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METHODS OF TREATING CYTOKINE-RELATED ADVERSE EVENTS

FIELD OF THE INVENTION

The present invention relates to agents for use in the treatment or prevention of a cytokine-related

adverse event or disease, such as cytokine release syndrome (CRS).

BACKGROUND

Cytokine release syndrome (CRS) is a potentially severe and life-threatening adverse event that is
characterised by elevated levels of pro-inflammatory cytokines, in severe cases resulting in a
systemic inflammatory response. Without being bound by theory, CRS may result from a large
and/or rapid secretion of cytokines, for example because of activation and/or proliferation of
immune effector cells. For example, CRS occurs when large numbers of white blood cells are

activated and release inflammatory cytokines.

CRS represents one of the most frequent serious adverse effects of T cell-engaging
immunotherapies, including bispecific T-cell engaging antibodies and CAR T-cells (Teachey ef
al. (2013) Blood. 121(26): 5154-5157; Hay et al. (2017) Blood. 130(21): 2295-2306). CRS has
also been described after infusion of several antibody-based therapies (Chatenoud et al. (1990)
Transplantation. 49(4): 697-702; Freeman et al. (2015) Blood. 126(24): 2646-2649,
Suntharalingam et al. (2006) N. Engl. J. Med. 355(10): 1018-1028; Winkler et al. (1999) Blood.
94(7): 2217-2224). The adverse event can also be triggered by other cell therapies and

immunotherapies, as well as infection.

Although treatments to mitigate the symptoms of the cytokine release exist, such as Tocilizumab
and corticosteroids, understanding and eliminating the source of the cytokine release could
potentially increase the therapeutic index of these cell therapies and immunotherapies. Many
cytokines show elevated levels in serum of patients with CRS including interleukin-6 (IL-6).
interleukin-10 (IL-10), and IL1-beta (Norelli ef al. (2018) Nat. Med. 24(6): 739-748; Wang and
Han (2018) Biomark. Res. 6: 4). IL-6 has been suggested as a central mediator of CRS toxicity
(Tanaka ef al. (2016) Immunotherapy. 8(8): 959-70) further supported by the effectiveness of
Tocilizumab in treating severe CRS patients by blocking IL-6 signaling (Grupp et al. (2013) N.
Engl J. Med. 368: 1509-1518). Alternatively, IL1-beta signalling may be targeted by Anakinra
(IL1-beta) to mitigate CRS. Typically, the agent will be used to target a single cytokine and

prevent downstream signalling, and the initial secretion of IL-6 or IL1-beta is not prevented by
1
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the current treatments. In addition, existing treatments for CRS are not always effective and/or
can have undesirable side effects. There is therefore a need for further therapies for the treatment

or prevention of CRS.

SUMMARY

The present invention relates to methods of treating or preventing a cytokine-related adverse
event or disease such as cytokine release syndrome (CRS) in a subject using a cytokine inhibitor
(e.g. IL-6 inhibitor), preferably wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is
pomalidomide, iberdomide, lenalidomide, avadomide or Compound 1 (4-(4-(4-(((2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl )piperazin-1-yl)-3-

fluorobenzonitrile or an enantiomer, a mixture of enantiomers, a tautomer, an isotopolog or a

pharmaceutically acceptable salt thereof).

In one aspect, the present invention provides a cytokine inhibitor (e.g. IL-6 inhibitor) for use in a
method of treating or preventing a cytokine-related adverse event or disease such as cytokine
release syndrome (CRS) in a subject, wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is
pomalidomide, iberdomide, lenalidomide, avadomide or Compound 1, and wherein Compound 1
is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl )piperazin-1-yl)-
3-fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an isotopolog or a

pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a method for treating or preventing a cytokine-
related adverse event or disease such as cytokine release syndrome (CRS) in a subject, the
method comprising administering to the subject a therapeutically effective dose of a cytokine
inhibitor (e.g. IL-6 inhibitor), wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is
pomalidomide, iberdomide, lenalidomide, avadomide or Compound 1, wherein the
therapeutically effective dose is a dose sufficient to reduce or prevent the development of CRS in
the subject, and wherein Compound 1 is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an enantiomer, a mixture of

enantiomers, a tautomer, an isotopolog or a pharmaceutically acceptable salt thereof.

In preferred embodiments, the cytokine-related adverse event or disease is cytokine release

syndrome (CRS). In preferred embodiments, the subject has received or will receive a therapeutic
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agent that has caused or is likely to cause CRS. In particularly preferred embodiments, the

therapeutic agent that has caused or is likely to cause CRS is a T cell engager.

In alternative embodiments, the cytokine-related adverse event or disease is Coronavirus disease
19 (COVID-19).

In yet further alternative embodiments, the cytokine-related adverse event or disease is cytokine-
mediated neurotoxicity. In preferred embodiments, the subject has received or will receive a
therapeutic agent that has caused or is likely to cause cytokine-mediated neurotoxicity. In
particularly preferred embodiments, the therapeutic agent that has caused or is likely to cause

cytokine-mediated neurotoxicity is a T cell engager.

In another aspect, the present invention provides a BCMA therapeutic agent for use in a method
of treating a disorder associated with BCMA expression in a subject, wherein the method

comprises:

a) administering to the subject the BCMA therapeutic agent, wherein the administering is
likely to cause or has caused CRS in the subject; and

b) administering to the subject a cytokine inhibitor (e.g. IL-6 inhibitor) at a dose sufficient
to prevent or reduce the development of CRS in the subject, wherein the cytokine
inhibitor (e.g. IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide, avadomide or
Compound 1, and wherein Compound 1 is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-4-yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or  an
enantiomer, a mixture of enantiomers, a tautomer, an isotopolog or a pharmaceutically

acceptable salt thereof.

In yet another aspect, the present invention provides a method for treating a disorder associated

with BCMA expression in a subject, wherein the method comprises:

a) administering to the subject a BCMA therapeutic agent, and

b) administering to the subject a cytokine inhibitor (e.g. IL-6 inhibitor), wherein the
cytokine inhibitor (e.g. IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide,
avadomide or Compound 1, and wherein Compound 1 1s 4-(4-(4-(((2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl ))piperazin-1-yl)-3-

fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an
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isotopolog or a pharmaceutically acceptable salt thereof.

In another aspect, the present invention provides a BCMA therapeutic agent for use in a method
of treating a disorder associated with BCMA expression in a subject, wherein the method

comprises:

a) administering to the subject a cytokine inhibitor (e.g IL-6 inhibitor), wherein the
cytokine inhibitor (e.g. IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide,
avadomide or Compound 1, and wherein Compound 1 1s 4-(4-(4-(((2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl)piperazin-1-yl)-3-
fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an
isotopolog or a pharmaceutically acceptable salt thereof, and

b) following administration of the cytokine inhibitor, administering to the subject the
BCMA therapeutic agent, wherein the administering is likely to cause CRS in the

subject.

In a related aspect, the present invention provides a method for treating a disorder associated with

BCMA expression in a subject, wherein the method comprises:

a) administering to the subject a cytokine inhibitor (e.g. IL-6 inhibitor), wherein the
cytokine inhibitor (e.g. IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide,
avadomide or Compound 1, and wherein Compound 1 1s 4-(4-(4-(((2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl )piperazin-1-yl)-3-
fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an
isotopolog or a pharmaceutically acceptable salt thereof, and

b) following administration of the cytokine inhibitor, administering to the subject a
BCMA therapeutic agent, wherein the administering is likely to cause CRS in the

subject.

In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is administered as a first dose at
least 1 day before the BCMA therapeutic agent, preferably at least 2 days, at least 3 days, at least
4 days, at least 5 days, at least 6 days, at least 7 days, at least 8 days, at least 9 days, at least 10
days, at least 11 days, at least 12 days, at least 13 days, or at least 14 days before the BCMA

therapeutic agent.
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In another aspect, the present invention provides a BCMA therapeutic agent for use in a method
of treating a disorder associated with BCMA expression in a subject, wherein the method

comprises:

a) administering to the subject the BCMA therapeutic agent, wherein the administering
is likely to cause or has caused CRS in the subject; and

b) following administration of the BCMA therapeutic agent, administering to the
subject a cytokine inhibitor (e.g. IL-6 inhibitor), wherein the cytokine inhibitor (e.g.
IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide, avadomide or Compound

I, and wherein Compound 1 is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-

oxoisoindolin-4-yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an

enantiomer, a mixture of enantiomers, a tautomer, an isotopolog or a

pharmaceutically acceptable salt thereof.

In a related aspect, the present invention provides a method for treating a disorder associated with

BCMA expression in a subject, wherein the method comprises:

a) administering to the subject a BCMA therapeutic agent, wherein the administering is
likely to cause or has caused CRS in the subject; and

b) following administration of the BCMA therapeutic agent, administering to the
subject a cytokine inhibitor (e.g. IL-6 inhibitor), wherein the cytokine inhibitor (e.g.
IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide, avadomide or Compound

I, and wherein Compound 1 is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-

oxoisoindolin-4-yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an

enantiomer, a mixture of enantiomers, a tautomer, an isotopolog or a

pharmaceutically acceptable salt thereof.

In some embodiments, the BCMA therapeutic agent is administered as a first dose at least 1 day
before the cytokine inhibitor, preferably at least 2 days, at least 3 days, at least 4 days, at least 5
days, at least 6 days, at least 7 days, at least 8 days, at least 9 days, at least 10 days, at least 11
days, at least 12 days, at least 13 days, or at least 14 days before the cytokine inhibitor.

In a further aspect, the present invention provides a BCMA therapeutic agent (e.g. a multispecific
antibody which specifically binds to BCMA and to an antigen that promotes activation of one or

more T cells) for use in a method of treating a disorder associated with BCMA expression in a

5
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subject, wherein the method comprises:

a) administering to the subject the BCMA therapeutic agent, wherein the administering is
likely to cause or has caused CRS in the subject; and

b) administering to the subject Compound 1, wherein Compound 1 is 4-(4-(4-(((2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl)piperazin-1-yl)-3-
fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an

isotopolog or a pharmaceutically acceptable salt thereof.
In certain embodiments of any aspect of the invention, the “subject” or “patient” is a human.
In particularly preferred embodiments, the BCMA therapeutic agent is a T cell engager.

In embodiments of any aspect of the invention, the T cell engager is a multispecific antibody that
specifically binds to a target antigen (e.g. cancer antigen such as BCMA) and to an antigen that
promotes activation of one or more T cells. In some embodiments, the antigen that promotes
activation of one or more T cells is selected from the group consisting of CD3, TCRa, TCR,
TCRy, TCRE, ICOS, CD28, CD27, HVEM, LIGHT, CD40, 4-1BB, 0X40, DR3, GITR, CD30,
TIMI1, SLAM, CD2, or CD226. In preferred embodiments, the antigen that promotes activation

of one or more T cells is CD3.

In alternative embodiments of any aspect of the invention, the T cell engager is a chimeric
antigen receptor (CAR) directed to a target antigen (e.g. cancer antigen such as BCMA), ora T

cell expressing at least one CAR directed to a target antigen (e.g. cancer antigen such as BCMA).

In embodiments of any aspect of the invention, the therapeutic agent that has caused or is likely
to cause CRS or the BCMA therapeutic agent comprises an anti-BCMA antibody or antigen-
binding fragment thereof comprising a CDR1H, CDR2H, CDR3H, CDRIL, CDR2L, and CDR3L

region combination selected from:

a) CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:23, CDR2L region of SEQ ID NO:24,
and CDR3L region of SEQ ID NO:20;

b) CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:25, CDR2L region of SEQ ID NO:26,
and CDR3L region of SEQ ID NO:20;

6
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d)

g)

CDRI1H region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:27, CDR2L region of SEQ ID NO:28,
and CDR3L region of SEQ ID NO:20;

CDRI1H region of SEQ ID NO:29, CDR2H region of SEQ ID NO:30, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33;

CDRIH region of SEQ ID NO:34, CDR2H region of SEQ ID NO:35, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33;

CDRIH region of SEQ ID NO:36, CDR2H region of SEQ ID NO:37, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33; or

CDRIH region of SEQ ID NO:15, CDR2H region of SEQ ID NO:16, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:18, CDR2L region of SEQ ID NO:19,
and CDR3L region of SEQ ID NO:20.

In some embodiments of any aspect of the invention, the therapeutic agent that has caused or is

likely to cause CRS or the BCMA therapeutic agent comprises an anti-BCMA antibody or

antigen-binding fragment thereof comprising a VH and a VL selected from the group consisting

of:

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:12;

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:13;

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:14;

a VH region of SEQ ID NO:38 and a VL region of SEQ ID NO:12;

a VH region of SEQ ID NO:39 and a VL region of SEQ ID NO:12;

a VH region of SEQ ID NO:40 and a VL region of SEQ ID NO:12; or
a VH region of SEQ ID NO:9 and a VL region of SEQ ID NO:11.

In preferred embodiments of any aspect of the invention, the therapeutic agent that has caused or

is likely to cause CRS or the BCMA therapeutic agent comprises an anti-BCMA antibody or

antigen-binding fragment thereof comprising a VH region of SEQ ID NO:10 and a VL region of
SEQ ID NO:14.
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In alternative embodiments of any aspect of the invention, the therapeutic agent that has caused
or is likely to cause CRS or the BCMA therapeutic agent comprises an anti-BCMA antibody
antigen-binding fragment thereof comprises a VH comprising a CDRIH of SEQ ID NO:64, a
CDR2H of SEQ ID NO:65 and a CDR3H of SEQ ID NO:66, and a VL comprising a CDRIL, a
CDR2L and a CDR3L set of sequences selected from:

a) CDRIL of SEQ ID NO:67, CDR2L of SEQ ID NO:68, and CDR3L of SEQ ID NO:69,
optionally wherein the BCMA therapeutic agent comprises a VH of SEQ ID NO:76 and a
VL of SEQ ID NO:77;

b) CDRIL of SEQ ID NO:70, CDR2L of SEQ ID NO:71, and CDR3L of SEQ ID NO:72,
optionally wherein the BCMA therapeutic agent comprises a VH of SEQ ID NO:76 and a
VL of SEQ ID NO:78; or

c) CDRIL of SEQ ID NO:73, CDR2L of SEQ ID NO:74, and CDR3L of SEQ ID NO:75
optionally wherein the BCMA therapeutic agent comprises a VH of SEQ ID NO:76 and a
VL of SEQ ID NO:79.

In some embodiments, the multispecific antibody comprises an anti-CD3 antibody, or antigen
binding fragment thereof In some embodiments, the anti-CD3 antibody, or antigen binding
fragment thereof comprises a variable domain VH comprising the heavy chain CDRs of SEQ ID
NOs: 1, 2 and 3 as respectively heavy chain CDR1H, CDR2H and CDR3H and a variable domain
VL comprising the light chain CDRs of SEQ ID NOs: 4, 5 and 6 as respectively light chain
CDRIL, CDR2L and CDR3L. In preferred embodiments, the anti-CD3 antibody, or antigen
binding fragment thereof, comprises a VH region of SEQ ID NO:7 and a VL region of SEQ ID
NO:S8.

In particularly preferred embodiments, the multispecific antibody comprises an anti-BCMA
antibody, or antigen binding fragment thereof, comprising a VH region of SEQ ID NO:10 and a
VL region of SEQ ID NO:14, and an anti-CD3 antibody, or antigen binding fragment thereof,
comprising a VH region of SEQ ID NO:7 and a VL region of SEQ ID NO:8.

In some embodiments, the multispecific antibody is a bispecific antibody. In some embodiments,
the bispecific antibody is bivalent (e.g. 1+1 format). In alternative embodiments, the bispecific
antibody is trivalent (e.g. 2+1 format). In some embodiments, the trivalent bispecific antibody has

the format: CD3 Fab - BCMA Fab - BCMA Fab; or BCMA Fab - CD3 Fab - BCMA Fab (i.e.
8
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when no Fc is present). Alternatively, the trivalent bispecific antibody may have the format:
BCMA Fab - F¢ - CD3 Fab - BCMA Fab; BCMA Fab - Fc - BCMA Fab - CD3 Fab; or CD3 Fab
- Fc - BCMA Fab - BCMA Fab (i.e. when an Fc is present). In preferred embodiments, the
trivalent bispecific antibody has the format BCMA Fab - Fc - CD3 Fab - BCMA Fab.

In some embodiments, the anti-CD3 Fab comprises a light chain and a heavy chain, wherein the
light chain is a crossover light chain that comprises a variable domain VH and a constant domain
CL, and wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL

and a constant domain CH1.

In some embodiments, the CHI domain of the anti-BCMA Fab fragment comprises the amino
acid modifications K147E/D and K213E/D (numbered according to EU numbering) and a
corresponding immunoglobulin light chain comprising a CL domain having amino acid

modifications E123K/R/H and Q124K/R/H (numbered according to Kabat).

In some embodiments, the multispecific (e.g. bispecific) antibody further comprises an Fc. In
some embodiments, the Fc is an IgGl Fc. In some embodiments, the (e.g. IgG1) Fc comprises a
first Fc chain comprising first constant domains CH2 and CH3, and a second Fc¢ chain comprising

second constant domains CH2 and CH3, and wherein:

a) the first CH3 domain comprises the modifications T366S, L368A and Y407V, or
conservative substitutions thereof (numbered according to EU numbering); and
b) the second CH3 domain comprises the modification T366W, or conservative

substitutions thereof (numbered according to EU numbering).
In some embodiments, the (e.g. IgG1) Fc comprises:

a) the modifications L234A, L235A and P329G (numbered according to EU numbering);
and/or

b) the modifications D356E, and L358M (numbered according to EU numbering).

In further embodiments, the bispecific antibody according to the invention comprises a heavy and

light chain set of the polypeptides set forth in the following SEQ ID NOs:
83A10-TCBcv: 48, 45, 46, 47 (x2);

22-TCBecv: 48, 52, 53, 54 (x2); or
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42-TCBcv: 48, 55, 56, 57 (x2).

In a preferred embodiment, the bispecific antibody according to the invention is 42-TCBcv and
comprises a heavy and light chain set of the polypeptides set forth in SEQ ID NO:48, SEQ ID
NO:55, SEQ ID NO:56, and two copies of SEQ ID NO:57.

In embodiments of any aspect of the invention, the BCMA therapeutic agent is AMG-420
[Amgen], BCMA tri-specific [Affirmed], AFM26 [Affirmed], Ab-957 [Janssen], BCMA/PD-L1
[Immune pharmaceuticals], AMG-701 [Amgen], PF-06863135 [Pfizer], REGN-5458 [Regeneron
/ Sanofi], or TNB-383B [TeneoBio].

In embodiments of any aspect of the invention, the BCMA therapeutic agent is a chimeric antigen
receptor (CAR) directed to BCMA, or a T cell expressing at least one CAR directed to BCMA
(“BCMA CART cell”).

In some embodiments, the BCMA CAR T cell is idecabtagene-vicleucel (ide-cel), bb21217,
JCARHI25 (orva-cel), KITE-585 (Kite Pharmaceuticals), P-BCMA-101 (Poseida Therapeutics),
CART-BCMA (Novartis), LCAR-B38M (Legend Biotech), JNJ-528 (Janssen Biotech), P-
BCMA-101 (Poseida Therapeutics), CT053 (CARsgen Therapeutics), CTX120 (CRISPR
Therapeutics), ET140 (Juno Therapeutics), UCART-BCMA (Cellectis), P-BCMA-101 (Poseida),
JNJ-528/LCAR-B38M (Johnson & Johnson). In certain embodiments, the BCMA CAR T cell is
MCARH171, FCARHI143, CTX120, CT053 (First Affiliated Hospital of Wenzhou Medical
University, CN), or BCMA-CART (Hrain Biotechnology, Shanghai CN). In preferred
embodiments, the BCMA CAR T cell is idecabtagene-vicleucel, bb21217, or JCARH125.

In embodiments of any aspect of the invention, the therapeutic agent that has caused or is likely

to cause CRS or the BCMA therapeutic agentis an antibody-drug conjugate (ADC).

In embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered before (e.g. within 12 or 24 hours before) administration of the therapeutic agent
(e.g. BCMA therapeutic agent), on the same day as administration of the therapeutic agent (e.g.
BCMA therapeutic agent) or after (e.g. within 12 or 24 hours after) administration of the
therapeutic agent (e.g. BCMA therapeutic agent).

In some embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered as a pre-treatment before administration of the therapeutic agent (e.g. BCMA
10
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therapeutic agent). In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered as one or more doses before (e.g. 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 days before) administration of the therapeutic agent
(e.g. BCMA therapeutic agent). In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor)
is administered on days 1, 2, 3, 4, 5, 6 and 7, before administration of the therapeutic agent (e.g.

BCMA therapeutic agent) on day 8.

In alternative embodiments, the therapeutic agent (e.g. BCMA therapeutic agent) is administered
before administration of the cytokine inhibitor (e.g. IL-6 inhibitor). In some embodiments, the
therapeutic agent (e.g. BCMA therapeutic agent) is administered as one or more doses before
(eg 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or
28 days before) administration of the cytokine inhibitor (e.g. IL-6 inhibitor). In some
embodiments, the therapeutic agent (e.g. BCMA therapeutic agent) is administered on day 1 and
optionally day 4, before administration of the cytokine inhibitor (e.g. IL-6 inhibitor) on day 8.

In some embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor)

1s administered within 12 hours after diagnosis of CRS.

Aspects and embodiments of the invention are set out in the appended claims. These and other

aspects and embodiments of the invention are also described herein.

BRIEF DESCRIPTION OF FIGURES

The present invention will now be described in more detail with reference to the attached Figures,

in which:

Figure 1 illustrates different formats of bispecific bivalent antibodies for use in the present
invention, which comprise Fab fragments binding to a T cell antigen (CD3 is illustrated) and
BCMA in the format Fab BCMA- Fc¢ - Fab CD3. The CD3 Fab may include a VH-VL crossover
to reduce light chain mispairing and side-products. Amino acid substitutions “RK/EE” may be
introduced in CL-CH1 to reduce light chain mispairing/side products in production. The CD3 Fab
and BCMA Fab may be linked to each other with flexible linkers.

Figure 2 illustrates different formats of bispecific trivalent antibodies for use in the present

invention, which comprise Fab fragments binding to a T cell antigen (CD3 is illustrated) and

BCMA in the following formats: Fab BCMA - Fc - Fab CD3 - Fab BCMA (A,B); Fab BCMA -
11
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Fc - Fab BCMA - Fab CD3 (C,D). The CD3 Fab may include a VH-VL crossover to reduce light
chain mispairing and side-products. Amino acid substitutions “RK/EE” may be introduced in CL-
CHI1 to reduce light chain mispairing/side products in production. The CD3 Fab and BCMA Fab

may be linked to each other with flexible linkers.

Figure 3 illustrates further formats of bispecific bivalent antibodies for use in the present
invention, which comprise Fab fragments binding to a T cell antigen (CD3 is illustrated) and
BCMA in the following formats: Fc - Fab CD3 - Fab BCMA (A,B); Fc - Fab BCMA - Fab CD3
(C,D). The CD3 Fab may include a VH-VL crossover to reduce light chain mispairing and side-
products. Amino acid substitutions “RK/EE” may be introduced in CL-CHI1 to reduce light chain
mispairing/side products in production. The CD3 Fab and BCMA Fab may be linked to each

other with flexible linkers

Figure 4 shows that LPS-induced IL-6 secretion from monocytes is diminished by pre-treatment
with certain IMiD/CELMoD agents. Monocytes from healthy volunteers were seeded at a
concentration of 1x10° cells/ml and treated with the indicated concentration of IMiD/CELMoD
agents overnight (~17 hours). The next morning, the monocytes were incubated with the
indicated concentration of LPS for 4 hours, before IL-6 levels in the supernatant were assessed

using an MSD assay.

Figure 5 shows that LPS-induced IL-6 secretion from monocytes is diminished by pre-treatment
with 1-100 nM Compound 1. Monocytes from healthy volunteers were seeded at a concentration
of 1x10° cells/ml and treated with the indicated concentration of Compound 1 overnight. The next
morning, the monocytes were incubated with the indicated concentration of LPS for 4 hours, and
then stimulation with Sug/ml of nigericin for 1 hour, before IL-6 levels in the supernatant were

assessed using an MSD assay.

Figure 6 shows that LPS-induced IL-6 secretion from macrophages is diminished by pre-
treatment with certain IMiD/CELMoD agents. Monocytes from healthy volunteers were seeded at
a concentration of 3x10° cells/ml for 4 days with RPMI 1640 media containing M-CSF
(50ng/mL) (50% media replaced after 2 days) to obtain naive macrophages (M0). At the end of
day 4, macrophages were treated with the indicated concentration of IMiD/CELMoD agents
overnight (~17 hours). The next morning, the macrophages were stimulated with the indicated
concentration of LPS for 8 hours, before IL-6 levels in the supernatant were assessed using an

MSD assay.
12
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Figure 7 shows that LPS-induced secretion of proinflammatory cytokines is inhibited by pre-
treatment with thalidomide derivatives (lenalidomide and pomalidomide are illustrated in Figures
7B and 7C, respectively). Peripheral blood mononuclear cells (PBMCs) from healthy volunteers
were seeded at a concentration of 2x10° cells/ml and treated with the indicated concentrations of
IMiD compounds or control DMSO (0.25%) for 1 hour, before stimulation with 1 ng/ml LPS.
After 18 hours, proinflammatory cytokine levels in the supernatant were assessed by multiplex

cytokine analysis.

Figure 8 shows that LPS-induced secretion of IL-6, TNF-alpha and IL1-beta from PBMCs is
simultaneously suppressed by pre-treatment with IMiD/CELMoD agents. Fresh PBMCs isolated
from healthy volunteers were seeded at a concentration of 1x10° cells/ml and treated with the
indicated concentration of IMiD drugs/CELMoD agents or DMSO overnight before stimulation
with the indicated concentration of LPS. After 24 hours, the cell culture media was collected and
IL-6, TNF-alpha and ILI-beta levels in the supernatant were assessed using an MSD assay.
ULOQ = Upper limit of quantification.

Figure 9 shows that CC-93269-induced secretion of IL-6 from PBMCs with BCMA-expressing
target cells is suppressed by pre-treatment with IMiD/CELMoD agents. Fresh PBMCs were
isolated from healthy volunteers, the percentage of CD3+ T-cells (total) was quantified by flow
cytometry, and the PBMCs were treated with 1 nM Compound 1 (CC-92480) or control DMSO
overnight. The next morning, target cells (K562-BCMA, which overexpress surface BCMA at a
very high level) or control cells (K562-MCB, no BCMA expression) were added to the wells at a
ratio of 5:1, T-cells to target cells, followed by addition of CC-93269 at the indicated
concentrations. At 6-, 24- and 48-hours post-incubation, the cell culture media was collected and

levels of IL-6 in the supernatant were assessed using an MSD assay.

Figure 10 shows that Compound 1 (CC-92480) suppresses CC-93269-induced IL-6 secretion
from a co-culture of PBMCs + K562-BCMA cells at 24 hours, for CC-93269 concentrations up to
10,000 ng/mL (FIG. 10A) and independently across 15 healthy donors (FIG. 10B). FIG. 10B
shows the IL-6 levels for the Compound 1 (CC-92480)-pre-treated samples normalized relative to
the control DMSO pre-treated samples, with the control set at 100%. The circles indicate
independent donors and the bars indicate median values; not all donors are shown because a data
cut-off for the bottom ~10% of IL-6 concentrations, below 200 pg/ml, was used to eliminate

small changes that could skew the result and to increase confidence in results.
13
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Figure 11 shows that CC-93269-induced secretion of IL-6 from PBMCs with BCMA-expressing
target cells is suppressed by pre-treatment with 1000 nM lenalidomide, 100 nM pomalidomide,
10 nM iberdomide or 1 nM Compound 1 (CC-92480). Fresh PBMCs were isolated from healthy
volunteers, the percentage of CD3+ T-cells (total) was quantified by flow cytometry, and the
PBMCs were treated with the indicated concentrations of IMiD/CELMoD agents or control
DMSO ovemight. The next morning, target cells (K562-BCMA, which overexpress surface
BCMA at a very high level) were added to the wells at a ratio of 5:1, T-cells to target cells,
followed by addition of CC-93269 at the indicated concentrations. At 24 hours post-incubation,
the cell culture media was collected and levels of IL-6 in the supernatant were assessed using an

MSD assay.

Figure 12 shows that pre-treatment with Compound 1 (CC-92480) potentiates CC-93269-
induced TNF-alpha and IL-2 secretion from PBMCs with target K562-BCMA cells after 24
hours. Co-cultures of PBMCs, target K562-BCMA cells and CC-93269 were prepared as for
Figure 9. At 6-, 24- and 48-hours post-incubation, the cell culture media was collected and levels
of TNF-alpha (FIG 12A) and IL-2 (FIG 12B) in the supernatant were assessed using an MSD
assay. ULOQ = Upper limit of quantification.

Figure 13 shows that CC-93269-induced IL1-beta secretion from PBMCs with K562 target cells
is suppressed by pre-treatment with Compound 1 (CC-92480). Co-cultures of PBMCs, target
K562-BCMA cells and CC-93269 were prepared as for Figure 9. At 6-, 24- and 48-hours post-
incubation, the cell culture media was collected and levels of IL1-beta in the supernatant were
assessed using an MSD assay (FIG 13A). FIG 13B shows the IL1-beta levels at 24 hours for the
Compound 1 (CC-92480) samples normalized relative to the control DMSO samples, for 15
independent healthy donors. The circles indicate independent donors and the bars indicate median
values; not all donors are shown because a data cut-off for the bottom ~10% of IL1-beta
concentrations, below 100 pg/ml, was used to eliminate small changes that could skew the result

and to increase confidence in results.

Figure 14 shows that CC-93269-induced secretion of IL-6 from PBMCs with H929 target cells
(H929 is a multiple myeloma cell line) is suppressed by pre-treatment with IMiD/CELMoD
agents. Fresh PBMCs were isolated from healthy volunteers, the percentage of CD3+ T-cells
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(total) was quantified by flow cytometry, and the PBMCs were treated with 1 nM Compound 1
(CC-92480) or control DMSO overnight. The next morning, target H929 cells were added to the
wells at a ratio of 5:1, T-cells to target cells, followed by addition of CC-93269 at indicated
concentrations. At 6-, 24- and 48-hours post-incubation, the cell culture was collected and levels
of IL-6 in the supernatant were assessed using an MSD assay. Data from two independent healthy

donors is shown in FIG. 14A and 14B.

Figure 15 shows the effects of prior exposure to Cereblon Modulating (CM) agents during
induction of T-cell exhaustion on CC-93269 induced cytolytic activity. Cell growth kinetics of A)
NCI-H929 and B) OPM-2 cells in CC-93269 (47 pM) cytotoxicity assays on the IncuCyte® S3
Live-Cell Analysis System. Healthy donor T-cells were used as effector cells with or without
chronic stimulation with anti-CD3/CD28 (7 days) in the presence of DMSO or CM agents (100
nM Pomalidomide, 10 nM CC-220 or 1 nM CC-92480). T-cells and NCI-H929 cells were co-
cultured at E:T ratios of 1:4 (NCI-H929) or 1:2 (OPM-2). In assays in which CD3+ T-cells
underwent chronic anti-CD3/CD28 stimulation for 7 days, functional T-cell exhaustion (i.e. loss
of cytolytic function) was observed in DMSO-treated cells when compared to freshly thawed T-
cells. In contrast, prior exposure to CM agents prevented functional TBMS cell exhaustion and
CC-93269 activity was similar or better to those observed with freshly thawed T-cells. Values
shown represent the mean + standard deviation of AUC values of 2-3 replicates from the same
experiment. AUC = Area under the curve; DMSO = Dimethyl sulfoxide; POM = Pomalidomide;
CC-220 = iberdomide. * p < 0.05, ** p < 0.01 versus freshly thawed T-cells, or as indicated, by
analysis of variance (ANOVA).

DETAILED DESCRIPTION

As used herein, the articles "a" and “an” may refer to one or to more than one (e.g. to at least one)

of the grammatical object of the article.

“About” may generally mean an acceptable degree of error for the quantity measured given the
nature or precision of the measurements. Exemplary degrees of error are within 20 percent (%),

typically, within 10%, and more typically, within 5% of a given value or range of values.

Embodiments described herein as “comprising” one or more features may also be considered as
disclosure of the corresponding embodiments “consisting of” and/or “consisting essentially of”

such features.
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Concentrations, amounts, volumes, percentages and other numerical values may be presented
herein in a range format. It is also to be understood that such range format is used merely for
convenience and brevity and should be interpreted flexibly to include not only the numerical
values explicitly recited as the limits of the range but also to include all the individual numerical
values or sub-ranges encompassed within that range as if each numerical value and sub-range is

explicitly recited.

Cytokine inhibitor

The cytokine inhibitor (e.g. IL-6 inhibitor) of the invention may be a Cereblon E3 ligase
modulator (CELMoD) or an immunomodulatory imide drug (IMiD) that modulates Cereblon.
Cereblon interacts with damaged DNA binding protein 1 and forms an E3 ubiquitin ligase
complex with Cullin 4 and the E2-binding protein ROC1 (known as RBX1) where it functions as

a substrate receptor to select proteins for ubiquitination.

In preferred embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is a thalidomide derivative,

Compound 1, or a combination thereof.

“Thalidomide derivative” as used herein relates to 2-(2,6-dioxopiperidin-3-yl)-2,3 dihydro-1H-
isoindole-1,3-dione and immunotherapeutic derivatives thereof such as, but not limited to:
lenalidomide  (3-(4-amino-1-o0xo0-2,3-dihydro-1H-isoindol-2-yl)  piperidine-2,6-dione; CAS
Registry  Number  191732-72-6);  pomalidomide  (4-amino-2-(2,6-dioxopiperidine-3-
yljisoindoline-1,3-dione; CAS Registry Number 19171-19-8); iberdomide ((S)-3-(4-((4-
(morpholinomethyl)benzyl)oxy)-1-oxoisoindolin-2-yl)piperidine-2,6-dione; CAS  Registry
Number 1323403-33-3);  avadomide (3-(5-amino-2-methyl-4-oxo-3,4-dihydroquinazolin-3-
yl)piperidine-2,6-dione; CAS Registry Number 1398053-45-6), and the respective salts
(preferably HCI salts 1: 1); or the compounds referred to in Example 4 as Compounds A and B.
Thalidomide derivatives are IMiD agents that modulate Cereblon. In particularly preferred
embodiments, the thalidomide derivative is pomalidomide, lenalidomide, iberdomide, avadomide,

or a combination thereof.

“Compound 17 as used herein relates to 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile (CAS Registry Number 2259648-80-
9) or an enantiomer, a mixture of enantiomers, a tautomer, an isotopolog, or a pharmaceutically
acceptable salt thereof. Compound 1 is a CELMoD agent, also referred to herein as CC-92480.

The structure of Compound 1 is as follows:
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As used herein, an “isotopolog” refers to a compound containing at least one atom having an
1sotopic composition other than the natural isotopic composition of that atom. The term “isotopic
composition” refers to the amount of each isotope present for a given atom. In some
embodiments, there are provided isotopologs of Compound 1, for example, deuterium, carbon-13,

or nitrogen-15 enriched compounds.

Pharmaceutically acceptable salts include, but are not limited to, amine salts, such as but not
limited to N,N'-dibenzylethylenediamine, chloroprocaine, choline, ammonia, diethanolamine and
other hydroxyalkylamines, ethylenediamine, N-methylglucamine, procaine, N-benzyl
phenethylamine, 1-para-chlorobenzy1-2-pyrrolidin-1'-ylmethyl-benzimidazole, diethylamine and
other alkylamines, piperazine and tris(hydroxymethyl)aminomethane; alkali metal salts, such as
but not limited to lithium, potassium and sodium; alkali earth metal salts, such as but not limited
to barium, calcium and magnesium, transition metal salts, such as but not limited to zinc; and
other metal salts, such as but not limited to sodium hydrogen phosphate and di sodium phosphate;
and also including, but not limited to, salts of mineral acids, such as but not limited to
hydrochlorides and sulfates; and salts of organic acids, such as but not limited to acetates,
lactates, malates, tartrates, citrates, ascorbates, succinates, butyrates, valerates, fumarates and

organic sulfonates.

The cytokine inhibitors (e.g. IL-6 inhibitors) of the invention are commercially available and/or
can be prepared by methods known to one of skill in the art. Methods of preparing iberdomide are
described e.g. in US 20110196150, and methods of preparing Compound 1 are described e.g. in
WO-A1-2019226761.

In preferred embodiments of any aspect of the invention, the cytokine inhibitor is a

proinflammatory cytokine inhibitor (e.g. an IL-6 inhibitor or an IL1-beta inhibitor).
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Therapeutic applications
The invention is based, at least in part, on the treatment or prevention of a cytokine-related
adverse event or disease in a patient using a cytokine inhibitor (e.g. IL-6 inhibitor) such as

lenalidomide, pomalidomide, iberdomide, avadomide, Compound 1, or any combination thereof.

>

As used herein, the terms “treat”, “treating” or “treatment” and the like refer to obtaining a
desired pharmacologic and/or physiologic effect. Preferably, the effect is therapeutic, 1.e., the
effect partially or completely cures a disease and/or adverse symptom. Accordingly, the
pharmacologic and/or physiologic effect may reduce the severity of a disease and/or adverse
symptom. Alternatively, the pharmacologic and/or physiologic effect may be prophylactic, i.e.,

the effect completely or partially prevents a disease or adverse symptom.

As used herein, the terms “prevent”, “preventing” or “prevention” and the like refer to
suppressing and/or delaying the onset, development and/or worsening of the disease and/or

adverse symptoms.

The present inventors have unexpectedly found that certain IMiD and CELMoD agents can
inhibit the secretion of proinflammatory cytokines, particularly IL-6 and IL1-beta, from
macrophages and/or monocytes (see Examples 1 to 5), which can be artificially induced by
lipopolysaccharides, LPS (Rossol et al. (2011) Crit. Rev. Immunol. 31(5): 379-446). Based on
this finding, the inventors have recognized that IMiD and CELMoD agents can be used in
adverse events in which elevated levels of cytokines, in particular elevated levels of IL-6 and
IL1-beta, is thought to play a significant role, such as CRS, cytokine-mediated neurotoxicity or
Coronavirus disease 2019 (COVID-19).

In preferred embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention treat or
prevent a cytokine-related adverse event in a patient, such as CRS or cytokine-mediated
neurotoxicity. Preferably, the cytokine-related adverse event or disease is not a malignant disease.
In some embodiments the cytokine-related adverse event or disease is not a solid tumor, a
metastatic cancer or a soft tissue tumor. For example, in some embodiments the cytokine-related

adverse event or disease 1s not breast cancer.

CRS is thought to be triggered by a massive release of cytokines, mainly IFN-y but also TNF-,
by activated immune effector cells, e.g. T cells activated by a T cell-engaging immunotherapy.

Without being bound by theory, these cytokines induce activation of other immune cells,
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including macrophages and monocytes, resulting in a rapid and/or large secretion of
proinflammatory cytokines from these cells. The activated macrophages and monocytes secrete
IL-6 and IL1-beta which, in a positive feedback loop manner, activate more T cells and other
immune cells (Shimabukuro-Vornhagen A et al. (2018) J. Immunother. Cancer. 6(1): 56). This

inflammatory cascade can result in a cytokine storm and systemic inflammatory response.

Elevated IL-6 and IL1-beta levels are thought to be a major mediator of toxicity in CRS. For
example, a recent study identified high levels of IL-6 to be most strongly associated with severe
CRS over the first month compared with other cytokines (Teachey DT et al. (2016) Cancer
Discov. 6(6): 664-679.

In some embodiments of any aspect of the invention, the cytokine inhibitors (e.g. IL-6 inhibitors)
of the invention reduce proinflammatory cytokine (e.g. IL-6) secretion from bone marrow stromal
cells, osteoblasts, Kuppfer cells, peripheral blood mononuclear cells (PBMCs), T-cells, B-cells
and/or myeloid cells (e.g. monocytes and/or macrophages). In some embodiments, the cytokine
inhibitors (e.g. IL-6 inhibitors) of the invention reduce proinflammatory cytokine (e.g. IL-6)
secretion from PBMCs. In preferred embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of
the invention reduce proinflammatory cytokine (e.g. IL-6) secretion from monocytes and/or

macrophages.

The proinflammatory cytokine secretion may be mediated by a T cell engager disclosed herein
(e.g. 42-TCBcv). In some embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the
invention reduce T cell engager (e.g. 42-TCBcv) mediated proinflammatory cytokine (e.g. IL-6)
secretion. In preferred embodiments, the T cell engager (e.g 42-TCBcv) mediated
proinflammatory cytokines include at least IL-6. In particularly preferred embodiments, the T cell
engager (e.g. 42-TCBcv) mediated proinflammatory cytokines include at least IL-6 and IL1-beta.
Thus, the cytokine inhibitors of the invention can provide the advantage of reducing multiple
cytokines. In contrast, existing treatments such as Tocilizumab and Anakinra target a single

cytokine.

T cell engager (e.g. 42-TCBcv) mediated proinflammatory cytokine (e.g. IL-6) secretion may be
measured in a co-culture of PBMCs and BCMA-expressing target cells (e.g. multiple myeloma
cells). In some embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention reduce
T cell engager (e.g. 42-TCBcv) mediated IL-6 secretion from a co-culture of PBMCs and

BCMA-expressing target cells (e.g. multiple myeloma cells) at a ratio of 5:1, T-cells to target
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cells, wherein the fold decrease is at least 1.5-fold, 2.0-fold, 2.5-fold, 3.0-fold, 3.5-fold, 4.0-fold,
4.5-fold, or 5.0-fold, compared with IL-6 secretion from a co-culture which is not treated with the
cytokine inhibitor. Optionally, the fold decrease is up to 5.0-fold. Thus, in some embodiments,

the fold decrease 1s between 1.5-fold and 5.0-fold.

In some embodiments, the cytokine inhibitors of the invention reduce T cell engager (e.g. 42-
TCBcv) mediated IL1-beta secretion from a co-culture of PBMCs and BCMA-expressing target
cells (e.g. multiple myeloma cells) at a ratio of 5:1, T-cells to target cells, by at least 2-fold, 4-
fold, 6-fold, 8-fold or 10-fold, compared with IL1-beta secretion from a co-culture which is not
treated with the cytokine inhibitor. Optionally, the fold decrease is up to 10-fold. Thus, in some
embodiments, the fold decrease is between 2-fold and 10-fold.

In some embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention reduce T cell
engager (e.g. 42-TCBcv) mediated proinflammatory cytokine (e.g. IL-6) secretion from a co-
culture of PBMCs and BCMA-expressing target cells (e.g. multiple myeloma cells), at
concentrations of 42-TCBcv up to about 100 mg/mL, optionally up to about 10,000 ng/mL, e.g.
up to about 1000 ng/mL.

In some embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention do not reduce
T cell engager (e.g. 42-TCBcv) mediated secretion of cytokines related to T-cell cytotoxicity.
optionally wherein the cytokines related to T-cell cytotoxicity are one or more of TNF-alpha, IL-

2 and/or IFN-gamma.

Alternatively, the proinflammatory cytokine secretion may be TLR4-mediated. Thus, the
cytokine inhibitors (e.g. IL-6 inhibitors) of the invention may reduce TLR4-mediated
proinflammatory cytokine (e.g. IL-6) secretion from bone marrow stromal cells, osteoblasts,
Kuppfer cells, PBMCs, B-cells and/or myeloid cells (e.g. monocytes and/or macrophages).
Preferably, the TLR4-mediated proinflammatory cytokine secretion is LPS-induced. In some
embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention reduce TLR4-
mediated proinflammatory cytokine (e.g. IL-6) secretion from PBMCs, monocytes and
macrophages. In preferred embodiments, the TLR4-mediated proinflammatory cytokines include
at least IL-6. In particularly preferred embodiments, the LPS-induced proinflammatory cytokines
include at least IL-6, IL1-beta, and TNF-alpha.

In some embodiments, the proinflammatory cytokines are one or more of IL-6, IL-8, IL1-beta,
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GM-CSF, MDC, MIP-1alpha, and TNF-alpha. In preferred embodiments, the proinflammatory
cytokines include at least IL-6. In some embodiments, the proinflammatory cytokines exclude
IL1-beta. In some embodiments, the proinflammatory cytokines include at least IL-6 and IL1-

beta.

In preferred embodiments of any aspect of the invention, the cytokine inhibitors of the invention
reduce IL-6 secretion from bone marrow stromal cells, osteoblasts, Kuppfer cells, PBMCs, B-
cells and/or myeloid cells. In preferred embodiments, the cytokine inhibitors of the invention
reduce IL-6 secretion from monocytes and/or macrophages. In particularly preferred
embodiments of any aspect of the invention, the cytokine inhibitors of the invention reduce
TLR4-mediated IL-6 secretion from bone marrow stromal cells, osteoblasts, Kuppfer cells,
PBMCs, B-cells and/or myeloid cells, preferably monocytes and/or macrophages. In preferred
embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention treat or prevent CRS.
CRS is commonly treated according to a grade-adapted strategy using the ASTCT or CTCAE
grading systems, the first of which was most recently defined by (Lee DW et al. (2019) Biol.
Blood Marrow Transplant. 25(4): 625-638) and the second was most recently published by the
National Cancer Institute in November 2017. The present invention may be used to treat or
prevent any grade of CRS. In some embodiments, the CRS is minimum grade 1, minimum grade
2, minimum grade 3 or minimum grade 4. In preferred embodiments, the CRS is minimum grade
3 or 4. In some embodiments, the subject has received or will receive a therapeutic agent that has
caused or is likely to cause CRS. In some embodiments, the treatment or prevention of CRS

reduces the severity and/or grade of CRS.

In some embodiments, the therapeutic agent that has caused or is likely to cause CRS is selected
from a T cell engager (e.g. a multispecific antibody, CAR or CAR T cell), a monoclonal antibody
which specifically binds to a target antigen (e.g. a cancer antigen such as BCMA, CD19, CD20 or
CD28), a monoclonal antibody which specifically binds to a T cell antigen (e.g. CD3), or an

antibody drug conjugate. In preferred embodiments, the therapeutic agent is a T cell engager.

The present inventors have further found that the cytokine inhibitors (e.g. IL-6 inhibitors) of the
invention can enhance the cell killing ability of T-cell engaging therapeutic agents (e.g. for the
treatment of multiple myeloma that are likely to cause or has caused CRS) and/or may prevent T-

cell exhaustion and thus preserve the T-cell mediated killing of T cell engagers (see Example 9).

Cytokine-mediated neurotoxicity is another adverse event of T cell-engaging immunotherapy.
21



10

15

20

25

30

WO 2021/222552 PCT/US2021/029877

Vascular leakage and disruption of the blood-brain barrier, central to neurotoxicity, has been
linked with elevated IL-6 (Khadka RH ef al. (2019) Immunotherapy. 11(10): 851-857). An earlier
peak of IL-6 serum concentration after CAR T-cell therapy is associated with a higher risk of
grade > 4 neurotoxicity (Gust J ef al. (2017) Cancer Discov. 7(12): 1404-1419). Preclinical
studies have confirmed myeloid cells including monocytes and macrophages are the primary
source of IL-6 in T cell-engaging immunotherapies (Yu S et al. (2017) J. Hematol. Oncol.
10(1):155; Teachey DT et al. (2013) Blood. 121(26): 5154-5157). Neurotoxicity associated with
CAR T-cell therapy and T cell-engaging immunotherapies may be referred to as “immune
effector cell associated neurotoxicity syndrome (ICANS)” (Lee et al. (2018) Biol. Blood Marrow
Transplant. 25(4): 625-638). Elevated cytokines, including IL-1, are known to be a part of the
pathophysiology of ICANS.

In one aspect, the present invention provides a method for treating or preventing cytokine-
mediated neurotoxicity in a subject, the method comprising administering to the subject a
therapeutically effective dose of a cytokine inhibitor (e.g. IL-6 inhibitor), wherein the cytokine
inhibitor (e.g. IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide, avadomide or
Compound 1, wherein the therapeutically effective dose is a dose sufficient to reduce or prevent
the development of cytokine-mediated neurotoxicity in the subject. In some embodiments, the
cytokine-mediated neurotoxicity is immune effector cell associated neurotoxicity syndrome

(ICANS).

In alternative embodiments, the cytokine inhibitors (e.g. IL-6 inhibitors) of the invention treat or

prevent a cytokine-related disease in a patient, such as Coronavirus disease 2019 (COVID-19).

Coronavirus disease 2019 (COVID-19) is a potentially severe acute respiratory infection caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Elevated IL-6 secretion has
been consistently reported in several studies of COVID-19 and has been linked with disease
severity. For example, a recent study shows that IL-6 is an effective marker in predicting

respiratory failure (Herold T er al. (2020) BMJ [Preprint, 10 April 2020]).

In one aspect, the present invention provides a method for treating or preventing COVID-19 in a
subject, the method comprising administering to the subject a therapeutically effective dose of a
cytokine inhibitor (e.g. IL-6 inhibitor), wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is
pomalidomide, iberdomide, Ilenalidomide, avadomide or Compound 1, wherein the

therapeutically effective dose is a dose sufficient to reduce or prevent the development of
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COVID-19 in the subject.

T cell engagers
In some embodiments, the cytokine-related adverse event or disease (e.g. CRS) is caused by a T

cell engaging therapy.

As used herein, the term “T cell engager” or “T-cell engaging therapy” refers to any binding
molecule or polypeptide which is capable of redirecting one or more T cells so as to trigger

activation and/or proliferation of said T cells.

In preferred embodiments of any aspect of the invention, the T cell engager specifically binds to
an antigen that promotes activation of one or more T cells (a “T cell antigen”). In some
embodiments of any aspect of the invention, the T cell engager is an antibody which specifically
binds to a T cell antigen (a “T cell engaging antibody”), preferably wherein the T cell engaging
antibody is multispecific, preferably bispecific. In alternative embodiments, the T cell engager
comprises a chimeric antigen receptor (“CAR”) which specifically binds to a T cell antigen,

preferably wherein the CAR is expressed on a T cell (“CAR T cell”).

Thus, in some embodiments, T cell engager is a multispecific antibody that specifically binds to a
target antigen (e.g. cancer antigen) and to an antigen that promotes activation of one or more T
cells (e.g. CD3), a chimeric antigen receptor (CAR) directed to a target antigen (e.g. cancer

antigen), or a T cell expressing at least one CAR directed to a target antigen (e.g. cancer antigen).

In preferred embodiments of any aspect of the invention, the T cell engager directs one or more T
cells to cancer cells. Without being bound by theory, recruitment of one or more T cells to the
cancer cells may result in activation and/or proliferation of the T cells at the site of the cancer,
which may result in a large and/or rapid secretion of cytokines (e.g. proinflammatory cytokines)

from the T cells, other immune cells and/or bystander cells e.g. myeloid cells.

The cancer cells may be cells of a haematological cancer, a solid tumor, a metastatic cancer, soft
tissue tumor, metastatic lesion, or a combination thereof. In preferred embodiments, the cancer
cells are malignant B cells or plasma cells of a haematological cancer selected from multiple
myeloma, acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia, a non-Hodgkins
lymphoma (e.g., Burkitt’s lymphoma, chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL), diffuse large B cell lymphoma (DLBCL), follicular lymphoma,
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immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma, or mantle cell
lymphoma), marginal zone lymphoma or plasma cell leukemia. In preferred embodiments, the
cancer cells are malignant B cells or plasma cells of multiple myeloma, diffuse large B cell

lymphoma (DLBCL) or plasma cell leukemia.

The cancer cells may express one or more of the following antigens on their surface: CD138,

BCMA, CD81, CD19, CD45, CD56, CD319, CD137, FcRHS, CD117 and/or GPCRSd.

In preferred embodiments of any aspect of the invention, the T cell engager directs one or more T

cells to cancer antigen-expressing cells.

In particularly preferred embodiments of any aspect of the invention, the T cell engager
specifically binds to a cancer antigen. In some embodiments, the T cell engager is a multispecific
(e.g. bispecific) antibody which specifically binds to a cancer antigen (e.g. BCMA) and to an
antigen that promotes activation of one or more T cells. In alternative embodiments, the T cell
engager is a chimeric antigen receptor (CAR) directed to a cancer antigen (e.g. BCMA), ora T

cell expressing at least one CAR directed to the cancer antigen (e.g. BCMA).

The term “cancer antigen” as used herein, refers to a molecule (typically a protein, carbohydrate
or lipid) that is expressed on the surface of a cancer cell, either entirely or as a fragment (e.g.
MHC/peptide). In preferred embodiments, the cancer antigen is a human cancer antigen that is

expressed on the surface of a human cancer cell, preferably a malignant B cell or plasma cell.

In some embodiments, the cancer antigen is CD19, CD20, GPCR5d, FcRHS, ROR1 or BCMA. In
particularly preferred embodiments, the cancer antigen is BCMA. Alternatively, the T cell
engager may specifically bind to a member of the BCMA axis, such as BAFF or APRIL.

T-cell engaging antibodies

As used herein, a “T-cell engaging antibody” is an antibody which specifically binds to an
antigen that promotes activation of one or more T cells (“T cell antigen”). The T cell antigen
may be selected from the group consisting of CD3, TCRa, TCRB, TCRy, TCR(, ICOS, CD28,
CD27, HVEM, LIGHT, CD40, 4-1BB, OX40, DR3, GITR, CD30, TIM1, SLAM, CD2, or
CD226. In preferred embodiments, the antigen that promotes activation of one or more T cells is
CD3. Accordingly, in preferred embodiments, the multispecific antibodies of the invention bind

to CD3.
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In preferred embodiments, the T-cell engaging antibody comprises an antibody specifically

binding to CD3, or an antigen-binding fragment thereof.

The term “CD3” refers to the human CD3 protein multi-subunit complex. The CD3 protein multi-
subunit complex is composed to 6 distinctive polypeptide chains. Thus the term includes a CD3y
chain (SwissProt P09693), a CD33 chain (SwissProt P04234), two CD3e chains (SwissProt
P07766), and one CD3{ chain homodimer (SwissProt 20963), and which is associated with the T
cell receptor o and P chain. The term encompasses “full-length,” unprocessed CD3, as well as
any CD3 variant, isoform and species homolog which is naturally expressed by cells (including T

cells) or can be expressed on cells transfected with genes or cDNA encoding those polypeptides.

The term “specifically binding to CD3” refers to an antibody that is capable of binding to the
defined target with sufficient affinity such that the antibody is useful as a therapeutic agent in
targeting CD3. The multispecific antibodies of the invention can be analysed by SPR, e.g.
Biacore®, for binding to CD3. In some embodiments, the antibody specifically binding to CD3
does not bind to other antigens, or does not bind to other antigens with sufficient affinity to

produce a physiological effect.

In some embodiments, the antibody specifically binding to CD3 binds to human CD3 with a
dissociation constant (Kp) of about 107 M or less, a Kp of about 10® M or less, a Kp of about 10-
M or less, a Kp of about 107° M or less, a Kp of about 10! M or less, or a Kp of about 102 M
or less, as determined by a surface plasmon resonance assay, preferably measured using Biacore
8K at 25°C. In preferred embodiments, the antibody binds to human CD3 with a dissociation
constant (Kp) of about 10® M or less.

Examples of anti-CD3 antibodies include OKT3, TR66, APA 1/1, SP34, CH2527, WT31, 7D6,
UCHT-1, Leu-4, BC-3, H2C, HuM291 (visilizumab), Hu291 (PDL), ChAglyCD3
(Otelixizumab), hOKT3y1(Ala-Ala) (Teplizumab) and NI-0401 (Foralumab).

The first anti-CD3 antibody generated was OKT3 (muromonab-CD3), a murine antibody binding
to the CD3e domain. Subsequent anti-CD3 antibodies include humanized or human antibodies,

and engineered antibodies, for example antibodies comprising modified Fc regions.

Anti-CD3 antibodies may recognise an epitope on a single polypeptide chain, for example APA

1/1 or SP34 (Yang SJ, The Journal of Immunology (1986) 137; 1097-1100), or a conformational
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epitope located on two or more subunits of CD3, for example WT31, 7D6, UCHT-1 (see
WO02000041474) and Leu-4. Clinical trials have been carried out using several anti-CD3
antibodies, including BC-3 (Anasetti C et al. (1992) Transplantation. 54(5): 844-851) and H2C
(WO2008119567A2). Anti-CD3 antibodies in clinical development include HuM291
(visilizumab) (Norman DJ et al. (2000) Transplantation. 70(12): 1707-1712) Hu291 (PDL),
ChAglyCD3 (Otelixizumab) (H Waldmann), hOKT3y1(Ala-Ala) (Teplizumab) (J Bluestone and
Johnson and Johnson) and (NI-0401) Foralumab.

Any anti-CD3 antibody or antigen-binding fragment thereof may be suitable for use in the T-cell
engaging antibodies of the present invention. For example, the T-cell engaging antibodies may
comprise an anti-CD3 antibody selected from OKT3, TR66, APA 1/1, SP34, CH2527, WT31,
7D6, UCHT-1, Leu-4, BC-3, H2C, HuM291 (visilizumab), Hu291 (PDL), ChAglyCD3
(Otelixizumab), hOKT3yl(Ala-Ala) (Teplizumab) and NI-0401 (Foralumab). In some
embodiments, the T-cell engaging antibody of the invention comprises a humanized SP34

antibody or antigen-binding fragment thereof.

In some preferred embodiments, the anti-CD3 antibody, or antigen binding fragment thereof, may
be derived from SP34 and may have similar sequences and the same properties with regard to

epitope binding as antibody SP34.

In some embodiments, the T-cell engaging antibody comprises an anti-CD3 antibody, or antigen
binding fragment thereof, comprising a variable domain VH comprising the heavy chain CDRs of
SEQ ID NOs: 1, 2 and 3 as respectively heavy chain CDRI1H, CDR2H and CDR3H and a
variable domain VL comprising the light chain CDRs of SEQ ID NOs: 4, 5 and 6 as respectively
light chain CDR1L, CDR2L and CDR3L.

In some embodiments, the T-cell engaging antibody comprises an anti-CD3 antibody, or antigen
binding fragment thereof, comprising the variable domains of SEQ ID NO:7 (VH) and SEQ ID
NO:8 (VL).

In some embodiments, the T-cell engaging antibody comprises an anti-CD3 antibody, or antigen
binding fragment thereof, comprising a variable region VH comprising an amino acid sequence
that 1s at least 75% identical, at least 90% 1dentical, at least 95% identical or identical to the
amino acid sequence of SEQ ID NO:7 and a variable region VL comprising an amino acid

sequence that is at least 75% identical, at least 90% identical, at least 95% identical, or identical
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to the amino acid sequence of SEQ ID NO:8.

In some embodiments, the T-cell engaging antibody is a multispecific antibody. In preferred
embodiments, the multispecific antibody specifically binds to one or more cancer antigen (e.g.

BCMA) and to an antigen that promotes activation of one or more T cells (e.g. CD3).

In preferred embodiments, the T-cell engaging antibody is a bispecific antibody. In particularly
preferred embodiments, the bispecific antibody specifically binds to a cancer antigen (e.g.

BCMA) and to an antigen that promotes activation of one or more T cells (e.g. CD3).

Anftibody definitions
The term “antibody” herein encompasses various antibody structures, including but not limited to
monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g., bispecific

antibodies), and antibody fragments so long as they exhibit the desired antigen-binding activity.

A “heavy chain” comprises a heavy chain variable region (abbreviated herein as “VH”) and a
heavy chain constant region (abbreviated herein as “CH”). The heavy chain constant region
comprises the heavy chain constant domains CH1, CH2 and CH3 (antibody classes IgA, IgD, and
IgG) and optionally the heavy chain constant domain CH4 (antibody classes IgE and IgM).

A “light chain” comprises a light chain variable domain (abbreviated herein as “VL”) and a light
chain constant domain (abbreviated herein as “CL”). The variable regions VH and VL can be
further subdivided into regions of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions (FR). Each
VH and VL is composed of three CDRs and four FRs, arranged from amino-terminus to carboxy-
terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The “constant
domains” of the heavy chain and of the light chain are not involved directly in binding of an

antibody to a target but exhibit various effector functions.

Binding between an antibody and its target antigen or epitope is mediated by the
Complementarity Determining Regions (CDRs). The CDRs are regions of high sequence
variability, located within the variable region of the antibody heavy chain and light chain, where
they form the antigen-binding site. The CDRs are the main determinants of antigen specificity.
Typically, the antibody heavy chain and light chain each comprise three CDRs which are
arranged non-consecutively. The antibody heavy and light chain CDR3 regions play a particularly
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important role in the binding specificity/affinity of the antibodies according to the invention and

therefore provide a further aspect of the invention.

The term “antigen binding fragment” as used herein incudes any naturally occurring or
artificially-constructed configuration of an antigen-binding polypeptide comprising one, two or
three light chain CDRs, and/or one, two or three heavy chain CDRs, wherein the polypeptide is
capable of binding to the antigen. Thus, the term refers to a molecule other than an intact
antibody that comprises a portion of an intact antibody that binds the antigen to which the intact
antibody binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab’,
Fab’-SH, F(ab’)2; diabodies; linear antibodies; single-chain antibody molecules (e.g. scFv); and

multispecific antibodies formed from antibody fragments.

The sequence of a CDR may be identified by reference to any number system known in the art,
for example, the Kabat system (Kabat EA ef al. (1991) Sequences of Proteins of Immunological
Interest, 5th ed. Public Health Service. National Institutes of Health. Bethesda, MD.), the Chothia
system (Chothia C and Lesk AM (1987) J. Mol. Biol. 196(4): 901-917), or the IMGT system
(Lefranc MP et al. (2003) Dev. Comp. Immunol. 27(1): 55-77).

Table 1: CDR definitions

Kabat Chothia IMGT
VH CDRI 31-35 26-32 27-38
VH CDR2 50-65 52-56 56-65
VH CDR3 95-102 95-102 105-117
VL CDRI1 24-34 24-34 27-38
VL CDR2 50-56 50-56 56-65
VL CDR3 89-97 89-97 105-117

For heavy chain constant region amino acid positions discussed in the invention, numbering is
according to the EU index first described in Edelman GM et al. (1969) Proc. Natl. Acad. Sci.
USA. 63(1): 78-85. The EU numbering of Edelman is also set forth in Kabat er al. (1991)

28




10

15

20

25

30

WO 2021/222552 PCT/US2021/029877

(supra). Thus, the terms “EU index as set forth in Kabat”, “EU Index”. “EU index of Kabat” or
“EU numbering” in the context of the heavy chain refers to the residue numbering system based
on the human lgGl EU antibody of Edelman ef al. as set forth in Kabat er al. (1991). The
numbering system used for the light chain constant region amino acid sequence is similarly set
forth in Kabat et al. (supra). Thus, as used herein, “numbered according to Kabat” refers to the

Kabat set forth in Kabat et al. (supra).

The antibodies of the invention and antigen-binding fragments thereof may be derived from any
species by recombinant means. For example, the antibodies or antigen-binding fragments may be
mouse, rat, goat, horse, swine, bovine, chicken, rabbit, camelid, donkey, human, or chimeric
versions thereof. For use in administration to humans, non-human derived antibodies or antigen-
binding fragments may be genetically or structurally altered to be less antigenic upon

administration to the human patient.

Especially preferred are human or humanized antibodies, especially as recombinant human or

humanized antibodies.

The term “humanized antibody” refers to antibodies in which the framework or “complementarity
determining regions” (CDRs) have been modified to comprise the CDR of an immunoglobulin of
different specificity as compared to that of the parent immunoglobulin. For example, a murine
CDR may be grafted into the framework region of a human antibody to prepare the “humanized
antibody.” See, e.g.., Riechmann L et al. (1988) Nature. 332: 323-327; and Neuberger MS ef al.
(1985) Nature. 314: 268-270. In some embodiments, “humanized antibodies” are those in which
the constant region has been additionally modified or changed from that of the original antibody
to generate the properties of the antibodies according to the invention, especially in regard to Clq

binding and/or Fc receptor (FcR) binding,

The term “human antibody” is one which possesses an amino acid sequence which corresponds to
that of an antibody produced by a human or a human cell or derived from a non-human source
that utilizes human antibody repertoires or other human antibody-encoding sequences. This
definition of a human antibody specifically excludes a humanized antibody comprising non-
human antigen-binding residues. Human antibodies can be produced using various techniques

known in the art, including phage-display libraries.

The term “chimeric antibody” refers to an antibody comprising a variable region, i.e., binding
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region, from one source or species and at least a portion of a constant region derived from a
different source or species, usually prepared by recombinant DNA techniques. Chimeric
antibodies comprising a murine variable region and a human constant region are preferred. Other
preferred forms of “chimeric antibodies” encompassed by the present invention are those in
which the constant region has been modified or changed from that of the original antibody to
generate the properties of the antibodies according to the invention, especially in regard to Clq
binding and/or Fc receptor (FcR) binding. Such chimeric antibodies are also referred to as “class-
switched antibodies”. Chimeric antibodies are the product of expressed immunoglobulin genes
comprising DNA segments encoding immunoglobulin variable regions and DNA segments
encoding immunoglobulin constant regions. Methods for producing chimeric antibodies
involving conventional recombinant DNA and gene transfection techniques are well known in the
art. See, e.g., Morrison SL et al. (1984) Proc. Natl. Acad. Sci. USA. 81(21): 6851-6855; US
Patent Nos. 5,202,238 and 5,204,244,

The terms “Fc region” and “Fc¢” are used interchangeably herein and refer to the portion of a
native immunoglobulin that is formed by two Fc chains. Each “Fc chain” comprises a constant
domain CH2 and a constant domain CH3. Each Fc chain may also comprise a hinge region. A
native Fc region is homodimeric. In some embodiments, the Fc region may contain modifications

to enforce Fc heterodimerization.

The term “Fc part” refers to the portion of an antibody of the invention, or antigen binding

fragment thereof, which corresponds to the Fc region.

There are five major classes of heavy chain constant region, classified as IgA, IgG, IgD, IgE and
IgM, each with characteristic effector functions designated by isotype. For example, IgG is
separated into four subclasses known as IgGl, IgG2, IgG3, and IgG4. Ig molecules interact with
multiple classes of cellular receptors. For example, IgG molecules interact with three classes of
Fcy receptors (FcyR) specific for the IgG class of antibody, namely FcyRI, FcyRII, and FcyRIIL
The important sequences for the binding of IgG to the FcyR receptors have been reported to be
located in the CH2 and CH3 domains.

The antibodies of the invention or antigen-binding fragments thereof may be any isotype, i.e.
IgA, IgD, IgE, IgG and IgM, and synthetic multimers of the four-chain immunoglobulin (Ig)
structure. In preferred embodiments, the antibodies or antigen-binding fragments thereof are IgG

isotype. The antibodies or antigen-binding fragments can be any IgG subclass, for example IgGl,
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IgG2, IgG3, or IgG4 isotype. In preferred embodiments, the antibodies or antigen-binding
fragments thereof are of an IgG1 isotype.

In some embodiments, the antibodies comprise a heavy chain constant region that is of IgG
isotype. In some embodiments, the antibodies comprise a portion of a heavy chain constant
region that is of IgG isotype. In some embodiments, the IgG constant region or portion thereof is
an IgGl, IgG2, IgG3, or IgG4 constant region. Preferably, the IgG constant region or portion

thereof is an IgG1 constant region.

The antibodies of the invention or antigen-binding fragments thereof may comprise a lambda

light chain or a kappa light chain.

In preferred embodiments, the antibodies or antigen-binding fragments thereof comprise a light
chain that is a kappa light chain. In some embodiments, the antibody or antigen-binding fragment
comprises a light chain comprising a light chain constant region (CL) that is a kappa constant

region.

In some embodiments, the antibody comprises a light chain comprising a light chain variable
region (VL) that is a kappa variable region. Preferably, the kappa light chain comprises a VL that
is a kappa VL and a CL that is a kappa CL.

Alternatively, the antibodies or antigen-binding fragments thereof may comprise a light chain that
is a lambda light chain. In some embodiments, the antibody or antigen-binding fragment
comprises a light chain comprising a light chain constant region (CL) that is a lambda constant
region. In some embodiments, the antibody comprises a light chain comprising a light chain

variable region (VL) that is a lambda variable region.

Engineered antibodies and antigen-binding fragments thereof include those in which
modifications have been made to framework residues within the VH and/or VL. Such
modifications may improve the properties of the antibody, for example to decrease the

immunogenicity of the antibody and/or improve antibody production and purification.

Antibodies and antigen-binding fragments thereof disclosed herein can be further modified using
conventional techniques known in the art, for example, by using amino acid deletion(s),
insertion(s), substitution(s), addition(s), and/or recombination(s) and/or any other modification(s)

known in the art, either alone or in combination. Methods for introducing such modifications in
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the DNA sequence underlying the amino acid sequence of an immunoglobulin chain arc well

known to the person skilled in the art.

The antibodies of the invention and antigen-binding fragments thereof also include derivatives
that are modified (e.g., by the covalent attachment of any type of molecule to the antibody) such
that covalent attachment does not prevent the antibody from binding to its epitope, or otherwise
impair the biological activity of the antibody. Examples of suitable derivatives include, but are
not limited to fucosylated antibodies, glycosylated antibodies, acetylated antibodies, PEGylated
antibodies, phosphorylated antibodies, and amidated antibodies.

Minor variations in the amino acid sequences of antibodies of the invention are contemplated as
being encompassed by the present invention, providing that the variations in the amino acid
sequence(s) maintain at least 75%, more preferably at least 80%, at least 90%, at least 95%, and
most preferably at least 99% sequence identity to the antibody of the invention or antigen-binding

fragment thereof as defined anywhere herein.

Antibodies of the invention may include variants in which amino acid residues from one species
are substituted for the corresponding residue in another species, either at the conserved or non-
conserved positions. In one embodiment, amino acid residues at non-conserved positions are
substituted with conservative or non-conservative residues. In particular, conservative amino acid

replacements are contemplated.

A “conservative amino acid substitution” is one in which the amino acid residue is replaced with
an amino acid residue having a similar side chain. Families of amino acid residues having similar
side chains have been defined in the art, including basic side chains (e.g., lysine, arginine, or
histidine), acidic side chains (e.g., aspartic acid or glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, or cysteine), nonpolar side
chains (e.g, alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, or
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, or histidine). Thus, if an amino acid in a
polypeptide is replaced with another amino acid from the same side chain family, the amino acid
substitution is considered to be conservative. The inclusion of conservatively modified variants in
an antibody of the invention does not exclude other forms of variant, for example polymorphic

variants, interspecies homologs, and alleles.
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“Non-conservative amino acid substitutions” include those in which (1) a residue having an
electropositive side chain (e.g., Arg, His or Lys) is substituted for, or by, an electronegative
residue (e.g., Glu or Asp), (i1) a hydrophilic residue (e.g., Ser or Thr) is substituted for, or by, a
hydrophobic residue (e.g., Ala, Leu, Ile, Phe or Val), (ii1) a cysteine or proline is substituted for,
or by, any other residue, or (iv) a residue having a bulky hydrophobic or aromatic side chain (e.g,,
Val, His, Ile or Trp) is substituted for, or by, one having a smaller side chain (e.g., Ala or Ser) or
no side chain (e.g., Gly).

Chimeric antigen receptors

Chimeric antigen receptors (CARs) are artificial receptors that are expressed on the surface of
modified immune cells, for example, T cells, in order to direct the immune cell to a target cell. In
preferred embodiments, the CAR directs the immune cell (e.g. T cell) to a cancer cell (e.g.
malignant B cell or plasma cell of a haematological cancer). In particularly preferred

embodiments, the CAR specifically binds to one or more cancer antigens (e.g. BCMA).

Generally, CARs comprise an extracellular antigen binding domain, a transmembrane domain;
and an intracellular signalling domain. In certain embodiments, once the extracellular domain
binds to a target antigen, such as a cancer antigen (e.g. BCMA), a signal is generated via the
intracellular signalling domain that activates the immune cell, e.g. to target and kill a cell

expressing the target antigen.

In certain embodiments, the extracellular domain comprises a receptor, or a portion of a receptor,
that binds to the target antigen (e.g. BCMA). In certain embodiments, the extracellular domain
comprises, or is, an antibody or an antigen-binding portion thereof that binds to the target antigen
(e.g. an anti-BCMA antibody described herein). In specific embodiments, the extracellular
domain comprises, or is, a single chain Fv (scFv) domain. The single-chain Fv domain can
comprise, for example, a VL linked to VH by a flexible linker, wherein said VL and VH are from
an antibody that binds the target antigen.

The transmembrane domain can be any transmembrane domain derived or obtained from any
molecule known in the art. In specific embodiments, the transmembrane domain can be obtained
or derived from CD8, CD28, a cytokine receptor, an interleukin receptor, a growth factor

receptor, or the like.
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In a preferred embodiment, the transmembrane domain is obtained or derived from a human
CD8a molecule or CD28 molecule. CDS8 is a transmembrane glycoprotein that serves as a co-
receptor for the T-cell receptor (TCR) and is expressed primarily on the surface of cytotoxic T-
cells. The most common form of CD8 exists as a dimer composed of a CD8 alpha and CD8 beta
chain. CD28 is expressed on T-cells and provides co-stimulatory signals required for T-cell

activation. CD28 is the receptor for CD80 (B7.1) and CD86 (B7.2).

In certain embodiments, the extracellular domain of the CAR is joined to the transmembrane
domain of the polypeptide by a linker, spacer domain or hinge polypeptide e.g., a sequence from
CD28 or a sequence from CTLA4. The spacer domain may be derived from any natural,
synthetic, semi-synthetic or recombinant source. For example, the spacer domain can be derived
or obtained from a portion of an immunoglobulin (such as IgGl or IgG4), including, but not
limited to, one or more constant regions (e.g. CH2 and CH3) or a hinge region, or modified

versions thereof.

The intercellular signalling domain can be obtained or derived from any intracellular signalling
molecule known in the art. In certain embodiments, the intracellular domain is obtained or
derived from a protein that is expressed on the surface of T cells and triggers activation and/or
proliferation of said T cells. In specific embodiments, the intracellular signalling domain is
obtained or derived from CD3 zeta (CD3{) or modified versions thereof. In other embodiments,
the intracellular domain is obtained or derived from a lymphocyte receptor chain, a TCR/CD3
complex protein, an Fc receptor subunit or an IL-2 receptor subunit. In some embodiments, the
intracellular domain additionally comprises one or more co-stimulatory domains or motifs. The
one or more co-stimulatory domains or motifs can be obtained or derived from, CD28, OX40
(CD134), 4-1BB (CD137), CD27, or a co-stimulatory inducible T-cell costimulatory (ICOS)
polypeptide, or other costimulatory domain or motif, or any combination thereof. In some

embodiments, the CD3 zeta, CD28, 4-1BB, OX40, and/or CD27 are human.

Such a CAR is usually transferred by using a vector, preferably a retroviral vector, comprising the
sequence encoding said CAR, into an immune effector cell. The modified immune cells
expressing the CAR can be T cells (e.g., CD4+ T cells, CD8+ T cells or cytotoxic T
lymphocytes) for which herein the term “a CAR T-cell” is used. Such CAR T cells are also

provided by the present invention.

T cells used in the compositions and methods provided herein may be naive T lymphocytes or
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MHC-restricted T lymphocytes. In certain embodiments, the T cells are tumor infiltrating
lymphocytes (TILs). In certain embodiments, the T cells have been isolated from a tumor biopsy,
or are or have been expanded from T cells isolated from a tumor biopsy. In certain other
embodiments, the T cells have been isolated from, or are expanded from T cells isolated from,
peripheral blood, cord blood, or lymph. T cells to be used to generate modified T cells
expressing a CAR can be isolated using art-accepted, routine methods, e.g., blood collection

followed by apheresis and optionally antibody-mediated cell isolation or sorting.

The modified T cells are preferably autologous to an individual to whom the modified T cells are
to be administered. In certain other embodiments, the modified T cells are allogeneic to an
individual to whom the modified T cells are to be administered. Where allogeneic T cells are
used to prepare modified T cells, it is preferable to select T cells that will reduce the possibility of
graft-versus-host disease (GVHD) in the individual. For example, in certain embodiments, virus-
specific T cells are selected for preparation of modified T cells and are expected to have a greatly
reduced native capacity to bind to, and thus become activated by, any recipient antigens. In
certain embodiments, recipient-mediated rejection of allogeneic T cells can be reduced by co-
administration to the host of one or more immunosuppressive agents, e.g., cyclosporine,

tacrolimus, sirolimus, cyclophosphamide, or the like.

T cells, e.g., unmodified T lymphocytes, or T cells expressing CD3 and CD28, or comprising a
polypeptide comprising a CD3( signalling domain and a CD28 co-stimulatory domain, can be
expanded using antibodies to CD3 and CD28, e.g., antibodies attached to beads; see, e.g., U.S.
Patent Nos. 5,948,893; 6,534,055; 6,352,694, 6,692,964, 6,887,466, and 6,905,681.

The modified T cells can optionally comprise a “suicide gene” or “safety switch” that enables
killing of substantially all of the modified T cells when desired. For example, the modified T
cells, in certain embodiments, can comprise an HSV thymidine kinase gene (HSV-TK), which
causes death of the modified T cells upon contact with gancyclovir. In another embodiment, the
modified T cells comprise an inducible caspase, e.g., an inducible caspase 9 (icaspase9), e.g., a
fusion protein between caspase 9 and human FK506 binding protein allowing for dimerization
using a specific small molecule pharmaceutical. See Straathof KC er al. (2005) Blood 105(11):
4247-4254.
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BCMA therapeutic agent

As used herein, the term “BCMA therapeutic agent” refers to a binding molecule or polypeptide
which specifically binds to BCMA with sufficient affinity such that the binding molecule or
polypeptide is useful as a therapeutic agent in targeting BCMA. In preferred embodiments, the
BCMA therapeutic agent is a T cell engager. Such T cell engagers are capable of redirecting one

or more T cells to BCMA-expressing target cells.

The term “BCMA” as used herein relates to human B cell maturation antigen, also known as
BCMA; TR17 HUMAN, TNFRSF17 (UniProt Q02223), which is a member of the tumor
necrosis factor (TNF) receptor superfamily that is preferentially expressed in differentiated
plasma cells. The extracellular domain of BCMA consists according to UniProt of amino acids 1-
54 (or 5-51). BCMA is a transmembrane glycoprotein essential for the maturation and survival of

multiple myeloma cells.

As used herein, a “disorder associated with BCMA expression” is a disorder in which patients
have aberrant or enhanced BCMA expression. Disorders associated with BCMA expression
include plasma cell disorders or B cell disorders such as multiple myeloma, chronic lymphocytic
leukemia, or a non-Hodgkins lymphoma (e.g., Burkitt’s lymphoma, chronic lymphocytic
leukemia/small lymphocytic lymphoma (CLL/SLL), diffuse large B cell lymphoma (DLBCL),
follicular lymphoma, immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma,
or mantle cell lymphoma), marginal zone lymphoma, plasma cell leukemia, or IgG4-related
disease. In preferred embodiments, the disorder associated with BCMA expression is multiple

myeloma, diffuse large B cell lymphoma (DLBCL) or plasma cell leukemia.

In some embodiments, the disorder associated with BCMA expression is relapsed or refractory,
e.g. relapsed or refractory multiple myeloma, relapsed or refractory diffuse large B cell
lymphoma (DLBCL) or relapsed or refractory plasma cell leukemia. In alternative embodiments,
the disorder associated with BCMA expression is newly diagnosed (i.e. has not yet undergone
treatment), e.g. newly diagnosed multiple myeloma, newly diagnosed diffuse large B cell

lymphoma (DLBCL) or newly diagnosed plasma cell leukemia.

In particularly preferred embodiments, the disorder associated with BCMA expression is multiple
myeloma, e.g., high-risk multiple myeloma or relapsed and refractory multiple myeloma. In some
embodiments, the high risk multiple myeloma is R-ISS stage III disease and/or a disease

characterized by early relapse (e.g., progressive disease within 12 months since the date of last
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treatment regimen, such as last treatment regimen with a proteasome inhibitor, an

immunomodulatory agent and/or dexamethasone).

In preferred embodiments of any aspect of the invention, the BCMA therapeutic agent comprises

an anti-BCMA antibody, or antigen binding fragment thereof.

The terms “antibody against BCMA”, “anti BCMA antibody” or “an antibody that binds to
BCMA” as used herein relate to an antibody specifically binding to the extracellular domain of
BCMA. In some embodiments, an antibody specifically binding to BCMA does not bind to other
antigens or does not bind to other antigens with sufficient affinity to produce a physiological

effect.

In some embodiments, the extent of binding of an anti-BCMA antibody to an unrelated, non-
BCMA protein is about 10-fold preferably >100-fold less than the binding of the antibody to
BCMA as measured, e.g., by surface plasmon resonance (SPR) e.g. Biacore®, enzyme-linked
immunosorbent (ELISA) or flow cytometry (FACS). In one embodiment the antibody that binds
to BCMA has a dissociation constant (Kd) of 10® M or less, preferably from 10®* M to 10™° M,
preferably from 10° M to 10™° M.

In one embodiment, the anti-BCMA antibody binds to an epitope of BCMA that is conserved
among BCMA from different species, preferably among human and cynomolgus, and in addition

preferably also to mouse and rat BCMA.

Preferably the anti-BCMA antibody specifically binds to a group of BCMA, consisting of human
BCMA and BCMA of non-human mammalian origin, preferably BCMA from cynomolgus,
mouse and/or rat. Anti-BCMA antibodies are analyzed by ELISA for binding to human BCMA
using plate-bound BCMA. For this assay, an amount of plate-bound BCMA preferably 1.5 pg/mL
and concentration(s) ranging from 0.1 pM to 200 nM of anti-BCMA antibody are used.

In preferred embodiments, the BCMA therapeutic agent is a T cell engager as described herein.

Thus, in some embodiments, the BCMA therapeutic agent is a multispecific (e.g. bispecific)
antibody that specifically binds to BCMA and to an antigen that promotes activation of one or
more T cells (e.g. CD3), a chimeric antigen receptor (CAR) directed to BCMA, or a T cell
expressing at least one CAR directed to BCMA.
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In some preferred embodiments the BCMA therapeutic agent is a multispecific (e.g. bispecific)
antibody which specifically binds to BCMA and to an antigen that promotes activation of one or
more T cells (e.g. CD3). In particularly preferred embodiments, the multispecific (e.g. bispecific)
antibody comprises an anti-BCMA antibody described herein, or antigen-binding fragment

thereof.

In alternative preferred embodiments, the BCMA therapeutic agent comprises a chimeric antigen
receptor (CAR) directed to BCMA, or a T cell expressing at least one CAR (“CAR T cell”)
directed to BCMA. In some embodiments, the extracellular domain of the CAR directed to
BCMA comprises a receptor, or a portion of a receptor, that binds to BCMA. In some
embodiments, the extracellular domain of the CAR directed to BCMA comprises an anti-BCMA

antibody described herein, e.g., a single chain Fv (scFv), or antigen binding fragment thereof.

In alternative embodiments, the BCMA therapeutic agent is an antibody-drug conjugate (ADC).
The term “antibody drug conjugate” or “conjugated antibody” as used herein refers to an
antibody which specifically binds to an antigen (e.g. BCMA), and is conjugated with a

therapeutic agent, e.g. with a cytotoxic agent or radiolabel.

In some embodiments, the ADC comprises an anti-BCMA antibody, or antigen-binding fragment
thereof, described herein. In some embodiments the antibody-drug conjugate comprises a
maytansinoid, preferably wherein said maytansinoid is a noncleavable DM1-like maytansinoid.

In some embodiments, the antibody-drug conjugate is GSK2857916, AMG224 or CC99712.

Dosage regimens

In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is administered at a dose
sufficient to prevent or reduce the development of CRS in the subject. The present inventors have
recognized that administration of the cytokine inhibitors (e.g. IL-6 inhibitors) described herein to
a subject may increase the safety of a therapeutic agent that has caused or is likely to cause CRS
by attenuating cytokine release (e.g. pro-inflammatory cytokine release). Without being bound by
theory, it is thought that the cytokine inhibitor suppresses pro-inflammatory cytokines from
myeloid cells (e.g. macrophages and/or monocytes), and thus may prevent or reduce the
development of CRS or treat CRS in the subject. Alternatively or in addition, administration of
the cytokine inhibitors (e.g. IL-6 inhibitors) described herein may allow the therapeutic agent that

has caused or is likely to cause CRS to be administered at an increased dose due to reduced
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toxicity as compared to administration without the cytokine inhibitor, and thereby may increase

the therapeutic index of the therapeutic agent.

The cytokine inhibitor (e.g. IL-6 inhibitor) and the therapeutic agent (e.g. BCMA therapeutic
agent) may be administered concurrently, at overlapping timepoints or at different timepoints. In
some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is administered prior to the
therapeutic agent (e.g. prior to the first dose of the therapeutic agent). In alternative embodiments,
the cytokine inhibitor (e.g. IL-6 inhibitor) is administered after the therapeutic agent (e.g. after
the first dose of the therapeutic agent).

In some embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered before (e.g. within 12 or 24 hours before) administration of the BCMA therapeutic
agent, on the same day as administration of the BCMA therapeutic agent or after (e.g. within 12
or 24 hours after) administration of the BCMA therapeutic agent. In some embodiments of any
aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is administered within 12 hours

after diagnosis of CRS.

A) Lead with cytokine inhibitor

In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the subject as
one or more doses, wherein at least one dose of the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered before administration of a first dose of the therapeutic agent (e.g. T cell engager).
Without being bound by theory, pre-treatment with the cytokine inhibitor (e.g. IL-6 inhibitor)
may prevent or reduce the development of CRS associated with administration of the therapeutic
agent (e.g. T cell engager). In addition, in embodiments in which the therapeutic agentis a T cell
engager (e.g. multispecific T-cell engaging antibody, CAR or CAR T cell), administration of the
cytokine inhibitor (e.g. IL-6 inhibitor) described herein may increase efficacy of the therapeutic

agent e.g. by potentiating T cell activation.

In some embodiments, one or more doses of the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the subject 1-28 days, e.g. 1,2,3,4,5,6,7,8,9,10, 11,12, 13,14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 days, before the first dose of the therapeutic agent (e.g. T
cell engager). In preferred embodiments, one or more doses of the cytokine inhibitor (e.g. IL-6
inhibitor) is administered to the subject 7 days before the first dose of the therapeutic agent (e.g.
T cell engager).
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In some embodiments, two or more doses (e.g. two, three, four, five, six or seven doses) of the
cytokine inhibitor (e.g. IL-6 inhibitor) are administered to the subject 1-28 days, e.g. 1, 2, 3, 4, 5,
6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 days, before
the first dose of the therapeutic agent (e.g. T cell engager). In some embodiments, a first dose of
the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the subject 7 days before the first
dose of the therapeutic agent (e.g. T cell engager), and one or more further doses of the cytokine
inhibitor (e.g. IL-6 inhibitor) is administered to the subject before (e.g. 1, 2, 3, 4, 5 or 6 days
before) administration of the first dose of the therapeutic agent (e.g. T cell engager). For example,
six further doses of the cytokine inhibitor (e.g. IL-6 inhibitor) may be administered to the subject
6, 5,4, 3,2 and 1 days before administration of the first dose of the therapeutic agent (e.g. T cell

engager).

In some embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the subject as one or more doses, wherein at least one dose of the cytokine
inhibitor (e.g. IL-6 inhibitor) is administered on the same day as administration of a first dose of
the therapeutic agent (e.g. T cell engager). Accordingly, in some embodiments, the cytokine
inhibitor (e.g. IL-6 inhibitor) is administered to the subject as two or more doses, wherein the two

or more doses comprises:

(1) one or more doses 1-28 days, e.g. 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 days, preferably 7 days, before the first
dose of the therapeutic agent (e.g. T cell engager); and

(11) at least one dose on the same day as administration of the first dose of the therapeutic

agent (e.g. T cell engager).

For example, the cytokine inhibitor (e.g. IL-6 inhibitor) may be administered to the subject as
seven doses 7, 6, 5, 4, 3, 2 and 1 days before administration of the first dose of the therapeutic
agent (e.g. T cell engager), and at least one dose on the same day as administration of the first

dose of the therapeutic agent (e.g. T cell engager).

In alternative embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6
inhibitor) is not administered to the subject on the same day as administration of a first dose of
the therapeutic agent (e.g. T cell engager). Without being bound by theory, such embodiments

may reduce the risk of adverse events such as neutropenia and/or infection.
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In some embodiments of any aspect of the invention, one or more doses of the cytokine inhibitor
(e.g. IL-6 inhibitor) is administered to the subject after administration of a first dose of the
therapeutic agent (e.g. T cell engager). Without being bound by theory, post-treatment with the
cytokine inhibitor (e.g. IL-6 inhibitor) may prevent or reduce development of CRS or treat CRS

associated with administration of the therapeutic agent.

In some embodiments, following administration of the first dose of the therapeutic agent (e.g. T
cell engager), the next dose of the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the
subject 1-14 days, e.g. 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13 or 14 days, after the first dose of the
therapeutic agent. In embodiments in which the cytokine inhibitor (e.g. IL-6 inhibitor) is not
administered to the subject on the same day as administration of the first dose of the therapeutic
agent (e.g. T cell engager), the next dose of cytokine inhibitor may be administered to the subject
7-14 days (e.g. 7 days) after the first dose of the therapeutic agent. Without being bound by
theory, the risk of adverse events such as neutropenia or infection is thought to diminish after 1

week of administration of the therapeutic agent.

In some embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the patient as a treatment comprising at least one treatment cycle. As used herein,
a “treatment cycle” or “cycle” is 28 days. In some embodiments, the treatment comprises a first
treatment cycle wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient
on days 1-21 and the therapeutic agent (e.g. T cell engager) is administered to the patient on days
8, 11, 15 and 22. In alternative embodiments, the treatment comprises a first treatment cycle
wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 1-7 and
days 15-21 and the therapeutic agent (e.g. T cell engager) is administered to the patient on days 8,
11, 15 and 22. In further alternative embodiments, the treatment comprises a first treatment cycle
wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 1-21 and
the therapeutic agent (e.g. T cell engager) is not administered to the patient in the treatment cycle.
In further alternative embodiments, the treatment comprises a first treatment cycle wherein the
cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 1-28 and the

therapeutic agent (e.g. T cell engager) is not administered to the patient in the treatment cycle.

In some embodiments, the treatment comprises a second treatment cycle, wherein the cytokine
inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 1-21 and the therapeutic agent
(e.g. T cell engager) is administered to the patient on days 1, 8, 15 and 22. In some embodiments,
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the treatment comprises a third treatment cycle, optionally a fourth, fifth and sixth treatment
cycle, wherein cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 1-21
and the therapeutic agent (e.g. T cell engager) is administered to the patient on days 1, 8, 15 and
22. In some embodiments, the patient continues to receive treatment (e.g. for the rest of their

lives).

In alternative embodiments, the treatment comprises a second treatment cycle, wherein the
cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 1-7 and 15-21 and
the therapeutic agent (e.g. T cell engager) is administered to the patient on days 1, 8, 15 and 22.
In some embodiments, the treatment comprises a third treatment cycle, optionally a fourth, fifth
and sixth treatment cycle, wherein cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the
patient on days 1-7 and 15-21 and the therapeutic agent (e.g. T cell engager) is administered to
the patient on days 1, 8, 15 and 22. In some embodiments, the patient continues to receive

treatment (e.g. for the rest of their lives).

In preferred embodiments, the T cell engager is a BCMA therapeutic agent (e.g. 42-TCBcv). The
BCMA therapeutic agent (e.g. 42-TCBcv) may be administered to the patient (e.g. multiple

myeloma patient) in accordance with the regimen set out in Table 2 or Table 3.

Table 2:

Cyde 1 Cyele 2+
{ytokine inhibitor Days 1-21 Days 1-21
{e.g. Compound 1 or iberdomide}
BCMA therapeutic agent Days §, 11, 15,22 Days 1, 8, 15,22
(e.g. 42-TCBcv)
Table 3.

Cyele Cycle 2+
Cytokine inhibitor Days 1-7, 15-21 Days 1-21
{¢.g. Compound 1 or iberdomide)
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BCMA therapeutic agent Days 8, 11, 15, 22 Days 1, 8, 15,22

(e.g. 42-TCBcv)

In some embodiments, the cytokine inhibitor (e.g. iberdomide or Compound 1) is administered
orally. In some embodiments, the one or more doses of cytokine inhibitor (e.g. iberdomide or
Compound 1) is administered at a fixed dose. In some embodiments, iberdomide is administered
at a fixed dose of between about 0.03 mg to about 6 mg, between about 0.1 mg to about 4 mg,
between about 0.3 mg to about 2 mg, or between about 1.0 mg to about 1.6 mg, e.g. about 1.0 mg,
about 1.3 mg or about 1.6 mg. In some embodiments, Compound 1 is administered at a fixed dose
of between about 0.05 mg to about 5 mg, between about 0.1 mg to about 2 mg, between about 0.2
mg to about 1.6 mg, or between about 0.3 mg to about 1.0 mg, e.g. about 0.3 mg, about 0.6 mg or
about 1.0 mg,

In some embodiments, the BCMA therapeutic agent is administered intravenously. In preferred
embodiments, the first dose of the BCMA therapeutic agent (e.g. 42-TCBcv) is administered
subcutaneously. In some embodiments, the BCMA therapeutic agent (e.g 42-TCBcv) is
administered subcutaneously in the first cycle, optionally in the first and subsequent cycles. In
some embodiments, the BCMA therapeutic agent (e.g. 42-TCBcv) is administered at a dose of
between about 1 mg to about 100 mg, between about 1 mg to about 75 mg, between about 1 mg

to about 50 mg, between about 1 mg to about 25 mg, or between about 1 mg to about 12 mg.

In some embodiments in which the cytokine inhibitor is Compound 1 or iberdomide, the BCMA
therapeutic agent (e.g. 42-TCBcv) and the cytokine inhibitor may be administered to the patient

(e.g. multiple myeloma patient) in accordance with the regimen set out in Table 4, 5 or 6.

Table 4:

Cyele § Cycle 2+

Compound 1 at a fixed dose of about Days 1-21 Days 1-21
0.3 mg, abowut 0.6 mg or about 1.0
mg
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BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Pays 8, 11, 15, 22

Pays 1, 8, 15, 22

Table 5:

Cyele §

Cycle 2+

Iberdonude at a fixed dose of about
1.0 mg, about 1.3 mg or about 1.6
rog

Days 1-21

Days 1-21

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Pays 8, 11, 15, 22

Pays 1, 8, 15, 22

Table 6:

Cyele ¥

Cycle 2+

Compound | at a fixed dose of about
0.6 mg or iberdomide at a fixed dose
of about 1.3 mg

Days 1-7, 15-21

Days 1-21

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Days 8, 11, 15,22

Days 1, 8, 15,22

In some embodiments, one or more additional therapeutic agents is administered to the patient. In
preferred embodiments, a corticosteroid is administered, preferably dexamethasone. In some
embodiments, the corticosteroid (e.g. dexamethasone) is administered to the patient weekly for at
least the first treatment cycle, at least the first two treatment cycles, or at least the first three

treatment cycles. In preferred embodiments, the corticosteroid (e.g. dexamethasone) is
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administered to the patient (e.g. weekly) for three treatment cycles. The dose of the corticosteroid
(e.g dexamethasone) may be about 40 mg per week (e.g. for patients up to and including 75 years
old or not underweight) or about 20 mg per week (e.g for patients 75 years and older or
underweight, body mass index [BMI] <18.5). Preferably, the corticosteroid (e.g. dexamethasone)
is administered orally or intravenously. In some embodiments, the corticosteroid (e.g
dexamethasone) is administered orally with the cytokine inhibitor (e.g. iberdomide or Compound
1). In some embodiments, the corticosteroid (e.g. dexamethasone) is administered intravenously

on a day on which the BCMA therapeutic agent (e.g. 42-TCBcv) is administered.

In some embodiments, the BCMA therapeutic agent (e.g. 42-TCBcv), cytokine inhibitor and
corticosteroid (e.g. dexamethasone) are administered to the patient (e.g. multiple myeloma

patient) in accordance with the regimen set out in Table 7, 8 or 9.

Table 7

Cyele 1 Cyele 2+
Compound | at a fixed dose of about Dhays 1-21 Days 1-21
0.3 mg, about 0.6 mg or about 1.0
mg
BCMA therapeutic agent Days 8, 11, 15,22 Days 1,8, 15,22
(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg
Corticosteroid Once per week Once per week up fo the end
of cycle 3
(e.g. dexamethasone at about 40 mg
/ week for patients <75 and at about
20 mg / week for patients > 75 or
underweight)
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Table &:
Cycle ¥ Cyele 2+
Iberdomide at a fixed dose of about Days 1-21 Days 1-21

1.0 mg, about 1.3 mgorabout 1.6
mg

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Days 8, 11, 15, 22

Days 1,8, 15,22

Corticosteroid Once per week Once per week up to the end
of cycle 3
(e.g. dexamethasone at about 40 mg
/ week for patients < 75 and at about
20 mg / week for patients > 75 or
underweight)
Table 9:
Cyele ¥ Cycle 2+
Compound 1 at a fixed dose of about Days 1-7, 15-21 Days 1-21

0.6 mg or iberdomide at a fixed dose
of about 1.3 mg

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Days 8, 11, 15,22

Days 1,8, 15,22

Corticosteroid

(e.g. dexamethasone at about 40 mg
/ week for patients <75 and at about
20 mg / week for patients > 75 or
underweight)

Once per week

Once per week up to the end
of cycle 3
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In an aspect, there is provided a method of treating a disorder associated with BCMA expression
(e.g. multiple myeloma), wherein the method comprises administering a BCMA therapeutic agent
(e.g. 42-TCBcv) and a cytokine inhibitor (e.g. IL-6 inhibitor) to a subject, wherein the BCMA
therapeutic agent (e.g. 42-TCBcv) and the cytokine inhibitor (e.g. IL-6 inhibitor) are administered

to the subject in accordance with any one of the regimens set out in Table 2, 3, 4, 5 or 6.

In some embodiments, the method of treating a disorder associated with BCMA expression
comprises administering one or more additional therapeutic agents to the patient. In preferred
embodiments, a corticosteroid is administered, preferably dexamethasone. In some embodiments,
the corticosteroid (e.g. dexamethasone) is administered to the patient weekly for at least the first
treatment cycle, at least the first two treatment cycles, or at least the first three treatment cycles.
In preferred embodiments, the corticosteroid (e.g. dexamethasone) is administered to the patient
(e.g. weekly) for three treatment cycles. In some embodiments, the BCMA therapeutic agent (e.g.
42-TCBcv), cytokine inhibitor (e.g. IL-6 inhibitor) and corticosteroid (e.g. dexamethasone) are

administered to the patient in accordance with the regimen set out in Table 7, 8 or 9.

B) Lead with therapeutic agent

In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the subject as
one or more doses, wherein the first dose of the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered after administration of a first dose of the therapeutic agent (e.g. T cell engager).
Without being bound by theory, administration of the cytokine inhibitor (e.g. IL-6 inhibitor) after
the therapeutic agent (e.g. T cell engager) may prevent or reduce the development of CRS or treat
CRS associated with administration of the therapeutic agent (e.g. T cell engager). In addition, in
embodiments in which the therapeutic agent is a T cell engager (e.g. multispecific T-cell
engaging antibody, CAR or CAR T cell), administration of the cytokine inhibitor (e.g. IL-6
inhibitor) described herein may increase efficacy of the therapeutic agent e.g. by potentiating T

cell activation.

In some embodiments, the first dose of the cytokine inhibitor (e.g. IL-6 inhibitor) is administered
to the subject 1-28 days after, e.g. 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27 or 28 days after, or on the same day but after, the first dose of the
therapeutic agent (e.g. T cell engager). In preferred embodiments, the first dose of the cytokine
inhibitor (e.g. IL-6 inhibitor) is administered to the subject 7 days after the first dose of the

therapeutic agent (e.g. T cell engager).
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In some embodiments, two or more doses (e.g. two, three, four, five, six or seven doses) of the
cytokine inhibitor (e.g. IL-6 inhibitor) are administered to the subject 1-28 days after, e.g. 1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 or 28 days after,
or on the same day but after, preferably 7 days after, the first dose of the therapeutic agent (e.g. T
cell engager). In some embodiments, a first dose of the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the subject 7 days after the first dose of the therapeutic agent (e.g. T cell
engager), and one or more further doses of the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the subject after (e.g. 8-27 days after) administration of the first dose of the
therapeutic agent (e.g. T cell engager).

In some embodiments of any aspect of the invention, the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the patient as a treatment comprising at least one treatment cycle. In some
embodiments, the treatment comprises a first treatment cycle wherein the cytokine inhibitor (e.g.
IL-6 inhibitor) is administered to the patient on days 8-28 and the therapeutic agent (e.g. T cell
engager) is administered to the patient on days 1, 4, 8, 15 and 22. In alternative embodiments, the
treatment comprises a first treatment cycle wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the patient on days 8-14 and days 22-28 and the therapeutic agent (e.g. T cell
engager) is administered to the patient on days 1, 4, 8, 15 and 22. In some embodiments, the
treatment comprises a second treatment cycle, wherein the cytokine inhibitor (e.g. IL-6 inhibitor)
is administered to the patient on days 8-28 and the therapeutic agent (e.g. T cell engager) is
administered to the patient on days 1, 8, 15 and 22. In alternative embodiments, the treatment
comprises a second treatment cycle, wherein the cytokine inhibitor (e.g. IL-6 inhibitor) is
administered to the patient on days 8-14 and days 22-28 and the therapeutic agent (e.g. T cell
engager) is administered to the patient on days 1, 8, 15 and 22. In some embodiments, the
treatment comprises a third treatment cycle, optionally a fourth, fifth and sixth treatment cycle,
wherein cytokine inhibitor (e.g. IL-6 inhibitor) is administered to the patient on days 8-28 and the
therapeutic agent (e.g. T cell engager) is administered to the patient on days 1, 8, 15 and 22. In

some embodiments, the patient continues to receive treatment (e.g. for the rest of their lives).

In some embodiments, the T cell engager is a BCMA therapeutic agent (e.g. 42-TCBcv). The
BCMA therapeutic agent (e.g. 42-TCBcv) may be administered to the patient (e.g. multiple

myeloma patient) in accordance with the regimen set out in Table 10 or Table 11.
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Table 16:

Cycle ¥ Cyele 2+
BCMA therapeutic agent Pays 1,4, 8, 15,22 Days 1, 8, 15,22
(e.g. 42-TCBcv)
Cytokine inhibitor Days 8-28 Drays 8-28
{e.g. Compound | or iberdonude}
Table 11:

Cyele ¥ Cycle 2+
BCMA therapeutic agent Days 1, 4,8, 15,22 Days 1, 8, 15,22
(e.g. 42-TCBcv)
Cytokine inhibitor Days 8-14, 22-28 Days 8-28
{e.g. Compound | or iberdomide)

In some embodiments, the cytokine inhibitor (e.g. iberdomide or Compound 1) is administered
orally. In some embodiments, the one or more doses of cytokine inhibitor (e.g. iberdomide or
Compound 1) is administered at a fixed dose. In some embodiments, iberdomide is administered
at a fixed dose of between about 0.03 mg to about 6 mg, between about 0.1 mg to about 4 mg,
between about 0.3 mg to about 2 mg, or between about 1.0 mg to about 1.6 mg, e.g. about 1.0 mg,
about 1.3 mg or about 1.6 mg. In some embodiments, Compound 1 is administered at a fixed dose
of between about 0.05 mg to about 5 mg, between about 0.1 mg to about 2 mg, between about 0.2
mg to about 1.6 mg, or between about 0.3 mg to about 1.0 mg, e.g. about 0.3 mg, about 0.6 mg or
about 1.0 mg.

In some embodiments, the BCMA therapeutic agent is administered intravenously. In preferred
embodiments, the first dose of the BCMA therapeutic agent (e.g. 42-TCBcv) is administered
subcutaneously. In some embodiments, the BCMA therapeutic agent (e.g. 42-TCBcv) is
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administered subcutaneously in the first cycle, optionally in the first and subsequent cycles. In
some embodiments, the BCMA therapeutic agent (e.g. 42-TCBcv) is administered at a dose of

between about 1 mg to about 100 mg, between about 1 mg to about 75 mg, between about 1 mg

PCT/US2021/029877

to about 50 mg, between about 1 mg to about 25 mg, or between about 1 mg to about 12 mg.

In some embodiments in which the cytokine inhibitor is Compound 1 or iberdomide, the BCMA

therapeutic agent (e.g. 42-TCBcv) and the cytokine inhibitor may be administered to the patient

(e.g. multiple myeloma patient) in accordance with the regimen set out in Table 12, 13 or 14.

Table 12:

Cyele ¥

Cyele 2+

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Pays 1,4, 8, 15,22

Days 1,8, 15,22

Compound 1 at a fixed dose of about Days 8-28 Days 8-28
0.3 mg, about 0.6 mg or about 1.0
mg
Table 13:
Cyele ¥ Cycle 2+

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Days 1,4, 8,15, 22

Days 1, &, 153,22

Iberdonude at a fixed dose of about
1.0 mg, about 1.3 mg or about 1.6
rog

Days §-28

Days §-28
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Table 14:

Cycle ¥ Cyele 2+
BCMA therapeutic agent Pays 1,4, 8, 15,22 Days 1,8, 15,22
(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)
Compound 1 at a fixed dose of about Pays 8-14, 12-28 Drays 8-28
0.6 mg or therdomide at a fixed dose
of about 1.3 mg

In some embodiments, one or more additional therapeutic agents is administered to the patient. In
preferred embodiments, a corticosteroid is administered, preferably dexamethasone. In some
embodiments, the corticosteroid (e.g. dexamethasone) is administered to the patient weekly for at
least the first treatment cycle, at least the first two treatment cycles, or at least the first three
treatment cycles. In preferred embodiments, the corticosteroid (e.g. dexamethasone) is
administered to the patient (e.g. weekly) for three treatment cycles. The dose of the corticosteroid
(e.g dexamethasone) may be about 40 mg per week (e.g. for patients up to and including 75 years
old and not underweight) or about 20 mg per week (e.g. for patients older than 75 years or
underweight, body mass index [BMI] <18.5). Preferably, the corticosteroid (e.g. dexamethasone)
is administered orally or intravenously. In some embodiments, the corticosteroid (e.g
dexamethasone) is administered orally with the cytokine inhibitor (e.g. iberdomide or Compound
1). In some embodiments, the corticosteroid (e.g. dexamethasone) is administered intravenously

on a day on which the BCMA therapeutic agent (e.g. 42-TCBcv) is administered.

In some embodiments, the BCMA therapeutic agent (e.g. 42-TCBcv), cytokine inhibitor and
corticosteroid (e.g. dexamethasone) are administered to the patient (e.g. multiple myeloma

patient) in accordance with the regimen set out in Table 15, 16 or 17.
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Table 18:
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Cyele ¥

Cyele 2+

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Days 1,4, 8, 15,22

Days 1,8, 15,22

Compound 1 at a fixed dose of about
0.3 mg, abowut 0.6 mg or about 1.0
mg

Days 8-28

Days 8-28

Corticosteroid Ongce per week Once per week up fo the end
of cycle 3
(e.g. dexamethasone at about 40 mg
/ week for patients < 75 and at about
20 mg / week for patients > 75 or
underweight)
Table 16:
Cyele § Cycle 2+

BCMA therapeutic agent

(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)

Days 1,4, 8, 15,22

Days 1,8, 15,22

berdomude at a fixed dose of about
1.0 mg, about 1.3 mg or about 1.6
mg

Days 8-28

Days 8-28

Corticosteroid

(e.g. dexamethasone at about 40 mg
/ week for patients < 75 and at about
20 mg / week for patients > 75 or
underweight)

Once per week

Once per week up to the end
of cyele 3

52




10

15

WO 2021/222552 PCT/US2021/029877

Table 17:

Cyele ¥ Cycle 2+
BCMA therapeutic agent Days 1, 4,8, 15,22 Days 1, 8, 1§, 22
(e.g. 42-TCBcv at a dose of about
1.0 mg to about 100 mg)
Compound | at a fixed dose of about Days 8-14, 12-28 Days 8-28
0.6 mg or iberdomide at a fixed dose
of about 1 3 mg
Corticosteroid Once per week Once per week up to the end

of cycle 3

(e.g. dexamethasone at 40 mg / week
for patients < 75 and at 20 mg / week
for patients > 75 or underweight)

In an aspect, there is provided a method of treating a disorder associated with BCMA expression,
wherein the method comprises administering a BCMA therapeutic agent (e.g. 42-TCBcv) and a
cytokine inhibitor (e.g. IL-6 inhibitor) to a subject, wherein the BCMA therapeutic agent and the
cytokine inhibitor (e.g. IL-6 inhibitor) are administered to the subject in accordance with any one

of the regimens set out in Table 10, 11, 12, 13 or 14.

In some embodiments, the method of treating a disorder associated with BCMA expression
comprises administering one or more additional therapeutic agents to the patient. In preferred
embodiments, a corticosteroid is administered, preferably dexamethasone. In some embodiments,
the corticosteroid (e.g. dexamethasone) is administered to the patient weekly for at least the first
treatment cycle, at least the first two treatment cycles, or at least the first three treatment cycles.
In preferred embodiments, the corticosteroid (e.g. dexamethasone) is administered to the patient
(e.g. weekly) for three treatment cycles. In some embodiments, the BCMA therapeutic agent (e.g.
42-TCBcv), cytokine inhibitor (e.g. IL-6 inhibitor) and corticosteroid (e.g. dexamethasone) are

administered to the patient in accordance with the regimen set out in Table 15, 16 or 17.

BCMA binding sequences

In some embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA antibody, or antigen
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binding fragment thereof) comprises a CDR1H, CDR2H, CDR3H, CDRI1L, CDR2L, and CDR3L

region combination selected from the group of:

a)

b)

d)

g)

CDRI1H region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:23, CDR2L region of SEQ ID NO:24,
and CDR3L region of SEQ ID NO:20;

CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:25, CDR2L region of SEQ ID NO:26,
and CDR3L region of SEQ ID NO:20;

CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:27, CDR2L region of SEQ ID NO:28,
and CDR3L region of SEQ ID NO:20;

CDRI1H region of SEQ ID NO:29, CDR2H region of SEQ ID NO:30, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33;

CDRI1H region of SEQ ID NO:34, CDR2H region of SEQ ID NO:35, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33;

CDRIH region of SEQ ID NO:36, CDR2H region of SEQ ID NO:37, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33; and

CDRIH region of SEQ ID NO:15, CDR2H region of SEQ ID NO:16, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:18, CDR2L region of SEQ ID NO:19,
and CDR3L region of SEQ ID NO:20.

In preferred embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA antibody, or antigen
binding fragment thereof) comprises a CDR1H, CDR2H, CDR3H, CDRI1L, CDR2L and CDR3L

region combination selected from:

a)

CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:27, CDR2L region of SEQ ID NO:28,
and CDR3L region of SEQ ID NO:20;
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b) CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:25, CDR2L region of SEQ ID NO:26 ,
and CDR3L region of SEQ ID NO:20; or

c) CDRIH region of SEQ ID NO:15, CDR2H region of SEQ ID NO:16, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:18, CDR2L region of SEQ ID NO:19,
and CDR3L region of SEQ ID NO:20.

In any of the embodiments disclosed herein, a CDRIL region of SEQ ID NO:27 may be replaced
with a CDRIL region of SEQ ID NO:62; and a CDR2L region of SEQ ID NO:28 may be
replaced with a CDR2L region of SEQ ID NO:63. Accordingly, in some embodiments the
multispecific (e.g. bispecific) antibody may comprise an anti-BCMA antibody, or antigen binding
fragment thereof, comprising CDRI1H region of SEQ ID NO:21, CDR2H region of SEQ ID
NO:22, CDR3H region of SEQ ID NO:17, CDRIL region of SEQ ID NO:62, CDR2L region of
SEQ ID NO:63, and CDR3L region of SEQ ID NO:20.

In any of the embodiments disclosed herein, a CDRIL region of SEQ ID NO:25 may be replaced
with a CDRIL region of SEQ ID NO:60; and a CDR2L region of SEQ ID NO:26 may be
replaced with a CDR2L region of SEQ ID NO:61. Accordingly, in some embodiments the
multispecific (e.g. bispecific) antibody may comprise an anti-BCMA antibody, or antigen binding
fragment thereof, comprising CDRI1H region of SEQ ID NO:21, CDR2H region of SEQ ID
NO:22, CDR3H region of SEQ ID NO:17, CDRIL region of SEQ ID NO:60, CDR2L region of
SEQ ID NO:61 , and CDR3L region of SEQ ID NO:20.

In any of the embodiments disclosed herein, a CDRIL region of SEQ ID NO:18 may be replaced
with a CDRIL region of SEQ ID NO:58, and a CDR2L region of SEQ ID NO:19 may be
replaced with a CDR2L region of SEQ ID NO:59. Accordingly, in some embodiments the
multispecific (e.g. bispecific) antibody may comprise an anti-BCMA antibody, or antigen binding
fragment thereof, comprising CDRI1H region of SEQ ID NO:15, CDR2H region of SEQ ID
NO:16, CDR3H region of SEQ ID NO:17, CDRIL region of SEQ ID NO:58, CDR2L region of
SEQ ID NO:59, and CDR3L region of SEQ ID NO:20.

In particularly preferred embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA
antibody, or antigen binding fragment thereof) comprises a VH region comprising a CDR1H
region of SEQ ID NO:21, a CDR2H region of SEQ ID NO:22 and a CDR3H region of SEQ ID

NO:17 and a VL region comprising a CDRI1L region of SEQ ID NO:27, a CDR2L region of SEQ
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ID NO:28 and a CDR3L region of SEQ ID NO:20.

In some embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA antibody, or antigen

binding fragment thereof) comprises a VH and a VL selected from the group consisting of:

a)
b)
c)
d)
e)
f)
g)

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:12,

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:13,

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:14,

a VH region of SEQ ID NO:38 and a VL region of SEQ ID NO:12,

a VH region of SEQ ID NO:39 and a VL region of SEQ ID NO:12,

a VH region of SEQ ID NO:40 and a VL region of SEQ ID NO:12, or
a VH region of SEQ ID NO:9 and a VL region of SEQ ID NO:11.

In some embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA antibody, or antigen

binding fragment thereof) comprises a VH and a VL selected from the group consisting of:

a)

b)

d)

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:10 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:12;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:10 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:13;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:10 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:14;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:38 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:12;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%

identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
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NO:39 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:12;

f) a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:40 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:12; or

g) a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical to, or identical to the amino acid sequence of SEQ ID
NO:9 and a VL comprising an amino acid sequence that is at least 75% identical, at least
90% identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID

NO:11.

In some embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA antibody, or antigen

binding fragment thereof) comprises a VH and a VL selected from the group consisting of:

a) a VHregion of SEQ ID NO:10 and a VL region of SEQ ID NO:13,
b) a VHregion of SEQ ID NO:10 and a VL region of SEQ ID NO:14, or
c) a VHregion of SEQ ID NO:9 and a VL region of SEQ ID NO:11.

In particularly preferred embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA
antibody, or antigen binding fragment thereof) comprises a VH region of SEQ ID NO:10 and a
VL region of SEQ ID NO:14.

In some embodiments, the BCMA therapeutic agent (e.g. the anti-BCMA antibody, or antigen
binding fragment thereof), comprises the CDR3H, CDR3L, CDR1H, CDR2H, CDRIL, and
CDR2L of one of GSK2857916, AMG-420, AMG-701, JNJ-957, JNJ-64007957, PF-06863135,
REGN-5458, or TNB-383B. In some embodiments, the BCMA therapeutic agent (e.g. the anti-
BCMA antibody, or antigen binding fragment thereof) comprises the VH and VL of one of
GSK2857916, AMG-420, AMG-701, JNJ-957, INJ-64007957, PF-06863135, REGN-5458, or
TNB-383B. In some embodiments, the anti-BCMA antibody is BCMA tri-specific [Affirmed],
AFM26 [Affirmed], Ab-957 [Janssen], or BCMA/PD-L1 [Immune pharmaceuticals].

In some embodiments, the BCMA therapeutic agent is a multispecific (e.g. bispecific) antibody
of the invention which comprises an anti-BCMA antibody, or antigen binding fragment thereof,

comprising a CDR1H, CDR2H, CDR3H, CDRIL, CDR2L, and CDR3L region combination
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selected from the group of:

a)

b)

d)

g)

CDRIH region of SEQ ID NO:21,CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:23, CDR2L region of SEQ ID NO:24,
and CDR3L region of SEQ ID NO:20;

CDRIH region of SEQ ID NO:21. CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:25, CDR2L region of SEQ ID NO:26,
and CDR3L region of SEQ ID NO:20;

CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17 CDRIL region of SEQ ID NO:27, CDR2L region of SEQ ID NO:28,
and CDR3L region of SEQ ID NO:20;

CDRIH region of SEQ ID NO:29, CDR2H region of SEQ ID NO:30, CDR3H region of
SEQ ID NO:17 CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33;

CDRIH region of SEQ ID NO:34, CDR2H region of SEQ ID NO:35, CDR3H region of
SEQ ID NO:17 CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33;

CDRI1H region of SEQ ID NO:36, CDR2H region of SEQ ID NO:37, CDR3H region of
SEQ ID NO:17 CDRIL region of SEQ ID NO:31, CDR2L region of SEQ ID NO:32,
and CDR3L region of SEQ ID NO:33; or

CDRI1H region of SEQ ID NO:15, CDR2H region of SEQ ID NO:16, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:18, CDR2L region of SEQ ID NO:19,
and CDR3L region of SEQ ID NO:20,

and an anti-CD3 antibody, or antigen binding fragment thereof, comprising a CDR1H region of
SEQ ID NO:1, a CDR2H region of SEQ ID NO:2, a CDR3H region of SEQ ID NO:3, a CDRIL
region of SEQ ID NO:4, a CDR2L region of SEQ ID NO:5 and a CDR3L region of SEQ ID

NO:6.

In particularly preferred embodiments, the multispecific (e.g. bispecific) antibody of the

invention comprises:

a)

an anti-BCMA antibody, or antigen binding fragment thereof, comprising a VH region
comprising a CDRI1H region of SEQ ID NO:21, a CDR2H region of SEQ ID NO:22 and

a CDR3H region of SEQ ID NO:17 and a VL region comprising a CDRIL region of
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b)

SEQ ID NO:27, a CDR2L region of SEQ ID NO:28 and a CDR3L region of SEQ ID
NO:20; and

an anti-CD3 antibody, or antigen binding fragment thereof, comprising a CDR1H region
of SEQ ID NO:1, a CDR2H region of SEQ ID NO:2, a CDR3H region of SEQ ID
NO:3, a CDRIL region of SEQ ID NO:4, a CDR2L region of SEQ ID NO:5 and a
CDR3L region of SEQ ID NO:6.

In some embodiments, the multispecific (e.g. bispecific) antibody of the invention comprises an

anti-BCMA antibody, or antigen binding fragment thereof, comprising a VH and a VL selected

from the group consisting of:

10 a)
b)
c)
d)
e)
15 f)
8)

a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:12,
a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:13,
a VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:14,
a VH region of SEQ ID NO:38 and a VL region of SEQ ID NO:12,
a VH region of SEQ ID NO:39 and a VL region of SEQ ID NO:12,
a VH region of SEQ ID NO:40 and a VL region of SEQ ID NO:12, or
a VH region of SEQ ID NO:9 and a VL region of SEQ ID NO:11, and

an anti-CD3 antibody, or antigen binding fragment thereof, comprising a VH region of SEQ ID
NO:7 and a VL region of SEQ ID NO:8.

In particularly preferred embodiments, the multispecific (e.g. bispecific) antibody of the

20  invention comprises an anti-BCMA antibody, or antigen binding fragment thereof, comprising a

VH region of SEQ ID NO:10 and a VL region of SEQ ID NO:14, and an anti-CD3 antibody, or

antigen binding fragment thereof, comprising a VH region of SEQ ID NO:7 and a VL region of
SEQ ID NO:8.

In preferred embodiments, the bispecific antibody of the invention comprises the following SEQ

25 ID NOs (as mentioned in Tables 23 A and 24B below):

83A10-TCBcv: 48, 45, 46, 47 (x2) (Figure 2A)
22-TCBov: 48, 52, 53, 54 (x2) (Figure 2A)

42-TCBov: 48, 55, 56, 57 (x2) (Figure 2A)
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The term “83A10-TCBcv” as used herein refers to a bispecific antibody specifically binding to
BCMA and CD3 as specified by its heavy and light chain combination of SEQ ID NO:45, SEQ
ID NO:46, SEQ ID NO:47 (2x), and SEQ ID NO:48, and as shown in Figure 2A and described in
EP14179705.

The term “22-TCBcv” as used herein refers to the bispecific antibody of Mab22 as specified by
its heavy and light chain combination of SEQ ID NO:48, SEQ ID NO:52, SEQ ID NO:53, and
SEQ ID NO:54 (2x), and as shown in Figure 2A and described in WO 2017/021450.

The term “42-TCBcv” as used herein refers to the bispecific antibody of Mab42 as specified by
its heavy and light chain combination of SEQ ID NO:48, SEQ ID NO:55, SEQ ID NO:56, and
SEQ ID NO:57 (2x), and as shown in Figure 2A and described in WO 2017/021450. In the
present application, 42-TCBcv is referred to interchangeably as CC-93269.

In preferred embodiments, the bispecific antibody of the invention is 42-TCBcv.The present
inventors have identified the cytokine inhibitors (e.g. IL-6 inhibitors) described herein may be
administered to a subject at a dose sufficient to supress secretion of pro-inflammatory cytokines
mediated by 42-TCBcv, e.g. secretion of pro-inflammatory cytokines from myeloid cells (e.g.
macrophages and/or monocytes), wherein the dose of cytokine inhibitor (e.g. IL-6 inhibitor) does
not reduce killing of BCMA-expressing cells (e.g. multiple myeloma cells) mediated by the 42-
TCBcv. Thus, the cytokine inhibitors (e.g. IL-6 inhibitors) may prevent or reduce the
development of CRS in a subject who has or will receive 42-TCBcv, without reducing killing of
BCMA-expressing cells (e.g. multiple myeloma cells) mediated by the 42-TCBcv (see e.g.
Example 9).

In some embodiments, the cytokine inhibitor (e.g. IL-6 inhibitor) increases killing of BCMA-
expressing cells (e.g. multiple myeloma cells) mediated by 42-TCBcv. In vitro, 42-TCBcv
mediated killing of BCMA-expressing cells (e.g. multiple myeloma cells) may be measured in a
co-culture of healthy donor T cells and BCMA-expressing target cells (e.g. multiple myeloma
cells) at a ratio of 5:1, T-cells to target cells. /n vivo, tumour measurements can be used to assess
42-TCBcv mediated killing of multiple myeloma cells, for example in a H929 xenograft mouse

model.

In some embodiments, the BCMA therapeutic agent is 42-TCBcv and the cytokine inhibitor (e.g.
IL-6 inhibitor) is pomalidomide. In some embodiments, the BCMA therapeutic agent is 42-
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TCBcv and the cytokine inhibitor (e.g. IL-6 inhibitor) is iberdomide. In some embodiments, the
BCMA therapeutic agent is 42-TCBcv and the cytokine inhibitor (e.g. IL-6 inhibitor) is
lenalidomide. In some embodiments, the BCMA therapeutic agent is 42-TCBcv and the cytokine
inhibitor (e.g. IL-6 inhibitor) is avadomide. In some embodiments, the BCMA therapeutic agent
is 42-TCBcv and the cytokine inhibitor (e.g. IL-6 inhibitor) is Compound 1.

In one aspect, the present invention provides 42-TCBcv for use in a method of treating a disorder
associated with BCMA expression in a subject wherein the method comprises

a) administering to the subject the 42-TCBcv; and

b) administering to the subject pomalidomide at a dose sufficient to prevent or reduce the

development of CRS in the subject.

In one aspect, the present invention provides 42-TCBcv for use in a method of treating a disorder
associated with BCMA expression in a subject wherein the method comprises

a) administering to the subject the 42-TCBcv; and

b) administering to the subject iberdomide at a dose sufficient to prevent or reduce the

development of CRS in the subject.

In one aspect, the present invention provides 42-TCBcv for use in a method of treating a disorder
associated with BCMA expression in a subject wherein the method comprises

a) administering to the subject the 42-TCBcv; and

b) administering to the subject lenalidomide at a dose sufficient to prevent or reduce the

development of CRS in the subject.

In one aspect, the present invention provides 42-TCBcv for use in a method of treating a disorder
associated with BCMA expression in a subject wherein the method comprises

a) administering to the subject the 42-TCBcv; and

b) administering to the subject avadomide at a dose sufficient to prevent or reduce the

development of CRS in the subject.

In one aspect, the present invention provides 42-TCBcv for use in a method of treating a disorder
associated with BCMA expression in a subject wherein the method comprises

a) administering to the subject the 42-TCBcv; and

b) administering to the subject Compound 1 at a dose sufficient to prevent or reduce the

development of CRS in the subject.
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Alternatively, the BCMA therapeutic agent may be a CAR directed to BCMA or a T cell
expressing at least one CAR directed to BCMA.

In some embodiments, the BCMA therapeutic agent (e.g. BCMA CAR or BCMA CAR T cell)
comprises the VH CDR1, CDR2 and CDR3, and the VL CDR1, CDR2 and CDR3 sequences set
out in Table 18.

Table 18: CDR amino acid coordinates of CDR1, CDR2, and CDR3 of SEQ ID NOs: 76
through to 85

SEQ ID NO: | Description CDR Amino Acid Coordinates
CDR1 CDR2 CDR3
76 CD11D5.3 31-35 50-66 99-106
VH
77 CD11D5.3 24-38 54-60 93-101
VL1
78 CD11D5.3 24-38 54-60 93-101
VL2
(alternative)
79 CD11D5.3 24-38 54-60 93-101
VL3
(alternative)
80 A7D12.2 31-35 50-66 99-111
VH
81 A7D12.2 24-34 50-56 89-97
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VL
82 C12A323 31-35 50-66 99-106
VH
83 C12A323 24-38 54-60 93-101
VL
84 C13F12.1 31-35 50-66 99-106
VH
85 C13F12.1 24-38 54-60 93-101
VL
In some embodiments, the BCMA therapeutic agent (e.g. BCMA CAR or BCMA CAR T cell)

comprises a VH and VL, wherein:

a)

b)

d)

the VH comprises the CDRs of SEQ ID NO:76 and the VL comprises the CDRs of SEQ
ID NO:77 as set out in Table 18, optionally wherein the VH comprises SEQ ID NO:76
and the VL comprises SEQ ID NO:77;

the VH comprises the CDRs of SEQ ID NO:76 and the VL comprises the CDRs of SEQ
ID NO:78 as set out in Table 18, optionally wherein the VH comprises SEQ ID NO:76
and the VL comprises SEQ ID NO:78;

the VH comprises the CDRs of SEQ ID NO:76 and the VL comprises the CDRs of SEQ
ID NO:79 as set out in Table 18, optionally wherein the VH comprises SEQ ID NO:76
and the VL comprises SEQ ID NO:79;

the VH comprises the CDRs of SEQ ID NO:80 and the VL comprises the CDRs of SEQ
ID NO:81 as set out in Table 18, optionally wherein the VH comprises SEQ ID NO:80
and the VL comprises SEQ ID NO:81;

the VH comprises the CDRs of SEQ ID NO:82 and the VL comprises the CDRs of SEQ
ID NO:83 as set out in Table 18, optionally wherein the VH comprises SEQ ID NO:82
and the VL comprises SEQ ID NO:83; or
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f)

the VH comprises the CDRs of SEQ ID NO:84 and the VL comprises the CDRs of SEQ
ID NO:85 as set out in Table 18, optionally wherein the VH comprises SEQ ID NO:84
and the VL comprises SEQ ID NO:85.

In some embodiments, the BCMA therapeutic agent (e.g. BCMA CAR or BCMA CAR T cell)

comprises a VH and VL selected from the group consisting of:

a)

b)

d)

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:76 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:77,

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:76 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:78;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:76 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:79;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:80 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:81;

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:82 and a VL comprising an amino acid sequence that is at least 90% identical, at
least 95% identical, or identical to the amino acid sequence of SEQ ID NO:83; or

a VH comprising an amino acid sequence that is at least 75% identical, at least 90%
identical, at least 95% identical, or identical to the amino acid sequence of SEQ ID
NO:84 and a VL comprising an amino acid sequence that is at least 90% identical, at

least 95% identical, or identical to the amino acid sequence of SEQ ID NO:85.

In preferred embodiments, the BCMA therapeutic agent (e.g. BCMA CAR or BCMA CAR T
cell) comprises a VH comprising a CDRIH of SEQ ID NO:64, a CDR2H of SEQ ID NO:65 a
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CDR3H of SEQ ID NO:66, and a VL comprising a CDRIL, a CDR2L and a CDR3L set of

sequences selected from:

a) CDRIL of SEQ ID NO:67, CDR2L of SEQ ID NO:68, and CDR3L of SEQ ID NO:69,
optionally wherein the VH comprises SEQ ID NO:76 and the VL comprises SEQ ID
NO:77,

b) CDRIL of SEQ ID NO:70, CDR2L of SEQ ID NO:71, and CDR3L of SEQ ID NO:72,
optionally wherein the VH comprises SEQ ID NO:76 and the VL comprises SEQ ID
NO:78; or

c¢) CDRIL of SEQ ID NO:73, CDR2L of SEQ ID NO:74, and CDR3L of SEQ ID NO:75
optionally wherein the VH comprises SEQ ID NO:76 and the VL comprises SEQ ID
NO:79.

In certain embodiments, the BCMA CAR T cell is ide-cel, idecabtagene-vicleucel or bb21217. In
some embodiments the CAR T cell 1s orva-cel or JCARH125.

In certain embodiments, the BCMA CAR T cell is KITE-585 (Kite Pharmaceuticals), P-BCMA-
101 (Poseida Therapeutics), CART-BCMA (Novartis), LCAR-B38M (Legend Biotech), JNJ-528
(Janssen Biotech), P-BCMA-101 (Poseida Therapeutics), CT053 (CARsgen Therapeutics),
CTX120 (CRISPR Therapeutics), ET140 (Juno Therapeutics), UCART-BCMA (Cellectis), P-
BCMA-101 (Poseida), JNJ-528/LCAR-B38M (Johnson & Johnson) or BCMA CAR T cells from
Radiance Bio or Second Affiliated Hospital of Henan University of traditional Chinese
Medicine/Hrain Biotechnology Co. Ltd.).. In certain embodiments, the BCMA CAR T cell is
MCARHI171, FCARHI143, CTX120, CT053 (First Affiliated Hospital of Wenzhou Medical
University, CN), or BCMA-CART (Hrain Biotechnology, Shanghai CN).

Multispecific antibody format

Formats for multispecific antibodies are known in the state of the art. For example, bispecific
antibody formats are described in Kontermann RE (2012) MAbs. 4(2): 182-197; Holliger P and
Hudson PJ (2005) Nat. Biotechnol. 23(9): 1126-1136; Chan AC and Carter PJ (2010) Nature
Reviews Immunology. 10(5): 301-316 and Cuesta AM et al. (2010) Trends Biotechnol. 28(7):
355-362.

The multispecific (e.g. bispecific) antibodies of the invention may have any format. Multispecific

and bispecific antibody formats include, for example, multivalent single chain antibodies,
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diabodies and triabodies, and antibodies having the constant domain structure of full length
antibodies to which further antigen-binding domains (e.g., single chain Fv, a tandem scFv, a VH
domain and/or a VL domain, Fab, or (Fab),,) are linked via one or more peptide-linkers, as well
as antibody mimetics such as DARPins. In some embodiments, the multispecific (e.g. bispecific)
antibodies of the invention have the format of an scFv such as a bispecific T cell engager
(BITE®). In some embodiments, the antibodies of the invention are single chain antibodies which
comprise a first domain which binds to BCMA, a second domain which binds to a T cell antigen
(e.g. CD3), and a third domain which comprises two polypeptide monomers, each comprising a
hinge, a CH2 domain and a CH3 domain, wherein the two polypeptide monomers are fused to

each other via a peptide linker (e.g. (hinge-CH2-CH3-linker-hinge-CH2-CH3)).

The “valency” of an antibody denotes the number of binding domains. As such, the terms
"bivalent", “trivalent”, and “multivalent” denote the presence of two binding domains, three
binding domains, and multiple binding domains, respectively. The multispecific (e.g. bispecific)
antibodies of the invention may have more than one binding domain capable of binding to each
target antigen (i.e., the antibody is trivalent or multivalent). In preferred embodiments, the
multispecific (e.g. bispecific) antibodies of the invention have more than one binding domain
capable of binding to the same epitope of each target antigen. In some embodiments, the
multispecific (e.g. bispecific) antibodies of the invention have more than one binding domain

capable of binding to different epitopes on each target antigen.

The multispecific (e.g. bispecific) antibodies of the invention may be bivalent, trivalent or
tetravalent. In preferred embodiments, the multispecific (e.g. bispecific) antibody is trivalent,
preferably wherein the trivalent antibody is bivalent for BCMA. Thus, the bispecific antibody of

the invention may be trivalent, wherein the trivalent antibody is bivalent for BCMA.

The multispecific (e.g. bispecific) antibodies can be full length from a single species, or can be
chimerized or humanized. For an antibody with more than two antigen-binding domains, some
binding domains may be identical, as long as the protein has binding domains for two different

antigens.

The multispecific (e.g. bispecific) antibodies of the invention can have a bispecific heterodimeric
format. In some embodiments, the bispecific antibody comprises two different heavy chains and
two different light chains. In other embodiments, the multispecific (e.g bispecific) antibody

comprises two identical light chains and two different heavy chains. In some embodiments, in the
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multispecific (e.g. bispecific) antibodies of the invention one of the two pairs of heavy chain and

light chain (HC/LC) specifically binds to CD3 and the other one specifically binds to BCMA.

In embodiments in which the bispecific antibodies of the invention are bivalent, they may
comprise one anti-BCMA antibody and one anti-CD3 antibody (referred to herein as the “1+1”

format).

In embodiments in which the BCMA and CD3 antibodies are Fabs, the bivalent bispecific
antibodies in the 1+1 format may have the format: CD3 Fab - BCMA Fab (i.e. when no Fc is
present). Alternatively, the bispecific antibodies may have the format: Fc - CD3 Fab - BCMA
Fab; Fc- BCMA Fab - CD3 Fab; or BCMA Fab - Fc - CD3 Fab (i.e. when an Fc is present). In
preferred embodiments, the bivalent bispecific antibodies have the format BCMA Fab - Fc - CD3
Fab.

“CD3 Fab - BCMA Fab” means that the CD3 Fab is bound via its N-terminus to the C-terminus
of the BCMA Fab.

“Fc - BCMA Fab - CD3 Fab” means that the BCMA Fab is bound wia its C-terminus to the N-
terminus of the Fc, and the CD3 Fab is bound via its C-terminus to the N-terminus of the BCMA
Fab.

“Fc - CD3 Fab - BCMA Fab” means that the CD3 Fab i1s bound via its C-terminus to the N-
terminus of the Fc, and the BCMA Fab is bound via its C-terminus to the N-terminus of the CD3
Fab.

“BCMA Fab - Fc - CD3 Fab” means that the BCMA and CD3 Fab fragments are bound via their

C-terminus to the N-terminus of the Fc.

In embodiments in which the bispecific antibodies of the invention are trivalent, they may
comprise two anti-BCMA antibodies and one anti-CD3 antibody (referred to herein as the “2+1”

format).

In embodiments in which the BCMA and CD3 antibodies are Fabs, the trivalent bispecific
antibodies in the 2+1 format may have the format: CD3 Fab - BCMA Fab - BCMA Fab; or
BCMA Fab - CD3 Fab - BCMA Fab (i.e. when no Fc is present). Alternatively, the bispecific
antibodies may have the format: BCMA Fab - Fc - CD3 Fab - BCMA Fab; BCMA Fab - Fc -
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BCMA Fab - CD3 Fab; or CD3 Fab - Fc - BCMA Fab - BCMA Fab (i.e. when an Fc is present).
In preferred embodiments, the trivalent bispecific antibodies have the format BCMA Fab - Fc -
CD3 Fab - BCMA Fab.

“CD3 Fab - BCMA Fab - BCMA Fab” means that the CD3 Fab is bound via its C-terminus to the
N-terminus of the first BCMA Fab, and the first BCMA Fab is bound via its C-terminus to the N-
terminus of the second BCMA Fab.

“BCMA Fab - CD3 Fab - BCMA Fab” means that the first BCMA Fab 1s bound via its C-
terminus to the N-terminus of the CD3 Fab, and the CD3 Fab 1s bound via its C-terminus to the
N-terminus of the second BCMA Fab.

“BCMA Fab - Fc - CD3 Fab - BCMA Fab” means that the first BCMA Fab and the CD3 Fab are
bound via their C-terminus to the N-terminus of the Fc, and the second BCMA Fab is bound via
1ts C-terminus to the N-terminus of the CD3 Fab.

“BCMA Fab - Fc - BCMA Fab - CD3 Fab” means that the first BCMA Fab and the second
BCMA Fab are bound via their C-terminus to the N-terminus of the Fc, and the CD3 Fab is
bound via 1ts C-terminus to the N-terminus of the second BCMA Fab.

“CD3 Fab - Fc - BCMA Fab - BCMA Fab” means that the CD3 Fab and the first BCMA Fab are
bound via their C-terminus to the N-terminus of the Fc, and the second BCMA Fab is bound via
1ts C-terminus to the N-terminus of the first BCMA Fab.

In some embodiments, the bispecific antibodies of the invention may comprise not more than one
BCMA Fab specifically binding to BCMA, and not more than one CD3 Fab specifically binding

to CD3 and not more than one Fc part.

In some embodiments, the bispecific antibody comprises not more than one CD3 Fab specifically
binding to CD3, not more than two BCMA Fabs specifically binding to BCMA and not more than
one Fc part. In some embodiments, not more than one CD3 Fab and not more than one BCMA
Fab are linked to the Fc part and linking is performed via C-terminal binding of the Fab(s) to the
hinge region of the Fc part. In some embodiments, the second BCMA Fab is linked via its C-
terminus either to the N-terminus of the CD3 Fab or to the hinge region of the Fc part and is
therefore between the Fc part of the bispecific antibody and the CD3 Fab.
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In embodiments comprising two BCMA Fabs, the BCMA Fabs are preferably derived from the
same antibody and are preferably identical in the CDR sequences, variable domain sequences VH
and VL and/or the constant domain sequences CH1 and CL. Preferably, the amino acid sequences

of the two BCMA Fab are identical.

The bispecific antibodies of the invention can also comprise scFvs instead of the Fabs. Thus, in
some embodiments, the bispecific antibodies have any one of the above formats, wherein each

Fab is replaced with a corresponding scFv.

The terms “Fab fragment” and “Fab” are used interchangeably herein and contain a single light
chain (i.e. a constant domain CL and a VL) and a single heavy chain (i.e. the constant domain
CHI and a VH). The heavy chain of a Fab fragment is not capable of forming a disulfide bond

with another heavy chain.

A “Fab' fragment” contains a single light chain and a single heavy chain but in addition to the
CHI1 and the VH, a “Fab' fragment” contains the region of the heavy chain between the CHI and
CH2 domains that is required for the formation of an inter-chain disulfide bond. Thus, two “Fab'

fragments” can associate via the formation of a disulphide bond to form a F(ab')2 molecule.

A “F(ab')2 fragment” contains two light chains and two heavy chains. Each chain includes a
portion of the constant region necessary for the formation of an inter-chain disulfide bond

between two heavy chains.

An “Fv fragment” contains only the variable regions of the heavy and light chain. It contains no

constant regions.

A “single-domain antibody” is an antibody fragment containing a single antibody domain unit

(e.g., VHor VL).

A “single-chain Fv” (“scFv”) is antibody fragment containing the VH and VL domain of an
antibody, linked together to form a single chain. A polypeptide linker is commonly used to

connect the VH and VL domains of the scFv.

A “tandem scFv”, also known as a TandAb®, is a single-chain Fv molecule formed by covalent

bonding of two scFvs in a tandem orientation with a flexible peptide linker.

A “bi-specific T cell engager” (BiTE®) is a fusion protein consisting of two single-chain variable
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fragments (scFvs) on a single peptide chain. One of the scFvs binds to T cells via the CD3

receptor, and the other to a tumor cell antigen.

A “diabody” is a small bivalent and bispecific antibody fragment comprising a heavy (VH) chain
variable domain connected to a light chain variable domain (VL) on the same polypeptide chain
(VH-VL) connected by a peptide linker that is too short to allow pairing between the two
domains on the same chain (Kipriyanov, Int. J. Cancer 77 (1998), 763-772). This forces pairing
with the complementary domains of another chain and promotes the assembly of a dimeric

molecule with two functional antigen binding sites.

A “DARPIn” is a bispecific ankyrin repeat molecule. DARPins are derived from natural ankyrin
proteins, which can be found in the human genome and are one of the most abundant types of
binding proteins. A DARPin library module is defined by natural ankyrin repeat protein
sequences, using 229 ankyrin repeats for the initial design and another 2200 for subsequent
refinement. The modules serve as building blocks for the DARPin libraries. The library modules
resemble human genome sequences. A DARPin is composed of 4 to 6 modules. Because each
module is approx. 3.5 kDa, the size of an average DARPIn is 16-21 kDa. Selection of binders is
done by ribosome display, which is completely cell-free and is described in He M. and Taussig

MJ., Biochem Soc Trans. 2007, Nov;35(Pt 5):962-5.

The components, e.g. the Fab fragments, of the bispecific antibodies of the invention may be
chemically linked together by the use of an appropriate linker according to the state of the art. In
preferred embodiments, a (Gly4-Serl), linker is used (Desplancq DK et al. (1994) Protein Eng.
7(8):1027-33; Mack M et al (1995) PNAS. 92(15): 7021-7025). “Chemically linked” (or
“linked”) as used herein means that the components are linked by covalent binding. As the linker
is a peptidic linker, such covalent binding is usually performed by biochemical recombinant
means. For example, the binding may be performed using a nucleic acid encoding the VL and/or
VH domains of the respective Fab fragments, the linker and the Fc part chain if the antibody

comprises an Fc.

In the event that a linker is used, this linker may be of a length and sequence sufficient to ensure
that each of the first and second domains can, independently from each other, retain their

differential binding specificities.
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Fe
The antibodies (e.g. bispecific antibodies) of the invention may have an Fc or may not have an
Fc. In preferred embodiments, the antibodies (e.g. bispecific antibodies) of the invention

comprise an Fc, preferably a human Fc.

In certain embodiments, the Fc is a variant Fc, e.g. an Fc sequence that has been modified (for
example by amino acid substitution, deletion and/or insertion) relative to a parent Fc sequence
(for example an unmodified Fc polypeptide that is subsequently modified to generate a variant),

to provide desirable structural features and/or biological activity,

Accordingly, the antibodies (e.g. bispecific antibodies) of the invention may comprise an Fc
comprising one or more modifications, typically to alter one or more functional properties of the
antibody, such as serum half-life, complement fixation, Fc receptor binding, and/or antigen-
dependent cellular cytotoxicity. The Fc may be linked to the anti-BCMA and/or anti-CD3 Fab

fragments in the multispecific (e.g. bispecific) antibodies of the invention.

The presence of an Fc has the advantage of extending the elimination half-life of the antibody.
The antibodies (e.g. bispecific antibodies) of the invention may have an elimination half-life in
mice or cynomolgus monkeys, preferably cynomolgus monkeys, of longer than 12 hours,
preferably 3 days or longer. In some embodiments, the antibodies (e.g. bispecific antibodies) of
the invention have an elimination half-life of about 1 to 12 days, which allows at least once or

twice/week administration.

Reduced effector function

Preferably, the multispecific (e.g. bispecific) antibodies of the invention comprise an Fc region
(e.g. of IgG1 subclass) that comprises modifications to avoid FcR and C1q binding and minimize
ADCC/CDC. This provides the advantage that the bispecific antibody mediates its tumor cell
killing efficacy purely by the powerful mechanism of effector cell, eg T cell,
redirection/activation. Therefore, additional mechanisms of action, such as effects on the
complement system and on effector cells expressing FcR, are avoided and the risk of side-effects,

such as infusion-related reactions, 1s decreased.

In preferred embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise
an IgG, particularly IgGl, Fc region comprising the modifications 1L.234A, L235A and P329G

(numbered according to EU numbering).
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Heterodimerization
The multispecific (e.g. bispecific) antibodies of the invention may be heteromultimeric
antibodies. Such heteromultimeric antibodies may comprise modifications in regions involved in

interactions between antibody chains to promote correct assembly of the antibodies.

For example, the multispecific (e.g. bispecific) antibodies of the invention may comprise an Fc
having one or more modification(s) in the CH2 and CH3 domain to enforce Fc
heterodimerization. Alternatively or in addition, the multispecific (e.g. bispecific) antibodies of
the invention may comprise modifications in the CHI and CL region to promote preferential

pairing between the heavy chain and light chain of a Fab fragment.

A number of strategies exist for promoting heterodimerization. These strategies may include the
introduction of asymmetric complementary modifications into each of two antibody chains, such
that both chains are compatible with each other and thus able to form a heterodimer, but each
chain is not able to dimerize with itself. Such modifications may encompass insertions, deletions,

conservative and non-conservative substitutions and rearrangements.

Heterodimerization may be promoted by the introduction of charged residues to create favourable
electrostatic interactions between a first antibody chain and a second antibody chain. For
example, one or more positively charged amino acids amino acid may be introduced into a first
antibody chain, and one or more negatively charged amino acids may be introduced into a

corresponding positions in a second antibody chain

Alternatively or in addition, heterodimerization may be promoted by the introduction of steric
hindrance between contacting residues. For example, one or more residues with a bulky side
chain may be introduced into a first antibody chain, and a one or more residues able to

accommodate the bulky side chain may be introduced into the second antibody chain.

Alternatively or in addition, heterodimerization may be promoted by the introduction of one or
more modification(s) to the hydrophilic and hydrophobic residues at the interface between chains,
in order make heterodimer formation more entropically and enthalpically favourable than

homodimer formation.

A further strategy for promoting heterodimerization is to rearrange portions of the antibody

chains such that each chain remains compatible only with a chain comprising corresponding
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rearrangements. For example, CrossMAb technology is based on the crossover of antibody
domains 1n order to enable correct chain association. There are three main CrossMAb formats,
these are: (i) CrossMAb™ in which the VH and VL are exchanged and the CHI and CL are
exchanged; (ii) CrossMAbY® VL in which the VH and VL are exchanged; and (iii) CrossMAb“H!-
“L in which the CHI and CL are exchanged (Klein C et al. (2016) MAbs. 8(6): 1010-1020).

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention may
comprise an exchange of the VH and VL. In some embodiments, the antibodies (e.g. bispecific)
antibodies, of the invention may comprise an exchange of the CHI and CL. In some
embodiments, the antibodies (e.g. bispecific) antibodies, of the invention may comprise an

exchange of the VH and VL and an exchange of the CH1 and CL.

In preferred embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise

an exchange of the VH and VL.

Other approaches to promoting heterodimerization include the use of a strand exchange

engineered domain (SEED) (Davis JH et al. (2010) Protein Eng Des Sel, 23(4): 195—-202).

A combination of the above strategies may be used to maximise the efficiency of assembly while

minimising the impact on antibody stability.

Fc heterodimerization
In some embodiments, the multispecific (e.g. bispecific) antibodies, of the invention may have a
heterodimeric Fc, for example they may comprise one heavy chain originating from an anti-

BCMA antibody, and one heavy chain originating from an anti-CD3 antibody.

The multispecific (e.g. bispecific) antibodies, of the invention may comprise a heterodimeric Fc
which comprises one or more modification(s) which promotes the association of the first CH2
and/or CH3 domain with the second CH2 and/or CH3 domain. In preferred embodiments, the one
or more modification(s) promote the association of the first CH3 domain with the second CH3
domain, for example by resulting in asymmetric modifications to the CH3 domain. The one or
more modification(s) may comprise modifications selected from amino acid insertions, deletions,

conservative and non-conservative substitutions and rearrangements, and combinations thereof.

Typically the first CH3 domain and the second CH3 domain are both engineered in a

complementary manner so that each CH3 domain (or the heavy chain comprising it) can no
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longer homodimerize with itself but is forced to heterodimerize with the complementary
engineered other CH3 domain (so that the first and second CH3 domain heterodimerize and no

homodimers between the two first or the two second CH3 domains are formed).

The multispecific (e.g. bispecific) antibodies of the invention may comprise an Fc having one or
more of “knob-into-holes” modification(s), which are described in detail with several examples in
e.g. WO 96/027011; Ridgway JB et al. (1996) Protein Eng. 9(7) 617-621;, Merchant AM et al.
(1998) Nat. Biotechnol. 16(7): 677-681; and WO 98/050431.

In this method, the interaction surfaces of the two CH3 domains are altered to increase the
heterodimerization of both Fc chains containing these two CH3 domains. One of the two CH3

domains (of the two Fc chains) can be the "knob", while the other is the "hole".

Accordingly, the multispecific (e.g. bispecific) antibodies, of the invention may comprise two
CH3 domains, wherein the first CH3 domain of the first Fc chain and the second CH3 domain of
the second Fc chain each meet at an interface which comprises an original interface between the
antibody CH3 domains, wherein said interface is altered to promote the formation of the

antibody.
In some embodiments:

a) the CH3 domain of one Fc chain is altered, so that within the original interface of the
CH3 domain of the one Fc chain that meets the original interface of the CH3 domain of
the other Fc chain, an amino acid residue is replaced with an amino acid residue having
a larger side chain volume, thereby generating a protuberance within the interface of the
CH3 domain of one Fc chain which is positionable in a cavity within the interface of the
CH3 domain of the other F¢ chain; and

b) the CH3 domain of the other Fc chain is altered, so that within the original interface of
the CH3 domain of the other Fc chain that meets the original interface of the CH3
domain of the one Fc chain, an amino acid residue is replaced with an amino acid
residue having a smaller side chain volume, thereby generating a cavity within the
interface of the CH3 domain of the other Fc chain within which a protuberance within

the interface of the CH3 domain of the one Fc chain is positionable.

Preferably, said amino acid residue having a larger side chain volume is selected from the group
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consisting of arginine (R), phenylalanine (F), tyrosine (Y), tryptophan (W).

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise a
first CH3 domain comprising modification(s) at positions T366, L368 and Y407, e.g. T366S,
L368A, and Y407V (numbered according to EU numbering).

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise a
second CH3 domain comprising a modification at position T366 (“knob modification”), e.g.

T366W (numbered according to EU numbering).

In particularly preferred embodiments, the multispecific (e.g. bispecific) antibodies of the
invention comprise a first CH3 domain comprising the modifications T366S, L368A, and Y407V,
or conservative substitutions thereof, and a second CH3 domain comprising the modification

T366W, or a conservative substitution thereof (numbered according to EU numbering).

In one embodiment, the multispecific (e.g. bispecific) antibodies of the invention comprise a first
CH3 domain comprising the modification set forth in Table 19 and a second CH3 domain

comprising the modifications set forth in Table 19.

Table 19: “Knob-into-holes” modification

First CH3 domain Second CH3 domain
KABAT EU NUMBERING KABAT EU NUMBERING
T389S T366S
L391A L368A T389W T366W
Y438V Y407V

Alternatively, the multispecific (e.g. bispecific) antibodies of the invention may comprise one or
more of the modification(s) set forth in US 9,562,109 and US 9,574,010 (incorporated herein by

reference).

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise a
first CH3 domain comprising one or more modification(s) at positions T350, L351, F405 and/or
Y407 (numbered according to EU numbering), e.g. T350V, L351Y, F405A and/or Y407V. In

some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise a first
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CH3 domain comprising modification(s) at positions T350, L351, F405 and Y407 (numbered
according to EU numbering), e.g. T350V, L351Y, F405A and Y407V.

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise a
second CH3 domain comprising one or more modification(s) at positions T350, T366, K392
and/or T394 (numbered according to EU numbering), e.g. T350V, T366L, K392L and/or T394W.
In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise a
second CH3 domain comprising modification(s) at positions T350, T366, K392 and T394
(numbered according to EU numbering), e.g. T350V, T366L, K392L and T394W.

In preferred embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise
a first CH3 domain comprising one or more modification(s) at positions T350, L351, F405 and/or
Y407 (e.g. T350V, L351Y, F405A and/or Y407V) and a second CH3 domain comprising one or
more modification(s) at positions T350, T366, K392 and/or T394 (e.g. T350V, T366L, K392L
and/or T394W) (numbered according to EU numbering).

In particularly preferred embodiments, the multispecific (e.g. bispecific) antibodies of the
invention comprise a first CH3 domain comprising modifications at positions T350, L351, F405
and Y407 (e.g. T350V, L351Y, F405A and Y407V) and a second CH3 domain comprising
modifications at positions T350, T366, K392 and T394 (e.g. T350V, T366L, K392L and T394W)

(numbered according to EU numbering).

The one or more modification(s) may modify electrostatic charges, hydrophobic/hydrophilic

interactions, and/or steric interference between side chains.

In particularly preferred embodiments, the multispecific (e.g. bispecific) antibodies of the
invention comprise a first CH3 domain comprising the modifications T350V, L351Y, F405A and
Y407V, or conservative substitutions thereof, and a second CH3 domain comprising the
modifications T350V, T366L, K392L and T394W, or conservative substitutions thereof

(numbered according to EU numbering).

In one embodiment, the multispecific (e.g. bispecific) antibodies of the invention comprise a first
CH3 domain comprising the modifications set forth in Table 20 and a second CH3 domain

comprising the modifications set forth in Table 20.
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Table 20: Fc¢ Heterodimerization modifications

First CH3 domain Second CH3 domain
KABAT EU NUMBERING KABAT EU NUMBERING
T371V T350V T371V T350V
L372Y L351Y T389L T366L
F436A F405A K420L K392L
Y438V Y407V T422W T394W

Other techniques for CH3 modifications to enforce heterodimerization are contemplated as
alternatives of the invention and are described e.g. in W096/27011, W098/050431, EP1870459,
WO02007/110205, WO02007/147901, WO02009/089004, WO02010/129304, WO2011/90754,
WO02011/143545, W0O2012/058768, W0O2013/157954, WO2013/157953, and WO2013/096291.

In some embodiments, the bispecific antibody according to the invention is of IgG2 isotype and

the heterodimerization approach described in W02010/129304 can be used.

Other Fc modifications

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention may
comprise an Fc, wherein both CH3 domains are altered by the introduction of cysteine (C) as the
amino acid in the corresponding positions of each CH3 domain such that a disulphide bridge
between both CH3 domains can be formed. The cysteines may be introduced at position 349 in
one of the CH3 domains and at position 354 in the other CH3 domain (numbered according to EU

numbering).

Preferably, the cysteine introduced at position 354 is in the first CH3 domain and the cysteine

introduced at position 349 is in the second CH3 domain (numbered according to EU numbering).

The Fc may comprise modifications, such as D356E, L358M, N384S, K392N, V397M, and
V4221 (numbered according to EU numbering). Preferably, both CH3 domains comprise D356E
and L358M (numbered according to EU numbering).
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Light and heavy chain heterodimerization

In the multispecific (e.g. bispecific) antibodies of the invention, one or more of the
immunoglobulin heavy chains and light chains may comprise one or more modification(s), e.g.
amino acid modifications that are capable of promoting preferential pairing of a specific heavy
chain with a specific light chain when heavy chains and light chains are co-expressed or co-
produced. Such modifications can provide considerably improved production/purification without
changing biological properties such as binding to BCMA. In particular, by introduction of one or
more modification(s) such as amino acid exchanges, light chain mispairing and the formation of
side products in production can be significantly reduced and therefore yield is increased and

purification is facilitated.

The one or more modification(s) may promote preferential heterodimer pairing by introducing
steric hindrance, substitutions of charged amino acids with opposite charges and/or by
hydrophobic or hydrophilic interactions. In preferred embodiments, the one or more
modification(s) promote preferential heterodimer pairing by introducing steric hindrance and

substitution(s) of charged amino acids with opposite charges.

The amino acid exchanges may be substitutions of charged amino acids with opposite charges
(for example in the CH1/CL interface) which reduce light chain mispairing, e.g. Bence-Jones

type side products.

In preferred embodiments, the one or more modification(s) assist light and heavy chain
heterodimerization are amino acid modifications in the light and heavy chains outside of the

CDRs.

The one or more modification(s) may be present in the anti-BCMA antibody or antigen-binding
fragment thereof. Alternatively, the one or more modification(s) may be present in the anti-CD3
antibody or antigen-binding fragment thereof. In preferred embodiments, the one or more

modification(s) are present in the anti-BCMA antibody or antigen-binding fragment thereof.

In some embodiments, the multispecific (e.g. bispecific) antibodies of the invention comprise an
immunoglobulin heavy chain comprising a CHI domain having amino acid modifications
KI147E/D and K2I3E/D (numbered according to EU numbering) and a corresponding
immunoglobulin light chain comprising a CL domain having amino acid modifications

E123K/R/H and Q124K/R/H (numbered according to Kabat). Preferably, the CHl1 domain
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comprises the amino acid modifications K147E and K213E (numbered according to EU
numbering) or conservative substitutions thereof, and the corresponding CL domain comprises
the amino acid modifications E123R and Q124K or conservative substitutions thereof (numbered
according to Kabat). Such multispecific (e.g. bispecific) antibodies can be produced in high yield

5  and can be easily purified.

In one embodiment, the amino acid modifications described in Table 21 can be in the BCMA

antibody or in the CD3 antibody.

In one embodiment, the bispecific antibodies of the invention are bivalent, and comprise one anti-
BCMA antibody or antigen-binding fragment thereof and one anti-CD3 antibody or antigen-
10  binding fragment thereof (the “1+1” format), wherein:

a) the BCMA antibody or antigen-binding fragment thereof (e.g. BCMA Fab) comprises a
CHI1 domain having amino acid modifications set forth in Table 21 and a corresponding
CL domain having the amino acid modifications Table 21; or
b) the CD3 antibody or antigen-binding fragment thereof (e.g. CD3 Fab) comprises a CH1
15 domain having amino acid modifications set forth in Table 21 and a corresponding CL

domain having the amino acid modifications Table 21.

In one embodiment, the bispecific antibodies of the invention are trivalent and comprise two anti-
BCMA antibodies or antigen-binding fragments thereof and one anti-CD3 antibody or antigen-

binding fragment thereof (the “2+1” format), wherein:

20 a) one or both BCMA antibodies or antigen-binding fragments thereof (e.g. BCMA Fabs)
comprises a CH1 domain having amino acid modifications set forth in Table 21 and a
corresponding CL domain having the amino acid modifications Table 21; or

b) the CD3 antibody (e.g. CD3 Fab) comprises a CHI domain having amino acid
modifications set forth in Table 21 and a corresponding CL. domain having the amino acid

25 modifications Table 21.

In particular, each BCMA antibody (e.g. BCMA Fab) may comprise a CHI domain having amino
acid modifications set forth in Table 21 and a corresponding CL domain having the amino acid

modifications Table 21.
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Table 21: Light and heavy chain heterodimerization modifications

CH1 domain CL domain
KABAT EU NUMBERING KABAT EU NUMBERING
K145E KI147E E123R E123R
K221E K213E QI124K QI124K

In a preferred embodiment, the multispecific (e.g. bispecific) antibodies of the invention comprise

the modifications set forth in Table 21 in combination with the modifications set forth in Table

19. Thus, in one embodiment, the bispecific antibodies of the invention are bivalent, and

comprise:

a)

b)

one anti-BCMA antibody or antigen-binding fragment thereof and one anti-CD3
antibody or antigen-binding fragment thereof (the “1+1” format), wherein (i) the
BCMA antibody or antigen-binding fragment thereof (e.g. BCMA Fab) comprises a
CHI1 domain that comprises the amino acid modifications K147E and K213E, and a
corresponding CL domain that comprises the amino acid modifications E123R and
Q124K (i.e. the modifications set forth in Table 21), or (i1) the CD3 antibody or antigen-
binding fragment thereof (e.g. CD3 Fab) comprises a CH1 domain that comprises the
amino acid modifications K147E and K213E, and a corresponding CL domain that
comprises the amino acid modifications E123R and Q124K (i.e. the modifications set
forth in Table 21); and

a first CH3 domain comprising the modifications T366S, L368A, and Y407V, and a
second CH3 domain comprising the modification T366W (i.e. the modifications set

forth in Table 19).

In one embodiment, the bispecific antibodies of the invention are trivalent and comprise:

a)

two anti-BCMA antibodies or antigen-binding fragments thereof and one anti-CD3
antibody or antigen-binding fragment thereof (the “2+1” format), wherein (i) one or
both BCMA antibodies or antigen-binding fragments thereof (e.g. BCMA Fabs)
comprises a CH1 domain that comprises the amino acid modifications K147E and

K213E, and a corresponding CL. domain that comprises the amino acid modifications
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E123R and Q124K (i.e. the modifications set forth in Table 21), or (i1) the CD3
antibody or antigen-binding fragment thereof (e.g. CD3 Fab) comprises a CHI domain
that comprises the amino acid modifications K147E and K213E, and a corresponding
CL domain that comprises the amino acid modifications E123R and Q124K (i.e. the
modifications set forth in Table 21); and

b) a first CH3 domain comprising the modifications T366S, L368A, and Y407V, and a
second CH3 domain comprising the modification T366W (i.e. the modifications set

forth in Table 19).

In particular, each BCMA antibody (e.g. BCMA Fab) may comprise a CHI domain having amino
acid modifications set forth in Table 21 and a corresponding CL domain having the amino acid
modifications Table 21. In preferred embodiments, the first Fc chain is bound at the N-terminus
of the Fc to the C-terminus of the first anti-BCMA antibody, and the second Fc chain is bound at
the N-terminus of the Fc to the C-terminus of the anti-CD3 antibody.

In alternative embodiments, the multispecific (e.g. bispecific), antibodies of the invention
comprise an immunoglobulin heavy chain comprising a CHI domain having amino acid
modifications at one or more of position(s) A141, L145, K147, Q175 (numbered according to EU
numbering) and a corresponding immunoglobulin light chain comprising a CL domain having
amino acid modifications at one or more of position(s) F116, Q124, L135, T178 (numbered
according to Kabat). Preferably, the CH1 domain comprises the amino acid modifications
Al141W, L145E, K147T, Q175E or conservative substitutions thereof (numbered according to EU
numbering), and the corresponding CL domain comprises the amino acid modifications F116A,

Q124R, L135V, T178R or conservative substitutions thereof (numbered according to Kabat).

In one embodiment, the multispecific (e.g. bispecific) antibodies of the invention comprise a CH1
domain having amino acid modifications set forth in Table 22 and a corresponding
immunoglobulin light chain comprising a CL domain having amino acid modifications set forth
in Table 22. In embodiments where the multispecific (e.g. bispecific) antibodies of the invention
comprise an anti-BCMA antibody, or antigen binding fragment thereof of the invention, and an
anti-CD3 antibody, or antigen binding fragment thereof, of the invention, the amino acid

modifications described in Table 22 can be in the BCMA antibody or in the CD3 antibody.

In one embodiment, the bispecific antibodies of the invention are bivalent, and comprise one anti-

BCMA antibody and one anti-CD3 antibody (the “1+1” format), wherein:
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(a) the BCMA antibody (e.g BCMA Fab) comprises a CH1 domain having amino acid
modifications set forth in Table 22 and a corresponding CL domain having the amino acid
modifications Table 22; or

(b) the CD3 antibody (e.g CD3 Fab) comprises a CHl domain having amino acid

5 modifications set forth in Table 22 and a corresponding CL domain having the amino acid

modifications Table 22.

In one embodiment, the bispecific antibodies of the invention are trivalent and comprise two anti-

BCMA antibodies and one anti-CD3 antibody (the “2+1” format), wherein:

(a) one or both BCMA antibodies (e.g. BCMA Fabs) comprises a CHl domain having amino

10 acid modifications set forth in Table 22 and a corresponding CL domain having the amino
acid modifications Table 22; or

(b) the CD3 antibody (e.gc CD3 Fab) comprises a CHl domain having amino acid

modifications set forth in Table 22 and a corresponding CL domain having the amino acid

modifications Table 22.

15  In particularly preferred embodiments, each BCMA antibody (e.g. BCMA Fab) may comprise a
CHI1 domain having amino acid modifications set forth in Table 22 and a corresponding CL

domain having the amino acid modifications Table 22.

Table 22: Light and heavy chain heterodimerization modifications

CH1 domain CL domain
KABAT EU NUMBERING KABAT EU NUMBERING
Al139W Al41W Fl116A Fl116A
LI143E L145E QI24R QI24R
K145T K147T LI35V LI35V
QI79E QI175E T178R T178R

20  In apreferred embodiment, the multispecific (e.g. bispecific) antibodies of the invention comprise
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the amino acid modifications set forth in Table 22 in combination with the amino acid
modifications set forth in Table 20. Thus, in one embodiment, the bispecific antibodies of the

invention are bivalent, and comprise:

(a) one anti-BCMA antibody and one anti-CD3 antibody (the “1+1” format), wherein (1) the
5 BCMA antibody (e.g. BCMA Fab) comprises a CHl domain that comprises the amino
acid modifications A141W, L145E, K147T and Q175E, and a corresponding CL. domain
that comprises the amino acid modifications F116A, Q124R, L135V and T178R (i.e. the
modifications set forth in Table 22), or (i1) the CD3 antibody (e.g. CD3 Fab) comprises a
CHI1 domain that comprises the amino acid modifications A141W, L145E, K147T and
10 Q175E, and a corresponding CL domain that comprises the amino acid modifications
F116A, Q124R, L135V and T178R (i.e. the modifications set forth in Table 22); and
(b) a first CH3 domain comprising the modifications T350V, L351Y, F405A and Y407V,
and a second CH3 domain comprising the modifications T350V, T366L, K392L and
T394W (i.e. the modifications set forth in Table 20).

15 In preferred embodiments, the first Fc chain is bound at the N-terminus of the Fc to the C-
terminus of the anti-BCMA antibody, and the second Fc chain is bound at the N-terminus of the
Fc to the C-terminus of the anti-CD3 antibody.

In one embodiment, the bispecific antibodies of the invention are trivalent and comprise:

(a) two anti-BCMA antibodies and one anti-CD3 antibody (the “2+1” format), wherein (i)
20 one or both BCMA antibodies (e.g BCMA Fabs) comprises a CH1 domain that
comprises the amino acid modifications A141W, L145E, K147T and Q175E, and a
corresponding CL domain that comprises the amino acid modifications F116A, Q124R,
L135V and T178R (i.e. the modifications set forth in Table 22), or (i1) the CD3 antibody
(e.g. CD3 Fab) comprises a CHI domain that comprises the amino acid modifications
25 Al141W, L145E, K147T and Q175E, and a corresponding CL domain that comprises the
amino acid modifications F116A, Q124R, L135V and T178R (i.e. the modifications set
forth in Table 22); and
(b) a first CH3 domain comprising the modifications T350V, L351Y, F405A and Y407V,
and a second CH3 domain comprising the modifications T350V, T366L, K392L and
30 T394W (i.e. the modifications set forth in Table 20).

&3



10

15

20

25

30

WO 2021/222552 PCT/US2021/029877

In particular, each BCMA antibody (e.g BCMA Fab) comprises a CHI domain having amino
acid modifications set forth in Table 22 and a corresponding CL domain having the amino acid
modifications Table 22. In preferred embodiments, the first Fc chain is bound at the N-terminus
of the Fc to the C-terminus of the first anti-BCMA antibody, and the second Fc chain is bound at
the N-terminus of the Fc to the C-terminus of the anti-CD3 antibody.

Alternatively, the CH1 domain may comprise an amino acid modification at position Q175
(numbered according to EU numbering) and the corresponding CL. domain may comprise amino
acid modifications at one or more of position(s) F116, Q124, L135, T178 (numbered according to
Kabat). The CH1 domain may comprise the amino acid modification Q175K (numbered
according to EU numbering), or a conservative substitution thereof, and the corresponding CL
domain may comprise amino acid modifications F116A, Q124R, L135V, T178R (numbered

according to Kabat), or conservative substitutions thereof.

In alternative embodiments, the CH1 domain may comprises an amino acid modification at
position Q175 (numbered according to EU numbering) and the corresponding CL domain may
comprise amino acid modifications at one or more of position(s) Q124, L135, Q160, T180
(numbered according to Kabat). The CH1 domain may comprise the amino acid modification
Q175K (numbered according to EU numbering), or a conservative substitution thereof, and the
corresponding CL domain may comprise the amino acid modifications Q124E, L135W, Q160E

and T180E, or conservative substitutions thereof (numbered according to Kabat).

The multispecific (e.g. bispecific) antibodies of the invention may additionally comprise an
amino acid substitution at position 49 of the VL region selected from the group of amino acids
tyrosine (Y), glutamic acid (E), serine (S), and histidine (H) and/or an amino acid substitution at

position 74 of the VL region that is threonine (T) or alanine (A).

CrossMAb

The multispecific (e.g. bispecific) antibodies of the invention may comprise CrossMAb
technology. CrossMAb technology is based on the crossover of antibody domains in order to
enable correct chain association. It is used to facilitate multispecific antibody formation. There
are three main CrossMAb formats, these are: (i) CrossMAb™ in which the VH and VL are
exchanged and the CHI and CL are exchanged; (ii) CrossMAb"Y""V= in which the VH and VL are
exchanged; and (iii) CrossMAb“™I in which the CH1 and CL are exchanged (Klein C ef al.

(2016) MAbs. 8(6): 1010-1020).
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CrossMAD technology is known in the state of the art. Bispecific antibodies wherein the variable
domains VL and VH or the constant domains CL and CHI are replaced by each other are
described in W02009080251 and W0O2009080252.

In one or more of the antibodies or antigen-binding fragments within the multispecific (e.g.
bispecific) antibodies of the invention, the variable domains VL and VH or the constant domains
CL and CHI1 may be replaced by each other. In some embodiments, the antibodies (e.g.
bispecific) antibodies, of the invention may comprise an exchange of the VH and VL and an
exchange of the CH1 and CL. Thus, the multispecific (e.g. bispecific) antibodies of the invention
may comprise a crossover light chain and a crossover heavy chain. As used herein, a "crossover
light chain" is a light chain that may comprise a VH-CL, a VL-CHI1 or a VH-CHI1. A "crossover
heavy chain" as used herein is a heavy chain that may comprise a VL-CH1, a VH-CL or a VL-
CL.

In some aspects, there is provided a multispecific (e.g. bispecific) antibody comprising an anti-
BCMA antibody of the invention, or an antigen-binding fragment thereof, and an anti-CD3
antibody, or antigen-binding fragment thereof, wherein the multispecific (e.g. bispecific)

antibody comprises:

a) alight chain and a heavy chain of an antibody specifically binding to CD3; and
b) alight chain and heavy chain of an antibody specifically binding to BCMA,

wherein the variable domains VL and VH and/or the constant domains CL and CHI are replaced

by each other in (i) the anti-BCMA antibody; and/or (i) the anti-CD3 antibody.

In some embodiments, the variable domains VL and VH or the constant domains CL and CH1 of
the anti-CD3 antibody or antigen binding fragment thereof are replaced by each other. More
preferably, the variable domains VL and VH of the anti-CD3 antibody or antigen binding

fragment thereof are replaced by each other.

In embodiments in which the bispecific antibodies in the 1+1 format have the format: CD3 Fab -
BCMA Fab (i.e. when no Fc is present); Fc - CD3 Fab - BCMA Fab; Fc- BCMA Fab - CD3 Fab;
or BCMA Fab - Fc - CD3 Fab, the bispecific antibodies may comprise the CrossMAb format, e.g.
CrossMAbL™, CrossMAbYEVE or CrossMAb“™'“t The BCMA Fab may have the CrossMAb
format, e.g. CrossMAb™, CrossMAbYEVL or CrossMAbSH! L Alternatively, the CD3 Fab may
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have the CrossMAb format, e.g. CrossMAb™, CrossMAbYH VL or CrossMAb! L In preferred
embodiments, the CD3 Fab of the bispecific antibody comprises the CrossMAbY"VE format.

It is especially preferred for the bispecific antibodies of the invention having the 2+1 format to
comprise CrossMAb technology. Thus, in embodiments in which the trivalent bispecific
antibodies in the 2+1 format have the format: CD3 Fab - BCMA Fab - BCMA Fab; BCMA Fab -
CD3 Fab - BCMA Fab (i.e. when no Fc is present); BCMA Fab - Fc - CD3 Fab - BCMA Fab;
BCMA Fab - Fc - BCMA Fab - CD3 Fab; or CD3 Fab - Fc - BCMA Fab - BCMA Fab, the
bispecific antibodies may comprise the CrossMAb format, e.g. CrossMAb™, CrossMAbVHVE or
CrossMAb®™L The BCMA Fab may have the CrossMAb format, e.g. CrossMAb™,
CrossMAbYE VL or CrossMAb™H! L Alternatively, the CD3 Fab may have the CrossMAb format,
e.g. CrossMAb™, CrossMAbYEVE or CrossMAb“H! L In preferred embodiments, the CD3 Fab

of the bispecific antibody comprises the CrossMAbY"!"V* format.

In some embodiments, the bispecific antibodies of the invention having the 1+1 format do not
comprise CrossMAD technology, i.e. neither the anti-BCMA antibody nor the anti-CD3 antibody
have the variable domains VL and VH or the constant domains CL and CH1 replaced by each

other.

Exemplary multispecific antibodies
Exemplary embodiments of multispecific antibodies are set out in Figures 1-3 and are described

below.

In one embodiment, the bispecific antibodies according to the invention are bivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, one Fab fragment of an anti-
BCMA antibody and one Fc part according to the format BCMA Fab - Fc - CD3 Fab. The anti-
BCMA Fab fragment comprises the amino acid modifications set forth in Table 21. The anti-
CD3 Fab fragment comprises a light chain and heavy chain, wherein the light chain is a crossover
light chain that comprises a variable domain VH and a constant domain CL, and wherein the
heavy chain is a crossover heavy chain that comprises a variable domain VL and a constant

domain CHI1. This embodiment is illustrated in Figure 1A.

In one embodiment, the bispecific antibodies according to the invention are bivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, one Fab fragment of an anti-

BCMA antibody and one Fc part according to the format BCMA Fab - Fc - CD3 Fab. The anti-
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CD3 Fab fragment comprises (a) a light chain and heavy chain, wherein the light chain is a
crossover light chain that comprises a variable domain VH and a constant domain CL, and
wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and a
constant domain CHI; and also (b) the amino acid modifications set forth in Table 21.  This

embodiment is illustrated in Figure 1B.

In one embodiment, the bispecific antibodies according to the invention are trivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, two Fab fragments of an anti-
BCMA antibody and one Fc part according to the format BCMA Fab - Fc - CD3 Fab - BCMA
Fab. Each anti-BCMA Fab fragment comprises the amino acid modifications set forth in Table
21. The anti-CD3 Fab fragment comprises a light chain and heavy chain, wherein the light chain
is a crossover light chain that comprises a variable domain VH and a constant domain CL, and
wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and a

constant domain CH1. This embodiment is illustrated in Figure 2A.

In one embodiment, the bispecific antibodies according to the invention are trivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, two Fab fragments of an anti-
BCMA antibody and one Fc part according to the format BCMA Fab - Fc - CD3 Fab - BCMA
Fab. The anti-CD3 Fab fragment comprises (a) a light chain and heavy chain, wherein the light
chain is a crossover light chain that comprises a variable domain VH and a constant domain CL,
and wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and
a constant domain CHI; and also (b) the amino acid modifications set forth in Table 21. This

embodiment is illustrated in Figure 2B.

In one embodiment, the bispecific antibodies according to the invention are trivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, two Fab fragments of an anti-
BCMA antibody and one Fc part according to the format BCMA Fab - Fc - BCMA Fab - CD3
Fab. Each anti-BCMA Fab fragment comprises the amino acid modifications set forth in Table
21. The anti-CD3 Fab fragment comprises a light chain and heavy chain, wherein the light chain
is a crossover light chain that comprises a variable domain VH and a constant domain CL, and
wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and a

constant domain CH1. This embodiment is illustrated in Figure 2C.

In one embodiment, the bispecific antibodies according to the invention are trivalent bispecific

antibodies comprising one Fab fragment of an anti-CD3 antibody, two Fab fragments of an anti-
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BCMA antibody and one Fc part according to the format BCMA Fab - Fc - BCMA Fab - CD3
Fab. The anti-CD3 Fab fragment comprises (a) a light chain and heavy chain, wherein the light
chain is a crossover light chain that comprises a variable domain VH and a constant domain CL,
and wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and
a constant domain CHI; and also (b) the amino acid modifications set forth in Table 21. This

embodiment is illustrated in Figure 2D.

In one embodiment, the bispecific antibodies according to the invention are bivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, one Fab fragment of an anti-
BCMA antibody and one Fc part according to the format Fc - CD3 Fab - BCMA Fab. The anti-
BCMA Fab fragment comprises the amino acid modifications set forth in Table 21. The anti-
CD3 Fab fragment comprises a light chain and heavy chain, wherein the light chain is a crossover
light chain that comprises a variable domain VH and a constant domain CL, and wherein the
heavy chain is a crossover heavy chain that comprises a variable domain VL and a constant

domain CH1.This embodiment is illustrated in Figure 3A.

In one embodiment, the bispecific antibodies according to the invention are bivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, one Fab fragment of an anti-
BCMA antibody and one Fc part according to the format Fc - CD3 Fab - BCMA Fab. The anti-
CD3 Fab fragment comprises (a) a light chain and heavy chain, wherein the light chain is a
crossover light chain that comprises a variable domain VH and a constant domain CL, and
wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and a
constant domain CHI1; and also (b) the amino acid modifications set forth in Table 21. This

embodiment is illustrated in Figure 3B.

In one embodiment, the bispecific antibodies according to the invention are bivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, one Fab fragment of an anti-
BCMA antibody and one Fc part according to the format Fc - BCMA Fab - CD3 Fab. The anti-
BCMA Fab fragment comprises the amino acid modifications set forth in Table 21. The anti-
CD3 Fab fragment comprises a light chain and heavy chain, wherein the light chain is a crossover
light chain that comprises a variable domain VH and a constant domain CL, and wherein the
heavy chain is a crossover heavy chain that comprises a variable domain VL and a constant

domain CHI. This embodiment is illustrated in Figure 3C.

In one embodiment, the bispecific antibodies according to the invention are bivalent bispecific
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antibodies comprising one Fab fragment of an anti-CD3 antibody, one Fab fragment of an anti-
BCMA antibody and one Fc part according to the format Fc - BCMA Fab - CD3 Fab. The anti-
CD3 Fab fragment comprises (a) a light chain and heavy chain, wherein the light chain is a
crossover light chain that comprises a variable domain VH and a constant domain CL, and
wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and a
constant domain CHI; and also (b) the amino acid modifications set forth in Table 21. This

embodiment is illustrated in Figure 3D.

In one embodiment, the antibodies illustrated in Figure 2 additionally comprise the modifications

set forth in Table 19.

In one aspect, the bispecific antibodies according to the invention are trivalent bispecific
antibodies comprising one Fab fragment of an anti-CD3 antibody, two Fab fragments of an anti-
BCMA antibody and one Fc part according to the format BCMA Fab - Fc - CD3 Fab - BCMA
Fab. The anti-CD3 Fab fragment comprises a light chain and heavy chain, wherein the light chain
is a crossover light chain that comprises a variable domain VH and a constant domain CL, and
wherein the heavy chain is a crossover heavy chain that comprises a variable domain VL and a
constant domain CH1. Each anti-BCMA Fab fragment comprises a light chain and heavy chain,
wherein the heavy chain comprises a CH1 domain which comprises the amino acid modifications
KI147E and K213E (numbered according to EU numbering) and wherein the light chain
comprises a corresponding CL. domain which comprises the amino acid modifications E123R and
Q124K (numbered according to Kabat) (i.e. the modifications set forth in Table 21). The Fc part
comprises a first Fc chain and a second Fc chain, wherein the first Fc chain comprises a first
constant domain CH2 and a first constant domain CH3, and the second Fc chain comprises a
second constant domain CH2 and a second constant domain CH3. The first Fc chain is bound at
the N-terminus of the F¢ to the C-terminus of the first anti-BCMA Fab, and the second Fc¢ chain
is bound at the N-terminus of the Fc to the C-terminus of the anti-CD3 Fab. The first CH3
domain comprises the modifications T366S, L368A, and Y407V (“hole modifications”) and the
second CH3 domain comprises the modification T366W (“knob modification”) (numbered
according to EU numbering) (i.e. the modifications set forth in Table 19). Additionally, both Fc
chains further comprise the modifications L234A, L.235A and P329G, and optionally D356E and
L358M (numbered according to EU numbering). Optionally, the first CH3 domain further
comprises the amino acid modification S354C, and the second CH3 domain further comprises the

amino acid modification Y349C (numbered according to EU numbering) such that a disulphide
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bridge between both CH3 domains is formed.

Pharmaceutical Compositions

The cytokine inhibitor (e.g. IL-6 inhibitor) for use according to the invention can be administered
to the patient as a pharmaceutical composition. Accordingly, the present invention also provides a
pharmaceutical composition comprising the therapeutically effective dose of the cytokine

inhibitor (e.g. IL-6 inhibitor) of the invention and a pharmaceutically acceptable excipient.

The term “pharmaceutically acceptable” as used herein means approved by a regulatory agency
of the Federal or a state government, or listed in the U.S. Pharmacopeia, European Pharmacopeia

or other generally recognized pharmacopeia for use in animals, and more particularly in humans.

Examples of suitable excipients include one or more of water, saline, phosphate buffered saline,
dextrose, glycerol, ethanol, and the like, as well as any combination thereof. In many cases, it will
be preferable to include isotonic agents, such as sugars, polyalcohols, or sodium chloride in the
composition. In particular, relevant examples of suitable excipients include: (1) Dulbecco's
phosphate buffered saline, pH.about.7.4, containing or not containing about 1 mg/mL to 25
mg/mL human serum albumin, (2) 0.9% saline (0.9% w/v sodium chloride (NaCl)), and (3) 5%
(w/v) dextrose; and may also contain an antioxidant such as tryptamine and a stabilizing agent

such as Tween 20°.

A person skilled in the art would understand that the appropriate choice of excipient or excipients
for use with the therapeutically effective dose of the cytokine inhibitor (e.g. IL-6 inhibitor) of the

invention would depend on the desired properties of the pharmaceutical composition.

The pharmaceutical compositions or the therapeutically effective dose of the cytokine inhibitor
(e.g. IL-6 inhibitor) of the invention can be administered to a patient by any appropriate systemic
or local route of administration. For example, administration may be oral, buccal, sublingual,
ophthalmic, intranasal, intratracheal, pulmonary, topical, transdermal, urogenital, rectal,
subcutaneous, intravenous, intra-arterial, intraperitoneal, intramuscular, intracranial, intrathecal,
epidural, intraventricular or intratumoral. In preferred embodiments, the pharmaceutical

compositions or the cytokine inhibitor (e.g. IL-6 inhibitor) is administered orally.

The cytokine inhibitor (e.g. IL-6 inhibitor) may be administered at a fixed dose. In embodiments

in which the cytokine inhibitor is iberdomide, the cytokine inhibitor is administered at a fixed
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dose of between about 0.03 mg to about 6 mg, between about 0.1 mg to about 4 mg, between
about 0.3 mg to about 2 mg, or between about 1.0 mg to about 1.6 mg, e.g. about 1.0 mg, about
1.3 mg or about 1.6 mg. In some embodiments, Compound 1 is administered at a fixed dose of
between about 0.05 mg to about 5 mg, between about 0.1 mg to about 2 mg, between about 0.2
mg to about 1.6 mg, or between about 0.3 mg to about 1.0 mg, e.g. about 0.3 mg, about 0.6 mg or
about 1.0 mg.

Pharmaceutical compositions of the invention can be formulated for administration by any
appropriate means, for example by epidermal or transdermal patches, ointments, lotions, creams,
or gels; by nebulizers, vaporisers, or inhalers; by injection or infusion; or in the form of capsules,
tablets, liquid solutions or suspensions in water or non-aqueous media, drops, suppositories,
enemas, sprays, or powders. The most suitable route for administration in any given case will
depend on the physical and mental condition of the patient, the nature and severity of the disease,

and the desired properties of the formulation.
In a further aspect, the present invention provides a kit comprising:

a) a BCMA therapeutic agent (e.g. a multispecific antibody which specifically binds to
BCMA and to an antigen that promotes activation of one or more T cells, e.g. 42-TCBcv);
and

b) a pharmaceutical composition comprising Compound 1, wherein Compound 1 is 4-(4-(4-
(((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl )oxy)methyl)benzyl)piperazin-1-yl)-3-
fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an isotopolog

or apharmaceutically acceptable salt thereof.

Combination Therapies

In some embodiments, the treatment comprises the administration of the therapeutically effective
dose of the cytokine inhibitor (e.g. IL-6 inhibitor) of the invention to the patient as a combination
therapy, wherein the combination therapy comprises the administration of the therapeutically
effective dose of the cytokine inhibitor (e.g. IL-6 inhibitor) of the invention and one or more
additional therapeutic agents. The term “combination therapy” is meant to encompass
administration of the selected therapeutic agents to a single patient, and is intended to include
treatments in which the agents are administered by the same or different route of administration

or at the same or different time.
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In some embodiments, the one or more additional therapeutic agents are selected from the group

consisting of’

a) asteroid, e.g. a corticosteroid,;

b) an antagonist of a cytokine receptor or cytokine selected from among GM-CSF, IL-10,
IL-10R, IL-6, IL-6 receptor (IL-6R), IFNy, IFNGR, IL-2, IL-2R/CD25, MCP-1, CCR2,
CCR4, MIPIB, CCRS, TNFalpha, TNFRI, IL-1, IL-IR1 and IL-1Ralpha/IL-lbeta,
wherein the antagonist is selected from an antibody or antigen-binding fragment, a small
molecule, a protein or peptide and a nucleic acid.

c¢) a molecule that decreases the regulatory T cell (Treg) population, e.g.
cyclophosphamide;

d) an antipyretic, analgesics and/or antibiotics; and/or

e) aseizure prophylaxis, e.g. levetiracetam.

As used herein, "corticosteroid" means any naturally occurring or synthetic steroid hormone that
can be derived from cholesterol and is characterized by a hydrogenated
cyclopentanoperhydrophenanthrene ring system. Naturally occurring corticosteroids are generally
produced by the adrenal cortex. Synthetic corticosteroids may be halogenated. Functional groups
required for activity include a double bond at A4, a C3 ketone, and a C20 ketone. Corticosteroids
may have glucocorticoid and/or mineralocorticoid activity. Examples of exemplary
corticosteroids  include prednisolone, methylprednisolone, prednisone, triamcinolone,
betamethasone, budesonide, and dexamethasone. In some embodiments, the corticosteroid is

dexamethasone or methylprednisolone.

The antagonist of a cytokine receptor or cytokine may be selected from tocilizumab, siltuximab,
anakinra, clazakizumab, sarilumab, olokizumab, elsilimomab, ALD518/BMS-945429, sirukumab
(CNTO 136), CPSI-2634, ARGX-109, lenzilumab, FE301 and FM101. In some embodiments,
the antagonist is an anti-IL-6R antibody, e.g. tocilizumab. In some embodiments, the antagonist is
an anti-IL-6 antibody e.g., siltuximab. In some embodiments, the antagonist is an IL-1R1

antagonist, e.g. anakinra.

In preferred embodiments, the one or more additional therapeutic agents comprises tocilizumab.
In alternative preferred embodiments, the one or more additional therapeutic agents comprises
anakinra. In some embodiments, the one or more additional therapeutic agents comprises

tocilizumab and anakinra.
92



10

15

20

25

WO 2021/222552 PCT/US2021/029877

In some embodiments, the present invention provides a method for treating or preventing
cytokine release syndrome (CRS) in a subject, the method comprising administering to the

subject pomalidomide and tocilizumab and/or anakinra.

In some embodiments, the present invention provides a method for treating or preventing
cytokine release syndrome (CRS) in a subject, the method comprising administering to the

subject iberdomide and tocilizumab and/or anakinra.

In some embodiments, the present invention provides a method for treating or preventing
cytokine release syndrome (CRS) in a subject, the method comprising administering to the

subject lenalidomide and tocilizumab and/or anakinra.

In some embodiments, the present invention provides a method for treating or preventing
cytokine release syndrome (CRS) in a subject, the method comprising administering to the

subject avadomide and tocilizumab and/or anakinra.

In some embodiments, the present invention provides a method for treating or preventing
cytokine release syndrome (CRS) in a subject, the method comprising administering to the
subject a therapeutically effective dose of Compound 1 and tocilizumab and/or anakinra, and
wherein ~ Compound 1 is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an enantiomer, a mixture of

enantiomers, a tautomer, an isotopolog or a pharmaceutically acceptable salt thereof.

In preferred embodiments, the one or more additional therapeutic agents comprises
dexamethasone. The cytokine inhibitor (e.g. IL-6 inhibitor) of the invention may be administered
consecutively (before or after) or concurrently with the dexamethasone. In some embodiments, if an
adverse event (e.g. CRS or neutropenia) occurs the treatment may further comprise administering

to the patient dexamethasone.

The dexamethasone may be administered at an amount sufficient to attenuate secretion of
cytokines (e.g. IL-6) induced by a T cell engager described herein. In some embodiments, the
dexamethasone is administered at a dose of about 20 mg to about 40 mg weekly. For example, a
dose of about 40 mg / week dexamethasone may be administered to non-elderly subjects, e.g. up
to and including 75 years old, whereas a dose of about 20 mg / week dexamethasone may be

administered to elderly subjects, e.g. over the age of 75 or subjects that are underweight.
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Preferably, the dexamethasone is administered orally or intravenously. In some embodiments, the
dexamethasone is administered orally with the cytokine inhibitor (e.g. IL-6 inhibitor). In some
embodiments, the dexamethasone is administered intravenously on a day on which the T cell
engager (e.g. BCMA therapeutic agent) is administered. The dexamethasone may be administered
for at least one month following administration of the T cell engager, e.g. for two or preferably

three months following administration of the T cell engager.

In an aspect, the present invention provides a method for treating or preventing cytokine release
syndrome (CRS) in a subject, the method comprising administering to the subject iberdomide and

dexamethasone.

In an aspect, the present invention provides a method for treating or preventing cytokine release
syndrome (CRS) in a subject, the method comprising administering to the subject Compound 1

and dexamethasone.

In an aspect, the present invention provides a method for treating or preventing cytokine release
syndrome (CRS) in a subject, the method comprising administering to the subject pomalidomide

and dexamethasone.

In an aspect, the present invention provides a method for treating or preventing cytokine release
syndrome (CRS) in a subject, the method comprising administering to the subject lenalidomide

and dexamethasone.

In an aspect, the present invention provides a method for treating or preventing cytokine release
syndrome (CRS) in a subject, the method comprising administering to the subject thalidomide

and dexamethasone.

The above embodiments are to be understood as illustrative examples. Further embodiments are
envisaged. It is to be understood that any feature described in relation to any one embodiment
may be used alone, or in combination with other features described, and may also be used in
combination with one or more features of any other of the embodiments, or any combination of
any other of the embodiments. Furthermore, equivalents and modifications not described above
may also be employed without departing from the scope of the invention, which is defined in the

accompanying claims.

In the context of the present invention other examples and variations of the antibodies and
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methods described herein will be apparent to a person of skill in the art. Other examples and

variations are within the scope of the invention, as set out in the appended claims.

All documents cited herein are each entirely incorporated by reference herein, including all data,

tables, figures, and text presented in the cited documents.

Table 23A: Antibody sequences

SEQID .
Name(s) Amino acid sequences
NO:

1 CD3 CDRIH TYAMN

2 CD3 CDR2H RIRSKYNNYATYYADSVKG

3 CD3 CDR3H HGNFGNSYVSWFAY

4 CD3 CDRIL GSSTGAVTTSNYAN

5 CD3 CDR2L GTNKRAP

6 CD3 CDR3L ALWYSNLWV
EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYAMNWVR
QAPGKGLEWVSRIRSKYNNYATYYADSVKGRFTISRDD

7 CD3 VH

SKNTLYLOQMNSLRAEDTAVYYCVRHGNFGNSYVSWFA
YWGQGTLVTVSS

QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWV
8 CD3 VL QEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAALTL
SGAQPEDEAEYYCALWYSNLWVFGGGTKLTVL

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVR
QAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKN

9 83A10 VH
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSS
EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
10 Mab21 VH

QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
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Mab22 VH VSS
Mab42 VH
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQ
11 83A10 VL KPGQAPRLLIY GASSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
Mab21 VL
Mab27 VL EIVLTQSPGTLSLSPGERATLSCRASQSVSEYYLAWYQQ
12 KPGQAPRLLIEHASTRATGIPDRFSGSGSGTDFTLTISRLE
Mab33 VL PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
Mab39 VL
EIVLTQSPGTLSLSPGERATLSCRASQSVSSYYLAWYQQ
13 Mab22 VL KPGQAPRLLISGAGSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
EIVLTQSPGTLSLSPGERATLSCRASQSVSDEYLSWYQQ
14 Mab42 VL KPGQAPRLLIHSASTRATGIPDRFSGSGSGTDFTLAISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIK
15 83A10 CDRIH | SYAMS
16 83A10 CDR2H | AISGSGGSTYYADSVKG
83A10 CDR3H
Mab21 CDR3H
Mab22 CDR3H
17 Mab42 CDR3H | VLGWFDY
Mab27 CDR3H

Mab33 CDR3H

Mab39 CDR3H
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18 83A10 CDRIL | RASQSVSSSYLA
19 83A10 CDR2L | GASSRAT
83A10 CDR3L
Mab21 CDR3L
20 QQYGYPPDFT
Mab22 CDR3L
Mab42 CDR3L
Mab21 CDR1H
21 Mab22 CDRIH | DNAMG
Mab42 CDR1H
Mab21 CDR2H
22 Mab22 CDR2H | AISGPGSSTYYADSVKG
Mab42 CDR2H
23 Mab21 CDRIL | RASQSVSEYYLAW
24 Mab21 CDR2L | EHASTRAT
25 Mab22 CDRIL | RASQSVSSYYLA
26 Mab22 CDR2L | GAGSRAT
27 Mab42 CDRIL | RASQSVSDEYLS
28 Mab42 CDR2L | SASTRAT
29 Mab27 CDRIH | SAPMG
30 Mab27 CDR2H | AISYIGHTYYADSVKG
31 Mab27 CDRIL | RASQSVSEYYLA
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Mab33 CDRIL

Mab39 CDRIL
Mab27 CDR2L
32 Mab33 CDR2L HASTRAT
Mab39 CDR2L
Mab27 CDR3L
33 Mab33 CDR3L QQYGYPPDFT
Mab39 CDR3L
34 Mab33 CDRIH TNAMG
35 Mab33 CDR2H AINRFGGSTYYADSVKG
36 Mab39 CDRIH QNAMG
37 Mab39 CDR2H AISPTGFSTYYADSVKG
EVQLLESGGGLVQPGGSLRLSCAASGFTFSSAPMGWVR
38 Mab27 VH QAPGKGLEWVSAISYIGHTYYADSVKGRFTISRDNSKNT
: LYLOQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVTV
SS
EVQLLESGGGLVQPGGSLRLSCAASGFTFYTNAMGWVR
39 Mab33 VH QAPGKGLEWVSAINRFGGSTYYADSVKGRFTISRDNSK
: NTLYLOMNSLRAEDTAVYYCAKVLGWFDYWGQGTLV
TVSS
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQNAMGWVR
10 Mab39 VH QAPGKGLEWVSAISPTGFSTYYADSVKGRFTISRDNSKN
: TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSS
A 83A10 BCMA CHI ASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPVTVS

WNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQ
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Mab21 BCMA CHI1

Mab22 BCMA CHI1

Mab42 BCMA CHI1

TYICNVNHKPSNTKVDEKVEPKSC

42

83A10 BCMA CL

Mab21 BCMA CL

Mab22 BCMA CL

Mab42 BCMA CL

RTVAAPSVFIFPPSDRKLKSGTASVVCLLNNFYPREAKVY
QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVY ACEVTHQGLSSPVTKSFNRGEC

43

CD3 CHI

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTV
SWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKKVEPKSC

44

CD3 CL

ASVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKV
QWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

45

83A10 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVR
QAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGGGS
QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWV
QEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAALTL
SGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYIC
NVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPP
CRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK

46

83A10 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVR
QAPGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNSKN
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TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCPAP
EAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREP
QVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

47

83A10 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQ
KPGQAPRLLIY GASSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

48

CD3 LC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSTY AMNWVR
QAPGKGLEWVSRIRSKYNNYATYYADSVKGRFTISRDD
SKNTLYLQMNSLRAEDTAVYYCVRHGNFGNSYVSWFA
YWGQGTLVTVSSASVAAPSVFIFPPSDEQLKSGTASVVC
LLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDST
YSLSSTLTLSKADYEKHKVY ACEVTHQGLSSPVTKSFNR
GEC

49

Mab21 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGGGS
QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWV
QEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAALTL
SGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYIC
NVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW

100




WO 2021/222552

PCT/US2021/029877

YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPP
CRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK

50

Mab21 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCPAP
EAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREP
QVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

51

Mab21 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSEYYLAWYQQ

KPGQAPRLLIEHASTRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI

FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

52

Mab22 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGGGS
QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWV
QEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAALTL
SGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYIC
NVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
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YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPP
CRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK

53

Mab22 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCPAP
EAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREP
QVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

54

Mab22 LC

EIVLTQSPGTLSLSPGERATLSCRASQSVSSYYLAWYQQ

KPGQAPRLLISGAGSRATGIPDRFSGSGSGTDFTLTISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

55

Mab42 knob HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDGGGGSGGGGS
QAVVTQEPSLTVSPGGTVTLTCGSSTGAVTTSNYANWV
QEKPGQAFRGLIGGTNKRAPGTPARFSGSLLGGKAALTL
SGAQPEDEAEYYCALWYSNLWVFGGGTKLTVLSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNS
GALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYIC
NVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
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YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALGAPIEKTISKAKGQPREPQVYTLPP
CRDELTKNQVSLWCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK

56

Mab42 hole HC

EVQLLESGGGLVQPGGSLRLSCAASGFTFSDNAMGWVR
QAPGKGLEWVSAISGPGSSTYYADSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCAKVLGWFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVEDYFPEPV
TVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL
GTQTYICNVNHKPSNTKVDEKVEPKSCDKTHTCPPCPAP
EAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTV
LHQDWLNGKEYKCKVSNKALGAPIEKTISKAKGQPREP
QVCTLPPSRDELTKNQVSLSCAVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLVSKLTVDKSRWQQGNVF
SCSVMHEALHNHYTQKSLSLSPGK

EIVLTQSPGTLSLSPGERATLSCRASQSVSDEYLSWYQQ
KPGQAPRLLIHSASTRATGIPDRFSGSGSGTDFTLAISRLE
PEDFAVYYCQQYGYPPDFTFGQGTKVEIKRTVAAPSVFI

57 Mab42 LC
FPPSDRKLKSGTASVVCLLNNFYPREAKVQWKVDNALQ
SGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC
83A10 CDRIL
58 (alternative to SEQ | RASQSVSSSYLAW
ID NO: 18)
83A10 CDR2L
59 (alternative to SEQ | YGASSRAT
ID NO: 19)
Mab22 CDRIL
60 (alternative to SEQ | RASQSVSSYYLAW
ID NO: 25)
61 Mab22 CDR2L | SGAGSRAT
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(alternative to SEQ
ID NO: 26)

62

Mab42 CDRIL
(alternative to SEQ
ID NO: 27)

RASQSVSDEYLSW

63

Mab42 CDR2L
(alternative to SEQ
ID NO: 28)

HSASTRAT

64

CI1D5.3
CDRIH

DYSIN

65

CI1D5.3
CDR2H

WINTETREPAYAYDFRG

66

CI1D5.3
CDR3H

DYSYAMDY

67

CI1D5.3
CDRI L1

RASESVSVIGAHLIH

68

CI1D5.3
CDR2 L1

LASNLET

69

CI1D5.3
CDR3 L1

LQSRIFPRT

70

CI1D5.3
CDRI L2

RASESVDNYGFSFMH

71

CI1D5.3
CDR2 L2

RASNLES

72

CI1D5.3
CDR3 L2

QQSNKDPRT

73

CI1D5.3
CDRI L3

RASESVTILGSHLIH

104




WO 2021/222552

PCT/US2021/029877

CI1D5.3

74 CDR2 13 LASNVQT
C11D5.3
75 CDR3 L3 LQSRTIPRT
QIQLVQSGPELKKPGETVKISCKASGYTFTDYSINWVKR
- Cl1D5.3 APGKGLKWMGWINTETREPAY AYDFRGRFAFSLETSAS
VH TAYLQINNLKYEDTATYFCALDYSYAMDYWGQGTSVT
VSS
C11D5.3 DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIHWY
77 VLI QQKPGQPPTLLIQLASNVQTGVPARFSGSGSRTDFTLTID
PVEEDDVAVYYCLQSRTIPRTFGGGTKLEIK
C11D5.3 DIVLTQSPASLAVSLGQRATISCRASESVDNY GFSFMHW
78 - YQQKPGQPPKLLIYRASNLESGIPARFSGSGSRTDFALTI
NPVETDDVATYYCQQSNKDPRTFGGGTKLEIK
C11D5.3 DIVLTQSPASLAMSLGKRATISCRASESVSVIGAHLIHWY
79 - QQKPGQPPKLLIYLASNLETGVPARFSGSGSGTDFTLTID
PVEEDDVAIYSCLQSRIFPRTFGGGTKLEIK
QIQLVQSGPDLKKPGETVKLSCKASGYTFTNFGMNWVK
%0 A7TDI12.2 QAPGKGFKWMAWINTYTGESYFADDFKGRFAFSVETSA
VH TTAYLQINNLKTEDTATYFCARGEIYYGYDGGFAYWGQ
GTLVTVSA
ATD12.2 DVVMTQSHRFMSTSVGDRVSITCRASQDVNTAVSWYQ
81 VL QKPGQSPKLLIFSASYRYTGVPDRFTGSGSGADFTLTISS
VQAEDLAVYYCQQHYSTPWTFGGGTKLDIK
QIQLVQSGPELKKPGETVKISCKASGYTFRHY SMNWVK
o C12A322 QAPGKGLKWMGRINTESGVPIY ADDFKGRFAFSVETSA
VH STAYLVINNLKDEDTASYFCSNDYLYSLDFWGQGTALT
VSS
C12A32.2 DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIYWY
83 VL QQKPGQPPTLLIQLASNVQTGVPARFSGSGSRTDFTLTID
PVEEDDVAVYYCLQSRTIPRTFGGGTKLEIK
QIQLVQSGPELKKPGETVKISCKASGYTFTHY SMNWVK
" C13F12.1 QAPGKGLKWMGRINTETGEPLYADDFKGRFAFSLETSA
VH STAYLVINNLKNEDTATFFCSNDYLYSCDYWGQGTTLT

VSS
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CI3F12.1 DIVLTQSPPSLAMSLGKRATISCRASESVTILGSHLIYWY
85 QQKPGQPPTLLIQLASNVQTGVPARFSGSGSRTDFTLTID

VL

PVEEDDVAVYYCLQSRTIPRTFGGGTKLEIK

Remarks: SEQ ID NO:20 and SEQ ID NO:33 are identical; SEQ ID NO: 83 and SEQ ID NO: 85

are 1dentical.

Table 23B: Anti-BCMA sequences (short list)

SEQ ID NO:
CD3 antibody| VH | VL | CDRIH | CDR2H | CDR3H | CDRIL | CDR2L | CDR3L
7 | 8 1 2 3 4 5 6
BCMA
VH | VL | CDRIH| CDR2H | CDR3H | CDRIL | CDR2L | CDR3L
antibody
83A10 o | 11 15 16 17 18 19 20
Mab21 10 | 12 21 22 17 23 24 20
Mab22 10 | 13 21 22 17 25 26 20
Mab42 10 | 14 21 22 17 27 28 20
Mab27 38 | 12 29 30 17 31 32 33
Mab33 39 | 12 34 35 17 31 32 33
Mab39 40 | 12 36 37 17 31 32 33
ClIDS3A | 76 | 77 64 65 66 67 68 69
CIID33B | 76 | 78 64 65 66 70 71 72
CIID33C | 76 | 79 64 65 66 73 74 75
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Table 24A: Additional constructs
SEQ ID NO:
Fragment/Construct 83A10 Mab21 Mab22 Mab42
BCMA CHI 41 41 41 41
BCMA CL 42 42 42 42
CD3 CHI 43 43 43 43
CD3 CL 44 44 44 44
Table 24B: Additional constructs
SEQ ID NO:
Construct 83A10 | Mab21 | Mab22 | Mab42
BCMA VH_CHlcv x CD3 VL_CHI Fc knob LALA
PG (knob H_C) - 45 49 52 55
BCMAcv HC hole LALA PG (hole HC) 46 50 53 56
BCMAcv hum IgGl LC (BCMA LC) 47 51 54 57
CD3 VH_CL (CD3 LC) 48 48 48 48

EXAMPLES

Example 1: Treatment with lenalidomide, pomalidomide, iberdomide or Compound 1

reduces IL-6 secretion from isolated monocytes

Peripheral blood mononuclear cells (PBMCs) were isolated from the blood of four healthy human

donors by Ficoll cell separation, and then monocytes were isolated from these PBMCs by

negative selection. The enriched monocytes were seeded at a concentration of 1x10° cells/ml and

incubated overnight (~17 hours) with 1000 nM lenalidomide, 100 nM pomalidomide, 10 nM
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iberdomide or 1 nM Compound 1, or control DMSO (0.001%), before stimulation with various

concentrations of LPS for IL-6 secretion.

After 4 hours, the cell culture was spun down at 300g for 5 minutes to remove cells, and the

supernatant was subjected to Meso Scale Discovery (MSD) analysis to quantify secreted IL-6.

The data shows that LPS-induced IL-6 secretion from monocytes is diminished by pre-treatment

with lenalidomide, pomalidomide, iberdomide or Compound 1 (see FIG. 4).

Example 2: IL-6 secretion from monocytes is reduced by Compound 1 at a range of

concentrations

Monocytes from two healthy human donors were isolated as in Example 1. Here isolated
monocytes (1x10° cells/ml) were treated with various concentrations of Compound 1 (1 nM, 10
nM, or 100 nM), or control DMSO (0.001%), overnight (~17 hours) before stimulation with

various concentrations of LPS.

After 4 hours, Sug/ml of nigericin was added to activate the inflammasome for 1 hour,

supernatants were harvested, and MSD analysis was performed to quantify secreted IL-6.

The data shows that LPS-induced IL-6 secretion from monocytes is diminished by pre-treatment

with 1 nM, 10 nM or 100 nM Compound 1 (see FIG. 5).

Example 3: Treatment with lenalidomide, pomalidomide, iberdomide or Compound 1

reduces IL-6 secretion from isolated macrophages

Peripheral blood mononuclear cells (PBMCs) were isolated from the blood of two healthy human
donors by Ficoll cell separation, and then monocytes were isolated from these PBMCs by positive
selection using MACS C14 magnetic microbeads. The isolated monocytes were seeded at a
concentration of 3x10° cells/ml and incubated for 4 days with RPMI 1640 media containing M-
CSF (50ng/mL) (50% media replaced after 2 days) to obtain naive macrophages (MO). At the end
of day 4, the macrophages were incubated overnight (~17 hours) with 1000 nM lenalidomide,
100 nM pomalidomide, 10 nM iberdomide or 1 nM Compound 1, or control DMSO (0.001%),

before stimulation with various concentrations of LPS for IL-6 secretion.

After 6 hours, the cell culture was spun down at 300g for 5 minutes to remove cells, and the

supernatant was subjected to MSD analysis to quantify secreted IL-6.
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The data shows that LPS-induced IL-6 secretion from macrophages is diminished by pre-

treatment with lenalidomide, pomalidomide, iberdomide or Compound 1 (see FIG. 6).

Example 4: Treatment with certain IMiD compounds reduces LPS-induced secretion of

proinflammatory cytokines.

Peripheral blood mononuclear cells (PBMCs) were isolated from the blood of healthy human
donors by Ficoll cell separation. The PBMCs were seeded at a concentration of 2x10° cells/ml
and treated for 1 hour at 37°C with various concentrations of IMiD compounds or control DMSO

(0.25%), before stimulation with 1 ng/ml LPS for 18 hours at 37°C.

Supernatant samples were subjected to multiplex cytokine analysis (Luminex IS100 instrument)
to quantify secreted levels of IL-6, IL-8, IL1-beta (IL-1B), GM-CSF, MDC, MIP-1alpha (MIP-
la), MIP-1beta (MIP-1f) and TNF-alpha (TNF-a) (see e.g. FIG. 7A-C).

IC50 (half maximal inhibitory concentration) values were calculated to measure the potency of

each IMiD compound in inhibiting LPS-stimulated secretion of each cytokine (see Table 25).

The data shows that LPS-induced secretion of proinflammatory cytokines from PBMCs is
inhibited by pre-treatment with pomalidomide, lenalidomide, avadomide, iberdomide, Compound
A or Compound B. Compounds A and B are IMiD compounds and regioisomers with the

following structure:

Thalidomide had minimal to no effect on IL-6, IL-8, IL-1B, GM-CSF, MDC, MIP-1a, MIP-1j
and TNF-a secretion. In contrast, the thalidomide derivatives inhibited secretion of IL-6, IL-8,

IL-1B, GM-CSF, MDC, MIP-1a and TNF-o with varied potencies.
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Table 25: Summary of cytokine inhibitory profile of IMiD compounds

ICS50 (uM) of cytokine production in LPS-stimulated PBMC

IMiD

GM- MIP- | MIP-1p
IL-6 IL-8 IL-1p MDC TNF-a
CSF la
Thalidomide >10 >10 >10 >10 >10 >10 >10 >10
Pomalidomide | 0.059 29 0.047 1.5 0.031 0.23 >10 0.033
Lenalidomide 1.2 >10 0.39 >10 0.19 >10 >10 0.22
Avadomide 0.060 >10 0.054 0.95 0.062 0.30 >10 0.034

Iberdomide 0.0038 | >10 | 0.00046 | 0.0022 |0.0021 | 0.028 >10 0.00059

Compound A 0.01 >10 | 0.00085 | 0.0092 |[0.0026| 0.19 >10 0.0018

Compound B 0.083 >10 0.0062 0.039 0.012 0.45 >10 0.0095

Example S: IMiD/CELMoD-mediated suppression of LPS-induced IL-6, TNF-alpha and
IL1-beta from PBMCs.

Fresh peripheral blood mononuclear cells (PBMCs) were isolated from the blood (buffy coat) of
healthy human volunteers by Ficoll based cell separation. The isolated PBMCs were seeded at a
concentration of 1x10° cells/ml and treated with 1000 nM lenalidomide, 100 nM pomalidomide,
10 nM iberdomide, 1 nM Compound 1 (CC-92480) or control DMSO, overnight (~17 hours). The
next morning, the PBMCs were stimulated with various concentrations of LPS

(Lipopolysaccharides from Escherichia coli O111:B4).

After 24 hours, the cell culture media was collected from the control and stimulated cells, spun
down at 300g for 5 minutes to remove cells and the supernatant was subjected to cytokine
analysis to quantify secreted levels of IL-6, TNF-alpha (TNF-a) and IL1-beta (IL-1B) using an
MSD assay (see e.g. FIG. 8A-C).
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The data shows that pre-treatment with lenalidomide, pomalidomide, iberdomide or Compound 1
reduces LPS-induced secretion of IL-6, TNF-a and IL-1B from PBMCs. Accordingly, pre-
treatment with IMiDs/CELMoDs may be used as a single agent to target all three cytokines,
rather than separate agents that each target a single cytokine, which is the current standard of care

to manage CRS.

Example 6: IMiD/CELMoD mediated suppression of CC-93269-induced IL-6 from PBMCs
with BCMA expressing target cells

Fresh PBMCs were isolated from the blood (buffy coat) of healthy human volunteers by Ficoll
based cell separation. The percentage of CD3+ T-cells (total) in the PBMCs was quantified by
flow cytometry. The isolated PBMCs were seeded in 12-well plates at a concentration of 1.5x10°
cells/ml and treated with 1 nM Compound 1 (CC-92480), 1000 nM lenalidomide, 100 nM
pomalidomide, 10 nM iberdomide, or control DMSO overnight (~17 hours).

After overnight incubation, target K562-BCMA cells (overexpress surface BCMA at a very high
level) or control K562-MCB cells (no BCMA expression) were added to the wells at a ratio of
5:1, T-cells to target cells. KS62-BCMA and K562-MCB are an isogenic pair that are derived
from a chronic myelogenous leukemia (CML) cell line. CC-93269 was added to the co-culture at
various concentrations and incubated. CC-93269 is an anti-BCMA anti-CD3 bispecific T cell-

engaging antibody and is also referred to herein as 42-TCBcv.

At 6, 24 and 48 hours post-incubation, the cell culture media was collected from all samples, spun
down at 300g for 5 minutes to remove cells and the supernatant was subjected to cytokine

analysis to quantify secreted levels of IL-6 using an MSD assay.

FIG. 9A and B show data for Compound 1 pre-treatment of K562-BCMA and K562-MCB co-
cultures, respectively. IL-6 levels in the K562-BCMA co-culture is associated with CC-93269
binding to BCMA and CD3 and subsequent T-cell activation, while background IL-6 levels are
shown in the K562-MCB co-culture.

FIG. 10A shows the IL-6 levels at 24 hours for a K562-BCMA sample where PBMCs from an
independent healthy donor were pre-treated with Compound 1 or control DMSO, and CC-93269

concentrations up to 10,000 ng/mL. The linear range of this in vitro system is lost at around 100
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ng/mL CC-93269, but the data shows that even beyond the dynamic range, IL-6 secretion is
suppressed at CC-93269 concentrations up to 10,000 ng/ml.

Independent data for PBMCs from 15 healthy donors was also collected. The PBMCs were pre-
treated with Compound 1 or DMSO (control), and target cells (K562-BCMA) and CC-93269
added, as described above. FIG. 10B shows the IL-6 levels at 24 hours for the PBMCs pre-treated
with Compound 1 normalized relative to the control treatment, with the control set at 100%.
Overall, a median reduction of about two-fold in IL-6 levels was observed at 10 ng/ml CC-93269
across all donors tested. The circles indicate independent donors and the bars indicate median
values; not all donors are shown because a data cut-off for the bottom ~10% of IL-6
concentrations, below 200 pg/ml, was used to eliminate small changes that could skew the result

and to increase confidence in results.

FIG. 11 shows the IL-6 levels at 24 hours in a co-culture of target K562-BCMA cells and PBMCs
from one donor, pre-treated with 1000 nM lenalidomide, 100 nM pomalidomide, 10 nM
iberdomide, 1 nM Compound 1 (CC-92480), or control DMSO. A reduction of CC-93269-
mediated IL-6 secretion was also observed for lenalidomide, pomalidomide and iberdomide pre-
treatment of PBMCs from two more healthy donors. The data shows that pre-treatment of a co-
culture of PBMCs and BCMA-expressing cells (K562-BCMA) with Compound 1, lenalidomide,
pomalidomide or iberdomide leads to diminished/attenuated secretion of IL-6 associated with

CC-93269 activity.

Notably, TNF-alpha, IFN-gamma and IL-2, critical cytokines related to T-cell lytic activity and
immune activation, were also assessed in this in vifro model. Levels of TNF-alpha, IFN-gamma
and IL-2 were quantified in the supernatant at 6, 24 and 48 hours post-incubation using the MSD
assay, as for IL-6. FIG 12A-B shows that pre-treatment with Compound 1 (CC-92480)
potentiates CC-93269-induced TNF-alpha and IL-2 secretion from PBMCs with K562 target cells
at 24 hours. IFN-gamma was not impacted by pre-treatment with the IMiD/CELMoDs (data not

shown).
Example 7: Compound 1 (CC-92480)-mediated suppression of CC-93269-induced IL1-beta
from PBMCs with BCMA expressing target cells

Fresh PBMCs were isolated from the blood (buffy coat) of healthy human volunteers by Ficoll
based cell separation. The percentage of CD3+ T-cells (total) in the PBMCs was quantified by
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flow cytometry. The isolated PBMCs were seeded in 12 well plates at a concentration of 1.5x10°
cells/ml and treated with 1 nM Compound 1 (CC-92480) or control DMSO overnight (~17
hours). After overnight incubation, target K562-BCMA cells were added to the wells at a ratio of
5:1, T-cells to target cells, followed by incubation with CC-93269 at various concentrations.
K562-BCMA is a chronic myelogenous leukemia (CML) cell line which overexpress surface

BCMA at a very high level.

At 6, 24 and 48 hours post-incubation, the cell culture media was collected from all samples, spun
down at 300g for 5 minutes to remove cells and the supernatant was subjected to cytokine

analysis to quantify secreted levels of IL1-beta using an MSD assay.

FIG. 13A shows that pre-treatment of a co-culture of PBMCs and BCMA-expressing cells
(K562-BCMA) with Compound 1 leads to diminished/attenuated secretion of IL1-beta associated
with CC-93269 activity (i.e. binding to BCMA and CD3 and subsequent T-cell activation).
Taking into account data from the preceding examples, other IMIDs/CELMoDs such as

lenalidomide, pomalidomide and iberdomide are expected to perform similar to Compound 1.

Independent data for PBMCs collected from 15 healthy donors was also collected. The PBMCs
were pre-treated with Compound 1 or DMSO (control), and target cells (K562-BCMA) and CC-
93269 added, as described above. FIG 13B shows the IL1-beta levels at 24 hours for the PBMCs
pre-treated with Compound 1 normalized relative to the control treatment, with the control set at
100%. Overall, there is a median ten-fold reduction in IL1-beta levels at 10 ng/ml CC-93269

across all donors tested.

Example 8: Compound 1 (CC-92480)-mediated suppression of CC-93269-induced IL-6
from PBMCs with multiple myeloma cells

Fresh PBMCs were isolated from the blood (buffy coat) of human volunteers by Ficoll based cell
separation. The percentage of CD3+ T-cells (total) in the PBMCs was quantified by flow
cytometry. The isolated PBMCs were seeded in 12 well plates at a concentration of 1.5x10°
cells/ml and treated with 1 nM Compound 1 (CC-92480) or control DMSO overnight (~17
hours). After overnight incubation, the cells were washed to remove CC-92480, before target
H929 cells were added to the wells at a ratio of 5:1, T-cells to target cells. H929 is a multiple
myeloma cell line which expresses moderate levels of BCMA (four-fold lower than K562-

BCMA).
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The co-culture was then incubated with CC-93269 at various concentrations. At 6, 24 and 48
hours post-incubation, the cell culture media was collected from all samples, spun down at 300g
for 5 minutes to remove cells and the supernatant was subjected to cytokine analysis to quantify
secreted levels of IL-6 using an MSD assay. FIG. 14A-B show data from two independent
healthy donors.

The data shows that pre-treatment a co-culture of PBMCs and multiple myeloma cells with
Compound 1 leads to diminished/attenuated secretion of IL-6 associated with CC-93269 activity
(i.e. binding to BCMA and CD3 and subsequent T-cell activation). Taking into account data from
other examples, other IMIDs/CELMoDs such as lenalidomide, pomalidomide and iberdomide are

expected to perform similar to Compound 1.

Example 9: IMiDs/CELMoDs enhance CC-93269-mediated T cell Killing of MM cells in

vitro

To evaluate the effects of Cereblon modulating (CM) agents on T-cell function after chronic
stimulation (1.e. mimicking T cell exhaustion), CD3+ enriched healthy donor T-cells were
stimulated with anti-CD3/CD28 in the presence of DMSO (control), 100 nM pomalidomide, 10
nM iberdomide (CC-220) or 1 nM Compound 1 (CC-92480) for 7 days. Prolonged and repetitive

anti-CD3/CD28 stimulation of T-cells results in functional T-cell exhaustion in vitro.

The chronically stimulated T-cells were then used in CC-93269 mediated cytotoxicity assays with
NCI-H929 or OPM-2 multiple myeloma (MM) target cells. The T-cells were washed to remove
compounds, and mixed with fluorescently labelled MM cell lines (NCI-H929, OPM-2) at
optimized effector-to-target (E:T) ratios (1:2 or 1:4) in the presence of fixed concentrations of
CC-93269 (47 pM). Freshly thawed T-cells (i.e. non-exhausted T-cells) from the same donor
were used as control effector cells. In this experimental cytotoxicity assay setup, the number of
target cells was continuously monitored using the IncuCyte® S3 Live-Cell Analysis System for a
minimum of 10 days. Cell culture supernatants were taken from wells from subsequent CC-93269
mediated cytotoxicity assays at 3 days after mixing with MM target cells. CD3+ T cells from 2 or
3 independent healthy donors were tested for each MM cell line.

The results observed with both NCI-H929 (FIG 15A) and OPM-2 cells (FIG 15B) as MM target
cells suggest that the tested CM agents (pomalidomide, iberdomide or CC-92480) had beneficial

effects on the cytolytic function of T-cells in the context of bispecific antibody-directed target
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cell killing. T cells that had undergone chronic stimulation in the presence of DMSO (control)
showed a delayed loss of bispecific antibody-induced cytolytic activity (i.e. functional T cell
exhaustion), with regrowth of MM target cells over time. In contrast, T-cells that had undergone
chronic stimulation in the presence of CM agents maintained CC-93269-induced cytolytic
activity, comparable to the activity mediated by freshly thawed T-cells. Thus, T-cell exhaustion
by chronic anti-CD3/CD28 stimulation was prevented by exposure to CM agents, resulting in

preservation of cytolytic activity of effector cells in subsequent CC-93269 assays.
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Claims

1. A cytokine inhibitor for use in a method of treating or preventing a cytokine-related
adverse event or disease in a subject, wherein the cytokine inhibitor is pomalidomide, iberdomide,
lenalidomide, avadomide or Compound 1, and wherein Compound 1 is 4-(4-(4-(((2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)oxy)methyl)benzyl ))piperazin-1-yl)-3-
fluorobenzonitrile, or an enantiomer, a mixture of enantiomers, a tautomer, an isotopolog, or a

pharmaceutically acceptable salt thereof.

2. The cytokine inhibitor for use according to claim 1, wherein the cytokine-related

adverse event or disease is cytokine release syndrome (CRS).

3. The cytokine inhibitor for use according to claim 1 or 2, wherein the subject has

received or will receive a therapeutic agent that has caused or is likely to cause CRS.

4. The cytokine inhibitor for use according to claim 3, wherein the therapeutic agent is

directed to BCMA (“BCMA therapeutic agent”).

5. The cytokine inhibitor for use according to claim 1, wherein the cytokine-related
adverse event or disease is Coronavirus disease 2019 (COVID-19) or cytokine-mediated

neurotoxicity.

6. A BCMA therapeutic agent for use in a method of treating a disorder associated with
BCMA expression in a subject, wherein the method comprises:
a) administering to the subject the BCMA therapeutic agent, wherein the administering is
likely to cause or has caused CRS in the subject; and
b) administering to the subject a cytokine inhibitor at a dose to prevent or reduce the
development of CRS in the subject, wherein the cytokine inhibitor is pomalidomide,
iberdomide, lenalidomide, avadomide or Compound 1, and wherein Compound 1 is 4-
(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an enantiomer, a mixture

of enantiomers, a tautomer, an isotopolog or a pharmaceutically acceptable salt thereof.
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7. A BCMA therapeutic agent for use in a method of treating a disorder associated with

BCMA expression in a subject, wherein the method comprises:

a) administering to the subject a cytokine inhibitor (¢.g. IL-6 inhibitor), wherein the cytokine
inhibitor (¢.g. IL-6 inhibitor) is pomalidomide, iberdomide, lenalidomide, avadomide or
Compound 1, and wherein Compound 1 is 4-(4-(4-(((2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-4-yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an
enantiomer, a mixture of enantiomers, a tautomer, an isotopolog or a pharmaceutically
acceptable salt thereof, and

b) following administration of the cytokine inhibitor, administering to the subject the BCMA

therapeutic agent, wherein the administering is likely to cause CRS in the subject.

8. The BCMA therapeutic agent for use according to claim 7, wherein the cytokine inhibitor
(e.g. IL-6 inhibitor) is administered as a first dose about 7 days before the BCMA therapeutic agent.

9. A BCMA therapeutic agent for use in a method of treating a disorder associated with

BCMA expression in a subject, wherein the method comprises:

a) administering to the subject the BCMA therapeutic agent, wherein the administering is
likely to cause or has caused CRS in the subject; and

b) following administration of the BCMA therapeutic agent, administering to the subject a
cytokine inhibitor (e.g. IL-6 inhibitor), wherein the cytokine inhibitor (e.g. IL-6 inhibitor)
is pomalidomide, iberdomide, lenalidomide, avadomide or Compound 1, and wherein
Compound 1 is 4-(4-(4-(((2+(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)oxy)methyl)benzyl)piperazin-1-yl)-3-fluorobenzonitrile, or an enantiomer, a mixture

of enantiomers, a tautomer, an isotopolog or a pharmaceutically acceptable salt thereof.

10. The BCMA therapeutic agent for use according to claim 9, wherein the BCMA therapeutic

agent is administered as a first dose about 7 days before the cytokine inhibitor.

11. The BCMA therapeutic agent for use according to any one of claims 6 to 10, wherein
the disorder associated with BCMA expression in a subject is: multiple myeloma, optionally
wherein the multiple myeloma is high-risk multiple myeloma or relapsed and refractory multiple
myeloma; chronic lymphocytic leukemia; or a non-Hodgkins lymphoma, optionally wherein the

non-Hodgkin’s lymphoma is Burkitt’s lymphoma, chronic lymphocytic leukemia/small
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lymphocytic lymphoma (CLL/SLL), diffuse large B cell lymphoma, follicular lymphoma,
immunoblastic large cell lymphoma, precursor B-lymphoblastic lymphoma, or mantle cell

lymphoma.

12. The cytokine inhibitor for use according to claim 3 or 4, or the BCMA therapeutic
agent for use according to any one of claims 6 to 11, wherein the therapeutic agent that has

caused or is likely to cause CRS or the BCMA therapeutic agent is a T cell engager.

13. The cytokine inhibitor for use according to claim 12, or the BCMA therapeutic agent
for use according to claim 12, wherein the T cell engager is a multispecific antibody which
specifically binds to a cancer antigen (e.g. BCMA) and to an antigen that promotes activation of
one or more T cells, optionally wherein the antigen that promotes activation of one or more T
cells is selected from the group consisting of CD3, TCRa, TCRp, TCRy, TCR(, ICOS, CD28,
CD27, HVEM, LIGHT, CD40, 4-1BB, OX40, DR3, GITR, CD30, TIM1, SLAM, CD2, or

CD226, preferably wherein the antigen that promotes activation of one or more T cells is CD3.

14. The cytokine inhibitor for use according to claim 13, or the BCMA therapeutic agent
for use according to claim 13, wherein the multispecific antibody is a bispecific antibody,
optionally wherein the bispecific antibody comprises two Fab fragments of an anti-BCMA
antibody, one Fab fragment of an anti-CD3 antibody, and one Fc portion and the bispecific
antibody is in the format BCMA Fab - Fc - CD3 Fab - BCMA Fab.

15. The cytokine inhibitor for use according to claim 12, or the BCMA therapeutic agent
for use according to claim 12, wherein the T cell engager is a chimeric antigen receptor (CAR)
directed to a cancer antigen (e.g. BCMA), or a T cell expressing at least one CAR directed to a
cancer antigen (e.g. BCMA).

16. The cytokine inhibitor for use according to claim 4 or any one of claims 12 to 14
when dependent on claim 4, or the BCMA therapeutic agent for use according to any one of
claims 6 to 15, wherein the BCMA therapeutic agent comprises a CDR1H, CDR2H, CDR3H,
CDRIL, CDR2L, and CDR3L region combination selected from:
a) CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:27, CDR2L region of SEQ ID NO:28,
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and CDR3L region of SEQ ID NO:20, optionally wherein the BCMA therapeutic agent
comprises a VH of SEQ ID NO: 10 and a VL of SEQ ID NO: 14;

b) CDRIH region of SEQ ID NO:21, CDR2H region of SEQ ID NO:22, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:25, CDR2L region of SEQ ID NO:26,
and CDR3L region of SEQ ID NO:20, optionally wherein the BCMA therapeutic agent
comprises a VH of SEQ ID NO: 10 and a VL of SEQ ID NO: 13; and

c) CDRIH region of SEQ ID NO:15, CDR2H region of SEQ ID NO:16, CDR3H region of
SEQ ID NO:17, CDRIL region of SEQ ID NO:18, CDR2L region of SEQ ID NO:19,
and CDR3L region of SEQ ID NO:20, optionally wherein the BCMA therapeutic agent
comprises a VH of SEQ ID NO: 9 and a VL of SEQ ID NO: 11.

17. The cytokine inhibitor for use according to claim 13 or 14, or the BCMA therapeutic
agent for use according to claim 13 or 14, wherein the multispecific antibody comprises a heavy
and light chain set of the polypeptides set forth in SEQ ID NO:48, SEQ ID NO:55, SEQ ID
NO:56, and two copies of SEQ ID NO:57.

18. The cytokine inhibitor for use according to claim 4 or any one of claims 12 to 15 when
dependent on claim 4, or the BCMA therapeutic agent for use according to any one of claims 6
to 15, wherein the BCMA therapeutic agent comprises a VH comprising a CDR1H of SEQ ID
NO:64, a CDR2H of SEQ ID NO:65 a CDR3H of SEQ ID NO:66, and a VL comprising a
CDRIL, a CDR2L and a CDR3L set of sequences selected from:
a) CDRIL of SEQ ID NO:67, CDR2L of SEQ ID NO:68, and CDR3L of SEQ ID NO:69,
optionally wherein the BCMA therapeutic agent comprises a VH of SEQ ID NO:76 and
a VL of SEQ ID NO:77;
b) CDRIL of SEQ ID NO:70, CDR2L of SEQ ID NO:71, and CDR3L of SEQ ID NO:72,
optionally wherein the BCMA therapeutic agent comprises a VH of SEQ ID NO:76 and
a VL of SEQ ID NO:78; or
c) CDRIL of SEQ ID NO:73, CDR2L of SEQ ID NO:74, and CDR3L of SEQ ID NO:75
optionally wherein the BCMA therapeutic agent comprises a VH of SEQ ID NO:76 and
a VL of SEQ ID NO:79.

19. The cytokine inhibitor for use according to any one of claims 3, 4, or 12 to 18, or the

BCMA therapeutic agent for use according to any one of claims 6 to 18, wherein:
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(a) the cytokine inhibitor is administered before (e.g. within 12 or 24 hours before)
administration of the therapeutic agent (e.g. BCMA therapeutic agent);

(b) the cytokine inhibitor 1s administered on the same day as administration of the
therapeutic agent (e.g. BCMA therapeutic agent);

(c) the cytokine inhibitor is administered after (e.g. within 12 or 24 hours after)
administration of the therapeutic agent (e.g. BCMA therapeutic agent); or

(d) the cytokine inhibitor is administered within 12 hours after diagnosis of CRS.

20. The cytokine inhibitor or the BCMA therapeutic agent for use according to any one of

the preceding claims, wherein the cytokine inhibitor is a proinflammatory cytokine inhibitor.

21. The cytokine inhibitor or the BCMA therapeutic agent for use according to any one of

the preceding claims, wherein the cytokine-related adverse event or disease is not breast cancer.

120



WO 2021/222552 PCT/US2021/029877

1/16

Fig. 1




WO 2021/222552 PCT/US2021/029877

2/16

Fig. 2




WO 2021/222552 PCT/US2021/029877

3/16

Fig. 3




WO 2021/222552 PCT/US2021/029877

4/16
Fig. 4
LPS induced IL6 - Monocytes - Donor 1
800
DMSO
Lenalidomide 1000 nM
600- Pomalidomide 100 nM
© Iberdomide 10 nM
= Compound-11 nM
I= 400
=2
o
200-
0

1 ng/mi 10 ng/ml 100 ng/ml

No LPS LPS LPS LPS

LPS induced IL6 - Monocytes - Donor 2
500~

mm DMSO
== | enalidomide 1000 nM
400+ B Pomalidomide 100 nM
© Iberdomide 10 nM
=1 300 E=8 Compound-1 1 nM
=
S 200
o
100
0_

1 ng/ml 10 ng/ml 100 ng/mi

No LPS LPS LPS LPS



WO 2021/222552 PCT/US2021/029877

5/16

Fig. 4 (continued)

LPS induced IL6 - Monocytes - Donor 3
800~

mm DMSO
== | enalidomide 1000 nM
600- B2 Pomalidomide 100 nM
© Iberdomide 10 nM
- E== Compound-11nM
E 400-
D
o
200-
0_

1 ng/ml 10 ng/ml 100 ng/mi

NoLPS LPS LPS LPS

LPS induced IL6 from Monocytes - Donor 4

2000+
DMSO
Lenalidomide 1000 nM
1500 Pomalidomide 100 nM
© Iberdomide 10 nM
=|I Compound-1 1 nM
E 1000-
>
Qo
500
0

1 ng/ml 10 ng/ml 100 ng/mi

No LPS LPS LPS LPS



WO 2021/222552 PCT/US2021/029877

6/16
Fig. 5
LPS induced IL6 - Monocytes - Donor 5
300-
DMSO
Compound-1 1 nM
Compound-1 10 nM
3 200+ 2 Compound-1 100 nM
E
m v,
2 100 %
e g
17
07
0 L ] 1 ] 1 :E:E: L ]
No LPS 100 ng/ml LPS 10 ng/ml LPS 1 ng/m LPS
LPS induced IL6 - Monocytes - Donor 6
1000-
mm DMSO
=2 Compound-11 nM
800- BE=®m Compound-1 10 nM
© Compound-1 100 nM
=1 600
[
S 400-
o
200
0

NoLPS 100 ng/ml LPS 10 ng/ml LPS 1 ng/mi LPS



WO 2021/222552 PCT/US2021/029877

7116

Fig. 6

LPS induced IL6 from macrophages - Donor 7

1500 DMSO

Lenalidomide 1000 nM
Pomalidomide 100 nM

«© 1000- Iberdomide 10 nM

= Compound-1 1 nM

£

o

o 500

0

1 ng/ml 10 ng/ml 100 ng/mi

No LPS LPS LPS LPS

LPS induced IL6 from macrophages - Donor 8

1500
mm DMSO
=% Lenalidomide 1000 nM
B Pomalidomide 100 nM
© 1000 Iberdomide 10 nM
- Compound-1 1 nM
E w
o) =y
S 500+ 7
] g
=07
= /
i %
- %
c Tulm 7}

1 ng/ml 10 ng/ml 100 ng/ml

No LPS LPS LPS LPS



PCT/US2021/029877

WO 2021/222552

8/16

Fig. 7

<

Hog b}

Thalidomide

g 8]

-6

-

SR = B )
o
4 oth .
o Li
: v B B
v g
i 7o e o v

% o4 v Y

k-

Yoty Gl

{uh}

P
Dttt G A
Z

¥
Y
\
3
S

B

Y

R

.rm..n.....u".u....ﬁ-d
2

{uogryu %)
HOB2R Gl SUeIAs

5o {ubl

#

domide

Lenali

>0
>0

MIP
& MIFD

B
&
.
*
S

fuomarig %}
HONN Y SO

RN

ide

dom

Pomal

S, " *, :
\&%/A\ i

® MiPda 843

H

.,

&1

",
=,
Dot}
e,
Z

,
Yuorerered
4

481

{501

-t

S50 88

EEBBEERE "

(oI %}
BORINPOLd saelss

tuMg}



WO 2021/222552 PCT/US2021/029877

9/16
Fig. 8
A X
LPS induced IL-6 from PBMC
8000 -
B DMSO
6000 - 8 Lenalidomide 1000 niM
3 § . sy Pomalidomide 100 nM
= N ,
£ 40004.......... A § § iberdomide 10 nht
g i S CC-92480 1 nM
2000~ N
10 ngfml 100 ng/mi 1000 ng/ml
NalPS i pg LPS LPS
B :
LPS induced TNF-o from PBMC
1500 mE DMSO
s Lenalidomide 1000 nM
o ¥ Pomalidomide 100 nM
% 1000 - % |berdomide 10 nM
= NN CC-92480 1 nM
£
S 5004
o,
0_
18 ng/mi 100 ng/mi 1000 ng/mi
NOLPS ™ pg LPS LPS
LPS induced IL-1j from PBMC
600
B DMSO
@ Lenalidomide 1000 nM
< 400 -
3 &% Pomalidomide 100 nivi
% {berdomide 10 nM
B 200- S| CC-92480 1 nM
0_ -

10 ng/mt 180 ng/mi 1000 ng/mi
No LPS LPS LPS LeS



WO 2021/222552 PCT/US2021/029877

10/16
Fig. 9
A
Co-culture (CC-93269+K-562-BCMA
target cell+PBMC) mediated IL-6
4000-
#E CC-93269 (1 ng/ml)
3000 _— CC93269 (1 ng/ml)
? "+ CC-92480 (1 nM)
E 2000
D
Q.
1000
0_
I i I i A
6 hours 24 hours 48 hours
B
Co-culture (CC-93269+K-562-MCB
target cell+PBMC) mediated IL-6
4000-
i CC-93269 (100 ng/ml)
3000— s ©C93269 (100 ng/ml)
© T+ CC-92480 (1 nM)
E 2000
D
Q.
1000

) 1 ) 1 |—|
6 hours 24 hours 48 hours




WO 2021/222552

Fig. 10

800+

600 -

pg/ml iL-6

200 =

150+

100+

504

% relative to DMSO

400+

PCT/US2021/029877
11/16
Co-culture (CC-93269+K-562-BCMA
target cell+PBMC) mediated IL-6
- DMSO

-u- CC-92480 1 nM

T T 1
1000 10000 100000

T
1 10 100
CC-93269 {ng/mL)

Co-culture (CC-93269+K-562-BCMA
target celi+PBMC) mediated IL-6

&
—— & . .
e . @
L ]
ﬁ-v,s___‘ .
L ] ¢ g
*e oo

T T T T
Control 1 ng/imi 10 ng/ml 100 ngiml
CC-83269 {(ng/mL)



WO 2021/222552

12/16

Fig. 11

pg/ml IL-6

500

400

300

200

100

IL-6

FEBEER e h e

)
S
Il
1

0 ng/ml 1 ng/ml 10 ng/ml 100 ng/ml

CC-93269 {ng/mL)

PCT/US2021/029877

e CC-93269

s CC-93269 + Lenalidomide 1000 nM
W CC-93269 + Pomalidomide 100 nM
88 (CC-932689 + Iberdomide 10 nM
| CC-93269 + CC-92480 1 nM




WO 2021/222552

PCT/US2021/029877
13/16
Fig. 12
A
Co-culture (CC-93269+K-562-BCMA
target cell+PBMC) mediated TNF-o
3000 g CC-93269 (1 ng/ml)
, CC93269 (1 ng/ml)
1 cC-92480 (1 nM)
,j-f 2000-
Z
|_
E ULOQ— - . .......ectt
S 1000
0_
6 hours 24 hours 48 hours
B
Co-culture (CC-93269+K-562-BCMA
target cell+PBMC) mediated IL-2
2000 g CC-93269 (1 ng/ml)
T ..., CC93269 (1 ng/ml)
1500 7 # 1 CC-92480 (1 nM)
N\
=
E 1000+
D ;
Q A V,fj:::j
500- B
0_

6 hours 24 hours 48 hours



WO 2021/222552

Fig. 13

A

pg/ml IL-13

% relative to DMSO

14/16

Co-culture (CC-93269+K-562-BCMA
target cell+PBMC) mediated IL-13

250
200 T
150
100
50—
od e — o B =
[ | | | —

6 hours 24 hours 48 hours
Co-culture (CC-93269+K-562-BCMA
target cell+PBMC) mediated {L.-1§

150 -
100 - PR n
at »
50
[
0- e v L

I | I I
Control 1 ng/ml 10 ng/mi 100 ng/ml
CC-93269 {(ng/mlL}

PCT/US2021/029877

CC-93269 1 ng/ml

CC93269 1 ng/ml
+ CC-92480 1 nM



WO 2021/222552 PCT/US2021/029877

15/16

Fig. 14

A

Co-culture {CC-93269+H929 target cell
+Donor A PBMC) mediated IL-6

200
e CC-H83268
150 - s CCO3269 + CC-82480
{
=t
E 100+
&
o
50+
9_ \\\\\
— — —
0 ng/mi 1 ng/mi 10 ngfmi

B
Co-culture {CC-93269+H929 target cell
+Donor B PBMC) mediated IL-6
500~
i CC-93269
400+ o ww CCY3269 + CC-92480
@ .
=4 300 %@:
z .
3, 200 PR
o, .' 3
100- -
T %“
od e BRoass BB L
: | : | —

G ng/mi 1 ng/ml 10 ngimi



PCT/US2021/029877

WO 2021/222552

16/16

Fig. 15

“§ &@

o {or) pnes 1129 2 Nd0

%
#
L2
#
¥

ﬁ\\\\\\\\\\\\\\\\\\\\\\\\ e&a
< w Sﬁwguwmu mmwx MQW %



INTERNATIONAL SEARCH REPORT

International application No

ADD.

PCT/US2021/029877
A. CLASSIFICATION OF SUBJECT MATTER
INV. AB1K31/454  A6LK31/4545 AB1K31/496  A61K31/517  A61K31/5377
A61K45/06 A61P35/02 A61P37/02 CO7K16/28

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

A6lK CO7K A61P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, CHEM ABS Data, EMBASE, EMBL, FSTA, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

after CAR-T Cell Therapy",

figure 1

Cytokine Profile for Cytokine Release
Syndrome in Multiple Myeloma Patients

61ST ANNUAL MEETING OF THE AMERICAN
SOCIETY OF HEMATOLOGY, ASH 2019,
1 November 2019 (2019-11-01), XP055729711,

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2019/164891 Al (CELGENE CORP [US]) 6,7,
29 August 2019 (2019-08-29) 11-14,

16-21

[0007], [0057], [0130]

X US 2019/008852 Al (ALEXANDER MATTHEW D 6,11,12,
[US] ET AL) 10 January 20619 (2019-01-10) 15,21
[0230]; [0285]

Y SHUANGSHUANG YANG: "Dynamic Analysis of 1-21

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannotbe
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 July 2021

Date of mailing of the international search report

14/07/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Borst, Markus

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2021/029877

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

CHI ZHANG ET AL: "Cytokine release
syndrome in severe COVID-19: interleukin-6
receptor antagonist tocilizumab may be the
key to reduce mortality",

INTERNATIONAL JOURNAL OF ANTIMICROBIAL
AGENTS,

vol. 55, no. 5, 29 March 2020 (2020-03-29)
, page 105954, XP055716202,

AMSTERDAM, NL

ISSN: 0924-8579, DOI:
10.1016/j.1jantimicag.2020.105954
abstract

QING YE ET AL: "The pathogenesis and
treatment of the “Cytokine Storm' in
CoviD-19",

JOURNAL OF INFECTION.,

vol. 80, no. 6, 10 April 2020 (2020-04-10)
, pages 607-613, XP055695752,

GB

ISSN: 0163-4453, DOI:
10.1016/j.jinf.2020.03.037

abstract

WO 20147039960 Al (CELGENE CORP [US])

13 March 2014 (2014-03-13)

table 1

Anonymous: "History of Changes for Study:
NCT04361643 Low-dose Lenalidomide for
Non-severe COVID-19 Treatment Trial
(GETAFE)",

24 April 2020 (2020-04-24), pages 1-3,
XP055729696,

Retrieved from the Internet:
URL:https://clinicaltrials.gov/ct2/history
/NCT04361643?V_2=View#StudyPageTop
[retrieved on 2020-09-10]

Section entitled "Study Description"

1-21

1-21

1-21

1-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2021/029877

Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex C/ST.25 text file (Rule 13fer.1(a)).

D oh paper or in the form of an image file (Rule 13#er.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2021/029877
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2019164891 Al 29-08-2019 AR 115257 Al 16-12-2020
AU 2019223076 Al 08-10-2020
BR 112020017053 A2 15-12-2020
CA 3092037 Al 29-08-2019
CN 112272675 A 26-01-2021
EA 202091974 Al 08-12-2020
EP 3755718 Al 30-12-2020
JP 2021514193 A 10-06-2021
KR 20200123155 A 28-10-2020
SG 112020074955 A 29-09-2020
TW 202000701 A 01-01-2020
US 2020399386 Al 24-12-2020
WO 2019164891 Al 29-08-2019

US 2019008852 Al 10-01-2019 AU 2018301335 Al 30-01-2020
BR 112020000442 A2 21-07-2020
CA 3069138 Al 17-01-2019
CL 2020000060 Al 31-07-2020
CN 110869021 A 06-03-2020
CO0 2020000193 A2 24-04-2020
EC  SP20001149 A 28-02-2020
EP 3651766 Al 20-05-2020
JP 2020526534 A 31-08-2020
KR 20200026980 A 11-03-2020
SG 11202000143P A 27-02-2020
W 201907923 A 01-03-2019
US 2019008852 Al 10-01-2019
US 2019282567 Al 19-09-2019
US 2020253964 Al 13-08-2020
WO 2019014100 Al 17-01-2019

WO 2014039960 Al 13-03-2014 AU 2013312188 Al 26-03-2015
BR 112015005243 A2 04-07-2017
CA 2884103 Al 13-03-2014
CN 104797256 A 22-07-2015
EA 201590535 Al 30-07-2015
EP 2892537 Al 15-07-2015
JP 6306592 B2 04-04-2018
JP 2015527404 A 17-09-2015
KR 20150054962 A 20-05-2015
NI 201500032 A 21-09-2015
PH 12015500513 Al 27-04-2015
SG 11201501653R A 29-04-2015
US 2015224104 Al 13-08-2015
WO 2014039960 Al 13-03-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - wo-search-report
	Page 139 - wo-search-report
	Page 140 - wo-search-report
	Page 141 - wo-search-report

