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Abstract

&' D XELTXLWRXVO\ HI[SUHVVHG LQQDWH LPPXQH FKHFNSRLQW U
HDW PH" VLJQDO RI SKD-idgiHatAdRY bamatblvgidall avidH €plidXcancers to evade

immune surveillance. Development of CD47-targeted modaligekindered by the ubiquitous

expression of the target, often leading to rapid drug elimination and hemotoxicity includin(j@nemia.

To overcome such liabilities, we have developed a fully human bispecific antibo &

orable

designed to co-engage CD47 and CD19 selectively on B cells. NI-1701 demg t
elimination kinetics with no deleterious effects seen on hematological paramete f&x ingle or
multiple administrations to non-human primates. Patenitro andin vivo activity, d by NI-

1701 to kill cancer cells across a plethora of B cell malignancies %tumor growth in
xenograft mouse models. The mechanism affording maximal tumor, ghibition by NI-1701 is
dependent on the co-engagement of CD47/CD19 on B cells % tent antibody dependent
cellular phagocytosis of the targeted celNI-170%induc 0 of tumor growth in
immunodeficient NOD/SCID mice was more effective than g aci®ved with the anti-CD20 targeted
antibody, rituximab. Interestingly, a synergistic effect hen tumor-implanted mice were co-
administered NI-1701 and rituximab leading to ' improved tumor growth inhibition and
regression in some animals. We describe r a TMovel bispecific antibody approach aimed at
sensitizing B cells to become more reggily pha tosed and eliminated thus offering an alternative or

adjunct therapeutic option to patie kh B cell malignancies refractory/resistant to anti-CD20

targeted therapy.
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Introduction

The incidence of hematological malignancies has been on the rise for the last 30 years, and accounts
for approximately 9% of all cancers (X)f the hematological malignancies, lymphoma is the most

common typeB cell lymphomas are far more frequent than T-cell lymphomas accounting f ound

plus the 3& + 2 3 i.e., cyclophosphamide, doxorubicin, vincristine, and prednis

regime is the frontline treatment for B cell lymphomas. @pwever, 30-60(@
e

patients are resistant to rituximab at baseline and up to 50% of patient r ses after anti-CD20

therapies and become refractory to their treatment (4).

Two major mechanisms underlying rituximab relapse/refract es are low CD20 expression

levels in some lymphoma patients and downregulation of 0 eNpression post anti-CD20 treatment

(5, 6). CD19, a B cell specific marker, has been con;w e a promising target to overcome the

anti-CD20 resistant/refractory situation. CD1 ransmembrane glycoprotein of the

immunoglobulin (Ig) superfamily. It is expre du different stages of B cell development,

starting from pre-B cell stage till being down-r&gulat®d in early plasma cells (7). Furthermore, CD19

is broadly expressed in B cell malign s including those which are CD20 positive (e.g., NHL and

those which may be CD20 low or negative (e.g., B-

B-chronic lymphocytic leukemia (B-
acute lymphoblastic leukemia (| ). Consistent with its broad expression spectrum in B cell
malighancies, targeting Cx fferent strategies (e.g., CD3/CD19 bispecific, CD19 CAR T

cells) to harness B cel a®generated promising results in several clinicgPtials

7TKH HPHU | 3 FKHFNSRLQW LQKLELWRUV"™ H-UwithDiQ WLERGLHYV
ligand PD-L e nleashing the natural brake on T-cells and boosting the immune response

represe ragigm shift in our approach to treating cancer (12). In addition to harnessing the

adaptivg imn@ine response to fight malignant cells, attention has turned to the innate immune system,

macrophages, a cell population which is abundant in the tumor microenvironment and

w plays a specific role in phagocytosing cancer cells (13)

Macrophages express signellHJ X O DW R U\ S U Rhat khte€acts wéh 55047, a ubiquitously
H[SUHVVHG SURWHLQ WKDW PHGLDWHY D 3GRQTYW HDW PH” VLJQD
interaction by upregulating the expression of CD47 on their cell surface, thus counterbalancing

prophagocytic signals and increasing the chance of evading innate immune surveillance (14)

3
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Therefore, blockade of the CD47/SIRPLQWHUDFWLRQ UHSUHVHQWY D SURPLVLQJ
phagocytic clearance of tumor cells from the body. Several mAb and fusion proteins that target this
interaction are in early clinical development (clinicaltrials;geyg. NCT02953509, NCT03013218
NCT02367196 and NCT02890368). One limitation of this approach is that CD47, whilst upregulated

on tumor cells (15), is also ubiquitously expressed on all cells of the body, including relatiggly high

levels on erythrocytes and platelets (16, 17). Monospecific agents targeting CD47 wg be
expected to exhibit poor pharmacokinetic properties due to target mediated drug #ispd

@~ MOD)

and possible side effects including anemia.

We have recently described a fully human bispecific antibody (biA&U P D W, ) Using
this format, we generated a panel of biAb comprising a high affinity C t g arm combined
with CD47 blocking arms with a range of affinities, on a human | bckbone to impart full

effector mechanisms (19). The resultant biAbs are able tofgseleqgely block the interaction
CD47/SIRP. on CD19 cells and induce tumor cell killingn vi Ivo. From the panel of
biAbs, we selected the CD47 arm with the appropriate @ed to balance efficacy 6n CD19
FHOOV D JDMIU/M WR |Han kaffir\that is ugh to result in a fast off-rate for

CD47 on non CD19cells.

Here we describe the preclinical characteriZ®gon NI-1701, which induces potent macrophage-

mediated phagocytosis of tumor celqlines a primary samples representing \VArical

a

with non-human primate studi Jata suggest that NI-1701 may be an effective and safe anti-

cancer therapeutic both as&py and in combination.

<
()(’

malignanciesWe also presenin vivo _3 pfficacy data using several mouse models. Together



http://mct.aacrjournals.org/

MATERIAL AND METHODS

Cell lines and primary samples

7TKH %AXMWTYV O\PSKRRBD and Rdmos&Rl-1596) cell lines, the B-ALL NALM-6

(ACC-128), and the DLBCL SUDHL-4 (CRL-2957) cell lines were obtained from the ATCC. LL

MEC-2 cell line (ACC 500) was obtained from DMSZ. Cells were obtained betwee’n 2Q %

authenticated and mycoplasma tested by the suppliers. Cell lines have been rete x .
Ol

the experimentsAfter thawing, cells were cultured between two weeks and two

CDA47 silenced cell line was derived from origimald-type (wt) Raji cells tragsfect ith short
hairpin (sh) RNA, subcloned, screened by flow cytometry and finally [0 the most silenced
eligvere cultured at
untsville, USA), the

spital (Geneva, Switzerland),

stable clone by quantification of CD47 receptosing QIFIKIT® (DAK!

37°C and 5% CO2. Primary samplesre collected from Conversan
Leukemia Research Center (Glasgow, UK), the Geneva ve
the Josep Carreraseukaemia Research Institute (Barc , QQain) anCehé collection of the
Institute Carnot/CALYM (ANR, Rennesl Universit

from appropriate research ethics committ&zsm

ethics approvals were obtained

ained in agreement wlth principles
of the Declaration of HelsinkiEach patient and signed a written informed consent. The

study was approved by the Institutiona®geview rd of the different collaborating hospitals.

Reagents @
a ’

NI-1701 CD47 mo CD19 monovalent Ab, and CD19/Cti&b were generated using
a fixed Ig heavy ri domain (VH) library construction and produced as described in detalil
by Fischer  al. »Human (lgG1 isotypematched control mAlwvas produced and purified at

tain meant-rCD19 armas NF1701 and an irrelevant nonbinding arm, while tG®47

Novim inese lmster Ovary (CHOgulture supernatantd.he CD19 monovalent Ab
)

t Ab containthe sameanttCD47 armas NF1701and an irrelevant nonbinding arifihe
bifRlent CD19Ab (i.e., amAb) contains the same afiD19 arm as NIL701.The CD19/CD4% biAb
contains the saeanttCD19 arm as NIL701and an antCD47 arm with a higher affinity than NI
1701 for CD47 Clinical-grade rituximab (amtCD20 HgG1 mAb) was obtained from FarmaMondo.
The neutralizing anthCD47 mAb mouseB6H12 was cloned and expressed alg@1 in CHOcells

(hB6H12) Theant-CD47mAb, 5F9(20), was cloned and expressed dg®4 in CHO cells.


http://mct.aacrjournals.org/

Quantification of cell surface receptor density

5HFHSWRU GHQVLW\ ZDV TXDQWLILHG IROORZLQJ PDQXIDFWXUHU
following incubation with Fc Receptor (FcR) Blocking reagent (Miltenyi Biotec, cat # 130-059-901)
primary Abs (50 pg/mL) anti-hCD19 (BD Biosciences, cat # 55544@}D47 (eBiosciences, cat #
11-0478-42) and -hCD20 (R&D Systems, cat # MAB4225) were added to the samples (WMOd
or cells) for 30 min at 4°C. 100 pL of Calibration beads were washed along with tme c g trefted
identically. 100 pL of secondary Ab (1/50 in PBS BSA 2 %) were added for 30 min Xa ol were
a

washed and resuspended in 130 pL of CellFix (Becton Dickinson (BD) Bioscien

FACS Calibur (BD Bioscienceshnalysis was performed and Mean Fuorescerffe Int ity (MFI) was

determined. A linear regression was performed using MFI values from n beads. Receptor

density per cell was extrapolated from this regression line. 0

Whole blood binding

onors in citrate at the Blood Transfusion
ol AF488-coupled NI-1701, hB6H12 or isotype
ing Kit (A10235, Thermo Fisher Scientific)) and
surface staining Abs for 30 min at 4° precisely, samples were incubated with PE anti-hCD41a
(#555467, BD Biosciences), AP CD3 (#557 A7 Biosciences) and with BV510 anti-
hCD20 (#302311, BioLeg
in PBS for erythrocytes g

Human whole blood samples were collected fro
Center in Geneva. Samples were mixed wit

control (using the Alexa Fluor 488 tein La

ole blood was then divided in two samples: 5 pL were diluted

ill50 uL were incubated with erythrocyte lysing solution

(#349202, BD Bioscidy pnd washed for leukocytes and platelets analysis. Samples were then

acquied on a Cyt@
Affinity agents

p) for the binding to CD19 was determined on a 3200 KinExA (Sapidyne) while the

ng to CD47 was determined using Surface Plasmon Resonance (SPR) on a Biacore T200

ment (GenScript). The affinity for CD19 was determined on CEB ML % FHOOV ZLWK D ) L
of the CD19 arm, while the affinity for CD47 was determined using recombinant hCD47 protein with

NI-1701.

ins
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Antibody Dependent Cellular Phagocytosis

Human peripheral blood mononuclear cells (PBMCs) were isolated from buffy coats by Ficoll
gradient. Classical macrophages (MO) were prepared as previously described1(1®crophages
were generated from PBMCs with 20 ng/mL recombinant hMCSF for 14 days with the addition of 50

ng/mL of h,)1 GXULQJ WKH ODVW K RAZchoI@rMHXdU,I-mac)rﬁpUag@sw
it e

generated from PBMCs supplemented with 20 ng/mL recombinant hMCSF for’14
addition of either 20 ng/mL ofib-4 or 10 ng/mL of L-10 + 20 ng/mLof v *) G X
of culture, respectively (21-23Jarget cells stained with 0.2 uM CFSE (InvitrogenNgere

with the tested Abs for 15 min at 37°C. The flow cytometry based pha@l assay used is
described elsewhere (19). In here, the ratio between effector (macrop@

H ODVW

ized

arget cells was 1.5.
The percentage of phagocytosis is defined as the percentage of m a having engulfed at least
one target cell and identified as CD1@FSE double-positive everfyg am¥gst the total live CD14
macrophages. In some experimetie FlowSight® imaging f as used tonvestigate

the phagocytosis index defined as the number of ells “engulfed per 100 macrophages.

Fluorescencamicroscopywas also used. Here,amocytd® Ntsolated from healthy donor buffy

in16wellcKkDPEHU VOLGH LQO tiveiedlFC vith 50 ng/mLhM-CSF+ (h-
IL4 and hIL10) (20 ng/mL each}Yo ofgin M2 crophage#\t day 10, M2 macrophages were
washedand stainedvith OCFSE y of thphagocytosisssay, B cellfrom lymph node

biopsieswere purifiedusing the Isolationitd| (Miltenyi Bioteq. Rurified B cells were
stained with60 ng/mL ofpH ig#P36600,ThermoFischerl2 min,RT) opsonized with 10
JImL of NI-1701, rituxingsi |

1 isotype control ABellswerethenaddedon macrophage®
obtain the final 1:5 ratf® @ prfifector and target cell€ells were cogltured in chamber wells (3h,

37°C) and analy qcence microscomsing FIJI softwareThe percentage of phagocytosis
is defined as age of macrophages that hguHfezhat least one target cald identified as

pHRodd do@blepositive events among&00 countednacrophages

AN#body Dependent Cellular Cytotoxicity

1-2 x10 cells/mL healthy PBMC were activated overnight at 37°C with RPMI/10% heat inactivated
FCS supplemented with 10 ng/mL of recombinafit-B. The next day, 5000 Raji cells were
LOQFXEDWHG ZLW(Rerkin EBnker, @3C, 1h). After washing, cells were opsonized Mlith
1701 or higG1 control (30 mjr87°C). 5,000 Cr51-load# Raji cells were then mixed with 400,000

7
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PBMC cells to obtain the final 80:1 ratio between effector (PBMC) and target cells (Raji cells). The
cell mixture was incubated for 4h at 37°C before being centrifuged for 10 min at 1500 rpm.
Supernatant was transferred into a LumaPlate (coated with scintillant) and counteecauraer.
Negative controls (spontaneous Cr51 release) consisted of Cr51-loaded target cells incubated with
medium in the absence of effector cells. Total lysis control consisted of Cr51-loaded tg
LQFXEDWHG ZLWK / RI FHOX100)\ \WNolspatR®O YW lcanol (Bade
consisted of Cr51-loaded target cells incubated with effector cells, without Ab. The¢AD entage
was calculated using the following formula: % specific ADCC = ((sample counts{'

nonspecific lysis control cpm)/(total lysis control cptnegative control cpm)) x 1

Cell-derived xenograft modelin mice 6

In accordance with the Swiss animal protection law, 5%Ri)i injected subcutaneously
into the flank of 6- to 10-wee&ld NOD/SCID mice (Charles r LaWoratories). Tumor volume was
PHDVXUHG XVLQJ D FDOLSHU D FXODWHG XVLQJ WKH IRUP.

received 4 or 5 doses of 10mg/kg or 20mg/kg of, ravenous (i.v.) administration (tail vein)

Vo)[} x 100, whereT, = meantumor vol&§ eated at time ty F meantumor volume btreated at

time 0, V{ = meantumor volume tgol at time t and) ¥ meantumor volume of control at time 0.

Survival time is the time be n nitiation of the treatment to the euthanasia of the mice when the

VHW HQGSRL KH H[SHULPHQW Z.DV UHDFKHG WXPRU YROXPEF

Patient-der@nograft modelin mice

@nt was performed in accordance with the United States animal protection law and
I animal guidelines. NSG mice irradiated 2 days earlier (275cGy) were injected i.v. with

16 PBMC from an ALL patient (invaded with 90% of cancer ceNdice were i.v. treated with

higl control oNI-1701 Abs (20 mg/kg) at days 7, 14, 21, 28 and 35. Upon sacrifice, peripheral blood

(PB), spleen, liver and bone marrow (BM) were harvested and subjected to flow cytometry to detect

the human ALL cells identified as hCD4HCD3, hCD14 hCD56 using fluorescent labeled Abs.
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Pharmacokinetics and Dose Range Finding studies in cynomolgus monkeys

A single-dose (SD) pharmacokinetics (PK) study and a dose range finding study (DRF) were
performed in cynomolgus monkeys at Covance Laboratories test facilities. All procedures in the
studies were in compliance with the German Animal Welfare Act or the UK Animals (Scientific
Procedures) Act 1986 and were approved by the local Institutional Animal Care and Use (&ttfe.
For theSD study, 2- to 3-year-old females (n = 3/dose group) were injected by |v’ bo r
0.5 mg/kg or 10 mg/kg of NI-1701 or CD19/CD4BiAb. For the DRF study, one 0
females of 2- to 3-year-old received weekly i.v. bolus injections of NI-1701 or icle eeks.
The NI-1701-treated animals received two injections at 30 mg/kg (Days 1 @nd 8 lowed by two
injections at 100 mg/kg (Days 15 and 22). Control group animals re ed olus injections of
vehicle only on days 1, 8, 15 and 22. For both studies, the anim regissessed twice daily for
clinical signs and blood samples collected at different time point&gor h tologidaKaamthlyses.
NI-1701and CD19/CDA47 biAb serum concentrations were qffa ELISA at Novimmune with
eQgeasured using MILLIPLEX MAP

unfiriegtrument. The evaluation

in-house developed assall.-6 serum concentrations

multiplex immunodetection kits (Millipore) and analys

of the PK data was conducted at Novimmune ydngQi nlin software (Professional Version 6.3,

Pharsight).

Statistical Analysis @
GraphPad Prism 6 w x all statistical analysis depicted in each figure legend. Data are

expressed as me ean = SD, as indicated.

Q(’
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RESULTS
The anti-CD19/CD47 biAhb NI-1701, specifically binds to B cell$n whole blood
As CDA47 is a ubiquitously expressed molecule (24, 25), we designed a biAb, NI-1701, that consists of

a CD47 binding arm with an affinity that affords rapid engagement/disengagement kinegics when
binding CD47 in a monovalent setting. This arm is paired with a high affinity CD19 binding &

IXOO\ KXPDQ Ebdif (18)/Mdte precisely, the affinity to CD19 was ngea
subnanomolagi.e. 0.6nM) while the affinity to CD47 is 500 nkh order to assess th

NI-1701, the binding profile to B cells was assessed in whole blood using
CDA47 is expressed on various cells in whole blood, including T cells, pl and erythrocytes
(Supplementary Table S1), NI-1701 substantially shifted the signal for j#fndj

rather weakly if at all to platelets, T cells and erythrocytes as cogar
control (Fig. 1). Conversely, the CD47 mAb, hB6H12, use cg®trol for CD47 expression,

to the B cells and

the irrelevant isotype

significantly bound to all cell populations (Fig. 1).

The specific blockade of CD47/SIRP. interactisgon 19 expressing cells mediates potent

macrophage-dependent phagocytosis of the et (s

NI-1701 to B cells, we then assessedlitieefficacy
CDRZells by macrophages. For th@FSE-labeled

target cells in an antibody dependent cellular phagocytosis

Having demonstrated the specific bi
of this compound to mediate ph
Raji cells (Burkitt lymphom
(ADCP) assay using hM-GSF tiated macrophages as effectorTémisesults demonstrated
dose dependent phag % of Raji cells mediated by NI-1701, with groET44 ng/mL (Fig.

2A) anda maxim® Of phagocytic macrophageSurthermore, using video microscopy to
r

view phagoc [ -time observed that these phagocytic macrophages sequentiallyegingulf
not only ondgbut $geveral tumor target cells in responddl1b701 treatment (Supplementary Video
S1). Inflcontrgst, In the presence of a hlgG1 isotype control, no phagocytic activity was observed

e ry VideoZ.

TAgdemonstrate the requirement of the co-engagement of both targets by NI-1701 to reach the
maximal potency, NI-1701-mediated phagocytosis was compared to control monovalent variants. The
CD47 monovalent variant contains only the anti-CD47 binding arm of NI-{CO#7 monovalent
Ab) while the CD19 monovalent variant contains the anti-CD19 binding arm of NI-GD19

monovalent Ab) combined to an irrelevant arm. The control monovalent Abs eliciveshler

10
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potency of phagocytosis as compared to NI-1701, aittR-fold decrease for the CD19 monovalent
Ab (EG; of 31.11 ng/mL) and &2-fold decrease for the CD47 monovalent Ab {fF 385.3 ng/mL)
(Fig. 2A). Interestingly, the bivalent CD19 Ab (containing the same anti-CD19 aril-4501)
induces similar potency tdll-1701 (i.e., EGsp at 7.7 ng/mL) although less effective at inducing

maximum phagocytosis (Fig.2A).
In order to demonstrate the contribution of CD&75 3interactionto phagocytosi,swg ge &

Raji cells with a minimal expression level of CD47, while the levels of CD19 an main
unchanged (Fig. 2B). ¥Wthen assessed the activity ritiximabon thewt versus the%\e d
Raji cells While rituximab mediated efficient phagocytosis of the wt Raji c¢ffls, th ockdown of
CDA47 on the target cell surface results in an enhanced potency of rg#im 5 fold (Fig. 2C),
demonstrating that the reductiof WKH &' 6,53. L @nNdth &liated targeted
cell killing. A similar result was seen with the CD19 monova%t silencing of CD47
enhanced Ab mediated phagocytodis contrast, and as exp 01 demonstrated a similar
potency on both cell populations which was equal to tha e the anti-CD19 monovalent Ab
killing of CD47 silenced Raiji cells (Fi@D).

phagocytosis was compared using human
ith Non-Hodgkin lymphoma (NHL; Raji and

R BCL (SUDHL-4).NI-1701wasas potent as rituximab

5 and MEC-2 cell lines (FigN2)M-6 cells, which

ary Table @je weakly phagocytosed in the presence of

Ramos)ALL (NALM-6), CLL (MEC-2) g~
at mediating phagocytosis of the Ra
express a low level of CD20 (S @?

rituximab whereas NI-17O g a potent efigdy. 3A). SUDHL-4 cells were efficiently

phagocytosed by both nd rituximab, although the anti-CD20 mAb was slightly more

effective (Fig. 3A), adic e explained by the high level of CD20 (Supplementary Table S2).
Using in vitr I macrophages to mimic the situation of the tumor microenvironthent
ability of NI§Z01 ¥ engage different subtypes of macrophages to mediate phagocytosis of cancer

target @lls wgs assessétlassical M-CSF cultured macrophages (M@ macrophages polarized

well as M2 phenotypes, defined as M2a and M2c, generated by the addition of IL-4 or
A *), respectively, were useNI-1701 mediated a similar level of phagocytosis of Raji cells
by $ subsets of macrophages with ugifoto 50% of the macrophages being phagocytig. @8). A
5.4, 4.3, 4.7 or 4.2 fold increase in phagocytosis by NI-1701 opsonized-Raji cells was olbserved
compared to the isotype control for tievitro macrophages polarized into MO, M1, M2a or M2c

subtypes, respectively (FigB).

11
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Finally, as a fully human IgG1 Ab, we wanted to investigate whether NI-1701 was able to mediate
other Fc-dependent effector mechanisms such as antibody-dependent cellular cytotoxicity (ADCC).
As expected, a dose-dependent killing by ADCC of Raji cells in the presence of NI-1701 was
observed (Fig. 3C)

NI-1701 controls tumor growthin vivo P &
We next sought t@ssesghe in vivoanti-tumor killing efficacy of NI-1701 ira mo% t
e

model usingNOD/SCID mice implanted with Raji celliNI-1701 was signific@ cious in

controlling tumor growth, with a final tumor growth inhibition (TGI) of mpared to the

control (Fig. 4A, upper panel). The monovalent variants of NI-1i7@1C 19 monovalent
Abs, showed a partial effect on tumor growth with a final TGl @f 54 46%, respectiaely
bivalent CD19 Ab only demonstratedpartial effect with a fi 6%. Tumor growth was

monitored beyond the end of the treatment period demonstNging tMat NI-1701 affords a longer period
of slowing tumor growth compared with both monov nd the bivalent 8B1Pig. 4A,
lower panel). These results confirmed that co-en CD47 and CD19 by NI-1701 promotes a

more potent antitumor effect.

Next, the activity of NI-1701 was co red to Me anti-CD20 mAb, rituxirBaiice combination
therapies are widely used in oncol | practieetesed the hypothesis that targeting two

GLIIHUHQW % FHOL@ SHVY LQ FRQMXQFWLRQ ZLWK EORFNDGF
ctafl,

enhanced tumor control. e rituximab significantly reduced tumor growth compared to
hlgG1 control treated g xﬂB, upper panekerestingly,NI-1701was superior to rituximab

at reducing tumor gro vs 48% of TGI for NI-1701 and rituximab, respectively). Finally, the
combination ther ['R01 and rituximab led to higher inhibition (92%) of tumor growth until
the end of tre nt period at day Z@&mor growth was monitored beyond the end of the
treatme Qﬂj the data demonstrate that NI-1701 affords a longer period of slowing tumor

rowth\ghan Ptuximab, and that the combination of the two resulted in a 2.45-fold increase in the

e from a median of 24.5 days for isotype control treated animals to 60 days for the

ination therapy treated group (Fig. 4B, lower panel
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NI-1701 demonstrates a favorable pharmacokinetic and safety profile in nonhuman primates

To evaluatePK and safety parameters, NI-1701 was administered to cynomolgus monkeys. The anti-
CD19 arm of NI-1701 is not cross-reactive to cynomolgus monkey while the CD47 amsihakar
binding profile for cynomolgus monkey and human CD#f1is allowed us to test the hypothesis that

the affinity for CD47 was sufficiently low to circumvent potential liabilities of targetiig@gthe

ubiquitously expressed CD47, i.e. rapid drug elimination kinetics through TMDD and

toxicity including anemiaNI-1701 was administered once as an i.v. bolus, at a hi 1
low (0.5 mg/kg) dose, and serum concentrations of the compound were me
elimination profile of NI-1701 was parallel for both doses, suggesting I@ get mediated
mechanisms contribetl to the clearance of the biAb (Fig. 5A). Furthgs®or PK parameter
estimates for NI-1701, i.e., half-life and clearangere 110h and 12.2 v/, close to those of

other higG1 molecules that have been reported during preclinicaqgnd ical development (26).

In order to evaluate the impact that a higher affinity bindin C may haké okearancewe
compared the PK of NI-1701 with another bispecific |epaving the same (non-cross reactive)
CD19 targeting arm but a CD47 blocking arm gagth er affinity (i.e., 100 miked as

ilar functional potency (Supplementary
scribed elsewhere Th8)two biAbs have
similar half-lives (110h for NI-1701 angQ&06h for'cD19/CB4%Ab) but the clearance parameters

are different, with the CD19/CDAhiA
compared to 12.24 mL/day/kg ;% . Examination of the distribution phase (i.e., alpha phase) of
NI-1701versus the CD19/ ' ring the first 24 hours following i.v. bolus revealed that, at
both high and low dos
for CD19/CD4Y" bj

distribution phas r

ing a high clearance value (i.e., 18.24 mL/day/kg) as

irMifl serum concentration measurements for NI-1701 were higher than

). This result suggests an early binding event which impacts the
imigher clearance for the higher affinity CD47 binding molectite

ratio of AUCHs sh at an even greater proportion of CD19/CDBiAb is undetected at the low

dose v S gh dose compared with NI-1701 (59% at 0.5 mg/kg compared with 67% at 10
/kg)@sﬁng that a target mediated event occurs (Supplementary Tabfen&By, while no

ical toxicity was observeah increase in circulatinti.-6 levels following CD19/CD4"

biA injection was detected (Fig. 5C).

A DRF study was conducted with NI-1701 in cynomolgus monkeys where treated animals r@ceived
i.v. bolus injections at 30 mg/kg at weeks 1 and 2, followed by two injections at 100 mg/kg aBweeks

and 4 The mean Cmax values on weeks 1 and 3 (post the first dose at 30 and the first dose at
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100mg/kg, respectively) were 1003.47 and 3149.36 pug/mL, respectively, showing dose
proportionality with the single dose study (Supplementary Table S4). Furthermorénimal
accumulation of NI-1701 was seen between the first and second injection at each dose level (Fig. 5D).

No signs of anemia or throrabytopenia were obseed as redblood cellandplatelet levels remained
within normal rangeshroughout the studyFig. 5€). There were no drug related observatid\&

1701 was well tolerated at doses up to 100 mddiamplete haematological resultsrh the stud

tabulated in 8pplementaryTable S5. Furtherin vitro safety assessments were perfogroa @

and/or cynomolgus whole blodd assessiemaglutination and platelet aggregation N Jaings
related to N{1701 wee observed whereaant-CD47 mAbs showed effects OgegpO arameters
(SupplementaryFigure S2A, B, C and D).

In order to demonstrate the clinical relevance of targetj 7 oh ‘Ciateer cells, than vitro

NI-1701 effectively kills primary leukemia and lymphoma cells

studies were extended to primary cells obtained fro with B cell leukemias or lymphomas

NI-1701 mediated an efficient and potent phagfc primary cells from 24 individual CLL

patients (Fig. 6A). Imaging confirmed the t of the target cells by visualizing the double
labeling of the CD14 phagocytes an e CFSEyget cells (Fig. 6B, left panel). Calculating the

phagocytic index revealed that a m 75 (+/- 80) B-CLL cells opsonized with NI-1701 were
phagocytized by every 100 ma@ Fig. 6B, right panel). Similar results were obtained with

rituximab (Fig. 6A and Fig.&
Cells from bone marrg W of 12 and whole blood of 3 patients with B-ALL, a leukemia with

% e also obtained and used in the ADCP assay. A significantly enhanced

limited treatment

phagocytosis of t gell

percentage @ tosis ranging from 46.4 to 8GA%a mean valuef 62.5% (+# 13.6) The
1

the presencélibl701was consistently observetth a maximum

activity wasthree times higher than the isotype control and significantly higtaar th
' xim%G% +/19.1) (Fig.6A). NI-1701 inducedghagocytosiwas also tested using samples
ncer patients diagndseith differentsubtypes of NHLincluding the following cases3
maxginal zone lymphonsa(MZL), 2 Waldenstrom macroglobulinensa(WM), 3 mantle cell
lymphoma (MCL), 4 follicular lymphoma (FL) and 1 DLBCL.A significanty higher and similar
phagocytosisvasinducedfollowing NI-1701 or rituximab treatmerais compared to the control IgG1
with maximum percentage ranging fras8.3 to 97.9% and from 55.3 to 98.5%spectively(Fig.
6A). To further investigate the capacity of -llfT01 to mediatgohagocytosisof NHL tumar cells,
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purified B cells isolated from lymph node biopsieslOfFL patients were used as target cells. NI-
1701 and rituximab induced equivalent phagocytosis of tigeBeW L H B #&l\é {Fiy/ 6C).

Usinga patient cell derived model (PDXenerated with PBMCs fromB-ALL patient, the ability of

NI-1701 to kill primary tumor cellgy vivowas evaluatedVice were i.v. injected with patient-derived
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Discussion

Approaches targeting CD47 face considerable development challenges due to the ubiquitous
expression pattern of the target on healthy cells. As such, hematotoxicity and poor pharmacokinetics
are common unwanted secondary effects that have been described in studies conducted in mice and
non-human primates (20, 27-30he primary differentiating characteristic of the biAb appraa:
increased selectivity for the target, i.e., CDBcells. While CD47 is expressed on all cel x
whole blood, including T cells, platelets and erythrocytes, flow cytometry analysis’ s that
NI-1701 binds strongly to human B cells with no detectable binding to T cells erRiroftes and
weak binding to platelets. The lack of detectable binding to erythrocytes is ¢ a&With the lack of
hemagglutination seen in the presence of NI-1701.WéskNI-1701bindin t@ platelets is

most probably due to the co-engagement of the Fc-portion of th racting with the low-
DIILQLW\ {A)andHhe low-affinity CD47 arm on the samg ceMI ¥ binding event das n
functional consequence, such as platelet aggregation or t} urthermore, single or
multiple doses of NI-1701 in non-human primates are Il tOwrated, demonstrating favorable
pharmacokinetic profiles with proportionality between and, importantly, no hematological
toxicity. Disrupting the CD476 ,53. D[LV Z YWHCBAY tbihKiNg “ard lis Lk€yLtd\the

biAb approach. Indeed, in the process of sglec a ®ad candidate for preclinical develapment,
csted iNge blAb format (i.e., CD47/CD19) and administered
I! pgical toxicityas observed, the higher CD47 binding

to a binding event in blood leading to a faster clearance, which

higher affinity CD47-binding arm wa
to NHP. Interestingly, while no herg

resulted in rapid decrease in initi gncentration (alpha phase). We hypothesize that this drop

in the alpha phase concentyati
is supported by ouin vit tion in whole blood demonstrating increased binding to
erythrocytes and platgq ermore, these data corroborate previous published results of a biAb
with reduced affin which allows for selective binding to dual antigen-expressing cells in
the presence ge L D4AP-sink (Fpally, the lower affinity CD47-binding arm of NI701was
far less proffe to igducing cytokine releasevitro as compared to the CD19/CD4BiAb. Taken
togeth@ ctivity afforded by the high affinity CD19-binding arm coupled to a low affinity
7-Dglind arm has the potential to significantly widen the safety margin of therapeutic CD47

t n patients.

Therapeutic Abs targeting B cells exert antitumor activities through vaFousediated
mechanisms includindhDCP and ADCC These attributes have been extensively described pre-
clinically as key mechanisms in the elimination of cancer B cells by anti-CD20 (33) and anti-CD19

Abs (34, 35) However, to avoid indiscriminate elimination of healthy host cells by CD47-targeting
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mAbs through Fc-mediated effector functions, the Fc domains of the anti-CD47 mAbs have been
selected for reduced effector functions, e.g. IgG4 (20)s limits the tumor-killing capacity of the
anti-CD47 mAbs as a monotherapy. In contrast, due to its selective targeting tb c&D4,9NI-1701

is a fully higG1 with the whole spectrum of Fc-mediated effector functé® show here thall-

1701 mediates effective killing of primary and immortalized cancer cells via ADCP and A
ability for NI-1701 to harness the anti-tumor potency of the tumor infiltrating myeloid cellgt gh

blockade of CD47/SIRP L Q W H WasFlémoRs@ated via effectiire vitro phagocytogis ¢ "@
cells taken from a plethora of B-cell malignancies. In addition, NK cells were sh Stficient
e

killers by ADCC of malignant B cells in the presence of NI-1701, in I|n velal reports
demonstrating the importance of these cells for the cytotoxic activity of seve 36-38)

We extended ourin vitro findings to demonstrating effic uged by co-targeting
CD47/CD19in vivo. NI-1701administration tdRaji B ceILtranspIan& CID micesulted in
control oftumourgrowth and a significanncreasein median as compared to isotype
control treated miceCo-engagement of CD47/CD19 is ghli imal efficacy as theCD19
monovalenbiAb, the CD47 monovaleriiAb and the bi 8llow only for partial control of

tumor growth Interestingly, the monovalent CD wed equivalent activity to the CD19
itro killing data, where the latter was

more potent. Nonetheless, timevivo ob

Ab given to mice allowing exposurg

ADCP activity in vitro. The poteng

patientderived xenograft in which NI-1701reducedumoracross the variousrgans
tested.Studies are under ect underlying mecharfi&methelessthe data hereinlerived
from xenograft experi OD/SCID or NSG mice, characteliyathpaired T/B develapent,
reduced NK celf 0)andthe ability for m6 , 5 3to bind hCD47 with high affinity (41),
suggestthat W|II e the main driverfor the observed tumor contragh vivo. Tumor

associated gacrofhages (TAMdisplaying diverse phenotypé$2), represent key regulators of the
complgo ay between the immune system and caimcdrumans and micg43, 4) and
effostare focusing on targeting TAMs in oncology (Reviewes)). In generalM2-
phagewhich exert antiinflammatory and pro-tumorigenictivities, are descibed to support
tunypr growth as opposed to tMel-macrophagesinderstoodo induce inflammatory respors@!3,
46). Our in vitro analysis demonstrated that monoegitgived M1 and Manacrophages effectively

kill Raji B cells in the presence &fl-1701. The results suggest that -N¥01 may reeducateM?2
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macrophages, thus disrupting the pro-tumor favoring microenvironment (X. Chauchet et al. in

preparation)

The most widely used treatment for B cell lymphomas is R-CHOPH@yever, a large
number of patients become refractory to rituximab with time thus representing a growing population
with an unmet medical need (§everal emerging therapies for the treatment of relapsed or r&or}/

t of

B cell lymphomas are in development (47), including the biAb approach presented here

compared to either treatment. The complementary mechanisms of
approaches certainly explain the significant benefit over stag- e Jherapies and further

investigations are ongoing to dissect mechanisms. These reqyllts orce the concept of

targeting two distinct cell-surface antigens to increase the cancer control in situations
with pre-existing epitope-variants or -loss, such as rep rituXimab-refractory NHL patients (4,
49). Furthermore, NI-170lvas shown to be superior ' in killing B cells from B-ALL
patients and the B-ALL-derived cell line, NALM- . a from our laboratory and others (50)

have demonstrated the lower proportion ofqfLL Wgtients expressing CD20 on B cell, which may

explain the improved efficacy afforded@gy NI-17

The study here describes t @

macrophages through the bIo D47 in B cell malignancies. By targeting CD19 with high

ppment of a novel bispecific Ab approach harnessing

affinity, NI- DLPV & FHFWLYHO\ L QK Lsighalbn/@ Keélls &his &prBe@ffW HDW P
offers an alternative tr t patients resistant and/or refractory to anti-CD20 therapy. Clinical
experience will valiggte e and selective strategy afforded-taygeting CD47 and CD19 on B

cells.

Q(’
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Figures legends

Figure 1.

NI-1701 binds selectively to B cells. Human whole blood samples were incubated with an%to
CD20 (for B cells), CD3 (for T cells) and CD41a (for platelets) in combination W|th eit -
labeled-isotype control Ab (grey line), AF-488 labeled NI-1701 (dark line) or AF- 4 anti-
hCD47 mAb (hB6H12, dashed line). Erythrocytes were gated based on SSC/FS X Samples

were analyzed by flow cytometry.

Figure 2. 0

Blockade of CD47/SIRPenhances phagocytosis of tumor centage of phagocytosis by
macrophages of CFSBEDEHOHG 5DML FH HU WUHDWPHQW ZLWK J
range of Ni1701, the CD47 monovalent Ab, the n nt Ab and the CD19 bivalent Ab.

The number of CD19, CD20 and CD47 per R cells or the GiddiTced clone Raji cells

was quantified using the Qifikit®. Histggrams esent the meaD of 3 experiments. The mean is

ay -t

indicated above thhistogramsC, Perc
cells or CFSHabeled CD47 silenced

Percentage of phagocytosis b

e of phagocytosis by macrophages of @&&Hied Raji
Bis after treatment with a-dasge of rituximabD,
phages of dfi®Hed Raji cells or CFSEbeled CD47

silenced Raiji cells after tr e " a dosrge of NI1701 or the monovalent CD19 AB, C,
and D, Data were o by®ow cytometry; percentage of phdgsisyis expressed as the
percentage of CF uble positive events among Ciadrophage cellGraphs depict a
representative d esfon®curve of a minimum of 3 independent experiments.

Lo

N 01 mediates kiling of B lymphoma and leukemic cell lines by different subtypes of
ma®ophages or killing by IL-2 stimulated PBMCs by AD@C.Phagocytosis of CFSE-labeled Raji,

Ramos, NALM-6, MEC-2 and SUDHL- FHOOV E\ PDFURSKDJHY DIWHU WUHDWP|
hlgG1 control Ab, NI-1701 or rituximab. Phagocytosis was assessed by flow cytometry and expressed

as a percentage of CFSE/CD14 double positive events among’ @iatdophages cells. Histograms
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are representative of 2 to 6 independent experiments, depending on the cell, IPleagocytosis of
CFSE-labeled Raji by macrophages differentiated into MO, M1, M2a or M2c subset after treatment
ZLWK J P/ RI K,J* FRQWAJRIGMERIOfI3 donors were used to differentiate
macrophage subtypes and each point represent one unigue donor. Phagocytosis was assessed as above.

Statistical analysis was performed using the paired Student T test. **p<@0QQk51-labelled Rajy

FHOOV ZHUH LQFXEDWHG ZLWK D IL[HG FRQFHQ W-thbge/d K,J* F
1701 (15 min, RT). These cells were then incubated (4h, 37°C) in the presence of¢§ (NWulated

PBMC as a source of effector cells (E:T 80:1). The graph depicts the % of specj X with the

mean + SD. Graphs depict a representative dose response curve of g independent
experiments. C

&

del"and synergizes with ritéximab.

Figure 4.

NI- 1701 controls tumor growth in a subcutaneous xen ft

NOD/SCID mice were subcutaneously (s.c.) injected i cells. When tumors reached a
volume of 100 mrf) mice were randomized into th€f treatment groups: hlgG1 control (n=8);
NI-1701 (n=8); CD19 monovalent Ab (n=8), novalent Ab (n=8) or CD19 bivalent Ab (n=7).

e a weelglays 0, 7, 14 andA21lper panel), The mean

Abs were injected i.v. at 20 mg/kg, o
tumor volume (x SEM) per group is @% d over time. Statistical analyses were performed on the
- ZD\ $129% IROORZHG E\ D 7XNH\fV PXOW

test. *p<0.05;**p<0.01;****/gp. . /§} lower panel), Tumor growth was monitored beyond the

calculated area under the curve g

end of the treatment perjgab UL day 39. Mice were euthanized when the endpoint was reached (tumor

YROXPHE& ° orf8 @
Meier curves), a Qlantel-Cox) test was performed. p< 0.05 is considered to be statistically
significant. B N ) mice were subcutaneously (s.c.) injected with 5@48ji cells. When
tumors r d afyolume of 100 farmice were randomized into the following treatment groups:

higG1 gontrga (n=8); NI-1701 (n=8); rituximab (n=8) or the combination of NI-1701 + rituximab

re injected i.v. at 20 mg/kg for single treatment or 10mg/kg + 10mg/kg for combination,

d of the study (day 39). For comparison of survival curves (Kaplan

o} a week (days 0, 7, 14 and 2B). pper pane), The mean tumor volume (£ SEM) per group is

de¥eted over time. Statistical analyses were performed on the calculated area under the curve using a
oneZD\ $129% IROORZHG E\ D 7XNH\YfV PXOWLSOH FRPSDULVRQ WHVW
(B, lower pane), Tumor growth was monitored beyond the end of the treatment period until day 60.

OLFH ZHUH HXWKDQL]JHG ZKHQ WKH HQGSRLQYrathé eddHdDth&K HG W X P F
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study (day 60). For comparison of survival curves (Kaplan Meier curves), a log-rank (Mantel-Cox)

test was performed. p< 0.05 is considered to be statistically significant.

Figure 5.

Non-human primate studies demonstrate favorable pharmacokinetics and nozmal xcal
|3
oWy at 0.5

parameters of NI-1701 following one single injection or multiple weekly injectidrSs

and/or CD19/CD4% were administered to cynomolgus monkeys as a single intra&&

or 10mg/kg (n=3 animals per treatment group per dose group). An ELISA fssay

house to measure NI-1701 or CD19/CB4iiAb serum concentrationA§, T li gn profile of

developed in-

NI-1701 at both doses are shown. The horizontal dotted lineqreMesets the lower limit of
quantification (LLOQ) of the ELISA assayB), The distribution ph (upW, 24h) of the PK profiles
of NI-1701 and CD19/CD47at high doses (10 mg/kg, left ha d at low doses (0.5 mg/kg,

right hand panel) are compare@@)( IL-6 serum concentr, ere” quantified for NI-1701 and/or

CD19/CDA4Y treated animals for the dose at 10mg&gtii lysis was performed using Mann-

and 1 male per group) were administered V. bolus doses of vehicle or NI-1701. Treated

animals received two escalating doseRgf NI-1708 2 injections at 30 mg/kg (days 1 and 8) followed by

2 injections at 100 mg/kg (days 15 ), (The elimination profile of NI-1701 following 2

injections at 30 mg/kg and 2 injge 0 mg/kg is shdi)). Hematological parameters were

horizontal dotted lines ings

Figure 6. Q@
NI-170® effective killing of B cells from a range of primary human sampléso andin

. A, Qercghtage of phagocytosis by macrophages of CFSE-labeled primary samples from 24 CLL

monitored predose and owglp4Qfeky of dosing; red blood cell and platelet counts are shown. The
&normal reference values for this species.

W5 ALL patients and 12 NHL patients including 3 MZL, 2 WM, 3 MCL, 4 FL and 1 DLBCL.
ary samples wereNVUHDWHG ZLWK J PO RI1704,dr* ritukiRa WRTR)YO 1,

Phagocytosis % was assessed by flow cytometry and expressed as the percentage of CFSE/CD14

Pr

double positive events among CDIMacrophages cells. Each symbol corresponds to one sample, the
linesrepresent the mean of phagocytosis BEM. B, Examples of FlowSight® acquisitions showing

target cells (stained with CFSE, green fluorescence, Ch02) and macrophage (stained wvitPCD14
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red fluorescence, Ch11). Ch05 corresponds to the IDEAS software quantification counting the number
of B-CLL cells inside macrophages. Ch02/Ch11 corresponds to the merged acquisition between Ch02
and Chll. Row 1 is representative picture of empty macrophages. Row 2 demonstrated the specific
counting of engulfed target cells versus non-engulfed ones. Rows 3 and 4 show representative pictures
of macrophages with several engulfed target cells. Graph represents the phagocytosis ind r higGl
control Ab, NI-1701 and rituximab (RTX) treated B-CLL primary samples (nt& )W H G

Each symbol corresponds to one sample, the legesent the mean of phagocytosig-

Percentage of phagocytosis by M2 macrophages ofodetlabeled purified B cellsgfr
SULPDU\ VDPSOHV DQG WUHDW HGntrd L MFK701 oﬂg TXJ.
n

Phagocytosis % was assessed by fluorescent microscopy with the acquis 09100 macrophages.
Each symbol corresponds to one sample, the liegsesent the mean of % IS+%EM. D,

NSG mice irradiated 2 dayamier (275cGy) were injected i.v. with 1. C from an ALL

patient. 7 days later, the first dose of higG1 control (n=5) et ) JXs administered i.v. (20
mg/kg). Dosing has continued once a week throughout the @qudy Wgich was termirmtzed&t The

absolute number of BLL tumor cells following flow #4Qge™y acquisition (based on hCD45

staining) in one femur for the BM, PB (per pL), s Iver from mice treated witiTO\I or

ired Okiéay ANOVA followed by multiple
<0.01, ***p<0.001 and ****p<0.0001

mean+ SD. Statistical analysegere performed

comparison test&, B and C) or unpair st(D). *
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Figure 2.
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Figure 3.
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Figure 4.
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