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FORMULATIONS OF ANTI-CD38 ANTIBODIES FOR SUBCUTANEOUS
ADMINISTRATION

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application Serial No.
62/944,082, filed December 5, 2019, the entire disclosure of which is hereby incorporated

herein by reference.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on December 4, 2020, is named 712533 _SA9-295PC_ST25.txt and is
9,675 bytes in size.

FIELD OF THE INVENTION
The present disclosure concerns formulations of antibodies useful in the treatment of
disease. More specifically, it relates to formulations of anti-CD38 antibodies suitable for
use in subcutaneous administration for treating cancers, including multiple myeloma, as

well as other diseases and conditions in which CD38" cells play a role.

BACKGROUND

CD38 is a 45 kDa type 11 transmembrane glycoprotein with a long C-terminal
extracellular domain and a short N-terminal cytoplasmic domain. The CD38 protein is a
bifunctional ectoenzyme that can catalyze the conversion of NAD" into cyclic ADP-ribose
(cADPR) and also hydrolyze cADPR into ADP-ribose.

CD38 is upregulated in many hematological malignancies and in cell lines derived
from various hematological malignancies. Furthermore, most primitive pluripotent stem
cells of the hematological system are CD38". CD38 expression in hematological
malignancies and its correlation with disease progression in chronic lymphocytic leukemia
(CLL) makes CD38 an attractive target for antibody therapy.

CD38" cells are also reported to be associated with various other diseases and
conditions, including many autoimmune diseases such as rheumatoid arthritis and lupus
erythematosus, and lipopolysaccharide (LPS)- or sepsis-induced acute kidney injury (Shu B
et al., Cell Signal (2018) 42: 249-58).
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Anti-CD38 antibodies, which specifically recognize CD38, have been previously
described, for example in the international patent application WO2006/099875. However,
these antibodies fail to induce apoptosis when used as a single agent and incubated with
CD38" expressing cells.

Monoclonal anti-CD38 antibodies have been described in international patent
application W02008/047242.

The use of these specific anti-CD38 antibodies in combination with cytotoxic
agents, such as cytarabine, vincristine, cyclophosphamide and melphalan, has been reported
in international patent applications W0O2010/061357, W0O2010/061358, W0O2010/061359,
and W0O2010/061360.

International patent applications W02015/066450, W0O2012/076663, and
WO02014/089416, W02014/159911, also describe the use of the humanized version of
38SB19 (also known as SAR650984 or Isatuximab). A phase 3 clinical trial
(NCT02990338) of isatuximab in combination with pomalidomide and dexamethasone for
the treatment of patients with relapsed/refractory multiple myeloma recently met its

primary endpoint, prolonged progression-free survival.

SUMMARY OF THE INVENTION

An aspect of the present disclosure relates to formulations of an anti-CD38 antibody
suitable for subcutaneous administration to a subject. Advantageously, the formulations
disclosed herein are suitable for subcutaneous administration, either by injection or
infusion, including large-volume subcutaneous infusion. The formulations can be used in
the treatment of a disease or condition characterized by CD38-expressing cells. Such
diseases and conditions include, without limitation, CD38 expressing solid tumors, such as
prostate cancer, various hematological malignancies, such as non-Hodgkin’s lymphoma
(NHL), multiple myeloma (MM), acute myeloid leukemia (AML), acute lymphoblastic
leukemia (B-cell ALL) and/or chronic lymphocytic leukemia (CLL). Such diseases and
conditions further include, without limitation, autoimmune diseases including rheumatoid
arthritis and systemic lupus erythematosus, and lipopolysaccharide (LPS)- or sepsis-
induced acute kidney injury.

In certain embodiments, the present disclosure relates to a formulation of an anti-
CD38 antibody comprising a high concentration of the antibody, a pH of 5.9-7.0, and a

viscosity of at most 25 mPa-s at 20°C.
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In certain embodiments, the present disclosure relates to a formulation comprising at
least 100 mg/mL of an anti-CD38 antibody, a viscosity reducing agent, a stabilizer, a
buffering agent, and a surfactant, wherein the formulation has a pH of 5.9 -7.0 and a
viscosity of at most 25 mPa-s at 20°C.

An aspect of the present disclosure relates to a formulation comprising at least 100
mg/mL of an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR2-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises a viscosity reducing agent, a stabilizer, a buffering agent,
and a surfactant, and

the formulation has a pH of 5.9 -7.0 and a viscosity of at most 25 mPa-s at 20°C.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl.

In certain embodiments, the surfactant is Poloxamer 188.

In certain embodiments, the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the buffering agent is histidine.

In certain embodiments, the buffering agent is 9 mM histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac.

In certain embodiments, the surfactant is Polysorbate §0.

In certain embodiments, the surfactant is 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody.

In certain embodiments, the stabilizer is sucrose.

In certain embodiments, the stabilizer is 2% (W/v) sucrose.

In certain embodiments, the pH is 5.9-7.0.

In certain embodiments, the pH is 5.9-6.5.
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An aspect of the present disclosure relates to a formulation comprising 140 mg/mL
of an anti-CD38 antibody, wherein the anti-CD38 antibody comprises a variable heavy
region (VH) comprising three complementarity determining regions (CDRs) CDR-H1,
CDR-H2, and CDR-H3 comprising the amino acid sequences set forth in SEQ ID NOs: 1-3,
respectively, and a variable light region (VL) comprising three CDRs CDR-L1, CDR-L2,
and CDR-L3 comprising the amino acid sequences set forth in SEQ ID NOs: 4-6,
respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and wherein

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C.

An aspect of the present disclosure relates to a formulation comprising 140 mg/mL
of an anti-CD38 antibody, wherein the anti-CD38 antibody comprises a variable heavy
region (VH) comprising three complementarity determining regions (CDRs) CDR-HI1,
CDR-H2, and CDR-H3 comprising the amino acid sequences set forth in SEQ ID NOs: 1-3,
respectively, and a variable light region (VL) comprising three CDRs CDR-L1, CDR-L2,
and CDR-L3 comprising the amino acid sequences set forth in SEQ ID NOs: 4-6,
respectively,

the formulation comprises 125 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v)
Polysorbate 80, and

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C.

In certain embodiments, the formulation is suitable for subcutaneous administration
by either injection or infusion including large volume sub-cutaneous infusion.

In certain embodiments, VH of the anti-CD38 antibody comprises the amino acid
sequence set forth in SEQ ID NO: 7, and the VL of the anti-CD38 antibody comprises the
amino acid sequence set forth in SEQ ID NO: 8.

In certain embodiments, the anti-CD38 antibody is isatuximab.

An aspect of the present disclosure relates to a packaged pharmaceutical product
comprising a sterile container comprising a therapeutically effective amount of a
formulation of the present disclosure.

An aspect of the present disclosure relates to a device comprising a therapeutically
effective amount of a formulation of the present disclosure.

In certain embodiments, the device can be, for example, a syringe, a syringe driver,

and an infusion pump comprising the formulation.
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In certain embodiments, the syringe is a pre-filled syringe.

An aspect of the present disclosure is a method of treating a disease or condition
characterized by presence or activity of CD38" cells, comprising administering to a subject
in need thereof an effective amount of a formulation of the disclosure, wherein the
formulation is administered subcutaneously.

In certain embodiments, the disease or condition characterized by the presence or
activity of CD38" cells is a CD38" hematological malignancy.

In certain embodiments, the disease or condition characterized by the presence or
activity of CD38" cells is an autoimmune or inflammatory disease or condition.

An aspect of the present disclosure is a method of treating a CD38* hematological
malignancy, comprising administering to a subject in need thereof an effective amount of a
formulation of the present disclosure, wherein the formulation is administered
subcutaneously.

An aspect of the present disclosure is a method of treating a CD38* hematological
malignancy, comprising administering to a subject in need thereof an effective amount of a
formulation of an anti-CD38 antibody comprising at least 100 mg/mL of an anti-CD38
antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises a viscosity reducing agent, a stabilizer, a buffering agent,
and a surfactant, and

the formulation has a pH of 5.5-7.0 and a viscosity of at most 25 mPa-'s at 20°C,
wherein the formulation is administered subcutaneously.

An aspect of the present disclosure is a method of treating a CD38* hematological
malignancy, comprising administering to a subject in need thereof an effective amount of a
formulation of an anti-CD38 comprising 140 mg/mL of an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3

comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
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variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and wherein

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C,
wherein the formulation is administered subcutaneously.

In certain embodiments, the method comprises administering to the subject in need
thereof an effective amount of a formulation comprising 140 mg/mL of an anti-CD38
antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and wherein

the formulation has a pH of 6.3 and a viscosity of at most 14 mPa-s at 20°C,
wherein the formulation is administered subcutaneously.

In certain embodiments, the formulation is administered by subcutaneous infusion.

In certain embodiments, the formulation is administered by subcutaneous infusion.

In certain embodiments, the subcutaneous infusion is a large-volume subcutaneous
infusion, e.g., from > 2 mL to 30 mL.

In certain embodiments, the method of treating a CD38" hematological malignancy
further comprises administering to the subject one or more additional agents suitable for
treating a C38" hematological cancer. In some embodiments, the other agent is, for
example, a corticosteroid (e.g., dexamethasone), a chemotherapy drug, a proteasome
inhibitor, an immunomodulatory drug, or a combination thereof.

In certain embodiments, the chemotherapy drug is, for example, cytarabine,
daunorubicin, daunomycin, doxorubicin, hposomal doxorubicin, idarubicin, mitoxantrone,
gemtuzumab, clofarabine, cladribine, hydroxyurea, etoposide, amsacrine, a FLT3-inhibitor
such as gilteritinib, 5-azacytidine, decitabine, melphalan, cyclophospbamide, or vineristine,

or combinations thereof,
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In certain embodiments, the immunomodulatory drug is, for example, thalidomide,
lenalidomide, or pomalidomide, or combinations thereof.

In certain embodiments, the proteasome inhibitor is, for example, ixazomib,
carfilzomib, or bortezomib, or combinations thereof.

In certain embodiments, the method of treating a CD38" hematological malignancy
comprises administering to the subject isatuximab formulated for subcutaneous
administration as defined herein, and two or more additional agents from different classes
of compounds, such as, for example, an immunomodulatory drug or a proteasome inhibitor.

In certain embodiments, the CD38* hematological malignancy is multiple myeloma.
In certain embodiments, the multiple myeloma is relapsed/refractory multiple myeloma. In
some embodiments, the patient has received at least two previous therapies for multiple
myeloma including lenalidomide and a proteasome inhibitor, and had demonstrated disease

progression on last therapy or after completion of the last therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a series of graphs depicting the number of sub-visible particles > 10 um
and > 25 pm after thermal stress (upper panels) and shaking stress (lower panels) of
isatuximab in the indicated buffer systems. 2w 40°C, two weeks at 40 °C; 4w 40 °C, 4
weeks at 40 °C; Cit, citrate buffer; His, histidine buffer; Pho, phosphate buffer; Ace, acetate
buffer.

Figure 2 is a graph depicting the percentage of soluble aggregates (high molecular
weight aggregates (HMWs) as measured using size exclusion chromatography (SE-HPLC))
upon thermal stress at 40 °C. 2w 40°C, two weeks at 40 °C; 4w 40 °C, 4 weeks at 40 °C;
Cit, citrate buffer; His, histidine buffer; Pho, phosphate buffer; Ace, acetate buffer.

Figure 3 is a graph depicting the percentage of soluble aggregates (high molecular
weight aggregates (HMWs)) as measured using size exclusion chromatography (SE-HPLC)
upon thermal stress at 40 °C in histidine buffers with indicated values of pH and
concentration. 1M 40°C, one month at 40 °C.

Figure 4 is a graph depicting the percentage acidic forms of isatuximab as measured
using weak cationic exchange analysis upon shaking stress at 40 °C in histidine buffers with
indicated values of pH and concentration. 1M 40°C, one month at 40 °C.

Figure 5 is a graph depicting viscosity of 200 mg/mL isatuximab in Arginine-CI pH

6.0 at the indicated concentrations.
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Figure 6A is a graph depicting viscosity of 150 mg/mL isatuximab over a range of
concentrations of Arginine-HCI buffer, pH 6.3. Inset shows detail at higher concentrations
of Arginine-HCI.

Figure 6B is a graph depicting viscosity of 180 mg/mL isatuximab over a range of
concentrations of Arginine-HCI buffer, pH 6.3. Inset shows detail at higher concentrations
of Arginine-HCI.

Figure 7A is a graph depicting viscosity of 150 mg/mL isatuximab over a range of
pH in 150 mM Arginine-HCI buffer.

Figure 7B is a graph depicting viscosity of 150 mg/mL isatuximab over a range of
pH in 200 mM Arginine-HCI buffer.

Figure 8 is a graph depicting viscosity plotted as a function of mAb concentration,
at pH 5.5, 5.9, 6.2 and 7.0 (T = 20°C). Fit: Mooney-based equation.

Figure 9 is a graph depicting viscosity plotted as a function of pH, at mAb
concentrations 126, 140, 147 and 154 g/L (T =20°C).

Figure 10 is a graph depicting viscosity plotted as a function of temperature, at
mAb concentrations 126, 143, and 154 g/L (pH = 6.2).

Figure 11 is a graph depicting viscosity plotted as a function of temperature, at
mADb concentrations 142, and 152 g/L (pH = 5.9).

Figure 12 is a graph depicting viscosity plotted as a function of arginine
concentration, at mAb concentration 140 g/L (pH = 6.2, T =20°C).

Figure 13 is a graph depicting relative monomer content detected using HP-SEC
analysis of isatuximab in Formulations F4-1 to F4-16 (Run 1 — Run 16, respectively, n=2,
mean); TO: no treatment, T-mech: Mechanical stress, T-5xFT: 5 Freeze/Thaw cycles, T-
Im_40°C: 1 month at 40°C.

Figure 14 is a graph depicting relative monomer content detected using HP-SEC
analysis of isatuximab in Formulations F10-1 to F10-16 (Run 1 — Run 16, respectively,
n=2, mean); TO: no treatment, T-mech: Mechanical stress, T-5xFT: 5 Freeze/Thaw cycles,
T-1m_40°C: 1 month at 40°C.

Figure 15 is a graph depicting relative content of all aggregates (HMWS) detected
using HP-SEC analysis of isatuximab in Formulations F4-1 to F4-16 (Run 1 — Run 16,
respectively, n=2, mean); TO: no treatment, T-mech: Mechanical stress, T-5xFT: 5

Freeze/Thaw cycles, T-1m_40°C: 1 month at 40°C.
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Figure 16 is a graph depicting relative content of all aggregates (HMWS) detected
using HP-SEC analysis of isatuximab in Formulations F10-1 to F10-16 (Run 1 — Run 16,
respectively, n=2, mean); TO: no treatment, T-mech: Mechanical stress, T-5xFT: 5
Freeze/Thaw cycles, T-Im_40°C: 1 month at 40°C.

Figure 17 is a graph depicting relative content of all fragments (LMWS) detected
using HP-SEC analysis of isatuximab in Formulations F4-1 to F4-16 (Run 1 — Run 16,
respectively, n=2, mean); TO: no treatment, T-mech: Mechanical stress, T-5xFT: 5
Freeze/Thaw cycles, T-Im_40°C: 1 month at 40°C.

Figure 18 is a graph depicting relative content of all fragments (LMWS) detected
using HP-SEC analysis of isatuximab in Formulations F10-1 to F10-16 (Run 1 — Run 16,
respectively, n=2, mean); TO: no treatment, T-mech: Mechanical stress, T-5xFT: 5
Freeze/Thaw cycles, T-Im_40°C: 1 month at 40°C.

Figure 19 is a graph depicting acidic peak content obtained from capillary
isoelectric focusing (cIEF) analysis of isatuximab Formulations F4-1 to F4-16 (Run 1 -
Run 16, respectively, n=2, mean); TO: no treatment, T-1m_40°C: 1 month at 40°C.

Figure 20 is a graph depicting acidic peak content obtained from cIEF analysis of
isatuximab in Formulations F10-1 to F10-16 (Run 1 — Run 16, respectively, n=2, mean);
TO: no treatment, T-1m_40°C: 1 month at 40°C.

Figure 21 is a graph depicting loss of relative area [%] of monomer peak content
obtained from cIEF analysis of isatuximab in Formulations F4-1 to F4-16 and F10-1 to
F10-16 after one month storage at 40 °C/75% r.h. (Run 1 — Run 16, respectively, n=2,
mean).

Figure 22 is a graph depicting plasma cortisol in minipigs infused subcutaneously
with indicated formulations of isatuximab or NaCl control as described in Example 5.

Figure 23 is a graph depicting plasma Substance P in minipigs infused
subcutaneously with indicated formulations of isatuximab or NaCl control as described in
Example 5.

Figure 24 is a graph depicting serum concentration of isatuximab over time in
individual minipigs 1 to 5 in Group I as described in Example 6.

Figure 25 is a graph depicting serum concentration of isatuximab over time in
individual minipigs 6 to 10 in Group II as described in Example 6.

Figure 26 is a graph depicting serum concentration of isatuximab over time in

individual minipigs 11 to 15 in Group I1I as described in Example 6.
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Figure 27 is a graph depicting serum concentration of isatuximab over time in

individual minipigs 16 to 20 in Group IV as described in Example 6.

DETAILED DESCRIPTION

Provided herein are formulations of an anti-CD38 antibody suitable for
subcutaneous administration to a subject. Advantageously, the formulations disclosed
herein are suitable for subcutaneous administration, either by injection or by infusion,
including large-volume subcutaneous infusion. The formulations can be used in the
treatment of a disease or condition characterized by CD38-expressing cells. Such diseases
and conditions include, without limitation, various hematological malignancies, such as
non-Hodgkin’s lymphoma (NHL), multiple myeloma (MM), acute myeloid leukemia
(AML), acute lymphoblastic leukemia (B-cell ALL) and/or chronic lymphocytic leukemia
(CLL). Such diseases and conditions further include, without limitation, autoimmune
diseases including rheumatoid arthritis and systemic lupus erythematosus, and
lipopolysaccharide (LPS)- or sepsis-induced acute kidney injury. In certain embodiments,
the formulations provided herein comprise a high concentration of the antibody, a pH of
5.5-7.0, and a viscosity of at most 25 mPa-s at 20°C. In some embodiments, provided
herein, the formulation is an aqueous formulation.

“Hematological malignancies” are the types of cancer that affect blood, bone
marrow, and lymph nodes. As the three are intimately connected through the immune
system, a disease affecting one of the three might affect the others as well. Hematological
malignancies include non-Hodgkin’s lymphoma (NHL) (including, e.g. Burkitt’s
lymphoma (BL) and T-cell lymphoma (TCL)), multiple myeloma (MM), chronic
lymphocytic leukemia (CLL) (such as, e.g., B-cell chronic lymphocytic leukemia (B-CLL)
and hairy cell leukemia (HCL)), B- and T-cell acute lymphocytic leukemia (ALL), acute
myeloid leukemia (AML), Hodgkin’s lymphoma (HL), and chronic myeloid leukemia
(CML). In some embodiments, the hematological malignancy is a CD38* hematological
malignancy.

“CD38" hematological malignancy” is thus a hematological malignancy, as
described above, wherein the cancerous cells express CD38. CD38" cells are also reported
to be involved in many autoimmune and inflammatory diseases and disorders, including
rheumatoid arthritis and systemic lupus erythematosus, as well as other conditions

including LPS- or sepsis-induced acute kidney injury.

10
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CD38" hematological malignancies include B-cell non-Hodgkin’s lymphoma
(NHL), multiple myeloma (MM), acute myeloid leukemia (AML), acute lymphoblastic
leukemia (B-cell ALL) and/or chronic lymphocytic leukemia (CLL). In some
embodiments, the CD38" hematological malignancy is MM. In some embodiments, the
CD38" hematological malignancy is relapsed and/or refractory multiple myeloma.

An “antibody” may be a natural or conventional antibody in which two heavy
chains are linked to each other by disulfide bonds and each heavy chain is linked to a light
chain by a disulfide bond. There are two types of light chain, lambda () and kappa (k).
There are five main heavy chain classes (or isotypes) which determine the functional
activity of an antibody molecule: IgM, IgG, IgA, IgD, and IgE. Additionally,
immunoglobulin subclasses (or sub-isotypes), e.g., IgG1, 1gG2, IgG3, 1gG4, IgAl, and
IgA2, are well characterized and are known to confer functional specialization. Each chain
contains distinct sequence domains. The light chain includes two domains or regions, a
variable domain (VL) and a constant domain (CL). The heavy chain includes four domains,
a variable domain (VH) and three constant domains (CH1, CH2, and CH3, collectively
referred to as CH). The variable regions of both light (VL) and heavy (VH) chains
determine binding recognition and specificity to the antigen. The constant region domains
of the light (CL) and heavy (CH) chains confer important biological properties such as
antibody chain association, secretion, trans-placental mobility, complement binding, and
binding to Fc receptors (FcR). The Fv fragment is the N-terminal part of the Fab fragment
of an immunoglobulin which includes the variable portions of one light chain and one
heavy chain. The specificity of the antibody resides in the structural complementarity
between the antibody combining site and the antigenic determinant. Antibody combining
sites are made up of residues that are primarily from the hypervariable or complementarity
determining regions (CDRs). Occasionally, residues from nonhypervariable or framework
regions (FR) influence the overall domain structure and hence the combining site.

“Complementarity Determining Regions” or “CDRs” refer to amino acid sequences
which together define the binding specificity and affinity of the natural Fv region of a
native immunoglobulin binding site. The light and heavy chains of an immunoglobulin each
have three CDRs, designated CDR-L1, CDR-L2, CDR-L3 and CDR-H1, CDR-H2, CDR-
H3, respectively. A conventional antibody antigen-binding site, therefore, includes six

CDRs, comprising the CDR set from each of a heavy and a light chain V region.

11
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CDR/FR definition concerning the immunoglobulin light or heavy chain are given
based on the Kabat definition (worlwideweb.bioinf.org.uk/abs/).

An antibody can also be a non-naturally occurring antibody, e.g., a monoclonal
antibody, a chimeric antibody, or a humanized antibody. The term “monoclonal antibody”
or “mAb” as used herein refers to an antibody molecule of a single amino acid composition
that is directed against a specific antigen, and is not to be construed as requiring production
of the antibody by any particular method. A monoclonal antibody may be produced by a
single clone of B cells or hybridoma, but may also be recombinant, i.e., produced by protein
engineering.

The term “humanized antibody” refers to an antibody which is initially wholly or
partially of non-human origin and which has been modified to replace certain amino acids,
for example, in the framework regions of the heavy and light chains, in order to avoid or
minimize an immune response in humans. The constant domains of a humanized antibody
can be, for example, human CH and CL domains. In an embodiment, a humanized antibody
has constant domains of human origin.

In some embodiments, the anti-CD38 antibody according to the disclosure
comprises a heavy chain comprising a CDR-H1 comprising the amino acid sequence set
forth as SEQ ID NO: 1, a CDR-H2 comprising the amino acid sequence SEQ ID NO: 2,
and a CDR-H3 comprising the amino acid sequence SEQ ID NO: 3, and a light chain
comprising a CDR-L1 comprising the amino acid sequence set forth as SEQ ID NO: 4, a
CDR-L2 comprising the amino acid sequence set forth as SEQ ID NO: 5, and a CDR-L3
comprising the amino acid sequence set forth as SEQ ID NO: 6.

CDR-H1 DYWMQ (SEQ ID NO: 1)
CDR-H2  TIYPGDGDTGYAQKFQG (SEQ ID NO: 2)
CDR-H3 GDYYGSNSLDY (SEQ ID NO: 3)
CDR-L1 KASQDVSTVVA (SEQ ID NO: 4)
CDR-L2 SASYRYI (SEQ ID NO: 5)
CDR-L3 QQHYSPPYT (SEQ ID NO: 6)

In some embodiments, said antibody comprises a heavy chain variable domain (VH)

comprising the amino acid sequence set forth as SEQ ID NO: 7.

12
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In some embodiments, said antibody comprises a light chain variable domain (VL)
comprising the amino acid sequence set forth as SEQ ID NO: 8.

In some embodiments, said antibody comprises a heavy chain variable domain (VH)
comprising the amino acid sequence set forth as SEQ ID NO: 7 and a light chain variable

domain (VL) comprising the amino acid sequence set forth as SEQ ID NO: 8.

QVQLVQSGAEVAKPGTSVKLSCKASGYTFTDY WMQWVKQRPGQGLEWIGTIYPG
DGDTGYAQKFQGKATLTADKSSKTVYMHLSSLASEDSAVYYCARGDYYGSNSLD
YWGQGTSVTVSS

(SEQ ID NO: 7)

DIVMTQSHLSMSTSLGDPVSITCKASQDVSTVVAWYQQKPGQSPRRLIYSASYRYI
GVPDRFTGSGAGTDFTFTISSVQAEDLAVYYCQQHYSPPYTFGGGTKLEIKR
(SEQ ID NO: 8)

In some embodiments, the anti-CD38 antibody according to the disclosure is
isatuximab. The heavy chain (HC) of isatuximab comprises the amino acid sequence set
forth as SEQ ID NO: 9, and the light chain (LC) of isatuximab comprises the amino acid
sequence set forth as SEQ ID NO: 10.

QVQLVQSGAEVAKPGTSVKLSCKASGYTFTDY WMQWVKQRPGQGLEWIGTIYPG
DGDTGYAQKFQGKATLTADKSSKTVYMHLSSLASEDSAVYYCARGDYYGSNSLD

YWGQGTSVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF

NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNG

QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKS
LSLSPGK

(SEQ ID NO: 9)

DIVMTQSHLSMSTSLGDPVSITCKASQDVSTVVAWYQQKPGQSPRRLIYSASYRYI
GVPDRFTGSGAGTDFTFTISSVQAEDLAVYYCQQHYSPPYTFGGGTKLEIKRTVAA

13
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PSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDS
KDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEQ ID NO: 10)

In some embodiments, the antibody is for use in treating a CD38" hematological
malignancy, such as multiple myeloma (MM), including relapsed and/or refractory MM or
patients having MM who have received one or more prior therapies for MM.

In the context of the disclosure, the term “treating” or “treatment”, as used herein,
means reversing, alleviating, inhibiting the progress of, or preventing the disorder or
condition to which such term applies, or one or more symptoms of such disorder or
condition. In certain embodiments, the term “treating” or “treatment”, as used herein,
means reversing, alleviating, or inhibiting the progress of the disorder or condition to which
such term applies, or one or more symptoms of such disorder or condition.

By the term “treating a CD38"* hematological malignancy” as used herein is meant
the inhibition of the growth of CD38" malignant cells of a tumor and/or the progression of
metastases from said CD38" tumor. Such treatment can also lead to the regression of tumor
growth, i.e., the decrease in size of a measurable tumor.

By a “therapeutically effective amount” of the antibody, in context of the disclosure,
is meant a sufficient amount of the antibody to treat said CD38" hematological malignancy
as disclosed herein.

In certain embodiments, said therapeutically effective amount of the antibody
administered subcutaneously to the subject is a dose ranging from 500 mg to 2000 mg of
antibody per dose.

In certain embodiments, said therapeutically effective amount of the antibody
administered to the subject is 1000 mg of antibody per dose. In certain embodiments, said
therapeutically effective amount of the antibody administered to the subject is 1400 mg of
antibody per dose. In certain embodiments, said therapeutically effective amount of the
antibody administered to the subject is 1600 mg of antibody per dose.

As used herein, the term “subject” refers to a mammal. In certain embodiments, the
term “subject” refers to a human.

The antibody of the disclosure may be administered once a week (QW), once in two
weeks (Q2W), or a combination of once a week and once in two weeks. In some

embodiments, the antibody is administered once every four weeks.
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For example, the antibody can be administered to the subject is a dose ranging from
500 mg to 1400 mg once a week for four weeks (cycle 1) followed by once every other
week (e.g., on day 1 and day 15 of each subsequent four week cycle).

In some embodiments, 1000 mg of antibody is administered to the subject once a
week for four weeks (cycle 1) and then 1000 mg of antibody is administered to the subject
on days 1 and 15 of each subsequent four week cycle.

In some embodiments, 1000 mg of the antibody is administered to the subject once
every other week.

In some embodiments, 1400 mg of the antibody is administered to the subject once
a week for four weeks (cycle 1) and then 1400 mg of the antibody is administered on days 1
and 15 for each subsequent four week cycle.

In some embodiments, 1400 mg of the antibody is administered to the subject once
every other week. In some embodiments, the antibody may be administered according to
an intermittent program with an interval between each administration of 1 week or 2 weeks,
which may be prolonged by 1 to 2 weeks depending on the tolerance to the preceding
administration.

A “cycle” as used herein refers to 4 calendar weeks, i.e., 28 days. Administration
“once a week” means once every 7 days. Administration “once in two weeks” means once
every 14 days. Administration once a cycle or once every four weeks means once every 28
days.

In some embodiments, the number of cycles of antibody administration may be 2 to

50,suchas 2,3,4,5,6,7,8,9, 10, 12, 14, 16, 18, 20, 25, 30, 35, 45, 50 cycles.

Formulations of the Invention

The present disclosure provides certain formulations of anti-CD38 antibodies. In
some embodiments, the formulations are liquid formulations. In certain embodiments, such
formulations (antibody formulations) are suitable for administration to a subject in need of
treatment with the anti-CD38 antibody.

Advantageously, the antibody formulations of the present disclosure can be
administered to a subject subcutaneously either by injection or by infusion, including large-

volume subcutaneous infusion.
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In certain embodiments, the present disclosure relates to a formulation of an anti-
CD38 antibody comprising a high concentration of the antibody, a pH of 5.5-7.0, and a
viscosity of at most 25 mPa-s at 20°C.

In certain embodiments, the present disclosure relates to a formulation comprising at
least 100 mg/mL of an anti-CD38 antibody, a viscosity reducing agent, a stabilizer, a
buffering agent, and a surfactant, wherein the formulation has a pH of 5.5-7.0 and a
viscosity of at most 25 mPa-s at 20°C.

In some embodiments, formulations of the antibody are provided comprising at least
100 mg/mL of an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises a viscosity reducing agent, a stabilizer, a buffering agent,
and a surfactant, and

the formulation has a pH of 5.5-7.0 and a viscosity of at most 25 mPa-s at 20°C.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl.

In certain embodiments, the viscosity reducing agent is 90-130 mM Arg-Cl.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl.

In certain embodiments, the stabilizer is sucrose.

In certain embodiments, the aqueous formulation comprises 125-155 mg/mL of the
anti-CD38 antibody, 90-150 mM Arg-Cl, and sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, and sucrose.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-130 mM Arg-Cl, and sucrose.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-

CD38 antibody, 110 mM Arg-Cl, and sucrose.

16



WO 2021/113739 PCT/US2020/063452

10

15

20

25

30

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-130 mM Arg-Cl, and sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, and sucrose.

In certain embodiments, the formulation comprises 2% (W/v) sucrose.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Arg-Cl, and 2% (w/v) sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-130 mM Arg-Cl, and 2% (w/v) sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, and 2% (w/v) sucrose.

In certain embodiments, the formulation comprises a surfactant.

In certain embodiments, the surfactant is Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is sucrose, and the surfactant is Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, and the surfactant is Poloxamer 188.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, and Poloxamer 188.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, and Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-130 mM Arg-Cl, the
stabilizer is sucrose, and the surfactant is Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is sucrose, and the surfactant is Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, and the surfactant is Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, and the surfactant is Poloxamer 188.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, and Poloxamer 188.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38

antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, and Poloxamer 188.
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In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, and Poloxamer 188.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, and Poloxamer 188.

In certain embodiments, the formulation comprises 0.4% (w/v) Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is sucrose, and the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is 2% (wW/v) sucrose, and the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is sucrose, and the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is sucrose, and the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is 2% (wW/v) sucrose, and the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is 2% (wW/v) sucrose, and the surfactant is0.4% (w/v) Poloxamer 188.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188.

In certain embodiments, the formulation comprises a buffering agent.

In certain embodiments, the buffering agent is histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the

stabilizer is sucrose, the surfactant is Poloxamer 188, and the buffering agent is histidine.
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In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, the surfactant is Poloxamer 188, and the buffering agent is
histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is 2% (W/Vv) sucrose, the surfactant is 0.4% (w/v) Poloxamer 188, and the
buffering agent is histidine.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and histidine.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and histidine.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is sucrose, the surfactant is Poloxamer 188, and the buffering agent is histidine.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is sucrose, the surfactant is Poloxamer 188, and the buffering agent is histidine.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, the surfactant is Poloxamer 188, and the buffering agent is
histidine.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is 2% (W/v) sucrose, the surfactant is Poloxamer 188, and the buffering agent is
histidine.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, the surfactant is 0.4% (w/v) Poloxamer 188, and the
buffering agent is histidine.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is 2% (w/v) sucrose, the surfactant is 0.4% (w/v) Poloxamer 188, and the
buffering agent is histidine.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and histidine.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and histidine.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38

antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and histidine.
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In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and histidine.

In certain embodiments, the buffering agent is 9 mM histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is sucrose, the surfactant is Poloxamer 188, and the buffering agent is 9 mM
histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is 2% (W/v) sucrose, the surfactant is Poloxamer 188, and the buffering agent is 9
mM histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl, the
stabilizer is 2% (W/v) sucrose, the surfactant is 0.4% (w/v) Poloxamer 188, and the
buffering agent is 9 mM histidine.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and 9 mM
histidine.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and 9 mM
histidine.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is sucrose, the surfactant is Poloxamer 188, and the buffering agent is 9 mM
histidine.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is sucrose, the surfactant is Poloxamer 188, and the buffering agent is 9 mM
histidine.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is 2% (W/v) sucrose, the surfactant is Poloxamer 188, and the buffering agent is 9
mM histidine.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is 2% (W/v) sucrose, the surfactant is Poloxamer 188, and the buffering agent is 9
mM histidine.

In certain embodiments, the viscosity reducing agent is 90-125 mM Arg-Cl, the
stabilizer is 2% (W/Vv) sucrose, the surfactant is 0.4% (w/v) Poloxamer 188, and the

buffering agent is 9 mM histidine.
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In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl, the
stabilizer is 2% (W/v) sucrose, the surfactant is 0.4% (w/v) Poloxamer 188, and the
buffering agent is 9 mM histidine.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and 9 mM
histidine.

In certain embodiments, the solution comprises 125-155 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and 9 mM
histidine.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 90-125 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and 9 mM
histidine.

In certain embodiments, the solution comprises 140 mg/mL of the anti-CD38
antibody, 110 mM Arg-Cl, 2% (w/v) sucrose, 0.4% (w/v) Poloxamer 188, and 9 mM
histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Lys-Ac, and sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Lys-Ac, and sucrose.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 125 mM Lys-Ac, and sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 125 mM Lys-Ac, and sucrose.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Lys-Ac, and 2% (w/v) sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Lys-Ac, and 2% (w/v) sucrose.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 125 mM Lys-Ac, and 2% (w/v) sucrose.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38

antibody, 125 mM Lys-Ac, and 2% (w/v) sucrose.
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In certain embodiments, the formulation comprises a surfactant.

In certain embodiments, the surfactant is Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac, the
stabilizer is sucrose, and the surfactant is Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Lys-Ac, sucrose, and Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Lys-Ac, sucrose, and Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac, the
stabilizer is 2% (w/v) sucrose, and the surfactant is Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Lys-Ac, 2% (w/v) sucrose, and Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Lys-Ac, 2% (w/v) sucrose, and Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac, the
stabilizer is sucrose, and the surfactant is Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 125 mM Lys-Ac, sucrose, and Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 125 mM Lys-Ac, sucrose, and Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac, the
stabilizer is 2% (w/v) sucrose, and the surfactant is Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 125 mM Lys-Ac, 2% (w/v) sucrose, and Polysorbate §0.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 125 mM Lys-Ac, 2% (w/v) sucrose, and Polysorbate 80.

In certain embodiments, the surfactant is 0.04% (w/v) Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac, the
stabilizer is sucrose, and the surfactant is 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Lys-Ac, sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38

antibody, 90-150 mM Lys-Ac, sucrose, and 0.04% (w/v) Polysorbate 80.
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In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac, the
stabilizer is 2% (wW/v) sucrose, and the surfactant is 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 90-150 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 90-150 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac, the
stabilizer is sucrose, and the surfactant is 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 125 mM Lys-Ac, sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 125 mM Lys-Ac, sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac, the
stabilizer is 2% (w/v) sucrose, and the surfactant is 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody, 125 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody, 125 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v) Polysorbate 80.

In certain embodiments, the pH of the formulation is 5.9-7.0.

In certain embodiments, the pH of the formulation is 5.9-6.5.

In certain embodiments, the pH of the formulation is 6.2.

In some embodiments, the formulation comprise 140 mg/mL of an anti-CD38
antibody, wherein the anti-CD38 antibody comprises a variable heavy region (VH)
comprising three complementarity determining regions (CDRs) CDR-H1, CDR-H2, and
CDR-H3 comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively,
and a variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and wherein

the formulation has a pH of 6.2-6.3 and a viscosity of at most 14 mPa-s at 20°C.

An aspect of the present disclosure relates to an formulation comprising 140 mg/mL
of an anti-CD38 antibody, wherein the anti-CD38 antibody comprises a variable heavy
region (VH) comprising three complementarity determining regions (CDRs) CDR-H1,
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CDR-H2, and CDR-H3 comprising the amino acid sequences set forth in SEQ ID NOs: 1-3,
respectively, and a variable light region (VL) comprising three CDRs CDR-L1, CDR-L2,
and CDR-L3 comprising the amino acid sequences set forth in SEQ ID NOs: 4-6,
respectively,

the formulation comprises 125 mM Lys-Ac, 2% (w/v) sucrose, and 0.04 (w/v)
Polysorbate 80, and

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C.

In accordance with each of the foregoing aspects and embodiments, in certain
embodiments, the VH of the anti-CD38 antibody comprises amino acid sequence set forth
in SEQ ID NO: 7.

In accordance with each of the foregoing aspects and embodiments, in certain
embodiments, the VL of the anti-CD38 antibody comprises the amino acid sequence set
forth in SEQ ID NO: 8.

In accordance with each of the foregoing aspects and embodiments, in certain
embodiments, the VH of the anti-CD38 antibody comprises amino acid sequence set forth
in SEQ ID NO: 7, and the VL of the anti-CD38 antibody comprises the amino acid
sequence set forth in SEQ ID NO: 8.

In accordance with each of the foregoing aspects and embodiments, in certain
embodiments, the anti-CD38 antibody is isatuximab.

In accordance with each of the foregoing aspects and embodiments, the formulation
further comprises water, for example water for injection (WFI), in an amount sufficient to
achieve the specified concentrations of other ingredients.

In accordance with each of the foregoing aspects and embodiments, in certain
embodiments, the formulation is suitable for subcutaneous administration. For example,
the formulation can be sterile. In certain embodiments, the components of the formulation
can be combined to form a solution and then the solution can be sterile filtered to provide
the sterile formulation.

In certain embodiments, the finished formulation is substantially free of dissolved
oxygen. For example, the formulation can be equilibrated with nitrogen gas and then sealed
under nitrogen atmosphere.

Yet further in accordance with each of the foregoing aspects and embodiments, in
certain embodiments the formulation can further comprise at least one additional excipient

or component for improved stability, e.g., a preservative agent.
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Packaged Pharmaceutical Products

An aspect of the present disclosure relates to a packaged pharmaceutical product
comprising a sterile container comprising a single dose of the formulation of the present
disclosure. Suitable sterile containers include, without limitation, vials, ampoules, bottles,
bags, pouches, pre-filled syringes, syringe drivers, infusion pumps, and containers adapted
for use with syringe drivers and/or infusion pumps. Suitable containers include single-use
containers and multiple-use containers. In certain embodiments, a container is a single-use
container, e.g., a vial containing the antibody in an amount corresponding to a single dose.

A syringe driver as used herein refers to a mechanical or pneumatic device
constructed and arranged to engage a plunger of a syringe and drive it axially forward
and/or backward so as to cause the contents of the syringe to be delivered at a desired rate.
Syringe drivers are known in the art and include, for example and without limitation,
devices disclosed in U.S. Patent Nos. 5,064,413; 5,449,345; 5,954,695, 6,428,509;
6,645,177; 7,195,610; 8,231,576; and 8,814,830, the contents of all of which are
incorporated herein by reference.

Infusion pumps are well known in the art and include, for example, Baxter
Colleague CXE volumetric infusion pump, and Cané Crono pump.

An aspect of the present disclosure relates to a device comprising a therapeutically
effective amount of a formulation of the present disclosure. In certain embodiments, the
device can be, for example, a syringe, a syringe driver, and an infusion pump comprising
the formulation. In certain embodiments, the syringe is a pre-filled syringe.

In some embodiments, the antibody formulation of the disclosure is provided in a
fixed volume format. Such formulation can be presented in or as, for example, a vial or
ampoule. For example, in some embodiments, the antibody formulation of the disclosure is
provided in a volume of about 10 mL to about 20 mL. In some embodiments, the antibody
formulation of the disclosure is provided in a volume of about 10 mL to about 15 mL. In
some embodiments, the antibody formulation of the disclosure is provided in a volume of
about 10 mL to about 12.5 mL. For example, in an embodiment of the formulation
comprising 140 mg/mL of antibody, a vial containing 10 mL of such formulation contains

1400 mg of antibody.

Methods of Treatment
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The formulations of the present disclosure can be used in a method of treating a
disease or condition characterized by the presence or activity of CD38" cells. Such disease
or condition can include, without limitation, a CD38" hematological malignancy, an
autoimmune disease or condition, an nflammatory disease or condition, and LPS- or
sepsis-induced kidney injury or dysfunction. The method generally entails administering to
a subject in need thereof an effective amount of a formufated antibody provided herein,
whoerein the administering is by subcutaneous injection or infusion, optionally by large-
volume {e.g., 10 mbL or more) subcutaneous infusion. In certain embodiments, the subject is
a human.

An aspect of the disclosure is a method of treating a CD38" hematological

ralignancy in a hinan subject in need thereof, said method comprising administering to
said human subject an effective amount of a formulation comprising at least 100 mg/mL of
an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises a viscosity reducing agent, a stabilizer, a buffering agent,
and a surfactant, and

the formulation has a pH of 5.7-7.0 and a viscosity of at most 25 mPa-s at 20°C, and
wherein the administering is subcutaneously administering,

In certain embodiments, the viscosity reducing agent is 90-150 mM Arg-Cl.

In certain embodiments, the viscosity reducing agent is 90-130 mM Arg-Cl.

In certain embodiments, the viscosity reducing agent is 110 mM Arg-Cl.

In certain embodiments, the surfactant is Poloxamer 188.

In certain embodiments, the surfactant is 0.4% (w/v) Poloxamer 188.

In certain embodiments, the buffering agent is histidine.

In certain embodiments, the buffering agent is 9 mM histidine.

In certain embodiments, the viscosity reducing agent is 90-150 mM Lys-Ac.

In certain embodiments, the viscosity reducing agent is 125 mM Lys-Ac.

In certain embodiments, the surfactant is Polysorbate 80.

In certain embodiments, the surfactant is 0.04% (w/v) Polysorbate 80.
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In certain embodiments, the formulation comprises 125-155 mg/mL of the anti-
CD38 antibody.

In certain embodiments, the formulation comprises 140 mg/mL of the anti-CD38
antibody.

In certain embodiments, the stabilizer is sucrose.

In certain embodiments, the stabilizer is 2% (W/v) sucrose.

In certain embodiments, the pH of the formulation is 5.9-7.0.

In certain embodiments, the pH of the formulation is 5.9-6.5

In certain embodiments, the pH of the formulation is 6.2.

In certain embodiments, the pH of the formulation is 6.3.

An aspect of the disclosure is a method of treating a CD38" hematological
malignancy in a human subject in need thereof, said method comprising administering to
said human sobject an effective amount of a formulation comprising 140 mg/mL of an anti-
CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C, and
wherein the administering is subcutaneously administering.

An aspect of the disclosure is a method of treating a CD38" hematological
malignancy in a human subject in need thereof, said method comprising administering to
said human subject an effective amount of a formulation comprising 140 mg/mL of an anti-
CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3

comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,
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the formulation comprises 125 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v)
Polysorbate 80, and

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C, and
wherein the administering s subcutancously administering.

In certam embodiments in accordance with each of the methods above, the
subcutancousty administering comprises one or more subcutancous injections.

In certain embodiments in accordance with each of the methods above, the
subcutancously administering comprises one or more subcutaneous infusions.

In certain embodiments in accordance with each of the methods above, the
subcutaneously administering comprises one or more large-volume subcutaneous infusions.
As used herein, a “large-volime infusion” refers to an infusion volume of greater than or
equal to 5 mL. In certain embodiments, a “large-volume infusion” refers to an infusion
volume of about 5-10 k., about 10-15 mL, about 15-20 mL, about 20-25 mL, or about 25-
30 mL. In an embodiment, a “large-volume infusion” refers to an infusion volume of abou
5-10 mL. In an emobodiment, a “large-volume infusion” refers to an infusion volume of
about 16-15 mL. In an embodiment, a “large-volume infusion” refers to an infusion volume
of about 15-20 mi. In an embodiment, a “large-volome mfusion” refers to an infusion
volume of about 20-25 ml. In an embodiment, a “large-volume infusion” refers to an
infusion volume of about 25-30 mlL.

Surprisingly, it has been found that large-volume infusions of the compositions
provided herein are effective for achieving systemic delivery of therapeutically effective
amounts of anti-CE38 antibody such as isatuximab, to treat a disease or condition which is
characterized by the presence and/or activity of CD38" cells, including a CD3R"
hematological malignancy in a human. Surprisingly, the antibody formulation provided
herein demonstrated a bioavailability of at least 899 when administered subcutancously to

1inipigs in the absence of dispersing agent such as hyaluronidase. Thus, provided herein is
a formulation that does not include biologic dispersing agents. In alternative embodiments,
provided herein is a formulation that further includes one or more biologic dispersing
agents.

As disclosed in Example 6, following a single intravenous (IV) infusion of
isatuximab at 1800 mg/animal over a 30-minute period to minipigs, the mean AUC over the
complete 672-hour post dose sampling period (AUCrast) was 364,000 hr*pg/mL. Following

a single subcutaneous (SC) infusion of isatuximab at 1806 mg/animal to minipigs under a
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flow rate of 0.5, 1 or 2 mL/min, the mean AUC over the complete 672-hour post dose
sampling period (AUCug) was 326,000, 565,000 and 369,000 hr*ug/mL, respectively.
Furthermore, the absolute SC bioavailability of isatuximab in minipigs when given at a
dose of 1806 mg/animal (solution of 140 mg/mL) by SC infusion at flow rates of 0.5 to 2
mL/min was at least §9%.

As used herein, “subject” and/or “subject in need thereof” is an individual that has a
CD38" hematological malignancy or is suspected of having a CD38" hematological
malignancy. As used herein, “subject” may also refer to a patient.

The subject according to the disclosure may be a male or a female.

In some embodiments, the subject has been previously treated with one or more
agents or therapies suitable for treating a CD38-expressing hematological malignancy. The
previous anti-cancer therapy may be, for example, a corticosteroid (e.g., dexamethasone), a
chemotherapy drug, a proteasome inhibitor, an immunomodulatory drug, radistherapy,
bone marrow and/or stem cell transplantation, and immunotherapy.

“Chemotherapy drugs” are cytotoxic agents used for example to treat a
hematological malignancy include, without imitation, cytarabine (cytosine arabinoside or
ara-{) and the anthracyeline dnigs (sach as davunorubicin and/or daunomycin, doxorubicin
and liposomal doxormbicin, idarubicin, and mitoxantrone), gemtuzumab, clofarabine,
cladribine, hydroxyurea, ctoposide, amsacrine, FLT3-infubitors, and demethylating agents
(5-azacytidine and decitabine), melphalan, cvclophosphamide, and vincristine.

proteasome inhibitors inchude, for example, bortezomib, carfilzomib, and ixazomib.
Immunomodulatory drugs include, for example thalidomide, lenalidomide, and
pomalidomide.

@

“Radiation therapy” or “radiation” refers to high-energy radiation used to remove
cancer cells. Radiation therapy might be used before a bone marrow or peripheral blood
stem celf transplant.

“Bone marrow and/or stern cell transplantation” refers to a cell transplantation
aimed to restore stem cells that were destroyed by high doses of chemotherapy drug(s)
and/or radiation therapy. Sources of stem cells include bone marrow, peripheral blood or
umbilical cord blood. Depending on the source of stem cells that are transplanted, the
procedure might be distingnished into bone marrow transplant (BMT) or peripheral blood

gtem cell transplant (PBSCT) or umbilical cord blood transplantation (UCBT).
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Furthermore, bone marrow and/or stem cell transplantation might refer to an autologous
stem ccll transplantation and/or an allogeneic transplantation.

In an “autclogous transplant”, a subject’s own stem cells are removed from his or
her bone marrow or peripheral blood, frozen, and stored while the person gets treatment
{(high-dose of chemotherapy drug(s) and/or radiation). A process called “purging” may be
used to try to remove any cancer cells in the samples. The stem cells are then reinfused into
the subject’s blood after treatment.

“Allogeneic transplants” are transplants from a matched donor. The advantage of
allogenic bone marrow transplants is that the tranaplanted cells from the donor might
establish a new immune system, which might detect leukemia cells as foreign and removes
them. The disadvantage of the allogeneic transplanis is the limitation of matching donors
and the side effects.

“Imnuunotherapy” refers to the stimulation of the subject’s immune system to attack
the malignant tumor cells that are responsible for the discase. This can be done cither
through imununization of the subject, ¢.g., by administering a cancer vaccing, in which case
the subject’s own immune syster is traived 1o recognize tumor cells as targets to be
destroyed, or through the administration of therapentic antibodies as drugs, in which case
the subject’s immune system is recruited to destroy tumor cells by the therapeutic
antibodies.

In the context of the disclosure, the subject may have been previously treated for a
hematological malignancy but relapsed and/or was refractory.

In some embodiments, the subject suffers from muitiple myeloma. In some
embodiments, the subject has relapsed and/or refractory multiple myeloma.

“Relapsed” refers to a disease or condition, such as a hematological malignancy,
which has been previously treated and which progresses and requires the initiated of
additional treatment but does not meet the criteria for either primary refractory or relapsed
and refractory disease.

“Refractory” refers to a disease or condition that is non-responsive (failure to
achieve minimal response or develops progressive disease while on therapy) while on
primary or salvage therapy, or progresses within 60 days of the last therapy.

Relapsed and refractory discase is non-responsive while on salvage therapy {e.g.,

o

therapy that is administered after treatment with first line of therapy has failed) or disease
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that progresses within 60 days of last therapy in patients who have achieved minimal
response or better at some point prior to progressing in their current discase course.

Primary refractory discase is disease that is non-responsive in patients who have
never achicved minimal response or better with any therapy.

In some embodiments, the subject has been previously treated with bortezomib
and/or lenalidomide.

In some embodiments, the subject has previoushy received an autologous stem celf
transplant (ASCT).

In some embodiments, the subject has relapsed within 6 months after an autologous

transplantation.

Dosage and Administration

In some embodiments, the formulated antibody provided herein is administered as a
“flat dose”, such that the amount of antibody administered to a patient is not adjusted based
on body size or body weight. In some embodiments, the flat dose administered to the
patient comprises 1000-1800 mg of the antibody. In some embodiments, the flat dose is
1000 mg. In some embodiments, the flat dose is 1400 mg.

In some embodiments, the formulated antibody, such as a fixed dose of the
antibody, is administered to the patient in a fixed volume. For example, in some
embodiments, the antibody formulation of the disclosure is administered in a volume of
about 10 to about 20 mL. In some embodiments, the antibody formulation of the disclosure
is administered in a volume of about 10 to about 15 mL. In some embodiments, the
antibody formulation of the disclosure is administered in a volume of about 10 mL to about
12.5 mL. In some embodiments, the antibody formulation of the disclosure is administered
in a volume of about 10 mL to about 11 mL. In some embodiments, the antibody
formulation of the disclosure is administered in a volume of about 10 mL to about 10.5 mL.

In some embodiments, the dose of the formulated antibody provided herein is
administered subcutaneously over about 10 to about 60 minutes. In some embodiments, the
dose of formulated antibody is administered subcutaneously over about 20 to about 40
minutes. In some embodiments, the dose of formulated antibody is administered
subcutaneously over about 10 minutes. In some embodiments, the dose of formulated
antibody is administered subcutaneously over about 20 minutes. In some embodiments, the

dose of formulated antibody is administered subcutaneously over about 30 minutes. In
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some embodiments, the dose of formulated antibody is administered subcutaneously over
about 40 minutes. In some embodiments, the dose of formulated antibody is administered
subcutaneously over about 50 minutes. In some embodiments, the dose of formulated
antibody is administered subcutaneously over about 60 minutes.

In some embodiments, the subcutaneous administration takes place at a certain rate
of infusion of the antibody. For example, the formulation can be administered
subcutaneously at a rate suitable to achieve complete delivery of a desired dose, in a
minimal time, without significant leakage or significant discomfort. Such rate may range,
for example, from about 0.1 mL/min to about 1.5 mL/min. In some embodiments, about
the rate of infusion is 0.8 mL/min. In some embodiments, the rate is 1 mL/min. In some
embodiments, the rate is 1.2 mL/min. In some embodiments, the rate is 1.5 mL/min.

In some embodiments, the initial rate of infusion may be maintained for the entire
period of infusion. In other embodiments, the rate of infusion may be adjusted up or down,
or both up and down, during the period of infusion.

In some embodiments, the anti-CD38 antibody is administered alone. In other
embodiments, the anti-CD38 antibody is administered together with another agent suitable
for treating the CD38" hematological cancer. In some embodiments, the other agent is a
corticosteroid (e.g., dexamethasone), a chemotherapy drug, a proteasome inhibitor, an
immunomodulatory drug, or a combination thereof.

When administered with another agent suitable for treating the CD38*
hematological cancer, the anti-CD38 antibody and the other agent(s) can be administered
either simultaneously or separately (e.g. sequentially over a period of time). The anti-CD38
antibody and the other agent(s) can be administered by the same or different routes of
administration. When the anti-CD38 antibody and the other agent(s) are administered by
the same route of administration, they can be administered by the same or different sites of
administration.

Corticosteroids such as dexamethasone are used to treat a variety of inflammatory,
autoimmune, and allergic conditions. It also is used in the treatment of cancer, either as a
direct agent (e.g., in multiple myeloma) or in combination with other agents (e.g.,
immunomodulatory drugs, chemotherapy drugs, and proteasome inhibitors).
Corticosteroids such as dexamethasone can also be used to counteract side effects of
chemotherapy drug(s) (e.g., nausea and inflammation). Corticosteroids such as

dexamethasone can also be used as a premedication to reduce potential risk and/or severity
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of infusion reactions (IR) due to infusion of the antibody. Dexamethasone is typically
administered orally.

Pomalidomide is a thalidomide analogue and immunomodulatory drug with
multiple cellular effects that inhibit multiple myeloma cell growth and survival blocking the
stromal support from the bone marrow microenvironment that can promote myeloma cell
growth; in addition, pomalidomide has potent immunomodulatory effects that enhance the
immune response to myeloma cells by stimulating natural killer (NK) cells and by
inhibiting regulatory T cells. Pomalidomide is typically administered orally.

In the context of the disclosure, a physician may evaluate the disease response and
thus adapt the administration regimen.

In other embodiments, the anti-CD38 antibody is administered together with one or
more biologic dispersing agents. When administered with a biologic dispersing agent, the
anti-CD38 antibody and the other agent(s) can be administered either simultaneously or
separately (e.g. sequentially over a period of time). The anti-CD38 antibody and the other
agent(s) can be administered by the same or different routes of administration. When the
anti-CD38 antibody and the other agent(s) are administered by the same route of
administration, they can be administered by the same or different sites of administration.

Prior to the administration of the antibody the subject receives premedication to
reduce the risk and/or severity of Infusion Reactions (IRs) typically observed with the
administration of a monoclonal antibody. Premedications can include, for example,
Montelukast, Acetaminophen, Ranitidine, Diphenyldramamine, dexamethasone, or
combinations thereof. In some embodiments, where the subject does not experience an IR
after four consecutive administrations of the antibody as described herein, the
premedication may be discontinued.

“Disease response” may be determined according to standard criteria for
hematological malignancies and staging. Methods to evaluate the disease response of a
hematological malignancy, in particular a CD38" hematological malignancy, are known to
persons skilled in the art. For example, methods to evaluate the disease response include
performance status evaluations such as Eastern Cooperative Oncology Group (ECOG)
performance status and International Myeloma Working Group Response Criteria (see
Oken, et al., Am. J. Clin. Oncol. 1982;5(6):649-655 and Kumar, et al., Lancet Oncol.
2016;17(8):328-346, respectively) Methods to evaluate disease response can also include

quantification of disease markers, bone marrow biopsy and/or aspiration, radiologic
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imaging of plasmacytoma, bone skeletal survey, M-protein quantification (serum and/or 24-
hr urine) and serum free light chain levels or urinary light chain levels, serum 2-
microglobulin, lymph node biopsy, radiologic tumor assessment (by X-ray, computed
tomography (CT) scan, PET scan, or magnetic resonance imaging (MRI)), and blood count
including blast count. This list of evaluation methods is to be understood as being non-
limiting.

Based on the results obtained from the evaluation of the disease response, the
disease response may then be stratified according to the standard criteria for underlying
disease and classified into complete response or complete remission (CR), partial response
(PR), stable disease (SD), or progressive disease (PD).

“Markers” used in the context of the response evaluation may include serum and/or
plasma markers, such as C-reactive protein (CRP), tumor necrosis factor alpha (TNF-a),
IL-6, IL-1B, or IFN. Markers can also include cell surface markers, such as CD38.

Techniques to evaluate the disease response in a subject that has multiple myeloma
include, for example, bone marrow biopsy and/or aspiration, radiologic imaging of
plasmacytoma, bone skeleton survey, M-protein quantification, and measure of serum p2-
microglobulin.

The disease response evaluation may further include receptor density and receptor
occupancy on circulating tumor cells (peripheral blood), receptor density and receptor
occupancy on blasts and plasma cells in bone marrow, and level of human anti-drug
antibodies (ADA).

The entire contents of all patents and published patent applications cited in this

disclosure are incorporated herein by reference.

The present disclosure will be further understood by reference to the following non-
limiting examples. The examples have been set forth below for the purpose of illustration
and to describe certain embodiments of the disclosure. The scope of the claims is not to be

in any way limited by the examples set forth herein.

EXAMPLES
The following examples are put forth so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the methods and

compositions of the invention, and are not intended to limit the scope of what the inventors
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numbers used (e.g. amounts, temperature, etc.)

Example 1 — Initial Screening

Initial formulation development activities involved screening of buffer-pH systems,
thermal stabilizers, surfactant as well as viscosity reducer to identify excipients and their
combination that are compatible with isatuximab and enhance its stability, while

maintaining osmolality and viscosity suitable for subcutaneous injection.

Selection of the buffer and pH system
To identify the buffer and pH system, the stability of isatuximab was evaluated in
16 different buffer-pH systems. The buffer-pH systems (Table 1) were tested based on their

buffering capacity in the pH range of interest.

Table 1 - Buffer-pH system tested

Buffer pH pKa
Citrate 10 mM 5.0
Citrate 10 mM 55
Citrate 10 mM 6.0 48-64
Citrate 10 mM 6.5
Citrate 10 mM 7.0
Histidine 10 mM 55
Histidine 10 mM 6.0 6.0
Histidine 10 mM 6.5
Phosphate 10 mM 6.5
Phosphate 10 mM 7.0 7.2
Phosphate 10 mM 74
Succinate 10 mM 5.0
Succinate 10 mM 55 42-56
Succinate 10 mM 6.0
Acetate 10 mM 5.0
Acetate 10 mM 55 48

The buffer-pH systems were evaluated with regard to their impact on aggregation of

isatuximab, in terms of formation of visible and sub-visible particles and soluble aggregates
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(high-molecular weight species HMWs) upon shaking and thermal stress in liquid
formulation of isatuximab at a concentration of 5 mg/mL.
As shown in Table 2, aggregation of isatuximab into visible particles was found to
be dependent on the pH and buffer system. The histidine buffer system with pH ranging
5 from 5.5 to 6.5 showed the highest stability under shaking stress (presenting fewer visible
particles after stress), and the citrate buffer system within pH 5.0 to 7.0 and citrate buffer at
pH 5.5, 6.5 and 7.0 showed the highest stability upon thermal stress (presenting fewer
visible particles after two weeks of stress). Interestingly, the phosphate buffer system at
pHs ranging from 6.5-7.4 showed the highest thermal stability after one week of thermal
10 stress, but had several visible particles after two weeks of thermal stress and showed the

lowest stability for isatuximab under shaking stress of all the buffer systems tested.

Table 2 - Visual inspection

Buffer pH TO Shaking 1 %?ék 2 ‘\{‘éiecks
Citrate 10 mM 5.0 0 ++ 0 +
Citrate 10 mM 55 0 ++ 0 0
Citrate 10 mM 6.0 0 ++ + +
Citrate 10 mM 6.5 0 ++ 0 0
Citrate 10 mM 7.0 0 ++ 0 0

Histidine 10 mM 5.5 0 + + ++
Histidine 10 mM 6.0 0 + + ++
Histidine 10 mM 6.5 0 + 0 ++
Phosphate 10 mM 6.5 0 +++ 0 ++
Phosphate 10 mM 7.0 0 +++ 0 ++
Phosphate 10 mM 7.4 0 +++ + ++
Succinate 10 mM 5.0 0 ++ ++ ++
Succinate 10 mM 55 0 ++ ++ ++
Succinate 10 mM 6.0 0 + ++ ++
Acetate 10 mM 5.0 0 ++ + +
Acetate 10 mM 55 0 ++ ++ T+
0: no visible particles
15 +: few visible particles

++:  several visible particles
+++: numerous visible particles

The number of sub-visible particles >10 pm and >25 um after shaking stress and

20  thermal stress were measured by light obscuration (LO). As shown in Fig. 1, under shaking
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and thermal stress, phosphate buffers presented the highest levels of sub-visible particles.
Histidine and acetate buffer systems provided the lowest levels of sub-visible particles,
indicating higher stability of isatuximab.

Soluble aggregates (HMWSs) were observed by size exclusion chromatography (SE-
HPLC) after thermal stress in citrate, histidine, phosphate, succinate, and acetate buffers at
various pH. As shown in Fig. 2, citrate, phosphate, and succinate buffer systems showed
higher increase of soluble aggregates and a general trend was observed showing the higher
pH, the higher the soluble aggregates (HMWs) content. This was particularly significant at
pH above 7.0. Shaking stress did not appear to have any impact on soluble aggregates.

The impact of pH on isatuximab stability was further studied in histidine buffer in
the presence of sucrose and polysorbate 80. Isatuximab at a concentration of 5 mg/mL in
the formulations shown in Table 3 were incubated at 40°C for 1 month and HMWs were

measured by SE-HPLC.

Table 3 - Buffer-pH system tested

Composition

Prototype reference

Buffer pH Sucrose % (w/v) PS80 % (w/v)
His 10 mM pH 6.5 Histidine 10 mM 6.5 10 0.02
His 10 mM pH 6.0 Histidine 10 mM 6.0 10 0.02
His 20 mM pH 6.5 Histidine 20 mM 6.5 10 0.02
His 20 mM pH 6.0 Histidine 20 mM 6.0 10 0.02

HMWs were observed by SE-HPLC. As shown in Fig. 3, there were fewer soluble
aggregates (HMWs) after 1 month of thermal stress at 40°C in histidine buffers at pH 6.0
compared to pH 6.5.

The level of acidic isoforms of isatuximab was measured by WCX (week cationic
exchange) after incubation of 5 mg/mL isatuximab in the formulations shown in Table 3 for
1 month at 40° C. As shown in Fig. 4, histidine formulations at pH 6.0 showed a smaller
increase in the level of acidic forms of isatuximab compared to pH 6.5 after 1 month at
40°C.

These results showed that the pH and buffer system impacted the stability of

isatuximab, and pH around pH 6.0 was more stable than pH 6.5.

Selection of viscosity reducing excipient

37



WO 2021/113739 PCT/US2020/063452

To enable subcutaneous delivery of isatuximab, various formulation conditions with
viscosity reducing excipients were tested to determine whether high concentration with a
viscosity less than 25 cP at 20°C could be developed.
The antibody was concentrated and formulated in the test formulations. Protein
5  concentration of the resulting formulations was confirmed spectroscopically with a

SoloVPE instrument, and the pH of the final solution was measured.

Table 4 - Formulations tested in viscosity study

Sucrose Arg-Cl Conc. Visco.

Buffer pH % wiv mM Other mg/mi mP.s (cP)

10 mM 573 0 200 ; 150 215
Histidine

10 mM 5.75 0 200 - 150 195
Histidine

10 mM 5.44 0 150 - 150 39.0
Histidine

10mM 5.46 0 200 - 150 312
Histidine

10 mM 5.11 2 150 ; 155 102.0
Histidine

10 mM 5.10 2 200 ; 151 60.8
Histidine

10mM 5.31 2 150 - 154 57.0
Histidine

10 mM 5.34 2 200 ; 155 37.3
Histidine

10 mM 5.82 2 200 ; 152 21.0
Histidine

10 mM 5.62 2 150 ; 151 19.0
Histidine

10mM 5.21 2 150 - 152 94.0
Histidine

10mM 5.05 2 200 - 152 68.0
Histidine

10mM 5.39 2 150 - 155 38.0
Histidine

10 mM 5.37 2 200 - 152 45.0
Histidine

10mM 6.17 2 100 - 153 19.0
Histidine
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s Arg-Cl i
Buffer pH ucrose rg Other Conc. Visco.
% wiv mM mg/ml mP.s (cP)

10 mM 6.13 2 150 ; 147 13.4
Histidine

10 mM 6.35 2 200 ; 154 1.7
Histidine

10 mM 6.85 2 100 ; 150 11.0
Histidine

10 mM 6.93 2 150 ; 148 9.6
Histidine

10mM 6.99 2 200 - 152 97
Histidine

10 mM
Histidine 6.20 2 100* ; 153 237
acetate

10 mM
Histidine 6.16 2 150* ; 154 20.0
acetate

10 mM
Histidine 6.17 2 200* ; 153 18.0
acetate

10 mM 6.30 0 0 ; 150 59.0
Histidine

10 mM 6.31 2 0 ; 150 60.0
Histidine

10 mM 6.35 2 50 ; 150 236
Histidine

10 mM 6.36 2 100 ; 150 16.1
Histidine

10 mM 6.34 2 150 ; 150 145
Histidine

10 mM 6.35 2 200 ; 150 12.4
Histidine

10 mM 6.25 0 0 ; 180 242.0
Histidine

10 mM 6.38 2 0 ; 180 121.0
Histidine

10 mM 6.34 2 50 - 180 60.0
Histidine

10 mM 6.35 2 100 ; 180 325
Histidine

10 mM 6.37 2 150 ; 180 325
Histidine
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s Arg-Cl :
Buffer pH ucrose rg Other Conc. Visco.
% wiv mM mg/ml mP.s (cP)
10 mM 6.36 2 200 ; 180 255
Histidine
10 mM 6.36 2 0 150 mM 150 10.8
Histidine Lysine
10 mM 150 mM
Histidine a7 2 0 Proline 150 369
10mM 5.77 2 150 - 150 21.7
Succinate
10 mM 5.85 2 150 - 150 187
Succinate
10 mM
Phosphate-  5.42 2 150 - 150 32.8
Succinate
10 mM
Phosphate-  4.98 2 150 - 150 128
Tris
Water 5.97 2 150 - 150 17
10 mM 200 mM
Mo 4.96 2 0 Crolns 150 357
10 mM 6.03 0 0 150 mM 150 27.2
Histidine NaCl
10 mM 7.07 0 0 ] i
Histidine

*: Formulation used Arginine-acetate rather than Arginine-Cl

Viscosity of all samples were measured on a RheoSense Initium instrument using its
automatic method at 20°C. This automatically determines a shear rate appropriate so that
the instrument operated in a desirable range of pressure for the sensors. Because the shear
rate did not exceed 10,000 s'1, non-Newtonian effects such as shear thinning is considered
negligible.

Fig. 5 shows the viscosity (cP) of a solution of 200 mg/mL isatuximab at pH 6.0 in
the presence of 0, 50, 100, and 200 mM L-Arginine-Cl. The preliminary measurements
indicated that Arginine-Cl was an effective viscosity reducing excipient in a concentration-
dependent manner; increasing Arginine-Cl concentration correlated with decreasing
viscosity.

Over 40 different formulations with varying pH, viscosity reducing agent for

various concentrations of isatuximab were tested. The results are shown in Table 4.
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The effect of the concentration of Arginine-Cl on the viscosity is shown in Figs. 6A
and 6B for two concentrations of isatuximab, 150 mg/mL (Fig. 6A) and at 180 mg/mL (Fig.
6B) in the presence of 10 mM histidine and 2 % sucrose.

In addition to concentration of Arginine-Cl, pronounced effect of pH on the
viscosity of isatuximab was observed. Figs. 7A and 7B show viscosity as a function of the
pH for 150 mM Arginine-Cl (Fig. 7A) and 200 mM Arginine-Cl (Fig. 7B).

Surprisingly, the results shown in Figs. 7A and 7B shown an inverse relationship
between viscosity and pH, namely, increasing viscosity was associated with decreasing pH.
There was a sharp increase in viscosity at pH < 5.7. This inverse relationship is the opposite
of what is typically expected and observed for protein solutions. In addition, this
unexpected effect was further amplified with increasing antibody concentration (Fig. 8).

Arginine-Cl concentration of at least 100 mM was shown to reduce the viscosity of
150 mg/mL isatuximab to less than 20 c¢P and to reduce the viscosity of 180 mg/mL
isatuximab to less than 40 cP. In addition, pH was shown to have a significant effect on the
viscosity, as demonstrated by a sharp increase of the viscosity for pH below 5.7. At the
same time, account must be taken of the impact of pH on the stability of isatuximab. As
demonstrated in Figs. 3 and 4, histidine buffer systems at a pH value close to 6.0 resulted in

less HMWs after 1 month of thermal stress compared to buffer systems at pH 6.5.

Example 2 — Viscosity Studies

With results of the studies described in Example 1 in hand, and with the goal of
arriving at formulations containing high concentration (e.g., at least 100 mg/mL) of
isatuximab potentially suitable for subcutaneous administration, a number of formulations
were prepared and studied in more detail. Different parameters may influence the viscosity
of a protein in solution, such as protein concentration, pH, concentration of viscosity
reducer, and temperature. Several experiments were performed to evaluate the impact of
protein concentration, pH, arginine concentration on formulation viscosity. Table 5 shows
the parameters and value ranges tested. The effect of temperature was also examined,

considering that the drug product will be stored in refrigerated conditions (5 + 3°C).

Table 5 - Viscosity study

Parameter Target formulation value Range probed
Protein concentration 140 mg/mL 126-154 mg/mL
pH 6.2 55-7.0
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Parameter Target formulation value Range probed

Arginine concentration* 110 mM 90-150 mM

*probed at fixed pH 6.2 and mAb concentration 140 mg/mL

The target concentration was set at 140 mg/mL to achieve a viscosity below 25 cPs
at 20° C including when the mAb solutions exhibit fluctuations in antibody concentration or
viscosity reducing agent concentration or in pH, inherent in the process of manufacturing.
Indeed, such variation between actual and target compositions of each excipients are
commonly observed with UF/DF due to Donnan effect or during compounding steps
because of accuracy in weighing of the excipients or other manufacturing steps (e.g.
filtration) that may impact the excipient levels in the final drug product.

Solutions of mAb at high concentrations tend to exhibit high viscosity. Arginine
was chosen as a viscosity reducer in order to determine whether a high concentration liquid
formulation of isatuximab having a viscosity lower than 25 mPa-s at 20°C could be
developed.

This study was conducted in three arms. The first arm examined coarse pH and
concentration. The second arm examined fine pH and concentration. The third arm
examined arginine concentration.

In the first arm of the study, the effects of isatuximab concentration, pH, and
temperature on viscosity were studied. Seven formulations were prepared for this arm of the

study. Detailed compositions, with measured values, are presented in Table 6.

Table 6 - Formulations with measured values for isatuximab concentration (Cmap) and pH in
formulations

— P188
(mlgﬁrlloL) Arginine-Cl (mM) pH Hl(sr:“dl;)n © Sozg,?:)e %(wiv)
126 13 6.2 9 2 04
142 12 59 9 2 04
143 12 62 9 2 04
142 112 65 9 2 04
141 12 6.8 9 2 04
152 111 59 9 2 04
154 11 6.2 9 2 04

The concentration of P188 at 0.4% w/v showed positive stability effect compared to
the formulation with no surfactant. Sucrose at a concentration of 2% allowed a sufficient

stability while maintaining the osmolality close to isotonicity.
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In the second arm of the study, the effects of isatuximab concentration and pH on
viscosity at 20° C were studied. A total of 32 formulations were prepared. Solutions were
prepared at 4 target concentrations of antibody (126, 140, 147, and 154 g/L) and 8 target pH
values (5.5,5.7,5.9,6.2, 6.5, 6.7, 6.9, 7.0). Detailed compositions, with measured values,

5  are presented in Table 7.

Table 7 - Formulations with measured values for isatuximab concentration (Cmab) and pH in

formulation
mAb Arginine-ClI pH Histidine Sucrose 0P188
(mg/mL) (mM) (mM) %(wiv)  %e(wiv)

124.6 112 55 9 2 04

131 111 5.7 9 2 04
1294 111 59 9 2 04
127.3 1M1 6.2 9 2 04
125.1 112 6.6 9 2 0.4
126.5 111 6.7 9 2 04
124.4 112 6.9 9 2 04
125.6 112 7.0 9 2 0.4
1414 110 55 9 2 04
139.5 110 57 9 2 0.4
141.7 110 59 9 2 04
140.5 110 6.2 9 2 04
140.3 110 6.5 9 2 04
140.1 110 6.7 9 2 04
138.7 110 6.9 9 2 04
137.4 110 7.0 9 2 04
1475 109 56 9 2 04

150 109 5.7 9 2 0.4
148.6 109 59 9 2 04
147.8 109 6.2 9 2 04
147.2 109 6.5 9 2 0.4
148.6 109 6.7 9 2 04
148.2 109 6.9 9 2 04
144.4 110 7.0 9 2 04
157.6 108 55 9 2 04
156.3 108 57 9 2 04
155.8 108 59 9 2 04
157.4 108 6.2 9 2 04
156.1 108 6.5 9 2 04
155.8 108 6.7 9 2 04
157.5 108 6.9 9 2 04
159.5 108 71 9 2 04
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In the third arm of the study, the arginine concentration was varied between 90 and
150 mM. The detailed composition of 5 formulations, with measured values when

available, are presented in Table 8.

Table 8 - Formulations for reference solutions (before spiking) in study Arm 3 - study of

5 impact of arginine concentration on stability and viscosity
mAb Arginine-ClI pH Histidine  Sucrose P188
(mg/mL) (mM) (mM) % (wiv) % (wiv)
140 93 6.2 9 2 0.4
141 101 6.2 9 2 0.4
141 17 6.2 9 2 0.4
140 127 6.2 9 2 0.4
144 150 6.2 9 2 0.4

For Arm 1 of the study, the viscosity of all samples was determined on a Rheosense
m-VROC viscometer at 5, 10, 15, 20, 25 and 30° C. For each sample and each temperature,
the flowrates were chosen at 50% of the maximum flowrate, leading to shear rates between

10 250 and 2500s°'. Newtonian behavior was assumed for all samples.

For Arm 2 of the study, the viscosity of all samples was determined on a Rheosense
m-VROC viscometer at 20° C. For each sample, the flowrate was chosen at 50% of the
maximum flowrate determined by the instrument during the priming phase. This led to
shear rates between 250 and 2500s!. Newtonian behavior was assumed for all samples.

15 For Arm 3 of the study, the viscosity of all samples was determined on a Rheosense
m-VROC viscometer at 20° C. For each sample, the flowrate was chosen at 50% of the
maximum flowrate determined by the instrument during the priming phase. This led to
shear rates between 1200 and 1600s™!. Newtonian behavior was assumed for all samples.

Viscosity as a function of concentration

20 At pH 5.5, viscosity increased from 16 mPa-s at a concentration 126 mg/mL to
54 mPa-s at 154 mg/mL. At pH 7.0, viscosity increased from 5.8 mPa-s to 11 mPa-s in the
same range of concentration. For all conditions, data were fit using Mooney equation:

¥

; w { ke
= ex [ —
Tsute (* - {nic

\ A E

where #.0n 18 the viscosity of the solvent, [#] the intrinsic viscosity of the protein, K a

25  “crowding factor” and S a “shape factor”. The fitting parameters were [#] and K/S. A fixed
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value was used for 7.n = 1.26 mPa-s, corresponding to the viscosity of the formulation
buffer at 20° C.

As shown in Fig. 8, the viscosity of isatuximab solutions increased with increasing
mADb concentration.

Viscosity as a function of pH

Fig. 9 shows data obtained with m-VROC in Arm 2, viscosity plotted as a function
of pH for 5 concentrations of isatuximab (126, 140, 147 and 154 mg/mL). As shown in
Fig. 9, the viscosity of isatuximab solutions decreased with increasing pH.

At pH 6.2, the viscosity was less than 25 mPa-s across the concentration range of
antibody tested. The viscosity was less than 25 mPa-s for all pH values higher than or equal
to 5.9. However, at lower probed pH values (5.5 and 5.7), the viscosity was higher than 25
mPa-s for mAb concentrations higher or equal to 147 g/L.

Viscosity as a function of temperature

In Arm 1, the viscosity of the probed formulations was measured as a function of
temperature between 5 and 30° C. As shown in Fig. 10 and Fig. 11, the viscosity decreased
as temperature increased. Using an Arrhenius fit, the activation energy of the formulations
was determined (Table 9). The values were used, in combination with a fit of data at 20° C
with Mooney equation, to calculate theoretical values. As shown in Fig. 10, the model

coincided with the experimental data.

Table 9 - Activation energy for the different formulations of Arm 1

isatuximab concentration (g/L} pH Activation energy (kJ/mol})

126 6.2 22.7
142 59 271
143 6.2 231
142 6.5 236
141 6.8 24.0
152 59 316
154 6.2 26.7

Activation energies increased with increasing concentration of isatuximab.
Activation energies decreased between pH 5.9 and 6.2. To a lesser extent, activation
energies increased between pH 6.2 and 6.8. In order to move in solution, a mAb must
escape from its neighbors, and so needs a minimum energy that is defined here as Ea. The

probability that the mAb can acquire this energy is proportional to exp(-Ea/RT) according
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to the Boltzmann law and thus the viscosity which is inversely proportional to the mobility
of mAbs follow the equation viscosity = exp(+Ea/RT).

For formulations at pH 6.2, with mAb concentrations of 143 and 126 mg/mL, the
viscosity remained under 25 mPa-s over the temperature range 5-30° C. At 154 mg/mL, the
value recorded at 5° C was slightly higher than 25 mPa-s.

For formulations at pH 5.9, the viscosity of isatuximab at 142 mg/mL was about 25
mPa-s at 5° C.

Viscosity as a function of Arginine concentration

Preliminary studies showed that, for a formulation of isatuximab at 150 mg/mL
(without surfactant), the viscosity decreased from 60 mPa-s to 16 mPa-s between 0 and 100
mM of arginine, and only dropped to 12 mPa-s between 100 and 200 mM of arginine.

In the present study, arginine concentrations from 90 to 150 mM, with points at 90,
100, 115, 125 and 150 mM were tested. The viscosity decreased with increasing
concentrations of arginine (Fig. 12). The values decreased from 11 to 9 mPa-s, confirming
the trend obtained in the preliminary studies.

In the range of arginine concentration studied (90-150 mM), the viscosity varied of

less than 2 mPa-s.

Example 3 — Stability

This example describes a series of stability studies in which 2 sets of formulations
were subjected to a stability study at 5 °C and to an accelerated stability study at 40 °C/75%
r.h. as well as to a freeze-thaw and shake stress testing studies.

Formulations that were tested are summarized in Table 10 and Table 11.

Table 10 - F4-1 to F4-16

Protein Arginine-HCl Sucrose P188
Formulation | concentration | pH concentration concentration | concentration
(mg/mL) (mM) (mg/mL) (mg/mL)
1* 140 6.2 125 20 4.0
2 140 6.5 145 16 3.0
3 140 6.2 125 20 4.0
4 140 5.9 105 24 5.0
5 154 6.2 105 16 5.0
6 140 6.2 125 20 4.0
7 126 6.2 145 24 3.0
8 154 5.9 125 24 3.0
9 140 6.2 125 20 4.0
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10 126 6.5 125 16 5.0
11 154 59 145 20 5.0
12 126 6.5 105 20 3.0
13 140 6.2 125 20 4.0
14 154 6.5 145 24 4.0
15 126 59 105 16 4.0
16 140 6.2 125 20 4.0
*1 was tested as part of the accelerated study.
Table 11 - F10-1 to F10-16
. Protein Lysine acetate Sucrose PS80
Formulations . . . .
concentration pH concentration | concentration | concentration
(mg/mL) (mM) (mg/mL) (mg/mL)
1* 140 6.2 125 20 0.4
2 140 6.5 145 16 0.3
3 140 6.2 125 20 0.4
4 140 5.9 105 24 0.5
5 154 6.2 105 16 0.5
6 140 6.2 125 20 0.4
7 126 6.2 145 24 0.3
8 154 59 125 24 0.3
9 140 6.2 125 20 0.4
10 126 6.5 125 16 0.5
11 154 59 145 20 0.5
12 126 6.5 105 20 0.3
13 140 6.2 125 20 0.4
14 154 6.5 145 24 0.4
15 126 59 105 16 0.4
16 140 6.2 125 20 0.4

10

15

*1 was tested as part of the accelerated study.

Freeze-thaw stress was performed by using an Epsilon1-6CC freeze-thaw unit

(Martin Christ GmbH, Osterode, Germany). Samples were subjected to freeze-thawing

stress.

One vial from each formulation (F4 and F10) was placed in a freeze-dryer and

cycles were run according to the following parameters: speed, 0.1 °C/min; freeze

temperature, -30 °C; thaw temperature, 25 °C; number of cycles, 5; and hold-on

temperature time, 60 min. After five cycles, samples were inspected for visual particles and

were homogenized.

One vial of each formulation was mounted onto a horizontal shaking platform (IKA,

KS4000 IC) and was stressed at 25 °C and 300 rpm for 21 days. T-mech samples were

analyzed together with the T-1 month time point.
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Osmolality of the samples was measured by a freezing-point depression method by
using a Gonotec Osmomat 3000 (Gonotec, Berlin, Germany). A 3-point calibration was
conducted prior to operation of the instrument, which included Milli-Q water and two
osmolality standards at 300 and 400 mOsmol/kg.

Protein concentration was determined by UV spectroscopy performed in 96-well
plates (Corning Incorporation, NY, USA) on a Tecan Safire2 plate reader (Tecan Austria
GmbH, Grodig, Austria). The samples were diluted gravimetrically from 150 mg/mL
solution to a protein concentration of 1 mg/mL. Dilution factors were calculated from
balance printouts. For each data point, three wells (n = 3) filled with 200 pL solution were
measured to minimize measurement errors. The temperature of the measurement cell was
set to 25 °C. Dilution buffer was measured as blank spectrum. After measurement, the
absorbance values obtained at 280 nm were corrected for the path length and subtracted
with the corresponding blank. The calculated molar extinction coefficient (&molar) 224,320
M-lem™ at 280 nm was used for calculation of the extinction coefficient (£). The calculated
extinction coefficient (g) of 1.548 mL mg™! cm™! was used to determine the protein
concentration based on the absorbance values at 280 nm.

The vials were inspected for the presence or absence of visible particles under
gentle, manual, radial agitation for 5 seconds in front of a white background and for 5
seconds in front of a black background according to the European Pharmacopoeia (8th
edition; monograph 2.9.20) at ca. 3750 lux. The inspection was performed independently by
two trained examiners.

To classify the observed visible particles, a number score on the basis of the
“Deutscher Arzneimittel-Codex” (DAC 2006) was used (0, no particles visible within 5 sec;
1, few particles visible within 5 sec; 2, medium number of particles visible within 5 sec; 10,
large number particles directly visible). Fiber-like structures and particles that are likely
non-inherent to the product are not accounted for by the number score.

High Performance Size-Exclusion Chromatography (HP-SEC)

Prior to sample analysis, the performance of the HP-SEC column was tested with
the BioRad gel filtration standard (containing thyroglobulin, gamma globulin, ovalbumin,
myoglobin, and vitamin B12). The standard was prepared by solubilizing the lyophilized
material in 500 pL of Milli-Q water, followed by a 10-fold dilution in mobile phase (final
protein concentration 3.6 mg/mL). The system suitability test was performed at the

beginning of each sequence by injecting the gel filtration standard (BioRad) and assessed
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by calculating the USP resolution between the gamma globulin and the ovalbumin peak. 50
mg/mL stock samples were diluted 5-fold in the 1.5 mL polypropylene tubes (Eppendorf)
by mixing 40 pL of stock solution with 160 pL of solution A (mobile phase without
acetonitrile), resulting in a protein concentration of 10.0 mg/mL.

To avoid blocking of the HP-SEC column by larger, insoluble particles that might
potentially form during accelerated stability/stress testing, samples were centrifuged after
dilution at 18,000 rcf for 5 min, and the supernatant was transferred into the HPLC vials.
The samples were vortexed and stored at 5 °C in the autosampler until the analysis.

The following parameters were used for the HP-SEC analysis:

Instrument: Ultimate 3000 (Dionex)

Column: Amorphous silica column ProSEC 300S; 300mm

Security guard: Guard column 50 mm x 7.5 mm

Flow rate: 0.3 mL/min

Mobile phase: 90% of 100 mM Phosphate, pH 7.2, 300 mM NaClO4 + 10% ACN

Detection: UV at 280 nm and at 214 nm

Column oven: 25 °C

Sample cooling: 5 — 8 °C

Injection volume: 10 pL for 5.0 mg/mL sample, 10 pL for blanks and SEC
standards

Analysis time: 90 min

Capillary Isoelectric Focusing (cIEF)

Imaged capillary isoelectric focusing (cIEF) was performed on an iCE280
instrument coupled to PrinCE Microinjector (Convergent Bioscience, Toronto, Canada).
Instead of eluting the focused molecular species past a fixed detection point, as practiced in
conventional cIEF, in imaged cIEF the molecules are detected across the whole IEF
capillary. To do so, UV light at a wavelength of 280 nm was focused on the UV-transparent
capillary, and images were captured in regular intervals by aid of a charge-coupled device
(CCD) camera.

Prior to analysis, the fused, silica-coated (FC) cartridge was installed following the
instrument instructions. The anode reservoir was filled with 0.08 M phosphoric acid (in
0.1% methylcellulose, electrolyte kit, ProteinSimple) and the cathode reservoir with 0.1 M

sodium hydroxide (in 0.1% methylcellulose, electrolyte kit, ProteinSimple). The
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performance of the system was checked by measuring a hemoglobin standard (iCE280
System Suitability Kit, ProteinSimple). Isoelectric focusing of the hemoglobin standard
solution was carried out according to the manufacturer (pre-focusing:1 min at 1500 V;
focusing: 4.5 min at 3000 V).

The Master Mix for 20 samples was prepared by mixing 2360 pL of Milli-Q water,
1400 pL of 1% methylcellulose, 160 pL of Pharmalyte pH 3-10, 20 pL of pl marker 7.05
and 20 pL of pI marker 9.50. Master Mix was homogenized by vortexing and shortly
centrifuged at 5,000 rcf. The mix was filtrated with a 0.45 pm syringe PVDF filter unit
(Millex-GV, Millipore).

The samples were pre-diluted to a protein concentration of 20.0 mg/mL by mixing
20 pL of the stock solutions (C = 50 mg/mL) with 30 pL of the corresponding formulation
buffers. Final samples for the cIEF analysis was prepared by mixing 2 pL of the pre-diluted
samples at 20.0 mg/mL with 198 pL Master Mix to obtain a total volume of 200 pL and a
protein concentration of 0.2 mg/mL.

Isoelectric focusing of the DP was carried out by pre-focusing for 1 min at 1500 V,
followed by focusing for 8 min at 3000 V. The UV absorption images were analyzed by
using the software ChromPerfect (Version 5.5.6).

Results of Visual Inspection

Visual inspection was performed by two independent operators Sample solutions
after freeze-thawing were marked as inhomogeneous (S- Schlieren*, phase separation). No
major changes in visible particle content and turbidity were observed for all tested
formulations during the stability study.

The results of the osmolality measurements are presented in Table 12. At TO,
osmolalities ranged between 275 - 418 mOsmol/kg. The F10 Formulations showed higher
osmolality values than the F4 Formulations. Storage at 40 °C/75% r.h. had no influence on

the osmolality in tested samples.

Table 12— Results of osmolality measurements at TO (n=1)

Sample Camolabity
F4-1 335
F4-2 353
F4-3 331
F4-4 308
F4-5 280
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F4-6 336
F4-7 378
F4-8 353
F4-9 334
F4-10 330
F4-11 381
F4-12 289
F4-13 335
F4-14 404
F4-15 277
F4-16 338
F10-1 353
F10-2 ERN
F10-3 341
F10-4 30
F10-5 276
F10-6 346
F10-7 401
F10-8 374
F10-9 343
F10-10 328
F10-11 384
F10-12 294
F10-13 365
F10-14 4i%
F10-15 275
F10-16 351

Table 13 — Results of osmolality measurements at T-1w_40 °C, T-2w_40 °C, and T-1m_40

°C
Sample Osmolality
P T-tw 40 T-Zw 40 °C T-im 40 °C
F4-1 328 326 324
F10-1 347 343 344

The results of the viscosity measurements at TO indicated that the F10 Formulations
showed slightly higher viscosities than the F4 Formulations. The highest viscosity was
measured for Formulation F4-8 (30.03 cP at 1000 s at 20°C) and F10-8 (34.13 cP at 1000
sl at 20°C). For both sets of formulations (F4 and F10), Run 8 contained the highest protein
concentration (154 mg/mL), the lowest pH (5.9), and the highest sucrose concentration (24
mg/mL).

The results of the protein concentration determination by UV spectroscopy are

provided in Table 14 and Table 15. At TO0, the protein concentrations ranged between 124
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and 156 mg/mL. The protein concentration in the test formulations remained stable during
storage at 40 °C/75% r.h.

Table 14 — Protein concentration

Samplo » _Pm?ein com_emrati(m {mg/mi__,}u _ _
T Target 1O T-mech T-FT T-im 40 °C

Fd-1 140 1350 1385 1412 140.9
F4-2 140 135.0 1383 1381 1398
F4-3 140 137.1 1388 1387 136.7
F4.4 140 138.5 1337 1399 1403

F4-5 154 151.8 150.9 133.6 154.4

Fd-6 140 136.9 139.0 1412 138.6

P47 126 1237 1259 127.5 1256
F4-8 154 1542 1519 1519 1583
F4-9 140 138.5 13R.4 1421 139.2
Fd-10 126 124.1 124.6 126.2 126.4
F4-11 154 154 4 153.3 154.1 156.0
F4-12 126 121.0 1234 124.9 124.3
F4-13 140 140.0 136.8 1402 137.1
F4-14 154 151.5 147.4 152.5 1580
Fd-15 126 124.1 1227 1227 1251
Fd-16 140 137.1 140.9 136.7 139.3
FiG-1 140 1384 1418 140.7 146.0
Fi(-2 140 1416 13591 1416 144 4
Fig-3 140 148.6 141.7 1392 141.7
FiO-4 140 1394 138.8 1402 1410
Fig.s 134 1543 156.4 152.2 157.2
Fi0-6 140 1411 142 .4 1427 142.0
FiG-7 126 129.9 126.1 1234 130.3
F16-8 154 1539 1559 1582 1562
F1G-9 140 140.2 140.3 1419 140.2
F1(-10 126 1268.5 127.1 128.7 129.8
FiG-11 154 154.5 1527 1527 155.4
Fi0-12 126 1253 126.1 1251 127.3
Fi1o-13 140 1411 140.9 1401 141.8
Fi1i-14 154 158.8 185.2 1562 187.1
Fi0-158 126 123.8 127.1 126.6 125.3
Fi1G-16 140 141.7 142.6 1381 142 .4

5
Table 15— Protein Concentration
Sample Protein Concentration {mg/ml)
T-iw 4G °C T-2w 40 °C
F4-1 1371 140.2
F10-1 142.3 144.6
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Sodium dodecyl sulfate gel electrophoresis (SDS-PAGE) was used to characterize
molecular weights and relative quantities of protein species. Relative amounts of separated
species were calculated from SDS-PAGE gels by measuring the optical density of detected
protein bands. The relative quantities and molecular weights of all detected protein species

5 under non-reducing and reducing conditions are found in Table 16 and Table 17,

respectively.
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High performance size-exclusion chromatography (HP-SEC) was performed to
assess for monomer, aggregates, and fragments. Four aggregate species (HMW [, HMW2,
HMW3 and HMW4) and two fragment species (LMW1 and LMW?2) were assigned.

At TO, the relative monomer content in Formulations F4 and F10 ranged between
98.5 — 99.0%. Storage at 40 °C/75% r.h. led to a decrease of the monomer content in all
tested samples. The monomer content in the test formulations after storage at 40 °C/75%
r.h. for one month ranged between 96.2 — 97.2%; the lowest monomer content at this time
point was found in Formulation F4-2. Repeated freeze-thaw cycles had almost no impact on
the relative monomer content, while mechanical stress led to a small decrease (97.7 —
98.2%). See Fig. 13 and Fig. 14.

For almost all samples and time points, the relative content of HMW1 was below
the limit of quantitation of 0.15%, and similarly, for almost all samples and time points, the
relative content of HMW2 was below the limit of quantitation of 0.15%.

The relative content of HMW3 was in the range of 0.7 — 0.9% at T0. After one
month storage at 40 °C/75% r.h., the HMW3 content increased to 1.1 — 1.5%. The highest
increase in HMW3 content was observed in F4-14, F10-5, F10-12 and F10-14 samples,
while the lowest increase was observed in Formulation F4-1 and F4-7 samples. Repeated
freeze-thaw cycles did not result in an increase of the HMW3 relative content, while
mechanical stress led to a slight HMW?3 increase to 0.9 - 1.2%.

For almost all samples and time points, the relative content of HMW4 was below
the limit of quantitation of 0.15%.

The sum of all aggregates (HMWS) was calculated with peaks > 0.15% relative
arca. At TO, the total content of aggregates (HMWS) was in the range of 0.6 — 1.2%.
Storage at 40 °C/75% r.h. led to a notable increase of the HMWS content in all tested
formulations. The relative HMWS content after storage at 40 °C/75% r.h. for one month
ranged between 1.1 — 1.9%. The lowest increase of HWM species was observed for
Formulation F4-7, and the highest increase was observed for Formulations F4-2 and F10-
14. No substantial changes in HMWS content were observed after freeze-thawing, and only
small increases were detected after exposure to mechanical stress leading to a HWMS
content between 0.9 — 1.3%. See Fig. 15 and Fig. 16).

At T0, the content of fragment LMW1 was about 0.3. Storage at 40 °C/75% r.h. led
to an increase of the LMW1 content in all tested samples. The relative LMW1 content was

highest after storage at 40 °C/75% r.h. for one month and ranged between 1.1 — 1.5%.
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Freeze-thawing had no influence on the LMW 1 content. Mechanical stress led to a small
increase in LMW1 content.

At TO, the relative content of fragment LMW2 was below the limit of quantification
(>0.15%) for all tested formulations. Storage at 40°C/75 %r.h. for two weeks and one
month led to a small increase of the LMW2 content, with the highest values observed at T-
Im_40°C (0.3 — 0.5%).

The sum of the content of all LMWS was calculated with peaks > 0.15%. At TO, the
total LMWS content was about 0.3% in all tested formulations. Whereas freezethawing had
no impact on the LMWS content, mechanical stress led to small increases in the LMWS
content (0.7 — 0.9%). Storage at 40 °C/75% r.h. led to more notable increases, especially at
the later time points (Fig. 17 and Fig. 18). The highest increase was observed at T-
Im_40°C, where the total LMWS content ranged between 1.4 — 1.8%.

At TO, the relative content of the main peak as measured by capillary isoelectric
focusing (cIEF) was between 70.3 — 74.0%. A gradual decrease in the relative content of
the main peak was detected after storage at 40 °C/75% r.h. for one week, two weeks and
one month. The highest decrease was observed for Formulation F10-8 (55.4% at T-
Im_40°C). The pl of the main peak remained stable at about 8.2 for all formulations at all
stability time points.

At TO, the relative content of acidic species ranged between ca. 17.9 — 20.9%.
Storage at 40 °C/75% r.h. led to a notable increase of acidic species content. The highest
increase was observed at time point T-1m_40°C with values between 30.4 —36.9%. The
highest increase was observed for Formulation F10-8, whereas Formulation F4-7 showed
the lowest increase. A graphical representation of the data is shown in Fig. 19 and Fig. 20.

At TO, basic peak contents between 8.1 — 9.5% were observed. During the stability
study, the basic peak content remained relatively stable for all formulations at most time
points. For T-1m_40°C, the basic peak content ranged from 7.1 — 9.1%.

After storage at 40 °C/75% r.h, capillary isoelectric focusing (cIEF) data showed
increases in acidic species content at the expense of main peak content for all formulations.
F4 formulations showed better chemical stability than F10 formulations with a lower
decrease of the main peak relative content after one month storage at 40 °C/75% r.h., as
presented in Fig. 21. After one month storage at 40 °C/75% r.h., F4 formulations showed a
monomer peak loss in the range of 9.5 — 13.9 %, while F10 formulations showed a

monomer peak loss in the range of 14.7 - 17.3 %.
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Example 4 — Stability

The results of the stability studies performed on 140 mg/mL isatuximab formulated
in 110 mM Arginine-HC1, 9 mM Histidine, Sucrose 2%, Poloxamer-188 0.4%, pH 6.2 are
provided.

RESULTS
Stability at -20°C+5°C

As shown in Table 18, after storage at -20°C+5°C for | month, all the tested quality
attributes (Visible particles, color, degree of opalescence, purity by SEC and cGE, protein
concentration by UV, potency by ADCC and CDC bioassays, particulate matter by light
obscuration and pH remained stable.

Charge heterogeneity by icIEF did not show any significant change compared to
starting material.

Stability at +5°C+3°C (long-term storage condition)

As shown in Table 19 and Table 20, after storage at +5°C+3°C for 1, 3, 6, 9, and 12
months, all the tested quality attributes (visible particles, purity by SEC and cGE, protein
concentration by UV, potency by CDC bioassay, particulate matter by light obscuration and
pH remained stable for at least 12 months.

Color, degree of opalescence and charge heterogeneity by icIEF did not show any
significant change compared to starting material for at least 12 months, compared to
starting material.

Stability at +25°C£2°C/60%+5% RH (accelerated storage condition)

As shown in Table 21, after storage at +25°C+2°C for 6 months, all the tested
quality attributes (visible particles, purity by SEC, protein concentration by UV, potency by
ADCC and CDC bioassays, particulate matter by light obscuration and pH) remained stable
for at least 6 months.

After 6 months at +25°C+2°C, no changes were observed for both color and degree
of opalescence.

After 6 months at+25°C+2°C, a change in the charge heterogeneity profile by icIEF
was observed as follows: a decrease in the main isoform content by 9% along with an
increase in acidic isoforms by 9% was observed.

A slight decrease in the main peak (-2%) in the purity by cGE was observed

correlated with an increase in sum of low molecular species (+2%).

58



WO 2021/113739 PCT/US2020/063452

10

15

A slight decrease in the monomer purity (-1.7%) by SEC was observed.

All other parameters did not show any significant change compared to starting
material.

Stability at +40°C£2°C/75%+5% RH (stress condition)

As shown in Table 22, under stress conditions, the following changes were
observed after 1 month:

Change in charge heterogeneity profile by icIEF was observed as follows: decrease
in main isoform content by 14%, mainly correlated with an increase in acidic forms by
15%.

A slight decrease in the main peak (-2%) in the purity by cGE was observed
correlated with an increase in sum of low molecular species (+2%).

The percentage of aggregates by SEC remained constant.

CONCLUSION
The results from this stability study show that isatuximab - 140 mg/mL formulated
in 110 mM Arginine-HCl, 9 mM Histidine, Sucrose 2%, Poloxamer-188 0.4%, pH 6.2

remains stable at -20°C for at least 1 month and at +5°C+3°C for at least 12 months.

Table 18 — Isatuximab 140 mg/mL - stability results at -20°C+5°C

Test Initial Results 1 month
Clarity and degree of Not more than reference | Not more than reference
opalescence suspension suspension
Color Not more than degree 5 Not more than degree 5
Assay (UV)

Protein concentration (mg/mL) 139.2 138.9
pH 6.3 6.3
Purity (HPLC-SEC)

Monomer (area %) 98.8 99.0%

Sum of HMW species (area %) 1.0 0.8%
Charge heterogeneity (iclEF)

Main isoform (area %) 74 71

Sum of acidic isoforms (area 18 21
%)

Sum of basic isoforms (arca %) 8 8
Purity (¢cGE non reduced)

Main peak (area%) 96 96

Sum of LMW (area%) 4 4
Particulate matter (light
obscuration)

Particles per container >25 pm 0 0
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Test Initial Results 1 month
Particles per container >10 pm 19 56
Visible particles Free from visible Free from visible
particulates particulates
ADCC Bioassay
Relative potency (%oRef Std
ECso/Sample ECso) 107 104
CDC Bioassay
Relative potency (%Ref Std 105 11
ECso/Sample ECsp)

Table 19 — isatuximab solution for injection 140 mg/mL —
stability results at +5°C+3°C (T1M to T6M)

Test Initial Results 1 month 3 months 6 months
Clarity and degree of Not more than Not more Not more Not more than
opalescence reference than reference | than reference reference
suspension suspension suspension suspension
Color Not more than Not more Not more Not more than
degree 5 than degree 5 | than degree 5 degree 5
Assay (UV)
Protein concentration 139.2 140.4 139.8 139.8
(mg/mL)
pH 6.3 6.2 6.3 6.4
Purity (HPLC-SEC)
Monomer (area %) 98.8 98.8 98.7 98.6
Sum of HMW species 1.0 0.9 0.9 1.0
(area %)
Charge heterogeneity
(icIEF)
Main isoform (area %) 74 72 70 73
Sum of acidic isoforms 18 21 22 19
(area %)
Sum of basic isoforms 8 8 8 8
(area %)
Purity (¢cGE non
reduced)
Main peak (area %) 96 96 96 96
Sum of LMW (area %) 4 4 4 4
Particulate matter
(Light obscuration) ——
Particles per container 0 0 0 19
225 pm
Particles per container 19 243 187 206
>10 pm
Visible particles Free from Free from Free from Free from
visible visible visible visible
particulates particulates particulates particulates

ADCC Bioassay
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Test Initial Results 1 month 3 months 6 months
Relative potency (%oRef 107 103 Not 91
Std ECso/Sample ECso) Determined
CDC Bioassay
Relative potency (%oRef 105 118 101 78
Std ECso/Sample ECs)

Table 20 — Isatuximab solution for injection 140 mg/mL - stability results at +5°C+3°C
(T9M to T12M)

Test Initial Results 9 months 12 months
Clarity and degree of Not more than Not more than Not more than
opalescence reference reference reference
suspension suspension suspension
Color Not more than Not more than Not more than
degree 5 degree 5 degree 5
Assay (UV)

Protein concentration 139.2 141.9 140.2
pH 6.3 6.2 6.2
Purity (HPLC-SEC)

Monomer (area %) 98.8 98.5 98.5

Sum of HMW species (area 1.0 1.1 1.1

%)

Charge heterogeneity

(icIEF)

Main isoform (area %) 74 73 73

Sum of acidic isoforms (area 18 19 20

%)

Sum of basic isoforms (area 8 8 8

)

Purity (cGE non reduced)

Main peak (area %) 96 95 95

Sum of LMW (area %) 4 5 5

Particulate matter (Light

obscuration)

Particles per container >25 pm 0 56 0

Particles per container >10 um 19 747 691

Visible particles Free from visible | Free from visible | Free from visible
particulates particulates particulates

ADCC Bioassay

Relative potency (%oRef Std 107 Not determined 95

ECso/Sample ECso)

CDC Bioassay

Relative potency (%oRef Std 105 97 93

ECso/Sample ECso)
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Table 21 — Isatuximab solution for injection, 140 mg/mL - stability results at

+25°C£2°C/60%+5% RH

Test Initial 1 month 3 months 6 months
Results

Clarity and degree of Not more Not more Not more Not more

opalescence than than than than
reference reference reference reference
suspension suspension suspension suspension

Color Not more Not more Not more Not more

than degree 5 | than degree 5 | than degree 5 | than degree 5

Assay (UV)

Protein concentration 139.2 138.2 140.7 140.5
pH 6.3 6.3 6.3 6.3
Purity (HPLC-SEC)

Monomer (area %) 98.8 98.7 97.9 97.1

Sum of HMW species 1.0 0.9 1.1 1.3
(area %)

Charge heterogeneity
(icIEF)

Main isoform (area %) 74 71 66 65

Sum of acidic isoforms 18 21 26 27
(area %)

Sum of basic isoforms 8 8 8 8
(area %)

Purity (¢cGE non
reduced)

Main peak (area %) 96 96 95 94

Sum of LMW (area %) 4 4 5 6
Particulate matter
(Light obscuration)

Particles per container
>25 um 0 19 56 0

Particles per container 19 280 1158 1400
>10 pm
Visible particles Free from Free from Free from Free from

visible visible visible visible
particulates particulates particulates particulates
ADCC Bioassay

Relative potency 107 107 Not 83
(%Ref Std ECso/Sample determined
ECs0)

CDC Bioassay
Relative potency (%oRef 105 105 95 85
Std ECso/Sample ECso)
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Table 22 — Isatuximab solution for injection, 140 mg/mL - stability results at
+40°C+2°C/75%+5% RH

>10 pm

Test Initial Results 15 days 1 month
Clarity and degree of Not more than Not more than Not more than
opalescence reference reference reference
suspension III suspension 11 suspension IV
Color Not more than Not more than Not more than
degree 5 degree 5 degree 5
Assay (UV)
Protein concentration 139.2 139.2 138.4
pH 6.3 6.3 6.3
Purity (HPLC-SEC)
Monomer (area %) 98.8 97.9 97.2
Sum of HMW species 1.0 1.1 1.1
(area %)
Charge heterogeneity
(icIEF)
Main isoform (area %) 74 68 60
Sum of acidic isoforms 18 25 33
(area %)
Sum of basic isoforms 8 8 7
(area %)
Purity (cGE non
reduced)
Main peak (area %) 96 95 94
Sum of LMW (area%) 4 5 6
Particulate matter
(Light obscuration) i T
Particles per container 0 0 0
Particles per container 19 150 56

Visible particles

Free from visible

Free from visible

Free from visible

particulates particulates particulates
ADCC Bioassay
Relative potency (%oRef 107 100 103
Std ECso/Sample ECso)
CDC Bioassay
Relative potency (YoRef 105 104 97
Std ECso/Sample ECso)

Example 5 — In Vivo Study in Minipigs

This example describes a study in which minipigs were treated with formulations of

isatuximab administered by subcutaneous injection. The minipig was selected as the test

model for this study of subcutaneous local tolerance because of its well accepted suitability
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and since it is commonly used for non-clinical assessment of the intended human route of
administration.

Four formulations (F1, F2, F4 and F10) and a saline solution (0.9% sodium
chloride) as negative control were tested on 8 minipigs (1-year-old female, 20-25 kg) with 4
animals per testing group. Each animal received injections of 2 formulations and a negative
control, with 3 weeks for recovery between each injection. Administration was performed
on the flank region via a catheter fitted with a butterfly 27G needle using a syringe pump
(Harvard Apparatus Model ‘22”) equipped of a back pressure captor (RSB5 Subminiature
Load Cell 50LB/200N) for tissue back pressure monitoring.

During infusion, the animals were observed with focus on general behavior,
vocalization, and visual parameters for pain assessment. Infusion syringe pressure and
evidence of leakage were monitored as well. The injection sites were observed for skin
changes and plasma analysis for Substance P and cortisol were performed. Skin biopsy was
collected on 5th day in 10% NBF.

Pain symptoms were recorded during and after the injection for 5 days. Pain
markers were dosed in the blood sampled along the injection and for the following 90
minutes. A histopathology study was then conducted on a skin sample taken at the point of
injection. In terms of histopathology, all formulations were well tolerated.

All solutions of isatuximab were prepared from the same pre-formulated batch of
isatuximab solution. This batch had been formulated at 30 mg/mL, pH 6 in histidine 20 mM
and sucrose 5%.

All the formulations tested for the research minipig study are described in Table 23.

Table 23 - minipig formulations

Conc. Histidine Lys- Arg- Lys- Sucrose PS P188 pH
(mg/mL) (mM) Cl Cl Ac % (p/v) 80 % %

(mM) (mM) (mM) ®Y) W)
F1 150 10%* 125* - - 2 0.04 - 6.2
F2 135 10%* - 125* - 2 0.04 - 6.2
F4 140 10%** - 125%* 2 - 04 62
F10 140 - - - 125%* 2 0.04 - 6.2

* nominal values of diafiltration buffer and CES, not taking into account shift caused by
Donnan effect during ultrafiltration

** nominal values diafiltration buffer and CES, not taking into account shift caused by
Donnan effect during ultrafiltration but later quantified in F4 and F10
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For the preparation of each formulation, the buffer (without sucrose and surfactant)
was exchanged by diafiltration, and the antibody was concentrated to a higher value than
the target formulation. After a first adjustment of concentration, a concentrated excipient

solution, (concentrated sucrose and surfactant dissolved in diafiltration buffer) was added to

5  obtain the final formulations.
Studied diafiltration buffers are presented in Table 24.
Table 24 - Composition of diafiltration buffers
Histidine  Histidine, Lysine- Arginine, Lysine- Acetic pH
(mM) HCl (mM) Cl(mM) Cl(mM) Ac acid
(mM)
F1 6.2 3.8 125 - - - 6.3
F2 & F4 5.2 4.8 - 125 - - 6.1
F10 - - - - 125 3.7 6.2
The values recorded of the final formulation are shown in Table 25.
10 Table 25 - Analytical results
Target Concentration Osmolality Osmolality Density pH** [His] [Arg] [Lys]
concentration (mg/mL) (mOsm/kg) (sample (mM) (mM) (mM)
(mg/mL) dilute)
F1 150 149.6 364 298 1.058* 6.3 n.a. - n.a.
F2 135 137.5 336 288 1.056 6.3 n.a. n.a. -
F4 140 141.8 352 297 1.057 6.3 9 105 -
F10 140 142.5 369 289 1.055 6.2 - - 99

15

*density of formulation before filtration
**pH measured after filtration, with a microelectrode
n.a. = not available (not measured)

A total of eight 1-year-old female minipigs were used in the study. Each formulation
was tested on 4 animals, who each received a volume of 18 mL in 30 minutes (0.6
mL/min). The study lasted 5 days, during which pain markers and symptoms were
recorded. At the end of the 5 days, an 8 mm disk of skin was sampled (biopsy) for
histopathology.

Formulations F2 and F4 were first tested on the minipigs. After a lag time of 21
days, formulations F1 and F10 were then tested on the same 8 minipigs. Finally, after a

second lag time, a saline solution was tested on the same 8 minipigs.
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For each formulation/saline solution, the study was conducted as follows:

. Injection of the solution to the 4 minipigs (8 for saline solution)
. During infusion: live record of following parameters:
o) Telemetric measurements (ECG)
5 o Syringe back pressure (for calculation of tissue back pressure)
o Pain markers (cortisol, Substance P, dosed in blood — required

regular blood sampling)
o) Pain symptoms (scratching, scrubbing, noise, redness), and

size of edema from infusion.

10 . After infusion:
o Pain markers in the 90 minutes following the end of the
infusion
o Pain symptoms (scratching, scrubbing, redness) for 5 days

(visual inspection, arbitrary units)
15 o) Histopathology on sample tissues (skin biopsy after 5 days)

The main results on pain are summarized in Table 26.

Table 26 - Pain markers and pain symptoms

Plasma cortisol in nmol/L Pain symptoms during
(max of average on 4 minipig)* infusion (per minipig)
F1 145 0.25
F2 235 15
F4 195 1
F10 340 225
control n.r.** 20

*Strong variation between animals for the same formulation
**n.r.= not reported

In Table 26, only plasma cortisol was reported as a pain marker. Levels of
20 Substance P, measured for all formulations, did not change over time. An increase of
plasma cortisol was recorded after injection. The maximum of the average value calculated
on the 4 minipigs for each formulation is reported in Table 26. The maximum value of that
average was obtained for F10. For all formulations, there were variations of the level of

plasma cortisol between the 4 test animals.
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The number of pain symptoms for F10 was also the highest of the 4 formulations

and had the highest plasma cortisol levels (Fig. 22). F2 had the second highest number of

pain symptoms and had the highest Substance P levels (Fig. 23). Not shown in Table 26

was the finding that both F1 and F2 had poor antibody stability.

No leakage and nearly constant syringe back pressure were observed during the

injection with the 4 formulations.

The main results on histopathology are summarized in Table 27.

Table 27 - Histopathology results

Dermis Subcutaneous tissue Skeletal muscle
Treatment Group Minimal Minimal to Focal myofiber
perivascular moderately necrosis, reparative
inflammation increased collagen granulation tissue
F1 4/4 (100%) 3/4 (75%) 1/4 (25%)
F2 4/4 (100%) 2/4 (50%) 4/4 (100%)
F4 4/4 (100%) 3/4 (75%) 1/4 (25%)
F10 4/4 (100%) 3/4 (75%) 0/4 (0%)
Saline 4/4 (100%) 1/4 (25%) 1/4 (25%)

Dermis and subcutaneous tissue did not show meaningful differences between the
formulations. Formulation F2 showed higher incidence (100%) of skeletal muscle changes

compared to formulation F1 (25%), F4 (25%), F10 (0%), or saline (25%).

Example 6 — Second /n Vivo Study in Minipigs

The objective of the study described in this example was to assess the local
tolerance and plasma pharmacokinetics of isatuximab following single administration by
subcutaneous infusion to minipigs using three different flow rates. Further, one group of
animals was dosed once intravenously to evaluate the bioavailability of isatuximab
following the different subcutaneous infusions.

The test samples, isatuximab 500 mg/25 mL (20 mg/mL) for IV infusion, and
isatuximab 140 mg/mL (Formulation F4 in Example 5), for SC infusion, were used. Saline

(0.9% NaCl) for injection was used as negative control item for Groups 2, 3 and 4.
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The study was performed in 20 female Gottingen SPF (Specific Pathogen Free)
minipigs from Ellegaard Géttingen Minipigs A/S, DK-4261 Dalmose, Denmark. The
animals were ordered with a body weight of 20-25 kg at arrival. A pre-treatment period of
15 days (including an acclimatization period of 5 days) was allowed, during which the
animals were observed daily in order to reject any animals in poor condition. All
observations were recorded.

The animals were randomized into four treatment groups as shown in Table 28:

Table 28 - Treatment groups

Sample agd Dose Route| Dose Isatuximab .
concentration . R Animal
Group (infusion | Volume Dose
(mg/mL) rate) (mL) | (mg/animal) Nos
Day 1 Day 8
isatuximab v
! (20) i (3 mL/min) %0 1800 13
. . SC
2 lsagzg;‘ab saline (0.5 12.9 1806 6-10
mL/min)
isatuximab . SC
3 (140) saline (1 mL/min) 12.9 1806 11-15
isatuximab . SC
4 (140) saline (2 mL/min) 12.9 1806 16-20

For intravenous infusion, 9 days before start of treatment, ear vein catheters were
implanted in 6 animals (5 + 1 spare). Five of these animals were allocated to Group 1 (IV
infusion group); the last animal was included in one of the subcutaneous groups.

All administrations were performed using a Baxter Colleague CXE volumetric
infusion pump. The Baxter Colleague CXE pump is capable of infusing from semi-rigid
containers, rigid containers, flexible IV bags, and vented syringes. The test and negative

control items were placed in sterile glass infusion bottles during the administrations.

— The first day of treatment was designated Day 1.

— OnDay 1, Group 1, a single dose of isatuximab (1800 mg/animal) was given by 30-
minute infusion through the implanted ear vein catheter, at a flow rate of 3 mL/min.

— OnDay 1, Groups 2, 3 and 4, a single dose of isatuximab (1806 mg/animal) was
given through a subcutaneous catheter with butterfly needle, at a flow rate of 0.5, 1
and 2 mL/min, respectively. The butterfly needle was placed in the left lower flanks

area just in front of the knee area.
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— On Day 8, Groups 2, 3 and 4, a single dose of saline (negative control) was given
through a subcutaneous catheter with butterfly needle, at a flow rate of 0.5, 1 and 2
mL/min, respectively. The butterfly needle was placed in the right lower flanks area
just in front of the knee area.

— Dose volume was 90 mL for Group 1 and 12.9 mL for Groups 2-4.

— The subcutaneous injection sites in Groups 2-4 was observed for leakage during the
infusions.

— The subcutaneous injection sites were marked along the edge of the local swelling
that develops during the infusion procedure, and re-marked as necessary.

— Needle size for SC infusion was 23G.

All signs of ill health and any behavioral changes were recorded daily. Any
deviation from normal was recorded. During dosing, the animals were observed for general
behavior and any vocalization, with emphasis on any signs of stress, discomfort or pain.

For Groups 2-4, the subcutaneous injection sites were observed daily from the day
of dosing, for hemorrhage, erythema, swelling (bleb formation, with indication of size) and
firmness, but not excluding other signs. On days of dosing, the injection sites were
observed before infusion, and at end of the infusions, and then at 15 min (+2 min), 30 min
(2 min), 1 (+3 min), 2 (+6 min), and 4 hours (+12 min) after end of dosing. Thereafter, the
injection sites were observed daily until Day 17, as no local reactions were observed from
Day 10. The parameters were scored according to the following grading system: 0 - not

present; 1 - minimal; 2 - slight; 3 - moderate; and 4 - marked.

Blood samples for pharmacokinetics

Starting on Day 1, blood samples were taken from all animals. Blood sampling was
performed at the following time points: pre-treatment, within 2 minutes after the end of
infusion, and at 1 (£3 min), 4 (£12 min), 24 (%1 hour 12 min), 48 (2 hours 24 min), 72, 96,
168, 192, 264, 336, 504 and 672 hours post end of infusion (tolerance of +3 hours from 72
hours).

Pharmacokinetic (PK) analysis were performed using the software Phoenix
WinNonlin Version 6.3 by Pharsight Corporation, Mountain View, CA, USA. A
noncompartmental analysis using WinNonlin plasma model (intravenous infusion and
extravascular dose model) was performed as appropriate.

The plasma concentration-time data from each individual animal was used for

pharmacokinetic calculations. In addition to parameter estimates for individual animals,
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descriptive statistics (e.g., mean, standard deviation, and coefficient of variation) were
reported, as appropriate. All parameters for each animal were generated from individual test
article concentrations in plasma following treatments on Day 1. For determination of
individual pharmacokinetic parameters, concentrations below the limit of quantitation were
treated as zero. For determination of mean concentrations, samples below the limit of
quantitation were treated as zero.

Parameters were estimated using nominal dose levels. Parameters were estimated
using nominal sampling times as no time deviations more than 15% from nominal were
documented. Predose concentrations on Day 1 were set equal to zero.

Descriptive statistics (mean, standard deviation, as applicable) and pharmacokinetic
parameters were reported to three significant figures. Coefficient of variation was reported
without decimal place.

The following PK parameters were estimated for isatuximab:

* Cmax - observed maximum concentration,

* tmax - time of maximum concentration,

* Clast - the last measurable concentration,

* tiase - the time of the last measurable concentration,

» AUCp241 - area under the plasma concentration-time curve from 0 to 24 hours

were calculated by non-compartmental analysis using the linear trapezoidal rule,

» AUCp.721 - area under the plasma concentration-time curve from 0 to 72 hours

were calculated by non-compartmental analysis using the linear trapezoidal rule,

» AUCo.168 1 - area under the plasma concentration-time curve from 0 to 168 hours

were calculated by non-compartmental analysis using the linear trapezoidal rule,

» AUC)y. - area under the plasma concentration-time curve calculated from 0-t,

where t was the time of the last measurable concentration, was calculated by

noncompartmental analysis using the linear trapezoidal rule,

» Bioavailability of the SC infusions relative to IV infusions were evaluated, using

AUCo241n, AUCo-721h, AUCo-168 1, and AUCo.t.

Additional parameters (i.e. ti2z, V2, CL) were calculated for IV route.

Collection of skin biopsies from SC injection sites (Groups 2 to 4)
On both Day 8 and Day 29, three skin biopsies, approximately 7-10 mm in depth,
for histopathology were taken from the left subcutaneous infusion site (test item site) of all

animals in Groups 2 to 4, using a 6 mm biopsy punch. The collection on Day 8 was
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performed after dosing with saline (negative control) in order to be able to monitor the
animals during the infusions.

The biopsies collected on Day 8 (biopsy Nos 1-3) were taken from the cranial half
of the infusion area. Biopsy No 1 was collected from the dorsal area, biopsy No 2 from the
mid area, and biopsy No 3 from the ventral part. The biopsies collected on Day 29 were
collected from the caudal half of the infusion area in a similar way. Furthermore, an
untreated control (biopsy No 4) from outside the dosed area was collected from the same
region of all animals on both days.

On both Day 15 and 36, skin biopsies were collected in a similar way from the right
subcutaneous infusion site (saline site) of all animals in Groups 2 to 4.

The biopsies collected on Day 15 (biopsy Nos 5-7) were taken from the cranial half
of the infusion area. Biopsy No 5 was collected from the dorsal area, biopsy No 6 from the
mid area, and biopsy No 7 from the ventral part. The biopsies collected on Day 36 were
collected from the caudal half of the infusion area in a similar way. Furthermore, an
untreated control (biopsy No 8) from outside the dosed area was collected from the same
region of all animals on both days.

Each biopsy from each animal was placed in a separate container and fixed in

phosphate buffered neutral 4% formaldehyde.

Results

No test sample-related clinical signs were observed in any of the animals.

In three animals (No 4, Group 1, and No 6 and 7, Group 2) the skin appeared to be
warm to the touch on Day 1 and Day 2. However, as the number of animals affected was
low, this was considered to be an incidental finding.

In all groups, local reactions at the infusion sites were scored on the day of infusion.
No scores were obtained on the other days.

In Group 2 (0.5 mL/min) on Day 1 (isatuximab), slight erythema was primarily
noted among all animals at the infusion site, and minimal to moderate swelling (bleb
formation) was observed in three animals, within the first two hours after the end of
infusion. Furthermore, three animals had minimal hemorrhage within the first 15 minutes
after the end of infusion.

On Day 8 (saline at 0.5 mL/min) for Group 2, minimal erythema was primarily

noted among all animals at the infusion site, and minimal to moderate swelling (bleb
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formation) was observed in two animals, within the first two hours after the end of infusion.
Further, minimal hemorrhage was observed in three animals after the end of infusion.

In Group 3 (1 mL/min) on Day 1 (isatuximab), minimal to slight erythema was
observed among four animals at the infusion site within the first 4 hours after the end of
infusion, and minimal to marked swelling (bleb formation) was seen in three animals,
reducing in size by 4 hours after the end of infusion. Minimal hemorrhage, and slight
hemorrhage in one animal, was observed within the first 30 minutes after the end of
infusion in three animals.

On Day 8 (saline at ImL/min) for Group 3, minimal to slight erythema was
observed among all animals at the infusion site within the first 4 hours after the end of
infusion, and one animal had minimal to moderate swelling (bleb formation) from post
dosing, reducing in size by 2 hours after the end of infusion. Minimal hemorrhage, and
slight hemorrhage in one animal, was observed within the first 15 minutes after the end of
infusion in all animals.

In Group 4 (2 mL/min) on Day 1 (isatuximab), minimal to slight erythema
(moderate in one animal) was observed among four animals at the infusion site within the
first 2 hours after the end of infusion, and up to marked swelling (bleb formation) was seen
among the animals from post dosing, reducing in size by 4 hours after the end of infusion.
Two animals showed minimal hemorrhage at the end of infusion.

On Day 8 (saline at 2 mL/min) for Group 4, minimal erythema (slight in two
instances) was primarily observed among all animals at the infusion site within the first 30
minutes after the end of infusion, and up to moderate swelling (bleb formation) was seen in
two animals from post dosing, reducing in size by 1 hour after the end of infusion. Minimal
hemorrhage was observed in two animals at the end of infusion.

No signs of leakage were observed during the infusions.

Table 29 - Summary of local reaction findings at SC infusion sites

Infusion Erythema Hemorrhage Ii‘zliedl;lnci
speed Test item Incidence Incidence (Severity range)
(mL/min) (Severity range) (Severity range) [Maximal sizc]

3/5
. . .5(5 3/5 (minimal-
0.5 isatuximab (minimal- .
(minimal) moderate)
moderate)

[50x35x10 mm]
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2/5
5/5 3/5 (minimal-
0,
0.9% NaCl (minimal-slight) (minimal) moderate)
[45x45x10 mm]
o 4/ 3/5 3B
isatuximab nimaloslieht inimal-slight) (minimal-marked)
1 (minimal-slight) (minimal-slig [50x40x8 mm]
1/5
0.9% NaCl .. 5/15 lioht .. 5/15 light) (moderate)
(minimal-slight) (minimal-slig [35x35x12 mm]
4/5 4/5
. . L 2/5 .
isatuximab (minimal- (minimal) (minimal-marked)
moderate) minima [55x40x10 mm]
2 2/5
5/5 2/5 (minimal-
0
0.9% NaCl (minimal-slight) (minimal) moderate)
[25x25x8 mm]
Pharmacokinetics

Individual plasma concentrations of isatuximab over time are shown in Figs. 24-27.

Non-compartmental pharmacokinetic analysis of the plasma level data was

5  performed using Phoenix WinNonlin Version 6.3 pharmacokinetic software.

Table 30 - Mean (CV %, n=5) pharmacokinetic parameters of isatuximab in minipig
plasma following a single intravenous (IV) or subcutaneous (SC) infusion

I}{’;f Tonax Cosx | Tux | Cis | AUCwa | AUCon | AUCon | AUChiss |
(mL/min) (br) | (ug/ml) | () | (pg/ml) |(h*pg/mL) | (h*pg/mL) | (h*pg/mL) | (h*pg/mL)
v End? 1,540 6723 366 364,000 28,400 69,800 136,000
3 © ®) (] (22) an an 10) (10
sC 0 91692 | o786 | 340 | 325000 | saso | 31500 | 92200 | oo
0.5 [ (_50) ] (8) 0) 24) (13) (48) (20) (11 ’
e | 481_22 qp| 130|672 | 677 | seso00 | 8330 | 45900 | 129000 | <o,
1 (54) 23 | O (34 25 (37 (14 ® '
SC [721 ?22]2 847 6723 440 369,000 6,610 38,500 106,000 Lol
2 (_45) (12) (@) (36) (23) (19) (10) (10) ’
End = End of infusion
10 ! calculated using AUClast
2 median [min-max]
3 same value for median, min and max
“ high F value related to higher variability noted for this group; the contribution of 2/5
animals which showed an apparent higher exposure
15
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Isatuximab was quantifiable in all plasma samples in the study collected from the
end of the infusion onwards, with the exception of a single sample taken at the end of the
SC infusion for a Group 4 female and at 1 hour post SC infusion for a Group 3 female,
which were below the lower limit of quantification (LLOQ). Concentrations in all predose
samples were below the LLOQ. Profiles were consistent with extravascular and intravenous
dosing, for the SC and IV routes, respectively. Overall, the variability observed in the PK
parameters was low for the IV infusion, and low to moderate for the SC infusion.

Following a single IV infusion of isatuximab at 1800 mg/animal over a 30-minute
period to minipigs, the maximal plasma levels were all observed at the end of the infusion
period in all animals. Following a single SC infusion of isatuximab at 1806 mg/animal to
minipigs under a flow rate of 0.5, 1 or 2 mL/min, the median maximal plasma levels were
observed at 96, 192 and 168 hours after the end of the infusions, respectively. However,
individual Tmax values ranged from 48 to 264 hours and showed no relationship to SC
infusion rate.

Following a single IV infusion of isatuximab at 1800 mg/animal over a 30-minute
period to minipigs, the mean AUC over the complete 672-hour post dose sampling period
(AUCrast) was 364,000 hr*pg/mL. Following a single SC infusion of isatuximab at 1806
mg/animal to minipigs under a flow rate of 0.5, 1 or 2 mL/min, the mean AUC over the
complete 672-hour post dose sampling period (AUC1ast) was 326,000, 565,000 and 369,000
hr*pg/mL, respectively. AUCps values were globally similar for each SC group, suggesting
no impact of the infusion rate on exposure.

Under the conditions of this study, the absolute SC bioavailability for isatuximab,
when given by SC infusion to minipigs at flow rates of 0.5, 1 or 2 mL/min, was broadly
similar for the 3 flow rates tested at each of the AUC intervals considered. Bioavailability
increased with increasing AUC interval, reaching F values of 0.89, 1.55 and 1.01 for the
0.5, 1 and 2 mL/min flow rates, respectively, when calculated using the AUC for the
complete 672-hour post dose sampling period (AUClast). For the group infused at 1 mL/min,
the high F value estimated was related to the higher variability noted for this group; the
contribution of 2/5 animals which showed an apparent higher exposure.

Overall, it was concluded that the absolute SC bioavailability of isatuximab in
minipigs when given at a dose of 1806 mg/animal (solution of 140 mg/mL) by SC infusion

at flow rates of 0.5 to 2 mL/min was at least 89%.
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Microscopic examination of skin biopsies

At the microscopic examination of the injection site skin biopsies, no treatment-
related changes were observed for any subcutaneous group. The microscopic findings were
mainly minimal focal infiltration of mononuclear cells and minimal focal epidermal crusts
with no difference in incidence and morphology of the findings between the subcutaneous
dose groups. Likewise, the findings were considered similar when comparing the saline
(negative control) treated injection sites to the test sample treated injection sites within a
dose group (same infusion speed). All microscopic findings were considered well-known

incidental background changes in the skin of Gottingen minipigs.

Discussion

Isatuximab, when given by intravenous infusion (as solution of 20 mg/mL) at a dose
of 1800 mg/animal and under a flow rate 3 mL/min, or as subcutaneous infusion (as
solution of 140 mg/mL in formulation F4 of Example 5) at a dose of 1806 mg/animal and
under a flow rate of 0.5, 1 or 2 mL/min, were both clinically and histopathologically very
well tolerated when given to female Gottingen minipigs.

Local reactions at the subcutaneous injection sites of all groups were only observed
on the day of infusion at the sites.

The incidence and severity scores for erythema and hemorrhage were comparable
for the three subcutaneous flow rates tested (0.5, 1 and 2 mL/min), and similar for both
isatuximab and saline negative control. However, swelling (bleb formation) at the infusion
site was more pronounced for isatuximab infused at 1 mL/min and 2 mL/min as compared
to 0.5 mL/min. This was most probably a physical phenomenon, related to the large volume
injected at a single site, with the severity being inversely related to infusion time, at
constant removal rate of fluid from the infusion site. Furthermore, swelling was more
marked after infusion with isatuximab than after infusion with saline. Swelling after
infusion with saline was comparable at all 3 flow rates.

At the microscopic examination of the injection site skin biopsies, no treatment-
related changes were observed for any subcutaneous group.

Following a single IV infusion of isatuximab at 1800 mg/animal over a 30-minute
period to minipigs, the maximal plasma levels were all observed at the end of the infusion
period in all animals. Following a single SC infusion of isatuximab at 1806 mg/animal to

minipigs under a flow rate of 0.5, 1 or 2 mL/min, the median maximal plasma levels were
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observed at 96, 192 and 168 hours after the end of the infusions, respectively. However,
individual Tmax values ranged from 48 to 264 hours and showed no relationship to SC
infusion rate.

Following a single IV infusion of isatuximab at 1800 mg/animal over a 30-minute
period to minipigs, the mean AUC over the complete 672-hour post dose sampling period
(AUChst) was 364,000 hr*pg/mL. Following a single SC infusion of isatuximab at 1806
mg/animal to minipigs under a flow rate of 0.5, 1 or 2 mL/min, the mean AUC over the
complete 672-hour post dose sampling period (AUC1ast) was 326,000, 565,000 and 369,000
hr*pg/mL, respectively. AUCrs values were globally similar for each SC group, suggesting
no impact of the infusion rate on exposure.

Under the conditions of this study, the absolute SC bioavailability for isatuximab
formulated in F4 of Example 4, when given by SC infusion to minipigs at flow rates of 0.5,
1 or 2 mL/min, was broadly similar for the 3 flow rates tested at each of the AUC intervals
considered. Bioavailability increased with increasing AUC interval, reaching F values of
0.89, 1.55 and 1.01 for the 0.5, 1 and 2 mL/min flow rates, respectively, when calculated
using the AUC for the complete 672-hour post dose sampling period (AUCust). For the
group infused at 1 mL/min, the high F value estimated was related to the higher variability
noted for this group; the contribution of 2/5 animals which showed an apparent higher

exposure.

Example 7 — Phase 1b Study of Subcutaneous Isatuximab in Humans

This example describes a multi-center, open-label, phase 1b study to assess the
pharmacokinetics, safety, and efficacy of subcutaneous and intravenous isatuximab in
combination with pomalidomide and dexamethasone in patients with relapsed/refractory
multiple myeloma (RRMM).

The instant study is designed to assess for the first time the SC administration of
isatuximab. In addition, the SC formulation is not the same as the formulation used for IV
dosing. Isatuximab SC in combination with pomalidomide and dexamethasone is
administered in a similar patient population as in previous studies mentioned above. This
study also includes cohorts with isatuximab IV administration to allow the assessment of
safety and PK versus isatuximab SC.

Primary endpoints of the study are (i) to evaluate the safety and tolerability

(including local injection site tolerability) of isatuximab administered subcutaneously (SC)
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using infusion pump versus isatuximab administered intravenously (IV); and (ii) to evaluate
the pharmacokinetics of isatuximab when given SC and IV in combination with
pomalidomide and dexamethasone. Secondary endpoints of the study include (i) estimation
ofabsolute bioavailability of isatuximab SC and IV; (ii) to measure the CD38 receptor
occupancy (RO) of isatuximab in plasma cells from bone marrow aspirate after SC
administration versus IV administration; and (iii) to evaluate the efficacy ofisatuximab
SC/IV administration.

The study includes 5 cohorts of participants. Patients are randomized in Cohorts la
(SC 1000 mg dose) or 1b (IV) (randomization ratio of 2:1). After evaluation of isatuximab
SC safety, PK, and RO data in Cohort la, additional participants are randomized in Cohorts
2a or 2b (randomization ratio of 2:1) with a higher dose of isatuximab SC in Cohort 2a
(1400 mg dose) and the same IV dose in Cohort 2b. A final review of safety, PK, and RO
data after administration of isatuximab SC and IV is made once all patients in Cohorts 2a
and 2b have completed Cycle 1 of the treatment. After confirmation of the recommended
phase 2 dose (RP2D) level, an additional 22 patients are recruited in Cohort 2¢ and are
administered isatuximab SC at this dose level. Table 31 describes treatment by cohort in

more detail.

Table 31 — Cohort Treatment Details

Cohort Dose Administration Route/Method
la(n=28) 1000 mg SC/infusion pump (0.8 mL/min)
Ib(n=4) 10 mg/kg v
2a (n=38) 1400 mg SC/infusion pump (0.8 mL/min)
2b (n=4) 10 mg/kg v

2c(n=22) RP2D SC/infusion pump (0.8 mL/min)

Isatuximab is administered weekly for 4 weeks (Cycle 1) and on Day 1 and Day 15
of each subsequent cycle, in combination with pomalidomide and dexamethasone. Each
cycle is 28 days in duration. All participants in the study continue treatment until disease
progression, unacceptable adverse reaction, or other reason for discontinuation.

Cohorts 1a, 2a, and 2c receive by subcutaneous (SC) infusion a formulation of
isatuximab comprising 140 mg/mL isatuximab, 9 mM histidine, 110 mM Arginine
monohydrochloride, 2% (w/v) sucrose, and 0.4% (w/v) Poloxamer 188, pH 6.2. Cohorts 1la,
2a, and 2c¢ also receive 4 mg pomalidomide orally (p.o.) on Days 1 to 21 every 28 day
cycle; and dexamethasone 4 mg p.o. on Days 1, 8, 15, and 22 every 28 day cycle.
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Cohorts 1b and 2b receive by intravenous (IV) infusion a different formulation of
isatuximab comprising 20 mg/mL isatuximab, 20 mM histidine, 10% (w/v) sucrose, and
0.02% (w/v) polysorbate 80, pH 6.0. Cohorts 1b and 2b also receive 4 mg pomalidomide
orally (p.o.) on Days 1 to 21 every 28 day cycle; and dexamethasone 4 mg p.o. on Days 1,
8, 15, and 22 every 28 day cycle.

The safety, PK, and RO data from Cycle 1 (first 4 weeks) of Cohort 1a and Cohort
2a are reviewed before proceeding to the Cohort 2a or 2¢, respectively.

A review of safety, PK, and RO data collected in Cohorts 1 (a/b) and 2 (a/b) is used
to support the selection of the most appropriate SC isatuximab dose RP2D.

An isatuximab dose of 1000 mg was selected as the starting dose based on PK
modeling and simulations which demonstrated that even assuming 80% SC bioavailability,
isatuximab concentrations (Trough plasma concentration [Ctrough] at Day 28) will be in a
similar range as Day 28 concentrations observed following IV administration at 10 mg/kg
and much lower than 20 mg/kg IV, which has been shown to be safe in the clinic. A lower
dose than 1000 mg was not considered as the starting dose because of the PK non-linearity
of isatuximab.

The selection of the 1400 mg dose for SC isatuximab is based on a population PK
model built with IV data (n =127). This model has shown that 1400 mg SC isatuximab
administered as QWx4/Q2W would maintain Ctrough above the levels reached following
10 mg/kg IV QWx4/Q2W, with the hypothesis of an absolute bioavailability 2:50%. The
PK/PD analyses have demonstrated that Ctrough at 4 weeks is a significant predictor of the
response (objective response rate, IV administration).

Inclusion criteria include the following:

Patients who have been previously diagnosed with multiple myeloma (MM) based
on standard criteria and currently require treatment because MM has relapsed following a
response, according to International Myeloma Working Group (IMWG) criteria.

Patients who have received at least 2 previous therapies including lenalidomide and
a proteasome inhibitor and had demonstrated disease progression on last therapy or after
completion of the last therapy; and

Patients with measurable disease defined as at least one of the following:

¢ Serum M protein >0.5 g/dL (=5 g/L);
¢ Urine M protein >200 mg/24 hours; and
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Serum free light chain (FLC) assay: Involved FLC assay >10 mg/dL (=100

mg/L) and an abnormal serum FLC ratio (<0.26 or >1.65).

Bone marrow and blood samples are collected for the following biomarker analyses:

10

15 .

CD38 receptor occupancy of isatuximab is measured in plasma cells from
bone marrow aspirate and correlated with parameters of PK and clinical
response. Bone marrow samples are collected at screening and at Day 1 of
Cycle 2 (predose). This sample collection is stopped once RP2D the
isatuximab SC dose has been selected (cohorts 1a/b and cohorts 2a/b only).
Minimal residual disease (MRD) is assessed by next generation sequencing
in bone marrow aspirates and correlated with parameters of clinical
response. Bone marrow samples are collected at screening for all
participants and at the time of maximum confirmed response of either
complete response (CR) or very good partial response (VGPR). Samples at
screening are analyzed only for participants who will reach VGPR or better.
Potential isatuximab interference with the M-protein assessment in
immunoelectrophoresis and immunofixation assays is assessed on serum

sample using an assay that removes isatuximab interference.
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CLAIMS

1. A formulation comprising at least 100 mg/mL of an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-HI1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises a viscosity reducing agent, a stabilizer, a buffering agent,
and a surfactant, and

the formulation has a pH of 5.9-7.0 and a viscosity of at most 25 mPa-s at 20°C.

2. The formulation of claim 1, wherein the viscosity reducing agent is 90-150 mM
Arg-CL

3. The formulation of claim 2, wherein the viscosity reducing agent is 90-125 mM
Arg-CL

4. The formulation of claim 2, wherein the viscosity reducing agent is 110 mM Arg-CL
5. The formulation of any one of the preceding claims, wherein the surfactant is

Poloxamer 188.

6. The formulation of any one of the preceding claims, wherein the surfactant is 0.4%

(w/v) Poloxamer 188.

7. The formulation of any one of the preceding claims, wherein the buffering agent is
histidine.
8. The formulation of any one of the preceding claims, wherein the buffering agent is 9

mM histidine.

9. The formulation of claim 1, wherein the viscosity reducing agent is 90-150 mM
Lys-Ac.
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10.  The formulation of claim 9, wherein the viscosity reducing agent is 125 mM Lys-

11. The formulation of claim 9 or 10, wherein the surfactant is Polysorbate 80.

12.  The formulation of claim 11, wherein the surfactant is 0.04% (w/v) Polysorbate 80.

13. The formulation of any one of the preceding claims, comprising 125-155 mg/mL of

the anti-CD38 antibody.

14.  The formulation of any one of the preceding claims, comprising 140 mg/mL of the

anti-CD38 antibody.

15.  The formulation of any one of the preceding claims, wherein the stabilizer is

Sucrose.

16.  The formulation of any one of the preceding claims, wherein the stabilizer is 2%

(W/v) sucrose.

17.  The formulation of any one of the preceding claims, wherein the pH is 5.9-7.0.

18.  The formulation of claim 17, wherein the pH is 6.2-6.3.

19. A formulation comprising 140 mg/mL of an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and wherein

the formulation has a pH of 6.2-6.3 and a viscosity of at most 14 mPa-s at 20°C.
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20. A formulation comprising 140 mg/mL of an anti-CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-HI, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 125 mM Lys-Ac, 2% (w/v) sucrose, and 0.04% (w/v)
Polysorbate 80, and

the formulation has a pH of 6.2 and a viscosity of at most 14 mPa-s at 20°C.

21.  The formulation of any one of the preceding claims, wherein the formulation is

suitable for subcutaneous administration.

22.  The formulation of claim 21, wherein the subcutaneous administration is large-

volume subcutaneous administration.
23.  The formulation of any one of the preceding claims, wherein the VH of the anti-
CD38 antibody comprises amino acid sequence set forth in SEQ ID NO: 7, and the VL of

the anti-CD38 antibody comprises the amino acid sequence set forth in SEQ ID NO: 8.

24.  The formulation of any one of the preceding claims, wherein the anti-CD38

antibody is isatuximab.

25. A packaged pharmaceutical product comprising a sterile container comprising a

therapeutically effective amount of the formulation of any one of claims 1 to 24.

26. A device comprising a therapeutically effective amount of the formulation of any

one of claims 1 to 24.

27.  The device of claim 26, wherein the device is selected from the group consisting of

a syringe, a syringe driver, and an infusion pump comprising the formulation.

82



WO 2021/113739 PCT/US2020/063452

10

15

20

25

30

28.  The device of claim 27, wherein the syringe is a pre-filled syringe.

29. A method of treating a disease or condition characterized by presence or activity of
CD38" cells, comprising administering to a subject in need thereof an effective amount of
the formulation of any one of claims 1 to 8 or 13 to 19, wherein the formulation is

administered subcutaneously.

30.  The method of claim 29, wherein the disease or condition characterized by the

presence or activity of CD38" cells is a CD38" hematological malignancy.

31.  The method of claim 29, wherein the disease or condition characterized by the

presence or activity of CD38" cells is an autoimmune or inflammatory disease or condition.

32. A method of treating a CD38" hematological malignancy, comprising administering
to a subject in need thereof an effective amount of the formulation of any one of claims 1 to

8 or 13 to 19, wherein the formulation is administered subcutaneously.

33.  The method of claim 32, wherein the formulation comprises 140 mg/mL of an anti-
CD38 antibody, wherein

the anti-CD38 antibody comprises a variable heavy region (VH) comprising three
complementarity determining regions (CDRs) CDR-H1, CDR-H2, and CDR-H3
comprising the amino acid sequences set forth in SEQ ID NOs: 1-3, respectively, and a
variable light region (VL) comprising three CDRs CDR-L1, CDR-L2, and CDR-L3
comprising the amino acid sequences set forth in SEQ ID NOs: 4-6, respectively,

the formulation comprises 9 mM histidine, 110 mM Arg-Cl, 2% (w/v) sucrose, and
0.4% (w/v) Poloxamer 188, and wherein

the formulation has a pH of 6.2 or 6.3, and a viscosity of at most 14 mPa-s at 20°C.

34.  The method of claim 32 or 33, wherein the formulation is administered by

subcutaneous infusion.

35.  The method of claim 34, wherein the subcutaneous infusion is a large-volume

subcutaneous infusion.
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36.  The method of claim 34, wherein the subject is a human and the large-volume

subcutaneous infusion is 5 to 10 mL.

37.  The method of any one of claims 32 to 34, wherein the CD38" hematological

malignancy is multiple myeloma.

38.  The method of claim 37, wherein multiple myeloma is relapsed/refractory multiple

myeloma.

39.  The method of claim 37 or 38, further comprising administering to the subject one
or more agents selected from the group consisting of a corticosteroid, a proteasome

inhibitor, an immunomodulatory drug, a chemotherapy drug, and combinations thereof.
40.  The method of claim 39, wherein the chemotherapy drug is selected from the group
consisting of eytarabine, daunorubicin, daunomycin, doxorubicin, liposomal doxorubicin,
idarubicin, mitoxantrone, gemtuzumab, clofarabine, cladribine, hydroxyurea, etoposide, |

melphalan, cyclophosphamide, vincristine, and combinations thereof.

41.  The method of claim 39, wherein the proteasome inhibitor is selected from the

group consisting of carfilzomib, bortezomib, and a combination thereof.

42.  The method of claim 39, wherein the immunomodulatory drug is selected from the

group consisting of thalidomide, lenalidomide, pomalidomide, and combinations thereof.

43.  The method of claim 39, wherein the corticosteroid is dexamethasone.
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