﬂbrwrh.wy In perticuiar, we warnted t©
determine if the C334° marrow ¢sil g raits gensrared heen-
Topaieric reconsrifution. since a pesitve resul? would matf-
vate further develapment and use of this methecdslogy.
Pertents and Memods: This pilat feasibility dinical trial
ivarved 13 potients 3 2S years of ege with advancad
solld tumors. induding sevea children with teursblastemea.
Horwsed bone marow underwenr immunomagnetic
CCI4° selecton.
Resuits: In three of 13 enroiled patients, law purities of
the CO34" preparations disqueiified the use of the CO34~
marrow graity, Tean potients receivea e cmmo
therapy with eraposids, culﬁodm. and cydaphasphar
mide, then were rempierded with C034° marrow grefta.
m&-loMmdmm CO34" sslecred <ails,
the C034" ceil purity {nudeared RECs excluded) i the call
graft preparation was 91% totel ceil recovery frem the
MﬂqﬁqMﬁ“!—-.@“’a!mJﬂ
unit-granuiocyte-macropiags  {CPU-GM)
%&ruc\d-ﬂmndmmﬂdmubgs

OST CHIUL DHOQD solid cancers are sansitive ©
chemotherapy and sadiomeragy, in that they ini.

tally respond with 3 clinicai compiete response (CR) or
excailent partiai response (PR). Nevertneiess, the majerity
of cases of advanced (eg. metastatic) gediatric solid mu-
mors eveatually recur.' This is the cancer reamnent sim-
aton — respansive mmaors with high risk {oe recurmenes—
in which Righ-dose (myeicadiative) shemotherzpy has
been used with aumlogous marmow raccue.’ We developed
anavel combination higa-dose chemotherapy segimen for
pediarric solid wmarx.*'® Wa then dasired 1 means
reduce the gotential tumas-ceil coatest of e umlogous
Murrow 1o provide Dematopoidtic teicue for these pa-
tents, since mumor zells thai sontaminate the aematopai-

Frow the Oucotagy Cenier. Jovms Aopking Untrersiry Schnol of
Medicine, Jattimore, MIZTcnd Zaver Bioterh Ineeavotheragy Divie
dwe, levime, CA

Submitied September 23, 1993: 3ccepred Man 4 /996,

Supporred a part ay Aecton Dicsinson Cam. San Joxk., CA. and
Baster Heulthcare Cam, Irvine, CA.

Address repnmt regnesz m CJ. Civin, MO Podiame Ducoligy

Divuinn, Johux Huplins Hospatad, 605 N Wolfe 34 Baltinare, MD .

21287; Email CIVINCI@ACL com.
Q /904 by Anenican Scuicty of Clinical Oneaiogy.
0732-183X94/1402-000583.LL/2
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(medians), The C834° merrow grefts odmisisered v these
petisna anreired o median of 1.3 x 10° nedearnd caadls,
T4 n 10°CD34° d‘.“!du!@%pﬂ‘ﬂ“
patient weight. Mast patianrs experiancad ealy the fxdid
ties pruvieusly sbserved with rhis mywicctive dumother
apy regimen, dithough two unusual ‘exicities wers ab-

mmvommm«mm coll grafes
engrafted,
Conciusion: The CO34" zuriffed grails ware eariched in
siorm/progueairer calls, with five of thess 10 pregaradans
comaining & 4% CO34” cails. Sngrefiment with CD34°-
CD34" ey, alone, are sufficent te provide hemascpoieric
sults were abmmined on smail marrow harvesss from pe-
fenrs with naurcbicstoma. The engrofrment of highly part
fled CO34™ cally cbicined by s ° and the
antifismor effect of the frensaiant, by which twe of 10 poar
prognosis parienrs remgin dinically free of tumor, have
stimmuicied further clinical trils.

J Clin Oneed 14:2224-2232. D 1996 by Ameran So-
ciety of (lnical Oncsingy.

etic graft have been shown o conxibos w0 mumor recue-
rence after qansplant (in ceurcohstorma)'' Availobie
methedolegics in uss to purge pexiatric solid mmor calls
from mamow inciude toument of T wicgoas MITTOW
graft with drugs or monocional antibodien. ™+ Astineo-
plastic drug trestmenr of the marrow graft it toxic
th: hemauspoiesis sroganicart in the gndt, and ersby
extends die tme 19 engriftment in heavily pretested pe-
tente.”? la addition, the efficagy of drug Teaomeas for
tummor purging s nat heen determined crass the range
of pediagic solid rumers. Finally. seiective aatitumor
rmonocional wntibodiex have been availanla md clinically
aated exzensively only foe neurobiastoma smuay podiate
rie solid tumore.” Thus, negative seiection srategies face
difficult limin 1o their clinical aglity for purging of hema-
tpaietic grulls o patients with dediarrie sofid mmors.

The combination of CD34 expression oa lymphotema-
10poiese stem and progesitor cxlls with lack of sxpression
on mast cases of solid aumers wggests thx immuncatfn-
ity isoladon (posidve iclection) of CD34” ceils can be
uscd 1o roverse purge autoicgous marmow grars for wans-
plantadon in 2 broad range of cancars.'*™* Positive sclec-
tton of CD34° cxlls {n ciinical sumiogous bane FATOW

I g

transplant tﬁ”&&'ﬁ&mmﬂ-‘w—-
They regomed Rematopaicsis was reconstuted after

transplantaticn of CD34™ ecils, isolated osing CD34 bio-

Jjaumal of Clinical Oacaiogy, Vol 14, Na @ {Auguu), 1994: pp 2224-2233
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CO34° C3LS RECTNSTITUTE HEMATCPCIESS

tin-avicin immmuneafinity columas, o tine padentss wkao
haa recsived imysicabiutive mcicenemomernspy. Shpail &
al'® zontirmed chis with ths ~epom thar CD34™ aumingous
bons marow calix holatsd by 3 modificaion of e same
mehodotagy, producsd sayrilment in a larger series of
patients with breast cancer. Several addidonal clinical
trials using CD34™ calls fom marow and mobili
bicod are nogw in progross with tha of gem-cell
enrichment and/ar umMOr desletion.

The objecsive of Hin smdy was o characwsizs @3-’
cell graits, obmioed using 3 dovel ‘echmique (Table 1),
from children uadergoing wwiogous BMT for cancer
tharapy. [a particular, we waated 1 determine if the

© QD34 macrow cell grafty geseraed hematopoistc re-

4

coastmugoen, sines 1 positive el would mouvate frder
development and use of this 22 &Y. L pdot isa-
™ sibilicy clinical =3al nvalved 13 patignts.

PATIENTS AND METHCCS

Pazienrs

Thisteen ptisms x 25 years of age with wdvanced solld wmmors
enterad thig Sudy, aer iaformed sonsess under 3 prowcol approved
by e Jomns Hopkins (auicstions Review 3oerd amd the Unised
States Faod and Daug Admimstruion. Criterls for paticat cligthiliey
included adeyquae vital orzan functicn. evtimuied Swrvival grexer
tmn 3 weexs, Karauisky wore & 60%, e srarow
'Mn;_v_fm_t_f&mmnmdm«m.mmh
(ITCRYmOpepUA 13 Used i s CT34° oef] pUETICaoR Procecnre,
Q3 presxiszing ascibadics agmest ciymopapain astibodics bave beess

Tele 1. Culiing of C334° Secnien, Sryepreservation,
orvi lafusion Precoderms
-Cmquaq-mlduw
WWM,—‘-&W*C‘
arrew manemedesr calde
s leuaets with C314 My |0} menedenel cnibady (IgGh]. Cardogal
washes,
e ogreiie mac vl Magia wabas o Iulas 1o revene
Q34" cuila,

* Cip microspherss from CD34’ cails using chymogapsia. emare iree
crwtghenes vaing e, Convilsgel washes of crts. Sesveve anty
residual micresphares wwdi's wcend negrer
Mﬁnmw—n@h‘,ﬁ.
Epide: 2400 mo/n? orad dase
Carboplarin:- 2178 mq/m? tenc! desac
Crclophesphamida: 120 mg/'q remi dase (with mawa).

* Sace marrew grak ‘risian en iroragierd dey O, 48 heun aller T fnad
dase of mysaableive dremailierupy. Ta minimizs the chanos of
enaphriacis : gaav Foce wuduel s of chywepspoin or

S

e

Canomachaione,
Otphanivireswe, and
Raniidina,

‘tﬂ“.ﬂ 1tJ G/ MELLAL SICULG!
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descreed in approzimaaly 1% of onhopetic mdents &
M--md.ﬁwut&wa‘md
) e low (= ISR) incdensy I7 :saphylaxs fotlowiny uteadiacal
cRymonIpRin iapecticn S Trened @ 0 mimmileded by excluding
pactants Wi positive 1533 far presmsnng actichy mopesais abod.
=~ s sudy requirsd N pRTTution (har Pasients Musk e hag
1 negative CoymoFAST lel (Igeriex (oe, Paio Alm, CA) for anubady
gaiag crymogaguin defore Joae marow fanvesl

The usaal Peaiacrie Cnseiegy Sivision prasries for Jedents wish
sdvaacsd 1atid cumears is 19 atempt recensplag Sytoreduction uxing
muitivie caurtes of Jote-icisative Chemoleragy, slus sergery and
local nxsicoa herapy disectad it sise of iauial of Senisien waon.
[e pafiers waose cancer Jrogresses despite pesuramisiant Cytoreduc-
Son, Faaspliat is gencrally nor use TRe 13 pstenss’ Jremasspla
fesaxes arw summarized in e reasis wcen,

Bone Marrow Harvest and Processing

Sons Marrow 0ilsetion wes pertarted following iandard Jroce-
Sares. Sutficrent Marrow was axaested '3 aoeug Toucr nam 1 X
10* pucicued mamow lls per Glogrim sauers werpht, Asoérated
mueraw diluteg in APMI (640 (SioWaicaker, Walkersviile, MD)
g coziained presarvatives{ree iiezann was Htérsd Jirougs 2 secics
of fMiters of decrensing Jore 5i2e (Maxrer-Femwval Deerfied, L) @
remave Rmrticles and ceil slunps. A sucimum of 0.5 X 10° uciestsd
gwrrow ceils per Kilogram wax cTyo{rTerved as an uaprurifiet thex-
o maryw.’

The rsowinger of e wrvested Tmrrow undervet immamcTmg-
aesie CD33" seiection (Tabie |3 Fmm, 3 duily =t was prepar=d
Sy czamiogation usiag 3 CCAE 2991 [ Cave. Lakgwond, £0) el
roswaar (puisats v 1, 3 5, 7, 2 10, wad 13), or for camples
with low (ol cell manbders, nomuomated cramfugtion in 2 dlood
gemafer pock (BanterFerwels jedenes na 3. & &, 3. 11, and 120
This preganation was then further cariched for ixrow moDOREEISaS
cciin by Ficoit-Hypaqus (BloWhirnker) densicy sradient cerenifuga-
sk o the COBE 2991, To idaticam epet COI4° cells widh mwono-
cloaal aanibady, the marrow mocoouciear ceils (vp w § X 107 celle/

ml) RPMI 1640 tha comingd [<Y hemas sevum ubumia (Baster

Healthcare, Glendale, TA) «wd 0I% hurmsn aunune glotulis (Se~
bzl v MO w o ¥C jn
8 blood mangicr puck wik Myl0 enubedy (1S5 4y hemmupeRetic
arogemitoe colt satigen-! (HPCA-1] sadbudy srenarnand10® ceilx:
Becron Dickinnon Immusncyernary Syvess, Sea jowe, CA) aad
than erashcd wiety RPME 1640 Lias cosudard 1S human seram albu-
min 0 cEmove (e ibady. Far patieat w1, U washing wes
ﬁhm{u-wmmmmﬁﬂdpxmmcb‘
punty of TDI4" cails waa aD\zined in Mis 36K pulient, wahiing «
pn(w.u:dbyamdsdanﬂifupluﬂ!hmtmidm
fage tubes for the maining Jetlents. The colly ™)
30 minqiss 1 4°C) with shecp nimouse irmunaglstutin Gy
(13C, jcomed perumagrens (two ety 0 one Bead
ane: Dynsl, Like Succets, NY). Uabound CD3I4™ cells were re-
maved by collecting (he mucrosprarscell rosettes (clong with e
{res nucrespheres) usiag the {s0let devecs {2 xawtype
mwﬂ;.ﬂlmd‘\hm“ = (aaamyd'pa-m
) ol o tomiseml darile r

proccdure (Basier Hmuliboare !mmmd‘:noy Division, IMM-
CAN==? 'ello\-ed:y(wmm{.wabumg ihe procerype xalex
devizz. Incubation (18 mimetes 3t room empersure with end-aver-
ond routian) with chymogaspuia (200 Wml; Chymadisctia; 3ovs
Phaanscrmicalx, Lincolashire, (L) was performed w refess mic10-
toheres 2 antibodies from rosetted CO3 ™ cefls. The froz muic-

‘.
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PHEres veTs (367 Toved Sy atiage owver e IOMIYDS [solax
device 1nd e COI4” cails ware coilected in 8 Dlood Tansfer sack,
CQI4" =ils wers enTTued Jy ifugsgon of e bioed Tams-
fer nack. Catls were ransterred 0 3 50-ml comical comnifugs wce
for & wusa usiag RFMT 1440 3 contained | Sh human serom iidme
=a, Nea mruspendad @ 10 il aad Raced 3 megeet B rorove
residual 2exis. Crycpremxvwnios of (hs purified CD34° nils
perfarmen by wasdud coacilad-ae fexisg (Cyomed: Famua.
Manexa, J11) ia & plastic froeze Sag (SaxtenFeawal) i RPMI 1640
g coatxined 1070 dimettylseifcxids and 20% nxDIOLOCS pohent
ploxma, Thiy namrial was dmaily osed under liquid niogen mal
uma, Jefore yogreservadoq, 3 umall aliquot of e perified o=i]
premarates s wittheld Sor miyuis,

Analysis of CD347-Purifled Bons Marrow Specimens

Ths pereent CO34° celld pretem in the purificd cell preparstion
vas dewrmined using Jow cymammacm-mx-z E-—8
bdv(ﬂmmm:.m gatzes o ehtymagap

epitape of the C234 motscule”*

If the puriffed cai! Prepantion contsiced » 0% CD3I3” c=ils
afeer exciusion of aucleaed RBCL, and if e estunated aumder af
CD33" ceils 1a e sunified TD)a" coil frection was = i0° cwlly
kg, dw CO34~ cxit Tacniod was (fawed ind dminiseered (nTxve-
agusiy (IV) 13 Oe wanspiant sraft on <y Q. The inidal xowacmi
saady design and informed cSuxent specificd iRat the Sarient would
oot be expased !0 (e polenual ritks of the experimental CO34° il
pregurRtian a3 (e TINIPLAm Zofk woless both w thee ity ers
mez, b iasread wozid D contidered ‘or AMT uxing mw ooproe
cstaaxi, CTyvorcerved Dack-up MATCW preparaiit. All peaencs Tet
e critenioa for (oW Tumowrs of C34° crtly axuset. However,
in Qres casem (paticats no. 1, [ 30d 13), Ba purifial COI° i
progaracion did ot reews the parity ertterios. For tye ressen,
twa of wtcse hirse patients (ve. § and 13) received the Xck-up
waTow sreparaion instead of the purified maow epacmioa, 33
dent aQ. |0 wa never Tansplanced decaumie his waor progressed
doring sregansplim therpy.

Mdyeloablarrve Chemaotherapeuric Reginun

Pruens recsived the fullawing mylecablasive chematheripeate
regimen Jsfors base marrow fescnes wopside 1.<C0 mgfmr (300
mg/mid Ty [V contimmous infunion on days —¢ @ —4) curdoplana
2,178 mpm® (728 mayar’td IV aver | nour on davs ~4 @ =4}, zad
cyclopiennamids |20 meAs (50 mpkod TV over | dour an days
=3 and =2), Mesma 13 me/kg by [V push wag Siven x 0, 3. 3ad 8
hours after e, The bone ruxTow Tt was infased
on day O, 48 bours after e final Joee of cylonekuctive chcother
a5y, Te muumize the chaace afaaspliylscde maction gainnt Tce
residual amounts of TiymMeFapain oF WMUBOCY TST MU X Jrewers
in the CO347 seiected murrow grait parients received e fallowing
medicatioax: ictamethacare Q. m't;puarvouqu.-n
for 3 roal of cigit doncsdeginning |2 hours before ¢ CD34° cefl
S infinica, bomadryl 0.8 mE/kg per <oda [V avery 6 hours for
1ol of cight doses Swgiacing 12 hours beforw the graft infusion.
and ranitidine | ingrkg per dose IV every 3 Rours for 3 ol of five
danes teginmasz 10 Maar3 Jefdre G grall infusicn.

Care Aftar BMT

Patients were cared for using Johas Hepking Haspicl pediasrie
BMT policien end guicelines. L most casen, placcier product wers
wansfised when the plaelet count decromed 1o lezs than 20,000/

'Lua%(o‘maﬁk)mmwwm:m

O leved eater an 00 N
not used afier IMT,

RESLLTS
Pouera Clarccterisics. Presranspiens Therapy. dud

Rerponse

‘Seven of 13 paticns, with an age range of 1 (0 5 yesry,
bad scarcbiascoma, Pagents ao. 6, 8. 9, 1L, md {2 hag
Pediamic Qucoiogy Group (POG) sage D (Evans stage
IV/nwernatonal Neurcbiasicms Saging Sysiem [INSS]
sage 47) neurnbilastoma. with Resatic s induding
bones. Patient aa. 2 was classified 23 POC smage C, with
a large adrenal neursbizsoma with local exte=sioa aod
muiignanz ascites. He quaiifizd for BMT becausz of sle-
vited Neeryc zana copy numbaer (o = 325) in his umor
specimen’ ™ and ;aiignac: ascizex. Paceat 2o 4 hag
PCG atcge 3 udronal nsurcblasoma, buc qualiSed for
BMT becausc of clevated N-rm gene Tpy cumber in
- G2} in his umad specimen. a 2l of these Jedents with
neurcblastona. BMT was 3laaned from early in initial
treatmesnt ard was pariermed ifter compietion of five
10 courses of chemotherapy slus sccand-icok surgery
and isradiation w sites of initial and reraining ciinically
detecabie mmars. Afler recsiving al prewrassplanme
mulimoda] Merapy by the wme of BMT, pattens ao. 2
and + were in clinical CR sad had no micrtscopis discxn
identified It secand-iook surgery. Pacex go. § had no
detetabie tumar by scninvasive smdies, Sut had micro.
scopic asurcoiastoma af the secoad-lock surgical mas-
gins. Patients no. 9 and 11 aiso had no detectable tumor

b

by aoainvasive studies, buz hed microscopic sdnasl ney- -

sobiastoma (resected xt second-ioak surgery) aad reciduat
abnarmatities ca echaetum dons scan. Thus, patieats
8a. 2, 3,3 9, aod |1 were in CR at the dme of SMT by
the INSS definitions of resgoase.” Patients ao. § and 12
had only PRs by the INSS aging criteis immediately
before Tanspisnt, In all patienrs with muyoalasma, sites
of inifial bulk disesse and detecable disease wers immadi-
sted before IMT,
qumum.lmdﬁmymng:&luw:rhm:dl
mmors. {n pusicat na. 3, the tumor had resurred asiter Twa
chemashernpy regimeas He 3ad 1 slinical CR in thut
Rhis mmors awain shrunk with additional cytoreductive
chematherapy, dad he rescived radiadon therapy © re-
maining clinically cvident mmar sites defore EMT. In
patient nc. S, the cancer recurred, with xa inermasad hu-
man chodonic gonadocsopin 'evels iess than I months
after b had recaived four courtas af chemctherapy. He
way ansplamed, in Fogressive diseme swius, with
growing metxzatic umae nodulan, which wers a0t irradi-

ared.

+
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Padient no. | was an xiciescens widh dhial oswosar.
coma geaed with Lmb-sparing surgery and adfuvaas che-
motherapy. Two years after inidsl diagnosis, 2 pulmonary
mewcnasis was demcted radiologically, STrgical wedge
Tesection removed this single demscable moastic lesion
before BMT, which made hit mmor stans chinical CR

Patient go. 7 was a young aduit refexrsd for SMT
with snalignant epithelial thyrnoma hat had cemurred fier
sargery, then had responded w© chemotherapy, Ut regrew
and extended into the lest lung After the thymoms again
respanded @ additicoal chemothsrapy, EMT was per-
formed it the tme of & clinical CR. After BMT, he was

tnated with radiadon therapy (o (he left hemithomx (see-

later).

Patiens no. 10 was an adolescent with widsly mecstacic
promuasc thabdomyotarcoma. His mamcw became more
phologicaily free of mmor fcr & brief dme during chemo-
therapy, which iilowed bons marrow © be harvested:
hawever, tha marrow was hypacetiular, This patient expe-
rienced fumor progrestion during cherateraoy before
BMT couid be aterpred.

Patient 20, 13 'was an §-vearoid gid with undifferend-
ued ambryons! sarcoma of the liver and peritones] mes-
sanc impiants, The mmor had an excelleat PR 0 chemo-

thcrapy, but sccoad-look surgery showed =iduat
peTitcneal memItes with 3 amor nodals near 4 dome
of the bladder. She recsived additional chemoerapy and.,
IIEr SONe MATOW Arvest, andominal AU Misrxpy
by cxtemmal beam and zacsphorous-32 inwillation ufter
boae marrow hagvest bot befors BMT.

Of the 13 patients exrolled caw tis prowcol, [0 wers
wansplanted with CD34” marrow grafix. Ta the cther three
pasients (no. I, |0, and 13), low puritiex (< 40% CD34"
calls) of e CD34* proparations disqualified the use of
e CD3<* marow grafts, based on the smudy dasign
(zses Methods). In two of these three paticars, BMT was
perormed using the back-up maTow 1 provids hemazc.
poistic rescue. In one jatient. mumror gprogression pre-
ventad SMT (Tables 2 and 3).

In all seven patienrs with idvasced nexzthblasioma,
BMT was planned from the time of mdal dagnesis,
12 intensive consolidatica therapy after inifial omitagent
chemottierapy, second-iook surgery. aad lecal radiadon
therapy. Two of the other thres patients Tansplanted with
CD34" murrow grafts (padens no. 3 and 7) wers nct
referred jor BMT unti] teir mumaors had recurred twic=
Putisnt na. 3 was tasyplanied whae his imer was pro.
gressing after the imidal chemocherapy regimen. All 10

Tabis 3. Morvouw Goals Coll Poocmmiog Suamin®

Sy Ugh-Ounidy
Call Praparction sliee Pondus COI4~ Cob Prasaratins
Aanl-Fypages "
Ungragmmed & ot S of Nusbenres Tl QI8 3o QUC
arw Mareps Cals @ Dmving hkrsad C&-hq = Smaning

‘ncivesd ks Cdh

Light-Oamnity
Con tuchmedCd 3

garOuery
B Nmaed Gl Calh Negened Gl CUGM

Unias Putiuses P, XIPMg x10g 1COL I Puremsm ITIC ekl Poweie X 1PAy haowe 2 10/

1 Y o 28 25 &7 123 424 ) o3 12 o3

2 44 1.4 45 7 1R 4 vy Ne o 24 74 1..é

3 4 a4 20 a3 X T4 WT -] a2 r-] ol

4 A9 1.4 1) 0.3 74 1r p 1] «© 1.8 0 p &

s Y] & 28 - 13 a7 09 » as b X

. 4s s Se a1 40 190 784 Ge 0e "2 13

7 43 [-¥) 44 3 [ ¥ 'u 4.& k-4 Qe () - &)

] 70» 4 S s k¥ ] Ny 7 )] At 18 1.8

) ‘a4 S Y 1.4 24 "3 13 » 1.4 14 o7 .

1o~ 40 a7 22 o 1.3 79 e U a2 2 al

11 o8 17 Q 24 1.4 93’ 7.4 n 22 n e

12 - 48 13 2 12 Qs s’ se9 P 12 13 1.2

13 48 1.9 u 113 68 142 e = 1.4 14 4

Maan so 19 s 14 14 33 84 z 1.4 29 2.6

Mnadien 8 ar e 24 PR NS M7 n 1.3 13 1.3
Mamn, endiuding poten )

1,10, and 13 52 14 42 LT.] 10 235 1) e .4 1 31
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* Padents net remuientud wd 0347

petienrs Taasplanred with CD34° marrow grafts wers
teated heavily widh chemotheragy befors auclogoos
marrow harvest, with from four to 22 cycles of multiagent
chemotherapy, which included from thwes © eight 2nd-
acoplastic drugs. Eigne of thess 10 pacients received local
radiadion therapy 1 © 3 weeks before SMT, padent no.
7 received radiatian after BMT, and patient no. S received
ac radisgion therapy.
Bons Marrow Pracessing and Cell Purification Results
Bone marmow graft processing roquired approximately
7 bous from the tms of receipt of the harvested marrow
8 cryopmwrvation. Appgpximately 4 hours of this thne
was spet performing the CD34° selection procedure it-
salf. Call procsssing results are lised in Table 2. Toral
bcoe marrow nucleutsd ceils harvested mnged fom 4.7
t 33.5 X 10° calls per paticat (lurgely as 3 function of
Patleat size), and from 3.6 © 7.0 x 10" cells/kg patiemt
weight (madlian, 4.8 x 10° cells/kg). Fcoll-Hypaque den.
ity gradient centrifugation reduced the praparacons o
0.8 1 52 X 10° cails per paticat and 04 1o 1.9 x 10*
calle’kg patent weighs (maedian, 09 x 10° callakg).
These light-densiry ccil preparations were the strtng
ceils for the CDI4" imeuncaffinity purifcadons, and
they conmined from 2.0% 0 6.5% CD34” ceils (median,

= .Wm
guin

T Values (ancast for coumn §: esimated temor-<all depianon) anciude pariant na. 10, wive i aet

Oc/‘y‘d

3.6"%) and 34 (0 174 calony-farmmg anits—granulocvie-
macrophags (CFU-GMY 1 Q® aucieared cails (median, §9:
mean, 7).

Afer CD34" selection with immunommagnetic micre-
spheres. & median of 2.9% (mean, 3.4%; range, 099G o’
7.4%) of the sirciag light-denxity nuclesed calls were
recovered in the CD34° aﬂp:tm(&dznm .
ery) These 13 @u‘-pnﬂ-d cail arations con-
tained 3 median purity of 80% (mean, 68%; muge, (5%
0 99%) CD34° calls, if qucizaed RBCS were excluded
from the amalysis by flowscywmmetic_gating, tnd 605
(maen, 55%:; range. 12% o 95%) if mcissted RBCs were
incladed. The median percent meavery of CDI” cells
from ths sarting light-density ceil preparatian (CD34”
cedl recovery) was 33% (meaz, 32%; range, 1% w 51%).
Moedian recavery of CFU-GM in the earting light-dansicy -
cells was 18% (mean, 29%; range. 2% 10 76%).

1n cres of 13 padents, the CD 34 -purified cafl prepara-
tioas contained less than 40% CD34™ c=lis after exciusion
of muclested RBCe, which dsquallfied use of thenc
CD3s4* eﬂpmmu&m“mh(mm
ods). Two of these chree pacieazs (no. 1 and 13) underwent
BMT, but received their unpurged back-up marrow prepa-
rutions iastcad of the CD34°-sclecd colls, The durd
patient (na. 10) was pot transplanted due o tumor pro-
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gresmion. [n e (0 putients whio were Tanstiacwed with |

CD34~ selccied c2ily, the median CD34” =il puricy (ng-
cleated I3Cs exciuded) was 91% (mean, 23%: rangs,
48% 1o 99%). the median wml cell recovery from e
sargng |ight-deasicy ceils was 2.2% (mean, 1.0%; range,
Q9% o 7.i%), the mefan CD34™ ceil rxcavery was
18% (meen 13%R; mage, 14% @ S15), sad the madian
recovery of CFU-GM was 5% (mean, 15%; raage, 5%
8 76%). The CD34” murow grafts sdministared m thees
10 padents contined 3 medizn of 23 x 10® aucieared
calls (mesn, 3.0; mange, 23 1© 10.3), 1.4 x 10* CD34~
cells (mean, 1.5: 2ange. 0.6 w 4.7}, and 1.3 x 10* CFU-
GM (mean, 3.1: rangs, 0.3 © 11.5) per kilogram parient
weight (Tsble 2).

Tozicicy

Noage of e 13 pardents Bad sositive CoymofAST euts
for preexisung antibody aginst caymopagain. All 10 pa-
dents ransplanied with CO34° coll zrafts wierzased iafu-
sicn of CD34° calls withouwt bradycarcia, hypocension,
hypertension. or signs of araphrylaxis. These patients re-
quired close monitoring of e.:czmly!s and infuiions of
potassinm, phosphate, magnesium, and hicartonate ©
enmpcnsaxerorrendmmg fer sevezal days afger highe
dnee cxrtoplatn. Two padenrs bad ansient hypescscsicn,
and in 1wo padenss the serwm creaginine level mansiczdy
increased 10 3.0 mgrdl, daz cusned (o lesk chan 1.5 mg/
dL by hespiral discharpe. No padent develooed clinical
reaal failure. Onc patient had wransient hemorrhagic cysti-
ds. acributed © cyclophosphamide. from days 10 w 13
after Tanspiant,

All 10 paticars experienced rucositis and rouninely
received IV alimenaticn and [V opiaze analgesie Fre-
quent minar prohlems aasaciaied with the prsparative
chemotherapy regimnen inciuded iransient elcvaricas in
bilirubin ind Sepatic emzymes and fianims widh high-
frequency sexsoriteural hoaning loss. All padents had
profound myelosuppressioa. Adsosialed foveen were
tr:aed.xrpmc:nvmd:rvnn’hmuq.(}nlymmn
amsmmnwmuu(wm:mm
and Klebsieila preumoniae). [a paticat no. 2, cytomagalg.
viruy was culured from urloe. and tis was eingarally
associated with molooged time to hemacopoietic en-
graftment. Qne patieat had maxillary sinusitis dfagnosed
by compuied tamaography, and twa patients had perirestal
erytiema, but ese suspect=d infectiaas did aoe result in
positive blood cultures or cllnical progressioa. No pa-
denes had bigod cultures pesitive for fungi

Unexpeciedly, on day | after wansplant, patient no. §
developed scute parzplegia, with hypesthesia a8 the level
of L4-L3. Exteasive seuralogic evalustion, including

PLLABAM )
Eer Pealil Bt SO V2, T D10+ AW (WU RE T} [RY]

2165353434309 Ly

Inmber pricaire md Tageetic wsonancs imaging, failed
‘@ explain tis permavent Tansversse myelifis Cispiecn
and carhopiadn both have neuroroxicity in high doses 383t
Transverse myelitis is 3 recorted compilcaricn of iarradis.
el adominigmtion of chymopapain, ' bat in chis promcol
imvaliving ex vivo ase of chymopspain with anly oace
residual amoumas infaced [V 3 the petient, ¥ appesms -
dailicely that crymopepein cxused this problem. Tumor
mweivement of the einal cord was suscocted, but wes
X proven, ind suropsy was declized by te family of
this psrient, who died of Tamor progreesion ia other sites.

In surnary, most paticars cxperienced anily the Tan-
chemaxherspy regimen, including myeiosbistion, macosi-
us, proxumal whular jexal slectulyw wasing, hemor-
rhagic cyscitis, high-fr=quescy seasariceural Searing losx,
and asymptematic hepads snzyTie elevadon™ Qoe o
tent develcped unexpitined Tansversa myelids. Thers
were 10 episodes of rencecsiusive disease of the liverar
pPreumanics, and no patent developed fatal wxicides in
Hemaropaieric Sxgrafoners

All Tanspianied matients eagrafted (Table 3). In the 10
paticnts who reeeived CD24™ martow gragts, the madian
tme uatil posCransplant recavery of the WHC couat w

a 1.0C0/ul wus 32 days (mesa. 36; ange. 19 o 51 7 1

The mcfian tmes 0 absciues neggopail coum & 0O/

L and 500/l also canged widely, with « median of e’
(mean. 3{: rnge. 18 t0 46) and 37 (nesa. 402 nange. 28

o 55} days, respecsively. The plamiet count recovered &
x S0.000/ul by 3 median of 1S days (mema, 41; mnga,
29 m 61} postransplant, and the last platelst tanstusion
was &t A mugiss of day 31 (mean, 35: ranga, 21 w0 S7)
Because of distorical veriations in the medical reasoas
foc RBC mmansfusions, it was decided prospectively oot
© deternune time to erviiroid recovery. As cin be cen
from Tabie 3, there wus no correlation between tires ©
cagraftment and numbers of infused muclested ceils.
CD34° celis, or CIU-GM. The median duradoa of hospl-
wlizeton was 13 days (mean., 32: range. 20 w0 47) post-
wransplant, Tebie 3 alwo lists the clinical resas for de
Two pasicus Taasplamcd with unprocessed back-up mar-
row gt precaratioas (patieat 20. | and 13) for compari-
son, and the means and medians are listed for the endre
group of 12 maasplanted patieats. 23 well a3 tor the 10
paticars acanally Tunsplanted with CD34° grafis.
Patient na. 7 expericnced an unusual hemampoietc
problem. At 3 o 4 mondhs postransplant duricg the ad-
ministeation of adjuvant rxdizzion to 3 wids fleld including -
the inital exters of his medisstinal thymrama. his hemato-  «
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it favel d pixteies couns decreased. He eveamally bo-
came dependent on appruximacly werkly menusioes of
RBCs md pluelex, aithough hit WBC count did ax
decrense @ dangersus levels. Boge marrsw aspirates and
biopsics ropoacdly showed desTsased erydhwroid peeczse
sars and megaknryocytes. Extensive ¢valuations did nct
find infections (includiag parvaviras) or recurTant cancer.
Aatibodizss sould not be detected against RSC3 ar plate-
lews. As 3 child, more than 2 decade before being dlag-
nosed widh chymema, 1ftis patient had had an episode of

* idiopathic thrombocytapenia Bat revponsed complesely.

0 brief oeatment with cortcastersids. Eleven moaths
posranspiant, after several months of afservation sud
unsuccesaful tresoment wich [V immmnaegicbuiin ind core
deomeroids, paderx no. 7 recsived an unprocessed mar-
row buck-up graft No respoase was detected in blood
ceil eounts ar maTow aspirate marphalogy by 2 moas
after the back-up marrow infosion, and the patient still
requiredt packed RBC ind plaeiet suppart. Shcs mers
than 1 year 3go, this peticnt has carried e diagnosis
of thymoma-essociated aucimmune thrombocympeniaf
anemia. ™ He is aow being mested with cyclosporine, with
a incresss in plateler 1nd RBCs courts and eliminadoa
of aasfusion ~=quircrmenss.

Tumor Progressivu and Putient Survive!

Cf 10 padenc wha received CD34™ mamow grafis.
four (no. S. 4. 8. and !1) have died, all with mumoc o=
gression, and Sour e alive wich mmoc present (oo, 3, 7,
9, and 17} (Table 3). Currendty, the mediza survivel dme
for this group of padents aansplanted with CO34° mar-
row grafts is 20 moaths (mean. 20: range. § w 37+)
posttraaspiant. Four of thess |0 padems experienced &
20 months from wacsplast 10 Gumor redusTence. T he Urve
patients with neurcblagtoma with no detecrable tumer fix
= 20 months pustransplant recsived BMT 23 inteasive
consolidarion therapy at the ead of their inityl treagnent
puriads, and received & minimum of Ave cycles of xan-
dard-dose chemotherapy g achicve 2 CR (padients sa. 2,
4, and 9). All dyres pwsienrs had gross removal of acceasi-
ble mmor before BMT, but patiens na. 3 had extensive
bony marascases, which couid nof de removed. In thesc
puticats, ail desecmble sizes of persistent or initial neuro-
biastoma, including treazabic boay sites, vere irradiatec.
Putient ro. 9 had 2 long wmor-free intzval (neuros
blastoma recumrence 20 moaths posuransplant), despiea
tha face thas she had extensive boay metaseaxex at diagno-
sis. Pricr studies report rare survivors. even with SMT.
for patiearss with beny meustaser ™ Two padents (no. 2
and 4) do not yet Save clinical evidencs of recurment
cancer, U 33 and 37 manths posrrransplaat. The pee-BMT
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Tetrment, 1t 3MT greparalive regimen. and the efficaey
of marrow gratt purpng may il conmibute to the pro-
longed survival of these yatiears, Sut e c=xudts suppare
further investigztion of this appreach 1 lewrchiasema,
» remaspece, it would Rave Been imetesting © have
performed direct assays Jor rexidusl tumer seils o =g
the ofieacy o ssverss purging during e CD34™ gty
pucifications. However, sven today, direct ussays Sor
il sumbers of resiciial fumoc cells tre unaveilahle for
mow of tess cediamic solid tumers. Sven where svaii-
abie, the sensitivity of a33ays for minimal cevidual aczen-
biastoma ard Ewing’ v/primitive aenroectodermal wxrors,
these 2ssxys are giresdy sear their detection Jimity (sensi-
dvity, = 107" |0™") in potiears with 20 evideat mmoar
by routine ctinicsl sty 442 Morphciogpc analysts of
marmow should detecs ippruzizaely | % mmor canami.
2agon (10°%). I fis QMCT JWRNg Tedwod Mea rives
just 1 0 2 logs of further =2=Tor desleaon of tre gra:
prgarzton. B2 umer 228500 Tsncd would S st or
beyond i limic and might miss Zxrly large amounts of
residual aumer in the 7% Thus, 2 surrogars assay thar

" depends on more sasily measured svenss wauld be usaful.

Ta mocet the effect of 2ack panemt’s CD34° coll puris
ficacion an che mmar content of thar sadear’s sutogmaft,
we assumied that the padent’s wmor cslls beraved ax
other CD34" coiis during the CDA4" seleztion Thus, e
reduction in tumur-<ccidl mmber would be equivalent
the reduction in CD34™ ceil sumber. This allowed estima-
doa of the mumarcail depletica (reverse purging ¢dey)
from the starting lght-density calls o the CD34”-saieczed
graft ia each patient, by usc ot ke following formula’™4:-
estivated wmar-cal] depleficn (loge) = loe (na. CD34”
calls in the starting mononuciear calf prepanticn/ne. of
CTG4L™ cails in the final CD34” graft preperasion). The
calculated vaiues abtained are listed in Tadle 3: note that
these calculated valuex sne pomntial surtogates for extent
of wmor purging. but 4o not 2flest Zireet measunnens
of uoror cxils xemnt ia the 2sil xreparsions. The Qicu-
loed median nmmorcell depletice was 2.4 logs (msaa,
2.5; mnge, | 2 1.9) for the 10 padenss Tansplanted with
CD34" marrow grafts, md 23 logs {meun, 2 3; moge. 12
m 3.3) for all {3 pagents.

launune Function Afrer BMT

Immune funczian has heen axsessed in the three neurc-
blastoma patients with = 20-moah umorsftee inz=rvals
lare. Ar ime points grester than | yesr after

BMT, all three podents have developed antbody titers
apminst dipthena and ranos toxcids, 1w which they had
besn immunized before their tumoss wuere disgrosed.
Twa of tha thres have aiready been immunized with. and

8
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derveloced ancibody diers aguinst, recombinant Repatids
B vacsing, in e sbsencs of zreexisang anthody ar infec-
tion. [n addition, these tatients have had no unusual infec-
tous srabiems,

QISCUSSICN

T3¢ main objective of this climical sindy was @ text
whether aumiogous COI4™ narrow ceils, positively sa-
lecied with My10 (CD34) mosocional antbody aad im-
munomagredc microsgherss and reiessed Sy chymopa-
pein, remiored lymphohematopoiesis in children and
young iduits with advanced solid cancers. The CD34™
seleczion procsdure, listed in Tabls 1. was Sased on a
resmarch laborxiory procedure.™® which was scaled up as
& protctype for clinical use. = After myeloablative che-
motherapy, (0 sefisals wese franspiunted with CO34°
wunlegous marrow Zafs, The CO347-gurified srals of
these 10 patiens were enriched in stemv/pregeaitor sells,
with five of theag 10 proparations conmining & 94%
CD34” czils. Hemutopoiesc reconsdtution was abserved
in 2il of thexs natent. Engraliment with CD34* -purified
cefl grats as pure 1t 99% contirms thac awclogous
CO34° calls, 2lene, ars sufficlent B pravide Nematcpol-
etic rescue far myelcablated padears,

On Me oer hand, hematopoietic engrafttment Billow-
ing these traasplants of CD34" celf grafis required about
S weeks, spproximamiy | week longer thaa in ¢ prior
clinical tdal in which heavily treated patents with ad-
vanced pediatric solid mmory recsived whole (unpro-
cessed) bone maow.**? Ng bemacopoietic growt: faczors
wrere administered after BMT in cither of these izis
Thux. it cannat he excluded hat the CD34" cell purilica-
tlon procedure resuited in some loss of or infury o seemy/
progeniwr ceils tha camrthuted o engraftment deisy.
However, the raage of :he imes m hematcpoictic recav.
ery in bath sudies were langs, and the aumber of patieats
small. In additicn. peior largsr BMT smdies in ccurns
blastoing have nperned similar tmes tq engmafunest and
cenciuded thar pretransplant chemotherapy was probably
responsible.? Finslly, in The two natems of the study
reported here who wers uanspiznted with anprocessed
back-up marrow peeperations insicad of the CD34" prepa-
rations (because the purity of their CD34" proparations
was < 10%; ses Meriads and Regults), the times o hema.
topoictic recovery were prolasged: tirmes tu & nzutrophil
couat of 200/l and parelst couar of 30.000/u L wers 49
and 43 days, respectivcly, in patent na. 1, and 42 and
103 days. respectively, In parent no. 13 (Tagie 3). Thux.
it is possible diat rivis was a groop of patients who (on
average) would have deen slow 1o engraft even without
CD34" zeil purification. possibly duc to intensive chemo-

2003 ge S -
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therspy g=ammant before Xane marrow harvestand wnns-
plane, Whethe: this CO34° ce!] pundcarion procadure
affeuss time 0 hemaronoeric resnvery sould be testad in
a Concurrent randdrmrsd slinical otal, using padients who
received uaprocsssed manuw 1s & conwol puup. Pralimi.
n2ty resuirs of sur cumreat ‘rial (in similsr satents with
pediagic soiid rmors) of transplantzion of CD34” celly
mobilized from blood, with ar without mazrow CD3e”
celly, indicars fist wien granulocytes solany-simulsting
fuctor (G-CSF) is administered post-BMT. CD34™ ceit
grafex purified by this metnod engratl gromody 2

Eagrafunent of acmiogous MaTow grafts may demoa-
Srate the presence of adequats numbers and function
cxrely of progenitor cells. After igwmiogons tansplant,
long-tern 2emetcpciaesis May be dus, not W@ aem cells
from the gratk but m exdoge=ous stem 22ils hat survived
tha myecicebletve zrepandive rsgiaman in dic hose Thus,
autologous traasplans with zenedsaily macked purified
CO34" =iis' ar, casier, allogenetc TIASPIamS of purtlted
CD34” c=il grofis will =zcd to be asscssed 0 prove
whether loag-term lymphenematopeiesis derives fom the
grxfiad CO347 ceils,

in taree Of 13 patents carclied onto this study, purities
of ths CD34” gra® preparaciang as low as 12% disquali-
fled M use of e CD34° mxTow Zrafzs, The best parifi-
cation results were cbutised ca small msTow hxrvens
from patients with neuroblastoma. The capacity of the
CD34" c=1l selection devics has been increased with the
Isolex sysicm aow wed for wider clinical wials. In addi-

ton, the Isalex system has been further enginsered ta be

faser and require less iechnician input

There wem (wo unusual, severs !0xic ¢vents in this
triat—=trassverse myelitis and chronic anemiatbrombo.
cytwpenia. Other observed mxicides appeared @ be di-
recdy armibutsble ® the chemotherapy preparative Tegi-
men. Ongoing. larger clinical crials will provids turther
infarmacon on whecter these (Cxicifies are rare probienn
nlha-wmwpaxnnua@-w:h.CDjf
c=ll sclecton

There is direct evidencs thal neuroblaserna ceils pree
ent in patients’ hone marmew grasts ean contribute e~
lapse.!! To modct the eifert of cach patient’s CDI4° cail
purification an the wmer content of that suricat’s CN34°-
sefectad aurograft, it was assurned that the patient’s tumar
calis betaved as rypical CO347 culls during the CD34°
selecion, and copuritied with the normal COI34° cells
Using this model, we calculated an sstimate of the aimor-
cell depletion (reverse purging effect) predizted dy the
CD34" purificstion results in cach padent. As highas 3.5-
log mmor-cal} depletions were predicied by this modet in
purifications with high CD34~ cell purities in the grafts.

BE
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However, the caicuiated mmor-c=il depietion was 30t This
high in other cases (Table 3L and dirsct measursmers
of mmar-cail conant should aisa be performed in [uture
studies,

U CD34™ cail murification technology caa be improved
®© aobtiin CO34" coils in grester than 90% purity and
greazer than 3-log umor-cell dapletioa roucnely, the re-
verse purging offect would be comparsble o the effect
of negative seiection purging lechnaiogies, such as drug

, or satibady pias complemant, 25 reported in clinical stad-
iex ' Clearly. axperimental messurernenss of mmor
calls in the grant prepanations would be praferred w mod-

with the limitstion that mast of thw available methods for
of sensidvity in quantimuing fumos coatent of MAITOW of
blood ¢pecimens fram mmtiena at the Ime of sem<csil
harvest 'H483 Thag precise quantiion of the sverse
purgiag effect of CD34" purificadion will be difficait in
padienns with low numbess of tumor il in he maTow
(ar blood) az the time of harvest, L moxe mmar-cail deple-
ton is nceded than can be reproducibly octained by o
singte COM4” gurification of i g, methods are now
available®™ that would permir repeated (sequcctial)
CD34" puriticufen of e grafnt o mulliply e feverse
purging effect. Other posiibilities [or (urher duoplating
[mor cells include comMinIng poNtve Witk negattve sep-

arxion™ md calwring of the CD34” setected gells under
cceditions that 2ver proliferadan of Ssm/pgrogenitoe
ceils, g death of mmor coils.'®

The =ngrafument of highly purified CD34* cally ob-
tined by dis teshnclogy and the aadmumor effest of the
caasplaat, by which twa of 10 poor-prognosis porierrs

remain clinically fres of aomor, have simuiated aur curs -

reat study ia advanced pediartc solid tzmoers. T speed
engrafoment and decrmass umar Sontaguastion of the
grafls, Qis zial invalves uss of 2 improved proceduns
and davics or the immonomagnets CO347 call aslecsian,
mobilized dlood is the sexrring macerial for Me grafts,
de-CSmezmnsptsu.“
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