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N-t er m nus. cdfeernore highly conserved porti ons of the variable regions
outside of the CDRs are called the "framework regions”. 5 As used herein,
"VH' or "VH' refers to the variable region of an i mmunogl obulin heavy

It has now been found, and for this invention, that the efficacy of the humanized anti-

25 CDa38 antibodies may be considerably improved when it is administered in combination
with at least one substance which is therapeutically useful in anticancer treatments and
has a mechanism identical to or different from the one of the humanized anti-CD38

antibodies and which is limited in the present invention to cytarabine.

30 The term “antibody” is used herein in the broadest sense and specifically covers
monoclonal antibodies (including full length monoclonal antibodies) of any isotype such
as 1gG, IgM, IgA, IgD and IgE, polyclonal antibodies, multispecific antibodies, chimeric
antibodies, and antibody fragments. A typical IgG antibody is comprised of two identical
heavy chains and two identical light chains that are joined by disulfide bonds. Each

35 heavy and light chain contains a constant region and a variable region. Each variable

region contains three segments called “complementarity-determining regions” (“CDRs”)



chain of an antibody, including the heavy chain of an Fv, scFv, dsFv, Fab,
Fab' or F(ab')2 fragnent. Reference to "W or "VL" refers to the variable
regi on ofwohelwewmsaogl obulin |ight chain of an anti bodypCirastooginisgot he
light chain of an Fv, scFv, dsFv, 10Fab, Fab' or F(ab')2 fragnment. The
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sequence consjsting. qof SEQ ID NO, 50 and at |east one |ight chain having an
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Manassas, Vééquze%%%gér%szls %’g oygéb IDOIQO?]gZPSnd at least one light chain having an amino
acid sequence consisting of SEQ ID NO: 42, said heavy chain comprising three
sequential CDRs having amino acid sequences consisting of SEQ ID NOS: 13, 14, and

30 15, and said light chain comprising three sequential CDRs having amino acid

sequences consisting of SEQ ID NOS: 16, 17, and 18.

The 38SB30 antibody comprises at least one heavy chain having an amino acid
sequence consisting of SEQ ID NO: 56 and at least one light chain having an amino
35 acid sequence consisting of SEQ ID NO: 44, said heavy chain comprising three

sequential CDRs having amino acid sequences consisting of SEQ ID NOS: 19, 20, and



21, 2006, under the deposit nunbers PTA-7667, PTA-7669, PTA-7670, PTA-7666,
PTA- 7668, and PTA-7671, respectively (as described in WD 2008/ 047242). The
t erm " hursioizapdends®i body", as used herein, refers to a ®hirAB20020%821 body
whi ch 25contai n mni mal sequence derived from non-human i nmunogl obulin. The
goal of humanization is a reduction in the3i munogenicity of a xenogenic
for int ion. into a human, while
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Engi neer i ngsequenpes S6Hsishitg of BEQUBKNOBA X, 38tarmi 36. 1994, PNAS, 91: 969-973),
chain shuffling (U S. Pat. No. 5,565,332), and identification of flexible

resi dues (PCT/ U52008/074381). Human anti bodi es can be made by a variety of
met hods knoWhe ihgbridognaaddll linas produ cigg [eedEsS Bi3d 385 8, 368BheBBSB30£38853, U. S.

Pat. Nos. 4,44 4.716,1 5, 45,806 nd 5,814 318; and international
pat ent —appl PAASPORIDININE At GRA RIS s donn draosind 5 eshaiginyigne

98]{ 248920 V\ouaa/ex&mgéuonvogww ?ﬁi()&@ity BYO, R1ah3ska35VA arod 10M2289/ UOAY bn (Jase dCD38
ref erences incorporate ref erence r re ti-
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humani zed aRTABBBBESNINRTAT6T & aegiucteeC38deantbdt ih WCRBB88/04E2423. by
apoptosis, ADCC, and CDC. In a further enbodi nent, the humani zed anti bodi es

of the invention are capable of killing said CD38+ cells by apoptosis even
in the absefbe t@m ‘dumanied ahlitbdgT, as usedrherdsy, refed t6 uichlmarieantiBedyAwisictef er r ed

enbodi t of such a humani zed antjibody is a humani zed 385B13 %8 B18,
365510, 235500 0BG SCHErSRSRAGHATT BotyRaR TRCERICHIe: IR r agent
t hereof . 30hbmakiRRtonaé atrbéuctiSn BilBe idBaBIGNIGH B2 XenERpB34htinddpBadh asnd
385B39 anti bodi es .. : o : o :
murine antibody, for introduction into a human, while maintaining the full antigen
binding affinity and specificity of the antibody. Humanized antibodies, or antibodies
adapted for non-rejection by other mammals, may be produced using several
30 technologies such as resurfacing and CDR grafting. As used herein, the resurfacing
technology uses a combination of molecular modelling, statistical analysis and
mutagenesis to alter the non-CDR surfaces of antibody variable regions to resemble
the surfaces of known antibodies of the target host. The CDR grafting technology
involves substituting the complementarity determining regions of, for example, a mouse
35 antibody, into a human framework domain, e.g., see W0 92/22653. Humanized

chimeric antibodies preferably have constant regions and variable regions other than



are identified by nodelling and their nol ecul ar structures have been

predi cted. Thus, in one enbodinent, this invention provides humani zed
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38SB19 ant i kagyentthgrieori ded whi ch conprises a VH having an am no acid
sequence represented by SEQ 51D NO 66. In another preferred enbodi nent, a
humani zed 385B31 anti body is

30 The CDRs of the 38SB13, 38SB18, 38SB19, 38SB30, 38SB31, and 38SB39 antibodies

are identified by modelling and their molecular structures have been predicted. Thus, in
one embodiment, this invention provides humanized antibodies or epitope-binding
fragment thereof comprising one or more CDRs having an amino acid sequence
selected from the group consisting of SEQ ID NOS: 1, 2, 3,4,5,6,7,8,9, 10, 11, 12,
35 13,14,15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,

and 36. In a preferred embodiment, a humanized version of 38SB13 is provided, which



provi ded which conprises a VH having an am no acid sequence represented by
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embodiment, a humanized version of 38SB39 is provided, which comprises at least
30 one heavy chain and at least one light chain, wherein said heavy chain comprises three
sequential complementarity-determining regions having amino acid sequences
represented by SEQ ID NOS: 31, 32, and 33, and wherein said light chain comprises
three sequential complementarity-determining regions having amino acid sequences
represented by SEQ ID NOS: 34, 35, and 36.
35
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25  Cytosine arabinoside or cytarabine or araC (brand name: Aracytin™) is an
antimetabolic agent (1B-arabinofuranosylcytosine). Cytarabine is rapidly converted into
cytosine arabinoside triphosphosphate, which damages DNA when the cell cycle is in
the S phase (synthesis of DNA). Rapidly dividing cells, which require DNA replication
for mitosis, are therefore most affected. Cytarabine also inhibits both DNA and RNA
30 polymerases and nucleotide reductase enzymes needed for DNA synthesis.
Cytarabine is rapidly deaminated in the body into the inactive uracil derivative and

therefore is often given by continuous intravenous infusion.

One aspect of the invention is a pharmaceutical composition comprising an anti-CD38
35 antibody in combination with at least cytarabine. Since the activity of the products

depends on the doses used, it is thus possible to use lower doses and to increase the
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The efficacy of the combinations on solid tumors may be determined experimentally in

the following manner:

30 The animals subjected to the experiment, generally mice, are subcutaneously grafted
bilaterally with 30 to 60 mg of a tumor fragment on day 0. The animals bearing tumors
are randomized based on their tumor size before being subjected to the various
treatments and controls. Chemotherapy begins when tumors have reached a
predetermined size after grafting, depending on the type of tumor, and the animals are

35 observed every day. The different animal groups are weighed daily during treatment
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2010/ 061359 / 1B2009/ 0,[5 391 Jfl Tlérro e Surﬁ]lt r TI?S% C rrespond to
conpl ete redPeEaitmMOopasiyly Sstemingd ! 130%%{ }4 Sieisnt pgrameiISent i r e
dur at i omo of rédoedestt udy (>100 days post |ast treatnent). Ther apeuti c
Synergi sm a conbi nation has therapeutic synergismif it is nore 5active
than the best single agent of the study (by at least 1 log cell kill).

Toxi city foReBatsabténed Witlkonpbinuishsa $083%BH Bindcytrakinetis@batdheir optimal

ng/ kg/ i nj ecti on, V\A&OEa?%ﬂﬁ% de‘alrated deaths out of 6 mce treated. The
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end of the study (day 25160). The | ower dose of 36.0 ng/kg/inj of Pal no
Ara-C with AQ avaéligfarnihe piﬁrpbse%&ﬁlﬂi@pleisermhmeedom tlh@gcbrﬁbiﬁetidnsleiré hotof 8.1 and

3/'6 TFSZé : exérps%elfpmltédoto%hose Whlgfgare o%?ameé%y phyS|caI assomahon of the
constituents, but also to those which permit a separate administration, which can be

simultaneous or spaced out over a period of time.

The compositions according to the invention are preferably compositions which can be
30  administered parentally. However, these compositions may be administered orally,

subcutaneously or intraperitoneally in the case of localized regional therapies.

The compositions for parental administration are generally pharmaceutically acceptable,
sterile solutions or suspensions which may optionally be prepared as required at the
35 time of use. For the preparation of non-aqueous solutions or suspensions, natural

vegetable oils such as olive oil, sesame oil or liquid petroleum or injectable organic



TFS for the equitoxic dose of Palno Ara-C al one and was thus consi dered

hi ghly active. An antitunor activity of 2.7 logio cell kill was recorded
for the Iwoestownse of the combination (in conparison t®C2IB2009¢i5891cel |
kill for the equitoxic dose of Palno Ara- C 30al one. W conclude that the

conbi nati on shows a therapeutic syner gi sm ¥n conparison to the best single
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a solution of the product in water. The agueous solutions are suitable for intravenous

administration provided the pH is appropriately adjusted and the solution is made

isotonic, for example with a sufficient amount of sodium chloride or glucose. The

5 sterilization may be carried out by heating or by any other means which does not
adversely affect the composition. The combinations may also take the form of
liposomes or the form of an association with carriers as cyclodextrins or polyethylene

glycols.

10  The compositions for oral, subcutaneous or intraperitoneal administration are

preferably aqueous suspensions or solutions.

In the combinations according to the invention, the application of the constituents of
which may be simultaneous, separate or spaced out over a period of time, it is

15  especially advantageous for the amount of humanized anti-CD38 antibody to represent
from 10 to 90 % by weight of the combination, it being possible for this content to vary
in accordance with the nature of the associated substance, the efficacy sought and the

nature of the cancer to be treated.

20  The combinations according to the invention are especially useful in the treatment of
several types of cancers including (but not limited to) the following: carcinomas and
adenocarcinomas, including that of the bladder, breast, colon, head-and-neck, prostate,
kidney, liver, lung, ovary, pancreas, stomach, cervix, thyroid and skin, and including
squamous cell carcinoma ; hematopoietic tumors of lymphoid lineage, including

25  multiple myeloma, leukemia, acute and chronic lymphocytic (or lymphoid) leukemia,
acute and chronic lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, non-
Hodgkin lymphoma (e.g. Burkitt's lymphoma) ; hematopoietic tumors of myeloid
lineage, including acute and chronic myelogenous (myeloid or myelocytic) leukemias,
and promyelocytic leukemia; tumors of mesenchymal origin, including fibrosarcoma,

30 osteosarcoma and rhabdomyosarcoma; tumors of the central and peripheral nervous
system, including astrocytoma, neuroblastoma, glioma, and schwannomas; and other
tumors, including melanoma, teratocarcinoma, xeroderma pigmentosum,
keratoacanthoma, and seminoma, and other cancers yet to be determined in which
CD38 is expressed. They are mainly useful for treating leukemia, lymphoma and

35  cancers resistant to the commonly used anticancer agents as anti-CD38 antibodies

have a unique mechanism of action.
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Thus, the invention also encompasses the use of the above combinations for the

manufacture of a medicament for the treatment of cancer.

5 Example:

In this example, the effectiveness of an anti-CD38 antibody/cytarabine combination of

the invention for tumor growth inhibition was demonstrated in vivo.

10  The selected tumor model was a transplantable human T-cell acute lymphoblastic
leukemia (T-ALL) cell line, DND-41, implanted in SCID mice.

Hu38SB19 was formulated in phosphate buffer saline, without Ca** and Mg**, pH7.4.
Hu38SB19 was administered intravenously on days 18, 21, 24, 27 after tumor

15 implantation.

Palmo Ara-C, a cytarabine derivative suitable for slow-release administration in mice,
was formulated in 3 % ethanol, 1 % polysorbate 80, 96 % water, and was administered
subcutaneously on days 18, 21, 24, 27 after tumor implantation.

20
The results of the experiment are reported in Table 1.

Tumor doubling time = 3.4 days.

25  The following end points have been used:

e Toxicity was declared at dosages inducing = 20 % body weight loss or = 10 % drug
death,

o Antitumor efficacy was determined by evaluating log10 cell kill = (T-C) / [3.32 x
(tumor doubling time in days)]

30 (T meaning the median time of the treated mice to reach 750 mg and C the
median time (26.9 days) of the control mice to reach the same size; tumor-free
survivors are excluded from these calculations and are tabulated separately). No
antitumor activity was declared for log cell kill < 0.7, and the treatment was

declared highly active for log cell kill = 2.8
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e Tumor Free Survivors (TFS): correspond to complete regression below the limit of
palpation (63 mg) for the entire duration of the study (>100 days post last
treatment).

e Therapeutic Synergism: a combination has therapeutic synergism if it is more

active than the best single agent of the study (by at least 1 log cell kill).

Toxicity for Palmo Ara-C alone was observed at a dose of 96.3 mg/kg/injection, with 6
drug-related deaths out of 6 mice treated. The highest nontoxic dose (HNTD) for Palmo
Ara-C was 58.0 mg/kg/inj (total injected dose = 232.0 mg/kg). The 58.0 mg/kg/inj dose
was found to be highly active with a log4, cell kill of 5.4 and 3/6 TFS on day 160. The
dose below of 36.0 mg/kg/inj (total injected dose = 144.0 mg/kg) was also found to be
highly active with a logqo cell kill of 4.3.The lowest dose of 22.3 mg/kg/inj was active

with a 2.0 log cell Kill.

Regarding hu38SB19, the product was well tolerated at a dose of 40 mg/kg/inj. No
toxicity was observed, which can be explained by the lack of cross-reactivity of the
antibody with murine CD38. The logso cell kill was 0.5, indicating that hu38DB19 was

not active under these conditions.

The combination of Palmo Ara-C at 96.3 mg/kg/inj and hu38SB19 at 40 mg/kg/inj was
toxic, with 5 drug-related deaths out of 6 mice treated, i.e. very similar to what was
observed with Palmo Ara-C alone at the same dose. The dose of 58.0 mg/kg/inj of
Palmo Ara-C with 40 mg/kg/inj of hu38SB19 was considered to be the HNTD.
Remarkably, at this dose, 5 out of 6 mice stayed TFS until the end of the study (day
160). The lower dose of 36.0 mg/kg/inj of Palmo Ara-C with 40 mg/kg/inj of hu38SB19
displayed a logyo cell kill of 8.1 and 3/6 TFS in comparison to a 4.3 logyo cell kill and no
TFS for the equitoxic dose of Palmo Ara-C alone and was thus considered highly
active. An antitumor activity of 2.7 logso cell kill was recorded for the lowest dose of the
combination (in comparison to 2.0 logqo cell kill for the equitoxic dose of Palmo Ara-C
alone. We conclude that the combination shows a therapeutic synergism in comparison

to the best single agent of the study, Palmo Ara-C.
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2010/ 061359PCT/ 1B2009/ 055391 13 C ains 1. A pharmaceutical conbination
conpri si ryoantestispody specifically recognizing CD38 an@CatiB20o8/8I5391
cytarabine, wherein said antibody is capable of killing a CD38+ 5cell by
apopt osi s, antibody-dependent cell-nedi at etB cytotoxicity (ADCC), and
conpl enent - %ﬁiendent cytotoxicity (CDC). 2. The conbination of claiml,
wherei n sai i body is a humani zed antibody. 103. The combination of
claim 2 wherein said antibody conprises one or nore

conpl ement ar,i t eterm ping regi on having an amn uence .sel ected
from t e or duphebRaracni! SomERe s utasehe BhAntb6dy, Sstog i H3eogTds 10, 11,
éi ég 13 éiCD$§and§t led&, cylRabidé) whlein 3did a213bod%/4$ cdable26F, kilfng a 283829, 30

erein sai
ant i body corrprﬁ@y Oéhss?”t&?gyﬁgﬁ%”ﬁe@ﬁggL ﬂ'a%QtConé%‘%yg)ﬁéc\gSgarﬂd chai n,
wherei n sai d heawple®bati-depeaderaty@ibxivity @&CDA).sequence represented by SEQ | D
NO 66 and said heavy chain conprises three sequenti al

conpl ementarity-determ ning regions having am no acid sequences represented
by SEQ | D N2S: TH8ScomMinatmcbf thaim andhutesr glidastivody id ghtimehizédadtdedan

10 3. The combination of claim 2 wherein said antibody comprises one or more
complementarity-determining region having an amino acid sequence selected from
the group consisting of SEQ ID NOS: 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, and 36.

15 4. The combination of claim 3 wherein said antibody comprises at least one heavy
chain and at least one light chain, wherein said heavy chain has an amino acid
sequence represented by SEQ ID NO: 66 and said heavy chain comprises three
sequential complementarity-determining regions having amino acid sequences
represented by SEQ ID NOS: 13, 14, and 15, and wherein said light chain has an

20 amino acid sequence selected from the group of SEQ ID NOS: 62 and 64, and said
light chain comprises three sequential complementarity-determining regions having
amino acid sequences represented by SEQ ID NOS: 16, 17, and 18.

5. The combination of claim 3 wherein said antibody comprises at least one heavy
25 chain and at least one light chain, wherein said heavy chain has an amino acid
sequence represented by SEQ ID NO: 72 and said heavy chain comprises three
sequential complementarity-determining regions having amino acid sequences
represented by SEQ ID NOS: 25, 26, and 27, and wherein said light chain has an
amino acid sequence selected from the group of SEQ ID NOS: 68 and 70, and said
30 light chain comprises three sequential complementarity-determining regions having

amino acid sequences represented by SEQ ID NOS: 28, 29, and 30.

6. Use of an antibody specifically recognizing CD38 for the preparation of a
pharmaceutical combination according to claim 1 for the manufacture of a

35 medicament for the treatment of cancer.
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