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al | Om'edyﬂ'[eb?mloﬁeénman b &l acﬁ'i'vﬁﬂr S?g’éh% atﬁBl@ 6% %}fuéﬁoﬁp(?f‘u?@va@ﬁe%er tested in

predictiv ent-Tree surviva cu e [ymphobl astic
| eukeni relqpeeld) pediaitiellopfter HS@TC nmm. mmilatan p@}lgntsrﬂ%ﬁwbedeaﬂh@fqllowmg

I th E 779,child
SI ggalos%’g'ﬁplrﬁgghﬁ&sarreA%f_Slec&:ig t%@é‘l %ﬂéﬁr%%i:edfréﬁ‘? t%)em%ge @}é\t tgg or
1988 t ohdplgidentidfdondt and e ArithciPp thJeineranthelBA The Nmtientieshowed an

1999, n = 6793), the study retrospectivel anal zed 6238 ients
(COG  1limyyessive; anfbisskemic { \resRpBsaeaiare toged ob: reatmiant g%‘ihl&ﬁ"iai“%tMRD

Sery oo esalin 300 dschel- Bahy SRHE of HuHI3 OVRE MEhEnIRGICAE ol of the

risk ( 5-year % or bel ow wer ris -year
EFS, atCDéasCEBS%spemfnb su@ielacinalanannrbcgﬁy i$ slnd(epeimtr #osl rnamgdanantlgen

R ol P T B e et 8 gl n e

t (9; 22) deist durivBdRl 4Bl expadsiohd wet (BOIF!Df wab lifiducddoWein Hosds péthe O 9xCD3
were NCI. standard risk wth either t(12;21) FTEUAIV L1

si mul t PIERBITIE singlmeRain ANtibRey Mse suEicient 1@ eligifpty the élfé%l%m ip the patients
beyond the MRD detection levels. Thus, the T-cell engaging mode of action of this

antibody is very different to conventional antibodies, which require much higher doses



WO 2010/ 052013PCT/ EP2009/ 007969 12 resi dual di sease determ nations in
bone marrow and/ or peripheral blood during or at the end of induction
(Pui CH, Evans WE, N Engl J Med 354 (2006): 166-78). The duration of
therapy foVOHIYEFUA with ALL ranges between 2 and 3 yeBFUEPFH{9/007969
contrast, a very quick response to the CD19xCD3 bi specific single
chain anti body treatnent could be obserfved in the pediatric patients,
as shown in the follow ng exanples. In addition, patient 1 is MRD

negat i g digynich Qéﬁr%é@}‘g\éggb%eﬁé)%) thelrnek Eﬁﬁ'dfghé hatibady SREI=EQEN fEthe

coul d be achi eved patients who have a poor prognosis
with cuaclemf Fst ammt@rsoonc agkmtVienthe Bﬁﬁﬁaﬁp%ﬁwpewgusl@glaw ain gantibody,

tr eat f S
treat hlyaé)ff '39 n%ﬁet Ortﬂ C%ﬂ%ocrags%’gpr ogn scﬁg%fgotrm\%ﬁgt;gs @ LV]VI EH‘%E%LE’"B%"J“‘*
r ear r ang@aEidrsof( v Adreactie infhufk respidraede8dlting 99 ©vHD.7DhE invidintardidesided

et al., Blood 96 (2000 24- 33; Pui et 359 (2002
1909- 15;0 Fgrfqygy.‘mg(ﬁcg@ )agqg%nem l-@g{ggpn"ggn?"@g)/tjlenty@ gogg5|n P(Fﬁt%'é% after he

chi | drgp, Srﬁ‘? glﬁtlﬂg braﬁvg r@é‘{cfﬁ‘a Nbvéﬁﬂie'ﬂ@@@gﬁ?ﬁ:b%%@nﬁ@%‘ltﬂ\hﬂ@' ﬁé%atlve

for |nf ant 1997 loc. Cit Chessel
al., J Haematol 117 (2002): 306- 14 Reaman GH, et al., J din Oncol 17

1999) :_445.55; . P R L 40

(1999 - 40100l Shh 3y Gpefonis S Aot IR eneBtfeiBiops rignse o
anfl mayAlof pekt- tréﬁiﬁléﬁd itdh e Baen @entiuded thapiieeG DOk O Bépetisic Istrggle chain
i nt ensi ve_appr oaches

but | ong-termoutconme and toxicity KB?
(Reanarﬁ"(“.’?@gg) canoinduget ImpRESSiEr CqMRIBtE | reMissions t with Msii‘g"'ﬁ’ erefore,
P@%err?e% Witk %@1 8;(@%%7&%90“: I Q:%m%nﬁ’dotcw i tﬁ@cbréQﬁa é@é?ﬁ)sett:ng

| ’
441- 51)t rtain c 1 year
| ess t HanirB®#nbldgadal mxmttuoh dfam@lewemm adsandofor dine tfeetmerémf posttrapgpiant

bai ot S1oRSRR DB AT E PN IR ot e S PP RS wil PO el AL

patients, allogeneic bone marrow transplantation froma human

| eukoc ant HLA) - mat ched si b IS, C dered dur firs

relr:‘i ssiy %}‘gchf prg%e%tllnverllt&rk@mvignegggr(t{ﬁgg‘giéwggg’ga@lrjaﬂyglatglgﬁ,f et
al., N Engk d]enWEﬁst?é’t@d (.aotﬂe)foua&&gle%mpr&shrtﬁel%rmuﬁsst@monlof thé CO19xCD3
Oncol 24 (2006): 5742-9). HLA-matched sibling donor transpla

howev erbispeafinsingleehnipaplibady sapdedisasdaptharapn Oba@qiléﬁt%aﬁée |’W@Hh%‘35t'°
hi gh-

G - oHBSKEBLP LA illy € SRbs e SRURIE reRBEt R NOTLAR e Y1 81COD bispeoifi
i mTunos&lp@Ieaﬁmlmran&bed;anaan‘éplacpactoeeﬂeutqumemiec@‘cut&)tmnrmlumhcateahemla
its t t th t t be |

i e TS Bl OSSR P 57 B O, b SRPLE a5 et
WO 2010ét@52@é188§?ﬂé;ﬁ88@@i8h0ﬁ7&@9a&8 ke ubsaneslicahedny pedaittielLe patidntd efigible

hemat ol ogl c_ support and for the treatnment of infectious and other
conpl i daf isgit tiepeplaghaion iate apnhid negativenstatie. Thisagsrat of the invention is

Appr oxi W@?{g\ﬁél?{? Ofcha?aMFﬂﬁtI%ﬁ]Qh@e Eratl&gts MENEL 1PNolRET 3R JRd R8P Chfter

1%to uring tirst remssion fromtreatnent-rel ated
conpl i cteanspiantattbm itsareigBD- ;Misltam patlentsBrin Jh&ldmsﬂataﬁsel%da@@o&)ematnc ALL

or ov] acberafy w4 DA EDARSaRRi SR Shpic” il MRS Al pPraK qnaror

parti culgChyspirfiligfs; act ory and/or reI apsed pediatric ALL. Said
treatment avoids the drawbacks of conventional childhood ALL

t her api s Pediattic patiensamitbnmoraholagisal dissasei oF pertistesh JIRDr iﬁ‘@éﬁ/@f se10”
L bl RO 1 AR S 3 oo ucome

heal t h-TTS ernatrve to or allogenel c
Accor di (Baider étnahndt Kdin Omsodi 22(2008), tpe 3pRéd4yadduat ichidrenetraatés aitth the

means ntio sai d acut.e | b stic | eukem a
refract(gPQQégb/%o '%cgﬁséﬂ‘ ¢ LChHRe2 éﬁ%’c& e W&E’L PayBee \Fedérm—%uk%mtc
response after initiation of treatment and became MRD negative during treatment, in the

absence of any signs of GvHD. The pharmaceutical methods and means of the



The term "rel apsed pediatric ALL" as used herein denotes the return

of signs and synptonms of the ALL disease after a pediatri c pat| ent

has enjoyed a rem ssion. For exanple, after conventional

treat ment WOHY/RRYAot her apy and/ or HSCT, a pediatric AI'_’ET%?‘]"%/HW"%y
go into remssion with no sign or synptomof the ALL, WO

2010/ 052013PCT/ EP2009/ 007969 14 remains?7 in rem ssion for a couple of
years, but then suffers a relapse and has to be treated once again

for ALH?vgﬁiﬁrﬁfﬁéréfo?éiprgﬁﬁbeé‘Ttﬁer‘éfFEt]tlé loppsserofdretheNf¥&ment, amelioration or
chenorefractory disea hese ients are very susceptible to

chenot msimpgitlcme lohMRADL iomeﬂlaty:cmm Hheeabybredaebigderdeysn tabe@ﬁl‘rmthavinsh of a

t hor apy @B B TS RE G- e Rurafis il MeperE AFET oeps AR Briine RO
ALL t heeadly befire dtrami@itAeo P T redtHenit uvaTthePemwmm digpleeific smgie chain
| ynphobl astic | eukem a (ALL), including pediatric B- %trecur sor acut

| ynphoAHBOdY qas e Head i¢igopyert the pisedioped high Hek pediatic pafignts ﬂfﬁea?gMRD-
et o RS BB RO rBEhy i AL Earfbpardil oy e

(2006) :CDEBXAD; bishecifi-siagleathain batibedy 187 th¢ fG0ENe. 1030 1043; Pui CH,

St nakei borie RrdmapeSheca’ fikteded Sd herdd 37 155 bivelibE Hotenteinow 2 pgwertul

Leukem ggi- ie@kéhﬁ&“effédt bGRtHYy daealiscaebs itdge A vause lossPadesse 2HMGts than
p. 473-486). Further information with respect to pediatric ALL can

al so becqrwenaoréaigpedm@r%kttbevamwwcé%earcf@awberapy and/or allogeneic HSCT.
http:// r f I

ot P bocks fan il 168 Retl SR BfiethavEibed clelyePBEr rFaifichd Wit BBl CDS
accor dablspemﬁct Isirnghe opams antlbodwdntcmﬁraseammtlbwyp@basmrﬁbt dherapies are

| ti f st t t I,bod
i nal o YRy PITRISHE RS I als Rasbr vty Aey sl Ep  EBb GEiey s Begiatric
pr esentpatients!! 1h adammogé@beﬁem havemdynsm@nfedcaf@rrwneeﬁmm Adnt tHé@dp’y in
as referred to herein is functiognal, i. rtotom c§l |y active,

monormerchiliBopd efseroread c IHussPyp MM« iLljgi %@s igationgna %dsais%“gfaortherapy In:
tandab%ﬂmﬁgddbeéukuém.faeecaﬂtpmcyhcafr&mtjgecbaw gg‘énbﬁuv%?suf}' BRSSS; 2006, p.

mul tinmers a5 ‘used her'ein confects mal ns of "t he
speci f i 50-y73wBehmal, hlofﬂsq:xacféogmwrummwm |otmmetjstshe\/0@tm’@9has %f2660

different specjficitie For ex abl fIC sipgl.e chain

anti boo‘?f may be a coﬁ‘gﬁ?%%t Wi t%ngmg%'f al ? Mant i b fggarl abﬁgldelberg
r egi onshitd:GaweX eamdies. dd%a\'ﬁeI‘t@gic@ﬁﬂﬁq/tmhe@ﬂm@éf%@éﬂ-ﬁgﬁhPfdfe@élbtyal) In
bi ndi ng to a separate antigen, and connected wth one anot her  through

a shor tfactisganysntiopak Ftﬂﬁ%éﬁf'QOAhh Heatmenis) USS nRvRst IMBOTSo APERSSI e treatment
spacer r%éﬁ‘ﬁeﬁgmaﬁ {F%ré;‘t!&t%néaéﬂwgci’hé@ﬁhl%defo? SALAT 1 VIH WSS s evident from
i nt erpos spacer exi st as singl e contiguous pol ypeptide chain.

Anot herthexatrplte255h relapise pats pediatrg:i éLthapheuem ﬁhﬁt&ﬁyagwsblyedhstam%are

pol ypept i th thr ntib

o1ty o igee0 R Budhbowissst balituy BhloHFit BY i Bien asiy vuprsipenat the
r egi onstredtaer®orritactoneandioardamer dediatfRyA TR} tients aithsCBY 9x®06rtﬁsp$ecnﬁc
the two anti body variable regions are connected to one another via

synt het $18gigcinAye pniierdy [smkie To rerdarsaid pagenisrniseam iy Magative siptus Which
engi ne §ﬁ&s%v@ﬁ1ér8 S@idTLi RS %y | %U@W'H‘?@?Hb@ pahEAR. ‘Tﬁ[?%‘srﬁ F&ult which could
maxi mal Ty resi stant to proteolysis sckv 1I's capable o

speci f i matl beyabrn|adeahgunmocmvpatlom&imWawnmlg.emeram sush asnereanetiierapysand/or
further ég body vari abl e region, for exanple a VH regi on, capabl e of

bi ndi ngH a different antigen than that bound by the scFv. Yet

anot her4 eraadampit, ahbl/Slp_egicfrlab|)s¢étgémccﬁymeﬂt§6émb@daervrwgrb&siafc&l agdigpse
pol ypept i de chal nwth four anti bodg vari abl e regi ans.

first tawonatdbpaeriavitiindhe filorublypss (ERaRAi@Vh W%@gauﬂge&mf HSHT is

currently considered to be the treatment of choice in pediatric Ph+ ALL, approximately

‘one third of the transplanted patients relapse. In addition, as set forth in more detail



16 according to the pharnmaceutical neans and net hods of the

invention) leads to activation of T cells as known in the art; see

e.g. WD 99/54440 or WD 2007/068354. Accordingly, a construct

appr opr i at WOPBW/¥HES phar maceut i cal neans and net hods of PEREPIRYRPG0N

i s advantageously able to elimnate/lyse target cells in vivo and/or
invitro. Corresponding target cells camprise cells expressing a

tumor, antigen, such as C019, which is recognized by the second

speci f| i j i

< ngl o Bl rtarts (E1E rBRGTREALE 8 Ridler ol tor VB BRAR o sfandard ALL
second teqatmient caflyre, switbr theungoor€s @rogradic Has thbseadithbééid c{t(éc‘ﬂl)beglene

WD 99/ 54440 04/ 10638 WD 2007/,068354. . A d t 0_thi
eribod AL NGER M G LR ENPRE PRI o RAOIMERExppIcs plf e data
chai n agithiReYin ARERIHoYESMaRtiGHEd Bﬁgmnylélsh@gl t:raal aﬂ@énag ET L (rh@dwéﬂsplanted)
regi on. An advantageous variant of this bispec

ifi | e cha
ant i bodLL spatiesnis N sugagshUbat oen e‘?mrr nbbk (bcrfabl) and AL with  MLL gene
VL( CDL
| nvent |r)8§wg§1 eﬁg}ewsm%gggél %/I c%g? ?u“% %glﬂeg M(;ﬁ g&lﬂn.p&gatger E@quﬁ ED(;SQ xCD3
"speci fbuspemﬂc sisgler ehdio ahabudy:lé?r&t adrdirgstrdiienndd Cihee2D 2 bispedific single chain

o t opetiaobytBeistars alfars o isropulhabaraheT padipble Bar Al BYALL with
(the blt@{‘hi gtraﬁélb@éﬂdhs Qép@@&ll?fdr%éﬂﬁéfné AlLS ptiehizodlih hirﬁﬂ%l‘ﬁ@ﬁ&@a!'dlsease

does) epi tope 1 s boun an anti body can advant ageous
ot of v (MDD 1S BOCTIRES Toreminua] oyl ARLIseASS SR HEraRe e G BLR or FACS
mappi ngﬁl QUi JBSS spectroscopy. The strength of antibody binding to a
particu %ryepl tope may advant ageously be determ ned by e.g. known

B| acore d/ or . ELI t 0 n :

al 1 oves 2rve Sy EEED R aRRRoRE i oE B o PR I Single

measur ecmafm hintidbdg aspseifiticnt fcyr thé rsusuesstal iseatmaint 0d pediatdd AtL, whizh allows

signal represents t‘ﬂe stren of a,ntgbg)ﬁé bi nding to the epitope of

i nt er esthe glifupalian ¢ @U‘ﬁ@?‘é@e {t8€ PRBEMMFTEMWYt h of ant i body

bi nding to other, non-rel ated epi topes differing fromithe epitope_ of

i nt er es§.. Shogegﬁaratm ek treatmgnbwithy D 8GN dispecifieaginglso chain: antibody in

pr ef er 0 e o] i

det erm ne pe g. b?f ﬁfgggﬁtéé LI% Ia‘cffc P%EES lﬁ%r@&g G e\ﬁeﬁg[gﬁgl pediatric  ALL

i ndi cat clmmothatapyh éakest uboaljy @vm Lﬁatyearsbl erraaseaepewogsacbf rispossesto the
is, a CI fic der

Lo e S B BrG p R 5 it Bnfy SRERY SuR) RE ShrariBRiin Beedipld ditents

struct usirdwrie i tHepRllewiny eksfaplkat Mm@d}l\‘iereﬂ‘let RRPoASH M lﬁrﬂgqgst(n'ig tPatiept 1 has
even nore regions of the human tar

2010/ 05@1@3@@7"@@6@@9@'@?%9@1ﬁ“%ggdﬂ%@soﬁ‘ﬁ%éﬁ@pﬁfﬁ?% .seg the following
conf or ngt 4 rﬂﬁ‘l@g epitope is defined by two or nore discrete amno acid
sequences separated in the prinmary sequence which cone together on

e 0nF 85t R TGN, 8 g Sl S s

553- 6) . pdtiemts earen Velys sostepiibta soephermnptieramparedatedntdxaityarF arpthespe patients,
t hat mbl.ed d f d t h .
pol ypopt PAEERAIH. CPHSSE L biRaEaEC e Tt ey iy fhdae drst e 2
ol eCU'ﬁorY\/eﬁé‘mbﬂ\%r@@éMRGﬁd #2saBAE Rtrb@ distol iRd Geedrenis e n sl inTeusH nts.

structure to constitute a conformational/structural epitope. term
‘treat ngning %'imls!sﬁdtﬁ'éara%'o@e%@ﬁbé@ 6&2;?; iy Q:ﬂﬁ!%ﬁF NG N@Q'lﬁaédult fJatlents
procedures or applications that are intended to relieve illness.

the pretseatmandydth thaCRIMGDS hispeciic SnglerbatDawiony resltrstintthe elimination

e BRI (el BRI AR bt

el i m naCDag+gfLLl Wehiteih ek patichtgiheeammgelngtdtexin T-asld werapatiit-dagived,
no data existed so far on the use of the CD19xCD3 bispecific single chain antibody after
allogeneic HSCT in a setting where the engaged T-cells are donor-derived. Here, the



A typical dose can be, for exanple, in the ranges set forth in the
enbodi nents of the nethods and neans of the invention and the
appended exanpl es; however, doses below or above this exenplary range
are envi sﬂ‘fﬁe’ﬁ“m@%ém al ly considering the aforenenti onBETEBYPI6H
The term "continuous infusion” refers to an infusion which is allowed
to proceed per manently over a time peri%®d, i.e. without interruption.
"Continuous infusion" refers to a permanently adm ni stered infusion.

Accor dijaglpord Bolt Bife SRt Gk R otnhen' m\ée‘%;weﬁun ikt ctiBh N apGWBé'FPéEt in the

and "continuous” are used as non s thin the nmeaning of
i nvent ialrsenee gf CﬁﬁéDtlodmedaWﬁha §Dér9e;@Diﬂyblspaclf 6 goge chaluﬁrmbwwer(gagmg

| east) 4 weeks. qr -th i.ke, den at

corox ot diszied -Eisgrd W RedafeodaebiE R irBidReidursianre of
means anPd1gehbpERepaRedshaigHSTT.he i nvention is continuously

adm nistered to the body of a pediatric patient over a period of (at

| east) 4 weeks in a sustained, constant fashion throughout the entire
durati i i ' J

our at | O SRR drddnii WRPE TSR BlpBERES 0 BT IHR Bl bl for o
bi specifovel shddinprovesd theaamy foogediatec dddc patiegiarly foo refradoryi and/o0elapsed
2010/ 052‘%%%5&4}5‘%009/ 007969 19 in WD 2007/068354. An interruption of
the int® of CD19xCD3 bi specific single chain antibody is
avoided, that is to say a transition froma state in which this

ant i body is being adm nistered to the body of the pediatric patient

to a st ﬁt§PréfeM@u EnbetitheRn bf Mﬁhér&d&u‘h@é‘l&ﬂéﬂ%‘s%cﬁﬁ'@aﬁb%if@ﬁ@%\ﬁe(htlon
t he bo the pediatric [)atl ent does not, or does not significantly

occur d erpechatn@nor childhnast Rewteolymprhabiasticr leukemia é4LL) isl PEgiatiie B-linéage
phar ma S t agons
Phan &t eniRE0 Y neeanslly, B3 eeRtel FoltB) SphbAshibots DEIREmEERALLS more
anti boct)fefmablg pmﬂatncouf@&;@lt.brpmwm ot nblewnmﬂALersAw:n)l Eheb ecoempreferred
necess and .the |ike. far as ssary repl enishing

| eads %éQWB FS‘FCPFﬁOé:}fLip‘ﬁCSH"B?” E\ﬂigductl on of the antibody
adm ni stered, such adm nistration is still to be understood as being
"uni nt errupt ed” or "permanent” in the sense of the pharnaceuti cal

means  ayygh, PRLY V*Lﬂ%%rlggneré’(? ?ﬂtctd? driighbéy AL QRes (P8 ?taré 3phe B%ﬂ&&hrsor cell

repl eni shi ng be of such a short duration that the tine
dur i ng phenciype (Sdudiy etsaincﬁiomréﬂ A§ (28070 $2663B5)nBincehiberfold§OxF D8 Huspecific

b1 anned9B Al golthady SSetHCTerah § ARre Se8hsE R A okfed bicer
phar rraoeltfgcabamnbo@gnds neirhadaripeuitabiengst @ thbmpewerﬁgm fol pediatric B-

accordance with t i ti.on, one treatnen can be der st ood
as conﬂlﬂﬁ?@ﬁsa‘?’q{? ¥p OBESf'%ée‘G@Q‘?CW"&%G&%’?EWC Rfflitnie (Rgprecursor ALL.

?glt : gagze%igtrfc@ %Q@F AEEtcaﬁ‘He fartPef !sQIleQﬂ‘deﬁ%% ;?é%ﬁéﬂ'lc‘br&@h& pre-B ALL

treatnent-free I nterval e term "at east as
used heard mwonwans AlHat(cAhk) ¢gae iengoBehmFuSi. oimednopheptyring at:i | ehildhood

wecks drSUeTER DR i 87 PGl Rge ACHF i Roer Bivelill Prosts 2PoBipyp0-200)

It may Pedibhie asse Iquﬁhamamdvlal)kehﬁ@l(mmf artdl.&:hmgj %dﬁtrtpe@paécﬁursor acute
patient(s) after, an (at, easq% 4 week-conti nu ggm ni str tlog

one tr d¥MPBRPIasYiE leukemia@ng otaer ypepof PP |atﬁ"‘e p(ﬁﬁ' 'W&Berﬁ}h\/ﬂﬁ treatments
negati Vthbyed?géﬂéci‘eﬁsw%e@ ﬁvﬁdpm%ﬂeonﬁ%&b FhraBbARSIES, (2666) 884-6; Pui CH,

conti nuous adm ni strationh nmay be extended by additional on€,
three, Emns W, W Emgl d\Wded ﬁﬁ4t(30@®n166e151’t8r‘rﬁw Cd'i/et als, liancet éf (2608) 1030-

cven conp Bl Rerte ORnarS, Nef SREEDhs DRty 207 F48: T AR frofhption

r esponsgith $edfddineopédidiricy Al Bscatehlsbeise Heusd rag.t emdew\mt;@hv\mb@smagov or
the risk of recurrence of the ALL di sease. For exanple, it has been
http:/flwww.leukemia-lymphoma.org.



t he CD19xCD3 bi specific single chain antibody is able to replace
conventional pediatric WO 2010/ 052013PCT/ EP2009/ 007969 21 ALL

t herapy, such as chenot herapy and/or all ogenei c henatopoi etic stem

cel | trans‘ﬁpéﬁi"éﬂ"F‘Hh (HSCT). As shown in the foll owi ng EAFSHEYI07PHe
treatment of the pediatric acute |ynphoblastic | eukem a (ALL) patient

wi th the CD19xCD3 bi specific single chdbn antibody is able to

elimnate | ynphobl astic acute | eukema cells fromthe body of the

pati ent t ARLB(PAE

goal ofFSrt0 ﬂgggﬁéteﬁlﬁgﬁde{ﬁ?%ﬂn\ho tmﬁ&%gr&bbﬁc%@ggem fIBC( Si nrggtg@méa;eﬁ ldren's
ant i bodyanasrt goupl (HeGpradoptedndi oamnimom wet rofansbg@ntena ais@n, international

ALL pedi atri atient, | onver on._o S

Ao o bseRich SurbBtet By e R Faa® sRaRiGrRAM. BBy oy ZitQueol 14
def i neqj bgsfn@ by, @i 995, TIRITRICS ichitdrRAwBRY Ipdded dieadiite-thashad ¥e international
pedi atric ALL patients turned MRD negative after the first treatnent

cycl e igrogptance: pad aspoxdsilifys Besi f“i"&'alswii‘&?eb’@ﬁﬁl gelh FOUBtSI VMBS, Fednthe
t
o USO8 RG4S Bnd S O

an hapland G8EThaves atfo Nee@rﬁr&httcﬂmg;skt fack:rpaﬂwaémaveehmmﬁhown to have an
MRD- ti l.e f t
Ui nt or FRRCE AU RC PAEPERS o B PIRE o Fiass ERYBLEY | Ehe; Sve TRRRNRIO0T

ant i bodgshbnddle IN200E! tHY CIOE RHPOE Riikdd 8 forRdfte DMidrETHTology Group
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treat ALL characterized by i mmnogl obulin or TCR rearrangenents, t(4;
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The success of the CD19xCD3 bispecific single chain antibody therapy
may be nonitored by established standard nmethods for the respective
di sease entities: For B cell ALL therapy, Fluorescence Activated Cell
Sorting (PXG3P1V/5¥H& marrow aspiration and various | euk BaT/EPHRBITPEC
clinical chem stry paraneters and ot her established standard nethods
known in the art may be used. Methods apd nmeans for the determnation
of the mnimal residual disease (MRD) status are described herein.
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The term "chenot herapy" as used herein denotes chenot herapy used for
the treatnent of pediatric acute |ynphoblastic | eukem a (ALL).
Chenotherapy is the initial treatnment of choice for pediatric ALL

(see e.g. POI2VWY52&ha S, Nat Rev Drug Discov 6 (2007): PEEEP2008B07969
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Caron HN (eds). London, UK, Oxford University Press, 2005, p.
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The term "non-eligible for allogeneic hematopoietic stem cell
transplantation (HSCT)" as used herein means those pediatric patients
for whom al | ogeneic stemcell transplantation is not the ALL

treat ment WP ZEZHAEH3 for instance, due to nedical reasoRSTEPIOYRAIPE

al so happen that no appropriate donor is available for allogeneic
stemcell transplantation. Accordinglyji4in one enbodi nent, the acute
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single chain antibody may be a single polypeptide chain with three antibody variable



WO 2010/ 052013PCT/ EP2009/ 007969 32 frequently indicative of
consi stent underlying nol ecul ar | esions can assist or even establish
t he di agnosis and determ ne optinmal therapy. In chil dhood A

nurmer ous gBOFHAE?HP gh-ri sk cytogenetic subgroups have ngfﬁpzm}smm%g

identified which are regularly used to stratify patients to
particul ar therapies (Pui and Evans, Ni5Engl. J. Med. 354 (2006),
166-178). In adult ALL, the role of cytogenetics in patient

manage a r fypHh
P | e (e B e el e o BT o YEomd ey may

qll. 2) make rgsaht scivn WieRenBthe mwooamt(has}devanaé:ﬂe aeglonsl Yyedcynecigbgy one

220 ke VAR b R ST 5 e g

t han 50 agmpdepmiriealls mhdﬂfogteh&ﬂwhit@ rérgaindig hfaxirmans rdsiytael feapmteolysis.
Anmerican Society of Cinical_Oncolo 2005 educati on book.
Al exandthig: SCRS@G&PZW% of gpgcifieglly b'@fgﬁsrto ARYYewat Aptigen, ANdJs genpaRsted to a

associ g AfleiahiibS@P %Bb? Ae"Pc%g%H' fr. RARbIeC22DAOTEbA. E8Fatle GCHiPng (o a

| ynphobl'astic | eukem a (ALL)” are shown I n Tab nd a so descri
in Schulnffereeﬂ'c aatigerothaBaithet beund by the scFv cYet armiinreexamdy of gevispedific single

a0t ol SnRBL oM Ao S RELIE pBRREIAL bt 4h T80 S8t} HBons

fusion Hér, 1Hé fiesR tova 2Mtib b} vARdbleusginst fcﬂr éintsid 4 WBi2egion and a VL region,
may form one scFv capable of binding to one antigen, whereas the second VH region
and VL regioh may form a second scFv capable of binding to ancther antigen. Within a
single contiguous polypeptide chain, individual antibody variable regions of one
specificity may advantageously be separated by a synthetic polypeptide linker as
described above, whereas the respective scFvs may advantageously be separated by a
short polypeptide spacer as described above. Non-limiting examples of bispecific single
chain antibodies as well as methods for producing them are shown in WO 89/54440,
WO 2004/106381, WO 2007/068354, Mack, J. Immunol. (1997), 158, 3965-70; Mack,
PNAS, (1995), 92, 7021-5; Kufer, Cancer Immunol. Immunother., (1997), 45, 193-7;
Loffler, Blood, (2000), 95, 6, 2098-103; Brinhl, J. Immunol., (2001), 166, 2420-2428.

As used herein, “CD3" denotes an antigen that is expressed on T cells, preferably
human T cells as part of the multimolecular T cell receptor complex, the CD3 consisting
of five different chains: CD3-epsilon, CD3-gamma, CD3-delta, CD3-eta and CD3 zeta.
Clustering of CD3 on T cells e.g. by anti-CD3 antibodies leads to T cell activation similar
to the binding of an antigen but independent from the cional specificity of the T cell
subset. Thus, the ferm “CD19xCD3 bispecific single chain antibody” as used herein
relates to a CD3-specific construct capable of binding to the human CD3 complex
expressed on human T cells and capable of inducing elimination/lysis of target cells,
wherein such target cells carry/display an antigen which is bound by the other, non-
CD3-binding portion of the bispecific single chain antibody. Binding of the CD3 complex
by CD3-specific binders (e.g. a bispecific single chain antibody as administered



| G4+ MYC fusion t(11;14)(pl13;qll) TCR-RBTN2 fusion WO

2010/ 052013PCT/ EP2009/ 007969 33 Cytogenetics, has been increasingly
recogni zed as an i nportant predictor of outcone in ALL (Moor mann et
al ., Bl oodW9301%(52(07), 3189-97). Sone cytogenetic subtyBEHERHPROG69
wor se prognosis than others. These include e.g.: (i) A translocation
bet ween chronposones 9 and 22, the Phil alel phia chronosone (Ph+),
occurs in about 20% of adult and 5% in pediatric cases of ALL. (ii)

A LT AN BHIAG oD B HAfIICRIREARieahsaBd L IR Sorl fhel it Oads to
cases and IS st co nin infants under 12 nonths. Rearrangenents
of i nmactightidrubf T cglisess &nowndsl therast egieoe.g. TER) 99/64440rgeiEnRE0ERGE354.

their role i.n ALL have been described.in.the art,. (see e.q.

o coepdiicpriibehE CSNEEuBEaParoBBste BEdnt Bplifalhlica fesfisting methods of the
pr ef er riggbrRivholi SBRIntaded sy R @@ﬁﬁiim@{\%ﬁe&é@éﬁ cansl imBaRs apfi/or A vitro.
I nvention, said pediatric ALL patient is positive in conplete

hemat ol &jresaonding tafgehcelieomeriss celisiexpiassingop tug@mmantigen. such as CD19,

hemat ol odi Lo oT NN :
o ot RNgh T rER AL By 08 gebla ekl Sio HRTRF CTB LR BORRH! Stne
chenot ldspifiasihgte chamnaplizodyatofohe Menfomedhconsinatt. tFhrefebabrle, saidr szcond
t ai f t 5% bl L | t i ned, by .l ight, m

Che. bl GRECEEN It BUME SR S % AP BrnalSrehpreh dstrora Vil SRHa wo
si gns argoay 08 IBso0NG De0Pobad64 cASSrdiNgUB thREIRS6dinmidnt NeBEhostigent picific
not all |eukem a cells could be elimnated fromthe body. Such a

pat i entRortienghthesbisgedfiasingle ehaimanthadystampriiescamantbedy VH region and an
hemat °|a°rﬂi‘b8% \fLeFEngéﬁ.ORn éd%aﬁfd#eb@@%ri&ﬂ? bt lﬂ‘ﬁ@ biay%%ﬁ% éiﬁé‘i@'éﬂaﬂg ahtth®dy is
cells may grve i to recurre eukem a. e pharmaceut cal neans

and netftwdN teErmiifmes ton® éertmions:.can be used to kill these remaining
tunor cells in order to prevent recurrence of the | eukem a

origingyi K GC gykgidya cells remaining in the body
after 3‘?4‘2@??5%@23?/%!@% g&/\ay,)'the pharmaceuti cal means and
met hods help to prevent disease relapse in pediatric ALL patients.

I n_contWghin thg megiliag of Hie EwRplien.dne dein sRavNGRly Rinding ot REAted faymgosuch
o) oo RASHUET BEL10 0, ERSRR S RoRa" SRS IR, SPHENIIGE o
wor ds: pdrametevRDai qualitativet parbendter (the bindiag epitope, or where an antibody binds)
and a quantitative parameter (the binding affinity, or how strongly this antibody binds
where it does). Which epitope is bound by an antibody can advantageously be
determined by e.g. FACS methodology, ELISA, peptide-spot epitope mapping, or mass
spectroscopy. The strength of antibody binding to a particular epitope may
advantageously be determined by e.g. known Biacore and/or ELISA methodologies. A
combination of such techniques allows the calculation of a signal:noise ratio as a
representative measure of binding specificity. In such a signal:noise ratio, the signal
represents the strength of antibody binding to the epitope of interest, whereas the noise
represents the strength of antibody binding to other, non-related epitopes differing from
the epitope of interest. A signal:noise ratio of, for example at least 50, but preferably
about 80 for a respective epitope of interest as determined e.g. by Biacore, ELISA or
FACS may be taken as an indication that the antibody evaluated binds the epitope of
interest in a specific manner, i.e. is a "specific binder". The term “binding to/interacting
with” may also relate to a conformational epitope, a structural epitope or a

discountinuous epitope consisting of two or even more regions of the human target



WO 2010/ 052013PCT/ EP20091007969 34 | ess than one | eukem a cell per
104 bone marrow cells), a conplete nolecular remssion is reached.. In
anot her preferred enbodi nent of the pharnaceutical nethods and neans
of the i nvB&2HW52HBe adnmini stration of said phar maceut PEAEP2009/007969
conposition converts MRD- positive pediatric acute |ynphoblastic

| eukemia (ALL) into an MRD negative stdfus. In another preferred
enbodi nent of the pharnmaceutical nethods and neans of the invention,

MRD i s %%%er%doﬁ’ﬁérfk fHeRBSf hatdnBraStSiH eBRoRd iPlefirRABby BRS o?imdB&discrete

cytogenetic abnormalities or rearrangenents selected fromthe group
consi stampoodcid tsetigeaddd Separakadi |n the( primary) $EepmneBXyhich come together on the

11) [ AF4- MLL]; ££9; 22) [ BCR-ABL]., _hy. i pl Qi il t
L1 Som BhTe ehhBekRE Whenyhe Rl B P hech e BRtPHSels, 41260)
44 chr ogEispEE 36, 1565 BAGdeVent (S 990) Celng108608) The seme Sdisémstinliotel dpitope”

receptor (TCR) rearrangenents. MRD is neasured with quantitative .
det ect | DRADS Nen-lineas enipeesthal ase areempigd,fremalesiduesgaem distant portions of

abnor Lt i | : 1) = ' -1

) [ E2AP ;'5‘??%‘%%9[ %ﬁﬂwﬁﬁ%%?‘(”@ﬁg%[% i\%tﬁéhéggbﬁigpq’ 'oglcgy&gﬂo"re olecule
si mul t ankeusherpappemiicothainr tlds dntes adthra@diraenkiaTdi, sthygioos pé ciahptitute a
(i.e. less than 44 chromsones), or (ii) the rearrangenents of

i mmnogqq{gﬂ'i”i‘ '%l{ééu%tw _e(p?ﬁpgr eceptor (TCR) rearrangenents; see

also Table 1. Said quantitative detection of the nentioned

cyt ogenEte terabltozatmlent’] &s used heneinamgenein theabroagest seradsl medial peabedures

out by using,. for e le, P r ,FACS analysis. The t hod of . the
i nvent i?fn_adﬁ’gwt&&s_ );tsgﬁe?@pé{cﬂé’ln%egpﬁ?o eﬁ%"?oﬁ"@ﬁ%‘_ Dpegﬁ%ﬂﬁse"t case, the
amel i oradrmpistetionl iofi frid | OD19kCHBD, bid gD \siigiduehsie @intibvey (prepared for
abol i shing the risk of L . ) o

administration to a pediatric ALL patient) as described herein is for the treatment,

amelioration or elimination of the pediatric ALL disease.

The term “amelioration” as used herein is synonymous with improvement. If a pediatric
ALL patient's condition shows amelioration, the patient is clearly better - there is some
improvement in her or his clinical condition. For example, it may be an improvement in
the ALL patient's condition, if a stabilization of the ALL disease can be achieved, i.e. the
ALL disease is no longer progressive. This disease stage is also termed stable disease.
Amelioration can also be an improvement of the MRD status of the pediatric ALL
patient. For example, before treatment with the CD19xCD3 bispecific single chain
antibody, 100 leukemia cells per 10* bone marrow celis may be detectable in the
pediatric ALl patient. Due to the CD19xCD3 bispecific single chain antibody treatment,
the number of leukemia cells may be reduced to 10 leukemia cells or even less
leukemia cells (e.g. less than one leukemia cell) per 10* bone marrow cells in this

exemplary case.

The term “elimination” as used herein means the removal of leukemic cells from the
body of a pediatric ALL patient. As shown in the following example, administration of the
CD19xCD3 bispecific single chain antibody is able to convert MRD positive acute
lymphoblastic leukemia (ALL) into an MRD negative status, i.e. a status in which no
MRD is detectable (<10, i.e. less than 1 leukemia cell per 10* bone marrow cells

detectable). In this case, a complete molecular remission is reached.
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patient. Notably, curative treatnent of MRD in pediatric ALL patients
has not yet been available until now. In another preferred enbodi nent
of the phaVRaeé¥W@?dal met hods and nmeans of the inventi oRCT/EB0H9/007969
pedi atric patient having MRD shows a signal for a cytogenetic
abnornmal ity above detection Iimt and/ag at |east one marker by
rearrangenent with a sensitivity of al04. Preferably, MRD is detected

ment s orP R AOTHARGRHoL oS e RBlEiH ray R fiSlrgfoft A28 Tipidpeticaly

t (4; 11)diidelivélLddse tdfoi ) di@@merdiofetly G&) ExQINS dysgenific rsinglayclidin antibody
For | napEEEblY da¢ Rgshokt dm opEr it NG e o GEKBESET S & Buirdh BeGiatio
recept Patfehty "tﬁél‘ép%‘lﬁl@ﬁ?"éﬁect%earﬁbéﬁt"T@He%nl.a déwe 3P PF@IC@%QH& fffects

by ALL cells carrying said cytogenetic abnormalities and

r ear r arfgenveriels lt:smadmuareteéed,eue b?uﬂﬁgﬁnt) o FMGQCQ’F%IW@P@OUWFC eukapia, cells.

the ter n

mmans. (SRR 46 e fioed? B I RO T HEdanCRntis Rndfi Shibody
Si m | arlgads té tHe bllbmmata:mefoalaecote lyrrg:rrﬂiblammeultémia eallsdfrom the body of the
transl ocat.ion can be detected CR or. F . Tis appl.i nmut.at

it and BSY8EREUBTh SRy o MR TERNEALL St B SiaEA SRR, The exact
ment i ongskNRfIEUBperd @t & e”Pqus@ & @r@%btnveﬁty aﬁH witllod asceﬂamaateezsy one
with rearrangements means that at |east_one |eukem a cell or nore

t han orskillasuitettieaad alsing kapwn teplnigees.i %@W@an@rphmﬁ%@n@mﬂm%l factors

rearran (0] W, . Y.

ront | ondil Giaetiae e CoraR e REArAR i el BT I htiodarts] Gosages for
phar macgmit baalpeuidtiiogatientldepeamds apon hnammfamflsomclmmag tthepeda@tric patient's
nol ecul ar rel se (detectabl e by the assay cribed ab

Chan' 6 Semtedy SHAce: ey ey RoPRARoRe e RriGRsr GamBpCS (o bR TR ered.
even ngs Nirké eéfrfc??’out@r o adinidratiordT geEr8l Keaks stdths, hAldthaPldegys deing
rel apse” as used herein neans that said pediatric patlent shows a

si gnal admirsteredoepneariedtidbnor mal ity above detection linmit and/or at

| east one marker by rearrangenent with a sensitivity of alO4, by PCR

and/ or EA{SicaPdoseebah Ve, rﬂorf?lé’ﬂa\/riilpke WO 1M Jeis 288t IBRR/ IERBQ%W%%EB& the

In anothet preferred enbodi ment’ of the pharmaceutical methods and

nmeans onethaslsi andrmeans of Hbe dovertigsoaadnievappansies reampleshdiowever, doses
regi ons r I c i

Fegi ona L of s R CRERBREY HAnkR! By Shydibhid ToRREERNRSIdethY the
are ar rafogadentiored fdetogsmi nus to CGterminus, in the order, VL(CD19)-

VH( CD19) - VH( CD3) - VL(CD3). The correspondi ng vari abl e heavy chain
regions (VH) and the corresponding variable Iight chain regions 0./L)
regions of the CD3 and CD19 bi nding domai ns of the CD19xCD3

bi specif4& BlAR*GnERabds E}Hﬁ%mdyr o |ﬁfU?1§ﬁ%QhN@ -alidwel 9:91proceed
respectively. The corresponding regi ons of the respective VI

VL regi mrmazferﬂlheweerattrmamrﬁmg& wﬁhmwptﬁmﬂtlons|G@1tmwhanmfualmi’ b@f@ys to
are shown in SE

The phef ecaatPElY SrBnsied g Ao sPRIha) IR BonEh o eilEliel the

bi speci forfsSpaghansitaaRd2BbhIAMBISC QRS hea@tasc@mhymes va:mlnrm@cmmu@b of the
sequence as set forth in SEQ 1D NO 1, or an am ho acjd sequence

| east 90YgNaTeice alhieytesm laélagﬂls@s%’i.hyemntwpuwfseem ferl(@il 51) sk’ or
| nvent i f mesaéhasgs)aa SHiSGPh Riniiteid CoedPprBRLACAMBURAIN antibody
epl in QI )

nol ecul e "conpfising an ‘am no aci d sequence as
1, as veddd ds &re awharmaa:eutic@emmemﬂ Im@bod@Oa%mdlngré@eMblimmio% is

i dentical ,.. nost erred st, 9 9 % identi.c

the. am SrRLPLS YR TRRISLSsE b PO & P4 RERY PYR' B etPpitdahiesn 4

the COfW@éI@QW'anQuéwmb@' @oﬁ@tbﬁlt BRMIE Beroaghestoinet estirend FEh Pedlired in the
pharmaceutical means and methods of the invention. Continuous administration

schemes of the CD19xCD3 bispecific single chain antibody are described in more detail



WO 2010/ 052013PCT/ EP2009/ 007969 37 USA 53711 (1991). It is a routine
met hod for those skilled in the art to determne and identify a

nucl eotide or am no acid sequence having e.g. 90% 95% 96% 97% 98%
or 99% seqWE&EW/ISYUAt ity to the nucl eotide or amino aci BCTEFYRH YL

t he CD19xCD3 bi specific single single chain antibody descri bed

herein. For exanple, according to Crickbs Wbbl e hypothesis, the 5

base on the anti-codon is not as spatially confined as the other two
bases, . h 3 ; hrd B i ;
vor ds; Ty OB L G o DA A AR RB A Io0 1 SR DR histitc single
tri pl etchahaatiboliVf isevoided, lthat is ko say pdsinsition frep astatelin whishghismntibody is

am no acte %ﬁ%u&%&r@ﬁiﬂ@%&o} DR elamaths batisMA0h §td MWRRhSRE antibody is
htt p: / /189 |oMder BRiPadmiHiyteldd \/atebbedypaichesdistricatidnt dbebttot BhodiodPnot

(1966): 548- 55?. It is furthernore a routine procedure for thaose
ski | | ecsignificanilyarecous @uekr thieneeniife odgsationacafi \adnyinistradigen requiead ny the

id ' 0 0 Y 0 0 0 .
et | TRl ety and Hidncas br diEhvetfith 18P Y r2aR0RARHR N ERenshing
bi s peci themupplygbCBi1 8B 3disperiansingtadshale sotibbeyi bbingeidminBterdcor medical
St i bod) YRSt BRGOBE, NeGtRR B as ke 7dR 880fRb: 256yeh necessary
sequenc@nidfsHing ieh8s 11a€ a2tBriofy dn&eAlipBbResf Mhe LiRGoGAMBHCI? the antibody

bi specific single single chain antibody can be determ ned by nethods
as i | | laaminisieres, guch mdwiniyagian 49 stiio Zepupdestaad agrbejpy “uninterrupted” or
2007/ 06 n ' t j

ot hods PaTepet 3 Sh<'SraSk Br bt FiaRfRe TRl inding, A4 RIAREES SkbbRlo to the
conpr i sinagntiorChi dnaE3cdsesp acichireplEniahirg elilhigenarally dwed pf caol ta skart idsiration

ol I oweltabifieiroe hemburiash RBHboRY lohd any itodGied FRRrR Ry & e prdiati

to be ungRINg AR hetSaRRRIAgNH SHTall Whesi @impdredaiodirntimeogianhell ff theasderall
four weeks, followed by a 2-week treatnent-free interval. This

i nt er vaadminjstrationuregingen pecorginsinthepnaraiaceptiealtneansand restbpds aggording
by an gll i CT.,.P , i@ adm.ni-strati.o nt.J, QL0

i nf usi g‘JH gr%egﬁ‘é&&@fgx 5§§‘§§§5§:¥i"3ﬁ@i‘ﬂ& g’%ﬁﬁ?’ﬁn g’h?u ﬂ%gﬁ,{"‘%’? Iéw%n%% be
t r eat neiMideryiciod)as sortinuoes rinfueminest tae CRASCDAMispduifeesingleechairh anfibody to

IREAECNE N P TR T R T——
2010/ oaamc:rhgegﬁﬁgéﬁgzgﬁ%sa?sédn?ért@ﬁn iﬁéﬁﬁgitﬁéﬁrthe@‘orqﬁhﬁous infusion can also

phar maceuti cal nethods and nmeans o e invention, the nmethod is
prior thke apiriggeeidifer aitisne peripd {gnaes thame vesks. ed.donbePt 7 ORE WEEKs or even

posi tiv j ) ' g j

Phe phapnes oty HDyeekipathent Al inteh i 6 BhPBe ERPRALTRM tilon MRD
after adthgmgnel ctheSEEatdd rpeahatnpl patient(s)asker vdrer(at tlbastpedi aeekcoatituous
rel apsed after conyentional ALL, therapy usi.ng, chenot.hera and/ qr

11 oberRi BNt EBel T PR RRTL VER- PriTHEEher ATURGFs P eRood RerMRD
of the r%%dtﬁﬁ?%ﬁh!dcﬁé aBBINedsUaREr 8B@N sir@imbtafckevipBtdoMinubl€ administration
CD19xCD3 bi specific single chain antibody construct is to be

adm ni sheydee exteadadibyyadditienalf onepyo, dhregofeprpéive jueien kptarten treatment
pati ent . S i r i.ChH..1 ;
PRt e oA P BIR8 A e A4RFAnGEEELD: (BuiENE! AR ek toiogic, or
"bet weegveh aothpte mbleculangespocdal deeféablyysped cbmplsteamdleaiutar rebponse is

100pg pMRCk BEdRLHEREe: SASCLRE AT LYok SEGPBReF for 1351 TRBpEnaE g the

"100pg” ALl RKiigthsBY EBr BRARPRY, ¢ 1944 B8er® FRRH 1RRDMRD-ARRIPARDIRAVE MR O 3vels in
met hods and neans of the invention, the CD19xCD3 bispecific single

chai n apediabigyAldopatientstbeferet ajlageniedrBhiTstedueas ithe Hskigf pyetipse (brder P, et
al., J Clin Oncol 27 (2009): 377-384). As shown in the following examples, MRD
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phar maceuti cal nmethods and neans of the invention, the pediatric
acute | ynphoblastic | eukema (ALL) is newy diagnosed, refractory or
rel apsed p¥@AtWISEIALL, or refractory and rel apsed ALL. PREEP009/007969
di agnosed pediatric ALL as used herein neans that the ALL di sease has
been di agnosed in the pediatric patiengofor the first tinme. In

anot her enbodi nent of the pharnmaceutical nethods and neans of the

i nventi t Kk e

accor dlﬁ)éghatt'%ﬁY he%cﬁ%%%{ c@as@#'ﬁgg Yaént}'oep aCt'Jéttgé Q%hgﬂléﬁg with the
| eukem @D 180 Bt hgmemifsd singlehehamantileadut i cal conposition conpri sing

the CD19xCD3 bi specific single chain anti body as descri bed herein

f urt herTissrefyres és , oreptdnaadiment 20f treaphannabeltical (mgthositoangemeans of the
sol utions and/ or remaini ng reatgwnt S o ,mater ire

als re faor. the ,
reci t ed"¥@RYRSY the opeLr Ma& Herlmend cyeis(®): ¥b &%W@58§Aﬁ><§@3§amfg%f=lngle
I ndi vi dyadih YntiBody %' éo:ﬂfnuegélg'é%ﬁni?ﬁstér‘éd%rfﬁé i M_Lcﬁife‘?a't N8/abe Rllowed

mul ticontainer units. In ordér to eval uate safety and tolerability o
t he CDI9xahegdnap&tSaET.cPt imgbthet ivedrdsaln tmﬁ)ayefaeredmb@dbwmeﬁh@ method of

|1 has DRV iy P RICoShERdeR cu B elR B30 SPhH e onver

phar macget MR positves AdLdniteah MRDafeddtioe istatas!t incthiscaay bmeqw@bmdelbpse is
adm ni stering the CD19xCD3 bispecific single chain antibody in a

daily (ﬁjg@r%“th}tﬂ%r@?%% amto 100 microgram per square meter body
surface area. The daily dose may be kept constant over the

adm ni stration period. However is also within the anbit of this
enbodi nent that for the i of . the i nf |on iod.a

dose. of ncaneensmiogkBent ok e @%Hﬁtnﬁ R 0y PR P afBgEhneic
(" 'n't'ﬁémgfb?)%xétlcFHtérﬂrce‘]théH&@la‘?ﬂéMFﬁ?—@S@T gal net hods descri bed

herei n, whereas for the renmaining infusion period a higher dose

(" mai ntEmatraasplastitipn proeghireaday bbifsiiovesd by enswy further treatampcytibés) with

C e 01 BUBEC AR il CHply SRR T S oeR Fria g8 BRaicases of

ant i bodﬁétaﬂwedsgéméﬁzcmter whieey tﬁérﬂé@ﬂt@hsae TBYeilEd ahEnbtRbRIpgdand HECT
initial dose at the first day(s) irst day, or first and second

day, orDeetethe tilgenaf Metqqmrvanwl %@@r@ple@ptha)diﬁﬁasg aehielaRsggndpow be

35 LSBT AUt R A B 003 ol o g cotorcos

sur f acebispedific Ism@l@s:daafmannﬂmdy edni e ngepears odnsdﬂdaﬁomtbemyaaﬂeﬁ HSCT in
bi specific in anti bo uare neter body surface area

may be %’@ﬁf?ﬁ §?@8 MirRAPPEI° X‘ngiﬁtﬁ?eﬁéefl rst day(s) of the

i nfusi on period fol I owed by adm nistration of 30 or 45 m cr*am per

square neter body surface as daily dose for the remaining peri od It
is al so_envi saged that 5 m crogram of CD19xCD3 bi speC| fic sing

chai n aht¢ feliRWipg rexampies pieYide %%Qi)ﬂaé%topa@@ a5 Qf ey %Q@Irﬁ'?ﬁeﬁfé‘r gimgle
at the %Hélﬁ.tan%éﬁ?f%gg c%edé’i‘é @ﬁwv?ge;{%%gebinghgg&’e{dcéh's are don%r—denved A

adm nistration o ram o cific single
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CDngng)’as }escﬁe)elevceldfelancaf%gne%lelec ﬁgza.ln anti body may be intravenous,

In a best case scenario it is envisaged that the treatment of pediatric ALL patients with
the CD19xCD3 bispecific single chain antibedy is able to replace conventional pediatric
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adm nistration to a pediatric patient. The invention further rel ates
to the use of a CD19xCD3 bi specific single chain antibody construct

for the preparation of a pharmaceutical conposition for the
t r eat nehite CAHXCHIRbispacifie sindlerchain atibedy gedisedr herelicistadvantageously to be
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WO 2010/ 052013PCT1EP20091007969 43 of m ni mal residual disease (MRD)
in a pediatric patient with acute |ynphoblastic |eukem a (ALL).
Preferably, said pediatric patient is MRD-positive in conplete

henat ol ogl‘(‘,’QIZ‘”r"éh%“slél on. In a further preferred enbodi mBRI/EBI09/HEI69
menti oned nedi cal uses, the adm nistration of said CD19xCD3

bi specific single chain anti body conveegs MRD positive pediatric
acute | ynphoblastic | eukem a (ALL) into an MRD negative status.
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cyt ogeneti es or rearrangenents ef1 ned herein, using
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t he ord‘éf‘o oY dé@'? ﬂ(C['ﬂ n,g%H( &5&?%& QEB%TQF%E&@%I%%@ 8‘1??#_& and clinical

CD19x COSaahieie! phfiertti abE, @e&N@hfe B%Hm&ﬁﬂmtatmsbsﬁés@ﬁtahon and
anmino acid sequence as set forth in SEQI1D NO 1, ‘or an amno acid

s equenctéeanrese,lm onabgenneeslespasific adogenriie aknarmaltiesd heirmavently 1esuging
furth t

ek e AR el o] AT e 8RO examole:
f ol | owett mmTELmamp r eat(mrsc){E?_MBm]c er vigd;11pAERevahb] Y, Kaln)[BCR-ABL]
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d at | t .t f
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negat i Vgeigiigtatsal.; BadRn @t Ber 188hadiUEY the d&tadbimh VasibiastiRlled, Sa BlakSification
to allogeneic stemcell transplantation to convert the MRD positive

ALL i nteyséemNREs hegatdeneleped @od implameatade ph PG AdbOdPetftiassifieation of
adm ni SALAL QinbRotthiR! LBLLAAR)(RaeY S0 € PerlsaZRLANES! 20(005), 349-361;

Schultz et al., Blood 109 (2007): 926-935). Since the CD19xCD3 bispecific single chain
antibody described herein is directed against the B cell-associated marker CD19, said
antibody is particularly suitable as a therapeutic agent for pediatric B-lineage acute
lymphoblastic leukemia, preferably for pediatric B-precursor AlLL's. Pediatric B-
precursor ALL’s can be further subdivided into pediatric pro-B ALL, pre-B ALL and
common ALL (cALL). As shown in the following examples, the treatment according to
the methods of the invention of the seven year aged patient 1 with common ALL being
refractory against any treatment and therefore prone to be fatal, resulted not only in
complete hematologic remission but in complete molecular remission. Put in other
words: no minimal residual disease could be detected any more in this patient after
treatment with CD19xCD3 bispecific single chain antibody. Particularly preferred, the
pediatric acute lymphobiastic leukemia (ALL) is B-precursor ALL, more preferably cALL.
Iimportantly, the CD19xCD3 bispecific single chain antibody is able to kill not only ALL
cells having TCR or immunoglobulin rearrangements, but also ALL cells with various
other cytogenetic abnormalities: For example, it has been found in patient 2 described

in the following examples as well as in adult ALL patients that said antibody is able to
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t he mentioned nedi cal uses, the CD19xCD3 bispecific single chain
anti body construct is to be admnistered in a daily dose of 10pg to
100pg per WORAFSAHBer patient body surface area. Pref ePQBEP2000/REI6H
CD19xCD3 bispecific single chain antibody construct is to be
adm nistered in a daily dose of 15pg t@330pg per square neter patient
~ body surface area. In another enbodi nent of the nentioned nedical
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WO 2010/ 052013PCT1EP20091007969 46 Exanples: 1. CD19xCD3 bi specific
single chain anti body The generation, expression and cytotoxic
activity of the CD19xCD3 bi specific single chain antibody has been
descri bed WR AN0/SGY184440. The correspondi ng ami no and nHETEPHOYBL7HO
sequences of the CD19xCD3 bi specific single chain antibody are shown
in SEQID NGs. 1 and 2, respectively. The VH and VL regions of the
CO3 binding domain of the CD19xCD3 bi specific single chain antibody
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pre-treated with both chemotherapy and allogenic stem cell transplantation, the patients

relapsed several times. The patients therefore had an extremely poor prognosis.
However, after treatment with the CD19xCD3 bispecific single chain antibody, the
patients' were MRD negative, i.e. showed a complete molecular remission. Put in other
words: The treatment eliminated acute lymphoblastic leukemia cells from the pediatric
patients’ body below detection limit. Most importantly, the bone marrow of the pediatric

patients have been cleared from leukemic cells.

In a preferred embodiment of the pharmaceutical methods and means of the invention,

the acute lymphoblastic leukemia (ALL) of the pediatric patient(s) is refractory to
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preferably within one year of diagnosis. Preferably, said relapse is a bone marrow

relapse.

The term “chemotherapy” as used herein denotes chemotherapy used for the treatment
of pediatric acute lymphoblastic leukemia (ALL). Chemotherapy is the initial treatment of
choice for pediatric ALL (see e.g. Pui CH, Jeha S, Nat Rev Drug Discov 6 (2007): 149-
165; Schmiegelow K, Gustaffson G. Acute lymphoblastic leukemia. In: Cancer in
Children: Clinical Management. Voute PA, Barret A, Stevens MCG, Caron HN (eds).
London, UK, Oxford University Press, 2005, p. 138-170; Schmoll, Héffken, Possinger,
loc. cit.). Most pediatric ALL patients end up receiving a combination of different
treatments. In the treatment of pediatric ALL, there are no surgical options, due to the
body-wide distribution of the malignant cells. In general, cytotoxic chemotherapy for
pediatric ALL combines multiple anti-leukemic drugs in various combinations.
Chemotherapy for pediatric ALL consists of three phases: remission induction,
intensification, and maintenance therapy. Chemotherapy is also indicated to protect the
central nervous system from leukemia, The aim of remission induction is fo rapidly kill
most tumor cells and get the pediatric patient into complete haematological remission.
This is defined as the presence of less than 5% leukemic blasts in the bone marrow (as
determined by light microscopy), For example, Clofarabine, Cyclophosphamide, VP16,
Amsacrine, Prednisone, Melphalan, or Cytarabine, alone or in combination, is used to
induce remission. Intensification uses high doses of intravenous muitidrug

chemotherapy to further reduce tumor burden. Typical intensification protocols use
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2010/ o3poEmissicpprdactiany Angantensification regimens. Although such cells are few, they
will cause relapse if not eradicated. For this purpose, daily oral mercaptopurine, once

weekly oral methotrexate, once monthly 5-day course of intravenous vincristine an. The
length of maintenance therapy is 3 years for boys, 2 years for girls and adults. Nervous
system relapse is treated with intrathecal administration of hydrocortisone,
methotrexate, and cytarabine. As the chemotherapy regimens can be intensive and
protracted (often about 2 years in case of the GMALL UKALL, HyperCVAD or CALGB
protocols; about 3 years for males on COG protocols), many patients have an
intravenous catheter inserted into a large vein (termed a central venous catheter or a
Hickman line), or a Portacath (a cone-shaped port with a silicone nose that is surgically
planted under the skin, usually near the collar bone). However, chemotherapy remains
a highly toxic procedure, in particular for pediatric patients.

Patients can experience a recurrence of ALL after initial therapy and/or become
refractory fo chemotherapy following treaitment. Pediatric ALL patients who are
refractory io chemotherapy have a markedly poor prognosis. In particular, the prognosis
of pediatric patients with Ph+ ALL or ALL with t(4,;11) translocations treated only with
chemotherapy is poor. Since the method of the invention is capable of rendering the
pediatric ALL patients MRD-negative, it is particularly useful for the treatment of ALL
patients refractory to chemotherapy and/or allogeneic HSCT. In light of this, the term
‘refractory to chemotherapy and/or allogeneic HSCT® as used herein denotes
resistance of the acute lymphoblastic leukemia cells to chemotherapy and/or allogeneic
HSCT.
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transplantation remains a risky procedure, in particular for pediatric patients.

The term “eligible for allogeneic hematopoietic stem cell transplantation (HSCT)" as
used herein means that allogeneic stem cell transplantation is the required therapy for
the pediatric ALL patient. In cases, where the pediatric ALL patient is eligible for
allogeneic stem cell transplantation, the following two scenarios may be envisaged.
First, in one embodiment of the pharmaceutical methods and means of the invention,
the administration of the CD19xCD3 bispecific single chain antibody (alone or preferably
as a pharmaceutical composition) can be used to replace allogeneic stem cell
transplantation used as a conventional therapy for pediatric ALL patients eligible for
transplantation. So the method of the invention can avoid the health risks for the
pediatric ALL patients associated with allogeneic HSCT. In addition, about 30% of the
transplanted pediatric ALL patients usually relapse after transplantation. So the method
of the invention can be used to treat these patients. In an alternative embodiment, the
continuous infusion of the CD19xCD3 bispecific single chain antibody to the pediatric
ALL patient may be followed by an allogeneic stem cell transplantation. In this
embodiment, the administration of a pharmaceutical composition comprising the
CD19xCD3 bispecific single chain antibody construct can be used to convert pediatric
ALL patients eligible for transplantation into an MRD negative-status before they receive
the transplantation. In this way, the method of the invention can be used in order to
eliminate MRD, which leads to a lower risk of relapse than the transplantation treatment
of MRD-positive patients. The following examples present a pediatric patient (patient 1)

who has first been converted into an MRD-negative status upon treatment with the



<151> 2008-11-07 <150> 61/221, 269 <151> 2009-06-29 <150> 61/183, 291
<151> 2009- 06- 02 <160> 22 <170> PatentIn version 3.3 <210> 1 <211>
498 <212> PAT <213> Artificial Sequence <220> <221> source <223>
/ not e=" DesWOi28t/0§@018f artificial sequence: CD19xCD3 bi sBEFEPIEYEITHY e
chai n anti body" <400> 1 Asp Ile G n Leu Thr Gn Ser Pro Ala Ser Leu-
Ala Val Ser Leu Ay 151015 30

CD19xCD3 bispecific single chain antibody, followed by an allogeneic transplantation.

Until now (November 2009), this pediatric patient is still MRD negative.

The term “non-eligible for allogeneic hematopoietic stem cell transplantation (HSCT)” as
used herein means those pediatric patients for whom allogeneic stem cell
transplantation is not the ALL treatment of choice, for instance, due to medical reasons.
it could also happen that no appropriate donor is available for allogeneic stem cell

transplantation.

Accordingly, in one embodiment, the acute lymphobtlastic leukemia (ALL) is refractory to
chemotherapy and/or allogeneic HSCT in pediatric patients non-eligible or no longer
eligible for allogeneic HSCT. For example, a pediatric patient may be in such bad
clinical condition that no allogeneic stem cell transplantation can be carried out for

medical reasons.

Patient 1 shown in the following examples has not been eligible for allogeneic stem cell
transplantation before freatment with the CD19xCD3 bispecific single chain antibody,
due to his poor state of health. In such a case, treatment with the CD19xCD3 bispecific

singie chain antibody provides a new therapeutic approach for pediatric ALL.

So far, ALL meant the death sentence for pediatric patients refractory to chemotherapy
and non-eligible for allogeneic HSCT. The method of the invention for the first time
provides a therapy for this pediatric patient population in that it eliminates the minimal
residual disease (MRD) which otherwise would cause a relapse and which would finally
kill said patients.

It is within the scope of the pharmaceutical methods and means of the invention, that
the CD19xCD3 bispecific single chain antibody construct be administered to pediatric
ALL patients who have received chemotherapy, alone or in combination with an

allogeneic stem cell transplantation, and relapsed thereafter.
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amelioration or elimination of minimal residual disease (MRD) in a pediatric patient with
acute lymphobilastic leukemia (ALL).

The term “minimal residual disease (MRD)" as defined herein denotes a term used after
treatment e.g. with chemotherapeutics when leukemic celis cannot be found in the bone
marrow using standard tests, such as microscopic methods. Rather, more sensitive
tests such as flow cytometry (FACS based methods) or polymerase chain reaction
(PCR) have to be used in order to find evidence that leukemia cells remained in the
bone marrow of the pediatric ALL patient. More specifically, the presence of leukemia
cells below the cytological detection limit (5% leukemic cells) is defined as minimal
residual disease (MRD). If no MRD is detectable (<10, i.e. less than 1 leukemia cell
per 10* bone marrow cells detectable), a complete molecular remission is reached
(MRD negativity or MRD negative status). An "MRD positive status” as defined herein
means a signal measured by PCR or FACS above detection limit or a quantitative
threshold. An "MRD negative status” as defined herein means below detection limit
and/or below a quantitiative threshold measured by PCR or FACS. The prognostic
value of minimal residual disease quantification in childhood ALL has been described
e.g. in Bader et al. (J. Clin. Oncol. 27 (2009). 377-384) or Eckert et al. (Lancet 358
(2001): 1239-41). The MRD status can be measured by PCR or FACS analysis in that
the individual cytogenetic abnormalities mentioned herein, and/or rearrangements of
immunoglobulin genes or T-cell receptor (TCR) rearrangements are quanfitatively
detected. For example, PCR analysis can detect fusion transcripts such as ber/abl or
t(4:11) translocations as well as individual clonal rearrangements of immunoglobulins

(IlgH) and/or T-cell receptor genes (TCR).

As demonstrated in the foliowing examples, upon treatment with the CD19xCD3
bispecific single chain antibody described herein, all acute lymphoblastic leukemia cells
could be eliminated from the body of the pediatric ALL patients so that a complete
molecular remission (i.e. an MRD negative status) could be achieved.

Recurrent chromosomal abnormalities in the malignant cells of pediatric and adult
patients with acute lymphoblastic leukemia are hallmarks of the disease (Harrison and
Foroni, Rev. Clin. Exp. Hematol. 6 (2002), 91-113). Specific aberrations which are



115120125 G n Leu Gn Gn Sex Gy Ala Au Leu Val Arg Pro Ay Ser Sex
Val 130135140 Lys Ile Sex Cys Lys Ala Sex Ay Tyr Ala Phe Sex Set Tyr
Trp Met 145150155160 Asn Trp Val Lys Gn Arg Pro Ay Gn Ay Leu Qu
Trp Ile AYO@HUEEEI70175 Ile Trp Pro Ay Asp Ay Asp TRET/REWOFYNT968sn
Ay Lys Phe Lys Ay 180185190 Lys Ala Thr Leu Thr. Ala Asp GQu Ser

Sex Sex Thr Ala Tyr Net G n 195200205 g2u Ser Sex Leu Ala Sex G u Asp
Sex Ala Val Tyr Phe Cys Ala Arg 210215220 Arg G u Thr Thr Thr Val Gy

Arg Tyt daiently indlaadEt o Sonsi¥ent UhderyRaCaonedtilar lesions can assist or even

establish the diagnosis and determine optimal therapy. In childhood ALL, numerous
good and high-risk cytogenetic subgroups have been identified which are regularly used
to stratify patients to particular therapies (Pui and Evans, N. Engl. J. Med. 354 (2006),
166-178). In adult ALL, the role of cytogenetics in patient management has largely been
centered on the presence of the Philadelphia (Ph) chromosome which usually arises
from 1(9;22)(q34;q11.2) and results in BCR-ABL fusion (Faderl et al., Blood 91 (1998),
3995-4019). Although the overall incidence of Ph+ ALL in adults is approximately 25%,
it is correlated with age and rises to greater than 50% among patients older than the
age of 55 years (Appelbaum, American Society of Clinical Oncology 2005 education
book. Alexandria: ASCO, 2005; 528-532). Other cytogenetic translocations associated
with specific molecular genetic abnormalities in acute lymphoblastic leukemia (ALL) are

shown in Table 1 and also described in Schultz et al. or Bader et al., loc. cit. '

Table 1:

Cytogenetic translocation|Molecular genetic abnormality

4(9:22)(q34:911) BCR-ABL fusion(P185)

£(12;21)CRYPTIC

TEL-AML1fusion

t(1:19)(q23;p13)

E2A-PBX fusion

t(4;11)(q21,923)

MLL-AF4 fusion

t(8,14)(q24,q32)

IGH-MYC fusion

t(11;14)(p13;q11)

TCR-RBTN2 fusion




Gy Gn dy Thr Thr Val Thr Val Sex Sex Ay Gy Gy Ay Sex Asp
245250255 Ile Lys Leu Gn G@n Sex Ay Ala GQGu Leu Ala Arg Pro Ay Al a
Sex 260265270 Val Lys Met Sex Cys Lys Thr Set Ay Tyr Thr Phe Thr Arg
Tyr Thr 278980085208t Hi s Trp Val Lys G n Arg Pro Ay GRIVEPIVIIY u
Trp Ile Ay 290295300 Tyr Ile Asn Pro Sex Arg Ay Tyr Thr Asn Tyr Asn
G n Lys Phe Lys 305310315320 Asp Lys AB& Thr Leu Thr Thr Asp Lys Ser
Sex Sex Thr Ala Tyr Met 325330335 3/12 Arg Tyr Tyr Asp Asp His Tyr

s LewsiSReddticsT has Bén MhdeSirigllYecognized as an important predictor of outcome in
ALL (Moormann et al., Blood 109 (2007), 3189-97).
Some cytogenetic subtypes have a worse prognosis than others. These inciude e.g.:
(i) A translocation between chromosomes 8 and 22, the Philadelphia chromosome
(Ph+), occurs in about 20% of aduit and 5% in pediatric cases of ALL.
(i) A translocation between chromosomes 4 and 11 occurs in about 4% of cases and is

most common in infants under 12 months.

Rearrangements of immunoglobulin genes or T-cell receptor (TCR) rearrangements and
their role in ALL have been described in the art (see e.g. Szczepanski et al., Leukemia
12 (1998), 1081-1088).

In ancther preferred embodiment of the pharmaceutical methods and means of the
invention, said pediatric ALL patient is MRD-positive in complete hematological

remission.

The term “remission” or “complete hematological remission” as used herein is to be
understood as having no evidence of ALL disease after standard treatment, e.g. after
chemotherapy and/or transplantation. This means that the bone marrow contains fewer
than 5% blast celis as determined by light microscopy, the blood cell counts are within
normal limits, and there are no signs or symptoms of the ALL disease. Nevertheless, it
may occur that not all leukemia cells could be eliminated from the body. Such a patient,
though staged as being in remission or complete hematological remission, is still MRD
positive. These remaining fumor cells may give rise to recurrent leukemia. The
pharmaceutical means and methods of the invention can be used to kill these remaining
tumor cells in order to prevent recurrence of the leukemia originating from the occuit
leukemia cells remaining in the body after primary therapy. In this way, the
pharmaceutical means and methods help to prevent disease relapse in pediatric ALL
patients.

In contrast, a “molecular complete remission” means that there is no evidence of
leukemia cells in biopsies of the bone marrow, even when using very sensitive tests
such as PCR or FACS analysis. Put in other words: If no MRD is detectable (<10%, i.e.



355360365 Thr Leu Thr.Val Ser Ser Val Gu Gy Ay Ser Ay Gy Ser Ay
Gy 370375380 Ser Ay Gy Ser Ay dy.Val Asp Asp Ile Gn Leu Thr Gn
Set Pro 385390395400 Ala Ile Met Set Ala Set Pro Ay Gu Lys Val Thr

Met Thr O/YOAPH/MRYHA10415 Ala Set Set Set Val Set Tyr MBETEEHOFPYOGPy
Gn Gn Lys Ser Ay 420425430 Thr Ser Pro Lys Arg Trp Ile Tyr Asp Thr
Set Lys Val Ala Ser Gy 435440445 Val P#o Tyr Arg Phe Set Ay Set Qy
Set Ay Thr Set Tyr Set Lau 450455460 Thr Ile Set Set Met Qu Ala Gu

Asp Al gedd thalénd Wukédriia &¥5 p&t NOUESHY AarRABLells), a complete molecular remission

is reached.

In another preferred embodiment of the pharmaceutical methods and means of the
invention, the administration of said pharmaceutical composition converts MRD-positive

pediatric acute lymphobiastic leukemia (ALL) intc an MRD negative status.

in another preferred embodiment of the pharmaceutical methods and means of the
invention, MRD is measured with quantitative detection of at least one of the
cytogenetic abnormalities or rearrangements selected from the group consisting of:

t(12;21)[TEL-AMLA];

t(1,19;)[E2A-PBX];

t(4:11)[AF4-MLL];

1(9;22)[BCR-ABL];

hyperdiploidy or simultaneous trisomies of chromosomes 4, 10, and 17;

hypodiploidy (i.e. less than 44 chromosomes),

rearrangements of immunoglobulin genes; and

T-cell receptor {TCR) rearrangements.

MRD is measured with quantitative detection of at least one of: (i) the individual
cytogenetic abnormalities mentioned herein, such as t(12;21)[TEL-AML1}; t(1;19;)[E2A-
PBX]; t{4:11)[AF4-MLL]; 1(9,22)[BCR-ABL]; hyperdiploidy (or simultaneous trisomies of
chromosomes 4, 10, and 17), hypodiploidy (i.e. less than 44 chromosomes), or (ii) the
rearrangements of immunoglobulin genes or T-cell receptor (TCR) rearrangements, see
also Table 1. Said quantitative detection of the mentioned cytagenetic abnormalities or
rearrangements are preferably carried out by using, for example, PCR or FACS

analysis.

The method of the invention provides a therapeutic approach for the treaiment,

amelioration or elimination of MRD, thereby reducing or even abolishing the risk of



Gn Trp Ser Set Asn Pro Leu Thr Phe Ay Ala Gy Thr Lys Leu GQu
485490495 Leu Lys <210> 2 <211> 1494 <212> DNA <213> Artifici al
Sequence <220> <221> source <223> /note="Description of artificial
sequence: Y¥OROLASRB| specific single chain antibody" <4®83/EP2009/007969
gat at ccagc tgacccagtc tccagcttct ttggctgtgt ctctagggca gagggccacc60
atctcctgca aggccagcca aagtgttgat tatgat3ggtg atagttattt gaactggtacl20
caacagattc caggacagcc acccaaactc ctcatctatg atgcatccaa tctagtttct 180

gg9at COERMneCRYThE [HiAHECRAL Palicht NGIEBRAYUARNECRSATIer ARARES & péliatric

ALL patients has not yet been available until now.

In another preferred embodiment of the pharmaceutical methods and means of the
invention, said pediatric patient having MRD shows a signal for a cytogenetic
abnormality above detection limit and/or at least one marker by rearrangement with a
sensitivity of 210™. Preferably, MRD is detected by PCR and/or FACS analysis.

The individual cytogenetic abnormalities mentioned herein include e.g. t(12;21)[TEL-
AML1]; t(1;19)[E2A-PBX]; t(4;11)[AF4-MLL];, 1(S;22)[BCR-ABL};, hyperdiploidy (or
trisomy of chromosomes 4, 10, and 17), hypaodiploidy. The rearrangements include, for
instance, rearrangements of immunoglobulin genes or T-cell receptor (TCR)
rearrangements; see also Table 1. The MRD represented by ALL cells carrying said
cytogenetic abnormalities and/or rearrangements can be detected by PCR or FACS

analysis.

For example, the term “above ber/abl signal above detection limit” as used herein
means that PCR or FACS analysis leads {o a detectable ber/abl signal. Similary, a
t(4:11) translocation signal means that said translocation can be detected by PCR or
FACS. This applies mutatis mutandis to the other cytogenetic abnormalities or
rearrangements mentioned herein. The term “with a sensitivity of 210 “ in context with
rearrangements means that at least one leukemia cell or more than cne leukemia cells
(with the mentioned TCR or immunoglobulin rearrangement) per 10* bone marrow cells
can be detected by the mentioned methods.

[n another preferred embodiment of the pharmaceutical methods and means of the
invention, the time to molecular relapse (detectable by the assays described above) is
more than 6 months, preferably more than 7, 8, 8, 10, 11 or 12 months, or even more
preferred for 2, 3, 4, 5 or more years.

The term “molecular relapse” as used herein means that said pediatric patient shows a
signal for a cytogenetic abnormality above detection limit and/or at least one marker by

rearrangement with a sensitivity of 210, by PCR and/or FACS, as set forth above.



cct gt ggaga acgttcggtg tccggtggtg gggtcctcag aact gggt ga gat ggt gat a
tcct ccagca ttctgtgcaa ggccaaggga cagtcagggg ggcetacacct gaatggattg
gacaaggcca ctgacatctg cttgactact ggttctggtg gcaatcatgt gtaagttaca
gacacat ccaVPRAt4EE ¢ cagt ggagt a aggt ggat gc gagggaccaaPGTEHIOEPEE
t gaagatttc agcagaggcc ctaactacaa cagcctacat gacgggagac ccacggtcac
ctgaactggc ttactaggta gatacattaa cattg#étac aggactctgc ggggccaagg
gaagt ggagg ctgcatctcc tgaactggta aagtggcttc tcacaatcag gtaacccgct

tgcaacclhaén%bf;gﬁ@fétn‘édggﬁ%ﬁgﬁéﬂt 6t L FHaFhatSGReRINSthol9 EFRPAdehs of the
gcaact cagc tacgacggta cgtctcctcc aagacctggg cacgatgcac tcctagccgt

agacaaaithentian, dhataosespandiagt wriable begyy ghainawginnsghag archiiwagemgsponding

t ggagt ccct . caqec C C / a t . gt . :

I okl EO T S - o

ggagg gueiea rogy I oEg) ih Ui ORRgA -

acagtctcct_ gtcgacgaca gtcaccatga tcaggcacct tatcgcttca gctgaagat gL )
DI ER Y

gct ggga\fﬁ@ 1399:%@1( % Lé@@@a-t ct gg gggct gagct cattcagtag ttggacagat

ccactctgac ctgaggactc act t at t ccgat. at t gt ¢ct g agaqgcct. .
2t tacaalhs uttdeged B elis begw St e fraaged a8 DURIRGGAHE variable
cccccaagyl Bhaifc asigNs COF Gagidng 20Ched@D3 arfDaDFYLIBAdPY domains of the
cggcggc8%c360 %gt gaggcct 420 ) ) .
19xCD3" bispecific single chain antibody are shown in SEQ ID NOs. 3 to 10,
respectively. The corresponding CDR regions of the respective VH and VL regions of
the mentioned CD19xCD3 bispecific single chain antibody are shown in SEQ ID NOs.

11 to 22.

In another preferred embodiment of the pharmaceutical methods and means of the
invention, said CD19xCD3 bispecific single chain antibody construct comprises an
amino acid sequence as set forth in SEQ ID NO. 1, or an amino acid sequence at least
90%, preferably at least 85% identical to SEQ [D NO. 1.

The invention describes a CD19xCD3 bispecific single chain antibody molecule
comprising an amino acid sequence as depicted in SEQ ID NO. 1, as well as an aminoc
acid sequence at least 890 % or preferably 95 % identical, most preferred at least 96, §7,
98, or 99 % identical to the amino acid sequence of SEQ ID NO. 1. The invention
describes also the corresponding nucleic acid sequence as depicted in SEQ ID NO. 2
as well as a nucleic acid sequence at least 90 %, preferably 95 % identical, most
preferred at least 96, 97, 98, or 99 % identical to the nucleic acid sequence shown in
SEQ ID NO. 2. It is to be understood that the sequence identity is determined over the
entire nucleotide or amino acid sequence. Moreaver, it is to be understood that a
bispecific single chain antibody molecule comprising an amino acid sequence at least
90 % or preferably 95 % identical, most preferred at least 96, 97, 98, or 99 % identical
to the amino acid sequence of SEQ ID NO. 1 contains all of the CDR sequences shown
in SEQ ID NOs. 11 to 22. For sequence alignments, for example, the programs Gap or
BestFit can be used (Needieman and Wunsch J. Mol. Biol. 48 (1970), 443-453; Smith
and Waterman, Adv. Appl. Math 2 (1981), 482-489), which is contained in the GCG
software package (Genetics Computer Group, 575 Science Drive, Madison, Wisconsin,



ct act ggat g480 ttggcct gga540 tgcagacgaa600 tgcggtctat 660 ggactactgg720
caaact gcag780 caagacttct 840 acagggtct g900 gaagttcaag960

act gagcagcl1020 tcattactgcl080 tggaagtggalld40 ccagtctccal200
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USA 53711 (1991). It is a routine method for those skilled in the art to determine and
identify a nucleotide or amino acid sequence having e.g. 80%, 95%, 96%, 97%, 98% or
99% sequence identity to the nucleotide or amino acid sequences of the CD18xCD3
bispecific single single chain antibody described herein. For example, according to
Crick’'s Wobble hypothesis, the 5' base on the anti-codon is not as spatially confined as
the other two bases, and could thus have non-standard base pairing. Put in other
words: the third position in a codon triplet may vary so that two triplets which differ in
this third position may encode the same amino acid residue. Said hypothesis is well
known to the person skilled in the art (see e.g.
http:/fen.wikipedia.org/wikiWobble_Hypothesis; Crick, J Mol Biol 19 (1966). 548-55). It
is furthermore a routine procedure for those skilled in the art to determine cytotoxic
activity of such an amino acid sequence having e.g. 90%, 95%, 96%, 97%, 98% or 99%
sequence identity to the nucleotide or aminc acid sequences of the CD19xCD3
bispecific single single chain antibody described herein. Cytotoxic activity of the
CD19xCD3 bispecific single chain antibody or an antibody construct having e.g. 90%,
95%, 96%, 97%, 98% or 98% sequence identity to the amino acid sequences of the
CD18xCD3 bispecific single single chain antibody can be determined by methods as
illustrated e.g. in WO 99/54440, WO 2004/106381, or WO 2007/068354.

In another preferred embodiment of the pharmaceutical methods and means of the
invention, the pharmaceutical composition comprising a CD19xCD3 bispecific single
chain antibody construct is to be administered by continuous infusion for at ieast four
weeks followed by a 2-week treatment-free interval. One treatment cycle is to be
understood as continuous infusion of said antibody for at least four weeks, foliowed by a
2-week treatment-free interval. This interval may in turn be foliowed by one or more
treatment cycles or by an allogeneic HSCT. Preferably, said administration by
continuous infusion of the CD19xCD3 bispecific single chain antibody (i.e. one
treatment cycle) is to be repeated at least two, three times, four, five, six, seven, eight,
nine or even up to ten times, after determination of a MRD negative status, for
consolidation.



gt ct gggaccl1l380 ttactgccaald40 gaaald94 <210> 3 <211> 124 <212> PRT
<213> Artificial Sequence <220> <221> source <223> /note="Description
of artificial sequence: Vii anti CD19" <400> 3 Adn Val @n Leu dn
G n Ser AWOAPH/OSFWU3 Leu Val Arg Pro Ay Ser 151015 Ser VEIVEPIEIP|7869
Ser Cys Lys Ala Ser Ay Tyr Al a Phe Ser Ser Tyr
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In one embodiment of the pharmaceutical methods and means of the invention, the
method is prior to allogeneic stem cell transplantation to convert the MRD positive ALL

into an MRD negative status.

In another embodiment of the pharmaceutical methods and means of the invention, the
method is after allogeneic HSCT, for example, in cases where the pediatric ALL
relapsed after conventional ALL therapy using chemotherapy and/or allogeneic stem

cell transplantation.

In another preferred embodiment of the pharmaceutical methods and means of the
invention, the CD18xCD3 bispecific single chain aniibody construct is to be
administered in a daily dose of 10ug to 100ug per square meter patient body surface

area.

As used herein, a dose range which is defined as "X to Y” equates with a dose range
which is defined as “between X and Y". The range includes the upper limit and also the
lower limit. This means that for example a daily dose of 10pg to 100pg per square meter
patient body surface area includes “10ug” and “100pg”.

In an even more preferred embodiment of the pharmaceutical methods and means of
the invention, the CD19xCD3 bispecific single chain antibody construct is to be
administered in a daily dose of 15ug, 30ug, 60 ug or 90 pg per square meter patient
body surface area. Even more preferred, said antibody is to be administered in a daily
dose of 15 to 30 ug per square meter patient body surface area, most preferred in a
daily dose of 15 or 30 ug per square meter patient body surface area.

The average body surface area of a pediatric patient is hereby calculated in the context
of the method or use according to the invention to be in a range of about 0,2 to 2,2 m?,
For the calculation see e.g. the formulas provided by
http:llmvw.cato.eulkoerperoberﬂaebhe-kinder.html



202530

5/12 Trp Met Asn Trp Val Lys Gn Arg Pro Ay Gn Gy Leu Qu

Trp Ile 354045 Ay Gnlle Trp Pro Ay Asp Ay Asp Thr Asn Tyr Asn
Ay Lys Phe 505560 Lys Gy Lys Ala Thr Leu Thr Ala Asp Qu Ser Ser
Ser Thr AWORIH/SH1H7580 Met G n Leu Ser Ser Leu Al a SePCHER2088/p788y

Al a Val

Tyr Phe Cys 859095 Ala Arg Arg G u Thr Thr Thr Val Ay Arg

Tyr Tyr Tyr Ala Met Asp 100105110 Tyr Bsp Ay Gn Ay Thr Thr Val Thr
Val Ser Ser 115120

In another embodiment of the pharmaceutical methods and means of the invention, the
pediatric acute lymphoblastic leukemia (ALL) is newly diagnosed, refractory or relapsed
pediatric ALL, or refractory and relapsed ALL. Newly diagnosed pediatric ALL as used
herein means that the ALL disease has been diagnosed in the pediatric patient for the
first time.

In another embodiment of the pharmaceutical methods and means of the invention, said
method is for a patient with high risk of relapse according to the COGAALLQO3B1

classification of acute lymphaoblastic leukemia.

Advantageously, the pharmaceutical composition comprising the CD19xCD3 bispecific
single chain antibody as described herein further comprises, optionally (a) reaction
buffer(s), storage solutions and/or remaining reagents or materials required for the
recited method or use. Furthermore, said components can be packaged individually in

vials or bottles or in combination in containers or multicontainer units.

In order to evaluate safety and tolerability of the CD19xCD3 bispecific single chain
antibody as described herein, the compound is to be administered by long-term

continuous infusion.

It has been found that the beneficial and unexpected effects of the pharmaceutical
means and methods of the invention can be obtained by administering the CD19xCD3
bispecific single chain antibody in a daily dose of 10 microgram to 100 microgram per
square meter body surface area. The daily dose may be kept constant over the
administration period. However, it is also within the ambit of this embodiment that for the
initial day(s) of the infusion period a lower dose of CD19xCD3 bispecific single chain
antibody be administered (“initial dose”) prior to the pharmaceutical methods described
herein, whereas for the remaining infusion period a higher dose ("maintenance dose”)
be applied. This measure may help to adapt the patient's body to the antibody treatment
and/or to avoid undesired side effects. For example, 5 microgram of bispecific single
chain antibody per square meter body surface area may be administered as an initial
dose at the first day(s) (e.g. first day, or first and second day, or first, second and third
day, etc. up to the seventh day) of the infusion period followed by administration of 15



<210> 4 <211> 372 <212> DNA <213> Artificial Sequence <220> <221>
source <223> /note="Description of artificial sequence: VH anti 0019"
<400> 4 caggt gcagc tgcagcagtc tggggctgag ctggtgaggc ctgggtcctc

agt gaagat t\80 20¥@6Ydhagg cttctggcta tgcattcagt agcet act ggBCTEBAWIHHGE
gaagcagaggl20 cctggacagg gtcttgagtg gattggacag atttggcctg gagat ggtga
tact aact ac180 aat ggaaagt tcaagggtaa agédbactctg actgcagacg aatcctccag
cacagcctac240 atgcaactca gcagcctagc atctgaggac tctgecggtct atttctgtge

g st eS80 i Sharlod g AR aRaTr o
Arti fi onwrogaguehbispecific single chain antibody per square meter body surface area may
be administered as initial dose at the first day(s) of the infusion period followed by
administration of 30 or 45 microgram per square meter body surface as daily dose for
the remaining period. It is also envisaged that 5 microgram of CD19xCD3 bispecific
single chain antibody per square meter body surface area may be administered at the
first day(s) of the infusion period, followed by administration of 15 microgram of
CD19xCD3 bispecific single chain antibody per square meter body surface area for the
following day(s) of the infusion period, followed by administration of 30 or 45 microgram
per square meter body surface as daily (maintenance) dose for the remaining
administration period of a total of at least 4 weeks. The two initial doses may be
administered not only for one day, but also for 2, 3, 4, 5, 6 or 7 days or even longer. The
average body surface area of a patient is hereby calculated in the context of the
pharmaceutical methods and means according to the inven;cion to be in a range of 0,2 to

2.2 m?

The uninterrupted administration of the CD19xCD3 bispecific single chain antibody may
be intravenous, parenteral, subcutaneous, transdermal, intraperitoneal, intramuscular or
pulmonary. The intravenous mode of administration will in most cases be the mode of
choice for uninterruptedly administering the CD19xCD3 bisbecific single chain antibody
and, as the case may be, for co-administration of a pharmaceutical agent as part of a
regimen of co-therapy. As such, intraveneous administration is especially preferred. In
this case, a suitable metering device such as the mulii-therapy infusion pump model
6060 manufactured by Baxter may advantageocusly be chosen. Whatever metering
device is chosen, it should be of such design and construction as to minimize or, better,
preclude an interruption of administration of therapeutic agent in the event of cartridge
exchange and/or power cell replacement or recharging. This may be accomplished, for
example by choosing a device with a secondary reservoir of CD19xCD3 bispecific
single chain antibody solution apart from the cartridge to be exchanged so that
continuous infusion from this secondary reservoir into the pediatric patient may continue
even while the empty or almost empty cartridge is removed and replaced with a fresh
one.



<220> <221> source <223> /note="Description of artificial sequence:

VL anti

CD19" 6/12 <400> 5 Asp Ile G n Leu Thr Gn Ser Pro Ala Ser

Leu Ala Val Ser Leu Gy 151015 G n Arg Ala Thr Ile Ser Cys Lys. Al a
Ser G n SeWORIVARIY3Tyr Asp 202530 Ay Asp Ser Tyr Leu K§W—Ef¥‘l99’?‘§/7|969
Gn Gnlle Pro dy Gn Pro Pro 354045 Lys Leu Leu Ile Tyr Asp Al a
Ser Asn Leu Val Ser @y Ile Pro Pro 508%60 Arg Phe Ser Ay Ser Ay
Ser Ay Thr Asp Phe Thr Leu Asn Ile H's

A mode of intraveneous administration and, as the case may be, of co-administration as
part of a regimen of co-therapy involves the implantation of a pump into the body of the
pediatric patient for metering such administration. One of ordinary skill in the art is
aware of such metering pumps, for example model 6060 manufactured by Baxter as set

forth above.

As a non-limiting example, it may be that the uninterrupted, ie. continuous
administration is to be realized by a small pump system worn by or implanted into the
pediatric patient for metering the influx of therapeutic agent into the body of the patient..
Such pump systems are generally known in the art, and commonly rely on periodic
exchange of cartridges containing the therapeutic agent to be infused. When
exchanging the cariridge in such a pump system, a temporary interruption of the
otherwise uninterrupted flow of therapeutic agent into the body of the pediatric patient
may ensue. In such a case, the phase of administration prior to cartridge replacement
and the phase bf administration following cartridge replacement woulid still be
considered within the meaning of the pharmaceutical means and methods of the
invention to together make up one “uninterrupted administration” of such therapeutic
agent. The same would apply for very long administrations in which the cartridge would
require replacement more than once, or in which the power cells driving the pump would
require replacement, leading to a temporary offset of the flow of therapeutic solution into

the body of the patient.

Appropriate measures should also be taken to minimize the danger of infection at the
puncture site of administration into the patient’s body, as such long-term wounds are
especially prone to such infection. The above also applies for intramuscular

administration via a similar delivery system.

The continuous administration may be transdermal by way of a patch worn on the skin
and replaced at intervals. One of skill in the art is aware of patch systems for drug
delivery suitable for this purpose. it is of note that transdermal administration is
especially amenable to uninterrupted administration, as exchange of a first exhausted
patch can advantageously be accomplished simultaneously with the placement of a



65707580 Pro Val GQu Lys Val Asp Ala Ala Thr Tyr Hs Cys Gn Gn Ser
Thr 859095 A u Asp Pro Trp Thr Phe Ay Ay Ay Thr Lys Leu Qu lle
Lys 100105110 <210> 6 <211> 333 <212> DNA <213> Artificial Sequence
<220> <221%02BWEH13223> [ note="Description of artifici BFTEBHIYHTE?
VL anti CD19" <400> 6 gatatccagc tgacccagtc tccagcttct ttggctgtagt

ct ct agggca gagggccacc60 atctcctgca aggd@agcca aagtgttgat tatgatggtg
atagttattt gaactggtacl20 caacagattc caggacagcc acccaaactc ctcatctatg

at gcat GEAR dedondiddten, 1P c489RIcL 66 Ahe GLHABE dfdBe LRBCIAThEMIEtd Y BARRBAAD the
acttcaccct caacatccat240 ) .
first exhausted patch and immediately prior to removal of the first exhausted patch.

Issues of flow interruption or power cell failure do not arise.

Furthermore, the invention relates to a CD19xCD3 bispecific single chain antibody
construct for the treatment, amelioration or elimination of pediatric acute lymphoblastic
leukemia (ALL), wherein said CD‘EQxCDS bispecific single chain antibody is to be
prepared for administration to a pediatric patient.

The invention further relates fo the use of a CD19xCD3 bispecific single chain antibody
construct for the preparation of a pharmaceutical composition for the treatment,
amelioration or elimination of pediatric acute lymphoblastic ieukemia (ALL). Therefore,
the present invention also relates to a CD19xCD3 bispecific single chain antibody
construct as defined herein for the treatment, amelioration or elimination of pediatric
acute lymphoblastic leukemia (ALL). The embodiments disclosed herein in context of
the pharmaceutical means and methods apply here mutatis mutandis for the
preparation of the corresponding pharmaceutical composition comprising the single
chain constructs anti CD19xCD3 constructs for the administration to a pediatric patient,
in particular in the treatment, amelioration or elimination of pediatric acute lymphoblastic
leukemia {ALL).

Preferably, said pediatric acute lymphoblastic leukemia (ALL) is pediatric B-lineage
acute lymphoblastic leukemia (ALL), preferably pediatric B-precursor acute
lymphoblastic leukemia ALL, more preferably pediatric pro-B ALL, pre-B ALL or
common ALL (cALL). Even more preferred, the ALL is cALL.

In a preferred embodiment of the mentioned medical uses, said B-precursor ALL is
refapsed and/or refractory to conventional ALL treatment, such as chemotherapy and/or
HSCT.

Preferably, said acute lymphoblastic leukemia (ALL) relapses within about three years
of diagnosis.

in another preferred embodiment of the mentioned medical uses, the CD19xCD3

bispecific single chain antibody construct is for the treatment, amelioration or elimination



cct gt ggaga aggt ggatgc tgcaacctat cactgtcagc aaagtactga ggatccgt gg300
acgttcggt g gagggaccaa gctcgagatc aaa333 <210> 7 <211> 119 <212> PRT
<213> Artificial Sequence 7/12 <223> VIl anti CD3 <400> 7 Asp Ile
Lys Leu GWOAHOSE3Ggy Ala Gu Leu Ala Arg Pro Ay A apﬁyfﬂi‘g‘”@g?‘”
Val Lys Met Ser Cys Lys Thr Ser @y Tyr Thr Phe Thr Arg Tyr 202530
Thr Met His Trp Val Lys Gn Arg Pro G¥3Gn Ay Leu Qu Trp Ile
354045 Gy Tyr Ile Asn Pro Ser Arg Ay Tyr Thr Asn Tyr Asn G n Lys

Phe 505360inimal residual disease (MRD) in a pediatric patient with acute lymphoblastic
leukemia (ALL). Preferably, said pediatric patient is MRD-positive in complete

hematological remission.

In a further preferred embodiment of the mentioned medical uses, the administration of
said CD19xCD3 bispecific single chain antibody converts MRD positive pediatric acute
lymphoblastic leukemia (ALL) into an MRD negative status.

Preferably, MRD is measured with quantitative detection of individual cytogenetic

abnormalities or rearrangements, as defined herein, using PCR and/or FACS analysis.

Even more preferred, the pediatric ALL patient shows a signal for a cytogenetic
abnormality above detection limit and/or at least one marker by rearrangement with a
sensitivity of 210™.

in another preferred embodiment of the mentioned medical uses, the time to molecular

relapse detectable by the indicated detection methods is more than 6 months.

In another preferred embodiment of the mentioned medical uses, the corresponding
variable heavy chain regions (V) and the corresponding variable light chain regions
(V) regions in said CD19xCD3 bispecific single chain antibody construct are arranged,
from N-terminus to C-terminus, in the order, V (CD19)-V»(CD19)-Vi(CD3)-V (CD3).
Preferably, said CD19xCD3 bispecific single chain antibody construct comprises an
amino acid sequence as set forth in SEQ ID NO. 1, or an amino acid sequence at least
90%, preferabiy 95% identical to SEQ ID NO. 1.

In a further preferred embodiment of the mentioned medical uses, one treatment cycle
is a continuous infusion for at least four weeks, followed by a 2-week treatment-free

interval.

Preferably, said administration is to be repeated at least two, three, four, five, six,
seven, eight, nine of ten times, after determination of a MRD negative status.
In another embodiment, the administration is prior to allogeneic stem cell transplantation

to convert the MRD positive ALL into an MRD negative status.

In an alternative embodiment, the administration is after allogeneic stem cell

transplantation.



Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser Ser Ser Thr Al a Tyr
65707580 Met G n Leu Ser Ser Leu Thr Ser Qu Asp Ser Ala Val Tyr Tyr

Cys 859095 Ala Arg Tyr Tyr Asp Asp Hi's Tyr Cys Leu Asp Tyr Trp d
Gndy 10\‘]9(?3%’1‘{99“!"% Thr Leu Thr Val Ser Ser 115 <210>PéT@f1@3’“‘§éﬁf)
<212> DNA <213> Artificial Sequence <220> <221> source <223>

/I note="Description of artificial sequerée: VII anti CD3" <400> 8
gat at caaac tgcagcagtc aggggct gaa ctggcaagac

In another preferred embodiment of the mentioned medical uses, the CD19xCD3
bispecific single chain antibody construct is to be administered in a daily dose of 10ug
to 100ug per square meter patient body surface area.

Preferably, the CD19xCD3 bispecific single chain antibody construct is to be
administered in a daily dose of 15ug to 30pg per square meter patient body surface

area.

In another embodiment of the mentioned medical uses, the administration of the
CD19xCD3 bispecific single chain antibody construct replaces allogeneic stem cell
transplantation in pediatric patients eligible for allogeneic stem cell transplantation.

The embodiments, definitions and explanations provided with respect to the
pharmaceutical methods and means of the invention apply mutatis mutandis to the
medical uses of the CD19xCD3 bispecific single chain antibody construct described

herein.

The Figures show:

Figure 1: CD19xCD3 bispecific single chain antibody (CD19xCD3 bscab) mode of
action. CD19xCD3 bispecific single chain antibody (SEQ ID NO. 1) redirects CD3-
positive cytotoxic T cells to eliminate human acute lymphoblastic leukemia celis carrying
the CD18 antigen.

Figure 2: Failure of conventional ALL therapy in a 7-year old patient with common ALL.
One year after HSCT, the pediatric patient experienced a second bone marrow relapse
and received subsequent chemotherapy including 1 cycle of
Clofarabine/Cycilophosphamide/VVP18, 2 cycles of Amsacrine, VP16, prednisone and 1
cycle of Melphalan/Cytarabine. Despite this aggressive chemotherapy, the patient had
persistant morphologic disease throughout treatment, as demonstrated by the high
MRD levels. Left y-axis indicates FACS-MRD %, right y-axis indicates PCR-MRD (from
10° to <10, x-axis indicates days from first HSCT; see Example 4.

Figure 3: Successful treatment of the pediatric patient by administration of CD19xCD3
bispecific single chain antibody (CD19xCD3 bscab; SEQ ID NO. 1), as demonstrated by



tcctgcaaga cttctggcta cacctttact aggtacacga cctggacagg gtctggaatg
gattggatac attaatccta aatcagaagt tcaaggacaa ggccacattg actacagaca

at gcaact ga gcagcctgac atctgaggac tctgcagtct gatgatcatt actgccttga

ct act ggggcwoeaawgsadéa <211> 106 <212> PRT <213> Arti fi ECAEPBHYOEAG
<220> <221> source <223> /note="Description of artificial sequence:
VL anti OD3" <400> 9 Asp Ile G n Len Ths G n Ser Pro Ala Ile Mt Ser
Ala Ser Pro Ay 151015 Qu Lys Val Thr Met Thr Cys Arg Ala Ser Ser

e, Ve o8, 55 et ety Sl S, A Al TY Sl

Pro TyrAlAr thetbpy,Ske fdtienbeas30Ehed with a continuous infusion of 15 pg/m? CD19xCD3
bispecific single chain antibody (SEQ ID NO. 1) for 5 weeks. Upon antibody treatment,
MRD negativity could be reached. In 10/2008, i.e. 2 weeks after end of treatment with
the CD19xCD3 bispecific single chain antibody (day 0 in Figures 3 to 5), he underwent
a second HSCT from his haploidentical mother using a non-myeloablative preparative
regimen consisting of Clofarabine, Thiotepa and melphalan (Lang) indicated by the
conditioning bar. Left y-axis indicates FACS-MRD %, right y-axis indicates PCR-MRD
(from 10° to <10%), x-axis indicates days from first HSCT, day “0” indicates the day of
the second HSCT (following the antibody treatment); see Example 4.

Figure 4: Temporal development of blast counts before and after treatment with the
CD19xCD3 bispecific single chain antibody (CD19xCD3 bscab; SEQ ID NO. 1). A bone
marrow analysis at day 10 of CD19xCD3 bispecific single chain antibody treatment
revealed a complete elimination of the bone marrow blasts (MRD < 10 by the
antibody. Another BM analysis at the end of CD19xCD3 bispecific single chain antibody
treatment at day 35 confirmed complete absence of leukemic blasts from the bone
marrow (MRD <10). Left y-axis indicates blast count by flow cytometry in %, right y-
axis indicates blast count by microscopy in %, x-axis indicates days from HSCT, with
negative days indicating days from first HSCT, day “0” indicating the day of the second
HSCT (following the antibody treatment) and positive days indicating days after the
second HSCT.

Figure 5: Decrease of MRD levels upon treatment with CD19xCD3 bispecific single
chain antibody (CD19xCD3 bscab; SEQ ID NO. 1). Upon antibody treatment, MRD
negativity could be reached. As of 6/2008, the patient remains in MRD-negative
complete molecular remission. Left y-axis indicates FACS-MRD %, right y-axis indicates
PCR-MRD (from 10° to <10™), x-axis indicates days from HSCT, with negative days
indicating days from first HSCT and “0” indicating day of second HSCT and positive
days indicating days from second HSCT.

The invention is further illustrated by the following examples:



Gy Ser Ay Thr Ser Tyr Ser Leu Thr Ile Ser Ser Met u Ala Gn

65- 707580 Asp Ala Ala Thr Tyr Tyr Cys G n Gn Trp Ser Ser Asn Pro Len
Thr 859095 Phe Ay Ala Ay Thr Lys Leu G n Len Lys 100105 <210> 10
<211> 318 WOROH/IBRA3 <213> Artificial Sequence <220> <22BSTEPINF007969
source <400> 10 gacattcagc tgacccagtc tccagcaatc atgtctgcat

ct ccagggga gaaggt cacc60 at gacctgca gaggeagttc aagtgtaagt tacatgaact
ggt accagca gaagt caggcl20 acctccccca aaagatggat ttatgacaca tccaaagtgg

cttct gg@%mﬁféist:t at cgc180

1. CD19xCD3 bispecific single chain antibody

The generation, expression and cytotoxic activity of the CD19xCD3 bispecific single

chain antibody has been described in WO 99/54440. The corresponding amino and

nucleic acid sequences of the CD19xCD3 bispecific single chain antibody are shown in
SEQ [D NOs. 1 and 2, respectively. The VH and VL regions of the CD3 binding domain
of the CD19xCD3 bispecific single chain antibody are shown in SEQ ID NOs. 7 to 10,
respectively, whereas the VH and VL regions of the CD19 binding domain of the
CD19xCD3 bispecific single chain antibody are shown in SEQ ID NOs 3 to 6,

respectively.

2. Phenotypic analysis of lymphocytes and chimerism analysis

For the phenotypic analysis of lymphocytes and chimerism analysis, the patient's blood

samples were collected prior, during and after treatment with CD19xCD3 bispecific

single chain antibody using EDTA-containing collection tubes. Absolute number of

lymphocytes in the blood samples were determined through differential blood analysis

on a Advia. Lymphocytes were stained using fluorescence-labeled antibodies directed
against CD3, CD4, CD8, CD19 and CD56 (all obtained from Becton-Dickinson,
Heidelberg, Germany). The analysis of labelled cells and data coliection were

performed with a FACSCalibur (Becton-Dickinson).

3. Detection of MRD

For the detection of MRD, either a polymerase chain reaction (PCR)-based assay

(Bader et al,, loc. cit.) or FACS analysis was used. Briefly, DNA was isolated by DNeasy

Biood&Tissue Kit (Qiagen GmbH, Hilden, Germany). Immunoglobulin and T-cell

receptor gene rearrangement as PCR-based targets have recently been shown to be

stable markers for monitoring MRD in acute lymphoblastic leukemia after stem cell

transplantation (Kreyenberg, Leukemia, 2009).

4. Case reports
4.1 Case report patient 1



ttcagtggca gtgggtctgg gacctcatac tctctcacaa tcagcagcat ggaggct gaa240

gatgctgcca cttattactg ccaacagtgg agtagtaacc cgctcacgtt cggt gct ggg300

accaagct gg a c aaa318 9/ 12 <210> 11 <211> 15 <212> PRT <21

artificialW HE‘H3<220> <221> source <223> /note=" Desé’FFﬁth‘l?ﬂ’"WP(g

artificial sequence anti-0019 Li" <400> 11 Lys Ala Ser G n Ser Val

Asp Tyr Asp Gy Asp Ser Tyr Leu Asn 153@15 <210> 12 <211> 7 <212> PRT
This 7-year old patient was diagnosed with high risk CD10+ common ALL (CD19-,
CD34-positive; CD45 reduced; TCR rearrangement; CNS negative) in 2004. After
treatment, he experienced a bone marrow 'relapse in June 2006 and was treated
according to the ALL-REZ BFM study in the 83 arm. After two chemotherapy cycles, the
patient had persistant disease and achieved a complete remission after 3 courses of
clofarabine. In 2007, he received an allogeneic HSCT from a 9 out of ten HLA-allele
matched unrelated donor after conditioning with total body irradiation and Etoposide.
One year after HSCT, he experienced another bone marrow relapse and received
subsequent chemotherapy including 1 cycle of Clofarabine/Cyclophosphamide/VP16 (
Nobuko), 2 cycles of Amsacrine, VP16, prednisone (Hamburg) and 1 cycle of
Melphalan/Cytarabine; see Figure 2. Despite this aggressive chemotherapy, the patient
had persistant morpholegic disease throughout treatment, as evident from the high
MRD levels in Figure 2. He was then tfreated under compassionate use with a
continuous infusion of 15 pg/m? of the CD19xCD3 bispecific single chain antibody
(blinatumomab; SEQ ID NO. 1) for 5 weeks; see Figure 3. Serial analysis of the
lymphocyte populations prior (day 0) and during treatment with the mentioned antibody
showed an impressive expansion of CD8+ T-lymphocytes, whereas no change in CD4+
T-cells and CD56+ NK cells was noted. Upon antibody treatment, MRD negativity could
be achieved. Concomitant chimerism analyis showed 100% donor chimerism. As shown
in Figure 4, bone marrow analysis at the 10" day of CD19xCD3 bispecific single chain
antibody treatment revealed a complete elimination of the bone marrow blasts (MRD <
107). Another BM analysis at the end of CD19xCD3 bispecific single chain antibody
treatment showed again complete absence of leukemic blasts from the bone marrow
(MRD <10%). The serial analysis of MRD prior, during and after treatment with said
antibody is depicted in Figure 5. Before antibody treatment, the pediatric patient had a
very poor prognosis and was not eligible to HSCT due to his bad clinical condition.
Upon antibody treatment, MRD negativity could be achieved. Besides from transient
discrete signs of ataxia, no major side effects were observed and no signs of GvHD
were seen despite the impressive expansion of donor-derived CD8+ T-lymphocytes. In
10/2008, 2 weeks after end of treatment with CD19xCD3 bispecific single chain
antibody (i.e. day 0 in Figures 3 to 5), he underwent a second HSCT from his
haploidentical mother using a nonmyeloablative preparative regimen consisting of
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Clofarabine, Thiotepa and melphalan (Lang). As of 11/2009, the patient has remained

in MRD-negative complete remission.

4.2 Case report Patient 2

This fifteen-year old patient was diagnosed with Philadelphia chromosome- and CD18-

. positive B-precursor ALL in April 2001. After chemotherapy, he received a HSCT from a

HlLA-identical sibling in October 2001 after conditioning with TBI of 12 Gy and
etoposide. In 2002, a bone marrow relapsed was diagnosed and another remission was
achieved with matinib and chemotherapy. He then received a second HSCT from an
HLA-identical unrelated donor in October 2004. 'In March 2008, a second relapse was
diagnosed and he was treated with low-dose chemotherapy and Dasatinib due to
resistance to Imatinib. After additional chemotherapy with Clofarabin and
Cytosin/Arabinosid, he achieved a molecular remission and received a third allogeneic
HSCT from his 3 out of 6 HLA-allele-mismatched haploidentical father with post-
transplant treatment with Dasatinib. Due to gastrointestinal bleeding and dilatative
cardiomyopathy, Dasatinib was discontinued 5 months after transplantation. In April
2009, a combined central nervous system (CNS) relapse with 7x1 0%L blasts in the CNS
and 3% blasts in the bone marrow was diagnosed. The patient was then treated with
Nilotinib, intrathecal chemotherapy and fractionated irradiation of the CNS with 18 Gy.
Three months after this treatment, the patients’ bone marrow remained MRD-positive at
a level of 1.1 x10™ while the CNS was free of blasts. Chimerism analysis of peripheral
blood revealed a complete donor-derived hematopoiesis from his haploidentical father.

The patient was then treated under compassionate use with single-agent blinaturmomab
at 15 yg/m?/day for 4 weeks by continuous infusion without any side effects. A bone
marrow aspiration at the end of the treatment showed complete remission with
undetectable MRD in the bone marrow below <1x10™. As patient 1, patient 2 did not
show any signs of GvHD during or after treatment with blinatumomab. Two weeks after
end of the treatment with blinatumomab, the patient experienced a transient haemolytic
reaction triggered by an infection. Patient 2 is currently without relapse four weeks after

treatment. He is well and attending school.
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4.3 Summary

The drugs so far available for treatment of ALL are of low specificity and affect a variety
of other cells resulting in severe side effects such as immunosuppression, bone marrow
aplasia, mucositis, neuropathy, cardiotoxicity, and alopecia. Better targeted approaches
with fewer side effects are therefore urgently needed. Furthermore, in some patients,
ALL clones develop complete resistance to conventional chemotherapy, in particular
those clones arising post HSCT, such that drugs with a distinct mode of action are
desirable. The efficacy of antibody-dependent cytotoxicity via the Fc receptors of NK
cells and granulocytes in combination with chemotherapy could be demonstrated in
pediatric ALL using monoclonal chimeric antibedy rituximab. Currently, blinatumomab
is the only antibody in clinical trials allowing the engagement of cytotoxic T ceils for
targeting CD19 in B-cell non-Hodgkin lymhomas and lymphatic leukemias. T cells are
considered to have a higher cytotoxic potential than those immune cells engaged by

conventional monoclonal antibodies.

The allogeneic GvL effect is supposed to be one 61‘ the main reasons for the anti-
leukemic efficacy of HSCT. Unfortunately, the occurrence of Gyl is often associated
with GvHD, which is still a major cause of morbidity and mortality after allogeneic HSCT.
Therefore, the induction of Gvl. in the absence of GvHD is a topic of intensive research.
One approach for the induction of a GvL effect is donor lymphocyte infusion (DLI). While
DLI is very effective in the treatment of CML, it is less effective in the post-transplant
treatment of relapsed ALL and often leads to the occurrence of chronic GvHD with

significant impairment of quality of life for the affected children.

One possible approach to induce Gvl without GvHD is the in-vivo activation of donor-
derived T lymphocytes after HSCT using low doses of the T-cell engaging antibody
blinatumomab, which can direct T-lymphocytes against the patients’ CD19-positive ALL
blasts. This antibody has shown impressive anti-lymphoma and anti-leukemic 'activity in
the autologous situation, but has never been tested in relapsed ALL after HSCT or in
children. In the autologous situation, molecular remissions have been induced in 13 out
of 16 evaluable adult patients with MRD-positive ALL. Both pediatric patients described
above showed an impressive anti-leukemic response after initiation of treatment. In both
cases, MRD dropped below the level of detection without any signs of GvHD, despite
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an extensive expansion of donor-derived T-cells. This could be due to the fact that the
action of blinatumomab is independent from regular peptide antigen presentation and

may not involve engagement of the naive T cell repertoire.

Dose levels of blinatumomab as low as 15 pg/m? per day were sufficient to induce an
expansion of donor-derived T-lymphocytes and to eliminate the ALL blasts below the
detection level of MRD. This highlights that T-cell engagement is very different from the
mode of action of conventional monoclonal antibodies, which require much higher

doses and cannot engage cytotoxic T-cells due to their lack of Fc receptors.

Blinatumomab was well tolerated in both patients causing only fatigue, mild ataxia and
tremor of CTCAE grade 1-2. In patient 2, no side effects were seen at all despite his
intensive pre-treatments. The continuous iv. infusion over several weeks was well

accepted by both pediatric patients.

From this first clinical experience in pediatric ALL, the inventors conclude that
blinatumomab is well tolerated and can rapidly induce complete haematological and
MRD-negative remissions in children with therapy-refractory disease after .multiple
relapses of CD19-positive B-precursor ALL post-allogeneic HSCT. It is noteworthy that
none of the patients showed any signs of GvHD despite an expansion of donor-derived
T-lymphocytes, even after mismatched haploidentical transplantation.

These first results indicate that treatment of pediatric acute lymphoblastic leukemia
(ALL) patients with the CD19xCD3 bispecific single chain antibody is able to completely
gliminate acute lymphoblastic leukemia cells from the body of the pediatric patients.
Importantly, this treatment resulted not only in complete hematologic remission but in
complete molecular remission in that minimal residual disease (MRD) positive acute
lymphoblastic leukemia (ALL) has been converted into an MRD negative status. The
treatment was well tolerated. In light of this, the administration of the CD19xCD3
bispecific single chain antibody described herein provides an improved treatment option
for pediatric acute lymphoblastic leukemia (ALL), in particutar fo ALL refractory to
chemotherapy and/or allogeneic HSCT and/or relapsed ALL.
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The results may be briefly summarized as follows:

» Two pediatric patients have been treated on a compassionate use basis.

» Ongoing MRD negativity in said patients.
» No major adverse events (AEs) observed.

All AEs transient, no treatment interruption necessary.
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CLAIMS

A method for the treatment, amelioration or elimination of pediatric acute
lymphoblastic leukemia (ALL), the method comprising the administration of a
pharmaceutical composition comprising a CD19xCD3 bispecific single chain

antibady construct to a pediatric ALL patient in the need thereof.

The method of claim 1, wherein said pediatric acute lymphoblastic leukemia
(ALL) is pediatric B-lineage acute lymphoblastic leukemia (ALL), preferably
pediatric B-precursor acute lymphoblastic leukemia ALL, more preferably
pediatric pro-B ALL, pre-B ALL or common ALL (cALL).

The method of claim 1 or 2, wherein said acute lymphoblastic leukemia (ALL) is
refractory and/or relapsed ALL.

The method of claim 3, wherein said acute lymphoblastic leukemia (ALL) is
relapsed ALL, preferably ALL relapsed within three years of diagnosis.

The method of any of claims 1 to 4, wherein the method is for the treatment,
amelioration or elimination of minimal residual disease (MRD) in a pediatric ALL

patient.

The method of claim 5, wherein said pediatric ALL patient is MRD-positive in

complete hematological remission.

The method of claim 5 or 6, wherein said method converts MRD positive ALL into
an MRD negative status.

The method of any of claims 5 to 7, wherein MRD is measured with quantitative
detection of at least one of the cytogenetic abnormalities or rearrangements
selected from the group consisting of:

#(12;21)[TEL-AML1};
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10.

11.

12.

13.
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t(1:19;}[E2A-PBX];

t(4;11)[AF4-MLL];

t(9;22)[BCR-ABL]J;

hyperdiploidy or trisomies of chromosomes 4, 10, and 17;
hypodiploidy;

rearrangements of immunoglo_buiin genes; and

T-cell receptor (TCR) rearrangements.

The method of claim 8, wherein said pediatric ALL patient shows a signal for the
cytogenetic abnormalities above detection limit and/or at least one marker by
rearrangement with a sensitivity of =10

The method of any of claims 1 to 9, wherein the corresponding variable heavy
chain regions (VH) and the corresponding variable light chain regions (VL)
regions in said CD19xCD3 bispecific single chain antibody construct are
arranged, from N-terminus to C-terminus, in the order, VL{CD19)-VH(CD19)-
VH(CD3)-VL(CD3).

The method of claim 10, wherein said CD19xCD3 bispecific single chain antibody
construct comprises an amino acid sequence as set forth in SEQ ID NO, 1, or an
amino acid sequence at ieast 90%, preferably 95% identical to SEQ ID NO. 1.

The method of any of claims 1 to 11, wherein the pharmaceutical composition
comprising a CD19xCD3 bispecific single chain antibody construct is to be
administered by continuous infusion for at least four weeks followed by a 2-week

freatment-free interval.

The method of claim 12, wherein said administration is to be repeated at least
two, three, four, five, six, seven, eight, nine of ten times, after determination of a
MRD negative status.
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The method of claim 12 or 13, wherein the method is prior to allogeneic stem cell
transplantation (HSCT) to convert the MRD positive ALL into an MRD negative

status.

The method of claim 12 or 13, wherein the method is after allogeneic
hematopoietic stem cell transplantation (HSCT).

The method of claim 15, wherein a CD19xCD3 bispecific single chain antibody
construct induces a graft-versus-leukemia (Gvl) effect.

The method of any of claims 1 to 16, wherein the CD19xCD3 bispecific single
chain antibody construct is to be administered in a daily dose of 10ug to 100ug
per square meter patient body surface area.

The method of claim 17, wherein the CD18xCD3 bispecific single chain antibody
construct is to be administered in a daily dose of 15ug to 30ug per square meter
patient body surface area.

The method of any of claims 1 to 18, wherein said method is for a pediatric ALL
patient with high risk of relapse according to the COGAALLO3B1 classification of
acute lymphoblastic leukemia.

The method of claim 1 or 2, wherein said patient is non-eligible for allogeneic

stem cell transplantation.

A CD19xCD3 bispecific single chain antibody construct for the treatment,
amelioration or elimination of pediatric acute lymphoblastic ieukemia (ALL).
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<400> 1
Asp Ile Gln Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Thr Ile Ser Cys Lys Ala Ser Gln Ser Val Asp Tyr Asp
20 25 30

Gly Asp Ser Tyr Leu Asn Trp Tyr Gln Gln Ile Pro Gly Gln Pro Pro
35 40. 45

Lys Leu Leu Ile Tyr Asp Rla Ser Asn Leu Val Ser Gly Ile Pro Pro
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His
65 70 75 go

Pro val Glu Lys Val Asp Ala Ala Thr Tyr His Cys Gln Gln Ser Thr
85 80 95

Glu Asp Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Gly
100 105 110
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Trp

Ala

Ser

210
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Thr'

Ala
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Cys
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Thr
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Asp
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Gly

Thr
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Ser

Gly
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Gly
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265
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Gly
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Ser
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Arg
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Pro
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Ser

Glu

Gly

Thr

Tyxr

220
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Gly

Arg

Phe

Leu

300

Asn

Ser

Val

Gly

125

Gly

Ser

Trp

Lys

Bla

205

Phe

Met

Gly

Pro

Thr

285

Glu

Gln

Thr

Tyr

Ser

Ser

Tyr

Ile

Phe

190

Tyr

Cys

Asp

Gly

Gly

270

Arg

Trp

Lys

Ala

Tyr
350

Gln

Ser

Trp

Gly

173

Lys

Met

Ala

Tyr

Ser

255

Ala

Tyr

Iile

Phe

Tyr

335

Cys

se

Val

Val

Met

160

Gln

Gly

Gln

Arg

Trp

240

Asp

Ser

Thr

Gly

Lys

320

Met

Ala
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<211> 10

Arg Tyr

Leu
370

Thr

Ser Gly

385

Ala Tle

Ala Ser

Thr Ser

Val Pro

450

Thr
465

Ile

Gln Trp

Leu Lys

<210> 2
<211>
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<220>
<221>
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Tyr

355

Thr

Gly

Met

Ser

Pro
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Tyr

Ser

Ser
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<212> PRT

Asp Asp

Ser

_V;l

Ser Gly

His

Ser

Gly. Val

Tyr Cys

360

Val
375

Glu

Asp

380

Ala
405

Ser

Ser Val

420

Lys Arg

Phe

Arg

Ser Met

Ser

Ser

Trp

Ser

Glu

Pro Gly

Tyr Met

Ile Tyr

440

Gly Ser

455

Ala Glu

470

Asn
485
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single chain antibody”

<400> 2
gatatccagc

atctcctgcea
caacagattc

gggatcceac

tgacccagtc
aggccagcca
caggacagcc

ccaggittag

tccagecttcet
aagtgttgat
acccaaactc

tggcagtggyg

Len

Gly

Asp

Glu

Asn

425

Asp

Gly

Asp

Phe

<213>

312

Asp Tyr

Gly Ser

Ile Gin

385

Lys Val

410

Trp Tyr

Thr Ser

Ser Gly

Ala Ala

475

Gly Ala

430

ttggctgtgt
tatgatggtg
ctcatctatg

tctgggacag

Gly Gln

365

Trp

Gly Ser

380

Gly

Leu Thr Gln

Thr Met Thr

Gln Gln Lys

430

Val
445

Lys Rla

Thr
460

Ser Tyr

Thr Tyr Tyr

Gly Thr Lys

ctctagggca
atagttattt
atgcatccaa

acttcaccct

Gly Thr

Gly Gly

Ser Pro

400

Cys
415

Arg
Ser Gly
Ser Gly
Leu

Ser

Gln
480

Cys

Leu

485

Glu

CD19xCD3 bhispecific

gagggccace
gaactggtac
tctagtttct

caacatcecat

60

120

180

240



artificial

cctgtggaga
acgttcggtg
tceggtggtg
gggtectceag
aactgggtga
gatggtgata
tcctecagea
ttetgtgcaa
ggccaaggga
cagtcagyyy
ggctacacct
gaatggattyg
gacaaggcca
ctéacatctg
cttgactact
ggttctggtg
gcaatcatagt
gtaagttaca
gacacatcca
tcatactctc
cagtggagta
<210> 3

<211> 124
<212> PRT
<213>
<220>
<221>
<223>

<400> 3

sequence

aggtggatgc
gagggaccaa
gtggttctca
tgaagatttc
agcagaggcc
ctaactacaa
cagecectacat
gacgggagac
ccacggtcac
ctgaactggc
ttactaggta
gatacattaa
cattgactac
aggactctgce
ggggecaagyg
gaagtggagy
ctgcatctece
tgaactggta
zagtggcttc
tcacaatcag

gtaacccgcet

source
/note="Description of artificial sequence: VH anti CD19"

<220>

tgcaacctat
gctecgagatce
ggtgcagety
ctgcaaggct
tggacagggt
tggaaagttc
gcaactcagc
tacgacggta
cgtctectece
aagacctggg
cacgatgcac
tcctagecgt
agacaaatcc
agtctattac
caccactete
ttcaggtagga
aggggagaag
ccagcagaag
tggagtcecct
cagcatggag

cacgtteggt

Artificial Seguence

<221> source
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cactgtcagc
aaaggtggtg
cagcagtctg
tctggetatyg
cttgagtgga
aagggtaaag
agcctageat
ggcegttatt
ggaggtggtyg
gectcagtga
tgggtaaaac
ggttatacta
tccagcacag
tgtgcaagat
acagtctcct
gtcgacgaca
gtcaccatga
tcaggcacct
tatcgecitea
gctgaagatg

gctgggacca

aaagtactga
gtggttctgg
gggctgaget
cattcagtag
ttggacagat
ccactctgac
ctgaggactce
actatgctat
gatccgatat
agatgtcecctg
agaggcctyy
attacaatca
cctacatgeca
attatgatga
cagtcgaagg
ttcagctgac
cctgcagage
cccecaaaag
gtggcagtygy
ctgececactta

agctggaget

<223>

ggatccgtgg
cggcggegygce
ggtgaggcecet
ctactggatg
ttggccigga
tgecagacgaa
tgeggtctat
ggactactgg
caaactgecag
caagacttct
acagggtctg
gaagttcaag
actgagcagce
tcattactge
tggaagtgga
ccagtctcca
cagttcaagt
atggatttat
gtctgggacc
ttactgecaa

gaaa

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Pro Gly Ser

1

5

10

15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ala Phe Ser Ser Tyr

20

25

30

300

360

420

480

540

600

660

720

780

840

S00

$60

1020

1080

1140

1200

1260

1320

1380

1440

1494



anti-CD3 LI"

1

Gly Leu

45

Tyr Asn

60

Ser Ser

Ala Val

Pyr Tyr

Ser

ctgggtccte
tgaactgggt
gagatggtga
aatcctccag
atttctgtge

ggggccaagg

Glu

Gly

Thr

Tyr

Ala
110

Trp Ile

Lys Phe

Ala Tyr

80

Fhe
95

Cys

Met Asp

agtgaagatt
gaagcagagg
tactaactac
cacagcctac
aagacgggag

gaccacggtc

/I note="Description of artificial sequence:
Arg Ala Ser Ser Ser Val Ser Tyr Met Asn
512
Trp Met Asn Trp Val Lys Gln BArg Pro Gly Gln
35 40
Gly Gln Ile Trp Pro Gly Asp Gly Asp Thr Asn
50 55
Lys Gly Lys Ala Thr Leu Thr Ala Asp Glu Ser
63 70 75
Met Gin Leu Ser Ser Leu Ala Ser Glu Asp Ser
85 90
Ala Arg Arg Glu Thr Thr Thr Val Gly Arg Tyr
100 105
Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser
115 120

<210> 4
<211> 372
<212> DHNA
<213> Artificial Sequence
<220>
<221> source
<223> /note="Descripticon of artificial sequence: VH anti CD1%"
<400> 4
caggtgcagc tgcagcagtc tggggctgag ctggigaggce
tcctgcaagg cttetggeta tgcattcagt agctactgga
cctggacagg gtcecttgagtyg gattggacag atttggcctg
aatggasagt tcecaagggtaa agccactctg actgcagacg
atgcaactca gcagectage atctgaggac tctgcoggtcet
actacgacgg taggccgtta ttactatget atggactact
accgtctcct cc
<210> 5
<211> 111
<212> PRT
<213> Artificial Sequence
<220>
<221> source
<223>

/note="Description of artificial sequence: VL anti CD19”

<400> 20

60

120

180

240

300

360

372



10

<210> 21 <211> 7 <21

<400> 5

Asp Ile Gln Leu Thr Gln Ser Fro

i 5

Gln Arg Ala Thr Ile Ser Cys Lys

20
Gly Asp Ser Tyr Leu Asn Trp Tyr
35 40

Lys Leu Leu Ile Tyr Bsp Ala Ser
50 55

Arg Phe Ser Gly Ser Gly Ser Gly

65 70

Pro Val Glu Lys Val Asp Ala Ala

85
Glu Asp Pro Trp Thr Phe Gly Gly
100

<210> &

<211> 333

<212> DNA

<213> Artificial Sequence

<220>

<221> source

<223>

<400> 6

gatatccagec tgacccagtc tccagettct

atctcctgca aggccageca aagtgttgat

caacagattc caggacagcc acccaaactc

gggatcccac ccaggtttag tggcagtggg

cctgtggaga aggtggatge tgcaacctat

acgttcggty gagggaccaa getcgagatce

<210> 7

<2i1> 119

<2i2> PRT

<213> Artificial Seguence

<220>

<221> source

2>

6/12

Ala Ser Leun

10

Ala
25

Ser Gln

Gln Gln Ile

Asn Leu Val

FPhe
75

Thr Asp

Thr Tyr His

80

Gly Thr

105

Lys

ttggctgtgt
tatgatagtyg
ctcatctatg
tctgggacag
cactgtcage

aaa

Cys

Ala Val Ser

Ser Val Asp

Pro Gly Gln

45

Ser Ile

60

Gly

Thr Leu Asn

Gln Gln

Glu Ile

110

Leu

ctetagggea
atagttattt
atgcatccaa
acttcaccct

asagtactga

Leu
15

Gly

Tyr Asp

Pro Pro

Pro Pro

Ile His

g0

Ser Thr

95

Lys

/note="Description of artificial sequence: VL anti CD19%"

gagggccacc
gaactggtac
tctagtittct

caacatccat

ggatccgtgg

60

120

180

240

300

333



PRT

<221>

Ala Arg Pro

Thr Phe Thr

30

Leu Glu

45

Gly

Tyr Asn Gln

60

Ser Ser Thr

Ala Val Tyr

Tyr Trp Gly

110

ctggggcctce
tgcactgggt
gecegtggtta
aatectecag

attactgtge

Gly
15

Ala

Arg Tyr

Trp Ile

Lys Phe

Als Tyr

80

Tyr
85

Cys

Gln Gly

agtgaagatg
aaaacagagq
tactaattac
cacagcctac

aagatattat

<213> artificial sequence <220>
712
<223> VH anti CD3
<400> 7
Asp Ile Lys Leu Gln Gln Ser Gly Ala Glu Leu
1 5 10
Ser Val Lys Met Ser Cys Lys Thr Ser Giy Tyr
20 25
Thr Met His Trp Val Lys Gin Arg Pro Gly Gln
35 40
Gly Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn
50 55
Lys Asp Lys Ala Thr Leu Thr Thr Asp Lys Ser
65 70 75
Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser
85 80
Ala Arg Tyr Tyr Asp Asp His Tyr Cys Leu Asp
100 105
Thr Thr Leu Thr Val Ser Ser
115
<210> 8
<2il> 357
<212> DNA
<213> Artificial Seguence
<220>
<221> source
<223> /note="Description of artificial sequence: VH anti CD3"
<400> 8
gatatceaac tgcagcagtc aggggctgaa ctggcaagac
tcctgecaaga ctteotggeta caccittact aggtacacga
cciggacagg gtctggaatg gatiggatac attaatccta
aatcagaagt tcaaggacaa ggccacattg actacagaca
atgcaactga gcagcctgac atctgaggac tctgecagtict
gatgatcatt actgccttga ctactggggc caaggcacca

<210> 9

ctctecacagt

ctcctca

60
120
180
240
300

357



source <223> /note="Description of artificial sequence: anti-CD3
L2" <400> 21
8/12
<211> 106
<212> PRT
<213> BArtificial Sequence
<220>
<221> source
<223> /note="Description of artificial sequence: VL anti CD3"
<400> 9
Asp Ile Gln Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly
1 5 10 15
Glu Lys Val Thr Met Thr Cys Arg Ala Ser Ser Ser Val Ser Tyr Met
20 25 30
Asn Trp Tyr Gln Gln Lys Ser Gly Thr Ser Pro Lys Arg Trp Ile Tyr
© 35 40 45
Asp Thr Ser Lys Val Ala Ser Gly Val Pro Tyr Arg Phe Ser Gly Ser
50 53 60
Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Ser Met Glu Ala Glu
65 - 70 75 80
Asp Ala Alaz Thr Tyr Tyr Cys Gln Gln Trp Ser Ser Asn Pro Leu Thr
85 a0 95
Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105
<210> 10
<211> 318
<212> DNA
<213> Artificial Sequence
<220>
<220>
<221> source
<400> 10
gacattcagc tgacccagtc tccagcaatc atgtcectgeat ctccagggga gaaggtcacce 60
atgacctgca gagecagtte aagtgtaagt tacatgaact ggtaccagca gaagtcaggce 120
acctcccceca aaagatggat ttatgacaca tccaaagtgg cttectggagt cccttatcge 180
ttcagtggea gtgggtctgg gacctcatac tcetcectcacaa tcagcagecat ggaggctgaa 240
gatgctgeca cttattactg ccaacagtgg agtagtaacc cgctcacgtt cggtgetggg 300
accaagcetgg agctgaaa 318



Asp Thr Ser

artificial sequence

Lys Val Ala Ser 15 <210> 22 <211> 9 <212> PRT <213>

artificial sequence: anti-CD3 L3" <400> 22 Gn Gn Trp Ser

Pro Leu Thr

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

15

9/12

11
15
PRT
artificial sequence

source .
/note="Description of artificial sequence: anti-CD1S L1"

11

Lys Ala Ser Gln Ser Val Asp Tyr Asp Gly Asp Ser Tyr Leu Asn

1

<210>
<Z21l>
<212>
<213>

<220>
<221>
<223>

<400>

5 i0 15

12

3

PRT

artificial seguence

source
/note="Description of artificial sequence: anti-CD1i9 L2"

12

Asp Ala Ser Asn Leu Val Ser

1

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

5

13

9

PRT

artificial seguence

source
/note="Description of artificial sequence: anti-CD19 L3"

13

Gln Gln Ser Thr Glu Asp Pro Trp Thr

1

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

5

14

3

PRT

artificial seguence

source
/note="Description of artificial sequence: anti-CD19 H1"

14

Ser Tyr Trp Met Asn

1

5

12/ 12 <221> source <223> /note="Description of

Ser Asn



1012

<210> 15
<211> 17
<2i2> PRT

<213> artificial sequence

<220>

<221> source

<223> /note="Description of artificial sequence: anti-CD19 HZ"

<400> 15

Gln Ile Trp Pro Gly Asp Gly Asp Thr Asn Tyr Asn Gly Lys Phe Lys

1 5 10 15
Gly

<210> 16

<211> 15

<212> PRT

<213> artificial sequence

<220>
<221> source
<223> /note="Description of artificial sequence: anti-CD18 H3"

<4C00> 16

Arg Glu Thr Thr Thr Val Gly Axg Tjr Tyr Tyr Ala Met Asp Tyr
1 5 10 15
<2105 17

<211> 5

<212> PRT

<213> artificial sequence

<220>

<221> source

<223> /note="Description of artificial sequence: anti-CD3 H1"

<400> 17

Arg Tyr Thr Met His

1 3
<210> 18

<211> 17

<212> PRT

<213>» artificial sequence

<220>
<221> source
<223> /note="Description of artificial sequence: anti-CD3 H2"

<400> 18



11712

Tyr Ile Asn Pro Ser Arg Gly Tyr Thr Asn Tyr Asn Gln Lys Phe Lys

1 5 10 15
Asp

<210> 19

<211> 10

<212> PRT

<213> artificial sequence

<220>
<221> source
<223> /note="Description of artificial sequence: anti-CD3 H3"

<400> 19

Tyr Tyr Asp Asp His Tyr Cys Leu Asp Tyr
1 5 10
<210> 20

<211> 1C

<212> PRT

<213> artificial sequence

<220>

<221> source

<223> /note="Description of artificial segquence: anti-CD3 L1"

<400> 20

Arg Ala Ser Ser Ser Val Ser Tyr Met Asn

1 5 10
<210> 21

<211> 7

<212> PRT

<213> artificial sequence

<220>
<221> source
<223>» [/note="Description of artificial segquence: anti-CD3 L2"

<400> 21

Asp Thr Ser Lys Val Ala Ser
1 5

<210> 22

<211> 9

<212> PRT

<213> artificial sequence

<220>



12112

<221> source
<223> /note="Description of artificial seguence: anti-CD3 L3"

<400> 22

Gln Gln Trp Ser Ser Asn Pro Leu Thr
1 5



