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COMBINATION THERAPIES WITH ANTL-CB38 ANTIBODIES

FIELD OF THE INVENTION

The present mvention relates to combination therapies with anti-CD38 antibodies.

BACKGROUND OF THE INVENTION

C38 15 a multifunctional protein having function in receptor-mediated adhesion and
signaling as well as mediating calcium mobilization via its ecto-enzymatic activity,
catalyzing tormation of cyclic ADP-ribose (cADPR) and ADPR. D38 mediates cytokine
secretion and activation and proliferation of lyvmphocyies (Funaro ef af, § Immunclog
145:2390-6, 1990; Terhorst ef af., Cell 771-80, 1981; Guse ef af, Nature 398:70-3, 1999},
(D38, via its NAD glycohydrolase activity, also regulates extracelhular NAD' levels, which
bave beertimplicated in modulating the regulatory T-cell compartient (Adriouch ef ol
14:1284-92, 2012; Chiarugl ef af., Nature Reviews 12:741-52, 2012). Tu addition to signaling
via Ca’’, CD38 signaling occurs via cross-falk with antigen-receptor complexes on T- and B-
cells or other types of receplor complexes, e.g., MHC molecules, mvolving CD38 in several
cellidar responses, but also in switching and secretion of fgG1.

{38 is a type H transmembrane glycoprotem expressed on hemopoietic cells such
as medullary thymocytes, activated T- and B-cells, resting NK cells and monocytes, lymph
node germinal center lymphoblasts, plasma B cells, intrafollicular cells and dendritic cells. A
portion of normal bone marrow cells, particular precursor cells as well as unbilical cord cells
are CD38-positive. In addition to lymiphoid precursor cells, CD38 1s expressed on
erythrocytes and on platelets, and expression is also found in some solid tissues such as gut,
brain, prostate, bone, and pancreas. Mature resting T- and B-oel

surface D38

is express Hmited 1o oo

138 is also expressed in a varicty of malignant hemaiolo

e->

raultiple rayeloma, leukemias and lymphowmas, such as B-cell chronic lymphocytic ieukemia,
T-and B-cell acute lymphocytic leukemia, Waldenstrom macroglobulinemia, prunary
systemic araylaidosis, mantle-cel]l lymphoma, pro-lymphocytic/rayelocytic leukenuia, acute
myelowd leukemia, chronic myeloid leukemia, follicular tymphoma, Borkitt's lymphoma,
targe gramular lymphocytic (LGL) leukemia, NK-cell leukemia and plasma-cell leukemia.
Expression of CD33 has been described on epithelial/endothelial cells of different origin,
including glandular epithelium in prostate, islet cells in pancreas, ductal epithelium in glands,

ncluding parotid gland, bronchial epithehial cells, cells in testis and ovary and tumor
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epitheliun in colorectal adenocarcinoma. Other diseases, where CD38 cxpression may be
wvolved, mchade, e.g., broucho-epithelial carcinomas of the lung, breast cancer {evolving
from malignant pr(;-liferaﬁon of epithehial lining in ducts and lobules of the breast), pancreatic
tumors evolving from the B-cells (insulinomas), tomors evolving from epithelivm 1o the gut
{e.g., adenocarcinoma and sguamous cell carcinoma), carcinoma in the prostate gland, and
seminomas in testis and ovarian cancers. In the central nervous system, neuroblastomas
express CD38.

B-cell malignancies may arise in all lymphoid tissues where B-cells are normally
being produced. Most patients with B-cell malignancics arg indtially diagnosed with
discase iwvolving bone marrow or lymph vodes. Tn the case of bone marrow nvolvement,
the transformed B cells frequently circulate through the blood and become widely
disseminated throughout peripheral lymphoid tissues. However, B-cell malignancies may
also arise 1o soroe nordymphoid tissues such as the thyroid, gastrointesting] tract, salivary
alands and conjunctiva,

Well known B-cell malignancies inchuide B-cell chromc lymphocytic leakemia,

5

mantle cell lymphoma, Burkitt lymiphoma, {folbcuolar lymphoma, diffuse

5
1
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arge B-cell

o

yrphoma, multiple mycloma, Hodgkin's lymphoma, hairy cell leukerma, primary
effusion lymphoma and AIDS-related Non-Hodglkin’s Lymphoma (NHL). B-cell
malignancies comprise more than 85% of diagnosed lymphomas.

NHL is a broad classification of lymphomas originating {from the lymphatic
system when lymphocytes (B-cells or T-cells) become malignant and proliferate
uncontrolizbly to form a turnor mass. Intotal, NHL encompasses around 30 different
subtypes of lyrmapboma with a range of phenotypes and prognoses. It is projecied that the
incidence of NHL wiil reach over 140,000 in the major market countries by 2019,

Diffuse Large B-cell Lymphoma (DLBCL) is an aggressive most common
subtype of NHL, accounting for 30-40% of tyophoid malignancy, and encompasses a
biologically and clinically diverse set of diseages. Gene expression profiling studies

suggest that DLBCL can be separated wto two groups on the basis of gene cxpression
profiles; these groups are known as germinal center B-cell like (GCH) and activated B-
cell-like (ABRC) ymphomas.

The standard of care for treatment of DLBCL is commonly called CHOP, a
combination of cyclophosphamide, hydroxydaunorubicin (doxorubicin}, vincristine and
prednisone, or R-CHOP, a combination of anti-CD20 antibody rittiximab and CHOP.

addition, following remission, hematopoietic sten cell fransplantation may be considered.
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Despite the current treatiment options, the survival rates withio lagh risk groups of
aggressive NHEL can be as low as 30% over § years, Therefore, there is 3 need for

effective treatrents and combination treatments for NHL and B-cell malignancies.

SUMMARY OF THE INVENTION

One embodinment of the invention is 3 method of treating a subject having a CD38-
positive hematological malignancy, comprising administering to a patient in need thereof
an anfi-C38 antibody in combination with cyclophosphamide, doxorubicin, vincristing
and prednisone (CHOP), wherein the anti-CD38 antibody induces killing of CD3%-
expressing cells in virre by antibody-dependent cell-mediated cytotoxicity (ADCO),
artibody-dependent cellular phagocytosis (ADCP), complement dependent cytotoxicity

{CHC), apopiosis, or modulation of CD38 enzymatic activity.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A shows efficacy of daratiimumab ju 2 patierd-derived model of diffuse large B-cell
tymphoma (DLBCL) alone or in combination of CHOP or R-CHOP. Resccted DLRBCL
tumors were dmplanted m SCID/Beige mice. Treatments were mitiated when the turors
reached approximately 125-250 mu’. Daratumamab was adminisiered at 20 mg/kg once a
week for three weeks, CHOP and R-CHOP were administered once on day ¢ except
prednisone was administered on days -4 using the following regimens: CHOP:
{cyclophospheamide (CTX): 30 mg/kg v doxorubicin: 2.5 mg/kg i.v; vincristine: 0.4 mg/kg
i.v); predmisone: 0.15 mg/kg poo; R-CHOP: rituximab 20 mg/kg i.p. DAY 0. Tumor volume
was measured every three days. The Y-axis represents tumor volume + SEM.

Figure 1B shows the median survival time plotted against days after tumor inoculation of the
study of Figure 1A.

Figure 2 shows efficacy of daratunwimab in a prechinical model of non-Hodgkin’s lymphoma
alone or in combination with CHOP. 2x10° NAMALWA cells in matrigel were implanted
into NOD SCID mice and treatruent nitiated when the man tumor size reached
approximately 189 . Daratumumab was administered at 10 mg/kg once a week for three
weeks., CHOP was administered datly on days §-5 using following doses:
cyclophosphoamide ({CTXY: 5 mg'ke i.v.; doxorubicin: 8.5 mg/kg iv; vinenstine: 0.08 mg/kg
iv., predmsone: 0.03 mg/kg po. Tomor volome was measured every three days. The Y-axs
reprosents timor voline + SEM

Figure 3 shows efficacy of of daratumumab 1n a preclinical model of DLBCL alonc orin

combination with CHOP. § x 10° SU-DHL-6 cells were implanted into NOD SCHY mice and
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treatment initlated when the main feor size reached approximately 154 mon’, Daratumuraab

was adouinistered at 10 me/kg once a week for four weeks. CHOP was adiranistered daily on

days 0-5 using following doses: cyclophosphoamide (CTX}: 5 mg/kg i.v.; doxorubicin: 0.3

mg/kg iv; vincristine: 0.0% mg/kg iv, prednisone: 0.03 mg/kg p.o. Tumor size was plotied

as Mean + SEM.

Figure 4 shows efficacy of daratumurab in a patient-derived model of diffuge large B-cell

tymphoma (DLBCL} in combination with CHOP or R-CHOP administered simoltaneously or

sequentially op to day 45 of the study. Daratimumab was administered at 20 mg/kg once a

week for three weeks at day 0 or at day7. CHOP was administered once on day 0 except
rednisone was administered on days 0-4 using {ollowing regimens: CHOP:

{cyclophosphoamide (CTX): 30 me/ke iv.; doxorubicin: 2.5 mg/kg /.v; vincristine: 0.4 mg/’kg

i.v); predoisone: 0.15 mg/kg poo. Rituximab was administered at 20 mg/kg i.p. at cither day

or day 7. Tumor size was plotted as Mean £ SEM. CNT03930: sotype control. Values in

parenthesis indicate the day of dosiag. The data represents resulis from an ongoiag study al

day 44.

Figure 5 shows efficacy of daraluraumab 1o a patieni-derived mode] of DLBCLU in

combination with CHOP or R-CHOP administered simultancously or sequentially up to

day 101 of the study. Dosing was as i Figure 4. Tumor size was plotted as Mean &= SEM.

CNTO3936: 1sotype control. Values 1n parenthesis indicate the day of dosing. Statistical

differences 1n tumor volume were determined using a two-tailed, one-way ANOVA

followed by Dunnett’s nuiltiple comparisons test comparing treated single-agent groups

with control and combinations with standard agent. *P <0.05 versus control, 17 <0.05

versus CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; DLBCEL,

diffuse farge B-cell lymphoma. [THC, immunohistochenmistry; 1v., intravenous; 1.p.,

intraperiioncal.

DETAILED DESCRIPTION OF THE INVENTION

“CD38” refers {o the human CD38 protein (synonyms: ADP-ribosyl cyclase 1,
cADPr hydrolase 1, Cyclic ADP-ribose hydrolase 13, Huoan CDI38 has ag apino acid
sequence shown in SEQ D NG: 1

The term “antibodies” as used herein 1s meant 10 a broad sense and includes
mnmunoglobulin molecudes including polyclonal antibodies, monoclonal antibodies

mcluding mnrine, man, human-adapted, umanized and chimeric monoclonal
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antibodics, antibody fragments, bigpecific or multispecific antibodies, dimeric, tetrameric
or multimeric antibodies, and single chain antibodies.

Imnmoglobuling can be assigned to five major classes, namely {gA, Igh, IgE,
1gG and IgM, depending on the heavy chain constant domain amine acid sequence. {gA
and IgG are further sob-classified as the isotypes IgAy, Igd,, 1gGy, TeGy, [gGs and IgG,.
Antibody light chains of any vertebrate species can be assigned to one of two clearly
distinct types, namely kappa () and lambda (3), based on the amino acid sequences of
their constant domains.

The term “antibody fragments” refers o a portion of an immunoglobulin molecule
that retains the heavy chain and/or the light chain antigen binding site, such as heavy chain
complemmentarity determaining regions (HCDR) 1, 2 and 3, light chain complementanty
determining regions {LCDR) 1, 2 and 3, a heavy chain variable region (VH), or a light
chain variable ‘region (VL). Antibody fraginents include a Fab fragment, a monovalent
fragroent consisting of the VL, VH, CL and CHI domains; a F{ab) fragment, a bivalent
fragroent comprising two Fab fragments linked by a disulfide bridge at the hinge region; a
Fd fragment consisting of the VH and CHI domains; a Fv fragroent consisting of the VL
and VH domains of 2 single arm of an antibody; 3 domawn antibody (dAb) fragment {Ward
ef al., Nature 341:544- 546, 1989}, which consists of a VH domain. VH and VL domains
cant be engineered and hunked together via a synthetic linker to form vanous types of single
chain antibody designs where the VH/VL domains pair intramolecularly, or
ntermolecularly in those cases when the VH and VL domains are expressed by separate
single chain antibody constructs, to form a monovalent antigen binding site, such as single
chain Fv (scFv} or diabody; described for example in Intl. Pat. Publ. Nos. WO1998/44001,
WO 1988/01649, W1994/13804, and WO1992/01047. These antibody fragments are
obtained using well known technigues known to those of skill in the art, and the fragments
are screened for utility in the same meanner as are full length antibodies.

The phrase "isolated antibody™ refers to an antibody or antibody {ragment tha

substantially free of other antibodics having different antigenic specificities

(/y

(e,
anttbody that specifically binds CDI3%. Awn isolated antibody that specifically binds D38,

o
]

., an

however, can have cross-reactivity to other antigens, such as orthologs of human D38
such as Macaca fuscicularis {cynomolgus) CD3E, Morcover, an isolated antibody may be
substanttially free of other cellolar matenal and/or chemicals,

An antibody variable region consists of a “framework” region mterrupted by three
“antigen binding sites”. The antigen binding sites are defined using various terms such as

Complementarity Determining Regions ({CDRs), three in the VH (HCDRI1, HCDR2,
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HCDR3)Y, and theee i the VL {LCDR], LCDR2, LCDIR3), are based on sequence
variability (Wu and Kabat § Exp Med 132:211-58, 1970; Kabat ot ai Sequences of Proteins
of Immunelogical Interest, Sth Ed. Public Health Service, National Ingtitiutes of Health,
Bethesda, Md., 1991} or “Hypervariable regions”, "HVR”, or "HV”, three in the VH (H1,
H2, H3} and three m the VL (L1, L2, L3}, refer to the regions of an antibody variable
domains which are hypervariable 1 structure as defined by Chothia and Lesk {Chothia and
Lesk Mol Biol 196:901-17, 1987). Other terms mnclude “IMGT-CDRs” (Lefranc ef af.,
Dev Comparat Immunol 27:55-77, 20603} and “Specificity Determining Residue Usage”
(SDRL} {Almagro, Mol Recogmit 17:132-43, 2004). The International ImMunoGeneTics
(IMGT) database (http//www_imgt org) provides a standardized numbering and
definition of antigen-binding sites. The correspondence botween CDIRs, HYs and IMGT
delineations s described in Lefranc ef /., Dev Comparat Immunol 27:55-77, 2003

“Chothia residues” as used herein are the antibody VL and VH residues numbered
according to Al-Lazikani {Al-Lazikani ¢f ¢f, I Mol Biol 273:927-48, 1997},

“Framnework” or “framework sequences” are the remalning sequences of a

1able region other than those defined to be antigen binding sites. Becausce the antigen
binding sites can be delfined by various terms as described above, the exact aming acid
sequence of a framework depends on how the anligen-binding site was defined.

“Humanized antibody” refers o an antibody 1 which the antigen binding sites are
dertved from non-haman species and the vanable region frameworks are dertved from
human mmuonoglobulin sequences. Humanized antibodies may include substitutions in
the framework regions so that the framework may not be an exact copy of expressed
human mmmunoglobulin or germline gene sequences.

“Human-adapted” antibodies or “human framework adapted (HFA}Y” antibodies
refers to bumanized antibodies adapied according to methods described in ULS. Pat. Publ.
No, US2009/61 18127, Human-adapted antibodies are humanized by selecting the
acceptor human frameworks based on the maximum CDR and FR similaritics, length
corapatibilitics and sequence similarities of CDRI and CDR2 loops and a portion of hight
chain CDR3 loops.

“Huran antibody” refers to an antibody having beavy and light chain variable
regions it which both the framework and the antigen binding sites are derived from
sequences of human ongin, If the antibody contains a constant region, the constant region
also 18 dertved from sequences of human origin.

A human anlibody comprises heavy or hght chain variable regions that are

“derived from” sequences of human origin where the variable regions of the antibody are
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abtained froo a systern that uses human gernline rarounogiobulin or rearrangsd

wununoglobulio genes. Such sysiems ac wnumuaoglobulio gene libraries
displayed on phage, and transgentic non-human animals such as mice carrying human
mnmunoglobulin loct as described herein. A buman antibody may contain aming acid
differences when compared fo the human germline or rearranged immunoglobulin
sequences due to for example natarally cecurring somatic mutations or intentional
mtroduction of substititions in the framework or antigen binding sites. Typically, a
human antibody is at least about 80%, 81%, 82%, 83%, 84Y%, 85%, 86%, 87%, 88Y%, 54%,
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% 1dentical in amino acid
sequence to an amine acid sequence encoded by a human germiine or rearranged
immmunogiobulin gene. 1o some cases, a human antibody may contain consensus
framework sequences derived from human framework sequence analyses, for example as
described in Knappik ef af., I Mol Biol 296:57-86, 2600}, or synthetic HCDR3
incorporated to hurnan rareunoglobulin gene libraries displayed on phage, for example
as described in Shi ef @/, J Mol Biol 397:385-96, 2010 and Tutl. Pai. Publ. No.

WO2009/085462). Auntibodies 1o which antigen hinding sifes are derived from 2 non-

j

Inmman species are not included in the definition of homan antibody.

Isolated humanized antibodies may be synthetic. Human antibodies, while
derived from human imrminoglobalin sequences, may be generated using systems soch as
phage display incorporating synthetic CORs and/or synthetic frameworks, or can be
subjected to in vifro mutagenesis to improve antibody propertics, resulting in antibodies
that do not naturally exist within the human antibody germline repertoire in vivo.

The term “recombinant antibody™ as used herein, includes all antibodies that are
prepared, expressed, created or isolated by recombinant means, such as antibodies isolated
from an animal {c.g., a mouse} that is {ransgenic or transchromosornal for human
impunoglobulin genes or a hybridoma prepared therefrom {described further below),
antibodies isolated from a host cell transformed to express the antibody, antibodies
isolated from a recombinani combinatorial antibody bbrary, and antibodies prepared,

expressed, created or isolated by any other means that involve splicing of huan
mnmunoglobulin gene sequences 1o other DBNA sequences, or aniibodies that are generated
in vitro using Fab arm exchange such as bispecific antibodie

The term "monoclonal antibody” as used herein refers (o a preparation of antibody
mnlecules of single molecular composition. A monoclonal antibody composition displays
a single bimding specificity and affinity for a particular epitope. or in a case of a bispecific

monoclonal antibody, a dual binding specificity to two distinct epitopes.
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as used hereln means a portion of an antigen to which an
aunttbody specifically binds. Epttopes usually consist of chenically active (such as polat,
non-polar or hydrophobic) surface groupings of moicties such ag amine acids or
polysaccharnde side chains and can have specific three-dimensional structural
characteristics, as well as specific charge characteristics. An epitope can be composed of
contiguous and/or discontiguous amino acids that form a conformational spatial onit. For
a discontiguous epitope, amine acids from differing portions of the linear sequence of the
antigen come in close proxinuty in 3-dimensional space through the folding of the protein
molecule.

“Variant” as used herein refers to a polypeptide or a polynucleotide that differs

o~

from a reference polypeptide or a reference polynucieotide by one or more modifications

o~

for example, substitutions, insertions or deletions.

97

“Synergy”, “syncrgism” or “synergistic” mean more than the expected additive
effect of a cornhination.

The term "in combination with” as used hercin weans that two or raore
therapeutics can be adrutnisicred to a subject together v a rowture, concurrently as single
agents or sequentially as single agents in any order.

The terms “treat” or “treatment” refers to both therapeutic treatiment and
prophylactic or preventative measures, wherein the objeet 18 to prevent or slow down
{lessen} an undesired physiological change or disorder, such as the development or spread
of tumor or tumor cellas. Beneficial or desired clinical results include alleviation of
symptoms, diminishment of extent of disease, stabilized (1.¢., not worsening) state of
disease, delay or slowing of disease progression, amelioration or palliation of the disease
state, and remission (whether partial or total), whether detectable or undetectable.

al
H
al

“Treatment” can also mean prolonging swrvival as compared {o expected survival if a
subject was not receiving treatment. Those in need of treatment include those already with
the condition or disorder as well as those prone to have the condition or disorder or those
10 which the condition or diserder is to be prevented.
“Tahibits growil” {¢.g., vefertng to cells, such as tumor cells) refers to a

mgasurable decrease in the cell growth in vidro or in vive when contacied with a
therapeutic or a combination of therapeutics or drugs when compared to the growth of the
samne cells grown in appropriate control conditions well known to the skilled n the art.
Intubition of growth of a cell in vitro or in vivo may be al least about 10%, 20%, 30%,

48%, S50%, 60%, 70%, 88%, 90%, 99%, or 100%. Inhibition of cell growth can ocour by a

ariety of mechanisms, for example by antibody-dependent cell-mediated toxicity
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(ADCC), amib(sdy dependent cellular phagocytosis (/‘\I}C P}, complement dependent

‘“"crdpcw"mil‘v effective amnoont” refers to an amount effective, at dosages and
for periods of tine necessary, to achieve a desired therapeutic result. A therapeutically
effective amnount may vary according o factors such ag the disease state, age, sex, and
weight of the wmdividual, and the ability of a therapeutic or a combination of therapeutics
to elicit a desired response in the individual. Exemplary indicators of an effective
therapeutic or combination of therapeutics that include, for example, improved well-being
of the patient, reduction of a tumor burden, arrested or slowed growth of a tumor, and/or
absence of metastasis of cancer cells to other locations in the body.

The invention provides methods for treating patients having CD38-positive
hematological malignancy. The invention is based on the discovery that an anti-CD38

A
o

a
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H
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antibody administered in combination with CHOP or R-CHOP provides a synergistica
potent themapeutic cificacy in vivo 1o relevant lumor todels of bematological malignancy

One erabodiment of the invention disclosed herein, inchuding in the numbered
erabodiments listed below, 1s 2 metbod of treating a subject baving a CD38-positive
hematological malignancy, comprising administering to a patient 1 need thereof an anti-
D38 antibody 1n combination with cyclophosphamide, doxorubicin, vineristine and
prednisone (CHOP), wherein the anti-CD38 antibody induces killing of CH38-expressing
cells in vitro by antibody-dependent cell-mediated cytotoxicity (ADCC), antibody
dependent cellular phagocytosis (ADCP), complement dependent eytotoxicity (CDC),
apoplosis, or modulation of CD38 enzymatic activity.

In some embodiments of the invention disclosed herein, inchiding in the numbered
embodiments listed below, the anti-CD38 antibody induces i vitro killing of the CD335-
expressing colls by ADCC or CDC.

“(CD38-positive hematological malignancy” refers to a hematological malignancy
characterized by the presence of twmor cells expressing CD38 inchuding leukemias,
Iymphoraas and mycloma, Examples of such CD38-positive hematological malingancies

mclude ¢

recurser B-ocell Iymphoblastic leukemia/lymphoma and B-cell non-Hodgkin's

Iymphoraa; acute promyclocytic leukemia, acote lymphoblastic teukemia and mature B

cell neoplasrus, such as B-cell chronic lymphocytic leskemia(CLL Y/ sraall vmphacytic
tymphoma (SLL), B-cell acute lymphocytic leukemia, B-cell prolymphocytic leukemia,
tymphoplasmacytic ymphoma, mantle cell tymphoma (MCL), folticular hymphoma (FL),
mcluding low-grade, mtermediate- grade and high-grade FL, cutaneous follicle center

tymphoma, marginal zone B-cell lymphoma (MALT type, nodal and splenic type}, hairy
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cell leukemia, diffuse large B-cell ymphoma (DLBCL), Burkitt's lyraphoma (BL),

plasmacytoma, multiple myeloraa, plasma cell leukewia, post-transplant

o

ymphoproliferative disorder, Waldenstrom's macroglobulinemia, plasma cell leukemtas
and anaplastic large-cell lymphoma (ALCLY

In one embodiment of the invention disclosed herein, inchiding in the mumbered
emnbodiments histed below, the CD-38 positive hematological malignancy is muoltiple
myeloma.

In one enmtbodiment of the invention disclosed herein, including in the nuimbered

mbodiments fisted below, the CD-38 positive hematological malignancy 1s diffuse large
B-cell lymphoma (DLBCL).

o one embodiment of the invention disclosed herein, including v the numbered
erabodiments listed below, the CE-38 positive homatological malignancy is non-
Hodgkin's lymphoma.

o one embodinient of the wvention disclosed herein, jncloding in the numbered
erabodiments listed below, the CE-38 positive hematological maliguancy s acute
iymphablastic leukeraia (ALL).

In one embodiment of the wmvention disclosed herein, including in the nombered

i 1
1
ik

embodiments listed below, the CE-38 positive hematological malignancy 1s follicular

ymphoma {(FL).
In one embodiment of the wmvention disclosed herein, including in the nombered
embodiments listed below, the CD-38 positive hematological malignancy 1s Burkitt’s
fymphoma (BL}.
In one embodinent of the ivention disciosed herein, inclading in the numbered
embodiments listed below, the CPB-38 positive hematological malignancy is mantle cell
Iymphoma (MCL).

In one embodiment of the invention disclosed hercin, including in the numbered
embodiments listed below, the CD38-positive hematological malignancy is multiple
rayeloma, acute lymphoblastic leukernia (ALL), noo-Hodekin's lymphoma, diffuse large
B-cell tymphoma (DLBCL), Burkitt’s yrophoma (BL), folbicular lywphora (FL) or
raantie-cell Iyraphoraa (MCL).

Examples of B-cell non-Hodgkin's lymphomas are lymphomatoid granulomatosis,
primary effusion lymphoma, intravascular large B-cell lymphoma, mediastinal large B-cell
yrphoma, heavy chain discases (incloding v, v, and 2 disease), lymphomas indoced by
therapy with immmosuppressive agents, such as cyclosporine-induced lyraphoma, and

methotrexate-imduoced lymphoma.

et
L
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In one erobodiment of the present ipventioy, inchiding in the nurabered
embadiments histed below the disorder involving celis expressing CD38 is Hodgkin's
yrphoma,

Other examples of disorders mvolving cells expressing CR38 include
malignancies derived from T and NX cells including : mature T cell and NK cell
11

neoplastus inchiding T-cell prolymphocytic leukera, T-cell large granular lymphocytic

leukemia, aggressive N cell leukemia, adult T-cell levikeniia/lymphoma, exiranodal

O

~

NE/T cell lymphoma, nasal type, 78 enteropathy-type T-cell lymphoma, hepatospienic T-
cell lymphoma, subcutancous panniculitis-like T-cell lymphoma, blastic NK cell
tymphoma, Mycosis Fungoides/Sezary Syndrome, primary cutancous CD30 positive T-
cell lymphoproliferative disorders (primary cuiancous anaplastic large cell lyvmphoma C-
ALCL, lymaphomatoid papulosis, borderfine lesions), angioimmmunoblastic T-celi
tymphoma, peripheral T-cell lymphoma unspecified, and anaplastic large ceil lymphoma.

Exanples of malignancies derived from myeloid cells include acute myeloid
lfeukeruia, including acuic promyelocytic leukemia, and chronic wyeloproliferative
diseascs, inchuding chronic oveloid leukemia,

Any anti-CD38 antibody may be used in the methods of the vention as disclosed
herein, wnchiding in the numbered embodiments listed below, provided that the anti-CH38
antibody nduces i vitre killing of CD38-expressing cells by antibody-dependent cell-
mediated cytotoxicity {ADCC), antibody-dependent cellutar phagocytosis (ADCPY,
complement dependent cytotoxicity (CDC), apoptosis, or modulation of CID38 enzymatic
activity. The variable regions of the anti-CI38 antibodies may be obtained from existing
anti-CD38 antibodies, and cloned as full length antibodies using standard methods.
Exemplary variable regions binding CD38 that may be used are described, e.g., in Intl. Pat.
Publ. MNos. WOUS/103083, WO06/125640, WO07/042309, WOGB/047242, W(GI2/0692612
WO06/099875 and WO 1/1544534A1.

An exemplary anti-CD38 antibody that may be used is daraturnumab.
Daratumuraab comprises heavy chain variable region {VH) and a light chain variable
region (VL} aroo acid sequences shown in SEG ID NOG: 4 and 5, respcctively heavy
chain CDRs HCDRI, HCDR2 and HCDR3 of SEQ 1D NQg: 6, 7 and 8, respectively, and
ight chain CORs LCDRY, LCDR2 and LCDR3 of SEQ IDNQOs: 8, 10 and 11,

o]

respectively, and is of TG 1/ subtype. Daratumumab heavy chain amino acid sequence 1§

shown in SEQ ID NO: 12 and hight chain amine acid sequence shown in SEQ 1D NO: 13,

i1
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SEQIDNO:
MANCEFSPVSGDEPCCRLUSRRAQLCLGVSILVEILVVVLAVVVPRWROOQWSGPGT
TERFPETVLARCVKYTEHPEMRHVIDCOQSVWDAFKGAFISKHPCNITEEDYQPLM
KLOGTOTVPONEILLWSRIEDLAHOQFTOVORDMETLEDTLLOYLADDLTWOCGEEN
TSKINYQSCPOWRKDCSMNNPVSVEWKTVERRFAEAACDVVHVMLNGSRSKIFDK
NSTFGSVEVHNLOPEEVOTLEAWVIHGGREDSRDLCGDPTIKELESIISKRNIQFSC
KNIYRPDKFLQCVENPEDSSCTSEL

SEQIDNO: 2
SKRNIQFSCKNEYR

SEQID NG 3
EKVOTLEAWVIHGS

SEQIDNG: 4
EVQLLESGGGLYQPGGSLRLSCAVSGEFTENSFAMSWVROAPGKGLEWVRA
ISGRGGOTY YADSVRKGRETISRDNSENTLYLOMNSLRAEDTAVYFCAKDK.
ILWEFGEPVFDYWOQOTLVTVSS

SEGQGIDNG: 5
EIVLTOSPATLSLSPGERATLSCRASQSVSSYLAWYQQRKPGOAPRLLIYD
ASNFATGIPARFSGSGSGTDEFTLTISSLEPEDFAVYYCQOQRSNWPPTFGG
GTKVEIK

SEQIDNG: 6
SFAMS

SEQ IDNO: 7
AISGSGGGTYYADSVKG

SEQ D NO: 8
DEKIEWEFGEPVTEDY

SEQ D NO: 9
RASQSVSSYLA



WO 2015/130728 PCT/US2015/017420

SEQ IDNO: 10
DASMNRAT

SEQIDNO: 11
OQRSNWPPTF

SEQIDNO: 12
EVQLLESGGGLVOPGGSLELSCAVSGEFTEFNSFAMSWVRGAPGRGLEWVSAISGRG
GOTYYADSVKGRITISRDNSKNTLY LOMNSLRAEDTAVYFCAKDKIL WFGEPVE
DYWGQGTLVTVSSASTKGPSVFPLAPSSKSTAGGTAALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLOSSGLYSLASVVTIVPSSSLGTOTYICNVNHKPENTKVDKRY
EPKSCBKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVICVVVDVSHEDPE
VKINWYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGEKEYKCKVS
NKALPAPIEKTISKAKGOPREPOQVYTLPPSREEMTENQVILTCLVKGEFYPEDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDEKSRWOQQONYVFSCSVMHEALHN
HYTORKSLSLEPGK

SEGQID NO: 13

EIVLTOQSPATLSLSPGERATLSCRASOQSVESY LAWY QORKPGOAPRLLIYVDASNRAT
GIPARFSGSGSGTDFTLTISSLEPEDFAVYYCQORENWPPTFGQOGTKVEIKRTVAAP
SVEIFPPSDEQGLKSGTASVVUCLLNNFYPREAKVOWEKVDNALGSGNSQESVTEQDS
KESTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPYTKSFNRGEC

Another exerapiary anti-CD38 antibody that may be used is mAbUO3 comprising
the VH and VL sequences of SEQ I NOs: 14 and 15, respectively and described in U.S.

Pat. No. 7,829,693,

SEQ IDNO: 14

QVOQLVGSGAEVKKPGSSVKVACKASGGTFSSYAFSWVRQAPGQGLEWMGRVIPE
LOIANSAQKFQGRVTITADKSTSTAY
MDLSSLRSEDTAVYYCARDDIAALGPFDY WGQGTLVTVAESAS

SEQ D NO: 15

DIOMTQBPSSLSASVODRVTITCRASQGISSWLAWYQOKPEEAPKSLIYAASSLES
GVPSRESGSGSGTDFTLTISSLQP

13
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EDFATYYCQQYNSYPRTFGQGTKVEIK

Another exeraplary anti-CD38 antibody that way be used s mAbO24 comprising
the VH and VL sequences of SEQ D NOs: 16 and 17, respectively, described mn ULS, Pat,

Neo, 7,829,693,

SEQ IDNO: 16

EVQLVOSGAEVEKPGESLKISCKGSGY SFSNY WIGWVROMPGKGLEWMGHY PH
DSDARYSPSFQGOQVTEFSADKSISTAY
LOWSSLEASDTAMYYCARHVGWGSEY WYTDLWGRGTLVTVSS

SEQID NG 17

EIVLTQSPATLSLSPGERATLISCRASQSVESY LAWY QOKPGQAPRLLIVDASNRAT
GIPARFSGHRGSGTDFTLTISSLER
EDFAVYYCQQRSNWPPTFGQGTKVEIK

Another exemplary anti-CI338 antibody that raay be used is MOR-202 (MOR-
03087} compuising the VH and VL sequences of SEQ I NOs: 18 and 19, respectively,
described 10 URS. Pat. No. 8,088,886,

SEGID NO: (8

QVOLVESGGGLVQPGGSLRLSCAASGFTESSY YMNWYRQAPGKGLEWVEGISGD
PSNTYYADSVEGRITISRDNSENTLY
LOMNSERAEDTAVYYCARDLPLVYTGFAYWGQGTLVTVSS

SEQ ID NO: 19
DIELTOPPSVSVAPGQTARISCRSGDNLRHYYVYWYQOQKPGQAPVLVIYGDIKEPS
GIPERFRGENSGNTATLTISGTQALR

DEADYYCQTYTGGASLVEGGGTKLTIVLGO

Anti-CD38 antibodics used 1n the methods of the invention disclosed herein,
nclading o the numbered erabodiments listed below, may also be sclected de nove from,
£.2., 2 phage display library, where the phage s engineered to express human
mnmunoglobulins or portions thereof such as Fabs, single chain antibodies (scv), or
unpaired or paired anlibody vanable regions (Bnappik of o/, J Mol Biol 296:57-86, 200¢;
Krebs ef af, § umino! Meth 254:67-84, 2001; Vaughan ef @f., Nature Biotechnology

14:309-314, 1996; Sheets ef o/, PITAS (USA)Y 95:6157-6162, 1998; Hoogenboom and

14
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Winter, J Mol Biol 227:381, 1991; Marks ef o/, J Mol Biol 222:381, 1991}, CD38
hinding varable domains may be wsolated from e.g., phage display libraries expressing
antibody heavy and light chain variable regions as fusion proteins with bacteriophage pIX
coat protein as deseribed in Shief @f, J. Mol Biol 397:385-96, 2010 and PCT Intl. Publ,
Ne., WO09/085462). The antibody libraries can be screened for binding o human CD38
extracethular domain, obtained positive clones further characterized, Fabs 1solated {ron the
clone lysates, and subsequentely cloned as fisll length antibodies. Such phage display
methods for isolating human antibodies arc established in the art. See for example: US
Pat. No. 5,223,409; US Pat. No. 5,403,484; and LS Pat. No. 5,571,698, LIS Pat. No.
5,427,968, US Pat. No. 5,580,717, US Pat. No. 5,969,108, US Pat. No. 6,172,197, US Pat.
No. 5,885,793; US Pat. No. 6,521,404; US Pat. No. 6,544,731; US Pat. No. 6,555313; US
Pat. No. 6,582,915; and 1JS Pat. No. 6,593,081,

The Fc portion of the antibody may mediate antibody etffector functions such as
antibody-dependent cell-mediated cytotoxicity (ADCC), antibody-dependent cefhilar
phagocytosis {ADCP) or complement dependent cyiotoxiciiy (CDC). Such functions may
be mediated by binding of an Fc effector domain(s) 1o an Fe receptor on an tmmune cell
with phagocytic or lytic activity or by hinding of an Fc effector domain(s) to components
of the complement sysiem. Typically, the effect{s) mediated by the Fe-binding cells or

,, D38

complernent componenis resull i inhibition and/or depletion of {arget cells, .

¢

expressing cells. Human IgG isotypes 1gG1H, TeG2, 1gG3 and 1pG4 exhibit differential
capacity for effector functions. ADCC may be mediated by [gGl and 1gG3, ADCP may
be mediated by FeGl, {gGG2, 1gG3 and 1G4, and CDC may be mediated by 1gG1 and
1gG3

In the methods described herein, and w some embodiments of each and every one
of the numbered embodinients histed below, the anti-CD38 antibody is of 1gGl, ig(G2,
12033 or [g(34 isotype.

In the methods described herein, and m some embodiments of each and every one
of the numbered embodinents listed below, the anti-CD38 antibody induces in vitro
killing of CD38-expressing cells by ADCC

In the methods deseribed herein, and in some embodiments of each and every one

of the numbered embodiments listed below, the anti-CD38 antibody wduces in vitro

kithog of CD38-expressing cells by CDC.
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I the methods described herein, and in some embodiments of cach and every one
of the numbered ernbodiments listed below, the anti-CD38 antibody 1nduces killing of
Chi3s-cxpressing cells by ADCP ix vitro,

In the methods deseribed herein, and in some embodiments of cach and every one

N
1
i

of the numbered ernbodiments listed below, the anti-CD38 antibody induces killing of

CT38-cxpressing cells by apoptosis in vifro.

In the methods described heremn, and i some embodiments of each and every one
of the numbered embodiments listed below, the anti-CD38 antibody induces killing of
CD38-expressing cells by ADCC and CDC in vitro.

While not wishing fo be bound to any particular theory on mechanism of action, it
is expected that the anti-CD38 antibody of the invention will induce in vive killing of
CD38-expressing cells by ADCC, CDC, ADCP, apoptosis or in vive modulation of CD38
enzymaiic activity.

"Amibodywdcp' adent cellalar cytotoxicity,” or “antibody-dependent cell-roediated

cytotoxicity™ or “ADCCT is a mechanisw for inducing cell death that depends upon the

interaction of antibody-coated target cells with effector cells possessing Ivtic activity, such

¥
as natural killer cells, monocyies, macrophages and neatrophils via Fo gamma receptors
{FeyR) expressed on effecior cells, For example, MK cells express FoyRIEa, whereas
monocytes express FoyRI, FoyRIT and FevRIa, Death of the antibody-coated target cell,
such as CD38-expressing cells, occurs as a result of eifector cell activily through the
secretion of membrane pore-forming proteins and profeases. To assess ADCC activity of
an anti-Ch38 antibody in vitre, the antibody may be added to CD38-expressing cells in
cornbination with immune effector cells, which may be activated by the antigen antibody
coraplexes resulting in cylolysis of the targei cell. Cytolysis is generally deiected by the
release of label {e.g., radicactive substrates, fluorescent dyves or natural tntraceliular
proteins) from the lysed cells. Exeroplary cffector cells for such assays jnclude peripheral

biood mononuclear cells (PRMC) and NK cells. Exemplary target cells mnclude Dauds

cells (ATCC 1 or B cell leukemta or lymphoma tumor cells expressing CD38.
In an exemplary assay, target cells are labeled with 20 uCi of *'Cr for 2 hours and washed
extensively. Cell concentration of the target cells can be adjusted to 1x10° cells/ml, and
anti-CD38 antibodies at various concentrations are added. Assays are started by adding
Daudi cells at an effectoritarget cell ratio of 40:1. After incubation for 3 hr at 37°C assays

4
~1
i

are stopped by cenirifugation, and 'Cr release from lysed cells are measured in a

scintiflation counter. Percentage of cellular cytotoxicity may be calculated as % maximal

t6
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ysis which may be induced by adding 3% perchloric acid o target cells. Aoti-CDi38
anttbodies used in the methods of the invention may induce ADCC by about 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95% or 100%
of control (cell tysis induced by 3% perchloric acid).

" Antibody-dependent celhilar phagocytosis™ ("ADCP") refers to a mechamsm of
elimination of amib(}dy-coatcd target cells by internalization by phagocytic cells, such as
macrophages or deniricit cells. Jn vitro ADCP may be evaluated by using monocyte-

yor B eell

derived macrophages as effector cells and Daudi cells (AT
leukemia or lymphoma tumor cells expressing CD38 as target cells engineered to express
GFP or other labeled molecule. Effctoritarget cell ratio may be for exanmple 4:1. Effector
cells may be incubated with target cells for 4 hours with or without anti-CDI38 antibody.
After incubation, cells may be detached using accutase. Macrophages can be identified
with anti-CD1i1b and anti-CD 14 antibodies coupled to a fluorescent label, and percent
phagocytosis can be determined based on % GFP fluorescent in the CH1LUCDI4"
macrophages using standard methods. Anti-CD38% antibodies used i the methods of the
invention may duce ADCP by about 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 20%, 95% or 100% .

“Complement-dependent cytotoxicity”, or "CDC”, refers o a mechamsm for
inducing cell death in which an Fe effector domain of a target-bound auntibody binds and
activates complement component Clg which 1o turn activales the complerent cascade
ieading to target cell death. Activation of complement may also result in deposition of
complement componenis on the target cell surface that facilitate ADCC by binding
complement receptors {e.g., CR3) on levikocytes. CDC of CD38-expressing cells can be
measured iz vitro for example by plating Daudi cells at 1210 cells/well (50 pl/well) in
RPMI-B (RPMI supplemented with 1% BSA), adding 50 ul anti-CD38 antibodics to the
wells at final concentration between 0-100 pg/nd, incubating the reaction for 15 min at
roorn temperatizre, adding 11 pl of pooled human serum o the wells, and incubation the
reacton for 45 min at 37° C. Parcentage (%6} Ivsad cells muay be detecied as % propidium
1odide stained cells in FACS assay using standard methods. Anti-CD38 antibodies used
the methods of the wnvention may induce CDIC by abowut 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%., T0%, 75%, 80%, 85%, 90%, 95% or 100%

The ahility of monoclonal antibodies 1o induce ADCC can be enhanced by
engineering their oligosaccharide component. Human {gGl or 1gG3 are N-glycosylated at
AsnZ97 with the majority of the glycans in the well known biantennary GO, GOF, G1,

G1F, G2 or G2F formsa. Antibodies produced by non-engineered CHO cells typically have

—
~
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a glycan fucose content of about at least 85%. The removal of the cors fucose from the
hiantenuary coraplex-type oligosaccharides attached to the Fo regions enbances the ADCC
of antibodies via improved FoyRIHa binding without altering antigen binding or CDC
activily. Such anttbodies can be achieved using different methods reported to lead o the
expression of relatively high defocosylated antibodies bearing the biantennary complex-
type of Fe oligosacchandes such as control of calture osmolality (Konno ef ol
Cytotechnology 64:249-65, 2012), application of a variant CHO line Leci3 as the host cell
line (Shields er @l § Biol Chem 277:26733-40, 2002}, application of a variant CHO hine
EB66 as the host cell line (Olivier er /., MAbs ;2(4}, 2010; Epub ahead of pring;
PMID20562582), application of a rat hybridoma cell ine YB2/0 as the host cell line
(Shinkawa ef «l, J Biol Chent 278:3466-3473, 2003), introduction of small interfering
RNA specifically against the o 1,6-fucosylirasferase { FUTE) gene (Mori ef al, Biotechnol
Bineng88:901-908, 2004}, or co-expression of B-1,4-N-acetylghicosaminyltransferase T
and Golgt e-mannosidase I or a potent alpha-mannosidase 1 intubitor, kifunensiue
(Ferrara ef af, J Biol Chem281:5032-5036, 2006, Ferrara er ¢/, Biotechnol Bioeng
93:851-861, 2006; Xhou ef of., Biolechnol Bioeng 99:652-65, 20083, ADCC elicited by
anti-C D38 antibodies used 1n the methods of the invention, and in some ernbodumnents of
each and every one of the numbered embodiments listed below, may also be enhanced by
certain substitutions in the antibody Fe. Exemplary substitutions are, for example,
substitations at amino acid positions 256, 290, 298, 312, 356, 330, 333, 334, 360, 378 or
430 {residue numbering according to the EU index) as deseribed in .S, Pat. No.
6,737,056,

o some methods described herein, and in sorae embodiments of each and every
one of the rumbered embodiments listed below, the anti-CD38 antibodies comprise a
substiution in the antibody Fo,

o sorue methods described herewn, and in somes enabodiments of each and every
one of the rumbered embodiments listed below, the anti-CTI38 antibodies comprise a
substitution i the antibody Fe af araino acid positions 256, 290, 298, 312, 356, 330, 333,
334, 360, 378 or 430 {residoe nurnbering according to the EU index).

Another embodiment of the invention, including in the nunmbered embodiments
fisted below, 18 a method of treating a subject having a CD3H-positive hematological
malignancy, comprising administering o a patient in need thereof an anti-CD38 antibody
in combination with cyclophosphamide, doxorubicim, vincristine and prednisone (CHOP),
wherein the anti-CD38 antibody induces iz virre killing of CD38-expressing cells by

antibody-dependent cell-mediated cytotoxicity (ADCC), antibody-dependent cellular

18
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phagocytosis {ADCP), complement dependent eviotoxicity (CDC), apoptosis, or in vifro
raodulation of CEI38 enzymatic activity, wherein the anti-CD38 antibody corapetes for
hinding to CI¥38 with an antibody comprising a heavy chain vanable region {(VH) of SEQ

1D NOG: 4 and 2 hight chain vaniable region (VL) of SEQ 1D NO: 5 (daratumuimab).

Antibodies can he evaluated for their competition with daratumumab having VH
of SEQ ID NO: 4 and VL of SEQ D NO: § for binding to €138 using well known in vifro
methods. In an exerplary method, CHO cells recombinantly expressing CD38 may be
incubated with unlabeled daratumumab for 15 wun at 4°C, followed by incubation with an
excess of fluorescently labeled test antibody for 45 mun at 4°C. After washing in
PRS/BSA, thuorescence may be measured by flow eyvtometry using standard methods. In

another exeraplary method, extraceliular portion of human CI338 may be coated on the
surface of an ELISA plate. Excess of uniabelied daraturoumab may be added for about 15
mirtes and subscquently bintinylated test antibodies may he added. After washes in
PR5/Tween, binding of the fest biotinylated antibodies may he detected using horseradish
peroxidass {(HRP}-conjugated streptavidine and the sigual defected using staundard
methods, It s readily apparent that 1o the competition assays, daratumumab may be
iabelled and the test antibody unlabeled. The test antibody competes with daratarmumab
when daratumunab inhibits binding of the test antibody, or the test antibody inhibits
bin(‘img of daratumomab by 20%, 30%, 40%, 50%, 60%, 70%, 8(:%, 85%, 30%, 95% or
00%. The epitope of the test antibody can further be defined, for example, by peptide

mapping or hydrogen/deuteriam protection assays using known methods.

Angcther embodinent of the invention disclosed herain, incltuding in the numbered
enibodiments listed below, 18 3 method of treating a subject having a CD38-posiive
hematological malignancy, comprising administering to a patient in need thereof an anti-
D38 antibody that binds to the region SKRNIQFSCKNIYR (SEQ D NO: 2) and the
region EKVQTLEAWVIHGG (SEQ D NO: 3) of human CD38 (SEQ ID NO: 1) in
corbination with cyclo g‘fi osphamide, doxorgbicin, vincristine and prednisone (CHOP),
wherein the anti-CD38 antibody induces iz vifre killing of CD38-expressing cells by
antibody-dependent celi-mediated cytotoxicity (ADCC), antibady-dependent celiular
phagocytosis {ADCP), complement dependent eviotoxicity (CDC), apoptosis, or in vifro
ruodulation of CD38 enzymatic activity. The epitope of the antibody includes some or a
of the residoes 1o these regions having the sequences shown o SEQ ID NO: 2 or SEQ ID

NO: 3. In some embodiments disclosed herein, inchiding 1o the numbered erabodiments

J—

isted below, the antibody epitope comprises at least one aming acid n the region

1o
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SERNIQFSCENIVR (SEQ TN NG 2) and at least one amino acid i the region
EKVQTLEAWVIHGG (SEQ ID NO: 3) of bumman CD38 (SEQ ID NO: 1), Insome
emnbodiments disclosed herein, meluding i the numbered erbodiments ligted below, the
antibody epitope comprises at least two amino acids in the region SKERNIQFSCEKNIYR
(SEQ ID NO: 2) and at least two aming acids in the region EKVQTLEAWVIHGG (BEQ
1B NG: 3) of buman CD38 (SEQ ID NG: 1), In some embodiments disclosed herein,
includmg in the nombered embodiments listed below, the antibody epitope comprises at
least three aming acids in the region SKRNIQFSCKNIYR (SEG 1D NG: 2) and at least
three amino acids in the region ERVQTLEAWVIHGG (SEQ 1D NO: 3) of human CD38
(SEQ ID NO: 1), In some embodiments disclosed herein, including in the numbered
erabodiments listed below, the anti-CD38 antibody binds to an epitope comprising at feast
KRN in the region SKRNIQFSCKNIYR (SEQ D NO: 2) and comprising at feast VQLT
(SEQ ID NO: 20) in the region EKVQTLEAWVIHGG (SEQ ID NO: 3) of human CD35%
{(SEQ ID NGO 1.

Tn some embodiments of the invention described herein, and in some
erabodiments of each and every one of the numbered embodiments listed below, the anti-
38 antibody binds 1o an epiiope comprising at Jeast KRN in the region
SKRNIQFSCKNIYR (3EQ ID NO: 2) and comprising at Jeast VLT (SEQ ID NO: 20} in
the region EKVQTLEAWVIHGG (SEQ 1D NO: 3) of buman CDI38 (SEQ 1D NOx 1),

An exemplary antibody that binds to the region SKRNIQFSCKNIYR (SEQ 1D
NO: 23 and the region EXVQTLEAWVIHGG (SEQ 1D NO: 3) of human CD38 (SEQ 1D
NG: ) or minvually to residues KRN and VOLT (SEQ 1D NO: 20) as shown above s
daratunanmab baving certain VH, VL and CDR sequences as described above, Antibodies
that bind to the region SERNIQFSCENIYR (SEQ ID NGt 2) and the region
EKVOTLEAWVIHGG (SEQ 1D NO: 3) of human CD38 (SEQ D NO: 1) canbe
generated, for example, by immunizing mice with peptides having the ammo acid
sequences shown 1 SEQ 1D NOs: 2 and 3 using standard methods and as desenbed
herein. Autibodies can be further evaluated, for example, by assaying competition
between daratomumab and a test antibody for binding to CD38 as described above.

In the methods described herein, and m some embodiments of each and every one
of the numbered embodinents listed below, the anti-CD38 antibody can bind human
CT338 with a range of affindties (Kp). Inone embodinent according to the invention, and
in some embodiments of cach and every one of the numbered embodiments listed below,

the ardi-CD38 antibody binds to CD38 with high affinity, for example, with a Ky equal to
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or less than about 107 M, such as but not lmited to, 1-9.9 {or any range or value therein,
less than about 10 , { I3

suchas 1,2,3,4,5,6,7,8 or &) X 10° 107, 107, 107

4 n-12 Hel 1
Lo 1o oM 16 orany
range or value therein, as determined by sorface plasmon resonance or the Kinexa method,

5
1
i

as practiced by those of skill in the art. One exemplary affinity s equal to or less than

1 - 4 . . 1 F )
1x10® M. Another exemplary affinity is equal o or less than 1x107 M.

{n some methods described herein, and in some embodiments of cach and every
one of the numbered embodiments listed below, the anti-CD38 antibody hasaa

biantennary glyean structure with fucose content of about between 6% to about 15%, for

example 15%, 14%, 13%, 12%, 11% 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or 0%.

In some methods described herein, and in some embodinents of each and every
one of the rumbered embodiments listed below, the anti-CD3 8 antibody aa
biantennary glycan structure with fizcose content of about 50%, 40%, 45%, 40%, 35%,
30%, 25%, 20%, 13%, 149, 13%, 12%, 11% 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1% or 8%

Substitutions in the Fe and reduced fucose content may enhance the ADCC
activity of the anti-CD38 antibody.

“Fucose content” means the amount of the fucose monosaccharide within the

~ ’

sugar chain at Asn297. The relative amount of Bicose is the percentage of ficose-
contarning strvictures related to all glycostructures. These sy be characterized and
quaniified by multiple methods, for example: 1) using MALDI-TOF of N-glycosidase ¥
treated sample {e.g. complex, hybrid and oligo- and high~mannose struciures}) as described
in Int Pat. Publ. No. WO2008/877546; 2) by enzymatic release of the AsnZ97 glycans with
subsequent derivatization and detection/ guantitation by HPLC (UPLC) with floorescence
detection and/or HPLC-MS (UPLC-MB); 3) intact protein analysis of the native or reduced
mAb, with or without freaiment of the Asn297 glycans with Endo S or other enzyme that
cleaves between the first and the second GleNAc¢ monosaccharides, leaving the fucose

1

attached to the first GicNAc; 4) digestion of the mAb to constituent peptides by enzymatic

P

digestion {c.g., rypsin or endopepiidase Lys-C}, and subsequent separation, detection and

guantitation by HPLC-MS (UPLC-MS); or 5) separation of the mab oligosaccharides

o~

from the mAb protein by specific enzywaiic deglycosylation with PNGase F at Asn 297.
The oligosacchanides released may be labeled with a flacrophore, separated and 1dentified
by various complementary technigues which allow fine characterization of the glycan
structores by mainx-assisted laser desorption ionization (MALD} mass spectrometry by

comparison of the experimental masses with the theoretical masses, determination of the

degree of sialylation by ion exchange HPLC (GlycoSep C), separation and guantification

=
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of the oligosachartide forms according to hydrophilicity cratenia by normal-phase HPLC
{GlycoSep N}, and separation and quantification of the cligosaccharides by high

5
1
id

performance capillary electrophoresis-taser induced fhiorescence (HPCE-LIF).

“Low fucose” or “low fucose content” as used in the apphication refers 1o
antibodies with ficose content of about 0% - 15%.

$99

“MNormal fucose” or "normal fucose content™ as used herein refers to antibodies
with fucose content of about over 50%, typically about over 60%, 70%, 80% or over 85%.

The anti-CID38 antibodies used in the methods, and i some embodiments of each
and every one of the numbered embodiments listed below, may induce CD38-positive cell
killing in vitre by apoptosis. Methods for evaluating apoptosis are well known, and
include for example annexin IV staining using standard methods. The anti-CD38
antibodics used in the methods of the invention may induce apoplosis in about 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 95% or 100%
of cells.

The anti-C38 antibodies used i the methods, and in some embodiments of cach
and every one of the sumbered embodiments Histed below, may induce CD38-positive cell
killing by modulation of CH38 enzymatic activity, CD38 1s a muoltifunctional ectoenzme
with ADP-ribosyl cyclase 1 activity catalyzing the formation of cyclic ADP-nibose
{cADPR) and ADPR from NAD', and also functions to hydrolyze NAD' and cADPR ¢
ADPR. CD38 also catalyzes the exchange of the nicotinamide group of NADP" with
nicotinic acid under acidic conditions, to yield NAADP' (nicotinic acid-adenine
dimicleotide phosphate). Modulation of the enzymatic activity of human CD38 with anti-
D38 antibodies used n the methods of the invention may be measured in an assay
described in Graeff ef af, 1. Biol. Chem. 269, 30260-30267 (1994). For example,
substrate NG may be incubated with CD38, and the modulation of the production of

ally at excitation at 340

o

cyclic GDP-ribose (¢GDPR) may be montiored spectrophotometric
nM and eraission at 410 oM at different fime points after addition of the antibody at
varicus concentrations, Inbibilion of the syuthesis of cADPR may be determined
acoarding to the HPLC method described in Munshi ef ¢f, | Biol. Chem, 275, 21566-
21571 {2000}, The anii-CD3R antibodics uged 1 the methods of the invention may inhibit
CDI3E enzymatic activity by at least about 20%, 25%, 30%, 35%, 40%, 45%, 30%, 55%,
60%, 65%, T0%, 75%, B0%, B5%, 90%, 85% or 100% .
{n some methods of the invention desenibed herein, and in some embodiments of
each and every one of the numbered embodiments listed below, the the anti-CD38

antibody comprises the heavy chain complementarity determining regions (HCDR) 1

o]
(S



WO 2015/130728 PCT/US2015/017420

(HCDR1), 2 (HCDR2) and 3 (HCDR3) sequences of SEQ D NOs: 6, 7 and §,
respectively,

{n some methods of the invention deseribed herein, and in some embodiments of
each and every one of the nuombered embodiments listed below, the anti-CD33 autibody
corprises the hght chain complementanty determining regions (LCDR) [ {LCDR), 2
(LCDR2Y and 3 (LCDR3} sequences of SEQ ID NOs: 9, 10 and 11, respectively.

In some methods of the invention described herein, and in some embodiments of
each and every one of the numbered embodiments listed below, the anti-CD33% antibody
comprises the heavy chain variable region (VH) of SEQ 1D NO: 4 and the light chain
variable region (VL) of SEQ IDRO: 5

Tn some methods of the invention described herein, and in some embodiments of
cach and every one of the numbered embodiments listed below, the anti-CD38 antibody
comprises a heavy chain of SEQ 1D NO: 12 and a light chain of SEQ ID NO: 13,

To some methods of the wvention described herein, and in some embodiments of
cach and every one of the nurabered swboduments listed below, the anti-CD38 antibady
comprises a heavy chaln comprising an amino acid sequence that is 95%, 96%, 97%, 98%
or 99% identical to that of SEQ 1D NG: 12 and a light chain comprising an amine acid
sequence that is 93%, 96%, 97%, 98% or 99% wdentical o that of SEQ 1D NG: 13,

Antibodics that are substantially identical to the antibody comprising the heavy
chain of SEQ ID NO: 12 and the light chain of SEQ 1D NO: 13 may be used 1n the
methods of the invention, and in some embodiments of each and every one of the
mimbered embodiments listed below. The term “substantially identical”™ as used herein
means that the two antibody heavy chain or light chain anuno acid sequences being
compared are 1dentical or have “insubstantial differences.” Insubstantial differences are
substititions of 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino acids in an antibody
heavy chain or light chain that do not adversely affect antibody properties. Percent
identity can be determined for exampie by patrwise alignment using the default settings of
the AhgnX module of Vector NTIv.9.0.0 (Tavitrogen, Carisbad, CA). The protein
sequences of the presend invention can be used as a query sequence to perform a search
against public or patent databases to, for example, identify related sequences. Excraplary
programs used to perform such searches are the XBLAST or BLASTP programs

(http_//www nebi nlm/nih_gov), or the GenomeQuest™

{Genome(iest, Westhorpugh,
MA} suite using the default settings. Exeraplary substitutions that can be made 1o the anti-
{38 antibodies used in the methods of the mvention are for example conservative

substitutions with an amino acid having similar charge, hydrophobic, or stereochemical

o]
5]



WO 2015/130728 PCT/US2015/017420

characierisiics. Conservalive substitotions may also be made o wprove antibody
propertics, for example stability or affinity, or {0 wprove antibody effector functions. i,
2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, or 15 anuno acid substitutions may be made for
example to the beavy or the hght chatn of the anti-CD33 antibody. Furthermore, any
native residue in the heavy or light chain may also be substituted with alapine, as has been

reviousty described for alanine seanning mutagenesis (MacLennan ef ¢f,, Acta Physiol
Scand Suppl 643:55-67, 1998; Sasaki ef af,, Adv Biophys 35:1-24, 1998). Desired amino
acid substitutions may be determined by those skilled in the art at the time such
substitutions are desired. Amine acid substitiitions may be done for example by PCR
mutagenesis (L3, Pat. No. 4,683,195). Libraries of variants may be generated using well
known methods, for example using randont (NMK) or non-random codons, for exampie
DVK codons, which encode 11 amino acids (Ala, Cys, Asp, Glu, Gly, Lys, Asn, Arg, Ser,
Tyr, Trp) and screening the libraries for variants with desired properties. The gencrated
variants may be tested for their binding to CD38, thetr ability to aduce ADCC, ADCP or
apoplosis in vifre using rasthods descubed hevein.

o some erphodiments, and in some embodiraents of gach and every one of the

mumbered embodiments listed below, the anti-CH38 ant b()uy is a bigpecafic antibody.
The VL and/or the VH regions of the existing anti-CD3# antibodies or the VL and VH
regions identified de novo as deseribed above may be engineered into bispecific full length
antibodies. Such bispecific antibodies way be made by modulating the CH3 mteractions
between the two monospecilic antibody heavy chains to form bispecific antibodies using
technologies such as those described in ULS. Pat, No. 7,695,936; Int. Pat. Publ No.
W04/111233; U.S. Pat. Publ. No. US2010/0015133; U8, Pat. Publ. No.
US2007/0287170; Int. Pat. Publ. No. W02008/119353; U.S. Pat. Publ. No.
US2009/0182127; U5, Pat. Publ. No. US2610/0286374; 1.5, Pat. Publ.
US2011/6123532; Int. Pat. Publ. No. WO2011/131746; Int. Pat. Publ. No
WO2011/143545; or U.S. Pat. Publ. No. US2012/0149876. Additional bispecific
steuctures indo which the VL and/or the VH regious of the antibodies of the juvention can
he incorporated are for example Dual Variable Domain rnmunoglobualing (Tot. Pat. Publ
No, WO2009/1347763, or structures that inchude various dimenzation domains to connect
the two antibody arms with different specificity, such as leucine zipper or collagen
dimerization domaing (Int. Pat. Publ No. WO2012/022811, U.S. Pat. No. 5,932,448; U.S.
Pat. No. 6,833,441

Another enmibodiment of the invention is a method of treating a subject having a

CD38-positive hematological malignancy, comprising administering to a patient in need
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thereof an anti-ChI3% antibody in cornbination with cyclophosphamide, doxombicin,
vineristine and predoisone {CHOP), wherein the anii-CD38 antibody induces in vitro

5
1
i

antibody-dependent cell-mediated cylotoxicity (ADCC), antibody-dependent celhular
phagocylosts {ADCPY, complement dependent evictoxicity (CDC), apoptosis, or in vifro
modulation of CH38 enzymatic activity, wherein the CDI38-positive hematological
malignancy is multiple myeloma, acute tyraphoblastic leukemia {ALLY, non-Hodgkin's
tymphoma, diffuse large B-cell lymphoma (DLBCL), Burkitt's lymphoma (BL), follicular
tymphoma (FL} or mantle~-cel lymphoma (MCL).

A therapeutic regimen of the anti-CD38 antibody in combination with
cyclophosphamide, doxorubicin, vincristine and predmisone (CHOP) can provide a
synergistic efficacy in in vive tumor killing when compared to the standard of care CHOP
or R-CHOP, and thercfore can provide a benefit in a patient population when compared to
CHOP or R-CHOP used alous.

The wvention also provides for a method of treating a subject having a CD38-
positive bematological malignancy, compusing administering to a patient i need thersof
an anii-CP38 antibody 1 combination with cyclophosphamide, doxorabicin, vincustioe
and prednisone (CHOP), wherein the anti-CD38 antibody induces in virro killing of
CD38-expressing cells by antibody-dependent cell-mediated cytoioxicity (ADCCY,
antibody-dependent cetlular phagocytosis (ADCP), complement dependent cytotoxicity
{CPC), apoptosis, or in vifre modulation of CD38 enzymatic activity, wherein the subject
is resistant to or has acquired resistance to freatment with at least one chemotherapeutic
agent or a combination of at least one chemotherapeutic agent and an anti-CD20 antibody.

The mvention also provides for & method of ireating a subject having a CD38-
positive hematological malignancy, comprising administering to a patient in need thereof
an anti-ChH38 antibody in combination with cyclophosphamide, doxorubicin, vincristine
and prednisone {CHOP), wherein the anti-CD38 antibody induces in vitro killing of
CT38-expressing celis by antibody-dependent ceil-mediated cytotoxicity (ADCC),
antibody-dependent celivlar phagocyiosis (ADCP), conplement dependent evicioxicity
(CBCY, apoptosis, or in vifre modulation of CD38 enzymatic activily, wherein the subject
has discontinued treatment with at least one chemotberapestic agent or a combination of at
least one chemotherapeutic agent and an anti-CD20 antibody due fo side-effects.

In some cmbodiments of the vention described herein, and in some
einbodiments of cach and every one of the numbered erbodiments listed below, the
subject 1s resistant to or has acquired resistance to freatment with at least one

chemotherapeutic agent, wherein the at least one chemotherapeutic agent is
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cyclophospharaide, doxorbictn, vineristing, prednisone, tfosfarmide, carboplatin or
gtoposide.
In some cmbodiments of the mvention described herein, and in some

i 1
1
ik

embodiments of cach and every one of the numbered embodiments listed below, the

subject 1s resistant 1o or has acquired resistance to freatment with at least one
chemotherapeutic agent, wherein the al least one chemotherapeuntic agent is a combination
of cyclophosphamide, doxorubicin, vincristine and prednisone (CHOP).

In some embodiments of the mvention described herein, and in some

mbodiments of each and every one of the numbered embodiments listed below, the

subject 1s resistant to or has acquired resistance to treatment with at least one
chernotherapeutic agent, wherein the at least one chemotherapeutic agent is a combination
of ifosfamide, carboplatin and stoposide (ICE).

In some embodinends of the invention described herein, and n some

erabodiments of cach and every one of the numbered embodiments listed below, the
suhject is resistant to or has acquired resistance to treatment with a combination of at least

orie chemotherapeutic agent and an anti-CD20 antibody, wherein the anti-CD 20 antibody
is nituximab (RITUXAN®), ofatumemab (ARZERRA®), veltuzumab, ocrelizumuab,
obingtuzumab (GA-101), PRG13192 or ocratuzumab {(AME-133v).

In some erubodiments of the invention described herein, and in some
enibodiments of each and every one of the numbered embodiments Listed below, the
subject is resistant to or has acquired resistance to treatment with a combination of at least

ne chemotherapeutic agent and an anti-CD20 antibody, wherein the anti-CD 20 antibody
is Tituximab.

In some embodiments of the invention described herein, and in some
embodiments of cach and every one of the numbered embodiments fisted below, the
subject is resistant fo or has acquired resistance to treatment with a combination of at least
one chemotherapeutic agent and 2o anti-CD20 andibody, wherein the at least one
chemotherapeutic agent is a combination of cyclophosphamide, doxorubicin, vincristing
and preduisone (CHOP), and the anti-CI 20 antibody 18 rituximab (RITUXAN®),
ofatumumab (ARZERRA®), veltuzumah, ocrelizumab, obinutuzamab (GA-101),
PRO13192 or goratozumab (AME-133v),

In some cmbodiments of the mvention described herein, and in some

i 1
1
ik

embodiments of cach and every one of the numbered embodiments listed below, the
subject 1s resistant to or has acgquired resistance to treatment with a combination of at least

one chemotherapeutic agent and an anti-CD20 antibody, wherein the at least one
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chemotherapeutic agent is 2 combination of ifosfarude, carboplatin and ctoposide (KCE),
and the andt-CD 20 antibody 1 rituximab (RITUXAN®R), ofaturoumab (ARZERRA®R),
veltuzumab, ocrelizimab, obinutuzamab (GA-101), PRO13192 or ceratuzumab {AME-

133v)

[

In some cmbodiments of the mvention described herein, and in some

i 1
1
il

embodiments of cach and every one of the numbered embodiments listed below, the
subject 1s resistant to or has acquired resistance to treatment with & combination of at least
one chemotherapeutic agent and an anti-CD20 antibody, wherein the at least one
chemotherapeutic agent 1s a combination of cyclophosphamide, doxorubicin, vincristing
and prednisone (CHOP) and the anti-CD20 antibody is nituximab.

Tn some embodiments of the invention described herein, and in some
erabodiments of each and every one of the numbered embodiments histed below, the
subject is resistant to or has acquired resisiance to treatment with a combination of at least
one chemotherapeutic agent and an anit-CD20 antibody, wherein the at least one
cheraotherapeutic agent s a combination of Hostamide, carboplatin and ctoposide (ICE),
and the anti-CD20 antibody is rituximab,

Varioos qualitative and/or guantitative methods may be used to determine if a
subject is resistant, has developed or is susceptible to developing a resistance to treatment
with at least one chemotherapeutic agent or a combination of at least one
chemotherapeutic agent and an anti-CD20 antibody. Symplons that may be associated
with resistance melude, for example, a decline or plateau of the well-being of the patient,
an increase in the size of a tumor, increase in the numbe of cancer cells, arrested or slowed
decline in growth of & tumor or tamor cells, and/or the spread of cancerous cells in the
body from one location to other organs, tissues or cells. Re-establishment or worsening of
various sympioms associated with tumor may also be an indication that a subject has
developed or is susceptible to developing resistance to at loast one chenmotherapeutic agent
and an anti-CD20 antibody. The syroptoms associated with cancer pay vary according io
the type of cancer. For example, syropiors associated with B-cell malignanices may
inclade swollen lymp nades 1 neck, groin or armpits, fever, night sweats, coughing, chest
pain, vusxplained weight loss, abdominal sweiling or pain, or a feehing of fullness.
Renussion in malignant lymphomas s standardized using the Cheson criteria (Cheson ef

N
1
Cil

af., § Chn Oncology 25:579-586, 2007), which guidelines can be used to deternune if' 3
subject has developed a resistance 1o at [east one chemotherapeutic agent or a combination

of at least one chemotherapeutic agent and an anti-CD20 antibody.
gl J
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The beavy and light chain amino acid segquences of the antibodies identified by
their United States Adopted Names {USAN}) are typically avalable via the American
Medical Association at btipr// www_ama-assn org or via the CAS registry, or at
International Nonproprietary Names (INN} at http// www _drugs com/inn_htmal,

In some cmbodiments of the mvention described herein, and in some
einbodiments of cach and every one of the numbered erbodiments listed below, the
subject having a CD38-positive hematological malignancy is homozygous for
phenylalanine at position 158 of CD16 {(FoyRIHa-158F/F genotype) of heterozygous for
valine and pheynylalanine at position 158 of €1} 6 (FeyRHIa-158F/V genotype). CD6 s

5

also known as the Fe gamma receptor [la (FoyRTIa) or the low affinity immunoglobulin

/

gamma Fc region receptor HI-A soform. Valine/phenylalanine (V/F) polymorphismo at
FeyRIEa protein residue position 158 has been shown to affect FeyRlilla affinity to human
IgG. Receptor with FoyRIHa-158F/F or FoyRilla-158F/V polymombisms demonstrates
reduced Fo engagement and therefore reduced ADCC when compared to the FoyRia-
138V/Y. The lack of or low amount of fucose on human N-linked oligosaccharides
iraproves the ability of the antibodies to induce ADCC due to improved binding of the
antibodies to human FeyRila (CP16) (Shields er of, J Biol Chem 277:26733-40, 2002},

Pationts can be analyzed for their FevRIHa polymorphism using routine methods.

The wvention also provides for the method of treating & subject having a CD38-
positive hematological malignancy, comprising administering to a patient 1 need thereof
an anti-CD38 antibody in combination with cyclophosphamide, doxorabicin, vinenstine
and prednisone (CHOP), wherein the anti-CD38 antibody induces i virro killing of
CD38-expressing cells by antibody-dependent cell-mediated cytotoxicity (ADCC),
antibody-dependent cetlular phagocytosis (ADCP), complement dependent cyiotoxicity
{CDC), apoptosis, or i vifre modulation of CD38 enzymatic activity, wherein the subject
1s homorygous for pherylalanine at position 158 of €16 or heterorygous for valine and

phevaylalanine at position 158 of CD 6.

Administration/ Pharmaceutival Compositions
In the methods of the rovention, and in some embodimerts of cach and every one
of the numbered ershodiments listed below, the anti-CD38 antibodics may be provided ju
suitable pharmaceutical compositions comprising the anti-CD38 antibody and a
1 . o~ 3y T o P o 3 e ~ oy oy b 3 i oadi IR S 4+
pharmaceutically acceptable carrier. The carrier ay be dibient, adpuvant, excipient, or

vehiele with which the anti-CD38 antibody 15 administered. Such vehicles may be hiquids,
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such as water and oils, including those of peiroleum, aniraal, vegetable or svathetic origin,

such as peanut o saybaan oil, muneral oil, sesame ol and the like. For example, 9.4%
sabine and 0.3% glycine may be used. These solations are sterile and generally free of
particulate matter. They may be stenbized by conventional, well-known sterihzation
technigques (e g., filtration}. The compeositions may contain pharmaceutically acceptable
auxiliary substances as required to approximate physioclogical conditions such as pH
adjusting and bulfering agents, stabilizing, thickening, lubricating and coloring agents, ete.
The concentration of the molecules or antibodies of the mvention in such pharmaceutical
fornilation may vary widely, i.e., from less than about 0.5%, usually to at least about 1%

23]

to as mmich as 15 or 20% by weight and will be selected primarily based on required dose,
fluid volumes, viscosiiics, etc., according o the particular mode of administration selected.
Suitable vehicles and fornwilations, inclusive of other human proteins, ¢.g., uman serum
afbumin, are described, for example, in ¢.g. Remington: The Science and Practice of
Pharroacy, 21% Edition, Troy, D.B. od., Lipincott Williams and Wilkins, Philadelphia, PA

2006, Part 5, Pharmaceutical Manufacturing pp 691-1092, sec especially pp. 958-989,

The mode of adraraistration of the anii-CD38 antibody 1a the methods of the
invention may he any suitable route such as parenteral administration, ¢.g., intradermal,

5
34
i,

intrarpusaular, ntraperitoneal, wtravenous or subcianeous, pulmonary, transmucosal

{oral, intranasal, intravaginal, rectaly or other means appreciated by the skilled artisan, as
well known in the art.

The anti-CD3R antibody n the methods of the invention, and n some
embodiments of each and every one of the mimbered embodiments listed below, may be
administered to a patient by any suitable route, for example parentally by intravenous (f.v.)

nfusion or bolus injection, intramuscularty or subcutaneously or intraperitoneally. i
infusion may be given over for, example, 15, 30, 60, 90, 120, 180, or 240 minuies, or from
1,2,3,4,5,6,7, 8,9, 10, 11 or 12 hours.

The dose given to a patient having a CD38-positive hematological malignancy is

sufficient to alleviate or at least partiaﬂy arrest the disease being treated (“therapeutically

effective amount”y and may be so mes 8.005 mg/ke to about 100 mg/kg, ¢z about
(.05 mg/kg to about 30 mg/ke or about § mg to about 25 wg/ke, or about 4 mg/ke, ahout 8

mg/kg, about 16 mg/kg or about 24 wg/kg , or, e.g., about1,2,3,4,5,6,7, 8,9 or 10
mg/kg, bot may even higher, for example about 13, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
30, 40, 50, 60, 70, 80, 90 or 100 mg/kg.

A fixed unit dose may also be given, for example, 58, 100, 200, 500 or 1000 mg,

or the dose may be based on the patient's surface area, e.g., 500, 400, 300, 250, 200, or 100
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rag/m’. Usually between 1 and 8 doses, {e.g., 1, 2, 3,4, 5, 6, 7 or 8) may be administered
to treat a CD38-positive B-cellmualignancy, but 9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19,20
or more doses may be given.

The administration of the anti-CD38 autibody in the methods of the wmvention and
m sore ermbodiments of each and every one of the nombered embodiments listed below,
may be repeated afler one day, two days, three days, four days, five days, six days, one
week, two weeks, three weeks, one month, five weeks, six weeks, seven weeks, two
months, three months, four months, five months, six months or longer. Repeated courses
of treatment are also possible, as is chronic administration. The repeated administration
may be at the same dose or at a different dose. For example, the anti-CP38 antibody in
the methods of the invention meay be administered at 8 ma/kg or at 16 mg/ke at weekly
interval for 8 weeks, followed by administration at 8 mg/kg or at 16 mg/kg every two
weeks for an additional 16 weeks, followed by administration at 8 mg/ kg or at 16 mg/kg
every four weeks by intravenous wfusion,

The anti-CD38 antibodics may be adrainistered in the methods of the tuvention

and in some embodine

18 of cach and every one of the numbered erubodiments listed
below, by mamtenance therapy, such as, ¢.g ., once a week for a period of 6 months or
more.

For example, anti-CD38 antibodies in the methods of the invention and in some
enibodiments of each and every one of the numbered embodiments bisted below, may be
provided as a daily dosage in an amount of about 0.1-100 mg/kg, such a5 6.5, 0.9, 1.0, 1.1,
1.5,2,3,4,5,6,7.8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27,28, 29, 30, 40, 45, 306, 60, 70, 80, 90 or 100 mg/kg, per day, on at least one of day 1,2,
.9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,

~

O
29,30, 31,32, 33, 34, 35,36, 37, 38, 39, or 40, or altermatively, at least one of week 1, 2,

~J
o

[N}
A
N
[

78,9, 16, 11,12, 13,14, 15, 16, 17, 18, 19 or 20 after inttiation of treatment, or
any cornbination thereof, using single or divided doses of every 24, 12, 8, 6, 4, or 2 howurs,
or any combination thercof.

Arir-CD38 antibodies in the methods of the invention and in some embodiruen

of each and overy one of the nursbered emboduments hsted below, may also be
adrunisiered prophylactically in order to reduace the risk of developing cancer, delay the
omset of the occurrence of an event in cancer progression, and/or redace the risk of
recurrence when a caneer is in renussion. This may be especially vseful in patients
wherein it is difficolt to locate a tumor that s known © be present due o other biclogical

factors.

o
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The anti-CD38 antibody in the methods of the wvention and W some
embadiments of cach and every one of the numbered embodiments lisied below, roay be

yophilized for storage and reconstituted 10 a suitable carrier prior to use. This technigue

|
X
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i

has been shown to be effective with conventional protein preparations and well known

yophilization and reconstitution techuigues can be employed.

The anti-CD38 antibody n the methods of the wnvention and i some
mbodiments of cach and every one of the numbered embodiments Hsted below, may be
adnunistered in combination with cyclophosphamide, doxorubicin, vincristine and
preduisone {CHOP).

For example, CHOP and the individual constituents thereof, can be administered
as described, in Moharhmad ef o/, Gun. Cancer Res 25:4950, 2000; McKelvey ef af,,
Cancer 1484-14G3; 1976; Armitage ef o/, 1. Clin. Oncol. 2:898-902, 1984; Skeel, R.T.,
Handbook of Cancer (Gliemotherapy, 3vd Edition, Litle, Brown& Co, 343, Typical
routes of administeation are indraperitoneal (i p). inteavenous (v} or oral {p.o.).

doses of the

Regimens raay be either daily, every other day or every fourth day. Typica
CHOP components arc as follows: cyclophospharide, up 1o 30 me/kg single dose v or
i.p., or 20 mg/ke daily for eight days iv. or i p.; doxorsbicin, up to 6 mg/ke single does v,

5
1
1

or i.p.; vincristing, 0.2 to 6.5 mg/kg single dose 1 p. or i.v.; prednisone, up to 10 me/kg/day

as a siﬁgle agent, p.o.
doxorabicin 2.5 mg/kg, vineristine 0.4 mg/kg prednisone 0.15 mg/kg. CHOP may be
miven every 21 days for different mumber of cycles. Cyclopshophamide, doxorubicin and
vineristine may be given as &.v. infusion. Prednisone may be given as a tablet, taken daily
by mouth for five days at the beginning of cach cycle

In the methods of the nvention and in some embodiments of cach and every one
of the numbered ernbodiments listed below, the combination of the anti-CD38 antibody
and CHOP may be administered over any convenient tineframe. For example, the anti-
CT33% antibody and CHOP may be adminisiered o a patient on the same day, and evenin
the same infravenous infusion, except for predni . However, the anti-CD38 antibody
and CHOP may also be adounistered on alterpating days or alierating weeks or months,
and so on. In some methods, the anti-CD38 antibody and CHOP may be administered
with sufficient proxinuty in time that they are simolianecusly present {e.g., in the serom)
at detectable levels in the patient betng treated. In some methods, an entire course of
treatment with the ant-CD3% antibody consisting of a pumber of doses over a time penod

1s followed or preceded by a course of treatment with CHOP, consisting of a muniber of

(]
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doses. A recovery period of 1, 2 or several days or wecks may be used hetween
adrownisiration of the anti-CD38 antibody and CHOP.
The anti-CD38 antibody in the methods of the nvention and i some

P
1
i

emnbodiments of cach and every one of the numbered embodiments listed below, may be
admunisiered in combination with cyclophosphamide, doxorubicin, vincristine and
reduisone (CHOP).

The anti-CD3% antibody in the methods of the invention and in some

mbodiments of cach and every one of the numbered embodiments Hsted below, may be
adnunistered in combination with cyclophosphamide, doxorubicin, vincristine, prednisone
and an anti-CD20 antibody rituximab (R-CHOP).

Rituximab may be given as an intravenous infusion at a dose of 375 mg/ot’ and
may be administered once weekly for 4 or 8 doses.

The combination of anti-CI3% antibody and CHOP may be administered together
with any form of radiotherapy including external beam radiation, intensity modulated
radiation therapy (IMRT) and any form of radiosurgery wchuding Gamma Knife,
Cyberknife, Linac, and wierstiiial radiation {c.g. implanted radioactive seeds, Gliasite
balloon), and/or with surgery. Radiotherapy may be vsed in patients having bulky disease
{tutnor size over about 10 cmy) or in a palliative setting for patients who are not candidates
for chemotherapy.

While having described the invention in general terms, the embodiments of the
invention will be further disclosed in the following examples that should not be construed

as limiting the scope of the claima.

Further embodiments of the invention

Set out below are certain further embodinents of the invention according to the
disclosures elsewhere herein. Features from ernbodiments of the invention set out above
described as relating to the invention disclosed herein also relate to each and every one of

these further numbered embodiments,

. Ar anti-CT38 antibody for use 1 treating a subject having a CD38-positive
hematological malignancy, m combination with cyclophosphamide, doxorubicin
vinecristine and prednisone (CHOP).

2. Cyclophosphamide, doxorobicin, vinenistine and prednisone {CHOP} for use in treating
a subject having a CD38-positive hematological malignancy, in combination with an

anti-CD38 antibody.

(5]
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3. The combination of an anti-CD38 antibody, cyclophosphamide, doxorubicin, vincristineg
and preduisone (CHOP) for use in treating a subject having a CD38-positive
hematological malignancy.

4. The ant1-CD38 antibody for use according to embodiment 1, the CHOP for use
according to embodiment 2, or the combination according to embodiment 3, wherein the
anti-CD38 antibody mduoces in vitre killhing of CD38-expressing cells by antibody-
dependent cell-mediated cytotoxicity (ADCC), antibody-dependent cellular phagocytosia
{(ADCP), complement dependent cytotoxicity (CDC), apoptosis, or iz virre modalation of
CID38 enzymatic activity, preferably wherein the anti-CD358 antibody induces killing of
the CD38-expressing cells by ADCC or CDC in virro.

5. The anti-CD¥38 antibody for use according to embaodimment 1 or 4, the CHOP for use
according to embodiment 2 or 4, or the combination {or use according to embodiment 3 or
4, wherein the anii-CD38 antibody competes for binding to CD¥38 with an antibody
comprising the heavy chawn variable region (VH) of SEQ I NO: 4 and the Hight chain
variable region (VL) of SEQ ID NG 5.

6. The anti-Ch¥38 antibody {or use according fo embodiuent 1, 4 or 5, the CHOP for use
according to embodiment 2, 4 or §, or the combination for use according to embodiment 3,
4 or 5, wheren the anti-CDI38 antibody competes {for binding to D38 with an antibody
compnising the heavy chain variable region {VH) of SEQ 3 NO: 4 and the light chain
variable region (VL} of SEQ ID NG: S,

7. The anti-C38 antibody for use according to any one of embodiments 1 or 4-6, the
CHOP for use according to any one of embodiments 2 or 4-6, or the combination for use
according to any one of embodiments 3-6, wherein the anti-CID38 antibody binds to an
epitope comprising at least one amino acid in the region SKRNIQFSCENIYR (SEQ ID
NO: 2) and comaprising at least one amine acid i the region EKVQTLEAWVIHGG (SEQ
1D NO: 3) of human CD38 (SEQ ID NO: 1),

8. The anti-CD38 antibody, CHOP or combination for use according to embodiment 7,
wherein the anti-CD38 antibody binds o an epitope comprising at least KRN in the region
SERNIQFSCKENIYR (SEQ 1D NO: 2} and comprising at least VOLT (SEQ 1D NO: 26) in
the region EKVQTLEAWVIHGG (SEQ 1D NO: 3) of human CD38 {(SEQ D NO: 1).

9. The anit-CD38 antibody for use according to any ove of embodinents 1, or 4-8, the
CHOP for use according to any one of embodiments 2, or 4-8, or the combination {or use
according to any one of embodiments 3-8, wherein the anti-CD38 antibody:

(1) is of TgG1l, 1gG2, 1eG3 or 1G4 isotype;

>
o]
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(it) has a biantenuary g'iycaxa structure with fucose content of about 50%, 405,
45%, 48%, 35%, 30%, 25%, 26%, 15%, 14%, [3%, 12%, 11% 186%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, 1% or 0%%;

(i1t} comprises a sabstitution in the antibody Fe at amino acid position 256, 296,
288, 312, 336, 330, 333, 334, 360, 378 or 430, when residue nurnbering according o the
EU index; and/or

o 10 -l
or less, Ix107 or

{iv} binds to CD38 with an affinity of 1x107 or less, 1x19
toss, or 121077 or less.
10. The anti-CD38 antibody for use according to any one of embodiments 1, or 4-9, the
CHOP for use according (o any one of embodiments 2, or 4-9, or the combination {or use
according to any one of embodiments 3-9, whersin the anti-CD38 antibody compriscs

(1) the beavy chain complenentarity determining regions {HCDR) 1 (HCDRU), 2
(HCDR2) and 3 (HCDR3) sequences of SEQ 1D NGs: 6, 7 and 8, respectively;

(i3} the light chain complernentarity determuning regions (LCDR) L {LCDR1), 2
{LCDR2) and 3 (LLCDR3) sequences of SEQ TD NOs: 9, 10 and 11, res

£

pectively;

(1) comprises the heavy chain vartable region (VH) of SEQ 1D NGt 4 and the

fight chain variable region (VL) of SEQ 1D NO: 3

{iv} comprises 3 heavy chain comprising an amino actd sequence that is 95%,
6%, 97%, 98% or 99% identical o that of SEQ ID NO: 12 and a hght chain comprising
an arming acid sequence that 18 95%, 96%, 97%, 98% or 99% identical to that of SEQ 1D
NG 13 or

(v} comprises the heavy chain of SEG 1D NO: 12 and the light chain of SEQ 1D
NO: 13,

i1, The anti-CD38 antibody for use according to ary one of embodiments 1, or 4-10, the
CHOP for use according 1o any one of embodiments 2, or 4-16, or the combination for use
according to any one of embodiments 3-10, wherein the CD38-positive bematological
raalignancy is pwlipple myeloma, acute Tyraphoblastic leukemia {ALL}, non-Hodgkin's
Iymphoraa, diffuse large B-cell lyrapboma (BLBCL), Burkit's lyrapboma (BL), follicular
Iymphoraa (FL}Y or mantle-cell lymiphoma (MCL), specifically wherein the CD38-positive
hematological mabignancy s DLBCL.

12, The anti-CII38 antibody for use according to any one of embodimenis 1, or 4-11, the
CHOP for use according to any ong of embodiments 2, or 4-11, or the combination for use

according to any one of embodiments 3-11, wherein:
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(i} the subject is resistant to or has acquired resistance o treatoent with at least
ane chemotherapeutic agent or a combination of af least one chemotherapeutic agent and
an anti-ChH20 antibody; and/or

{(it) the subject has discontinued treatment with at least one chemotherapeutic
agent or a conbination of at least one chemotherapeutic agent and an anti-CH20 antibody
due 1o side-elfects.
13. The anti-CII38 antibody, CHOP or combination for use according to embodiment 12,

wherein the anti-CD20 antibody is ritximab (RITUXAN®), ofatumumab (ARZERRA®),

veltuzomab, ocrelizvimab, obinutuzumab (GA-101), PRGI3192 or ocratuzumab (AME-
133v}, specifically wherein the anti-CD20 antibody is rituximab.
14. The anti-CI38 antibody, CHOP or combination for use according to embodiment 12
or 13, whercin the at ieast one chemotherapeutic agent is cyclophospbamide, doxorubicin,
vincristine, prodoisone, ifosfamide, carboplatin or etoposide, optionally wherein:

{1} the atlecast one chemotherapeutic agent 18 a combination of cyclophosphamide,
doxorubicin, vincristing and preduisone (CHOP); or

(i1} the at least one chemotberapeutic agent is a combination of ifosfamide,

carboplatin and ¢toposide (ICE).

|
X

15. The anti-CD38 antibody for use according o any one of embodiments |, or 4-14, the
CHOP for use according to any one of embodiments 2, or 4-14, or the combination for use
according to any one of embodiments 3-14, wherein the anti-CD38 antibody,
cyclophosphamide, doxorubicin, vineristing and prednisonc are administered
sinniltaneously, sequentially or separately.
16. The anti-CD38 antibody for use according to any one of embodiments §, or 4-15, the
CHOP for use according to any ong of embodiments 2, or 4-15, or the combination for use
according to any one of embodiments 3-15, wherein the subject is further treated with
radictherapy.
17. The anti-CD38 antibody for use according to any one of embodimerds 1, or 4-16, the
CHOP for use according 1o any one of ermbodiments 2, or 4-16, or the combination for use
according to any one of swbodients 3-16, wherein:

(i} the a0t-CD38 antibody comprises the beavy chain variable region {(VH) of
SEQ ID NO: 4 and the ight chatn variable reglon (VL) of SEQ ID NG: §5;

(it) the ant:-CD38 antibody 18 1gG1; and

(it} wherem the CD35-positive hemalological malignancy 1« DLBCL.

(3]
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18, The anti-CD¥38 antibody for use according to any one of embodumenis 1, or 4-16, the
CHGP for use according 1o any one of eshodiments 2, or 4-16, or the combination for use
according to any one of embodiments 3-16, wherein:

(i} the anti-CD38 antibody comprises the heavy chain variable region (VH) of
SEQ D NO: 4 and the lght chain variable region (VL) of SEQ ID NG: §;

(it} the ant-CD38 antibody is 1gGl; and

(111} wherein the CD38-positive hematological malignancy 1s Burlitt’s lymphoma.

J

Example I Combination therapy with daratumumab and CHOP in patient devived

non-Hodkgin’s lymphoma (NHL) models

Blethods

STI1361 is a NHL-DLBCL (diffuse farge B-cell lymphoma) PDX (patient derived
xepogeafty model originating from a fifty-cight vear old Hispanic male chemo-naive prioy
to raetastatic samaple collection. The patient had heen treated with 8 cycles of R-CHOP
prior to the resection, with subsequent treatrents with R-ICE and R-GEMOX.

Tumors were implanted 1 immunoconpromised mice between 5-8 weeks of age.
When tumors reached approximately 125-250 mm’ (day 0} animals were randomized into
treatment and control groups and dosing was imtiated on Day 0. Daratumumab was dosed
at 20mg/kg once a week for 3 weeks, CHOP and R-CHOP at the concentrations described
below were dosed onee on day 0. CHOP {cyclophosphoamide: 30 mg/kg; doxorubicin:
2.5 mg/kg; vincristine: 0.4 mg/kg)-IV DAY §; predmisone: 0.15 mg/kg DAYS 0-4; R-
CHOP: nituxamab 20 mg/kg-1P DAY ¢, Begminning Day 0, tumor volume was measured
twice weekly by digital caliper and data including individual and mean estimated tumor
volumes (Mean TV + SEM) recorded for each group. The study was used 1o measure
tumor growtih inhibition unti] the control group was terminated and then continued as 2
survival study 1o evaluate the duration of daraturouraab efficacy.

For the study, begioning Day 8, turoor diraensions were measured iwice weekly
by digital caliper and data tncluding wdividual and mean estimated tumor volumes {mean

TV +

SEM} recorded for each group. Tomor volume (TV) was calcalated using the

o N c a2 P . . . s e 0 TN oo )
formla: TV = width” x length x €.52. % tumor growth iohibition (% TG} values were
calcalated for each treatment group (T} versus control {C) using initial (1) and Hnal ()

tumor nieasurements by the formula: 20TG= 1-TTY CeC
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Resulis

ot
7

Daratunwmab in corabination with CHOP or R-CHOP was highly effective in this

b

patient-derived tumor model of DLBCL. On day 31, CHOP regimen by tsell slowed the
turnor growth by about 27% whereas daratimuimab inhibited tumor growth by ~71%. R-

CHOP was a more effective therapy with 82% tumor growth inhibition. Combination of

7

7z

daraturmimab with CHOP or R-CHOP showed tunmor regression and by the end of the

study none of the animals had measurable tomors. Beyond day 31, 100% of the animals in

Table 1.

Mean tumor volume ]
%% TG

Treatment {mm’y + SEM
Iscotype control 2192%160
Daraturoumab 7444238 T1%
CHOP 1634+159 27%
R-CHGP 513+104 82%
Daratunimab/

iy 107%
CHOP
Daratumumab/
, 0 107%
R-CHOP

% TG percent timor growth inhibition

daratumraamab + CHOP and daraturoumab + R-CHOP survived, the other groups showed
loss of aniuals due to tumor progression. Figore 1A shows the tumor volume over time
for each treatment group, and Figrue 1B shows the median % survival over ime. Table 1
shows the % TGLHup to day 31 of the study. At day zero, tumor volume for each group
was 145-146 mny’. Combination of daratumumab and CHOP resulted in 100 % TG even

after 60 days of initiation of the study.

In this study, the efficacy of daratunwumab was evaluated in a patient-derived
DLBCL model. This patient was treated with R-CHOP and responded to R-CHOP

initially but later died duc o disease progression. The goal of this study was to determine

(8]
~
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i addition of daratumunab would offer greater beneful for DLBCL paticnts. Compared o
raonotherapy (daraturaumab, CHOP or R-CHOP}, addition of darataroumab to CHOP or
R-CHOP resulted in tumor regression in all animals while the animals in all other groups
sucenitibed to death as a result of disease burden. The combination of daratumumab with

CHOP or R-CHOP showed greater than additive effect on tumor growth inhabition,

Example 2. Efficacy of daratumumab in combination with CHOP in Burkitt’s
Iymphoma

As a model for Burkitt’s lymphoma, NAMALWA cells were utilized to study the

efficacy of daratumumab alone or in combination with CHOP.

RMethods

Namalwa cells were maintained in vitro in RPMI 1640 medium supplenented with
feial bovine serum (10% v/v), and L-ghotaraine {2 mM) at 37°C inan atmosphere of 5%
CO; 1n air. The celis were routinely subcultured twice weekly by trypsin-EDTA
treatraent. The cells growing in an expounential growth phase were barvested and counted
for tumor inoculation. The mice were injected with 2 x 10" Namalwa cells in 0.1ml of
PR3 with matrigel (1:1} subcutancously and the treatments were started when the mean
tumor size reached 159 mu’. The date of tumor cell inoculation is denoted as day 0. The
major endporat was to see if the tumor growth can be delayed or tumor-bearing mice can
be cured. Tumor sizes were measured twice weekly and % TGH values calculated as

described in Example 1.

Resunls
Animals were divided in four treatinent groups and wore administered vehicle
(isotype contral), daratunumab, CHOP or daraturaumab o combination with CHOP at

dosages as described in Table 2.

Table 2.
Dose Dosing
Groups | n Treatment Schedule
{mg/keg) Route
1 10 Vehicle (1(3) 10 i QWx3

,‘
o
o)
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2 10 Daratumumab 10 iy QW3
CTX 5 iv.
Doxonibicin 8.5 i
3 10§ CHOP QDx5
Vincristing 0.08 i
Prednisons 0.03 po.
Daratuimwnab 10 ip. QW3
CTX 5 iv
N 1o » Doxorubicin 0.5 iV )
CHOP Qb3
Vincristing 0.08 i
Prednisone 0.03 p.o.

n, animal nurnber

i.p intraperitoneal injection

iv. intravenous injection

p.0. oral administralion

QD: daily dosing

QW: once a week

CTX: cyclophosphoamide

Figure 2 shows resuits of the efficacy of daratumumab alone or i combination with

CHOP in NAMALWA model of Burkitt's lymphoma. The reduction in foror sizes
{measured as tumor volunie) in different ireatroont groups at different time points afier
tumor inoculation are shown in Figure 2. The mean tumor size of the vehicle group
{Group1) reached 4,281 rom’ at day 26 post tumor inoculation. Treatment with

g, CHOP and daratumumab at 10 mg/kg o combination with

daratupamab at 10 mg/kg,
CHOP produced significant antituroor activity 1n tumor size at day 26 post tumor
inoculation separately. The mean tumor sizes were 3,017 mmn” (T/C vahie =7¢.46%, p
value <0.001), 3,304 mum’ {1/C value =77.17%, p value =0.003) and 2,303 mm’ (T/C
value =53.79%, p vahie <0.001) ai the same time with tumor growth delay of 2.1 and 4

day(s) respectively at timor size of 2,303 mmy™,

Lo
D
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Example 3. Efficacy of davsturnumad in combination with CHOP in non-Hedgkin’s
lvmphema
SU-DBHL-6 cell tine based NHL-BLBCL model was utihzed to study the efficacy

of daratumumab alone or in combination with CHOP.

Methods

The SU-DHL-6 cells were maintained separately i vifro in RPMIE1640 medium
supplemented with 20% fetal bovine serum (v/v) at 37°C in an atmosphere of 5% CO, 1n
air. The cells were routinely subcutltured twice weekly. The cells growing in an
exponential growth phase were harvested and counted for tumor moculation. NOD 5CID
mice were y-irradiated (200 rads) at 24 & before injection. Each mouse was inoculated
subcutancously at the right flank with SU-DHL-6 tamor cells (5 x 10%) in 0.1mi of PR3
with matrigel (1:1} for tumor development. The treatments were started when the tumor

: : 3 oo - e
ize reaches approximately 154 muw’. The date of tumor cell inoculation is denoted as day

o

0. Tunor sizes were measured twice weekly and % TGI values calculated as described 1o
Example 1.

Animals were divided in four treatment groups and were adminstered vehicle,
daratumumab, CHOP or daraturmimab o combmation with CHOP at dosages as described
in Table 3.

The resolis of tumor sizes in different groups at different tirne pomnts after himor
inoculation are shown n Figure 3. The mean tumor size of the vehiele grovip (Groupl)
reached 4,281 mm’ at day 32 post tumor inoculation. Treatment with daratumumab at 10
mg/kg and daratumumab at 10 mg'kg in combination with CHOP produced significant
antitumor activity in tumor size at day 32 post tumor inoculation separately. The niean
tumor sizes were 1,946 rom’ (TAD value =45.45%, p value =0.006) and 1,611 ram’ (T/C
value =37.62%, p value =0.002) at the same time with tumor growth delay of 3 and 3.5
days respectively at tumor size of 1,500 mun’. Treatment with CHOP could decrease
turnor size when corapared to vehicle group but the decrease didn’t reach sigrificant
difference,

Table 3.

Dose Dosing
Groups | 1 Treatment Schedute”
{mg/keg) Route”
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i 19 Vehicle (1gG) 10 i QWx4
Z 10 Daratumuomab 10 ip. QWx4
CTX 5 iv.
Doxorubicin 0.5 iv.
3 16 | CHOP QD5
Vincristine 0.08 iv
Prednisone 0.03 .0
Daratummimab 10 Ly QW4
CTX 5 iv.
4 10 e . -
Doxorubicin 8.5 Lv
CHOP QD5
Vinecristine (.08 iv.
Prednisone 0.03 P.0.

n, antnal nomber

i.p. infraperitoneal injection
i.v. intravenous injection
oo oral adminisiration
QD daily dosing

QW: once a week

CTX: cyclophosphoamide

Example 4. Segoential or stnultaneous therapy with daratumamab in combination
with CHOP ¢r R-CHOP provides efficacy in pationt derived non-Hedgkin’s
fyvmphoma (NHL) models

Efficacy of daratumumab alone or in combination with CHOP or R-CHOP was
assssed using simultaneous or sequential dosing in the patient derived DLBCL tumor
model ST1361 and according to methods deseribed in Example 1.

Animals were divided into treatiert groups and dosed as shown in Table 4.

Daratumurnab and R-CHOP were dosed simultancously at day § or at 7 day interval.

41
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Table 4.
Pose | Dosing
Group] n Treatment Schedule
{mg/kgy | Route
10 Vehicie (1eG) He Lp. QWx3
Daratumumab 20 ip. QW3
CTX 5 L. DO
2 10
Doxaruabicin 0.5 L. Do
CHOP
Vincristing (.08 L. Do
Prednisone 6.03 p.o. P-4
Daratumumab 20 Lp. QWx3
Rimximah 20 ip. QWx3
CTX 5 i Do
3 10
R-CHOP Doxorabicin 0.5 iv. Do
Vineristing G.08 L. DO
Preduisone 6.03 p.o. DG4
Daratunumab 28 ip. D7
Rituximab 26 ip. DO
CTX 5 iv. Do
4 10
R-CHOP Doxorubicin 0.5 iv. Y
Vineristing 5.08 iv Do
Prednisone 0.03 p-o. Do-4
Damatumuinab | Daratunamab 20 ip. Do
Rituximab 20 ip. D7
5 10
R-CHOP CTX 5 iv. DO
Doxorubicin 0.5 v, Do




WO 2015/130728 PCT/US2015/017420

Vincristing 0.08 iw DO
Prednisone $0.03 po. D-4

n, animal number

i.p wiraperiioneal injection
i.v. wiravenous igjection
2.0 oral administration
0Dy daily dosing

OW: once 3 week dosing
D0 = day 0 dosing

Di-4=dosing once & day at days d0-d4

Resunls

Figure 4 shows the resuits of turnor growth curves in response freatment up to 45
days of the study. Tunors in the vehicle control group reached 2 mean tamor volume of
2134 rane® by day 17, Tumaors fo the daratoroumal + CHOP group regressed to a mean
turmor volume of 96 ram” by day 45, Tumors in animals treated with daratimumab and R-
CHGP sunultancously on day § (group 4}, corapletely regressed by day 45, Turoors in
animals freated with R-CHOP on day 0, followed by daratumumab on day 7 (group 5)
showed mean tamor volume of 998 mm’. Tumors that were treated with daratumumab on
day 0, followed by R-CHOP on day 7 {group 63 showed mean tumor volume of 633 mm’,
The study was continued to up to 101 days. Animals treated with daratormimab and R-

CHOP simultancousty on day 0 {group 4}, completely regressed by day 101 also.



Claims:

1.

10.

11.

12,

An anti-CD38 antibody in combination with cyclophosphamide, doxorubicin, vincristine and
prednisone (CHOP) for use in the treatment of a CD38 positive hematological malignancy,
wherein the anti-CD38 antibody comprises heavy chain complementarity determining region
(HCDR) 1 (HCDR1), 2 (HCDR?2) and 3 (HCDR3) sequences of SEQ ID NOs: 6, 7 and 8,
respectively, and light chain complementarity determining region (LCDR) 1 (LCDR1), 2
(LCDR2) and 3 (LCDR3) sequences of SEQ ID NOs: 9, 10 and 11, respectively.

The combination for use according to claim 1, wherein the anti-CD38 antibody comprises a
heavy chain variable region (VH) of SEQ ID NO: 4 and a light chain variable region (VL) of
SEQ ID NO: 5.

The combination for use according to claim 2, wherein the anti-CD38 antibody comprises a
heavy chain of SEQ ID NO: 12 and a light chain of SEQ ID NO: 13.

The combination for use according to claim 3, wherein the CD38-positive hematological
malignancy is multiple myeloma, acute lymphoblastic leukemia (ALL), non-Hodgkin's
lymphoma (NHL), diffuse large B-cell lymphoma (DLBCL), Burkitt’s lymphoma (BL),
follicular lymphoma (FL) or mantle-cell lymphoma (MCL).

The combination for use according to claim 4, wherein the CD38-positive hematological
malignancy is DLBCL.

The combination for use according to of any one of claims 1-5, wherein a subject to be treated
is resistant to or has acquired resistance to treatment with at least one chemotherapeutic agent
or a combination of at least one chemotherapeutic agent and an anti-CD20 antibody.

The combination for use according to any one of claims 1-5, wherein a subject to be treated
has discontinued treatment with at least one chemotherapeutic agent or a combination of at
least one chemotherapeutic agent and an anti-CD20 antibody due to side effects.

The combination for use according to claim 6 or 7, wherein the anti-CD20 antibody is
rituximab (RITUXAN®), ofatumumab (ARZERRA®), veltuzumab, ocrelizumab,
obinutuzumab (GA-101), PRO13192 or ocratuzumab (AME-133v).

The combination for use according to claim 8, wherein the anti-CD20 antibody is rituximab.
The combination for use according to claim 6 or 7, wherein the at least one chemotherapeutic
agent is cyclophosphamide, doxorubicin, vincristine, prednisone, ifosfamide, carboplatin or
etoposide.

The combination for use according to claim 10, wherein the at least one chemotherapeutic
agent is a combination of cyclophosphamide, doxorubicin, vincristine and prednisone
(CHOP).

The combination for use according to claim 10, wherein the at least one chemotherapeutic

agent is a combination of ifosfamide, carboplatin and etoposide (ICE).
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13.

14.

15.

16.

17.

18.

19.
20.

21.

22,

23.

24,

25,

26.

The combination for use according to claim 1, wherein the anti-CD38 antibody,
cyclophosphamide, doxorubicin, vincristine and prednisone are to be administered
simultaneously, sequentially or separately.

The combination for use according to claim 1, wherein a patient is to be further treated with
radiotherapy.

The use of an anti-CD38 antibody in combination with cyclophosphamide, doxorubicin,
vincristine and prednisone (CHOP) in the manufacture of a medicament for the treatment of a
CD38 positive hematological malignancy, wherein the anti-CD38 antibody comprises heavy
chain complementarity determining region (HCDR) 1 (HCDR1), 2 (HCDR?2) and 3 (HCDR3)
sequences of SEQ ID NOs: 6, 7 and 8, respectively, and light chain complementarity
determining region (LCDR) 1 (LCDR1), 2 (LCDR2) and 3 (LCDR3) sequences of SEQ ID
NOs: 9, 10 and 11, respectively.

The use of claim 15, wherein the anti-CD38 antibody comprises a heavy chain variable region
(VH) of SEQ ID NO: 4 and a light chain variable region (VL) of SEQ ID NO: 5.

The use of claim 16, wherein the anti-CD38 antibody comprises a heavy chain of SEQ ID
NO: 12 and a light chain of SEQ ID NO: 13.

The use of claim 17, wherein the CD38-positive hematological malignancy is multiple
myeloma, acute lymphoblastic leukemia (ALL), non-Hodgkin's lymphoma (NHL), diffuse
large B-cell lymphoma (DLBCL), Burkitt’s lymphoma (BL), follicular lymphoma (FL) or
mantle-cell lymphoma (MCL).

The use of claim 18, wherein the CD38-positive hematological malignancy is DLBCL.

The use of any one of claims 15-19, wherein a subject to be treated is resistant to or has
acquired resistance to treatment with at least one chemotherapeutic agent or a combination of
at least one chemotherapeutic agent and an anti-CD20 antibody.

The use of any one of claims 15-19, wherein a subject to be treated has discontinued
treatment with at least one chemotherapeutic agent or a combination of at least one
chemotherapeutic agent and an anti-CD20 antibody due to side effects.

The use of claim 20 or 21, wherein the anti-CD20 antibody is rituximab (RITUXAN®),
ofatumumab (ARZERRA®), veltuzumab, ocrelizumab, obinutuzumab (GA-101), PRO13192
or ocratuzumab (AME-133v).

The use of claim 22, wherein the anti-CD20 antibody is rituximab.

The use of claim 20 or 21, wherein the at least one chemotherapeutic agent is
cyclophosphamide, doxorubicin, vincristine, prednisone, ifosfamide, carboplatin or etoposide.
The use of claim 24, wherein the at least one chemotherapeutic agent is a combination of
cyclophosphamide, doxorubicin, vincristine and prednisone (CHOP).

The use of claim 24, wherein the at least one chemotherapeutic agent is a combination of

ifosfamide, carboplatin and etoposide (ICE).
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27. The use of claim 15, wherein the anti-CD38 antibody, cyclophosphamide, doxorubicin,
vincristine and prednisone are to be administered simultaneously, sequentially or separately.

28. The use of claim 15, wherein a patient is to be further treated with radiotherapy.
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