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BLASTN {for nuwleglide seguence comparisom and BLASTP {for polvpepiide
sequance camparisan), which programs are based on the sigorghm of Karlin and
Altsohud {Proc. Natl Acad. Sol. USA B0{(12)8875-8877,

2 Saguences” parametars that ware defaudl parameters asof Svpmnw??ﬁé &M

!
1983). When utilizing "BLA

be used fo

"

word sine (';»},. opan gap penally {11, axdengion gap penalty {1}, gap

e

y
dropotf (80}, axpeot value (10} and any other reguired parameter inchading m nao

fimited to matix option. Two nucleotide or aming acld sequences are considersd to

have “substantially similar ssguence idertity” or “substantial sequencs identity” f the
bwo seguences have at loast about 80%, at least about 85%. ol lcast sbod Q0% at

least about 35%. al least about 38% . al least about 979%. al lsast about 88%, or &t
fvast abowd BR% sequance identdy relalive fo sach other

{00701 As used herein unless othenvise provided, & position of an aming aold

rasidus In & vanabie region of an mmunogiobulin molecule 8 numbered anoarding W

a IMGT numbering convertion (Brochel, X, sf &, Nudl Ackds Res (3008) 88, WiHG3-
§08), and & position of & aming acd residug 8 constart region of an

b=l

rrvpunogiobulin moleculp is numbered according te EU nomenclature {Ward ef af,

ot

1988 Thersp, Immungd $77-04) Othey numbsring corvantiong are known iy the g

[
fod
Pd
oo
]
P
it
[o3
g
s

winbering  comvention  {Kabat, Sequences of Proteing of

mmunologioad Interest, §% od Bethesda, MD Public Health Servics, National

007T1]  As ysed herein, the larm “dimer” refers 10 a bivlogical erdily that consists of

twioe subunits sssodatad with sach other via ong or more fms of nlramoleculay

¢

forces, including covalent bonds {sg., disulfide bonds) and other interactions (s8¢,

A

shactrostatic inleractions,  salt i::si»\. 5, hydmgen bording, arxd  hydrophobic
iteractions), and s stable under gopropriate conditions {e.g., wnder physisingical

sonditions, it an squscus sohdinn sulffable for expressing, purifving, andfr sto

=

Ny
raconidiiant prolaing, or under corgdifions for nordansliwing argior non-rsduting
gischrophorasis} A ‘helerodime” Or “helerodimeans protein,” as ussd herain, refars o
a dimey formed from twe different polypeptides. A helerodimer doss not nclude an

antibody formed from four polypeptides (e, two light chains and bae .m;wy chains).

Ahormodimes” of “homodimses protein” g5 used hersin, refers 10 a dimey formed from
o denticsl polypepides, All disclesure of the polvpeptide, ncluding chamcierisiics

and activilies {such as Dinding and RTQE) should be understood & include the

polypepiide in s dimer form as wall sz other multimenie forms.
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IOTYY When g polypeptids of the disclosure s iy dimerio form (e, & dimanic
protein), # containg two binding sides ot the aminoderminus and two binding sites &t
the carboxyt ferminus. The binding domains ars thus considerad bivalent (L&, two
binding porbong at sachrierminus) wher the single chain polypeptides are dimerized,
{8731 Anyrnmunogiobulin constant regiory or “constant region” is & term defined
hergin 16 refer 0 a paplide or polypeptide seguence that corresponds o or is derived

from parl or alt of one or morg constant domsing of an immunogicbuling it cerlain

ambodimeants, the constant region comprises g0 CH2 and CHY dumans, g, gt

OH2 and CH2 domains. In certain ambodiments, the constant region does not

comprise 8 CHT domain in centain smbodiments, the conslant domaing making wp
the constant region are human, in soms embodiments, the conslard region of & fusion
protein of this disclosure laoks or has minimal effector funclions whide rataining the
abilily 10 bind some Fo receplors such as fhe neonstgl Fo receplor (FORn) and
retaining a relgtively long hatfife o Forexample, the constant region of g fusion
profein of iy disclosure do nad reslt iy or substantially raduce the induction of
antibody-depandant celbmadiated  oviotodaly (ADECY,  antibady-dependent osll
madiated pmgaayws‘ss {(ADOP) complemert  activation, andfor complament

sependant oviat ¢ {ED0Y gther varigtions, o fusioa clenny oF this discloswr
sependamt "'ﬁf:*ci}» i‘) 0 In gther varigtions, 8 fusion ;{}Y"“\“E?} of this disclosurs

mipriags constant domains that retain one or mony offector funotions, such as of e
or bt

ie fused 1o 3 humtan 81 constant region, wherein the IaGT constant ragion has one

haof ADCT and CDEC. i cartain embodiments, a binding domain of this disclosure

o more of the Inflowing amino aclds mutated bucing gt position 2834 {L234), leuning
at position 238 {L338), glycing st position 337 {GRET) ghdamate at pmsiiém 38
{E318), ysine sl position 320 {K320), tysine at position 322 (K322}, or any combination
thersof umbering accord *}g i EUL For ssample, any ong o mors of thess sming
acids can be changed o alaning It g further ambadimeant, ary 131 Fo domain has
gach of L2834, L3338, GE37, B318, K320, and K322 {sccording o BU niambering)
mutated o an slaning (s, L234A L23BA, GREIFA, B8R, KI20A&, and K3Z22A,
respaciively), and cplionally an NEFVA mulalion aswwell {{ &, ossentially elimingling
ghycosylation of the CHZ domairg
JRU7d] The terms "ol chany varlad
variable domain’ or "V and “heavy chain vanable region’ (also referred 10 as hegvy

2 region” {also referred o as “hght chain

chain varable domain® or "W refer  the variable binding region from an antibody

light angd heavy chain, respactively. The varisble binding regions are made up of

¥

2
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disorate, wall-defined sub-regions known 88 "complemeantarty delernning regions”
{CORs} and "ramewark regions” (FRs). Inone embodiment, the FRs are humanized
The term “CL refers o an Simmunoglobulin Bght chain constant region” o a “ight chain

constant region,” Le, & constant region framm an antibody ight chain. The ferm "CH°

-~
&

fors gy mmunogiobudinn hegyy chain constand region” o g "heavy chain sonstant
ragion, T which s Ruirther divisible, depending-on the antibody isotype inte CHT, OH2
and OH3 (oA, g, 1gG), or CHY, CHE, CHY, argd CHA domains (IgE, oMY A "Fab®
{fragment anligen binding) 1 the pant of an antibody thal binds {o andigens and
inchides the variable region and CHY dumain of the heavy chailn linked o the Hght
chainvig an inter-chain disulfide bond,

[BO78] As used hersin, the tarm “inket” generally refers to @ short polyvpeptids
ssquencs sormesting two sub-domaing of @ polypepide Nordimiting eoamples of
finkers include fexible Urkery comprising glycine-serine repeats, and linkers derived
frony {a) an intordomain reglon of & tansmembrang prolein {eg. 8 Hype |
tranamearnbrane proteing; or &) an mmunogivhulin hings. I some smbodiments, @
finker provides & spacer funclion cempatible withy interaction of the two subebinding
dornamns so that the resulling polypeptide relaing 3 speoific binding affinity to the sams
target mulscule g5 anantibody that camprises the same light and heavy chgin variabis
ragions. incertain embodimeants, & linker s comprised of Tive 1o about 38 aming aoids,
for instance, about 15 t0 about 28 aming acids. As used hersin, the mrme a8 "linker
between OM2 and OHT or CL” refers 1o one o miore aming acid residues {s.g., about
2-12, about 310, about 4-10, about 510, gbowt 8414, sbowd 710, abod 8-—*@& aboud
&40, sbout B8-12, aboug 8413, or about 1-12) betwesn the Cderminue of g OHG
domain {e.g., 3 wild type THE ora mutated CH3Y and the N-teminus of 8 CH1 domain
or GL duman {sg., G

{00781 In some embodiments, depending o context, & inker may refer o (v a
polypaptide region batwesn Ve and VU regitns in g singlechain Fy {obv or {2) 3
polypaptide region belwesn a Tirst binding domain and 3 second binding duoman in g
muttispecific polypeptide comprising two Dinding domsains. In the ialy sxample

Aty
WA

grait & linker connects fwo oF move binding domaing, such a linker I3 refoered o

~

s, 8 Fo-binding

herain 83 & "Fo-bawding domain finkar” Iy some ambod g doman
finker mgy directly inkoor sonnect by of more binding domaing, resulling fva construdt
compriging the following structure: binding domain « Fobinding domain Hnker

birdng domsing I somg embodiments, the nullispecilic polypeptides desaribed
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RN . i

hersiy comprise, I arder from amine-terminus 1o carboxyi-terminus () & first binding
domain, {i) a Fobinding domain linker, and (i} a second binding domain. o some
gmbodiments, a muilispeoiio polypsplice comprisas, In ordar from sminsHarminus o
carboxyi-fenminus () 8 ssoond binding domain, () a Fo-hinding domain finker, and (8

a first binding domaing iy some embodiments, g Fodinging domain linker may link or

connget wn or mare binding domaine by Hnking ot least ane binding domsin to g non-

birdng domain polvpeptide, such ss animmunogiobuinFodomain e, ap myf}(‘;’k‘éﬁ

comprising the stiucture |y hings — Ig constant region). In such smbodiments,

resulting sonstructs may comprise the following structure! dinding domain ~ Fo domain

¥

~ Fo-binding domain inker ~ Binding dor 1 some smbodiments, the multispeciiic
pulypeptides desunbed hersin comprise, i order from aminodsomiinus 1o ggrbokvl
terminies {1 & fiest binding domain, {1 & hinge region, {1 an immunogiobulin constant
reqiun, (W) 8 Fobinding dumain inker, and {(v1 8 second binding domain. In sume

embodiments, & nuitispentic polypeptide comprises, In order from aming-terminus fo
n

et

cari:mytsawmus {1} a second binding domain, (0 a Foebinding domain nker, (i) &
rrnuinegiobulin constant region, (v 8 hings mgion, and {v) & frst binding domain. A

e

3

pulypsptids region belwesn sn immunogliobulin constard region and a second binding
doman i 8§ sullispeafic polypeptide compriging two binding dumains {sg., 8 Foe
binding doamsin iiﬂker} gy also be referred o 88 8 “carboxyiiarminus inker” or an
“aminodenminug finker” depending on the odentalion of the domaing within the
mgiispecifio polypeptice. NoreRmiting sxamples of inkers gre provided in Tabls 1,

EOTTY Insome embodiments, 2 hinge® or & “hinge regiony” refers to a polypepiide
dertved from an nmunoglobutin hinge region and-located bobesan a binding domain
and an nmunogiobulin constant region it & polvpeptide described harein, & wild-type
immunegiobudin hings region” refers 1o g nalurally oocuting wpper and middie hings
MO acid sequences intarposad babwvaary and connacting the THY and OHE domeins
{for faG, fgA, and gD} or interposed Dabwesn and ms‘*‘ma{:’i%ng the OH1 and OHR
domaing {for IgE and ight) found i the heavy chain of an antibody, I cerlain

ambodimants, 8 wikd type immunogicbuding hings gion ssquences i frman, and can

comngrise 8 human igG hinge region (g, and g '%" 3&3@3‘ G hinge region
U781 Ansltered immunoglobulin hings :»gzm rigt immunogiobudin hiﬁge

ragion” refers 10 & hings region polypepiids with one of more mutations, substilutions,

W

inses‘ti@-mss or defetions compared B & oomesponding parental wilddype

mmunogiobulin hings region. it cerlain ambodimants, 80 altered immunogiobulin
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hinge region b al bast about 70% Wentical to s wild-tvpe iminunogiobudin hinge region

(g, ot lcast abod 70%, &t least gbod 7 :::%, at least aboud 80%, st loast aboud 88%,
at loast abo ‘Q*«\ at least about §5%, at least about 87%, st loast about 88%, or &t
least abowd 98% identical). by certaln smbodiments an siteredhimmunogiobudin hings
ragion is & fragment of a wild tvpe immunogiobulin hinge region that has a length of
abow §antine aclds {g. g, about &, abatt 8, about 7, about B, aboid 8 about 10, ghowt
1, abhout 12, sbout 18, abowt fé ahout 15, about 18 about 17, about 18, aboud 18
aboit 20, or more amine acids) up o abuut 120 gmino saids for nslangs, having a
fength of aboul 10 1o about 40 aming acids or sbowd 15 1o abouwt 30 &mindackls or
about 18 W ghoud 20 amine acids or about 20 10 sboud 25 amine acids). Typically, an
aitered srr;mumgi@huiém héng@ region that is 8 Fagment of 8 wild yps immunogiobulin
hings ragion compns v g6 cors hings region {8.g.. & polypeplide comprising the
aauence G20X-G wheralne X is any amine acid { SE& D NO: 380Y as distiosed in
. Fateni Application Publication Nos. SOTSOI2878 and 20130085087, Non-
fimiting examples of hinges are provided in Table 2
fO8TR]  As used Nergin, the e humanized” refers 16 8 process of making an
artibody o nmmunogiobulin binding proteins and polypeptides derived from & nones
hurman apecies {e.g., mouss or ral) less mrrnogsnie o tuwnansg, white stilt retairdng
antigen-binding operties of the ongingl antibody, using genstic enginesring
techniques. I same embadiments, the binding domain{s) of an antibady or
rnmuncgiobulin binding proteins and palypeplides {ag., light and hegywy chain variablg
regions, Fab, soFy) are humanized. Nonshuman binding domains can be humanized

using tachniques known as COR grefting (Jones of ol Nature 321532 (1888} and

vanants thereof ingl \zm\; xmmpng {Merhosyen, sf al, 1088 Science 3881534
1530 Riechmann, sf o, 1088 Nature 332:323-337: Tempest, sf o/, Bw/Techno! 1891

S2BG2TY) hyperohimerization” (Queen, of &l 1989 Proc Nall Acsd Sa USA
B 10010033 Co, &f &, 1981 Proo Nati Acsd 54 USA S82880-2873, Co, s,
TRRE ranunol 148 TS 1184, ang vensenng” (Mark, &f &b, "Derivation of
therapeutically active humanized and venssred anth-GHTE antibodies.” In Matoalf BYW,
Dalton B, eds. Celludar adhesion. mulecular dedinition 1o therapsutio potantisl. New
Yook Planum Press, 1984 2301-312) I dervsd from s non-human sowses, othery
ragions of the antihody or immunogiobulin binding proteing and polypeptides, such as

the hings region and constant region domains, can also be hurmanized.
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GOBGY  An  "mmunogiobuliy dimerizstion domain”  of Thwnunoginbulin
heterodimerization domal”, as usad herein, refers 1 an immunoglebulin domamn of g
polypeptide chain that preferantislly interacls o associates with a  different

immuneglobulin domain of a sscond polypeptide chain, whersin the inferaction of the

o

different rpmunogiobulin heterodimerization domaing subsiantially coninbutes o or
affictently promates heterndimerization of the first and second polypeptide chains (e,
the formation of & dimer between two different polypeptide chaing, which s also
referred W a8 a “heferodimer”). The inferachions  Detween  wnunogiobiulin
heterodimerization domaing “substantially coniributes fo or efficiently promntas” the
heterodimenization of first and second polypeptide chains i there s a siatistically
signficart reduction in the dimerization bebween the first and sscond palvpeptids
shains ¥ the absance of the imsmunogiobuln helercdimer ization domsin of the firgt
polvpeptide chain gndior the immunogiobivlin heterodimernization domain of the second
polvpentids chain, In cerlain smbodiments, when the firgt and sseond polypspiids
chalns are co-oxprossad, af sast 8%, atloas! ahoud 8% o about T0%, gt least abaud
0% 1o abowd 8%, &t lsast 80% 1 sbout 30%, about B1%%h, about 8729%, about §8%,
about B4%. about §5%, aboud 88%, abowd 379, about B8%, or sbout 98% of the first
and sscond polvpeptide chains form helerodimers with sach other. Representative
rnmunogichulin heterodimerization domaing nclds an immunogiobutin CH T damaln,
an imunegiobulin CL domain {eg, Ox or TA isolypes) or derlvatives thereof,
ncluding wild typs immunogiobudn CHT and GL domasing and allersd {or muatsted)
immazmgifsbuiém GCH1 and CL domaing, as provided thersin,

BT The lorms patient and subject are used interchangesbly heorain. As usad

herain, the teay “patiard in nead” or “sui‘}jeci in nead’ refars 1o a patient or sidiject at

risk of, or suffering fromy, g disesse, disurder or condition that is amenabie to restms
or amelicration with a binding proleilnt or mulibpeafic poiypaptids or & ¢ sr*;pmmm

tharanf providad hersin, "Palient” ard “subjacl” are used indsrchangaably
0083 As used hevan, the lerm “pharmaceutivelly acceptable” refers o molesuday

entilies and compositions that oo nol gengrally produce allergic o other serious
advarse regotions whan administerad using routes well known in the art. Moleoulss
antities and compositions a‘;_};;srt}w:‘.aé by & regudatory agerioy of the Federal or 3 sials

governmant or fisted in the UG Phammscopsia o other generally recogrized
pharmacopsia for use i animals, and more parbicuiarly i humans gre considersg o

ba "pharmmacautic qig ancapiabla”

8

By
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M

IOB31 As used herein, the lerms “puckeic ac” "mucleic acid molsculs) o

"molynucheadide’ refer 1o deoxyribanusiectides ar rihonudiestides and polymers thereof

i osither singls- or doublestranded form. Undess specifically mited, the orms
gneompass nuolsic acids containing analogues of natursl nucleotides thal have similar
binding properties as the reference nucleis aoid and are melaboized 1 8 mamer
simiar oy saiiy coouring nuclactides. Undess othenwise indicaled, @ particudar

nucksio acid sequence also mplictly encompasses conservatively modified varlants

tharent {e.g., degenerals codon substitutions ) ang somplamardary senuanoss as wall

)

a3 the sequanes axplicitly ndicated. Spacifically, degenerate codon substitutions can
be achisved by gensraling ssgusnoss i which the third position of une of more
selected {or all} codons s substituted with miked-base andior deoxyinosine residuss
{Batzer of & (1891 NMugisic Acld Reg 195081, Ohtsuka of o (1585 4. 8ol Cham
200 2805-2008; Cassol of &f {1992) Rossoling sf &f (1994) Mol Cell. Frobes 881
wne, cONA, and miBNA

ancodad by 8 gene. As used hereln, the tgms "nucisic adld,” “nucieie aaid molsoude”

881 The lerm nucles aod i ussd interchangssbly with g

W

T Upolynucieotide” are infended © inchude DNA molecules (g, ¢DNA or genomic
DNAYL RNA molecwdss {sg., mENA), ansiogs of the DNA or RNA generated using

_J

v

nuciestide gnalogs, and dervatives, ragments and homolags thergof,

ps

{B084] The lerm “sxpression” refers o the Diogynthests of g proguct encoded by a
nucieicanid. Forexample, intha case of nucisic aoid segment encading & palypaptid
of infarast, Sxprassion Fiuivas fransoription of the nuclsic acid segment o mBNA
aryd the ranshation of mMRNA nto one ormoere polypeptides

881 The terms Jegwassion wil’ and expression casselle’ are usad
interchangsably herein and denots a nuslsin acd .sag st &‘:‘?{:Qdiﬂg & g}s}i_yz;:}api%ﬁe of
tsrast and capable of providing gxpression of the nuclsio said segment in g host call
A eorprassion urit rpically comprisas @ ransaription promotar, &7 opean reading rame
ancoding the polypepiide of infersst, and a ansdriplion temnstor, &l i opgrable
configuration. ivaddition fo g ranseriptions) promoter and tenminalorn, an expression
unit can further include other nuckeic gond segments such 88, 8., 80 enhiEncsr or 3
polyadenylation signsl

[OUS8]  The

moleculs, inear or croular, coMENISING ONE Of More expression unids. In addition o

sion veotorn” as weed herein, refers {0 8 nucleic and

g
Yoscd
53
]
%
e
may
P13
%
i{'

OIS OF OTE SXRression unis, an exprassion veotar tan alse nclude add

acid sagments such ag, for example, one or morg ongins of v OF ONg OF More

w3
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23

saelpciable markers. Expression vedlors are generally derved from plasmid o wirgd

[OOBT]  Asused harein, 8 "poly s;}e‘ms“} siyp@;}tide chain,” oy “protei’ refersto g
cortiguous smangement of covalently lin aming ands. Pulypsptides can form on

or more intrachain disuffide bonds, YWh regard to polvpeptides as described herein,
sferance o modifications or alterations-of amiw acid residuss corrasponading o those
s;secifk,i %:;f SEQ D NO includes postiransiational modifications of such residuss,
The terms polvpeplde and prolein alys engompass ambodiments where o
polypeptide chaing fink together in & nonddinear Tashion, such as via an irderchain
i mi*ad bond. For exampls, @ native mnunogiobulin molsculs e comprised of two
vpeptides and hwo light cham palypeptides.
{00881 As used herain, & “multispedafic polypeptile” refers 1© 8 polypeptide
compising twe of more hinding domaing esch cgpable of specilicslly binding to 3
target! sntigen.  Fof sxamply, the polypephdes desaribed herein may comprise 24, 4
ar e binding domaing and may be able lebind &, 3, 4 or more target antigens. n
sorng embodiments, 8 multispecilic polvpeptide is @ bispectfic polypeptide. Hersil, 8

S
"blspecic polvpapiide” comprisss two binding domains and capable of binding 1o fwo

e

distinot fargst artigens. iy soms embuodimants, the bispecfico polypeptides described
hargin comprisg a firsl binding domain that speafically binds o & call surface antigen
oxpresged on a target cell It some embodiments, the bispecific polypertides
described herain comprise a binding domain thet speaifically binds 1o g cell zurfsce
antigen eopressed on an effector cell A binding domain may be derived from an
antibody {8.g., & variable heavy chain andior variable light changes sofv), a ligand or
& raceptor,
(00881 Mullispscific pulypeptides are disolosed, for instanes, in POT Publication
Nos WO 2007148088, W 20710040108 WO 20107003108, WO 2018084878, WO
17053488, U 8. Patant Application Publication No. 200610051844, and LS. Patent
Nos, 7,168,707, and 8408 577

thiesr antéraﬁy I certain eimbodinvents, the multispectic polvpepiides desoribed hersin

Cwhich sre sach nowporaiad hersin by reference i

ars bispacific polypeptides and may comprise an sceFv-Fo-eoFy structire, also refarad
to %arfw as an ADAPTIR™ polypeptide. The structre of a polypeplide comprising
such & structure comprises, rom Nderminus o C-erminus: a first schy binding domain
~an rrruaneginbudi (g hings region ~ an iy constant region — @ second sofv binding

gdomain,
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06811 A wroten or polypeptide may be an antibody or an antigen-binding fragment
of an antibady. In some embodiments, & profein may be a recombinant mullispedfic
grodsinn In othar ambodimeants, 8 mulispecific wotsi may e producsd by chamicaly
Hinking two different monoclonal anthodies or by fusing wo ylridoms cell Ines o
produns 8 hiridhyvbridoma, Siher multivalent formals that can be wsed includs, for
pxample, quadramas, Ki-bodies, dabs, digbodiss, Tandabs, nancbodiag, Smail
Modlar  ImmunoPhamaesutials {(SMIPS™) DOCK-ANDLOCKs®  {DNLs®),

rossiab Fabs, Grossiab VH-VLs, ngs anginesred doman bodiss

{S EDbodies), Affibodies, Fynomars, Kuritz Domaing, Albu-dabs, fwo enginesrad Fy
fragmerts with sxchanged VHs {sg, & Jdualaflinily retgrgeling molscuiss

{LFAR T8 sofv x scPy {p.g., BITE) DVRIG, Cownthodiss, peptibodiss, scbv-igs,
SV ndgs, dakedgs, Knobs-neHoles, IgG1 antibadies comprising matched mutations in
the GHI domainy (&g, DucBody antibodies) and tiomdAbs, Exemplary bispecific
formats gre discussed in Garber st gl Nature Reviews Drug Discovery 13788801
{2014}, which s hevsint incorporated by reference in its entiraty. Additionst exemplary
bispecific formals ane discussed v Liu et &gl Front ol 838 dab
T3 23R0Mmmu 2017 00038, and Brinkmann and Kontermann, MARS & 2, 182-312
£2017 0, sach of whinh i hergin ncorparated by refersncs i 88 sntingdy.  In carlan
ambadiments, & bispecfio antibody oarn be a Fal' )2 fragment. & F{ab)d ragmand
contalns the fwo sntigerebinding arms of a tetramerio antibady minlecule inked by
ulfide bonds in the hinge region

(O80T As will be spprecisted by one of gkl it the wt, proleing and polypeplides

grg defined herein in ferms of the amine acid seguences of the individus polypeptide

g

chaing, which are indicated by the SEQ D NOs referenced thraughout this disclawrs.

For sxample, in some smbodiments an soFv-Fo-soFv protein or polvpeptide described

herain i ocomprised of two seFw-Fo-sofy polypeptide chains associated by inderchain
bordds {e.g., derchain disulfide bonds) o form g dimarnic sehv-Fo-soky prptaint {ag.
a homodimernc of helerodimernic soFv-Fo-sofy proteinl. In swoh embudiments, the

sobv-Fosseby prolel is defined Dy the aminn aoid sequences of the hdividual safw
FoscFy polypeptide chaing. Polypeptides and profeing can alss comprise non-
peptidic comporents, such as carbohydrate groups. Carbohydrates and other none
pepticic substiluernts can be added 10 a prolein wr polvpeptids by the cell in whith the

prodein s produced, and will vary with the type of call. Froteins and polypeptides are

By
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defined hereint in terms of thelr aming ackd backbone structures; substituents such as
carbohydrate groups are generally not specified, but may e presant nonetheless.

§€§€§§‘§} The terms Chght ohisin variable region? {(also referred 0 88 ‘”-iig:d chain
variable domaln® o WL o V) and “heavy chain variable regiod
“hegvy chain variabis domain” or "WHT or Vi refer o the variable binding region from

an antibody light and hoavy chain, res

‘Ci
&
3:1
B
Sl

v The variable binding regions arne made

up of discrets, weil-defingd mb@‘s&g%ﬁ& known 8% Tcomplementanty dstsmining

ragions” {CORY) and “framewark 1 e«gia.-‘:s"‘" {FRs), generally compriging in order FRY-

CDRRT-FR2-CORE-FRE-CORE-FRY rony amino-ermiinus 1o carbogyderminus,. nons
smbodiment, the FRs are humanized, The e “CL refers o an Simmunogiobudin
fight chain constant region” or 8 “light chain constant reglon,” La., & canstant region
from an antibody ight chain, The berm "OH refers toan “irmunogiobutin hasvy ohain
consiant region” of & “heavy chain conslard region” which & further divisibile,
depsrisiing onihe sntibody sdtype indo THY, OHZ, and CHZ (gA. g, W), or W1,
GH2, CHE, angd CHY domains (gi, gl & "Fab” fragment antigen binding} 5 the
part of an antibody that bingds (o antigens and includes the variable region and $HY
domain of the heavy chain knksd In the Hoht chain vig arvinter-chain cisuifide bond,
{00821 The fenng "aminodseraingl” and “carbowyiderming!” arg ussd herein I
denote positions within polypeptides. Where the contaxd ailows, these terms are ussd
with referancs (0 g paticular sequence o portion of a polypeptide (o denote proxdmity
or valgtive position. For &xaﬁ'spi& a certain sequence posiioned carbionyemingi 4o
g refersnce sequance within a polvpeptide is bhosted proximal v the carboxyierminus
of the referance seguencs, bul B not necesesnily o the cerboxybtarminus of the
cornpiata polypeplide,

(o883 Asussed hareirt, the lenn “ransfonmation,” “ransfection,” and “transduction”
rafor o the transfer of nuclels add {Le, & rucieotide polpmen e 8 cedl As used

1 "

harein, the lerm "ganstit ransformation” refers 1o the fransfer snd inodrparation of
DNA, sspacially racombinant DNA, inte a cell The ansferred nuclas. 5id oan be
infrosfuced Into @ cell vig an exprossion veotor,

Q084 “Antibody-dependent celtbmediated oytotoxiniy” and "ARCCY as usead

herain, rafer o 8 callnedialed process in which nonspeific oylctoxio cells that

QXRINSS F\?vie {a.g., monooylic cells such as nalurgl kiler (NKG cells and

gnize bound antibody (or othar protein eapable of binding ForRs)
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on g largel call and subsequently causs s of e target call Inprinciples, any sffector
call with an activating ForR can be tiggered o meadiate ADCC The primary cells for
mediating ADCC gre NK gells, which axpress only FoRHL whereas monooytes,
depending on thelr state of activation, localization, or differentialion, oan exess
FoyRi, FoeRI and FoeRIL For g rovigwe of PR axprassion on hematopaiatio calls,
soe e, Ravetoh et gl 1881, A Rev, bnmunol, 848782

[0085]  The term having ADCO solivity” as used herein i refersnce 0 @
polvpepiide or proten, means that the polvpeptids o protein, for example, one
commprising an Fo domain {sg. an immmunogiobulin hings region and an

gaion having OHZ and GHY dofmnaing) sueh as devived from

R

immunogiobudn consiand ¢
GG {fag., G s capable of medigting antibodv-depenc

cytotoxicity (ADGE) through hinding of 3 oylolvlic Fo reospior (g, FoyREY on a
ovicivin inmune sffector cell expressing the Fo receptor (a4, an NK csll). Iy somse
pmbadimernts, & oudls o polypeptide o protein comprising an Fo domaln may
tack effector funation {eg il ADCT activity) 83 the resull of mutations in the CHZ
andfor GHS domain,

feossl  “Complement-depsndent gyinloxiaty” and Ci}iﬁb used herain, refer fo a
prosess i which componenis it nameat serum {

artibody or othey Clg-camplement-binding groten bound 1o 3 taryg

cc,,
&
’5 %
Prssd
&
&
3
X
=
L s

IR
fysis of a target coll exprassing the largst antigen. Complement consisis of a group of

@

serum proteing that acl inconcert and iy an arderly seguencs 1o exerl thelr effect

{00871 The terms "plassical complement pathway” and “dassioal complement
system,” &8s used hersin, arg synonymous and refer o g parlicular pathway for the
activation of complement. The classical pathway requires antiger-artibody complexes
for nitigtion and volves the actbation, i an arderly fashion, of nine maor protein
rnponents designated C1 through U8, Far several sleps in the sclivalion grocess
the produst s anenzyms that cataiyzes the subssguent step. This Cscads provides
amplification and activation of large amounts of camplemant by & relatively small initiat
sigrsal.
{00881 The term "having CDC sotivity ™ as used herain n raference (o a polypeplds
or profein, meaEns that he polyvpeptide or protain, for sxample, one comprising an ¥
domsin {eg., animmunogiobulin hings region and an immunogiobuin constand region

having OH2 and CHZ domains) such as denved from g8 (sg, I9G1) is capabls ¢l
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medisting  complament-dependent oyidloxicity (GO dwough binding of Cig

cornpioment polein sl activation of the olassical complomernt systam. I some
smbodiments, g mullispecific ¢ aiw“pms o profein may laok effector funclion {eg
nall CRO autivity) as the result of one o mors mutations In the CHE andior CH3
dornamns.

{00851 "Enhanced sffector ool activation™ as used hereln, refers o the horeass,

b4
1

;;mia-'mgmg, gnaior p@:&im:&i@ti&n of an effector cell responze by the polypeptides or
profeing describad herein iIn sume embodiments, enhanoad affecior cell achivation
refers 1o an inorease it the oviotoxio sctivity of art effector cell. n some embaodinents,
srhanced effecior coll sclivation refers 1© &0 noresss iy oviokine production, csdl
profferation, or g changs i celbsuriace molsculs sopression such that the sty of
the effector oell 1o lyse & target cell is snhanced

1081 As uzed harein, thaterm "affedior coll” rafers 1o a call of the Imoiurs systaw
that s capable of lysing o killing o largst cell, stich as g humor cell. Harein, an sffector
call may refer io 8 ivmphooyte, such as 8 T cell, a naturst Killer {NK) cell or an BKT
call, @ monoosyle, ¢ mecrophage. & dendritic ooll, or g granulooyts, i particulsr
smbodiments, he rm offecty coll refers o a T osll, s NE ooll, o ant NBT cell
011 As used herein, the ferms “reatment,” "realing,” or "amsliorsting refsrg i
sither & thergpeutic tragimant o prophyvizcticdpraventative treatment. & reabment is
therapsutic i at least one symptom of disesse in an individust receiving treatment

Improves or g freatment can delay worsening of a progressive diseass in an individual,
ar prevend onsel of additfonal associated dissases.

s

§€é’§f}§:§ Az used hareln, the term "‘2?3@3‘:«3@6:&3%%%%;;* effective amount {or dosel o

effective amound {ov dosel” of a polypeptide or profain desorbed harein o &
compusition thereo! refers © thal amount of the compound sufficient o resull w
arslioration of ong or more symptoms of the disease Daing treatad it 8 siatistiostly
significant manter oF & stalistioally sg Hivart implo ard in argan funchon. YWhen
refarring o oan wndividual aotive ingrediend, adminisiersd slane, 2 therapautically
effeciive dose refers o thet mgrediant glone, When refering ©& 2 combingtion, a
thargpautically sffedclive dose refars fo combinad amounts of the aclive ingradients
that resull inthe therapeutio sffect, whether administerad serially or simullansously (in

the sams forrmudstion of conourrently in separats formudstions),

Pharmacsutical Composidons
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03] Desgribed heveln sre siable pharmaceuiics! formulations of piolsin
therapautics, such a5 mullispadific polvpeplides, that pravent denaturation andior
frevent or substantially reduca the formstion of agoregsies, aspatially upon §
i addiion o a therapsutic protein, the phermaceutical compositions desoribed herain
may further comprise one or more of & buffer, an exdplent, and & swrfaciant. In some
ambodimants, the composiions comprise, consistof, or sigt eszentially of @ buffer
an exciplent ard a swisclant, whersin the mullispeaific protain is a dimer of Wwo

ey

K

o

wentical polypeptides, whersm each polypeplide comprises, n order from am

termirass o carboxyHerminus, or in order fram carboryi-terminus 10 amino-lermnus

£

{1} & first binding domain, {0 3 hings region, (i) an immunoglobudin constant region,

£

and {iv) 8 sscond binding domain and the bulfer comprisss of consists of sucdnate
or & pharmacewivally accepiable salt @ acid therent,

31041 In some embodiments, the compuosition comprisas from abowd 801 mgimito

¥

&

ahout 16 mgf‘{r@i of the myitispecific prolsin. In some smbodiments, the cormposilion
cernpwises Fom about 1 mgfmiio aboud § mgim of the multispecific pratain, In some
armnbodiments, the composition comprisas about & mgimi of the mullispectfic protain
in some smbodiments, the composition comprises sbout 2 mafmi of the muitispecific
protein, about § mM sweeinate, about 8.58% weightivolurne Hwh) sucross and abowt
03.08% wiv polysarbale 80

a8 In some embodiments, whersin the composition substantially provents
dagradaion of the mullispecific pratein, In some embodiments, the composition slows
arraduces the degradation of the mullispedfic paiy;ssg}hdaa compared fo an identiosd

muitispecific polypeptide stored in histiding hufler under idortical storage condiians.,

o

N some ambodiments, the composition i3 substantiatly stable for at least 1 year &t
4700 I some embodimsits, he compos substantially resistant o formation of
aggregatas of mullispadfic protein

OB Inosome smbodimants, the composilion is capable of withslanding fresze o
thaw conaitions. It soms embodiments, the compasiton slows of reduces degradation
of the mullispecific polvpeptide In Freeres o Hiaw condidions as compamnd o a
midtispacific polypeptide stored In @ histidine buffer under erdical freses o thaw
corgditions.

1871 In ather embodimants, a G123 x €

undergeas litlke o no degradation after ophilization whan formudsied as distlosed

~

3 targeting multispeciflic polypeptide

.

harein, For instancs, a CDMET x COS targeting multispecilic polvpsplide may te

a2
AR
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formulated in 2 succingte and sugrese foermulstion that exhibils retuced degradation
after ypphilization as comparaed o an identival polvpeptice foonulated with & histiding
buffar.  Also provided herain is & ophilized anthCDIZE x ani-CDT multispedific
pulypeptide, ncluding bud not imitsd o TR0 and TRHZY, formulaled i about & mM
suoninate, about 8.5% weaightivolume (wlv) sucrose and about Q.0E% wiv polysarbals

B Iy some ambodiments, the composition s yophilized.

{1081 As tised hareln, the tarm "buffer” or “uiffering agent” refors o ong or more
cenponents that wherr added © an aquecus solgtion s able 1o protect the saludion
against varistions in oM when adding adid or alkall, or upon difution with a solvand

1081 Iy some embodiments, e buffer comprises, consists of o corsists
sssentially of any phamacsutivally acceplable bulfer. For example, the buffer may
be poiassium phosphate, scel acidisodium acsiate, ciic scidisodiun clirste
sucoinic acidisodium succinale, arlario acidfsodium tarirate, Mstidine/istiding HCH
giyoine, Tris, ghdamale, gcelate, mixlures thersol, of pharmscsutinally scoepiable

saile or scikds thereol It parhouiar enbodients, the buffer comprises, consists of, ar

consisis sssantially of succinate or & pharmacaeutically acceptable saitor acid thereof,

01101 iy soms embodiments, the contentration of the buffer i the composition is
fram about T mM o aboud 500 ml from sbout TmM 1o shout 100 mb, from abowt
mbd 10 abowd B0 mM, Tom sbaut 1 {o shaid 10 mB, rom abaut & mibd o about §B
o, o frony aboud Smbd te about 30 mbM from abowd & i to sbout 1GmM In some
ambodiments, the composition contprses fom aboud 1 il to about 10 iV suctinate
or g pharmaceutioally goceptable gall of acid thereel It some embodiments, the
cenposition comprises about & il succinats o & pharmeceutically asceptable salt
or acid thersof,
{11 Insome enbodiments, the pH of the composition is 3.0, 3285, 8.5, 375, 4.8,
B, B0 B3 88 BTE VO TEE VA VTR 80 83
CAQSR 0S8 I0FE, MG 128 o0 TR Insomig

embodimants, the pH of the composition i abot 30 0 sbod 80 I some
ernbodiments, the composition has & pH from about 40 B sbod 3& In some
smbodiments, the pH of the composition i atow 4.8,

Excigient

SRR
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1131 As refered (o herain, an extipient (s a pharmacologically nactive substance
formulaied glongside the aclive pharmaceutical ingrediamt of & composition,
Excipdants might gid in hbviclly, fowability, disintegration, o faste and may confer
some form of antimicrobial function
O3] Examplary sxeipients which may be used in the ac-s‘%:;;msiiian& cisciase
hargin  inchude gsham';aaax sioal binders, diluents, release r&tarding excipiants,
. Gas ganerating agents, cosling systoms, sobienis and coloring
agerds, Su &%\i sxcipents tdlude the subsiances merdionad as excipiants in the
Handbook of Fharmaceuticsd Exciplerds, Third Edition, Edited by & M Kibbe,

i

Amsnicsn Fharmacsutical Assosiztion and Pharmassutival Fress (2000, and Tables
FHm B T Gole sl g, Advanced Drug Delivery Roviews B0 {2008}, 747.788. For
axampie. an sxdipient may be selected o the grougs consiating of polyropylens
givooh polyvethviena glvool, pulyoryethylens castor off dervalives, polyowysthylens

5

Fol esystesrate, sslursted polygiveokiz %gi yoerides, polvethyiens polvpropyvisne

fom]
<
7
&
s

givool, Witamin £, and Vitamin £ TPGE (d-aipha - tocopheryi polysthylens glveal 100
yocinatel.

0114 In some smbodiments, e composiion comprises from shout 15
weighdivolme (uivl o about 20% wiv, 8hout 196 wiv 10 about 10% wiv, abouwd 8% wiv
0 about 15% wiv, or abowd 10% wiv of the excipient. sons enbodimends, the
oomposition comprises from about 1% wiv o about 12% wiv of the sxciplent, such as
about § 5% wiv of the axcipient.

(I8 Inosome embodiments, the sxcipient the eoaplent comprises, consists of, ar
isisis assentisily of @ sugar. irsome smbodimants, the composiion comprises from
about 1% wiv 10 about 12% whiv of the suger. In some embadimants, the composition
comprises about 4% 1 about 8% wiy of the sugaer In zome embodiments, the

SOMPeSHon comprises abowt & 5% wiv of the sugar. In some embodinents, the sugsr

:3 f«é;}‘(& N ‘3§

01181  As desorbed herein, a8 "surfactant” s 3 surface active moleouls containing

both a hydrophobic pv&:‘i%i}ﬂ {2.g.. aliy! chan) and g hydrophilio portion (8.9, carboxyl
and carboxyiate graups
{71 Swfactants suilsble for use i the composttions described herein induile

b sre not lindted o, polysorbatas {v.g polysorhales 20 or BOY polorsmens &g

w
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polexasnier 188) sorbilan esiprs and derivalives, Triior sodliury laurs! sulfate, sodivin

cgotyl glveosiche, lmund, myristyl

nolayl, or stearvi-auiichatading lawrylh, myrishyl,

roslearvisaroosing inclavl myrishl, or oatybbetaing; laursmidopropyl-
covamidopropyl,  lincleamidopropyl-.  myislamidopropyl- paimidopropyl, o
isostegramigiopropyibeiaing {e.g. §aus“:;\amiﬁs3,cm‘§3y§}; myristamidopropyl,

padmidopropyl, o isostegramiion :3m»§~\§mmihys@v na; sadium methyl cocayl, or

disodium methyl oleyiMaurste): and the MONAQUAT™ sarles (Mona Industres, Ine.,

Paterson, N, polysthylens ghvool, pa@;}f‘mpyi glyool, and copolymers of sthylene

gred propylens giveol {8g., Pluronics, PRER etc ) In particufar smbodiments, th

@

strfactant comprises or consists of polvsorbats 80

1181 I some ambodiments, the composttion comprises from abad GO0 wiv
to abowd 1% wiy, aboud Q0T wiv 1 aboul 5% wiv, ar about GOT% wiv 1 about
3.1% wiv of the surfaciant. In 3ome embodimeants, the composition comprisss abou
Q.02% wiv of the surfactant,

8] Inosome embediments, the composition comprises fram about D001 % wiv
to shout 19 wiv, about C.O1% wiv 10 about D.3% wiv, or agbouwt Q019 wiv 16 abadt
019 wiv of polvsorbale 800 In somes simbodimentz, the composilion comprisas about

0.03% wiv of polysorbate 80

4

Thergoeutic Profeins

2

B1281  The camposiions desaribad herslnt may be used in connection with many

differerit protein therapautics as desaribad hersin,

Binding domaing
01211 Inosome smbodiments, the therapeutio proteing comprise & binding domain,
The hinding domain may provide for spacidic binding fo &l east one celbsurfzce
malsoule {e.g., a oeliswtace recapier) The binding domain can beinthe farm of an
argibody, or fragment thereof, or a fusion proten of any of svariaty of ditferent Tormats
{z.g.. he fusion protein can be 1 the R of & specific or mradtispecifio malscule) In

-

other eémbodiments, the binding domain can ocomprise, for exampis, & parlicuisy

cyiohing or & mojsoule that largats the binding domain polvpeptide i, for mami@ &
partioudar csll by, & toxin, an addionat cell recepiorn, or an sntibody.

I3 I osoms embodiments, 8 bnding domain describad hevein is derived fram
arvantibody and comprises g variabde hoavy chain (Wl and atvariabls ght chain (VU

23
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For sxample, an sofy comprising a8 Ve and Vi chain, These binding domains and
variable chaing may be arranged i any wrder that sl retaing some binding o the
targstisy In some smbodiments, a Mnding domai comprisses () animrnunegiobutin
heavy chan vardable ragion (W) comprising HODRY, HODRE, and HODRY, and (i an
immunegiobuling ight ohsin variable region (V0 comprising LODRY, LOCLORZE, and
LCDR3.

[B1231  In some ambodimants, the polypeptides and proleins describad hersin

comprisg binding domaing that arg acFvs, In such ambodmerts, the binding domains
may be referred 1o as soFv domaihs, it same swtbodintents; a hinding domain s a
single-chain Fyv fragment {scFy) that comprises Ve and Vo ragions speclic for g langst

{ inderest in cerlain embodiments, e Ve and W regions ars human o humsnized,

&

i some varations, & binding domain is & singls-chain Fy {seFv) comprising Vo and Vs
regiung joined by 2 peptide Hnkey

24 Incerisin embodimsnts, he binding domaing of the polypepiides Jdesarnibed
hersin comprise () an immunogivhadin light chamn variable region (WO mmpnsmg
CORs LCDRT LODRZ, and LEDRE, and i an immunogiobudin hagyy chain varable
ragion (Va) comprising CDRs HCDRY, HCDRZ, and HCDRA In some smbodiments,
aming acid sequences provided for polypeptide construsts do not ndlude the human
mmunogiobuln leader sequences. COR ssquences and amino acid substiution
cajtions shown are those defined using the IMGT aiteria {(Brochet et al, Nuol Acids
Rea, (2008 28, WB0E-508).

)

Eigencd

1251 Inoerialny embodiments, a binding doman Vo andiar Vi region of the praaent
discloaure is derbved from g Vo andior Vi of 8 parert VL andior Va megion {sg.,
181871619 az described in POT Applicstion Publication No, WO 20161185018} and

optionaily containg sbad ons ormors (s, sbad 2,8, 4, 5,8, 7, & 8 107 inserlions,

~

about o ormore feg, sbowt 2, 3,45 8§, T8 8 10 deletions, about one o miore

P

{a.g., about 2,3, 4,5 6,78 8 10 aming acld substitutions fe.g., conservalive aming

Y

aoid substitutions o Aoh-cofservative amifoe acid substifutions), or & combination of

£

the ghove-noted changss, whsn comparnd 1o the Vo andfor Ve segquenos of a kniown

manoaional antibody. Ths haertion(s), deletionds) or sulsitition{s) can be anywhers

i the Vi andfor Vg region, including at the amino- or carbuyytermiinus o both ends

of this fegion, provided that each CDR comprises zere changes of al most ong, o,
)

e
or three changes. in some emboidiments, he binding domain containing the modified

23
3

PGR2026-00039
Biocon Ex.1002
Page 4637 of 4945



W 2146328 POTARB0AIAIN

Vi andior Vu region can sl specifically ind s farget with an affinily similer o o

greatsr than the parant Binding domain.

and Va ragions v walldmown in the

?"

[O136]  The uge of peptide nkers for joining ¥
ad, and 2 large numbsr o publications exist within this padinular field. In some
smbadiments, & paplice finker s a 15mer ponsiating of Hres repeats of a Gly-Ishy-Gly
Gly-Rer {SEQ 10 RO 138) amineg acid sequance {GhaSarpH{SEQ HY NO: &8 (iher
firdkers have been used, and phage display technology, a8 wall a3 ssleclive infective
phage ischnology, has besn used o diversify and select appropriats Inker seguences
{Tang af al, J Biol Chem 271, 1588215680, 1598, Memecks af al, FProfels Eng.
11, 4054710, 12881 I cartany embodinments, the Vo and Yy regions sre joined by s
paptids finker having an aming acld sequence comprising the formuls (GlyaSerls,
whersin s 1.8 (SEQ D NGOy 138 For instance, In some emibodiments, the linker
compoises {GhvdSaris (SEQ D NGO 611 Qther suitsbls linkers can be obiained by
oplimizing 8 sivpls lnkeay thrcugh random mutagenasis. b soms émbodiments, the
Vi region of the sofv desoribed hereint ray be posttioned Nderminally 0 8 linker
sequanee. n somes embodiments, the Vo ragion of the sclvs'desoribsd haraint may be
positioned C-lerminglly o ihe linker sequencs,
{BI271 It some gnbodiments, the tinding domain may bind o & fumnor antigen,
such as D123, PSMA, GIig, CDE3, 514, or HERE. i some embodiments, the
birvhing domsin may be a COI binding domain, in some embodiments, the binding
domain may hind o 4-1-BB. It stme eambodhimarnds, the hinding domain may hind ©
{1X40. b somie embadiments, a forgwdated rullispecific protely binds o both 49188
arut OX40.

281 I addition 1o 2 binding domain, the therapautico polypeptides may Surther
comprise & hings region In some gmbodiments, the hings i an alered
immunogichulin hings In which ong or move ovsteing residuss i & wild type

immunegictulin hings region are substitiied with one or maorg other aming acid

serine or alanive). Examplany altersd immunogiobubin hinges, carbuxyd

. and amino-termings inkers ncluds ary mmunogiobulin human gl

hinge region hgving ong, b or thred oystaing regidues Tound In a wild type human

Gl hngs substituted by tne, two or three different amins acid residuss (s, sering

\,

or glaningl An allsred mmunoglobulin hings can sddiionally have g proline

53
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sybsiifuted with another sming acid {8.g., senne or alanine). For sxample, the aboves
doscribed alterad human 31 hings can additipnally have & profing located carbaxyl
tarming! to the threg oysteines OF wild typs buman IgG1 hings region substituted by
another amino acid residue {a.g.. sonng, alenneg), one embodimerd, the prolines of
tha core hinge region are not substituted. roertain embodiments, ahings, e carbosyd
terminus linkar, or &y aminoderminus inker polvpaptide comprizses or is & seguanes

Y H § ooy 8L D L SN, [T SN U S AN . &
et i at logst 80%, at loast 81%, of least 82%, al logst 83%., af bost 84% &t least

%
ik
3
o
[543
pd
7%
7%
b)
LA
i
fan g
%
o
ey
ja
7%
553
sy
-3

BE%. al least 80%, ot lsast 87%, & oast 88%, & lsast

G1%, af least 83%, af loast 92%. ot loast 94%, &t loast 858%, al least 88%, at least
7%, al least B8%, or 3t loast 98% identical 10 a wild ype Immunogiobulin hings

rogion, such a8 & wild typs human g1 hings, a wikd type human g2 hings, or a
wild fype human oG4 hings.

{01281 The therapautio profeing may also comprize an inmunogiobudin constant
{Fo) domain {alse referrec o herein ag @ oconstant region. Fu demain, Fo egon, and
the Hka) I come embodiments, the constant region comprises oG CHE and CH3
domains, 8.9, gG1 CHE and CH3 domains. In some smbodiments, the constant
ragion duss not comprise a CH1T domain I somes smbodiments, the inmunogiobubin
constant region 5 8 human Fo domain in somse e‘mmaﬁim»&m&z, the immunogiobuln
constant region cornpvisss ong, twa, thres or more aming anid substitudions comparent
to 8 wild-type immunogiobulin constard region 1o reduce or prevent binding to FovR 1,
FoyRila, FoyRED, FoyRHs, and FoyRER I somig gmbodiments, the constant
domains making up e constant region arg human or derfved from Buman sequsnees.
i some embodiments, he Fo domain comprises ong of mors mudgtions the Fo region
to raduce or pravent complement fixation and interaction with Foy receptors, In some
smbadiments, the immunogliobulin constant region camprises ong, two, three OF Mo
amine acid substitulions compeared o 8 wilddype pnunaghobudin constant region io
pravert of reduce Foomedigted Toosl activalion. In somy smbodiments, the
immunogiobulin constant region comprises ong, two, tyse o more amine acid
substiiutions comparad © & wilddype nrmunogiobulin constant region to prevent ¢

recdune OO activity. In some smbadiments, the immunogliotadin constant region
comprises ong, two, three or morg amino acid substitutiong comparad to & wild-lype

§

mmunogiobulin constant region W prevent or reduce ARCC sativity.
A
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{Q?Sﬁ} i some embodimes he Fo region COMTses one of more mutstions al
posiions 234, 235, 237 angd 322 of the OHL domain, acoording o the BL numbering

system. in some ambodimants, the Fo domain comprises mutations &t positions 234,
235, 237, 318, 320 and 332 of the OHE domain, according o the U numbering

ar, I soms ambodiments, the Fo domain comprises mulgtions LEELA, L2384
G23TA and KE234& of the CHE domein, sccording o the EU numbering systam. In
some embodiments, the Fo domain comprises mulgtions L2348, L2384, G2a7A

SA, K320A, and K32ZA of the OHZ domsain, according fo the BU numbering

=

m
Juis
0

aystem. In some embodimants, the immunoglobulin constant region comprises &
hurtan IgG 1 CH2 domain comprising the subshiutions B33P, LI34A, LE30A, GRITA,

oy £L3

arct K322A and » dedstion of G238, acoording o the BU numbering system. Insoms
ambodimans, the Fo domain s derved from human iIgG 1 In some embodiments, the
o o more mutstions in the 1661 Fo domain prevent or substantially reduce signeling
thyrough Fonsdisted sross-dinking.

{3 Inosoms embodiments, the immunogicbulin constant region wmpﬁ%&@s an
arming acd senuenes of any one of SEG Y NOR285, or g vaviard tharso! The
inclusion of an mmunogiobulin consiant region slows deadance of the polypeptides
and proteins of the present disciosure from circulation after sdridnistration fo g subject
By rautgtions or other sltergtions, an immuneglobulin constant regicn further enalbiles
rafatively sasy modulation of polvpeptide effector funclions {e.g., ARCC, &DCP, SO,
complement Tixation, and binding 1o Fo receptors), whith can either be increased or
decreased depanding on the diseass being treated, as known in the art and desoribed
herein. iy corlain smbodimaents, the polvpeptides and proteins desoribad heve

comprise an mmmunogiobulinn corstant ragion capabde of madisting one or more of

thase affector funetions, In othersmbodiments, one o more of these effector functions
arg reduced or absent in an amunogicbulin constant region of 8 polypsptide orprafan

described i the present disclosure, as compared o 8 \sfem,:rd ng wilddvpe
Frrmunoginbulin constant regir

133 Anvbmmunogiobulin constant region pregent in the polypeptides and g?miﬁm&
of the prosant disclosurs can comprise o can be derbvad from partor s ot s CH
durmain, & CHE domadn, & CHY domain, o any combination thersof, For sxampls, an
immunogichulin constant ragion can comprise 3 OHY domain, 8 THS domain, both
OHZ angd COHI domaing, bath CHE and CH4 domaing, two CH3 domaing, 8 CH4

domain, wo CHS domming, and 3 CH2 domaln end pent of a CHZ domain, Incerlain

40
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ambodinents, the polypepiides or prvlaing desoribed hersin do ol comprise a OHY
domain,

1331 A polypeptide or profain described herain may comgeise g wild typs

\

immunogiobubn CHE domain or an aliersd wimunoglobulin OH2 domasy fom cartain

Ny

imounogiobudin classes or subclasses feg, 51, 10G2, o063, oG4, &l gl

ioll and frony varbus spacies {ncluding human, mouse, @t and ather mammaist In
canain embodimants, 8 CH2 domain of 8 polypeptide or a protein desoribed herein is
a wild type hurman immunoglobulin OHZ durram, sweh s wild type CHE domans o

Ruman 1gG1, 1082, G, Ighd, Ig&1, 1gA2, or Igh, a3 set forth in SEQ 10 NOs: 115
198201 and 195197, rospuctively, of US. Patent Application Publication No,
23ISR 2Y (seid ssquences inoorporated by refefence hefeinl, I cetlan
ambadiments, the CH2 domain is g wild type human ipG1 OHE domain as set forth in
SEQ D NG 115 of US! Patent Application Publication No. US 20130129733 {sald

SEOLIENNS énmrpe;amd by rafersncs haraln

\..,.«

(0134 Incortain embodiments, an altered CH2 region in a polypeptidle or a prolein
aithe presand Jisclosure comprises of s gsequencs that (s of lagst 80%, alloast 81%,;
at loast Q2%, sl logst Q3% st loast B4%, ot loast 5%, st least B8%, ot least §7%, &t
foast BE%, at least 39% identivg! o & wild typs bamunogliobulin OHZ region, sush as
the CHZ region of wild tvpe human GT, g6, or IgGd o mouse igGla {ag.
HGHGR)
(01381 Ao altared immunogiobulin CHZ region it 8 polypsptide or protsin of the
prosant disclosurs can be derived from a OHZ region of varibus itvnunogiobulin
izotypes, such as g1, 1IgG2, oGS, oG4, Igad, ig82, and ighy from various species
{inchding human, mouse, ral, and other mammaiz). in cerlain ambodimentds, an
alterad immuneglobulin CHE region it & fusion prolein of the present disclosure can
be derived froen & OHEZ region of humaen 16T, IpG2 or §§G~z‘;, or mouse IgGIg ey

-

WGHGED!, whose seguencss are sef Torlh in SEG D NOs 115, 188, 201, and 3230 of

ffff

Y

Us ?‘azem& Application Pubiication No. 20130128723 (ssid sequenoss incamonated
by referance heraind in conain smboadiments, an allerad THE doman of a polypepiide
or & profein deseribed herain ie an siterad humarn 1T GHE domain with mutations
Known i the st et enbance o rsduce imonnologioal activities {Le,, effectyr
functions} such as ADGE, AUGP, RO, complement fixation, Fo recepiar hinding, or
ary combination thereof.
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1381 & corlain embodliments, 3 OHE domain of 8 polvpeplite or 5 poolsin

desoribed herein i an ailerad immunogickutin CHZ region {8.g., an ailered human

G CH2Z domai) that comprises ong o more amyio aold dedetions or subsiiutions.

in some smbodiments, the CHE domain oo

mprizses an aming ackd substiution at the

asparaging of postion 387 {e.g. ssparagine to alanine) Such an aming s

substifition reduces or alintinates glycosylation gt this site and sbrogates efficient Fo

binding to FoyR and Clg The sequance of an altered human 1931 CH2 domain with
an Asr o Ala substitution at position 297 8 set forth in SEQ 10 NG 334 of LS Fatend
Apptication Publication No. 20130128722 {said sequenne incorporaied by refersnce
hereiny, I some embodiments, the allered CHE domsin oomprises al least one

e LY

substitution or delstion st positions 234 {0 238 For sxarapls, an mmunogiobudin CH2
FRGION can comprise a substiiulion at position 234, 235, 338, 27 w238, positions 34
and 235, positions 234 gnd 2’3&3; g‘ss;xs'éiim‘“‘. Z34 argd 237 pusitions 234 and 238

F
positions S34-236; postions 234, 3% and 237 pustlions 234, 230 ard 238 positions

{‘i’z

234, 28& 237, avyd Z3B; pusitions 38 of any other combination of twe, tyeas,
fowr, or five aming acds o posilions 34238 &t sene smbodiments, an aitered CH2
fegion comprisses one of mwre {e.g., two, thres, fow ov five) amine acid deletions st
posiions 234288, for instance, at ang of position 228 o posiion 237 whils the olher
posiion is substituiad. In certain embodiments, the amino acid regiduss stone or more

of ;;:‘»s)siiifms 234238 has been replaced withhane or more alanine residuss. In further

deleted while oneearmore of the remaining aming asolds & posttions 234.338 can be

substiuted with another amino acid {84, slanine or serine).

37 I some embodiments, the above-notad mudation(s) decrease or aliminate
the ADCC activily or Fo receploc-binding cspability of a polypsptide that comprises the
altered TR damain,

fOI38] In certain other embodimands, 3 CHZ domain of 8 polypaptide or a prolein

dascribad heraift s an aiterad mivnaogiobulin OHZ region (8.9, an alterad human

h=i

(31 OHZ domaind thal comprises ong oF more aming acd substitutions af posilions

253, 310, 318, 320, 322 and 331 F

or exampla, an mmunogiobulin CH2 region can

,

€

omprise a substitution at postion 283, 310, 318, 320, 322, of 331, positions 318 and
3G, postions 8 and J22, positions 318, 320 and 332, or any other combination of

two, three, Tour, five oF sicaming scids af positions 283, 330, 218, 320, 322, s 83
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o,

1

ush embodients, the sbove-noted oudalion{s) decrease or eliminale the CRE

723

gctivity of a polypeptide comprising the altered SHS domnain,

01381 In contain other embodimants, in addition 1o the amine acid substifution st

pusition 297, an slerad CHZ region of & polypeptide or g prolein desoribed herain

{5.9.. an altered human g1 CHZ domain) can further comprise ong or more {8.q.,

twen, three, fouwr, or fvepadditions! substitutions ab postions 334238 For sxampls; an
moinoglobulin CH2 region can comprize @ substitution &t positions 284 gt 287,
positions 334, 238, and 297, postions 234, 338 and 397, positions 238238 and 287,

positions 234, 338, 237 and 297, positions 2384 288, 238 and 287 ‘gwsé‘i‘éarsg 234, 238,
237, 238 and 297, posiions 36-238 and 297, or any combingtion of two, thres, four,

of five amine acids ol posttions 234-238 in addition o positon 287, In addition or

£

altarnatively, an altered CHZ region can compriss one or more (&g, twe, theee, fowr

d

$-238, such s 3t pusition 238 or posilion

f)J
o

or five) aming adid deletions at posilions &
237 The addibiong! mudationds) decraases o slimingles the ADQC sativity or Fo
receptor-binding capabiifty of a polvpeptide comprising the altered CH2 domain. i
certaln embodiments, the aming acid residuss st ong or more of positions 3834238
have heen replsced with one or more alaning rasiduas. In further ambodimards, only
one of the smino acld rosiduss at postions 234-238 has been delsled whils one or
more of the remaEning aming aoids &t poghions 34228 can be subshiuted with

anuiher aming acld {e.g., slanine or serine).

01481 Incerisin embodiments, i sdidiion fo one ormre {eg, £, 3, 4 or S aming

acyd substitutions at positions #34.238, a mudaled CHZ ragion of & polypsptide or a
protein described hersin{sg, an altered buman g8t CH2 dcss‘aain} 0 @ fusion protein
of the present disclosure can contain one oy mors {a.g., 2. 3, 4, & or &) additional

amine auid subshifutions (a4, substiuted witly slanine} gt ong &r mors pusitions

Fwalvad in complement fixation {sg., & ;ﬁ.-ogiiim& (O83, HB31Q, B8, K320, K323, or

f\)

P331) Examples of mdatad immunoglobulin OHE regions include human IgG1,

Sy

54 and mouse 1gGia CHE regions with slarine substitutiong at positions 234, z:&f:,

i presend), 318, 380 and 322 An exemplany mutaled imrmunagiobudin CHZ ragion

MG CHZ region with alaning substifulions 8t L234, L2338, G377, EM8,

{ﬁ?#i} i 58l fwrther embodiments, in addidion fo the aming aoid substitukon ot
position 287 and the addiional deledion{s} or subslitution{s} &t positions 234338, an

altered CHZI region of a polypaplide or a protein desorbad herein {8y, an altered
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human ioG1 CH2 domain) can further comprise ane or morg (&g, fwo, Hwes, fourn,
fig, OF six) gchiitional substitutions & posilions 3583, 210, 318, 320, 322, and 331, b
SXSMIPIS, &N AWnUncgiehulin CHZ reglon oan comprise & {1} substiiviion &t position
297, {31 ong or mare substitutions or delelions or a comiination thereo! &t pusitions

234238 and one oy mors {eg., 2, 3 4, §, or §) aming acid substiiuliong gt positions

253, MDD, E218, K330, KR22, andd P31, such a3 ong, o, three substiutions at

wnd
(o8
{4

positions E318, K320 and K332 The amine scids at the abovenotad positions can
substifulad by slarine or serine.

[04421 I cerlain smbodiments, an immunioglobidin CHZ region of a polypeptide or

4]

& protein desoribad hersin comprises: (I} anamino soid substitution 3t the ssparg

s
(;é‘
&

R

of position 287 and eng sming #od substiidion at postion 234, 238, 388 or E87: 4
an aming aoid substiption @t the ssparaging of positton 287

substitutions at two of posifions 284337,

agparsging of position $87 and amine sod substilutions at three of positions 234287,
{vy ananine acd substifulion &t the asparaging of position 287, amino asld
substitttions st posilions 234, 235 and 237, and an amino acid deletion at postion
238 L) amine & substigtions &t dhres of positicns 34237 and sming acid
substitudions st positiong 318, 320 and 3320 or {vi) amine sud substitutions at three of

o~

posiBons 2804387

e aninG acid deletion o position 288, and aming acid subshtutions

at positions 318, 320 and RE3.

{01431 Exemplary sitered  immunogiobulin CHE  regions with amine  acd

sybstitutions al the asparaging of posttion 297 nclude: hurnan ig31 GHZ region witl
alarine substiiutions ot L2384, L2358 G237 and N287 and @ delstion ot GRAG{EERQ D

N 328 of US Patent Application Publication No. 013028733, said saquence

£ §

wind, human igG2 OH2 region with alaning substifutions

s

incomorsted by rsferance her
A WER4, G238, and NST (SEQ HY NG 328 of U R Palent Application Publication Na
JMMBOT207 23, sald saquance incorporated by referarvs ‘eema human 1G4 GHR

region with slanine subsiifulions at P34, L3S, GRI7 and N287 and = deletion of
FE38 (BEQ D N 382 of U8, Patent Application Fublication No, S01381 28733, said
seguants ncorpoarsted by referancs herging, human gt CHZ reglon witl
substilutions &t FI34 and N2OF (SEQ D NO» 3438 of U5 Palenl Application
Publivation No. U 20130128733, saidd sequence inoorpurated by referente hersin,
huran oGS OHZ region with slanine substititions at L2335 and N2EY (SEQ D NO:

344 of LS. Paten! Application Fublication Nuo., Z015/0130733, said ssguenoe
PR Gl
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incorptratad by reference harelny), human oG4 OHE region with alanine substilulions

st G228 ang NZB7 (SEQ 10 NGOy 345 of US Patent Application Publication No.
ZOTOLESTES, said saquants moomporatad by refersncs herging, and human gl

CGHR reglon with slanine substitutions at G287 and NZ8&7 {S’f‘{} ii‘} NG 348 of S
Falent Apploation Publication No. 0130128733, said ssquence incorperated by
sferance hareinl These CHZ vagions can be used v'a polypeptide of the present
disclozure.
{0144 In cerlain embudiments, it addition © the amine acid substidions
desoribed above, an altered CH2 region of a polypeptide or a protein descoribed herein
{.g., an aitered human g1 CHS domain can contain one or more gaditions! gminoe
acid substitutions st one or maove postions othey han the above-noted postions. Buch
aming acid substtutions can be canservathe o non-canservative aming  acid
substitutions. Foraxample, in cerain smbodiments, P233 can be changsd o E238 in
an gliered QG2 CHZ regon {ses, £, SR I NG 336 of LS. Palent Apphoation
Publication No. 20130128723, said sequencs noorporated by reference herginl In
addition or alternatively, i certain smbodimards, the allered CH2 ragion can condain

One OF Iers aMming ackd inssrlions, delelions, or buth, The ingertion{s), »::ie&eﬁm{s} or
substitution{s) wan be snywhere in an amunogliobulin OHZ regon, such as gt the M-
or G-tarminus of @ wild tyoe imvmunogiobulin CHZ region resulling fran iinking the CH2

ragion with ancther region (e, & binding domain or an i-n‘xmun&géai,uim
hatarodimernization domain via a hinge.

orolsin

{1481 Incertzin embodiments, an allersd OH2Z domain of & polypeptids or

CZ

describad harein is g human igG1 CH2 domain with slaning substitutions at positions
235, 318, 330, and 832 {{e., & human IgG1 OH2 domeain with L3ASA, B384, K320
and KI224 wbsiéiuiims} {(SEQ D N

58% of UL Palent Application Publication Na.
2SOIRT T, sold sequencs hoorporated by refersnce hersin), and optivnally an
N2GT mudation {e.¢., W alanne). Incerigin other smbodiments, 8n sliterad CH2 domain
s ahuman 1gG1 OHZ dumain with alanine substiiions al positions 234, 238, 237,
38, 320 and 339 {la, a human RGBT CHE domsin with L3344, LI3BA, BUGT4
EA18A, KRZOA and KA2ZA subst tastwm} (SEQUD NGO 588 of ULS. Palent Application
Pubhioation No, 201301309723, sald ssguenee inoorporated by referance ?}&?i‘&‘ééﬂ}‘ and
optionally an N2B7 mutstion {(e.¢.. 1 slaning).

{481 Insome embodimeants, an Prvnunoglobutlin constant region of a polypeptids
or & protein desaribed harsin comprizas & fuman G CHS domsin compriging the

48
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sybstitGtions LIGSA, L2384, GIG7A, and KI3EA, scoording o the BU numbering
aysism,
(01471 The OH3 domain that can fonm an invnunoglebulin constant region of g

u}

pulypeptide or 3 protein desonbed ferein can be & wild ypes mmunoglobudin OH

domain of an silered  iImmunoglobulin CHY domain thersof from  certain

immunagiobulin classes or subdlasses {ag  19G1T, IgG2, IgGT, ol g8t 1AL, oD,
gl oM of various species {(including human, mouse, rat snd other mammalsl In

cartain ambodiments, & GH3 domain of 3 polypeptide desaibed hersin 1e a wild typs
huntan immunogiobulin CHI domain, such as witd tvpe CHS domains of human gt
IGR, oGS, G, IpAt, 1IgAS, bl gt or IgM s sel forth in SEQ D NOs 116, 208~
290, 204-207, argd 218, respeclively of U8 Paterd Agplication Publicalion No.

201SGI3ETRS (sald sequences Nooporsted by reference heminh, I certain

embodiments, the CH3I domain 8 1 wild type human 1gG1 CHS domain as set forth in
SEG D NO 118 of US. Palent Apphoalion Publication No, 20130128733 {said
sequsnce neorporated by refarencs hereiny.

{01481 I cortain ambodimeants, a TH2 domain of a polypeptide desoribed herain is

an gfterad human mmunogiohudin CHY domain, such as altared OHE domain

..J

based onor derived from 8 wild-tvpe CHI domain of human WG G2, B3, G4,

s

IGAT, 1IgAS, ighh, IgE| or igM antibodies, For axampls, an altered TH2 domain can be

a heman igG1 CHS domain with ong or two raatations 81 positions HEA3 and N434
{posiions are numberad according 1o EU numbsring), The mudations iresuch poasitions

can be hvolved incenplemeant ixalion. n certain other smbadiments, an allersd GHE
domain of @ polypeptide desoribed hersly can be g human lgG1 CHS domain bt with
O OF WO aMinG acid substiutions 8t position B408 or Y407 The aming aoids at such
pusitions are nvolved it intergcting with another CH3 domain, In certgin smbodiments,

an aitered CHS damaln of pehypeptids desoribed heraiyoar ba an alterad human BG1

&
3
&
73
&
&
z

CHY domadt with s last sl
&t forth i SEQ D NG 78 of

{agil sequence ncorporatad by referencs herain),

. The sequence of this altgred CHS domain is
3

"
‘»’.'ﬁ
o2
fc

tent Application Publination No, 21301387

01481 In corlain embodiments, & pi}@y‘;:zi?{‘ime or & protein deswribad hersin
comprises a CHI domain that comprizes so oalisd “hnohs-into-holes” mudalions (sse,
Marvin and Zhu, Adla Pharmacologics Birtog 2064858, 2005 Ridgway ef al, Praten
Engineering WETF1, 10881 More specifically, mutations can be introduced into sach

of the CHI domains of gach polype gm\ia chain so thal the sterio complementarity

8
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recuired for CHYCHD association obligates these two THE domains 16 palr with sag

cther. For example, g GH2 domain in one single chain palypeptide of g ;méype‘;;ﬁiida
heterodimer can contaln a T3B8W mulation {a “knob” miudation, which substifutes a
amall amine acid with @ larger onel, and 8 GHI domain in the othey single chain
polvpeptide of the polypeptide heteradimer can aanttain & Y4074 mudation {a "hals®
mtation, which substiides a large aming acid with a smatlier ongl. Other sxampdary
knobs~-into-holes mulations include {1) @ T3EQY mutation i ong OHY domain and a

Y407T i they other CH2 domain, and {8} & TIESW mutation i one GHA domain and

-~

TIAGS, LABRA and Y4OTV mulations in the other CH3 domain,
1801 The OH4 doman thet can form an mynunoglobulin constard region a
poiypeptide or 8 proteln desonbed herein can be 8 wild fype mmunoglobudin CH4
domain or an altersd mmunogiebulin SHE domain thereof from igE or IgM mislecules
iy cwrtgin embudimants, the CH4 domain of 2 polypaplide described herein i g wild
type Human mmunogiobulinn CHY domiain, such as wild typs OH dumains of human
E and ol madecides as sel forth in BEQ D NOs 218 and 214, respectively, of US
Fatent Apphoation Publication No. 20130128730 (said sequences incorporated by
refarence harsinl, In cerfain smbodiments, a CH4 domain of a polypsptide described
hersay 15 an aftersd human amunogiobuliy GH4 domain, such 8z an altered CH4
dorngin based on or derved from ¢ CHd dameain of human 1gE or igM molecuies which
have mutations that inorease o decrease an immunciogioal activity known to be
assoniztad with an IgE or IgM Foregion,
{FEY I cerlain embodiments, an mmunpgiobuln constant region of 8
polvpeptide or a oteln desoribed hareln comprises & combination of CHZ, CHI o
CH4 domains g, more than one constant region domain sslected from CHZ, CM3

it

and COH4Y, For a:xampﬁe::, the anunnglobulin constant region can comprise GHZ ang
OHY domains or OH3 and {H4 domainge In ceddain othegr smbadiments, the
immunogiobulin constant region Can conipnse two CHY domaing and no OHZ or GH4

-~

domaing (g, anly two or more OH3Y The mudtiple constart region domains that farm
an armunogiobulin constant region of the polypeptides desoribed herein can be based
Y S dés‘NﬁCi_ fromy the same mmunogiobulin molectle, or the same dlass or subolass
nnunogiobudin molecsudes, iy cortain embodimards, the immunogiohidin oongtan
ragion is an ipG CHECHS {(eg., IKET CHZ-CHI, oG CHE-CHT, and g4 THECHD)

and can be @ human {o.g, humsn IgG1, 1gG2, and ig(?;&} CH2OHZ, For sxampls, in

o

cantain ambodimeants, the innunoglobulin constant region of & polypeplide desoribed

47
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hersiy comprises (1) wild byos human 166 GH2 snd CHE domiaing, (&) human g

O

OH2 with N28TA substifution SHIINZSTAY and wild tvpe human igG1 CHE, o

l

attergd human gl OHE with the lest vsins

s constant region domaing of & polypsptids or &
protein desonibed heradny oz be Dased on o derived from different immunogichulin
motecules, o different dasses or subclasses nmunogiobulin molecules. For
axampia, in corlain embodimeants, an immunogiobulin constant region comprises both

bumart gt CRE domaryand human igG1 CHD doman Thamulliple constant region

ﬁ

domains thal form an mmunoglobulin constant region of & polvpegtide describad
1 b divectly Iinked togather or oty be Hnkad {0 esch other vis ong ormors
{£.¢., about 10} amine acids.
04821 Examplary immum:.gzamﬁin corstant regiong that can e used i 8
polypeptide or 8 protedn desoribad heres gre set forth in SEQ 1D NOs: 305-309, 381,
J23, 341, 842, and TE2 of L1 G, Patent Apphcation Publication No, 20030128728 {sald
sequsnees incarporated by reference heveln). Further exemplary imvnunoginbulin
wistant regions that can be used i g polvpeptide Gora protein desoribed heredn are
provided it ths lable below

Tabils © Sxemplary mmmunoglobulin consiant regions

S?é&ﬁa{;&& AR Seguense AR 3&}

B HEE PANA Seguemee

£8-F¢
domain
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Dajts
S8Fg
dranain

[O183] I cerlgin embodiments, e immunogiobudny sonstant regiors of sach

polypepiide chain of 8 homodimeno or heteradimene profein desoribed heraln sre
iiantical 0 sach other. In catlain other arnbodiments, the inmunogiobhulin constant
regions of one pelypeptide chain of a helerodimerde profein s differant from the

nrnunngiobudin constand region of the othey polypeptide chain of the heteradimer. For

sxampie, ons nmunoglobulin constant region of & heterodimsric proten can contan
3 CH3 domain with a “kned” mutation, wheresas the ofher inwnung gisbui 11 oonskant

ragion of the heteradimerio protein can cortain a CHE domain with & "hole™ mutstion,

FoBinding Domadn Linker

01841 I some smbodiments, the polvpsplide may firther comprise & Fobinding
domaindinker. In some embodiments, the Fo-binding domain inker can be y

the nmunogiobully constant reglon to g Cemmingl binding domain {sg, & €02
binding domain}. In some embodimeants, the Fo-inding domain linker can be usad as
3 hings doman andior noorpurated N0 an soFy. i some enbodimeants, the Foe
binsding domain inker i 8 GiveSer inker {SEQ 1D NG 128} 1y soms embodimeants,
the Fe-binding domain tnker is g 20mer cms&sting of fowr repasts of g Gly-Gly-Gl-
Gly-Ser (BEQ 1D NG 128 amino aoid sequence {(GhysSeri {(SEQHD NQ81) Insome

embodiments, the Fobinding domany linksr comprises an aming scid ssquencs
49
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sedpcied from any one of SEQ I NCs BG-70. Other linkers have besn usad, and phage
display technology, 88 wall 85 sedestive infective phage technoiogy, has bean used o
divarsify and select sppropriate linkss sequences {Teng of &, 1 Biol Ghem
16602-15688, 1908 Hennecke of g, Prolein Eng. 11, 405410 1988}, In certan
smbadimants, the Vo and Vi regions are joined by a-paplicke linker having anamino
acid sequance conprising the formuda {GlvaSer), wherein o= 18 {8EQ I NO: 139}

Other suitable linkers can be oblainegad by ‘sp.‘:,mmmg & simple finker through random
mulsganesis. it some ambodmends, Dispeciiic moulkcules do not comprise & hinge
region of a constard vagion.

(01881 In certain embodiments, 3 Fobinding Jdomain linker is g flexible linker
ssquence cunpnsing glycine-serine {sg., GlyaBer, SEQ I NGO 128) ropeats In

sotain embodiments, the finker comprises thres Shveber repeals (SEQ D NOL &8

foliowad by 8 wroline rasitiue. In cerzgin embodiments the proline residue is followsd
by an sming scid selected from the group consisting of giyu*@e arginines and sering.
1 some smbadiments, 8 Fodinding domaln hinker comprises or congiglys of &
sequance selectad from SEQ D NGO AGTD

[0158] Some sxamplary hings, Fo-binding domain inker sequences suilable

8 i scoordancs wilh the pregent disdiosure are shown i Table & Addiional

sxampary hinge and linkerregions arg saf forth in SEQ D NQs 341244, 601, 78,
THE-TOT, 238, 370434, §18-748 of UL 5. SO 24727 {said sequarnces inoorporated

by refgrancs herain,

Table 3 Exsmplary hinges and linkers

Nams | Amino Qcid Sequence  SEQ W NO

sss{sy-highl EPRESOKTHTSPRSS SEQ D N3GS
hings
oso{s-higll EPKICDKTHTSRRCS  SEQ D NGOG
hings
sse{si-higit EFKESDRKTHTEPPOS REQ T NOES8
hinge
seo{si-higial EFKSSOKTHTORPPOE  SEQID NGOG
Rige

ces{ahlgGl EPRKSCOKTHTSRPES SEQ D NObO
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Biocon Ex.1002
Page 4650 of 4945



WO 20217146328

Name

Awmino Acid Seguence

SEQ D NO

gos{sr-higizl
hings

EPKSSOKTHTOPRRES

SEQ D NG

ooa{ekhigGe
Fnge

EPRECDKTHTSRRC

SEQ D NGz

EFKSCORKTHTSPPOPR

REQ Y NO43

EPKSENKTHTIRPSR

SEQ D NG44

csoipi-higiy
hings

EPRSCDKTHTSRROR

SEG D NO4s

ssalpi-highl
hinge

EPKSSDETHTEPPLPR

SEQ D NOES

seci{p-higla
hinge

EFKSSDKTHTOPPCOP

SEQ D NO4GY

css{phigGt
DS

EPKSCDUTHTSPRER

SEQ D NOAB

sosipi-highl
hinge

EPKSSDRTHTORPSP

SEQ D NOWR

Seppep

SEQ D NGB

ST

REQ Y NGB

NYDBGLEGRGEGEEIRGHG
GRGNYOGHESGHEER
GOGHGBGNS

SEQ D NOB2

H1 NS "
H2 GGGHSGNS SEQ L NOB3

SEQ Y NOBY

GGGGREG

GGRGSENS

REQ D NOBS

NYGGGRGSQOHEEGNS

SEQ D NGBS

GOEGRGHEGSEERES
GNS

BEQ HY NOBY

N7 GORPORNS SEQ D NOSS

EETRN GGLGELGGERGEEHS S0 D NS

H108 | SGOGOSGEBEENGES SEQ D NOED
S

{CaB ke | GOOGSOGGGIGGEGS BEQ D NOSY
GOEGS

N

POTARB0AIAIN
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Name Awmino Acid Seguence %EQ 0D NG
GOGES SEQ D NG a2

BIRIEEN

-,/ 3

.f

{483 GORGHEGGER
GOGEIGHGHES

Hg4 SRGGESGHEGREGHEG
IR

Hitl SGRGEIGHERSGHEEG REQ D NOBY
SPGE
Hitd GGLGRGEHEEGHEES SEQ D NOUH
P8

3

SEQ D NGED

f';

01871 In sddition o the aforementionsd domsins, the therapeutic polypeptides can
further compniss immunogiobulin dimerizatiordhaterodimesization domaing, junotions
aming acids, tags, additional binding domaing, slo in some embadiments, the

polypeptides and proleins described hevedn are corjugated to a drug or s ioxio moiaty.

SispmoifoMultispesific Froleins

(01581 i some embodiments, a therspautic protein may be 8 bispecilic or
mudtispectio protein,. Non-limiting samples of bispecific molkecules inchude an sckye
FowsoFy molecuds, an sofv-lg minlecude and an seFwescFy owlecude. I some
ambodimants, he bispacific molecules desoribad heraln comprise or consist of 8 first
binding domain soFv linksd 10 g second binding domain schy and do nol include Gther
SeLBnces such a8 an mmunogiebulin constent smm i some embodimants, 8
therapaitic protein may be g bispaciiic o mulispeciio profein that comprizses, from
amnodarminus o carboxyMerminug, of inoorder from carboyHeminus 10 sinine-
terminus, {1 3 fest bindding domain, (& hinge region, {30 munoglobulin sonstant
ragion, vy {aptionatly) & Fodinding domain linkerand {(¥) 8 ssoond binding daemain
{881 In some embodiments, 8 multispecific protein may compriss, from §-
erminus o C-terminus, § G038 binding doman, 3 hings region, an inrunogiobulin
canstant region, and & Wwmor antigen binding domain, The tumor antigen binding
dontain may bind o, for eoaniple, CDME3, PSMA, G, CDA3, 574, or HERY
881 In some avdhodiments, & mullispecific protein may comprise, o N-
ferminug B Cerminus, & umor antigen binding domain, 8 hinge region, an
immunoglobyiing constant regian, and a 3 binding domain. The fumor antigen
birding domain may bind o, for example, CDARR, PSMA, CDMB, CDE3, 814, or HERZ

5
12
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1811 & some smbodimenis, g multspecific profeln migy compriss, fiom N
terminus to C-larmings, the 4188 binding domain, 2 hinge region, an imrnunagiobuiin
constard ragion, and 8 banor antigen binding domain The mndr sntigen Birging
doman may bind to, forexample, CO1E3, POMA, G, CORE, 874, or HERZ,
31821 In some embodiments, 8 mullispedific protein may comprise, fom N
terminus o CHarminus, & Ramor antigen binding domain, a hings region, an
mmunogiobulin constant region, and a 188 binding domain, The lumor antigen
binchng domain may bind to, for example, CRAEE PESMA, CIME, CHOSE, &T4, or HERZ

HomodimsrsMHelerodinmers
831 Iy some embodiments, a therapautio profein may be 8 homodimer ¢r g
heterodimer. In some ambachimants, a therapeutio protein it 9 dimer of two identical
pulypeptides, whereint each polypaptide comprises, in order from amino-terminus
carbeond-tarminus, or in order from carhoxylerminus © aminoerminus () 8 st
bircding domain, () @ hings region, and (1) an immunogiobulin constant region, (v}
{optionally} 3 Foe-binding domain linker, and (v 8 sscond hinding domain. in sume
amhodimenis, the bispeafio o multizpecific prolein & & dimsr of two identicd

polypeptides, wharein gach pobrpeptide comprises, in ordsr front aminodemminus 1o

carboxyHermunus, or iy order from carboxyideminus 0 shino-darmings, {1 & fisst
binding domain, (i) & hinge region, {5 an mmuneglobulin constant region, {iv}
{optitnaiy} & Fobinding domain linker, and (v} 8 secony binding domain. o other
ambadimarnts, the bispecific profeins desoribien harein are disbodiss.
01841 In cerfain ambodiments, 3 hinge pressnt in & pulvpsptide that forms 3
heteropdimear with anothey polvpeptide chair can bean nmunogiobulin hings, such ag
a wild-type immunogiobulin hinge ragion o an aitered imenunogisbulin hings region
thereof, In cortain embodiments, 2 hinge of ong polvpeptide ohain of 3 heleradimeric
protein is identicsl © 8 corresponding hings of the othey polypegdide chain of the
hateradimer. In certain other embodiments, 8 hing@ of one chain s oifforent from that
of theother chain {n their ength or ssgusnod). The different hingss in the different
chains alfow different manipudation of the binding sifinities of the binding domains to
which the hinges are conneddad, so that the hsterodimer 15 able © preferentially bind
o the wmrget of ong binding domain ovar the Wergetof the other binding domain,
[O188] I other embodiments, the polypeptides and proteing desortbed heren

riclude a heterodimerization domain that i capable of haterodimeyization with a

5
%
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different hetercdimerization domain i & sscond, non-wentical polvpepide chain, In

certain varigtions, the second polypeptice chain for heterodimerization includes a

ssvonud binding domsing Accordingly, B oarlaln embodiments of the present
dizclosurs, wo norsidentiosl polypsplide chains, one comprising the pulypsptide
oomprising & frst binding domain and the second oplionally comprising 2 segand

binding domain, dimerlze o form & heterodimeric bnding peolein
Dimerizationdsterodimerization domaing can be used where it ig desirad o forr

helerodimers from  fwo non-derdics! polvpeptide ohams, whare one o bath
polypeptide chaing conprise 2 binding domain, In cortain embodiments, one

pulypeptide chain messnber of certgin nelerodimears described hersin doas not contain

3

a binding domain. Examples of typss of hetertdimers includes those desorbed in LS
Palent Applicgtion Publication  Nos. SHIRDOE5087  and 207130128723, and
Idermational POT Publication No. WO 20160004873

31861 In cerlain ambodiments, the first and sscond pulypsptids chains dmsrize
via the inclgsion of an “immunogiobulin dmsrizgtion daman’™ o Mirsnunnginbulin
heterodimerization  domain”  An  Siownuneghbbtlin dimerization domay” or
“mmunoglobudin helerodimenizstion domain” refers hersin o an immunogiobuln
dornain of & first poiypsptide ahaln that preferentially interacts or assogiales with ¢
differant immunags&om%ivn domaint of & second polypepdide chain, wherein the
intaraction of the diferent %:';‘smumginbm&f‘; dontaing substentially contributes o o

%

w34

afficiantly promoies heterodiomanzation of the first and second polypentide chahs {Le
S8

the formation of @ dimer betwesn bve different polypepiide chaing, which s al

£

referred a8y a “helerodimer™). The immunogiobulin heterodimsrizstion domains i
the polypaptide chaing of @ heteradimer gre diferent from sach other and thus can be

differsrtially muodifisd {0 facifitate helarodmerization of botly chaing and o minivizs

({.

homadimarization of sither chaln nmunogicbulln helercdimarization  domain
)

providad heradn aliow for stfgient halerndinmenization Between different m%yp@mi@a&
and fanditate punfioation of the resulting heleradimerne protein.

g
(BT As poovided herein, immuncgichudin heterodimerization domains useful for
promnoting hsterodimearization of fwo different polypeptide chains atcording 1o the
present disclosure inchude wilddype and slterad mmunogiobulne OHY and CL
domains, for insance, human OH1 and OL domains. In certain embodiments, an
mmunogichulin heterodimerization domain s g wildhyps UHT domain, such as a wild

tpe gGt, pGE, IpG3, oG4, Igal, IgAZ, gD, IgE, or Ighd CH1 domain, for example,

§4
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£33

s set forth i SEQ D KOs 114, 186188 angd 184, respechively, of U8, Palent
Application Publication N 01301287233 or SEQ I NGO 114 of U8 Patent
Apphication Publivation No. 201301308723 (said ssqusnne noorparated by referance
herery, in futher ambodiments, 8 oysieine rasidus of a wilddivpe CHY domain {e.g.,
2 human OHTY invebad in forming & disulfide bond with g wild type Immunoglobulin
CL domain (&g & human TU) is deleted or substiidad iy the gitersd immunogiobudin

CH1 domsin such that g disullide bond s not formead behween the alteregd CHT doamain

et

and the wild<ype CL doms

hig] ﬁ&} Polvpeptides and proteing describied hergin nwy bemade us%rgg acaffolding

5 -

as generally disclosed in LS. Patent Application Publication Nos, ZO101897VE3 and

%

2013/G005087T, which are each incorporated herein by reference i thelr entirsly. The

polypeptides desoribed heorein may comprise two nensidentical polypeptide chaing,

ach polypeptide chain comprising an immuno 3§ din helerodimerization domsin

=

he irderfacing omunogiobulin helerdimerization domaing are different In one
embodiment, the mmuncagiobhulin hetgrodime©ization domain comprises & GHY
domaly or 8 denvative thereal Iy ancther smbodiment, the  synunogiohulin
heterodimerization domain comprises g CL domain or a8 derivative thareof I ons
smbudiment, the CL domain s a Cx or CA sotyps or a derivative thereof.

Exempdary profein therapsulios Antb-CL23 x Ant-CQL3 Folvpsolides and Dimsrs

&

thersof
{4681 An sxemplary profein therapeutio may bind both CO13%exprassing cells

and the T-cell receplor complex on T-cells o induss targei-dependsnt T-oall
eytotoxicity, antivation snd proliferation.

{HMTOl Thus, i certan ambodiments, the therapeudie profen used in commection
with the methods and compositions desoribed harslny 8 8 bispagific single chain
moleculs comprising & CHER binding domam and a CDJ binding domain, I some

I3 Y

smbadiments, & CD23 andfor a TS binding domain & derived from an antibady ano
COMPHSSS & variabin hagvy chain (VHY and gvariabde ight chain (VL) For sxampls,
the CD128 ardfor D3 binding domsing may be an soFy that comprisas 8 VH and VL.

These binding domaing and variside chaing may b arangsd 1y any order hat st
refmins some hinding to the largei{s) For sxample, the variable domains may be

aranged in the order such as (VH CDHM23MWVL CDE3NVH CDOR0AL QD3 (VL

55y
£y

PGR2026-00039
Biocon Ex.1002
Page 4655 of 4945



W 2146328 POTAUSI LTI

COTEAMH CD12EMVH CDAMVL CO2) (VH ODI231VL ODI22IVL OD3MVH
COBY VL ODIZEMVE CDIZ3NVL CDAMVH CDA): (VH CDEMVL CDAMVH
CDI2SHVL CDIR3) (VL CDMVM CDBMVL CD123MVH CD123) (VH CRARMYVL

CD3VL OO 28-0H CDA2AY or {\.fz CR3MVH OD3 ;n{\mwﬂzf-\vz cDi

pairs of VH regions and VL v the binding domain binding o CO3 may be

X
3

the format ol & single chain an@imdy fsnFyv) The Vhtand VL regions may be arrangsd
i the order VHVL or V-VHL In some embodiments, the sofy may bind to G023
more effectively than the antibody comgprising the xame VH and VL region ssquances

i the zame onentation. I certaint smbadiments, the soFy may bind more effectivel

z

to G223 Iy the VLAVH grientation than in the VHWVL orientation, or vice versy, The
YiH-eegion may be postionad N-srminally toa linker ssquence, The VL region may
be positicned Odernmin %iy o the linker saquence. The doemain arangement in the CHR3

pirgding domain of the bispecific single chain molacide may be VHWL, with the CD3
binding  domsin bHostsd S&Es“s‘n:f}aiy fo the CD23-binding domain, A bispegific
malsoule may comprise an safy binding o CU133 linked o an safv binding to €03

Theas scFve may be linked with @ short peplide. In some embodimeants, bispadific
single chain molenudss do not comprise a hings region oF 8 constant region {see, for
IS 200300205121, W J010I7E38, WAD 20047108381 and WO

2AMH2T MO, sach %nmrpamtm hagredn by referance in s .mrﬁz.ty}

exaEmps,

Tabls 3 Binding Polypeptide Seguences and Componanis

Mame fhucipotige Segqusnes Ansine Ackd SEQID NOss
Saguanee nucleotide

fandno acid
SER AR

ORETL

Eigvn’i chiain

CHITRD

NG £3 33\?

VYYE a.sc*\x*swgstt\ S
xk»eak

85

5.5y
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W68 PO

USanemiazg

Kawme ' uriestide Segusnee Anginn &g [EC 1D N
Segusnge nuclentide
famdno ackd

YINRASAYTRYNGES | {S5Q B
X NG EAS

i 5
{Rehat}
s and {355KEA% i{SER

ot

GOWSRNRPT SEQD
ST

GYTFTRST ($EQ B
NOGR51E

QUIWIRRPPY

GQWSANPET {SEQ D
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Kawme ' uriestide Segusnee Anginn &g [EC 1D N
Segusnge nuclentide

famdno ackd
CVETOSPAIMSA | {3EG D N:
FPGEXVTIMTISAS | 34

8RS H N NS B

s
bt

LASGVRARESGS

Cric GEETSYSLTINGME
LI R
varizhia TEQAATYYCOOOW
SR SRNPPTFGGHTRL
HEht onain

Crig-V QUIHTIOSGAELA
variakiz BPGASVIISCKA

hesey SOYTFTHRSTRINW
chuin VEORPOGOGLEW]

wquenes GYINPISAYTNYN

QRERDERATLTADK
SESTAVRQLSSLTS
EUSAVYYCASPOQY
HYDYNGERYWGQ

GTLVTVEA

Huhi291 DHIMTOSPSSISS | SENGAD:
variable SYQDRY 3
hght chamn SVSYRNWY
senuenie POEARERLIDTEX
LARGVESREISGSG
SETRETITISNLGE
EQPATYYCOOWS
SNPPTFROOTRVE

variahis KPGARVEVITKAS

haavy GYTFISYTMH
chain ROARGR

sefuende GYINPRESGYTRYN
OELEDRATLTADK
SASTAYMELSSLRS
EQTAVYYCARSAY
YOYDGFAVIWGOG
TLVTVES

KYANN

RIRERYHNYATYYAD

SYKD

{Kabat}

P28
pere
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BN LA

Kawme ' uriestide Segusnee Anginn &g [EC 1D N
Segusnge nuclentide
famdno ackd
GESTGAVISGNYPN | {SEG W

NGRS

IREKYNMNYAT

VRHEGNFGNSYISYW

AY

VW YSNRRY e i

SfTan {SEQ 1D

PINPRSGYTHYRIKL

SAYYDYDRGRAY (3R Y

L SASSEVEYMN (SRR
CORL N3T

HuMISL VL OTSKLAR
CORE

YH DR NCHITE)
(RAGT)

i
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WEKR | {SEQ D
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TR4EE QVOLVOSEREVKER | (380D
{ara g G%S FEVSUKABHYTE | M382
BRSEE RS SRETMHWVRTA R

SREDERTFY Bi‘z L SWIRYINRSRAY
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RSEDTAVYYCARPL
VHYDYNOEPYWGED
GTVTYSS

e
i
s

DIGRITGS
WSDRYTM

S
GRRVIMTCSASSES | NGRS

vatiahle i
fight YRYRANWYIRIKRG
X AIYDSORLAS

GY
YTLTIRSLOPDDRATY
YOQOQWSRNPPTRG
GGTEVEIERS

DRAZZZ CVOLVESGEGVWD | {SEG
' L0 PRRBLRIAIKASGYT | NGL23&)
FTRBTMEWVROAR

CORLEWIRYINDGSS
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Kawme uriestide Segusnee Anginn &g [EC 1D N
Segusnge nuclentide
famdno ackd
DRA2E2 QVLVESGREYVR | {SEG
varkabie PG btixwz.\»’\‘\m“‘ NOEET
heaavy AH <
AN
DRAZER 3 &3
: SGRDRVTRTCSASSE | NGGERE)
¥ W LY f\i"\f” ')ﬁ G
duvain KR i
ANPETEG
3 fd H i‘.if.g: pY

Table 4 Composition of Humanized Constructs

Lonstract i suFy Nucleatide SEQID NQ | &mino scid SEQ D
Qrigsntation N

TRIIZS WHYL 30 REtE

TRITIG VIWVH 34 312

Tabds & Amino acld sequences of exemplary Bingding protein construst

Construct Sagquence [EQ
raETe Y NO
TR | MEAPAGLLFLLLLWLPDTTORIVMTRSPOSLAVSLGERATINGKS | 357
OD2S RHSVLY SANNKNYLAWYRORPGOPFKLLIYIWAS TRESGVEDR

hinuding PGSR T TL IS LA EDVAVYYCQRYY S TRPTIFRRGTRY

Joain i
boid, T3
Bnding

\.»G"*ia $Nis

EIKGROOSGOEGEGRAGRAGHEEEVILLESGRELVONGESL
RLACAASGETRASYSMSWVRDAPGKGLEGVSAISERGHRETYY
ADBVHGRFTISRONSKNTLYLOQMNESLRAEBDTAVYYCAKERLRY
PO SDAFDIWGOUTHMVTVSSSEFHSIDKTHTURPORAPEAAR
ARSVFLFPREPROTLMIBRTREVTOVVVDVEHEDPEVEFNWYYD
SVEVHNAKTEKPREEDY NSTYRVVEVLTVIHQDWINGREYRCAY

P
£
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Fre single-

undarined; YKGEYPS

DRER

NN

£ 31

ThH

A

SMEALPARERTIS
CHAVEWES

WOOQGNVFSOSYMHEALMNHY TOK

WVYRQAP

RALTE DT

STAYMEISELR

SHAKGOPRESQVYTLRPIRDELTRENGYSITOL

NGOPENNYHTTRREVLDSDGERT

-

CLYBKLTY

LVQRGPEVKRPESRVKVSORASEYTESRE

H
Xy o
PERGLEWIG

YINESSAYTNYNOQKFKORVTITADKET
SYHYOYNGEEYIWRQGETLVTY

SEEGEIOMTOS

HARRRWIYY

SESTLSASVGORY

m\?f;j}\{ ABRVEERFS

{0172
immunogichulin ight chain

in oerdain em

and LODRS, and (iiyani

as sat forih in SEQ D NGO
sef forthr in SEQ D NOIEB

st forth in SEQ D NO 148,

™~

mbodiments, the
vari
naoglobuEin heavy oh
CORs HEDGRY, HEDR2Z, and BCDRA i HODR cam

LCORL LODRZ, and LODRG,

CD123-binding domein comprises () an
somprising CORs LCDR1, LEDRE,

sy variable eg:erm{%éwvmpr Sing

%,

abla ragion (VL)

(;'4

pEising ana
t4d, with HODBRZ comprising an
and with HODRS comprising an aminoe aoid sagquen

110 S¢d sequene
3ol sBguUence &
o8 A8

oo

eriain smbodiments, the CDT23-binding dumsin
(VY compr CERs

3 h@avy chain variable region

variable ragion g

{VH} comprising CDRg HODRY i-i{" D?’:.ﬁ and HGDRA In some such embodiments, (i)
the LCDFT has an aminc aoid sequencs sat forth n SEC D NO138 or a sequences

that differs from SEQID 8O-

Oy al

amine scid sequence sol forth i SEQ

IDNOT2 by al leasi one &
SEGUBN0S
by al lsas
sat forth iy SEQ D NO148
ore aming acid substifubion

iy SEQ

acid mq\m%@ st forth in SEQ D NOO4G

amine acid 5
zaf fordh in SEQ HYNG

fone aming sod subsifiubion; (v the BCDRZ has an amine aoid sequsncs

I N 148 or 3 sequence

138 by ot least one amino acid substiution; () the LEDRZ
ey

Lo & seguence that diffes

ot ong amine aod substitutio

I N 1E2 or g segusnoe thet differs from SEG

CUORY Fas an smino acid

substiution; (v the N
4 or 3 sequencs thal differs from SEQ D NG 144

of @ sequencs that differs rony SEQ I NS by at lsast
and (i) the HCDRA has an aming soid sequence sst forth

thit differs from SEQ 10 NG4S by af east ang

85

Pyl
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aming ackd substitution, The amino soid subslitution described above may be a
CONServative of & namcotseryative aming aokd substitudion. b some embodiments, an
LOORT, LCOR2 LODRA, HODRY, HCDRZ, andior HODRA differs from 8 reciied
2 BR

2,84, 58, 7, 8 8 w ttamine acids. In certain embaodiments,
Labow 2 3.4, 5.8 7.8, 4,

{2
1Y insertions, sbot o ormoerefag abog 2, 3, 4.5 8 7.8 8 1{}} deolelions, about

37
2

sequancs by 1,

7~
£

R

solosue coniaing ahouwt ons or oo

e
2

of the present

ong of mors {ag, about 2, 3 4 5 8§ 78 8 10) aming acld sulstilutions {&.4.,

b s

conservative amine acsd substitutiong of non-conservative aming acid substitutions),

o' & combination of the abovenoiad changes, when comparad o the GTOR saquencs

of & known monasional antibody. For inslancs, the disclosws invludes & recombinant
polypsptide compriging () the LODRT has an aming aoid ssquencs sof forth in 8EQ
138 o 8 sequanes that differ A by one O tw i
I NOVIRS o & sequignes that diffe SEQ D NOH38 by one or two aming aoid

substitutions: (1) the LCDRZ has 30 aming acid sequence set forth in SEQ I NO140

Of seaeguenes that differs from SEQ D ROUTE0 by one o twe aming soid substitutions;
{11} the LCORS has an sming acid sequence set forth in 8B NGO 142 or a sequence
that differs from BEQ Y NOG142Z by e or o amine acd substifugionsg) {iv) the

HODRT has sn anino aoid sequence sel forth in SEQ D NOOTEY or 5 sequsnos st

differs from BEQ D NG44 by one or two aming acld substitutions; {v) the HODR2
hag an aming acid sequenos set forth in SEQ D NG4S or ¢ seguenoe that differs
from SEQ D NGO 148 by one or twe aming aoid substititions; and {vi) the HCDRS has
an aming acid sequence set forth in SEQ D NOUT48 or a sequenve that differs from

SEQ D NO 148 by one o tve amind gond substitutions. The gming sad substiiution
desoribed above may De g conservative or & norecanservative aming acid substitution,
31731 I related embodiments, 8 recombinant polypeptide of the disciosure
COMPrises Of 8 & ssquance that is &l least about 80%, ol lsast about 85%, at lsast
about 38%, &t loast about B0%, at least aboul 81%, st lbast abold 8%, at least abowt
Q3% ot loast abotd S4%, af lvast abotd 95%., af lvast aboid BR%. at lsast abod B7%,
at least sbout 88%, at least sbout 99%, al least about 88.5%., or 100% identical o an
arrino acd sequenoe of 3 ight ohain vanable region N {eg, SEQ R NGIS4 or to
& heavy chain variabls region (Va} (e, SEQ D KRGS} or bath. In one embaodiment,
the CUI23-hinding domain of the recombinard polypeptids s an soFy comprising &

vanable heavy chain comprising SEQ N 186 and s variable ight chain comprising

w

3

SEQ I NOI84 in the VHVL orientation. in another embodiment, the CD23-binding

domain of the recombinant polypeptide i an scFv comprising & variable Hight chain

p2d

w3
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cornprising SEG Y NG134 andd a vaniable hessy chalpn comprising SEQ D NGRS
the VIVH wrientation. For inslance, it corlain smbodiments, he polypepticde of the
disolosure comprises an amine soid seguence of SEQ D NGAET. The instant
disclosires includes & recombinart polypeptds that i3 al least about 80%, at lsaxt
abcnd B89, o loast aboyl 38%:, & loast zboud B0%, atleast abod $1%, aof isast about

8P

B%:. af vast about 33%. af isast about 845%. ot lvast about 838%:. of jeast sbout 88%,

at lnast about 87%, al lsast aboul 88%, &t lsast aboud 88%. at lsast about 38 5% or
100% identival 1o an amino aid seguencs of SEQ U NQERST.

T4 I cerlein smbodiments, the CD128binding domain comprises () an
immunoglobulin ight chaln varsbis region (Vi) comprising CORe LODRT, LODRE, and
LODRE, and (it an immunogiobulin heavy chaln variable region ¥y} comprising CORs
HODRT, HECDRE, and HODR3 It some sueh smbodiments, () the LEDRY has an
aminge auid ssguence set forth in SEQ D NGUTSY or a seguenes that differs from SEQ
HY NOIS4 by st lsast one aming aod substiludion; () the LCDER has an sming aoid
sequsned sef forth in SEQ I NOIE8 oo's sequence that differs from SEQ D NOTER
byat least ane aming acld substitution: (81 the LODRS has an amvine soid saquence
sotforth in SEQ W NOUEER o 3 ssouenus that differs from SEQ D NOUTES by atlsast
one amine aud substitudion; (vl the HEDRET has an smino acld ssqusnce set forth In
SEQ D NGB0 or g sequence that differs Tram SEQ D NGB0 by & least ongaming
acld subatitution; Y the MOODRZ has an amine add sequence saf forth in SEQ D
NOUE2 or 8 seguence that differs from SEQ 1D NOIS2 by & bast one amine acid
substitution: and {vi) the HUDRY has an amine acid ssquence ssf forth in SEQ
N 1SS or g sequsnce that differs from SEQH D NOOB4 by st inast ong aming acid

substitition. The amino aoid subsiilidion desoribed gbove may be a conservative or g
SUN-CONSSIVative aming ackd substitution. i some ambodiments, an LCDRY, LCDRE,
LCDRS, HOBR1, HEDORZ, andior HODRS diffars from & recied ssquence by 1, 2.3
4,5 8 7 8 9 or 10 amitw soids. In cerlaln smbodiments, 8 COR of the present
disclosure contains sboad dne ormarafeg  about 2. 3, 4.5 8.7, 8 8, 10) insartions,
about one o move {eg., sbad 2, 3. 4, § 8,7, 8 & 10 delstions, shoud one or more

%

itr

{8, abowt 2, 3,4 8,8, 7.8 9 10)amine acid substiiutions §
acid substiidions or nor-eongervalive sming scid substilulions), or a combination of
the abovennisd changes, when comparad fo the CDR sequance of 8 known

monacionat antibady,

2
o
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B

gted embodiments,

SN

EE RS I ANE3-Dinding domain comprises of 15 @

sedirience that is at least about 80%, & lenst about 25%, &t last sbowt 88%, & least

—
%
V]

{}}

7

about 50%, at lsostabowt 1%, at bast abowt 2%, ol loast sbout 3%, st losst abowt

o

S4%; st lonst about 88%, at logst about 88%, at loast about 7%, al laast about 98%,
at least about 38%, al leastabout B8.5%, oy 1008 identicsl 10 an aming acll segquencs
of & light chain vartalde region g\!‘:;} foug., SEQ D MNONTY orio s heavy chain varisbie
ragion {Vu) {eg., SEQ H NG 18), or both,

TS Inocertain embodiments, s CDM23-binding ¢

Hn comprises humanized
imrnunogiobudin Vo andior Vi regions. Technigues for humanizing immunoglobulin Wy
and Vs regiong are known in the srtend are discusssd, for ssampls, in LS Patent
Application Publication No, 200801583837, In certain smbodiments, 5 CD123-binding
domain comprises human immunogichulin¥e angfor Yy ragions

771 Escentislly, humanization by QDR grafing hvalves racombining unly the

CORs of a nonchurman di"xii?}{}ﬁ orio & human vanabis ragion framswork and s human

w

+

censtand region. Theorstically, this shogld subsianbially reduce or slmingte
rrnunegericity {fexcept if slictvple ¢ dintypic differances gdsth, Howevar, { has bosn
reported thal some framework residuss of the origingl antibody siso may nead to be
praservesd (Reichmann ef o, Naoture, 332:323 (1888); Qusen st g, Proc Natl Acad.
Sof. US4, 83 S CTOREY)

{781 The framework rosidues thal need o be gresenved arg amenabla 10

wientification twough computer nindsiing. Allermatively, ontinal framesork residuss
can potentially be wentified by comparing known antigen- m"mmg site structures
{Padian, ;;,,« o ranenol, 3UBYIBE-ZAT (1984, oorporsted herein by referenee).

78] The residuss that potentially affect antigen birding Tall into saveral groups.
The first group compnsses residuss that are contiguous with the antigsn site surface,
which could tharsfors make diredt contact with antigeng. These residues ncluds the

amino-terminal residues and those sdiacent o the CORs. The second groug includes

residues that could alter the stngchure or relative alignment of the CURs, either by

ot

contacting the GDRs or another peplide chain v the antibody. The third group

comngrises aming aoids with buriad sitde chaing that could indluencs the siructural

.
I
H

rtegrity of the varishls domaing, The residue

f.ﬁ

in these groups are usually fourd inthe

same postions (Padian, 1984, suore) although ther poaitions ss identified may Giffer

depending on e numbering sysient {sse Kabal ef o, "Segusnces of amtsﬁs of

2
«3
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Y

Framunslogical intevast, By el Pub Mo, 913242, 108, Depl. Hesith & Human
Services, NiH, Bethesda, Md., 18811

31801 Knowiedgs about humsnized antibodies n the art s gpplicabls fo the

)’

polypeptides scoording © the discloswe, aven § these polypeptides s not
antihodies.

{01811 In some embodiments, an ant-CIN2Z3 sofFyv comprises a HODST that
comprises SEQ D NG 10, ¢ HCDR2 that comprises SEQ NG 11, and g BDCRS
that comprizses SEQ I NO 120 and & LODRY that comprises SEQ I NGO 13, 8
LODRZ that comprises SEQ D NG 14 and 2 LODR3 that comprises SEQ NG 15

In some embodiments, the anth-CDHME3 scfv comprises a VH conprising 8 sequenss

at least BU%, al least B5%, or 100% identical fo SEG 1D NO 138, and a VU comprising
3 senuanoD &t leost B0%, al least B5%, or 10D% identival to SEQ ¥ HO: 134, Insonie
ambodimeants, e ant-0RIEE sofy comprises 8§ VH comprising & seguence af least

20%, af loast 95%, oy 100% ientical to SEQ D NGO 18 o sume smbodimants, the

ani-CI23 sofy comprises & VL comprising a sequence &t least 80%, at least 85%,
G 100% dertical to BEQ D NQUTT o some embodiments, e umcr ardigen binding
dormainis an ant-QRA 23 soFy, wharein the soFy comprises & sequance st lsast
S0%: at east 85%., or 100% identical to SIEQ IO NGO 1B

{182} i some ambadiments, the disclosure redates o QIS bindmg domsins
whergin {1} the immunogiobutin ight chain vanisble reglon comprises an aming aoid
saquencs that is s loast 0%, al leas! 30%, at luast 8%, =t past B5%, af least 97%,
at least BE% or at least H8% identical to the aming adld sequence setforth in BEQ D
N1 and the émn*;umg§e:>§:::-u§in heavy chain varizbde region comprises an aming aoid
sequianics that is at loast 85%, ot least 00%, al loast 82%., af loast 85%, st least §7%,
&t oast O8% or & loast Q8% identical o the amine aod ssquence set furth in SEQ D
NOUI38,

P83 Infurther smbodiméints, each COR compnises no more thatt ong, bwo, or
three substitutions, insertions or deletions, as compared © that fram 8 monoclonat
aniibody or fragment or dertvative thereof that specifically binds o g larget of inlerest
t$~‘ g G :\C\:

f184] I ocerlain embodiments, & CDIZ8-buding domain does no

binding o G123

{1881 Incorlain embodiments, 3 SO 23-binding molscule or protein can compriss

a T-oall birdding domahy for racnudimart of T-oalls 10 fargst calls sxpressing CI28 In

70

PGR2026-00039
Biocon Ex.1002
Page 4670 of 4945



W 2146328 BPOTUSIRI AN

cartain embodiments, 8 CD123-binding profesn as desoribed herein can comprise )
g pinding domain that spacifically binds o TOR coonpilex or @ camponant thereot (s,
TORg, TORE, COGy, CUAG and UGB and (hantther binding domain that spscificaly
binds to GD123. A CDHM23-binding

that bnds @ Tecell, ag., 8 antibody darived binding domain, Exarplary ant-CE3

protein canutilize assentially any binding domain

%

o

antibodies Fony which the CRY binding domain can b derived inplude the GRS

monaciongl antibody (Reinherz, B L of & (eds), Lsukooyle fyping :;;m;;m

in

w
s
2
=
-

Verlayg, New York, (1888) Vi and Ve aming aodd sequsnnes respectively
SEQ D N 341
{WVWWLTOSPAIMSAFPRERVTMTOSASESVEYMNWY QURSGTSPRRVWYDEERLA
QKGYPARFIGEGRGTRYILTISSMETEDAATYYCOQQWIERNFPTFGGGTRKLOHR}
and SEQ 0 NO: 242
{GVQLQUSCAELARFGASVEMSCKASOYTFTRETMHWVRGRPGOQGLEWIGYINP
SSAY THNYROKFROKATLTADKSSSTAYMQLSSLTSEDEAVYYCASPOVHYDIYNGE
PYWGOQGTLVTVEADY HulM2et {Chaw af ol {2001} Tronsplantation 7141850 ¥y
arnd Ve oaming ackd sequences  respentively  shown iy SEQ D NI348
{DHIQMTQEPSSLBASVEGIRVTITCSASSSVEYMNWY QOKPGKAMKRLIYUTSKELAS
CGVPSRIFSGEGRGTOFTLTISSLOPEDFATYYCOQOWEESNPRTFGEETRVEIK and
REQ e N 4
{OVQLVORGARVREPLASYRYSCKASGY TRISY TMHWVROAPGRGLEWMGEY INPR
SRV THYNOKLKOKATLTADESASTAYMELSSLRSEDTAVY YU ARSAYYIYUGFAY

WGRETLVTYES BOS monccional antbady {Anaseltl ef ol (1980} J &xp Med

=

X

=

731881 OBTY monocihons! antibody (Orihe muiticentsr Transplant Study Group

{(19BBY N Engl J Med 313:337) and derivatives thereof such as QKT ala-ala (also
refarred to as OKTR AAFL of OKT3 FL) a humanized, Fo owarlant with slaning
substiiviions ab positions 334 and 338 (Herold of o (003} J. Tin. invest 11408,
visdizumab {Darpenter of & {2003} Siood R8dT12) G184 monocional antibody
{Ladbetter et al 19884 immenol 1383845}, 1452011 monacional antibudy (Hirsch
at & CIBE8) 4 fmmungd 14D 3788 and B0 monochonal antibody {see, &g, US

207110283018 and US20120244182)  For example, 8 CO3 binding dﬁ:ﬁs&aén may
comprise a CI3 binding domain discinsed in ULS. Patent Applhioation Publication No.
201200244183, ncluding s CDE binding domain mm;tn"isim aVi regon selected from
SEQ D NG 17, 21,035, 39, 83, 87, 71, 75, 89, 83,107, 111,125, 120, 143, 147, 181,

o

1685, 179 and 183 of US 2012/02441

82 andior a WH ragim selectad frome SEQ D

Py
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f?}

CAE h . S s on g o~ Se AR PRET A S 8 4.AR g BN % e
NOSES, 19, 33, 37, 81, 85,59, 78, 87, 91, 108, 109, 133, 137, 141, 145, 159, 183, 177

avgd 181 of U8 201340244182, In some ambodiments, & CD3 binding daomsin

COMENISRs an aming scid saqusnoes selected from SEQ D NG 23, 28, 4143, 88, &1,

FEOTQ, Q5 87 M3, 5 131 135 148, 151 187 188, 188 and 187 of UR
21200244188 I some embodiments; & CIF3 binding domain s one desoribed In
WOGAMOEEE0, WIRODED40Z304 1T, US 20140088318 o derved frony a CR3
birdng domain thereot. An exenipiary anti-TCR antibody 18 the BMAG3T monocionst

antibody (Borst & al (1980 Human ymunciogy 32:175-180), The GDAB hinding

domain may be derived from any of the antibadies or sequences desoribed in WO
201311 58888 (ncomporgted herein by reference in e entirely),

01881 In soms embodiments, the sscaryd Dindding domam of & CD123-binding
poiypapiide desoribed hersin comprises: (B an mmunogiobulin ight ohairy variabde
ragion compnsing LODRY, LCDRZ, angd LOORS, and ) an invnunogiobuliy heavy
chaln variable regn comprising HODR1, HODR2Z, and HCDRE, wheran {3) the
LODRT, LCDRR and LODRSI has the aming acid seguences sl forth in §EQ
N 348, 249 and 350, respectively, and the Ha‘i-éi?i%’h HOGORE, and HODES has the
aming acid sequences saf forth in SEQ 1D NOs 345, 248 and 347, reapectively: or {b)
the LCORY, LCDRE and LCDRS has the aming soid seguences set forth in SEQ D
NO:G84, [EQ 1D NOGESBS, and SEQ I NO3SE, respectively, and the MHCODRY,
HSQRE, and HCDRE has the aming acid sequences sst forth in SEQ D NG 381,
SEQ D NOASZ, and SEG 1D NOASE, respectively. in some embodiments, the second
binding domain of a CD123%-binding polypeptide desoribed hevein comprises () an
imrpunngiobuling light chain variable region compriaing LODRY, LCORE, and L{:{)??i&
arwd () an mmunogiobudin heavy chain variable region comprising HCDRY, HCDRZ,
and HODRY, wherein {8) the LCDR1, LCDRER and LCDRY has the aming acd
sgquences set forih in BEQ D NOs 182, 183 angd 184 respectively, and the HOORY,
HCDRZ, and HCDRS has the amine asd sequenoss sof forth gy SEQ D NG 881,
352 and 383, respachivaly, and the HODR1, HODRZE, and HCDRE has the aming acld
sequences set forth in SEQHD NOs: 387, 358 and 388, respectively: or (b the LODR1,
LOORZ angd LODRSE has the aming acld ssouencss st fonh in SEQ D NQs: 358 387
and 368, respechively, and the HODRY, HODRE, and HODRS hez the aming aad
sgouences set forth i SEQ D NQOs 383, 384 and 365, respeclively. i soms

smbadimants, the second binding domain of & {1 23-binding pobpeptide desorbed

hergincomgrisas: {Lan immunogiobudin ight chain vadsble region comprising LODRY,

wf
]
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LOCDRZ, and LCDR3, and 0 an immunoglobulin heavy chain varlable regid
cesmpising HODRY, HODR2, and HODR3, wherein {a) the LODRY, LODRZ and
LOORE has the aming aoid seguances st forth in SEQ 1D NOs 372, 373 and 374,
respaativaly: or &) the LODRY, LODR2 and LCDRY has the amino acld sequances
sot forthy in SEQ D NGO 378, 878 and 380, respactively, and the HEDRY, HOORE,
and HCDES hag the amine acld ssquencas sat forth in SEQ I NO 78, 378 and
377, respectively. In some smbodiments, the second binding domsing comprising the
COR sequences reoited in this paragraph arg humsanized,

[GIR7] I come embodiments of & CDME3binding proteln comprising 8 sstond
binding domain that specifically binds CD3¢, the second binding domain competes for
birsling o CD3s with the Q&%S«?: Huld281 or 230 monocional antibody. in somse
ambodimans, the CO3binding domain comprisss gn inmunogicbulin ight ohain
variabds region (Vi) and an immunegiobudin hegvy chain variable region (V) derived
frony the ORIS-T, HudM2yY or BO monocions sntibody {eg., the Vi and Vu of the
second binding dorman can be humanized vatiable regions comprising, respeaativaly,
the fight chain CDRs and the heavy ¢haln CORs of the mondchnal antibody). A sgoond
binding domain may comprise the fight chain vadabie region, the heavy chain varisbls
region, or both, of the DRAZZZ, TSC45E, or TSC45E QO3 -binding domains. The sming
acid sequences of DRAZZZ, TRLARS, and TEO408 are provided in Table 4 The
DIRARZE binding domains arg also describad in WO 2015/ 58888, TRO4BS may
be reforrad 0 a3 THCIE4 PETY. TECI8S may aiso be referred 1o-as TEQE0Y ES8D
FEIY or TSE384 DY,

BRI some embodirmants, the second binding domain specifically binds 803
and comprises &n imrunoglobulin ight chain variable region and animmunogiobudin
heavy chain variable region; wherein the immunogichudin light ohain variable megion
SOMPHISEs 4N AN aGid sequenos that is &t least about 83% dentkoal, ot least abowt
98% identical, al leagt about 97% dentical, gt last about 28% identical or a8t least
about 98% ideritical o the amino acld sequence 1 SEQ 1D NO38Y; or st lsast aboud
G4% wlenbioal, st ipast about 85% Wentiogl, al teast about 87% identicnl, at least about
G8% idendical or ot ivadt about 88% identioal 1o the aming anid segquence in SEQ D
N385 and wherein ths nmunoglobulisy heavy chain variable region comprizes an
amine acid sequance thatl is al least shoud 82% dentical, ol inast about 85% dantical,

ot least about 87 % identical, at loas! sboul 80% antical, at oast about 82%: identinal,

b}

%
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at least about B5% identical, st lbast about 87% identical, gl least about 88% identivsl
or &t loast about 88% wertical 1o the aming acid sequancs n SEQ D NGH3B3

{31881 In some ambodimants, the sseond binding domain is a CU3 binding domain
that comprizes & HODR1T that comprises SEQ 10 RO 10, & HCDRE that comprises
SEQ D NGO 20, and a HDURS that comprises SEQ 3 N 27, and 2 LOBRT that
comprises SEQ D NG 22, a LEDRZ that comprises SEQ D NI 23, and & LOCDR3

. I some ambodimeants, the CD3 binding domain s an

that compn

anti-GD3 sobv thal comprises & VH compnsing 8 sequenoe at least B0%, gt inast 85%,

o 100% idertical o SEQ D NG 3 387, and a VL comprising & zequence at least
QU%, st oozt 5%, or 100% wentical fo SEGQ D NG 384, I sume einbodinenis, the
GDE binding domam comprises & VYH comprising a8 ssgusncs at least 80%, al bast
85%, o 1D0% dentical to SEQ 1D NGO 25 Iy some embodimeants, the €03 binging
domain comprises g VL comprising a sequance st least 80%, atl least 35%, or 100%
identical to BEQ D NOLUZE. In somg embodiments, the CUB iieiﬁﬁiﬂg dfomain s an ant-
CUOS seFy thal compnises o sequencs gt loast 80%:, of least 8%, or 100% lentical ta
SEQ D NGO RTF.
01801 It some embodiments, a CDM23-binding polypeptide or protein futher
comprising 8 COSbinding Jdumamn may have o ow level of gh moleculsr weight
aggrenates pradused during recombinant expression of the polypeptide o protein, &
CD123-binding polypeptide or protein futher compriging a CO3-binding domain may
axhibi 2 relatively bng stebility o buman ssrum, deperding on the CDRbinding
domain prasent in the polypeptide or protein,
8] Iy cenain vanations, the CDS-binding demain and compnises one of more
of the ORG-hinding sequances (8¢, CORs or variable regions) distiosad in US
20130EE730, US 2011/0393818, US To35472, WO 2010037838, WO
20041106381, or WO 20112111 canh incorporated herain by referencs i its

anfirely. In some ambodiments, a CO3-tinding domain comprizas one or morg of the

saquenioss shown in Table &

Tabls & Rxamplary CD3-binding domain light chain CORs

LCDRY LODRE LCOR3
GESTGAVTSGYYRN GTKFLAP ALWYSNRWY
(REQ D NOTI {(SEQIDNON1S (BEQ DRGSR
RESTGAVTRGYYPN ATLMRPE ALWY SNRWY
(SEQ D NG (SEQ D NG {(SEQ B NQ 11T
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33*3'? SAVTOGNYPHN GTKFLAR VWY SNRWWY
SEQ I NOi112) (SEQ D NO 1S {SEQHD N IR

83 Inverous embodiments, 3 CU3-binding dumain comprises one o more of

the saquencss shown in Table 7.

Tabis 7 Exemplary C03-binding domain heavy chain CDRs

HCDRY HODR2Z HCDR3
FEARAN RIREKYNNVATYVADEURE | HONFGNEVEFFAY
(SEQ 1D NO119) (GEQID N (SEQ D NCHI2SS

KY AMN RIRGEYNNYATYYADSVKD ‘*?i""\‘“\.u?\ei}‘eif:?‘(\f‘" Y

{SEQ I NOIRG QD ROM2% {SEQHD NOM28)
SYAMN RIRSKYNNYATYYADRZVRG H'C:‘s?\‘ ai\ S LEFWAY

(SEQ DN

ECHD NOUIAS

oo

SEQ Y NQUIEH

{183 Inzome embodiments, athergpsutic profain comprises, iyordsr rom aming
terminug o carboxyl temminus @ first binding domainy, a hings region, an
nrunogiobulin. constant reglon, and 8 ossoond  binding  domaing By osome
grnbodiments, the mmurogiobulls constant region compnizses mamunogiobalin OHZ
anvd CHI domaing of 9B, G2 ikl igf;%‘z;, At Ig82 or gD In some

smbodiments, the first binding domain comprises: an nmunogiobuliny heavy chain

variable  region  {(WH) compeising HODRY, HCDRZ, and RHODRE and  an
nmunogiobulin ight chain variable region (VL) comprising LTORT, LEORZ, and
LOCDR3S. i some ambodiments, the HEDRYT comprizes SEG 1D NQ 10, the HCDR2
comprises SEQ 1D NG 11 snd the HOGRSE comprises SEQ IR NO! 120 I some
ambodiments, he LCDRY comprises SEQ D NG 13, the LODRS comprises SEQID
MO 14, and the LODRS comprises SEQ D NI 15 In some embodimants, the
HODRT comprises SEQ D NGO 10, the HODR2 comprizses SEQ IO NGO 11, and the
HDORS comprises SEQ ID NG 12, and the LODRT comprises SEQ I NO: 13, the
LCDRR comprises SEQ D NGO 14, and the LODRY comprises SEQ ID RO 18 In

some embodiments, the first binding domain comprises & seguency 3t loast 85%
identical fo SEQ D NGB In some enbodiments, the second binding domain

cornpwises & innnunogkobulin hegyy chain variable region (V) comgrrising HODRY,
HODORZ, and HCDRS, and () an immunogiobudin Hght ohain varleble region (VL)

somprising LECDRY, LCORE, and LODRI In some smbodiments, the HODRY
compriges SEQ D NO IS, the HIDRE comprises SEQ D NGO 20, and the HDORS
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coppprises SEQ Y KNG 21, In same eimbodiments, the LODRY comprises EQ D NG
22, the LODR2 comprises SEQ D NG 33, and the LODRS comprises BEQ I N

24, In some smbodimants, the HCDRY comprises SEQ 1D NO: 18 the HEORZ
comprisas BEQ D NO: 20, and the HDORI comprises SEQ 1D NG
LODRT nomprises SEQ D 8O 22, the LUDRZ comprises BEQ I MY 23, and the
LODRS comprises RER D MO 240 In some embodiments, the secoid Binding domain

(>
.

cand the

COMPriZes 8 SeqUArcs at loast 95% or 100% identical o SEQ 10 N 27 In some

embodiments, the therapeidic prolain comprnises the sequsnce of SEQ D NG 31

01841 The structwral format of multispecific ant-CD123 and anti-CD3S minlecules

disclossed herein induces polent tumor call ysis bul reduced oytoking releass
compared o maudtispecdic anti-CR 23 and anti-CD3 mudscules in allemative structural
formates Withowd being bound by any theory, e polvpepiide structural formst
disclogad herait (8.4, i order from aming Brminug o carboxy! feminus) (&) & first
binding domaint that 5 5 CDESinding domain; (b)Y 8 hings regiong €} 8n
irvnunogisbuliy constant regiony and {d) 8 second binding domain that s a human o
humanized byding domaiy that specifically binds & Tegell, G038, CDGBe or & Teoall
rscsptor (TOR) comples) Induces & moderale level of Tecsll Raosplor (TCR)
stimudation, compared 1 other Twosll engagers. | has boan exdensivaly docurnenied
that the strength or magnitude of the TOR signal reguistes the outtome of Toall
activation. TCR stimulation friggers g number of celiular events that include inltiadion

of sffactor funclior {sg, ovtolvtio granzymes), and gyloking ssoretion and calidivisin

{Corss, Godschalk and Allson. J immungl 2001, 1365035-5048). Thesse distinot
cediiiar svents can provesd with differsnt kingtics and reach variable ma:<imum levels,
depergiing on e idensity of the TCR stimulus and sdditional fadtors. The
mudtispecfio strustural format disclosed harsin is sufficiently potent {0 oause lvsis of
tnor cadls over multiple days anyd o induce multiple rounds of Tocedl division but
modarate enough o imitthe amount of oyloking seorstion.

I85]  In some embodimants, e mullispseific polypenidds comprising 8 CDTES-
binding domaln anst 8 S0%hinding donain whan bound & s CO2 groteinon a T osl
induces reduced ovioking relegse from sald T ocell a3 comparad {0 an QKT antibady
cordenl. In some embodiments, the mullisgeaific g\;siympﬁide comprising 8 G123~

binding domain-and CREhinding domain indudes reduced ovicking releass o said

T cell as compared o 8 mu cific polyvpeptides comprising s CI3-binding domain

derived fromy OKTR or 120 Iy some embodiments, the mullispecific polypeptide
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cornprising & COZ23-binding domain (8., & CU12% hinding domain compasing an
aminge acid sequenes & bast 3355, at loast 85%, ! laast 88%, #t least 87%, at least
8%, a1 least 09% or 100% dentical fo 5EQ 0 NG 38 andfor SEQ DT NGAET Y and

g CD&-bhinding domain ard in the sobFwFo-soPy formatl induces reducsd oytokine

?::J

slaass in a norrhuman primats o human gs comparad o 2 bispacilio palypeptids

o]

sompriging 8 CDI3binding domain and RO derived CR2-0buwding domay & @

bispuctfic T-calt engsger (scFv-saFyv) format or dual affinily re-targsting format.
f188]  Also p:‘micéed herein are pharmacsutical compositions comprising the

\

thergpaudic proleing desaribed herein In sone embodiments, the compositions
comprise 20 mgim, 2513 my/mi or 510 mofmi of & therapsutic protein. In soms
iments, the compasitions comprize from about 2.5 rag/mi 1o about 12 mghml,

from sbowt b mgfmi o about 10 maim! of a therapautic protein. In seme embodiments,
e Compositong comprize ghout 1, aboud 2 about 3, sboud 4, about S ghoul 8, abou

7oabout 8 abuut 8, about 10, about 11, or about 12 mgin of s thergpaudio prolein. In

serne embodiments, the compositiong comprise about 5 mahnl of g thergpeautic
protsin,

Mothods of Use

871 The present disclosurs provides methads for fealing 2 subied! with 3
disezse or disorder, the mathods comprising administening s theraps uﬁcﬁiiy affective
amount of at bast one compostion of the discloswrs te the sulsol

JU1881 it soms embodiments, the disease or distrder may ba cancer. The cancer
may be selected from, for sxampls, acule mysiold leukermia {AMLY s'ﬁyeiadz,«-s;ﬁasiit:
syndramea (MDS), heliy ocell jeukemia (HUL) blastc plasmaoytold dendniic csl
neoplagh, B-oall acute mphoblastic leukemia (ALLYL and chironic mysioid bukamia

£

1881 Ih some smbodiments, the disease o disordler may be an inflammalory

dispase of disorder. In embaodimants, the inflarmmatory disease or disorder may be an
autcimmuns dizesse or disorder. It some ambiodiments, the audoinumung dissass or

disorder & seleciad from wridable bowsl syndrame, inflammaiory bowst disease (a.g
Crohn's cissase or ulcerstive coliis), paoriagsis; rheumatold arthrilis, venils

rhaumatoid  arthel

5, psoristic arthnfis, systeno hamaiosug, asthma,

ot

§
ol
4
5%

N
e
b g

muttiple solerosis, dermatomyositis, polymyositis, pernicious anasmia, primary biliary

civhosis, acule dissemingled encephaiomyellis (ARGEM),  Addison's  dissass,
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3

ankylosing  spondyviills, antighosphalip antibody  syndrasne  (8PL),  suloimmung
hepatitis, diabetes melitus type 1, Goodpasture's syndrome, Graves’ disease,

S

Guilain-Bard syndrome (GRS, Hashimoto's dissase, iiopathic thrombooyiopanic

¥

purpura, pemphigus vulgsns, Sidgrer's syndroms, lemporal arleritis, autoltmunse
harnehvlic anemia, bullous pemphigoid, vasoulis, oslise dissase, sndomsin
hidradenitis  suppurativa, inforstitial cystills, mcwﬁﬂm, smﬁmdem‘;a, DEFCS issp Y,
NAUrONTYoIonis, villige, auteimmung inner sar disease and nyasthenia gravis. In
some embodimants, the flammatory disease or disordsr i psoriasis.

(2001 I some embodiments, the inflammatory disease or disorder may be 8
“neuraimmune disesss” such as newrspathic pain, osteogrthritls, Parkinson's digesse
amystrophn xieral sclerosis, Hunlington's dissage, and Alzhsimer's dissase

02311 Insoms smbadiments, the inflammatory disease or disordsr may b an
adverss ransplgnt associsted svend, Le. ransplant resction, allografl disease o grsft
varsus-hosi dissase.

(203 Insome embodiments, for frestment methods and gses described herain, 8
protsin or polvpeptide desorbed herein 8 delivered i 8 manngr consislent with

sonventional methodologes assuciated with management of the dissase or disorder

Py

for which bealment & sought In scoordance withy the disclosure hersin,
therapeudioally affactive amount of the pmiein Gy _;t:c-iyp apticde s administerad o @

Si}h}‘éﬁ'}f it nead of such regimerd for & time and under conditions suftinlent o prevent
or tregt the dissase or disorder.

(2031 Subjects for administration of a profein of the present disclosure nchde
patiants &l high risk for developing a particuiar disorder as well as patients presenting
with an existing such disorder. Typically, the subject hay been diagnosed as having
tha disorder for which regimeant is sought. Further, subjscis can be montored dwing

the cowrse of weaiment for any changs iy the diserder (@

®

G for oan horease o
decrazse in oinical symiptoms of the disorden), Also, In some variations, the subjedt
does not suffer from another disorder requiring trestment.

G041 In prophyiasctic applicstions, phammaceutionl compositions or medigants
cormngrising & protein of the present disclosurs ars sodministerad o g patient sug ),;ﬁibis
fo, orotherwise gt risk of, a particidar disordae i an amount sufficient o eliminals o

aduce the sk or delay the onssl of the disordsr. i thergpeudis apploations

compositions o medicants comprising & prolein of the present discloswre are

3 w ¥

administerad 1o 3 patient suspectad of, or already sulfering from such a disordsy in an

73
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amount aulfident o cure, or gt leagt partially arrest, the symptoms of the disorisrand

s oomplications. A amount adesuate 1 aooomplish this i referad 0 88 8
th@r@p@utimiéy gffactive doss or gmount. I both prophiviactio snd thergpeutio regimss,

agants are usually administerad In several dosages until & sulficient resporse {8.g.,
inhibiton of map;:smpmts: anglogenesis aclivity) has been achieved Typivally, the
rosponss ismnonitored and repested dosages arg given i tha deslred respanse starts
to fade.

2081 To identfy subject patients for treatment according 1 the mathods of th

@

disclostre, acceplad soregening methods can be emploved to determine risk faclors
assuciated with «g}evs*t disurders or o determing the slatus of sn sxisling disordsy
identfind i g subistl Such sethods can nclude, for sxample, dele f'rnimng witeths
an individust has relatives whoe have besn disgnosed with g particuiar disorder.
Soreening methods can alzo inchde, for axample, corventionaglwork-ups o determing
familig] stalus for g particulsr distrder Koown o have g herilable component. Por
example, various cancers are glso known 1 have cenlaln inheritable companeits.
inheriable components of cancers ncluds, for exampls, mutstions iy mulliple genes

that are fransforming {e.g.. Ras, Ral, EGFR, cMst, and others), the pressnos or

abzanos OF certain HLA and killer inhibitory receptey {%x R} moiscyies, or mechanisms
by which cancer celis are able o moduiate mmung supprassion of cedls ke NK calls

1

and T-cells, aither directly or indirectly {

see; e, Liunggren and Mabnberg, Neture
Rev. Immungd, T328-208, 2007, Bovion and Altmann, Cin Exp Immuegd 14518
2007 Towsrd this end nucisotide probes can be raudinely smployed 1o éd@niﬁ"}e

rudividuals canving genetio markers associsted with & pardicular disorder of interest.

In addition, & wide varialy of immuroiogical methods are known in the ot that are

.;

ussfid o identify markers fur specific disurder. For sxample, varous BLISA
omuncassay methods gre avslisble and welbknown i the art that amploy
monocionsl antibody probes o deteot antigens associated with specific fumors,
Sureening can be mplemanted as indicated by known patient symplomology, age
facdors, relsted risk faclors, sfe, These msthods aliow the clinician ©© routinely salegt
patiants in need of the msthods desaribed hersin for trestiman

j0e]  For sdnanistration, the gharmacsutical compusitions of the disclosuwrs may

comprisg: {1} thergpeutic proteinfpolypeptide; ard (1) 8 pharmacsutically acceptabls

B

carrier, diluent or excipient. It some embadimeants, the pharmacaudical composition

ot
«s
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.

may carnpriss {1 e therapetlio prolaindpeptice, 1) 5 buffern, i) an exciplent, and {iv)
g aurfactant.

{02071 A pharmesosutinal composition comprising a polvpeptide o proten
desoribed hersin may be formudated in g dosage fonm selected from the group
consisting of an aral unit dosage form, an infravenous umt desage torm, an infranasal
unit dosage form, 8 supposifory unit dosage form, an intradermal wrd dosags form, an
miramuscuiar unlt dosags form, an hirapsrifones! unit dosags fonn, & subnutansous
unit dosage form, an epidural unit dosage form, 3 sublingus! unit dosages foray, and an

%

intraosrebral unit dosage Torm. The oral unit dosgge fomt may be selactad from the

group oonsisting of ablsls, pilis, pellsts, capsudes, powders, lozenges, granuas,

solufions, suspesnsiong, srulsions, syrups, «likirs, suslained-rolease formulatio

agresals, anel sprays.

{02081 A pharmsceutical composition comprising polypepiide or profein desoribed
herslt may D adminislersd o 3 sublest it 5 therapsutinally sffective amount
According © the msthods ofihe presenyt disclosurs Q@Sygﬁepésﬁe ar protein desoribead
hrersin can be administorad 1o subyscis by a vansty of administration modes, including

for sxample, by indramuscgdarn, subsulansous, niravenous, intra-alnsl, inira»ari‘sas.aian
paranteral intranassl, rapuimonary, transdermdl, ntrapleural, intrathecsl and wral

routes of administestion. For pravention and traatment purposes, an antagonist can be

oo
'S
3

dministered {0 a subjedt in & single bolus delivery, vie continucus delivery (e
continuous fransdsrmsl deliveryy over an axfendad fime period, or 11 3 repests fi

administration protoon! {8.g . onan howly, datly, weekly, or manthiy basis).
G208 Oetormination of effective dosags

¢-}

s i1 this cantext is typically based on
anmal mods! studies followed up by human clinival inals and is guided by determining

sifective dosages and administration protocols that signficantly reduces the soourrencs
or savarity of the subledd disorder in model subjects. Effective doses of the
compositions of the present disclosure vary depanding upon many different faclors,
ncluding means of adminisiration, wrge! sie, physiclogioal stgte of the palient,
whnther the patient & human or an animal, othsy medications administered, wheather
treatmant is prophyiactic o thergpeutic, as well 8

fha sp

%

aoific. aclivity of the

Gz

compusition fealf and s ability to alio ad regponse i the ndividual. Usually
the patient is & buman, but 1 some diseases, the patient can be g nophuman mammal
Typically, dosage regimans are adiusied to orovide an oplimum thergpeutio response,

Le o oplinize safety and efficacy.
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(2101 Also provided hereint are uses of the compositions of the disclosure i the
manfacture of & medicament for regting cancer. For instance, compasitions of the

displosire may Do used for teatment of aouls myelod leukemia (AMLY o

myelodveplastic syndrome (MUS) Also provided  sre methods  comprising

P

adminislerng a composition comprising a8 mullispadific polypeptide comgyising @
COMES binding domain and a 03 binding domain o g patient by IV dusion at a
woskly dose of sbout 03 about 1, about 3, abouwt & about@, sboig 12, abowt 18

ahout 20, abnout &4, gbout 3G, about 38, about B8, asbout 48, about 88, abowt 78, or

N
¥
3y

about 100 ug Typivally a patient s rested ohoe OF twice g wesk for 4o & wasks. The
patient may receive Ihe same dossge sach waek O the dosags may be increased, for
nstance, sach wask,

3111 In some embodimeants, the dosags is ncreased aach wask, with the firat
dosage bang less that whst a patientwould be sxpected o Woierale. This ype of step-
uf treatment reginien roduces tharisk that the patient will develop an indusion related
reaction orovioking relesse syndroms. I some gmbodiments, a muitispeciic peolein
cenprising 8 CRMEE hinding domain and g CO3 binding domam gm:s TRITAC o

TRIMZY)Y may be admiristerad © 2 pedisnt infravenously such thal the dossge s
§!

waak for al least the first two or fust theee doses, For instancs, 8

pecod

compasition of the disslosure may by administered by IV infusion acoording o
foliowing weskly treatment schedule: weelk T dosage 8 ug week 2 dosage 8 ug weak

3 dosage: 12 ugrand week 4 dosage and subssqusnt week dosages 12 wg. b sune
ambodiments, & petient may be adminisiersd 8 composition of the disclosie
intravencusly accordingg o the foliowing weskly reatment schadule: waek 1 dosags:
O g week 2 dosage: 8 ug week Jdosage 12 uy; and wesk 4 dosage and subseguent
week dusages: 18 g I some embodiments, the compuosition is adminislersd o ¢

patient intravencusly sccording 1 the weskly trastment schedude: week 1 dosage: ¢

(i'}

s and week 2 and subseguent wesk dosages; B pg, and i some embodiments, th
composition s adminisiared 10 & patient inbravenously according o the weskly
tragiivient scheduls week 1 dosage 8w and week 2 and subsequent week dosages
12 g It other embodiments, the composition 8 administerad 10 & patiant
itravenously sceording o the washkly freaimant schadule: week 1 dosage 12 ug, and
waek Jand su me@wwi waek dosages: 18

B2 In o some embodiments, & &3;&83‘?“ may be administerad g composition of the

P

disclosure intrsvvenously aooording 1o e following waekly ragimerd sehedule wesk
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T dosags: § ug wask ¢ dosage § uglwesk 3 dosager 12 ug waek 4 dosags, and
subseruent week doses! 12 g In some emibodiments, a palient may be administerad
& composition of the digclosurs nlravenously according 10 the following weelkly
freatmeant schadule: wesk 1 dosage: 8 pgr wesek 2 dosage: © yg waek 3 dosage: 12
Mg week 4 dosage, and subsequent wael doses: 18 pg I some embodiments, a

-

patient may be sdministered a compaosition of the disdosurs intravenausly sooording

to the following weekly reatmend schadule waek 1 dosspe: 8 pg week 2 dosgge: 13

4

Ly wesek 3dusag

=

2 1 week 4 dosags, and subsequent wask doses 12 pg In

\

some smbodimants, 3 patient may be administarad @ composition of the disciosure

itrsvenously according fo the following weskly treatment schedule: wesl 1 dosags

B g woek 2 dosage 12 g wesk 3 dosags: 18 ugl week 4 dosags, ansd subssauert
g ~ 9 ey

waek doses 34 pg It soms smbodiments, g palient may be admimisiered a8

.

composition of the disclosure intravenously :s::;;.:rd;fsg 1o the followng weekly
tregtiment schedule wesk 1 dosage: & uy wesk 2 dosage 12 por wesk 3 dosage: 18
ug week 4 dosage, and subsequent wesk doses: 28 ¢ I some embodiments, &

37

patient may be administered-a composition of the-dischaure intravenousty accarding
fo the following weekly treatment schedule: week 1 dosags: © ug week 2 dusags 12
g week 2 dossger 18 ug wesk 4 dosage, and sybssquent weak dosess 48 ug In
soms emboddiments, 8 patient may be administered g composition «f the disclesue
intraverioush gcwn:iéf‘sg {0 the following waekldy reatmert schedule: wesk 1 dousage
8 g, waek 2 dosager 12 ugrweek 3 dosage: 18 g, week 4 dosage, and subsequent
wosk doses: 80 ug.

R3] b some embodiments, a patient may be administered 8 composition of the

disclosury infravenously acoording o the following treatment schedule: day 1) 8 ug,

3

day & Sugrday 3012 g dav 418 po dayS 18 g dey T 18 uy day 1838 ug

g

day 3F 38 ug; followad by weekly doses of 38
2] Insomeambodimants, 8 patient may e administerad & mmpaséiim of the
disclogure inttavanously acoording 1 the following treatment schaedude: day 1 8

<

day 2012 ug day 30

X

H
18 g day 4 29wy day 8 34 g day 11 24 ug day 18 48 pg;
day 2348 uyg, followsd by weekly doses of 48 ug.
JREIST  Insoms smbodiments, 2 palisnt may bs sdmdnisiered a composition of th

o
disdlosyre infravenously according to the following treatiment schedule day 106 ug

k=
>3
fw2
Eix3
ol
f:}' -
ey
£
98
w2 i

day & 18 ooy 4 38 ug day § 38 ug day T 38w day 15 80 ug

day 220 80 ug, fullowed by weekdy doses of 80 pg.

a8

¥
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02181 O some embodimants, 8 patient may be administered s composition of the

disclosure intravenously according o the folibwing restment schedude: da‘g 18Uy

day 2012 ug day 3 24 ug day 4 39 ug day B 48 pg; day 11 48 pg day 180100 ug;
day 2 100 pg, foliowed by weskly doses of 100 pg.

(A7 In some embodiments, 8 method for frealing 8 patient i need thersof

ises adminstering 8 compuosition comprising & multispecifio protain comprising

=3
o
“‘x

a CDMRA binding domain and a CO3 birdding domain 1o the patient endays 1. 8 15
and 22, Innsome ambodimarts, § ug is adminisiasd on dﬂ\a 1,8 ug is administersd on
day . 12 g is administered on day 18 and 12 Wy s administerad on day 22, ifsoms
smbodiments, & ug s adminisiersd onday 1 8 pg s administersd on day g 1duyis
adrainistersd on day 18 and 18 wy s adminstersd on day 28 I some smbostimants,
B ug s administered on day 1, 8 ug s adminisered an day 8, 8 yg is administered on
day 18 and 9 g s administerad oy diay 220 In zome embodiments, §oug s
admiristered onvday 1,18 ug s administerad oncday 8, 13 ug ¢ admiristerad o day
15, and 12 ug s administersd on day 220 Insamne embodiments, 12 pg s administersd
ariday 1, 1800 s administered on day 8, 18 pg is adminisiered on day 18, and 18 ug
is administersd onday 32,

{03181 It some enbodimeants, @ patient treated according B the meihods of he

disclosure exhibils 7 decrease in bong mamrow blast gsrcrrtaga’s gyl i osome

embodimants, a patient exhibils a decrease in aheolute blgst couds In the blaod, In
somie embodiments, the traatmeant resulls in raduction in patierd Dlas! levels by atleast

G.5%, atleast 1%, al least 2%, of bast 3%, st loast 4%, at lcast §%, at lossi 8%, &
loast 7%, ol loast 8%, af bast 9%, ableast 109%, at least 15%, af loast 20%, gt lsast
25%, at loazt 30%, af logst 35%, af loast A0%, &t lagst 45%, at loast 80% or e
comparad to the patienl’s pvels inmediztsly befarathe rsatment,

318 Iy some ambodimants, ¢ patient reated scconding B the methods of the
disclosure sxiubits 8 complate remtission (GR) As used harain, somplets remission
refers 0 @ reductidn in bone marow Diasis o oss than aboutl 5%, absance of
circulating bissts and Dasts with Auer rods, absence of exirameduliar

¥
absolge neutrophit count (ANCY 2 1.0 » 10%L { 1\.&{?&{}3;}2.,} and PLT 2 100« ﬂ‘*ii

{100.00044). I some ambndiments, a patient reated sccording o the mathods of the
disciosyre exhibits & OR withouwt Minimal Rasidual Diseass (CRamn} As usad herein,
CRupn refers o OR with negatvity for & genstic marker by quantitative reverss

transoription polymerase chain regction (RT-gPCR) or CR with negativity by

W
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multipsrameter How oviamelry. I some smbodimsnts, & patient regted according o
the methods of the disclosure sxhibiiz 3 COR with Incomplste MHematciogic Recovery
{CGR). CR includes all the Oriteria of O, desoribed above, sxeapt for residual
neutroperda (ANG < 1.0 x 10%L [1,000/uL]) o thrombooytopsria (FLT « 100 x 10%L

1100, D00

02281 In some embodiments, g patient reated sccording 0 the methods of the

disclosure sxhiblils & Morphologic Laskemia-Free State (MUFS) As used hergin,
MLFS refers fo bone marrow blasts < 5% (e, manow shouid not be mergt

al least 200 celis should be enumerated or cellidarity should be atieast 1
of biasles with Auer rods; and absence of exiramedutlary diseass. No hemalologic
FRUDVENY i roquirsd.

03211 In some ambodimeants, & patien! raated sccarding o the misthnds of the
disclogure sxinhits g Partial Baaussion PRI Az usad harsin, a PR holuwdes
hemalologic oriteria of OR, desonbed above, plus a decreass of bonsg marrow Hlast

percentage 10§ 10 35%, and ol least S0% degrease of pratreatiment bone marraw blast

03221 Inosome enbodimants, 2 patient frealed according 1 the mathods of the
disclosurs exiubits Stable Diseass {1, characierized by an absence of CRasn, OR,
CRy, PR, and MLFS, but without progrossive dispasse (Lo, inorease in Bong marrow
blast percentage andior invrsase of abaglute blast counts inthe blogd).

[02231 A patient tregied with the CDME3 x CD3 fargsting mulispeaific polypaptide

{egp, TRIDI or TRIZE) & sither the sams e:‘*;asaga sach weok or with & slep-up
troatmant regimen may siso have infusion tmes e the langth the infusiom
modified to further redune the lkelitiond of ar infusion reaction or oyviokine release

syndrasmie. To reduce the nsk of an adverse svent, the first dose 8 adminsterad by IV

o
to the patient over several hours, 8.g., 20424 hours. by some embodiments, the firg

r«

dose of the composition i administared ovey a pericd of sboul 20-24 howrs, the
sacond doss I8 administersd ovsr @ puniod of aboyt 8 tours, the thid dose is
administerad over 8 penod of shawd © hows and the fourth dose and subsequen
doses arg adminisiersd over & pericd of abott 4 howrs. In soms embuodiments, the first
duse of the composition i admmnistered over a period of about 20-24 hours, the
saoond dose B administered over g pengd of sbowd 8 hows. the third dose B
adminisierad over a pericd of about § hours, and the fourth dose and subssquent

doses are adminsiersd over & period of abowl 4 hours, wherain sach of the tirst,

a4
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sacond, third, and fowlh dose are the same. The composttion can gise be
goiministered o g subledt by cantinuous IV infusion, e, cortinuaus IV infusian up o
about T3 howrs in durabon,

{02241 A patent breated with'the CD23 x OD3 targsting multispecific polypeptide

;

{2.g., TRI3D or TRHZS} may also be tregted with ana or more additional therapeutio
agents. The ong or more addiional §§"3§%§'$§3§3L-§i§ﬁ sganis may ba audministered &t or
around the same time as the CDI2Y x CUD targeting multispacific polypeplids. In
somie embodiments, the one o mores adddional therspaudic agents are adrinistersd
before e, 8% a"py @mea‘éim&ém‘z”}acﬁrninisai:r&tim‘z of the muitispacific polybeptide, such
as gboul 1-3 hours befors sdnunistration thereot, i some embodiments, the ons oy
more addifonal therspsulic sgents are administerasd after adminisiration of one or
more doses of the multispedific polypaptids.

f022581 In some smbodimants, the onie or move additional thergpeulic agends Sre
diphenhydraming, acstaminophen, andfor dexagmethasona I soms embudimants,
the ong-or maore sdditiona! therapeudio sgents may be administered intravenousiy ar
arally. In some embodiments, deamethasong may be administerad al a dose of sbout
1010 about 20 myg. In some sinbediments, methyviprednizoione may be administered
gt 8 dose of abowd 1 mgkg  In soms smbodimerts, scetaminophsn may be
adrainisiered &t g dose of about 880 orgbout 1,000 m *; ry some smbadinnty, the
scatamiophen may be administersd three Umes a day for 1 day, with the first doss
admitisterad 1 o 8 hows befors adminisfration of the @LS x GRE targeling
muttispecific polypeptide. I some embodiments, the one o more goditionsd
thevapaytic agents may comprise an antihistamine such as diphanhydramins.
Diphenhydraming may e adminisierad & 8 dose of aboid 50 mg I some
smbodiments, haone or more therapeulic agents may compriss alls p ool i soms
nbadiments, sllopurinot & adminisiersd ot laest 2 deys prior © administration of the

n

&4
CO1E3 x GRS tsrgating mullispecilit polypaptide. In somg ambodinents, the oneg or

mare additions! herapsutic sgenis may comprise toatizumai,

G238 In some embodiments, & method for realing & disordsy charactenzed by
overaxpression of CUZ3 in & patlent v need tharso! comprises administenng tothe
patient an offective amount of 8 pharmageulical composiion comprising &

recombnant polvpeptide comprising & COYES binding domain and & CUS binding

dormnain fe.g., TRHSD or TRITED) at any of the doses or regimens desoribed herain, In

some smbhodivenis, a method for freating & disoeder charadierized by overaxprassion
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of CBI23 in 8 patlent in nead thereg! compnses adminiiaring fo the palisit an

effective amount of g pharmaceutical composition. camput 8 reccenbinsnt

5
&

polypeptide compdsing & CDA2Y binding domain and & COY binding domain {84,
TRIZO or TRI2Y), whersin the admimstration of the gi%zafm‘act utical composition
induses reduced oviakine levels inthe subjed! a8 compared B administration of (a) &
disst affinily re-targeting antibody comprising the TD23 binding domain and the G03
birgding donain of the recombinart polypeptide; or () 8 Gispecilic T-oall engager
molscule compnising the CIMER binding domain and the CO3 tsémiéng domain of the
recombinant polypeptida. in some ambaddiments, the dizonder is cancer, such as AML
of MDS. It some embodiments, the subject was praviously reated with g different
CD123-binding molscule, and wherein the sublest sxpersnced gn adverss event after

the pravious ealment In some embodiments, e adverse svent wWas eessive

S
{i,'
5%
<
)
G
£
&
&
@
&

cyloking relegze. In some
TP, -6, 1S -8, 10 1YY, GAMAGER, e, 12, 133 or 118, o any
8

carnbination thereaf I some smbodiments, the oviokine evel

anbodiments, the oylokin

H-2, TP and 1210 I some-ambodiments, oyioking levels are meassumsd inan in
vifro activaled T csll assay.
{03271 Pharmacsulicgl compostiong comprising the proteing and  polvpsptides

described horeln can be supplind g8 @ 1 comprising a containgr that comprises the

pharmaceutical compaosition as describad harein, A pharmaceutioal composition can
ba provided, for axample, i the form of aninjectable solution for single or multiple
doses, & 55 3 slevile powsler that will be reconstituled befors injection, Buch a i)
further comprise written information on indications and usage of the pharmaceutical
compositin. I some embodinents, the kit comprizes the phamacsutioal
compostion and an IV slabllizing solubion {007 M succinals buffer, and 008 %
waightvolume polysorbate 80, & pH B.0 or similar solution that s designed (o prevent

of redhacs the ikelhood that the nuitispecific polypeptidas will adhere 1o plastic tubing
and bags).

2281 The disclosurs will be further glarified by the following exampies, which are

itsndad o be pursly exemplary of the disciosure and inno way imiting
86
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EXAMPLES

{2281 The nvention s further desoribed in delald by reference o the following

axaniples. Thase axamples ars provided for purposes of ilustration only, and are not

o

intended {0 by Emiting unless ofhenwize speeifiad. Thus, the invergion should It no

§

%
o
@

way be consiroed as being imied o the bilowing examples, bnd rather, should
construsd to encompass any and alf variations which heosome evidlert as g result of
the tesvhing provided harein,

o3y ‘Nzihmﬁ furthar dasoription, # s bellevad that one of ordinary skill in the art
Can, using the praceding desoription and the following ilustrative sxamples, make and
wiilize the compoundds of the prasent inverdion and praciics the claimed methods, The

foliowing  working  examples  thersfors,  speciically poind owl the  preferred

0
e
3
@
%3
4]
Pl
]
r
£

embadiments of the present invendion, enstrued as bniling inany

way the ramainder of the disclosure,

EXAMPLE 1) Fornmulation of Anti-CD123 ¥ Anti-C03 Bispecific Prodeing

{O231] B ie oriticel for thergpeutic proteiny drugs o maintain thelr product maslity

.,,,.

during long orm storage al distnbution canters, shinping, and stovage snd use as the
site of dose admpnstration. Protaing may De exposed o a variaty of temperastires
following produstion and formuiation, including frazen (80 °C, -20 °C), refnigerated {4
50Y s room mperature {28 °0) Condilions impacting protein drug stability include
oM, sroten concentralion angd the contentration of ssits and excipients that mgy s
nclded iy the formulation,
{02331 To evelusie the & mi succinate, 8.5% sucrose, 0.03% weighthvolumes
polystrbate-80 {abbrovisted S8UTY pH 4.8 formudation for ant-GD12Y x anti-CR3
buspecifics Eni-CMIR ~ hings region ~ CHE-CHY ~ ardbCD3), Chinese HMamsier
{rvary {CHO) calls were stably transfectad with DNA plasmids encoding ether TRE-
138 or TRICTED glong with 3 selection marker, Following transfaction, these cells wers
grown wnder selective pressure W assurs stable nds gm*;csx of the bispscific gmtam»

3

oncading geng nto the CHO coll genome and o Kl cells that did not

a
22.
5
e
&

selection markey
{02331 The TREM2ZE and TR0 CHO ponie were indially grown i shake flasks,
ther ransferred to 100 Dlorsadtors and culiured in defined, animal component-fros

madia Alter approvimately e wosks of culeg, he cedl culure suparnatant wasg
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clarffied using 8 combingtion of depth and sterile filtrstion, then punfied using 8
coonbination of alfinity and miked mode column chromatagraphy. The two-step purtfied
frodsin: was disfiferad info sucdinate bulfer uging & Tangential Flow Filtration (TFF)
apparsius, then spiled with the appropriate volumes of concentrated slock solutions
of suoross and polvserhais-BG o achipve the defined composition. The TRITZE and
TRETED ADARPTIR proteins werg svaluaied &y the oreferved formulation buffer at both
2mgiml and 10 myiml The stability in B80T was comparad to protein it Dulbecod’s
phosphate-butfersd saling (OP 8&33

82341 I one experiment, TRE128 and TRE30 were formutated efther in 88wt o

Qg

&
Rt

PES snd samples were slored st 4 %0 and ; The gurnity of the sample was

determinsd at the beginning of the study and afier § days of storags using an anahyvtical
Size BExclusion Chvomatography (8EQ) assay. The changs i the Y%opurity of the drug
product after @ davs s reportad in Tebis 8 balow. The nagative values for the samples

in GPRE ndicats that the punty of the sample is dedlining and is Indicstive of produdt
peak arsa redistributing from the main peak 1o agoregsieigher rmalscular weight
specias (HMWY Alter D days, both TRE12E and TRETA In SSUT show much smailer
changss i purity as comparsd to the samples n dPBS, indicaling thal the formudation

has significant stabllizing properties.

Tabde 8. Comparisonof PR versus SSut, stability of TRIVIZE and TR0 st 2
gl after 8 days

d4PRS ARy S&uT 83wt
Cotstruct i | Jhange o % M9 (‘hamsxe % WP fhange in % MP {“hme;a n % Me
Sdays 4 C Sdays 38 ¢ Sdavs @ 4.0 Gdnes R AT
TRH2S 12 v&i. i AR .8
TRt -4.7 <34 4.8 3.3

fOR35]  His common Yoy protein therapautios 1o by submitted (o ong or move fregze-

thaw oyoles from sither 80 or ~Z0 °C 10 4 T or mom emperature during production
andfor storage. | is nportant that the selecisd bulk dig subsiancs and dogg produst
formidations stabiize the profain and provent drastio changes indrug guslity, TR
andd TRMSD formuialed i 5807 were examined for thew abilily o resist

SyOsgeragation, which i the formation of aggregstion csused by feszing and
thawing protain solutions. The stability of TRMSE and TR0 were vestigaied at

e
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2 and 10 mgiml,

The purity of the samples:

£y

was assessed by analy

POTARB0AIAIN

al BEG, then 200

pl were placed &b <80 or <20 'C for ssweral howrs 1o alfow for sufficlant time for the
sampes 10 complelely freere. The samples were removed from the fregzers and

aftowead o complale
total of three fresze-thaw cycles &t -80 or
SHME. As show in Table © below, hoth TREZS
thar -BO of -

the changs in

minimat change

mgimi.

i WP al &

samples 8l 10 mgimb showsd slightly

fy thaw al room lemperature. The

<20 C, then ralest

20 0

v grester changss in %MP than the

G, The hinhe

samples wers submitled o &
tod by BEC o determine
29 and TREIJG showed

roprotein concertration

@ sarnplesat 2

Table 8 Analysis of Freaze-Thaw stability of TRIF128 and TR0 in §&uT
formudation buffer, at 2 angd 18 mygiml,

Covstruct gl 2 mgs'mL 18 mgimb 1 mfele
\‘§§L‘: Chavgs In % MR t“:hang& i % MPB L Chanyge In % NP Change In % MNP
SO FTX3 VCFT XS, SBOCCFT x§, SBOTC RT3
TRHER ~3.4 -3 2.4 .4
TR 0.0 5.0 5.1 0.1

EXAMPLE 2 Detorminstion of the No Observed Adverse Effect Level (NOAEL)
and the Minimum Anticipated Bislogical Effect Level {MABEL) for TRIAQ

The No Obseny
[0238)

conductasd in nonvhuman primats

vod Adverse Effect Level (NOAEL)

28-day repeat-doss toricology study with 2 S-week racovery perind was
s (NHP)

weekly doses of vehicle, ar 0.5, 2.8, or i@

Armmals i fowr shuady gmoups received

mgfhg of TRMED. Parameters measurad

i

nolded  sefely pharmacology, aboralory. svaluations, and necropsy  with full

histopathology, There wars noolinies! athverse Sndings, no changss iy animal waights

oF organ oweights, and ne sbnomal magrescopic of micrasoopic Bndings in
hus

pathology related to TRITS0. Minimal oytokines were detsoted after dosing and

wers allenusted sfler the second Jdose compared v the firgt duse. The expecisd

anth-Ch3 binding domain of the mwile
The

tha high dose. The no observed

pharmacodynamic effect of the oLty was

aghsarvad with ansient redisiribution of T cells alimingtion haitiife was

approximately T3 hours &t affgct lavel
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{NDAEL was 1) mghkg i NHP which ransigtes into & human sguivaient doses (HED)
of approximately 3.3 mgfig,

Minnum Anicipated Biologica! Efect Level IMABEL)

2371 TRESD mobilizes T colls 1o ves Wimay colls exprassing the farget antigan

CDM23, and the maximuam achivity coours al very low levels of TOR ocoupancy {data

ot shown) To cabulate e mininum anticipated binlogic effect lavel IMARELY In

vitrd acthvily aseays were used i plaoe of invilro receplor cooupancy.

(02381 The MABEL was determinad using the sifactive contsntrgtion nadessany o
ol D% activity {(ECT0 (Muller el 2008} by & human T-osll activation intvira

asssy. While the polency of TRII0 in these Tecsll solivalion assays may vary

depargiing on the degres of aclivation of T cailz and the effector-tnargst (E7) call
ratio, the achivalion assay represents a more sensifive assay for oxloulgtion of MABEL,
compared 1o the redivectad T call aytotoxioty (RTCC) assay. Both BTCO and T-ced
activation wers avaluated a8 pozsible assays o pradic! the MAREL for the starting
clinical dose. The RTOC assay, using purified T oolle ot & 101 BT ratio with GR128+

KG s fumor cell ing had an average ECT0 of &8 ph, assessesd from § donors {a

«r

rangs of 44 0 8.7 pM across the donors evalusted). Incontrast, the T-cell aotivation
SHY WES & WMore sensitive assay 1o astimale the MABEL To measure T-osl
aotivation induced in vitro, T cells ware isolalad from peripheral bicod mononuclesy

calls ang incubsted with TRISD i the presence of GRS fumor colls {MOLM-13

Pooed

Joreguistion of COBS and GRS on T cells was monitored al 20 howrs using mults

color flow cylomelry, sfler galing on fve Oy gndg CRB+ T cells. These assays

{

o3

assassed thres donors, for activation of both CR4 and CD8 T oslls. Ths sverage BGY
calouigion forthese assave was L2 pM i CD4 Toalls range 0V D 18 oW and 1.3
gt for CO8 Toolls range D810 2.0 pM). This assay reprosants @ mars consarvative

ssiimats of MABEL and was used 1o adtimate the slatding doss for palients. For

o

RE30, 07 oM D 118 ngfmi) was the most conservative approsch to MABEL, based
on e CD4s Teooll resporise from the donors,
f0238] Claarancs and volume astimates for Group 4 in the singls dose NHP study

SR

were determined using 8 WinNonilin {(v8.4) precompiled 2 compartment model for

intravenous (V) dosing. Al o svaling was used to predict human dearance an
volume parameter astimales that could be used 10 simulale zﬁmimg stratagies that

aouid resul 1y 3 Omax below the BOTD (MABEL) value of 7 oM, the iviwast EGH

20
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determingd from an individug! donor Used inthe activation sssay. With this modeling,
& dose of about G005 uglka would have a Omax below the MABEL conventration of
GOHA3 ngfml (0.7 gy

fO2401 A tst or fixed dose, instead of a weight-hased doss i baing utilized i this
stushe. Several studies have shown that fiat dosing compared o weight-based dosing
parformead simardy aoross @ rumber of monoalonal anthadies and that the PK
varigbiity introduced by sither dosing regimen i moderste relstive to the variability
genwrally ohserved in pharmacodynamics, efficacy, and safety {Wang of al, 20089}
Assuming @ 80-kg patient and & MABEL dose of Q Q05 ugikg, the starting dose fur the

studyis 03 pg

EXAMPLE 3 Administration of TRMIG, & formulaied anti-CDIZY x ang-Ch3

therapsutic candidate, to patisntds

{33411 Formulated TREISD (5 mb suooingte, 8 5% sucrose, G.08% weightivalums
polyzorbate-80, pi 48} iz baing administerad {o patients it an ongoing Phase H1ib
opan-label, duse-escalation study of patiants with relapsed or refracltory acuie mysiold
isukarnia (AML) o mivelodysplastic syndroms (MDS) The study is being conductsd in
bt prarte. Ths fivs! part is & Phase 1 oparplabed, dose esosiation study fo determing

the recomnmended dose for Fhase 1. Phase 10 is an open-label exgansion study o

assess the clinical activity and safety of the drug st the recommesndsd doss. The siudy
design & audlined i FRE 2 Endpoinds  inclusde safsty,
pharmacokinetios, pharmacodynamins, and clirioal axiivity,

{02431 Table 10 s 8 dusing sthedide that sels forth the amourdt that cohorts 1410

A,

are baing dossthwesekly (by IV administrstion) (doss esoalation cohurts) i both padis
of the t:)mi‘fi}« patients recsive dryg intravenously weekly for six $8day oycles wnless
dispaes progressior, nolerable toxitity, or withdrawal of consert coouwrs sarliar. Thare

5 an option fuy longsy restmeant i the patient is responding,

Tabie 18 Dose Escalation Cohoris 1 1o 10

Cohort (1YW Y IO AN MNumberof
Dnas Dose Qose Dose Fatients

1 0.3 wg 03 ug 03 ug LR {

b T ug 1ug 1 NG 1ug i

P2
oy
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3 I ug 3ug 3 ug 34y 1
4 S ug g Qg Qg 3+3
& 8 Jo 8 ug 12 ug 12 ug I3

5 Caohort S wilt consist of 2 doss Cobiorts condunted concurrently, Baand
8 B ug B ug 12 ug 18 ug 343
8k 8 g 12 ug 12 g 12 4G 3+ 3
2y 18 pg 18 pg 24 ug 343
g 8 ug 12 (g 18 4g 38wy 3+ 3
Q 8 ug 12 ug 18 ug 48 ug 3+3
Eié & ug 12 4 18 ug &0 g 343

(02431 Drug s supplied in single-wuse viels contairing 2 mg drug productin t mb of
fquid &t @ concentration of 2 mg/ml. The drug product i mived with an IV stabilizing
solufion 1o prevent drug product from adhering o IV bagy and IV fubing sets. The
stabiiizing solution B supphed sterile and refigersded {2 fo 8°C) in 10 mb vials

%

comprisged of §11 M suecinate affer, and 808 % weightivolume polvaarbate 80, st

Zﬁ

o
CJ}

{%24&} For Coborts 1 through 4, adrministration is by IV infusion svey spprxcimstsly

20024 bowrs for the first dose {Cycls 1, Day 1), over 8 hours {3 1 houry for the sesond
doss{Gyele 1, Day 8}, over & howrs {21 hourt{or the third doese {Cyde 1, Day 15 and
aver 4 hours {£ 1 how) for all subsaquent dosas {Cyale 1, Day 22 and anwards). For
Cohorts 5 and gbove, admivustration i by I nfusion over 20 (o 34 hows for the firgt

dose and svery time the doss 8 micreased. The second time the same dose B

)

administerad it is infused over § hours (& 30 mirrdss), for the thirg ime over § hours

{£ 30 sinutes), and for the fourth time and all Rether times over 4 howrs (2 30 minutes),
(02481 ¥ nocsesary, I manage o pravent any adverss event, and in particular,
infusion related reaction {IBR) o ovloking release syndrome {ORE), any dose infusion
may be slowsd andfor irderrupted, with the administration time extendsd up 10 72
hoasrs, I aninfusion s exdended past 80 howrs, then the patient must be abserved for
12 howrs after the infusion iz compdeted. Table 10 discloses & steppad dosing regimen

with the potential to reduce the ikelihood of IRR andfor ORS {slarling atooh

[0248] The frequenay f;v:aiswt dosing is waekly for wp o 8 months. Dosing on a
woekiy schedule was solectad bassd on the gynomoigus monkey toxionlogy study of
sscalating TRIT3G doses {data not shown) The half-ifs of TRIT30 following & single

,g(

dose ranged fom approximalaly 35 1o 118 howrs for Individug! andmals dossd with

[
23]
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0328 o 1 mgiky; the longey haif-life sstimates wars assovigted with animals i the high
dose group {1 mafkal

{GE&?} To nitigate infusion relatadreactions (IRBRs) and oviokine relsase syrddrome
{CRE), patients are adonnistered the following pre-medications: diphantydraming,
z‘-acetanwimphem, arxi dexamethasone. Al pramedications are administered 1 0 3
howrs before the infugion s initiated. The doss of any of the pramedicetions may be
raciycsd, ) in the opinion of the nvestigator, comarbidities reguire i Dexameihasons
19 uptiorst after Cyole 2, Day 15, so long as the patient has nat sxpensncad any IRRs
or CRE with sarlier doses. The doses of the 3 premedications are

. Dexamethasong 10 to 20 mg IV or methyiprediisolons 1 mghkg IV, or

squivaient the dosg is at ths hvestigater's disoretion based on palisnt's somorbiditiss

2. Acetarninophen 650 or 1,000 mg, o egquivalent, orally (PO} thrae times ¢ day
for 1 day 85 or 1,000-mg doss st the Investigators disoration), with the first d

admiristered 110 3 howrs befors the study drug infusion; ang
& Antthistarning: dighenbivdraning 50 mg PO or IV, or squivalent.
§ an hvestigator elsots o adninister allopurine! for tumor bysis praphyiexis, thea #

must be started st loast 2 days privr 1o the st of shudy dirug.

FPhaze 1 - Dose Escalation Study

f0248]  Dosing weg sterted althe minimum anticipatad bislogic etiedt level (MARBEL}
i patient cohorts, Fatlends snvolled had either 1) relapsed o refractory AML and

rafussd or wars nat eligible for- intensive chemotherapy o

3

ary alogensic stem call
transplant, or ) relapsad orrafractory MDS and had » 5% biasts i the marmow or any
circudating bigsts i the periphers! bised and had failed 5 prior hypomsthylating agent
{HKMAY, failure s defined as minlerance o HMA, lack of responss {no CH by at least 8

cyclas), ar (WG defined progressive disease during or after restment with an HMA
Darnograghios for 32 pationts srvclied #vihe ongoing Fhass 1 dose ssoglation sty
{through Cohart 7} gre shown balow in Table 11, For palients enrolied through Cohart
tha median sge was 687 yearg, and 78% of the patients had AML. The avarags
number of dogses adminisigrad per palient was 8.8 with an averags fragimeard duration

af 84 days.

5
3
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Tabie 11 Deomographics and exposure, patients enrolied through cohort ¥

Characteristic Statistic Al Patients {N=33}
Age Madian (Range} 57 (18, 8%
Famals & {96 18 {47%)

Price Lines of Therapy

Median Range)

Dissass

MDS

AML Primary

N6

AW Therapy Relgiad

&\i {{\!’Oa

Cyiogenelic Bisk

Favorable

N {( }

infermadiale

N %)

Poor N SIREES
{inknawn N T8 (B0

Sunmary of Treatment Exposurs

i

32 Patd

3

fants Mean (3D

Dnsas Adnnistersd

o
n
Pt

Treatmant {}uraiifm {days

451
X

{0249}

onguing Fhas

sxpatianced ong of morg IRRIGH
CCERMAEN STploms warg ci‘;gs-;ama& fawr}

rigorsichills. Notably, IRR/CRE wa

Treatment-Redaiad Adver

RS evants (G

& BEvents for

¢ the 32 patients

ade =8 repuvted ¥

gnrolled iy the

1 doze sscaiation sludy are shown balow in Table 12; 34% of patients

£%3 The most

hypotension, hypoxds, tachyeardia, and

he only reatmentralsted serious adverse svart

0 GooUr i hws or inare patienis. 3 oud of the 11 patienis that experianced an IRRICRS

syvant reosived focilizumab {o treat the same.

Table 13- Tregtinent-Reiated Adverse Evants

Treastment-Relatad

Adverse Evanig®

Al {N=33)

Grade 3 3 {N=32

IRRIGRS™

1 (34%)

8%

Fatigus

5{18%)

3%

Diarrhea

3 (8%}
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Favar L3 {0%)
Anenig 2.{8%) %G
Flushing £ (8%}
Hypotension 2{6%)
Nauses 2 {8%) 1{3%)
Parivheral Edems 2{8%:)
RigarsiChills 2{8%)

Trostment-Related Serious Adverse Bvents
IRRCRS 8 {25%) 4 {13%;3

“Treatmentrelated AR and SAE svents goouring iy 2 or more patients

“ffusion Relalsd Reaction/Cyioking Release Syndroms

Toxicity grading is based on LTCAE witeria version 5.0

{2801 The percentage of biasts inbone marow aspirates was monitored over tims
gtk

for patients . As shown it FIG. 3830, e reduction of bone marrow blasts was obsery

Q..

i savenyl palionts that receivaed s highsst doss & 18 pg. Twe patienis gach hat
reductions in bons marrew bigsls from 390% to D% {Gohant 6b, FIG, 30), and Fom 33%
to 4% {Cohort Sa, FIG. 3B} Absolule neutrophit and platelet counts meat Complete
Remssion orifang. Both patienis remain on sldy, as well as one palient with
decraasing blasis in Colort 7

[p2511  Ser

administration of the W gi st doss in each patient, and were also avalualad at intervals

wr oviokines wers assessed &t scheduded fimepoinis Defore and after

during indusion related regctions of ovioking relegse syndroms svends. As shiown i
FIG, 4840, oylokines wers nol elevaied dwng scheduisd collsctions. Eisvated
cyinkines, perticuiarly L8, were observed diring adverse svenis of IRRIGRS
Notably, in this small dats sell no correlation was uheerved betwesn the highest
oyioking concentralions and doss leval or grade of event,

~

{B3821  Thus, in this prefiminary shady, stdministration of TRESD, through dosas of

A

4 ug, was Wiergied with & mansgeable safely profilel As noted above, two patients

had complets remission {OR), Gylokines wars nut significantly elavatsy Unless there

Was-a concurrent adverss eventof IRNCRE. Preliminary dale suggestad noavidence

Pl

of reatment-induced anti-drug antibodies {(ADA)

g
£33
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Phase 1 - Addsiong! Dose-Escalation Cahorls

JoR53] Alter compistion of g doss-hmiting toxicly (DULT) chservalion periad for
Cohart 7, four additional sequartiat cohorts {Cohons &, B, C, and Dy will arvoll patients
while Cohords = B are reated, These cohorts will run seguentially and are independent
of Cohorts 8t 14, and will achisve 3 more rapid dose ssealation.

{02841  Patienis In Oohorts A B, ©, and O will have continuous IV »:iasing

0-24 hoursiday) forthe first 4 days of Gyele 1, then bvdce a week dosing during Wesk

w‘.

foliowad by ance a week dosing thereafter in Oycle 1 and sl subsequent oyoles.
Tabie 14 shows the dosing schadule for Cohorts A B €, end DL The Tirst waek of
dusing in Gohort & ylilises doses tested o Qubort 83 (Day 1 of € wg, Day 2 of § g
Day 3 of 12 pg, and Day 4 of 18 p). Qunng the sscond week, the doss of 18 pg is
adminislered an Day Band Bay 11, In Week 3 the dose s ssoalated o B g and s
mainiained at that lovel The advantage of escalating the daily dose during the first
wask i that the Crac s gradugily ncreased, which may lowsy the propensily fur the
development of IRRICRE. Aggressive restmerntwith ociizumab will be adminislersd
for Grade 2 2 IRR or CRE that doss nat respand within 2 hours of symplomatico

fraatmant and doss misrmaplion.

Tabils 14; Dosing for Coboris A B, Cand D

Weebs 3 1o Oyvele

\
Week Week & 4 2

Pavs 1,
feay feaps 18, 8, 15, Number of
ahovt Bavl | Bay? | B ¥ Bord | Ba® 11 & 12 ang 32 Patients
A fing g Pag | Hug | Wae | Mg 3 oug 36 ng
8 fng Prag b ag | Mag ] Mag | Mag 48 ny A% un
{ g 12 ug g RN Meug g 8 g G S
B 12 u 100 py F+3

[RS8 For Cohorts AL sdmnistestion s by IV infusion over 20 10 34 hows fur the

first dose and svery $me the dose s incressed The seoond tims the same dose 8

Pl
fexd
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administered it is infused over 8 hours {3 30 minutes), forthe third time over 8 hours

£ 30 minutes), and for the fourth me and all further dmes over 4 howes (8 30 minutes),
{Gﬁﬁ&f} Pramadications are sdninistersd bafore © yw 1, Day 1 Gyole 1, Day B
Cycle 1. Day Cycle 1, Day 18 and Cyale 1, Day 22, For all subsequent doses,

dexamnethasong is qptionsl but acetaminophen angd diphanhydramine are required,

Phase th- Expanson

{33871 The recommended-dose regimen will be furlber examined in two sxpansion
sohoris consisting of the same fype of patierds: 1) Gohort 1 will consist of 24 patiends
with rebapsed or refractary AML that are nol sligitls i Inensive chanotherapy or an
sitogensis ansplant, and 3} Cohort 2 will sordst of 24 patients with relapsed o
refractory MDS that have » 5% blasts in the marmw of any circulating basts i the
paripheral blood and have faillsd g prior HMAL fallurs is defingd gs intulerance o HMA,
fack of response {no OR by st least 8 cyales), or MG defined progressive diseass
during or after reatmentwith an HMA

{02881 Serumn samples will be collected Tor serisl PR assessment for drug lsvels,

g
3
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CLAIMS

& composition conprising & mudtispes

surfactant, wheran

{&) the mudtispeoiio protein i a d

gach polypaptt or from ami

¥

de comprises, in ord

order from carboxyMerminus (o amés‘w»‘iww‘ TR

{i} 3 first binding domain,

{il} & hings ragion,

,m.
z
’43.)
’D
<3
3
.w‘
?
&
et
%
1;3’
w2
o)
ou
373
3
w
pon
N

%

{h) the buffer ﬂt,‘.’:i’?‘;;’);’iﬁ-&i& of consists

aoceptable salk or acid thereof,

2. Tha
midd {0 aboadt

 composition of olgln 1, wheresin the

14 M sunsinate

3. The composiion of dalm 2, wh

sucoinate or a pharmaceutically accepialis

4, The composition of any ong of clgims 1.3, wheraint

e “C}E‘Cﬁmﬂ & bufier

e of two lenticad polyp

O-tRrmirug 1o oarboyHentinug

S e eoryx

POTARB0AIAIN

-an sxopiant and a

aptides, whereiy

M

L 0F 0

Y AN b ;*muwg iobuliny constant region, and

succingls o a pharmaceutically

cornpostion comprises from about

Gra pharmaseutically acceptable salt or acil theraat

osiizey somprises abod B mid

sait or acid thereot.

e axcipiant comprises o

& The composition of claim 4, whersin the sugar 18 sugrase
tad The compasition of olaim 4 or § whavely the composttion comperises from aBow

o weightivolume {wie) 1o about 12% wh of the sugsr

7. The composition of claim &, wherem the composition comprises sbowd 8.5%

8 The compusition of any one of clalims 1-7, v

consisis of polvsorbate BO,

P
o

sheren the sutdfactsnt comprises or
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g, The compostiion of daim & whersin the composition cornprises ahout D.08%

wiy polysorbate 80

100 The compaosition of any one of olaims 1.8, wherein the composition comprises

fromyaboud QU1 mhigfmi o about 10 mghnt of the mullispecilic protein

1. The composition of claim 18 whersin the composition comprises from about 1

mgiml 1o shoul & mgfmi of the muilispeciiio grotsin,

12, Thecomposdionof slaint 11, whersin hs composition conprises about 2 mgiml

of the multispecific protein,
13 Theoompositioreof any ong of olaimes 1912 whevein the composition camprsss
about Bmidd succingle, about € B% weightholume fwiv suoross and abaad BO2% wiv

polyzorbate 80

14 The compostion of any one of claims 1418, wherein the compostiion has @

i
adpa
e

from abouwt 4010 about 5.5,

15 The compusition of claim 14, whersin the composition has a pM of ghout 48,

& The composition of gny ong of claims 115, wherein the immunogiobulin

constant region is 3 human Fo doman,

17, The composition of gny ope of claims 141

8, whersin the mmunogiobulin
constant region compnises ivwnunogiobulin CHZ and CHS denains of G InG2,
GS, G4, nAl, A2 origh.

18, Thg compdsition of any ong of olaims 1-17 whareiny the first Binding domnain s
g CLY binding domain and the secdrid binding domain 1&g fumor antigen Ginding

somain.

18 The composition of olasm 18, whereln the polypeplide comprises, from N-
tenminus to Tenminus, the 003 binding domain, the hings ragion; the immunogiobulin

e

constant region, and the lmor antigen binding domain,

5
«3
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200 the composition of any one of clams 11 whersin the first domain s @ umar

-~

antigen inding domain, and the seoond hinding domain is o DI binding domain.

21, The composiion of gaim 30, wherein the polvpeptide comprises, from N-
tfarminus o Cemminug, the fumor antigen binding domsin, the hings reglon, the

mmunegichudin conslant regian, and the COY binding domain,

22, The composition of any one of claims 1217 whersin the first Dinding domain

8 4-1-BB hinding domain and tha second binding domain s @ lumor antigen binding

domain,

23 The cumposiiion of daim 22, wherein the polypeptide comprises, from Ne

'l 3

terminus o Cdanninug, the 41BR binding domain, the hinge region, the
irnuninginbulin constant ragion, and the funor antigen binding domain.

24, The oomposition of ary ang of claims 117 wherein the first binding domairy is
& tumor srtigen Mnding domain, and the sscond binding domain is g 4-1-88 binding
glornan,

25, The composition of claim 24, wherein the polvpaplide comprizes, from N-
terminus o GAsrminuas, fumor antigen binding domaln, the hings mgion, the

immunogicbulin constant region, and the 44488 binding domain

2B Theoomposiion of any ang of olaims 1825, wherain the lumor antigen binging
domain birgds o CD123, PEMA, TIME DS, or HERZ.

¥, The compostion of any ore of olaims 1217, whergin the first tinding domain ¢

the sgoond binding domain is 3 4-1BE binding domain,

28 The compusition of any ane of claims 1-17 wherein the fivst Dinding domain or

H 3

the second binding domain is an QX480 binding doms

i,
29 The compesition of any one of olsims 1217, whersin the first binding doman is
A 188 binding domain and wherein the second binding domaln 15-an O binding

domain.
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33 The composition of any one of olaims 117 whersin the frst binding domainis
an {X4Q hinding domain and wherein the secand binding domain is & 4188 binding

domain.

31 Thecamnposition of clagin 28 or 30, wherein the 4-1BEB binding domain is an

sniy ard the OX40 binding domain is an sofv

32 The composition ofsny ong of claims 1-17, wheraly the first Binding domsa is
an QX408 binding domain and the second binding domain is & fumor antigen bingding
gdomain

33 The composition of any one of cdaims 141

o

i

. wharein the firstbinding domain
a tumor antigen binding domain and the second hinding domain i an QX40 binding
domain.

34, The composition of any one of olaims 133, whersin at least one of the first
hirdding domain and the sectd binding domain ceonpeises
(B an vpunoghnbalinn heavy chain variabde region {(VH) comprising HCDRYT,
HODR2, and HODRY; and
(4 an ammunogiobulin g ohain variable region (VL) comprising LODRT,
LODR2, sl LCDR3.

35 The composition of any one of olginis 1-34, whersiny &t least one of the firgt
bi

rching domain and the secord binding domain s 8 single chain variable fragment

3%, The compositionaof claim 35, wherain the light chain variable region of the scfy

J

s carboxy-larmingt o the heavy chain variabls region of the scfy.

7. Thecommposition of ohaim 38, wherein the ight ohain variable region of the scky

isgning-dermingl ¢ the heavy chair variable region of the sofv,

amiposition of any e of olims 3537, wherein the sefv comprises g

301
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38 Thecomposition of claim 38, wherain e inker polypeptide s bebwvaan the light

chain vanable region and the heavy chain variakde region of the sofy

e}

2

3. Fhe composition of any one of claims 3838, wherein the ibker polvpeptide
conprises o BlvdBer (SEQ D NGy 1281 linker
410 The composition of caim 40 whersin the linkar polypaptide comprisgs the
formuds (Glvederks, wherain = 1.5 (SEQ D NGO 128
42, The compositionof any ons of clgims 1829, wharsin the umor anfigen binding
gdornant i an anth-CD183 sofy camprising:

& HCDRY that compuises SEQ D NG 10, 8 HGDRZ that comprises SEQ D
NG T and & HDORAZ that comprises SEQ D NGUIZ, and

g LODRT that comprisss SEQ D NGE, 8 LODRE thal comprises SEG 1D NEY
14, and & LODRS that contprises SEQ D NGO 18

43, The composition of any ons of daims 18-38, wharein the wmor antigen bingding
domai s an anti-E0123 soFv compriging @ VH comprising @ sequence & least 80%,
Al logst 85%, or 100% derdicel to SEQ 1D NGO 138, and & VL comprising a segquence

¢

at ngst 0%, af least BR%. or 100% identical fo B8Q D NO: 134,

44, The composition of any one of olaims 1825, whersin the lumor anligen binding
dosnsny (8 an anti-Ch123 sofyv, and wharain the sofy comprises & sequence &t least
D0%, at loast 88%, or 100% denticad o SEQ I NG 27

45 Theoompogitionof any onsof claims 18 10 21, whersin the G binding domain
is an ant-GR3 soFy comprising:

2 HEDRT thal comprises BEQ U N 18, 8 HCDR2 that comprises SEQ D
N 20, and @ HDCORS that comprizes SEQ 1D NG 31 and

a LODRT thal comprises SEQ D NG 22, & LCDRE thet comprises SEQ D NG
2%, ardd 3 LCDORSY that comprises SEQ D NG 24,
45, The C(ZS‘E"?‘%{}QSK@E"\ of any one of claims 1821, wherein the CD3 binding doman

5 an anttOR3 sofy that comprises & YH comprising @ sequence gt loast 80%, atieast

102
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5%, or 100% identical fo SEQ D NG 383 or 387, and a VL comprising 8 ssguence
at least B0%, at loast 85%, o 1D0% dentical o BEQ D NGO 384

47, Fhe compesition of any one of olaims 1821, whersin the CD3 binding domain

s an ant-OD3 sofv that comprisss @ seguUeres al past 30%, al loast 858%, or 100%
entica! 0 8EQ 1D NG 27,

Z
fs32
<4
)
:2?‘

48 The composition of any one of claime 18-21 0ra847, whers ypeptice

SOMprises a sequence Bt feast B0%, af loaxd O8%, or 100% idendical 1o ¢ &Q NG

42, The composiion of any one of olaims 148, wherain the immunogloebuli
constant region comprises ong, by, three or morg aming soid subsitutions compared
to swiliype immunogiobulin conslant region o rsduss of pravent binding o FoyR1,
FoyRila, FoyRilh, FoyRila, and FoyRilb.

83 The composition of any one of daims 48, whereln the irsnunoginbulin
constant ragion comprises one, two, theee o Tore aming adid substiutions Semparad

o g wild-typs immunogiobulin constant ragion 1o prevent or reduce Fo-nediated T-osd
acitvstion.

51, The composition of sy of dlaims 148, whereln the mmunegiobudin oonstarnt

ragion comprises ong two, thres or move amne aoid substiutions comparadio gwild

type inmunogiohudin constant region o pravent or reducs GRC activity

33 The compoesition of any one of claims 148, whereln the immunoglobuiin
constant region comprisas one, two, hres of more aming aoid substitutions compared

0 g wildhiype immuncgiobulin constant region 1 prevent or reduce ADGC activity

&

{Q

530 The composition of any ope of caims 182, wherein the rpunogiobulin
constant region comprises 8 human igGt CHE domain with ane, two, thres or more

gining adid substifulions compared o s wildtype human GT CHZ donain

oy
o
£
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&4 The composition of any one of daims 183, wherein the rvnunoginbulin
constant region comprises a human i1 THS domain comprising the substittdions

L2348, L338A, G237A, and K3224, according 1o the BU numbering systam,

85 The'composifion of any ongrof clamm 84, wherein the immunogiobuln constant

PR

region comprises g human PGET CHEZ doman comprising the substitutions L2344,

&

LEA&A Q2374 BE318A, KI204 and KE224, gocording © the BU numbaring systen.

e composition of any ong of olaims 153, wheran the immunogiobuln

3
s
i)

.

constant region comprises @ hman IgG1 CHZ domain canprising the substiiutions
SA3P, L2344, L3ABA, GZETA, anwd KIE2A and g delstion of G238, according to the

EU numbsring system,

57, The composition of gny one of olsims 1-88, whersin the hings region is derbved
from an immunogicbulin hings region.

88, The compostion of any one of daims 157, whemsin sadh polypeplide

cornprises and Fo-binding domai inker betwaean the vrnunagivbulin constant region,

and the sscond binding domain,
83 The composition of clgim 58, wherein the Fo-binding domain binker comprises

g GlyaSer (BEQ D NO: "zBa SEOUENCS

S0 Tha composition of olaim 88, whersin the Fobinding domain hnksy comprsss

the forrnuly (Glvs Sar}n, whersin s 1.5 {3EQ 1D NO: 128)

81, The composiiion of ay one of clgims 1-80, wharsin the composition is for

intravenods or subcutanesus administration.

22 The composiion of any ong of olglmg 1 0 &1, wheraln fhe composition

substaniially praverits degradation of the mullispecific protein,

g3 The composition of sty ong of claims 182, w

araly e composition slows or
racducss the degradation of the muilispecliic protein as compared 1 oan idendicst

multispecific profein stored it histidine buffer under identical storags conditiong

104
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84, the composifion of any one of clams 1w 8%, whersin the composition is

substantially stabds for st bast 1 year st £°C.

&5 The composition of any one of clams 1 o 84, whergin the composiiion is

substantially resistant o fdnmation of agoregates of amiiispms“fis profein

§6. The composition of any ong of claims 165, whersin the composgition Tormsg
fewsr sgaragates 35 comparsed 1o an iderticsl mullispecific protein slored in histiding

bulfer undler identical slorage conditions.

87, A *DQ‘R":QC@Q%D{“% comprising g fusion prolein, & buffer, an sxkoipent and a8
surfactent, wherel
{8} the fusion profein s g dimer of two ideniical pulypeptides, wherein ssth

polvsentide comprises, in oddsr fram amino-deriminus o carboyH-antinug:
a’} & first binding domain that specfically binds o CDI23,
{it} & hinge region,
{5y an immunogiobudin consiant region, and
{iv}a sscond hinding Jomailn that speciitoally binds o CDE; and
AN e 3
() the buffer comprises or consists of sucainale or g pharmacsutiostly

accapiable sall or scid thereol

82 The composition of claim 87, wherein the composition comprises abotd & mi
succinste, about 8.8% waightvolume [wdy) sutrose snd about Q.O2% wiv polysorbate
80

&8 The composition of claim 67 or 68 wherein the compaosition comprizes from

about 81 mg/ml 1o abad 10 mgimi of the multispecific pratain.

700 The compasition of claim 88, wharein the compasition comprisas from asbaut 1

mgfml 1o shout & migimi of the nultispecilio protein,

740 The composition of claim 70, wherein the composition comprises about @ mgimd

of the multispecic pratein,
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o~

72, ‘the composition of any one of clalms 8711, whersin the composition has a pH

from abauii 400 about 5.5

730 The composition of daim 72, wharain the composition has a pH of about 4.8,

sy

74, the composdon of any ong o daims B7W73, whersin the rvpunogiobulin

constand region iga hunan Fo domain,

annf

S, The composition of any ong of daims 8774, whersin the mmunogiobulin

sonstant region comprises immunogiobulin OH2Z and CH3 domaing of g8, 1gGe,
1G3, igG4, IgAl, 10AS or ighh

= N

&3

s

76 Theoomposiion of any ong of claims 1-75, wherein the TH2 domain is a humnan
oG CH2 domain with one, 3w, Tres of mors aniing acid substitlutions comparad o

a wilddype human 981 OHE domain,

of any ane of olaims 8778, whereln the immunogiobulin

-é
=4
bE
i
Cx
g
‘G

77 itien
constant ragion \,\mr}&es 3 human g8 CHE domsin comprising the substitutions
L2344, L2364, G237A, and KIE324, according fo the EU numbsiing svstsrm

8. The composdion of any ong of daims 87-77 ) wherain the nmunogiobulin
censtant region comprises & human G171 CHE domain comprising the substitudions
LI34a, L2384, QEITA, EJ18A, KRZ0A aryd K322ZA, avcurding o the EU numbsting

Y

i

i
g

xf

79, The composition of any one of dgims 8778, wharsin the immurz@giamm

corstard region comprises & human IgG1 CHZ domain comprising the substifutions
E220P, L2344, L2284, GR237A, and KAZ2A and a deletion of G238, socording to the

EU numbering system.

80, The compositionol any one ol claims 67-79, wharsin the hings region is devived

from an inmwiogiobulin Bings fegion,

108
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81, The composition of any one of daims 8780, wherein sach polypeplide
coonpwises an Fobinding domain nker batwesn the immunogiobulin constant region

and ths sgcond binding domain,

82, The composition of algim 81, wharsin the Fobi mmg domain finket comprises

a GlysSer (SEQ 1D NO128) sequance,

3. The composition of olgim 84, whergin the Fo-binding demain linker composes

the formuts (GhraBers, whersin nos 15 (SEQ D NGO 128)

84, The compasidinn of gy one of daims §7-83, whersin the compasition s for

nravarmus or suboidansnus administration

88 The-composiion of any one of claims 8784, wharsin &t lesst ong of the firgt
bircding domalrand the sscond binding domain f::}ﬁ"}} ses
(Y an immaogiobuling heavy ohiain varizbis reginn (VR compriging BHGDRY,
MORRE, and HEDRE; an

{Hy an immunoglobulin light chain variable region (V1) comprising LOCDRT,

LODRZ, and LODRS,

88, The composition of any ane of olzims 87-88, whersin st least ons of the firgt
binding domain and the sescongd brding domain & & singls ohain variable fragment
{sofvl

87, Thecomposiion of daim 83, whersin e igh! chary variabis region of the sefy
s carbosty-tarmiingt {o the heavy chaly viriable regian of the scFy,

B3 The compostion of claim 85, wherain the light yvariatie rogion of the sofy

e aminosrminal o he heavy chain

83 The composition of any one of F SOMpPrisss 3

Hintker pulypeptide,

S0 The compositionof olgim 88, whersin the linker polypeplide s betwsan the light

chain variable region andd the heavy chain variable regionof the sofy.

30
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s

81, The compasition of claim 38 or 80, whersin the linker pa
GlyaSer {SEQ I NG 138) linker,

chypeptids comprises g

82, The compoaition of claim 81, wherein the linker polypeptide comprises the
formida (BlvaBerk, whersin i = 1-8 (SEQ D NO 1288

g3 The composition of sy ohe of clgims 8702 wharain the firgt binding domsin
g an amt-UD1E3 sofy CGE‘;‘i}‘}risiE’iQI

a HODRT comprismng the sequeance of SEQ 1D 8O 10, 5 HODRZ comprising
the ssguence of SEQ D NG 11, and & HOCRS comprising the sequence of SEQ D

g LODR 1 comprising the sequence of SEQ D NG 12, 8 LCDR2 comprising the

seguancs of SEQ 1D NO: 14, and & LEDRS covnrising the sequence of SEQ D NG
84, The composition of any one of olgims 6707, wherain the Test binding domain
is ar anthCDIEE soFy comprising & VH comprsing 2 seguence 3t least 80%, st lsgst

95%, or 100% dentical to SEQ 1D RO 136, and 8 VL comprising 3 sequsnces at loast
80%, at loast 85%, or 100% identicsd o SEQ I NG 134,

85 The compositic any one of clams §7-83, wherein the first binding domain
fs an ant-CDI2E s¢Fv comprising 2 saquence at least 80%, at least 88%, or 100%

NG 18

86 The composition of any one of claims §7-88, wharain the gsacond binding
domain is an ant-GD3E sofy comprsing:

a HODRY comprising the sequence of BEQ 1 NG 18, & HEDR2 mm;&risiag
the ssguancs of SEQ D NG 20, and & HDCRD comprising the seguencs of SEQ D
NO: 21, and

a LCBRY comprising the segquence of SEQ D NOL 32, o LOLRZ comprising the
sanuenee of BEGQ D NG _3, and a LCDRA comprising the sequangs of SEQ D NO!
24

108
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7. the composiion of any one oF claims 87-95, whersin the Sscond binding
domain s an ani-CD3 sefv comprising 8 VH that conprises @ sequences at jeast 8%,
at loast B5%, or 100% identics! o SEQ D NO: 383 or 387, and a VL that comprises g

sequencs gt least 0%, al laast 35% or 100% dantical 0 SEQ 1 NO: 384,

Q8. The compositon of siy one of clamms 8788, whersin he ssoond binding
doman is an anti-OD3 scfy pomprising & sequence & lsast 0%, af loast B8%,
1089 entical fo SEQ I NG 37,

88 The composiion of any one of claime /785, wherain sach polyperdide
comprises the sequence of SEQHD NO: 31 arce s‘zmriﬁae‘s asaquence at least QU%, af

jonst 85%, or ot least DE% kertical o SEQ Y RO 31

100 Ths compusition of any one of claims §7-9%, whersin:
e first binding demain s an anth-CD133 sofy comprising an immunogiobulin
heavy chain variabde region (VM) comprising s HOUDR1 of SEQ 1D NQ: 18, & HODRZ
of SEQ 3 RO 11 and & HODRA of SEQ 1 NGO 12, snd gn immunogiohudin hght
chain variabie reglon (V0 comprising & LEDRYT of IEQ D RO 13, s LCUR2 of 8EQ
0 NGO 14, and @ LCDRS of BEQHHE RO 15, and
the second binding domainis an anti&: D3 zoPy contprising an immunogiobulin
hesey chgly variable region (VH) comprising a HEDRY of SEQ D NG 19, g HODRE
of SEG D N 20, and g HODRS of 580 10 N8O 31, and an immunoglobutin ight
chaly variable region (VL) conprising o LODRY of SEQ D Nx 22 4 LEDRZ of SEQ
NG 23, and 2 LOCDR2 of SEQ D NG 24

131, The composiion of any ong of olaims 67 1o 100, wheraih the compuosition

substantialiy pravents degradation of the mudtispacific protein

102, The composion of any e of olgims 87 {0101, whersin the c:@m;‘msétécsn Siws
of recduces the degradation of the mullispectic profein as compered Y denticat

muthspecifio protein stovad it histiding buffer wnder identival storage conditions.

1Y The composition of any ong of glaime 87 o 103, wharsin the composition is

substantialy stabls for at least 1 yvear at4™Q.
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&

134, The composition of iy one o clams BY o 108, wherein the compuosition §

substantialy registant to formation of agaregaies of nudtispeciic protein.

T35, The composition of any ane of glaims 87 i 104, wherain the composition forms

comipared toan Hentical multispectfic profoin stored in histiding

butfe deridertical storags conditinng,

108, A composition ocomprising & fusion protein, a buffer, an sxcipient and &
surfactant, w*mrsw
{31 the fusion protsin comprises

{ty & first binding Jdomain that specifically binds o CDI22,

whersin the hinding domain comprisss sn immunogiobulin heagyy chain
vanabis region (VH) comprising HCDRT of SEQ D NO 10, HODR2 of SEQ 1D
NOY 11, and HCDRS of SEQ D NO 12 and an inynunogiobulln ight chain
variable ragion (VL) comprising LOORY of BEQ 1D NO IS, LEDRE of BEQ D
N4, and LCDRZ of SEQ D NG IS and

(1) 3 seconsd binding domain that speoifioally binds o D3, whersin the
bingling domain compriges animmunogicbulin heavy chain variable region (WH)

somprising HCDRT of SEQ D N 18, HODRE of SEQ 0 NO: 20, and HOORS

of SEQ D NGO 21; and an immunoegiohulin ight chawy variabls region (VL)
comprising LODRT of SEQ 1D NO 32, LCORE of SEQ D NG 23, and LODR3
of SEQ T NO: 24, and
() the haffer comprises or consists of sucoinale or a pharmacaudically

accapiable sall or soid theraol

107, A composition comprising & fusion profein, about & mM sucoingte, abouwl 6.5%
waightfenlume (wdv] suoroseand sbout QU2 wiv polysorbate 8& wherein the fusion
profein comprisss g Fab, Fald, Flgbh2, sofv, disulfide inked By, soFv x sofy (BITEY,

sobe-Fo *Ss\ﬁi?a soFv-Fo-soby, quadroms,  Kh-body, dabs, diahc«;iy: nanobody,

& &, CrossMab Fabs, TrossMab VH-VL strand-exchangs
enginesred domain bodie ;\%E‘& Dbhodigs), Affibodies, Fynomers, Kunitz Domsing,

Albu-dabs, i«mmq rgarad Fy fragments with exclanged VHs {8 g, 8 dualaffinity ra-
trgeting mulscules {(DAR, T,s_}}. DVD-G, Cove-body, puptibody, SVDHgs, dab-gs,

10
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Krobs-i-Holes, g3 antibodies comprsing matched mulations in the OH3 domain
feg, DunBody antibody) and omit,

138 Acomposition comprisging a fusion protein, about B ol succingte, aboeud 8.5%
weighthvolare pmv‘ suioross arwd about DO2% wiv polysorBate BO whereidn

{a} the fusion prolein comprises;

{i} = first binding comain that specifically binds to CDEE

wherein the binding domain comprises an immunogiobuln heavy chain
variabia region (VH) compeising HODRT of SEG D NGO HCDRZ of BEQID
NG 1, and HODRS of SEQ I N 120 and an immunoglobulin light chain
variable regiorn (WL comprising LODE1T of SEQ D ND: 13, LODBRZ of SEQ D
NO T4, and LODRI of SEQ ID NG 18 and

{1} @ sscond binding domain that speoifically binds 10 CDS,

whersin the binding domain camprisas an immmunogiobudin heavy ohain
yariable region (VH) comprising HODRY of BEQ D NGO 18, HCDRR of SEQ T
N 20, and HODRA of SEQ D NG 2 and an immunogiohudin ight ohain
variable ragion (VL comprising LODR L of 820 1 NG 22, LODRZ of 8RGD
NQO 3% and LODRS of 3EG 1D NG 24

108 A composiion comprising & skt motein, 8 bufer, an eowcipient! and 8
surfactant, wharain
{a} the fusion protain comprises:
{Iy & first binding domain that specifically binds fo CO18G%
whareirt the binding domain comprises an imsnunaginbuln heavy chain
variable region (VH) comprising SEQ 108G 138 and an immunoglobutin light
chawy varighle region (VL) comprising SEQ [ NG 1534, and
{ii} a second hinding domain that spectfically binds 1o OD3,
wharain the binding domain comprises an immunoglobulin heavy chain
vargbi® regory &M comgnising SEQ O NGO 383 o 38F, and an
rprunegiobutin ight chain varigble region (VL) comprising SEQ HY NG 384
arnyd

(b} the buffer comprises & consisis of suweeinale or a pharmacsutioally
accepiable sall or acidd thoereot,
111
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T A composition comprising @ fusion profeny, 8 buller, an eipient. and @
syrfactant, wherain

{a) the fusion protain comprises:

(i afirst binging domaln thetl specifically binds o CDIZE, whersin the

firal binding domain comprises SEQ D NG 18 and

{ii} & second binding domein that specificatly binds to 003, wherein the
sevond binding domain comprises SEQ D NO: 27 and
(b} the buffer comprizes o consisles of suecihnale or @ pharmaceudically

acceptable salt or acid thereof,

T A composition comprising & Tusion prodein, & buffer, an excipient and &
surfactant, wharein
{a} the fusion protein s & dimer of two identical polypeptides, whersin aach
polypeptide comprisas, v order From amind-terminus 1© carboylterminug, orin arder
from o L(}‘(g%*‘?eih‘iw"?{s’a o amino-dsrminu
i} & firgt binding domain that specificstly binds 1o G123,
wherany the binding doman comprises an immunogiobuln heavy ¢hain
variable region (VH) comprising HCDR1 of SEQ 3 NGO 1D, HOORZ of SEQ D
NQ: T, and HODRS of SEQ D NGO 12 and an immunoyg
varigbie region (VL) comprisng LODRT of SEQ D NG 13, LCDRE of SEQ D
NO: 14, and LODRS of SEQ D NOU 15,
{ia h'e'ng;e ragion of SEQ D NGy 47

obulin light chain

{1y an mynunogbbulin constant region of SEQ D NO 134

{w) a Fo-bingding domiain inker of SEQ IDNG 1382, ang

vy a seoand binding domain that specificaily binds v CD3,

wherein the seoond binding domain comprises an mrnunogiobulin
heavy chaly varabls region (VH) compriging HEDRY of SEQ 0 NG 18
HOGRZ of SEQ D Ny 20, and HCDRE of BEQ I 8G 21 and an
nunegiobuty boht chain vadable region (VL) comprising LCDRT of SEQ D
MO E2, LODRZ of SEQ D NGO 23, andd LCDR3 of SEQ D NG 24 and
(b1 the buffer comprises o consiste of suceinale or 8 pharmacsutioally

aoceptable salt or acid thereof,
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T2 Acomposition comprising a fusion protein, about B ml sucoinagte, abat 85%

weightfvohleme {wiv) suorose and about D.OZ% wiv polysorbate BG, wherein

tha fusion gmtx“-;-ir oA dimer of bed ienticad pdlypeptitdes, whersln sach
polypsptide comprises, w order from amino-ferminus o carboaxyi-te

o("\i’“i

(Y & first binding domain that speaificalivbings o ©

whersiy the binding domsin comprises an immumgiahuién Freavy ohain
varkable region (VH) comprising HODRT of SEQ D NG 10, HCDRR of SEQ D
NG 11, and HODRZ of SEQ D N 12 and an immunogiobudin ight chain
variable region (WL} comprising LODRT of SEQ D NG 1R, LCDRZ of SEQ 1D
NQ: 14, and LOURS of SEQ D NGO 15,

{1 8 ngs regon of BEQ 1D NG 47,

(i) an immunogiebulinvconsiant region of SEQ I RO A

{iv} a Fo-binding domain lirker of SEQ 1D KRG 132, and

{vi s seond hinding domain that specifivaily binds o 03,

wherainy the seoond nding domain comprises an inwnunoginbulin
heavy chain varable region (VH) comprising HCDRT of SEQ 1 NO 18,
HODRZ of SEQ I NG 200 and HODRY of SEQ I MO 21 and an
nancgiobulin Hght char varable region (VL) comprising LCDRY of [EQ I
MO 28, LODRZ of SEQ D N 23, and LODRS of SEG 1 NG 24

& A composion comprising 8 fusion protein, abod & mid succinale, about 5.5%
walghtivolume fwfv) sucrose and sboud 8.02% wiv polysorbate 88,
whersint the fusion profein comprises or consists of 8EQ 10 NO: 31
wherely the compasihion wm:&r%sa&w about 2 mohr of the fuson protessy; and

wherein the sompasition hags g pHof aboat 4.3,

T4 A methad for tregling sn autoimmune disordsr in g suliact in need thereof,
omprising administering 1 the subject 8 thevapeutically effective amuourt of the

somposition of any one of claims 11138

& The

synalrarng,  nflam

miathod of claim 114, wherain the audoimmune disorder iz iriable bowst

matory bowel disease, psonasis, rheumalold arthntls, juvenils

rhaumstoid setheitls, psorigtic arthritls, systemie Jupus srythamatosus,  asthma,

multiple solerosis, dermatomyositis, polymyosilis, pernicious anasmiz, primary billa

11

£
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cirhosis, ascute dissersnated stcephabpmysllis (ADEML  Addisor's dissass,

ankyloshyy spondyiitis, antiphosphaiipel antibody &yndmmee {aPL), aulcinmme

'.'3

hepalils, disbelas maliius type 1, Goodpsstud’s syndroms, Graves disess

Guillain-Bamrs syndrome (GBS), Hashimolo's dissass, idiopathic ihmmbo;{:ym;'}snicz

purpueg, pemphigus valgans, Sidgren's syndrome, i@.mmrai arteritis, autoimmuns

hemolvtic anemia, bullous pempehigold, vascuiitis, oolian disease, endometriosis,

hidradenitie suppuralive,  inferstitial oystiis, morphes,  scleradsima,  narcoiepsy,

neuroryotonis, villligo, sutoimmune inner o8 diseass of

=
=
<
%
3
&
o
D
s
%
%3
573

A,

TE & msthod for frealing cancer it g subisdl i need thereol compnising
administering o the subject g therspautically effective amount of the composition of

cong of claims 1-113,

i
‘-4;

7. The method of olaint 118, wherain the cancer s seleciad from & cgrcinoma o

sarcoma.

T8 The methed of caim 118 wherein the cancer s sslectad rom a mslanoms,
Kidney cancer, pancreatis cancer, lung cancer, ndesling! cancer, prosiale cangsy,
brogst ocancer, Hvar oancer, Drain oancer, colon Sancer, Cvari genoer or 8

hamalnlogicst canosr

T8 Themethod of olain 118, whergin the hematclogical cancer 5 an acuie mysioid
inukarnia (AMLY, myslodysplastio syndrome (IMDS), hairy cell lsukemiz (HGL), blastio
plasmacyinid dendritic cell nooplasm, B-oslf aculs fyniphoblastic leukemia (ALLY, and
ghronic mysiod eukenidz (CML)Y

120, Use of the compaosition of ary one of daims 1-113 for freating sutoimmung

121 Use of the composition of any ang of claims 11138 n the manufacture of a

madicament fof regling an aulodmmune disorder,

13 for rasting cancer i a

“Z

182, Use of the composition of sny ane of clams 141

PGR2026-00039
Biocon Ex.1002
Page 4714 of 4945



W 2146328 POTARB0AIAIN

123, Use of the compogition of sny one of claims 1118 in the manufacture of a
medicament for reating canger,

124, A msthod of tealihg & cancer 1 8 subjedd comprising administering 3
camposiion comprising @ multispecific protein camprising a G238 binding domain
and 8 003 binding doman forthe subject by W infusion al adose of 0.8, 1,3, 8, 818,

18, 20, 24, 30, 36, 48, 80, 60, 78, or 100 1.

A mathod of resting & cangsr in 8 subjeet comprising adminisiering &
compogition of any one of olais 4248, 83100, and 108111 o a pallent by W
fusion atadoss of Q3 1, 8, 8, 812, 18, 20, 24, 30, 38, 48, 80, 54, ?5‘ or 100 Uy

128 The method of olaim 124 or 125 wherain the first doge of the composition is
admiistared o the patient by IV nfusion over a 20-24 howr pericd of fims,

g .

127, The methiod of olaim 128, wharsin g second dose of the compogition 18
administered 1o the patient by Winfusion over an § hour perind of ime, whereln the

sacond dose 18 the same as the first doss

128 The mathod of daim 127, whersin g third dose of the oomposition &
administered {0 the patiard by & infusion over 8 & hour perind of time, wherein the

third dogeis the sgme as the first and the sscond doss,

128 The method of any one of caiims 124-128, wiersin the fouwth dosg and
subsequent doses &f the composition sre adminisiersd 1o the patient by IV infusion

ovar aboid 8 210 sbad & 4 howr poerind of times.

T30 The mathad of any e of ceims 1344125, whargn the composition is

admirsterad o the patient by continuous IV infusion up o 7€ hours,

131, The method of gny one of cleime 1244130 wherein the composition s

administered on days 1, 8§ 18, and 32,
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R I

132, The method of olaim 131, whersin € ug s administeved on day 1, & ug is

goministered onday § 13 ug s adminsleradon day 195 and 18 ug ks administored on
day 22,

1320 The method of olaim 131, whersln § wg is admiinistered on day 1 @ ug is
12 &

adiinislersd onday 8, 12 w9 s administered onday 15, and 18 gy s administere

day &8

134 The method of olaim 131, wheran B ;;g s administersd o0 dav 1, B ug
administerad o day 8, 9 pg is administerad on day 15 and @ By b administerad on

day 22.

)
s

. The methed of daim 131, wharsin Y yg s administered on dey 1. 12 wg

k&7

admitistared onday § 18 ug s adiminislersd on day 15, and 19 ug s adminisisrsd on
day 22,

138 The meihod of daim ?33; wharein 12 ;1;: B administered on day 1, 18 pg &
adminizterad on day 8, 18 ug s administered onday 156 and 18 ug s administered on
day J2

The method of any one of caims 134130, wherain the composition s
gdministersd o a patient by IV according 1o the follovingy wgekly trealiment schedude:
Week 1 dosage B ug;

Week 2 dosage 8wy

Week B dosage 12 uy, agd

Week 4 dosags and subssguent wesk dosages: 12wy

138, The method of any ong of olaime 1249130, whereln the compostiion &
administered o a patient by IV acoording o the folitwing weekly treatment scheduls:
Week 1 dosages: 8 ug;

Waell 2 dosage 8wy

Week 3 dosage 12 pgr and

Week 4 dosags and subsequart wael dosages 18 4g,

EREA
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138 The mathod of any one of olgims 124130, whersih the compostiion is

administered (¢ g patient by IV according to the Tollowing weeldy reatment scheduls:

Week 4 dosage and subseguent weaeh-dosages: 18 ug.

148 The method of any one of claims 134130, wherein the composition &
administerad (0 g patient by IV acoording o the following waskly restment schaduls!
Week 1 dosage 8 ug

Week 3 okeagsr 12 ug;

Woek Jdosage: 18 ug and

Wesk 4 dosage and subsequent week dosages. 24 ug.

\.-\«

141 The mathad of any ong of claims 124130, wheran the composition i
adminisierad 10 & patient by M accarding 1o the following weekly reatment schedule
Weak 1 aasaaa 8
Week 2 dusage: 12 ;zg;
Yosk 3

da
Week 4 dosags and su@sma&m wesk dosages: 38 ug

42 The method of any one of clagims 1244130, whersin the composttion is
administered o g patient by IV scoording to the Tollowing weskly freatmant scheduls
Wasalk 1 dosage: 8wy

Week 2 gosage: 18 ug

Wisek § dosage: 18 ug and

Wesk 4 dosage and subssguernt wask dosages, 48 ug.

143, The maethad of any of claims 134430, wharein the composition 8

pvd
o]
o3
&

3

administerest to @ patient by IV accordting to the following weekly restment scheduls:
Yeal 4
Waak 2

Week 3 dosage: 18 pg; and

“z

dosager § uy

b

3

dosage 12 ug;

Week 4 dosage and subseguent week dosages: B0 g

-
e
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144, The mathod of any one of olgims 124130, whersih the compostiion is

administered (¢ g patient by IV according to the Tollowing weeldy reatment scheduls:

$

145 The methoed of any one of claims 124130, wheran the oomposition &
adminisisred 1 a patient by IV sccwding © the following weekly reatment scheduds:
Week 1 dosage § g and

B

Week Z and subseguent wesk dosages: 12 ug.

8. The meihod of any one of clgims 124130, whemin the compostion is

administered (o g patient by IV according ¢ the following weekdy reatment schadule:

Week 1 dosage: 12 uy and

Waek & and subsequent week dosages) 18 ug.

147, The method of any one of claims 124930, wherein the composition is

adminisiered t© a pstient during a first 28-day oycle; wherein § ug of the mullispeciic

protein i adrministersd on day 1, 8wy of the multispecific protein & administsred on
3

day 2 18 pg of the mullispecific profein & administersd on day 3, 18 wo

)

%

«“

tha
muiiepecific protein is sdministersd on day 4, 18 pg of the mullispeaific profein is
administered on day 8 18 g of the mulispeciiic proteln is adminstersd anvagy 11
38 gg of the mullispeaific protein & administered on day 15, and 38 ug of the

muitispacific protein s administerad on day 22 of the first 28-dey cvde.

148 The method of cialm 147, whersin the meathad firther comprises aodministering
fhe mudispecific proten o the petient during st least ons addiional 28-day cvale,
whareln 38 pg of the mullispesifio protein s sdministersd on each of days 1, 8, 15,
and 22 of the af lsast one additionst 22-day ayale.

& r\

4% The method of any ong of claims 1234130, wherein the composition

administerad (o a patiert during a fiest 28-day oyole, whersin & pg of the multispeaific

protein i administersd on day 1, 12 wg of the muitispeaific protein s adminsiersd on
day 2, 18 wg of e multispecdic protein 5 adminislersd on day 3, 24 ug of the

muilisgecific protein is administerad on day 4, 24 pg of the mullispecific proteit is

PGR2026-00039
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-

administered on day 8, 84 py of the mullispecific proteln s administerad an day 11,
48 g of the multispecific protein & administered on day 15, and 48 ug of the

muitispecific protain s sdministersd on dgy 22 of the frst 38-day cvdls.

10, The method of claim 148, where the method further comprizes administaring
the mulispeaific proten o the patient dwéng at least one additional 28-day cyle,
wheraln 48 pg of the muilispecific prolety s sdministersd on each of days 1, 8, 15,

and 22 of the af least one addiional 28-day qyale.

151 The methad of any one of daims 13430, whargin the composiion s
administeved (o a patisrd during a first 28-day odle, whersin 8 pg of the mullispegific
profain s sdministered an day 1, 12 g of the muispeaific protein i administersd on
day 2, 24 ug of ihe mudtiepeoific protain & admmnisterad o day 2, 3B pg of the
musitispaci§ic prtain is adminisiorad on day €, 38 ug of the mullispecific protain is
adrministered on day 8, 35 ug of the multispaciic protein s administersd on day 11,

80 pg of the mudlispecific proteiny & administersd on day 18 and 80 wg of the

miuitispeciic proteln s administered on day 228 of the first 28-day oycle

182, The meathod of claim 151, wherein the method further comprises adménégiering
the multispecific prolein o the patient dring at least one additional 28-day oyole,
whersin 80 yg of the mullispecific protein s administerssd on sach of days 1, 8,18
and 28 of the at least one adoitional 38-day oycle

153 The method of any one of olglms 1244130, wherein the cupostiion is
asdministered (¢ 8 patient during & first 28 day oyde, whsrein 8 wg of the mullispeaific
protein s admimstarad onday 1, 12 ug of he multispedific protein s stministered on
day & 24 pg of the mullispeaific profeln & aaministered o day 3, 88wy of the
muitispectdic protein s administered on day 4, 48 g of the multispeotfic rolein is
admiristerad on day 8, 48 pg of the mullispeaifio protain i@ administersd on day 11,
100 pgof the mullispedfic protein i soministered on day 15, and 100 g of the
muilispecific protain s aciministered on day 92 of the Srst 28-day cyde.

154, The msthod of claim 1583, whersin the methoed frther comprises adminisiening

the multspecific protein 10 e patient during 8t least one addiienal 28-day oydls,
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wharsin 100 wg of the muitispectiic protein is sdministered on each of days 1, 8, 15,

gyl 28 of the ot laast one adoions] 28«day oyols.

55 The method of any one of olgims 124130, wherein the compostiion is
gaministerad 10 & patient by i anud the dosage 8 noveased aachy week Tor the first

188, The method of any one of olaims 134130, wharein the patient is adiministered

the compusition onag, twice, ttyee, or fowr Ymes each week.

187, The methad of any ang of daims 124188, wheran the composiion s
administerad 1o the patient with acule myeloid lsukemia (AMLY or myvelndysplastic

syrdroms (MDS)

130

PGR2026-00039
Biocon Ex.1002
Page 4720 of 4945



POTARB0AIAIN

W 2146328 44
P

Anti-CD3

Anti-Tumor
Binding Domain

FiG.18B

Arti-CD3

FIG. 1A

PGR2026-00039
Biocon Ex.1002
Page 4721 of 4945



3
pas

W 2146328 POTARB0AIAIN

Fiz. 2

PGR2026-00039
Biocon Ex.1002
Page 4722 of 4945



94

ALY

WS

e

3
e
ol

W

ae "8id

gt "9id

ol @iy

Cwossron i

£ WA

LB 0D

Bl i

R ROy

sizgessd ey

o

S Sttt

e
aiot

o~
vl
-

53
-
E
g
8
£

J% "B

YL Ol

PGR2026-00039

Biocon Ex.1002
Page 4723 of 4945



94

7 A {wad fuRe Rl
ok YHITEEE 30 BEIEE 1504 1S0g  SS0pmg
= p i o : P Z 5 sy
3 H .
P “ , 7 i
s | , fhe o LOBEL
av "oid 2 e 3 D
bt { % f
: LO0L e : FOUUE e
i o LY ﬂm
3
-5} W wovy P
- OB
\\\. =
~08% WY
{pafidl v gy Epudidh Aopg
g
e,
o .
fa vy Bawgll (vt Pmwesd
THNGRE  WNE ¥ PN GuiaN M g 250RRLY
P ] ...l\?.w\...: YRS e YRS 44
“ o p Yooy
4 : 4
prE £ i Wy &
‘i “ R i ; =
- o0 M.Hw M. QB0 M\\‘.w
av "oid M_ 2 YPold
7 1 s 3
£ ! sk L
3 . P
e sons 4
3 3
% w~ =
& * 087 wagz
% @
-4
= Kot DS
#3 :
& sl g1y Bl
i
Bl

W

Biocon Ex.1002

PGR2026-00039
Page 4724 of 4945



INTERNATIONAL SEARCH REPORY

oo T vy f Badhy mestiona? wly

nte prpdnniased it e raauakag

3 Ay ; L ofhar ihan weniiwn do Tatine to e sxdont Mhat sintt o

Elrateoriy dids bues vrasiding dis gl sedsoh e of dadn buas e whine peactianbie; seanst ek e
EFd-Internal, BIG WL Bata
O ODRCURENTS CONSIDEREDR TO 8E RELEVANTY
Radbgany® ficy oF Pavuspisnd, Wik incinabion, whios apprgsiate, of the R
AL S n -~ &l e 47
% KAGH ALY “Charscterization 1-4%
2 Antibed B 4586,
R a1
fnal 78,187

o

f e

“fan

Frahes SOl Ve Hated Inthe wontiheitha of Bex £,

obng ooty

Spedat anle

G

SN ity o
e
T mf

crntrwsss yoniiahied after e
d el i wontlist with e s

3 asd 0t ety
i bt ited da Gedaraiing
avvention

SR gaaumant sty the 2 ashn ol e et whinh ot aduaitesd
1 e &F parfisoiar relavanos

VET aavite saptoaton ovgniant bt published on S aley the inferastionsd

i o ey ikt ¥

Y Snaurtent of pretinnd R g 3 Hon sanns be
B ORISR

et oviehi

N o PSRy b
SAENON

 Sade of anotiver

o sanrl e
B
sieoh woenbsinaticn

YO chumepnt aederdny 10 an ored dheslesurs; e axibiton or wihar

b pator to the ndaemadionad Slng e otialerihah - ) ;
e s N8O dnourment roerber ot the wwsie piRter

HETENC A ol s

Suthaskaad alfiosy

Cilenask, Joran

PGR2026-00039
Biocon Ex.1002
Page 4725 of 4945



INTERNATIONAL SEARCH REPORY

Intengtians appiic

ST/ SRS

M
1/813e04

Sflontinuation)  GOCLUMENTS SORBDRERTD TO S8 RELSVAMT

ateusssy™

LR oF ok 3 R gRtion; Wik appsatiate; of e raievant

X

s
hsd

?%aure 1w¢ exaﬁr
lﬁ?QL,BQASi

‘*is dust in %

ﬁwv&\ »-fzwnﬁ;23 x n
Hojecule, I Belap am% Y
: 3%3»m&“ha$ﬂ?%

*?gb 18- G?? B

Fpe
NS
!asﬁ ERRE fvebprs
_ &.“ htﬂ

ooy BUE1-04~13]

. RET &Lr “Group Nuwber
i si Fa?eraui ARVOARE, & ?1%SNL1%\»
anti«{0123 x anti-L0% ADAPTIRITM] Mo
Ffor Redirscted Tecall Lytot G\zczte wwt
Limited Cytokine Relsmass, 15 wWall
Tolsrated in Repest Doss Toxicology
Ftudiss in Dvnomolgus Macsgues™,

18 {E019-04-81), page
2.

"’(

baad

1 fpril 88
Yvu&*”EJQQ
vad Trom the Intsrnel:

ERL, rtipss/faptavotherapeutics. gos~web com
Setatic~Tiles /0547 daBl-d088-43 84«23 efi=bida
dlafehas
fratrisved an 288
the whols document

»

1-84~13]
N

Anonvmous:  “Pre
Flotetuzamab Wel

Eﬁ Qa? psed fRefras
Hnica ? News¥,

Wi 2@33;\
Z@ Mawr@n
gxampis 2

PGR2026-00039
Biocon Ex.1002
Page 4726 of 4945



INTERNATIONAL SEARCH REPORY

Internsiions) appiiesting Ma

PET/US2QIT/813eM

Sflontinuation)  GOCLUMENTS SORBDRERTD TO S8 RELSVAMT

ateusssy™

LR oF ok 30, WD BERANOR; MRS A0

5,0 e raigvanit

Fietent dn wlain Mo,

YURNK LE BABLE BT alv  “Physicochesicad
1Hi aolional Antibodiast &

IRRMACEUTICAL SCTENCES,

3,
¥ 2620 {2098-61-81), pages
l6an 50, xPasssaTTEs,

03
1SSH: QER2-3549, BOL:
19,1818/ xphs 2019, 08,069

the whols document

i~157

PGR2026-00039
Biocon Ex.1002
Page 4727 of 4945



INTERNATIONAL SEARCH REPORY

FHOVRARON B FRiR Sl e

Idernational pplicgtion M2

‘K" Pd
OOT S
}'C:;"

Patant far

WO SR180ETRE2 Al 28-83-2018

030620

P 1°01333ﬁ53§ ﬁz
UG 2018071513 Al 07-03~
‘ Bl 2223

£9 Q32018

1
W0

us :

0 2ﬁ1"&a@ 1 a1

PGR2026-00039
Biocon Ex.1002
Page 4728 of 4945



13 CAL STRLICRTION PHRLY
{19% World Huietiociiat Froperty
$¥rgnaieating
Internatinnal Buswu

{$3) Bdernationsd Pubbivatiis Date pranitig

20 May 1021 (200828210 WSROI EQ

HERR

3 Inteornational Pablitstion Nwuaber

WO 24508 Al

813 §m<~\*n‘emas}a¥ Paisnt Claesit s»sstmn'

23} Yuternutional Appieation Nuothews
FOTRRIGNGE

{33} Imturnatimad |
Ngvammber 200 3 2008)

353 Ping Langee:

hay Pubiivstion Langpagn

30y Priovivy i?»ia
i P35 Novgmbeor 3813

F23 hesemta AL -'%-i%*‘. CBINGER, Swives
Seesn Mesnala »m- e

{0

sohersinaee

$3603

A1l

s

a8

5

i
s

494

7

sy wnder Bnke 430

{843 Tither PRIVY
BT At

A

Aol s canpositiong s plaraienien]

W {} 2421

PGR2026-00039
Biocon Ex.1002
Page 4729 of 4945



R 201808

U

1%

%3
[V

R LR

FREVEXRTION OF VISIBLE PARTICLE FORMATION IN AGQUEOUS
PROTEIN SQLUTIONS
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Surfastants are ongdiad r;f..\:v:-%;’}.iez';its i protein formadattons as they peotect the labily

1. Proteing, sach

. inchoding ong of the mvset cowy

pobvsorbate 20 (BS20), but also podysorbae 88, polosamer 13

K{Jﬁ%;}}!{)ﬁ ohutol® HR 13 {paly-oxvethylene ester of I2-hydrorysisaic acidy?
E‘wiroi}u degrndation. Iy particelar, the later vields free tay acids

vadation products, which can procipiate in solotion and sub

P

sibie and visible particles.” Undee vonditions typivally found in
biopharmacadical formudations, FREA can ‘f.:iﬁai;‘}éizsate even below their solubnlity

Imitdependent on temperature bot the

wrulsvstood sven for wedlcharacterize

vodverment of nucleation faciors.

There v thus ameed to provide efficient solutions ¢ e formanon of

& particlosdn agusons proteln solution, repec & 15N S10n

WIS

prexent invention proviges nuthgation options fiw FYA particle fornatis

fubility Hmit by selsction and treatment of prismary packagh

sty ing

~
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Example 41 Influenee of washing and sterifization proceduves on nucleation of

particles as & result of polysorbate degradution

forher exvipisnts {ogative oo T3 L300 puyekl pobvsirbate 20 (8820 by

N oy ER

(30wl PR2G with additicnally s;ai.,.\x PAN: woen Baal AT concentigtion

af 250 prbr {positive control, POYL Beforehand, the 04 mgimi P20 was degraded

Cwith £ Antarcties-coopled beads as deacribed previousiy B Vials were

stored upright at 390, 35907 60% R, sad $0°0 7

whive aad {\L’ﬁ?}"(}{*“"ﬁ-‘zsﬂ i

Yials were washe! with water fow igestivn (WFE at 700 Gwater and mir prossurs |

bar, fnal alr prossurs 2.5 bary ust

washing maching (Bausch &

Stroehel, Germany). Subseque mix* vialswers plaged b staindess siead bosesand

drind for 96 b under buninge iy Row,

Vighs wers further processed socarding 1o sither best or wawst ¢s

conditions 38 specifiad in Table 5. Tepyrogonatives of all vials w

for tmvel (Rausch & Strocbel, Geemany). The process
presence of restnal woisture, heating 2one tomperatars,
storilization tenipersiure, rasidence time tr the toel and conrveyer balt speed.
Vials processed avcrrding to the worst sase comditions were Hlled with 281 gl of
WHT prior o deperopenstion o simalate the pr
addition, the conveyor belt was stoppad after the vials had entersd the st s

zone for prodonged restdence e in the

31 ‘t’m ZONE WES GG

rest ase conditiond (1348 s totall contpared to 3 min

b, sl 3.5 muig, respectively, for the worst case conditions (9065 min wodal}
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Table 3, Peyp

Best nase N pESE -

) . {rin, S5 {min. 5%
IR

Waorst case a8 e 289

{may, 3

were rofated and nspected through 2

* woharne normatized o sucfios sresaf Jee viaig

with 80 pl residual moisture as default,
80 ul f surfacs areaaf Jeo vial

fA.-""

Newmshized volume = surface \3":.:'* with B

R ECF VNS NS S
i snad dasoaciiogs

Particley were demtitied by visual nspestion

according o Pho Bar 2926 and & Seidenader V90T instrument (Soideasder

Maachinenban GebH, Markt Schevabion, Gvomany) Th

- 23

wed visnal ivspection i tis study. For enbanced visaal nspection, sanples

~dag
PA I

ware Hluminated from behind as wall s from the battom and the 10‘;. Contadners

sanpdes we spected aftor aHowing GREIBAFS 10 S A {0 TODN
siples were inspected afterallowing the contaipers 1o syailibrate o room

temperatute Tor 3 b The nunber of particlss 88 mean of

Particle Fornatinn was obssey

<

o for wrst case storthizsd swoaples afler slorags st
2370 and 40°C starting from 2 monthson whee analveed be enhanced visad
mspeotion {Table 6AY. For best case sanples, poticle fonmaton starts at a0 aftey

dler extent, Shven that panicle formation iy a stochastic

event, trands from analysis by B9 box (Table 6B fullow the rexults front enhanexd

o

ee Parficle Formation stavted For the 30°C

eval, no pasticle formation was

&

ofaervad at 890 worage up o 3 months for none of the viseal inspaction methods

and samples fested, ”'«Mzat\ controls have beey confirmyed for aduencs of particles

sfirneed for presence of particles using both

ratures, and thme points of analy

drtlization procedures hat s many

hate degradation.
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Electronic Acknowledgement Receipt

EFS ID: 44429811
Application Number: 17384070
International Application Number:
Confirmation Number: 1061

Title of Invention:

High Concentration VEGF Receptor Fusion Protein Containing Formulations

First Named Inventor/Applicant Name:

Kenneth S. Graham

Customer Number:

147803

Filer:

Lance A. Termes/Brandi Henley

Filer Authorized By:

Lance A. Termes

Attorney Docket Number: 125984-266215
Receipt Date: 03-DEC-2021
Filing Date: 23-JUL-2021
Time Stamp: 13:48:03

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ttes)/ Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
87215
1 Transmittal Letter 10430US02_| Dde—TransmittaI. no 3
p e75f30954451524€3622722e8ab28595980)
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no

Warnings:
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This is not an USPTO supplied IDS fillable form
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19d726df9231959e73795c64cfa20af6b075

no
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Warnings:
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3198858
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pdf

1638442
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Total Files Size (in bytes)4 62237046

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT
Attorney Docket No.: 125984-266215 /
10430US02

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: 1061
Kenneth S. Graham, et al. Examiner: Not Yet Assigned

Application No.: 17/384,070 Art Unit: Not Yet Assigned

Filed: Jul-23-2021 INFORMATION DISCLOSURE

STATEMENT UNDER 37 CFR §1.97 and
For:  HIGH CONCENTRATION VEGF | §1.98

RECEPTOR FUSION PROTEIN
CONTAINING FORMULATIONS

Customer No.: 147803 Date of Transmission: December 3, 2021

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

The references cited on the attached IDS are being called to the attention of the
Examiner. Copies of cite Nos. 396-401 are submitted herewith in compliance with the
requirements of 37 CFR §1.98(a)(2). Copies of all other citations required to be submitted
pursuant to 37 CFR §1.98(a)(2) were previously submitted to, or cited by, the Office in U.S.
Application No. 16/409,631, filed May 10, 2019, which is relied on for an earlier effective filing
date under 35 USC §120. Pursuant to 37 CFR §1.98(d)(1) and 37 CFR §1.98(d)(2), copies of

these previously cited references are not being submitted.
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Application No.: 17/384,070
Page 2

PATENT

It is respectfully requested that the cited references be expressly considered
during the prosecution of this application, and the references be made of record therein and
appear among the “references cited” on any patent to issue therefrom.

The cited references may include office actions from related cases. The Examiner
is encouraged to review the full prosecution history from related cases. Applicant understands
that the prosecution history can be viewed electronically on PALM. Nevertheless, if the
Examiner wishes Applicant to provide copies of any documents from related applications to the
extent not already provided, he or she is requested to contact the undersigned.

Applicant cites the following applications, which are directed to related subject

matter and are commonly owned or under an assignment obligation to be commonly owned:

125984-248591 | 62/669,506 05-10-2018 | N/A Expired
125984-248592 | 62/752,127 10-29-2018 | N/A Expired
125984-248593 | 62/769,876 11-20-2018 | N/A Expired
125984-248594 | 62/813,882 03-05-2019 | N/A Expired
125984-248595 | 16/409,631 05-10-2019 | US 11,103,552 Issued
125984-248596 | PCT/US2019/031879 | 05-10-2019 | WO 2019/217927 | Published

As provided for by 37 CFR §1.97(g) and (h), no inference should be made that the
information and references cited are prior art merely because they are in this statement and no
representation is being made that a search has been conducted or that this statement encompasses

all the possible relevant information.
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Application No.: 17/384,070 PATENT
Page 3

Applicant believes that no fee is required for submission of this statement.

However, if a fee is required in connection with this paper, the Commissioner is authorized to

deduct such fee from the undersigned’s Deposit Account No. 500393.

Respectfully submitted,
/Lance A. Termes/

Lance A. Termes
Reg. No. 43184

Schwabe Williamson & Wyatt, PC
1211 SW 5™ Avenue, Suite 1900
Portland, OR 97204

Tel: 503-222-9981
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/384,070 07/23/2021 Kenneth S. Graham 125984-266215
CONFIRMATION NO. 1061
147803 PUBLICATION NOTICE

Schwabe W&W, PC / Regeneron Pharmaceuticals, Inc.

PacWest Center L A
0 2989

1211 SW Fifth Avenue, Suite 1900 00000
Portland, OR 97204

375

Title:High Concentration VEGF Receptor Fusion Protein Containing Formulations

Publication No.US-2021-0353714-A1
Publication Date:11/18/2021

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 17/384,070
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.16(a), (b}, or (0)) N/A N/A N/A N/A 320
SEARCH FEE
(37 GFR 1.16(K). ), or () N/A N/A N/A N/A 700
EXAMINATION FEE
(37 GFR 1.16(0), (5}, or (a) N/A N/A N/A N/A 800
TOTAL CLAIMS .
(37 CFR 1.16()) 18 minus 20= OR [x 100 - 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 480 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 1820
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
s (37 CF(:H 16(i)) Minus OR |x
) Independent * Minus | ** =
5 (37 CFR 1.16(h) OR |x
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus = -
= (37 CF?H.IB(H) OR |«x -
% Independent * Minus | *** = _ OR M _
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.

PGR2026-00039
Biocon Ex.1002
Page 4789 of 4945




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/384,070 07/23/2021 1820 125984-266215 18 1
CONFIRMATION NO. 1061
147803 FILING RECEIPT

bacWou: Gonior | caeneron Pharmaceutioals,fnc. A A

1211 SW Fifth Avenue, Suite 1900
Portland, OR 97204

Date Mailed: 08/10/2021

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Kenneth S. Graham, Pleasant Valley, NY;
Saurabh WADHWA, Nanuet, NY;

Applicant(s)
Regeneron Pharmaceuticals, Inc., Tarrytown, NY;;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 16/409,631 05/10/2019
which claims benefit of 62/669,506 05/10/2018
and claims benefit of 62/752,127 10/29/2018
and claims benefit of 62/769,876 11/20/2018
and claims benefit of 62/813,882 03/05/2019

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 08/09/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/384,070

Projected Publication Date: 11/18/2021

Non-Publication Request: No

Early Publication Request: No

Title

High Concentration VEGF Receptor Fusion Protein Containing Formulations

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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T hereby certify that this correspondence is being filed via PATENT
EFS-Web with the United States Patent and Trademark Office 3
on July 23. 2021, Attorney Docket No.: 125984-266215

SCHWABE, WILLIAMSON & WYATT PC

By: /Lance A. Termes/
Lance A. Termes

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No. Unassigned
Kenneth S. Graham et al. Examiner: Unassigned
Application No.: Unassigned Art Unit: Unassigned

Filed: Herewith

For: HIGH CONCENTRATION VEGF | PRELIMINARY AMENDMENT
RECEPTOR FUSION PROTEIN
CONTAINING FORMULATIONS

Customer No.: 147803

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:
Prior to examination of the above-identified application, please enter the

following amendments and remarks:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this
paper.

Remarks/Arguments begin on page 5 of this paper.

Page 1 of 5
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Appl. No. Unassigned PATENT
Prelim. Amdt. dated July 23, 2021

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings of claims in the application:

Listing of Claims:

1-29. (Canceled)

30. (Currently Amended) A method for treating an angiogenic eye disorder in a
human patientsubjeet in need thereof comprising administering an intravitrealintraoeutar
injection of at leastmere-than about 8[[2]] mg of a VEGF receptor fusion protein_comprising two

polypeptides that comprise an immunoglobulin-like (Ig) domain 2 of VEGFRI1, an Ig domain 3

of a VEGFR2, and a multimerizing component, to the eye of the patientsubjeet.

31. (Currently Amended) The method of claim 30 wherein, following said

intravitreal injection, the patient maintains or achieves a reduction in central retinal thickness but

does not experience a significant increase in blood pressurecemprising-administering-about4

32. (Currently Amended) The[[A]] method of claim 30 wherein, following said

intravitreal injection, the patient maintains or achieves an improvement in best corrected visual

acuity but does not experience a significant increase in blood pressurefer-treating-an-angtogentie

33-34. (Canceled)

35.  (Currently Amended) The method of claim 30any-ene-ef-elaims30-34,

wherein the angiogenic eye disorder is age-related macular degeneration (wet), macular edema,
macular edema following retinal vein occlusion, retinal vein occlusion (RVO), central retinal

vein occlusion (CRVO) branch retinal vein occlusion (BRVO), diabetic macular edema (DME),

Page 2 of 5
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Appl. No. Unassigned PATENT
Prelim. Amdt. dated July 23, 2021

choroidal neovascularization (CNV), iris neovascularization, neovascular glaucoma, post-
surgical fibrosis in glaucoma, proliferative vitreoretinopathy (PVR), optic disc
neovascularization, corneal neovascularization, retinal neovascularization, vitreal
neovascularization, pannus, pterygium, vascular retinopathy, diabetic retinopathy, non-

proliferative diabetic retinopathy and/or proliferative diabetic retinopathy.
36-38. (Canceled)

39. (New) The method of claim 35 wherein the angiogenic eye disorder is wet

age-related macular degeneration.

40. (New) The method of claim 35 wherein the angiogenic eye disorder is

diabetic macular edema.

41. (New) The method of claim 35 wherein the angiogenic eye disorder is

diabetic retinopathy.

42. (New) The method of claim 35 wherein the angiogenic eye disorder is non-

proliferative diabetic retinopathy.

43, (New) The method of claim 35 wherein the angiogenic eye disorder is

proliferative diabetic retinopathy.

44.  (New) The method of claim 35 wherein the angiogenic eye disorder is

macular edema following retinal vein occlusion.
45.  (New) The method of claim 30 wherein the VEGF antagonist is aflibercept.
46.  (New) The method of claim 35 wherein the VEGF antagonist is aflibercept.
47.  (New) The method of claim 39 wherein the VEGF antagonist is aflibercept.

48.  (New) The method of claim 40 wherein the VEGF antagonist is aflibercept.
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Appl. No. Unassigned PATENT
Prelim. Amdt. dated July 23, 2021

49.  (New) The method of claim 41 wherein the VEGF antagonist is aflibercept.
50.  (New) The method of claim 42 wherein the VEGF antagonist is aflibercept.
51. (New) The method of claim 43 wherein the VEGF antagonist is aflibercept.

52. (New) The method of claim 44 wherein the VEGF antagonist is aflibercept.
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Appl. No. Unassigned PATENT
Prelim. Amdt. dated July 23, 2021

REMARKS/ARGUMENTS

Upon entry of the present amendment, claims 30-32, 35 and 39-52 will be
pending in the application. Original claims 1-29, 33, 34 and 36-38 are hereby canceled without
prejudice. Claims 30-32 and 35 are hereby amended, and new claims 39-52 are added.

Support for the amendments and new claims can be found in the specification and
original claims at, e.g., the following locations:

Claim 30 — original claims 33 and 34, and paragraphs 0019, 0066 and 0208;

Claims 31 and 32 — paragraphs 0068 and 0207,

Claims 39 to 44 — original claim 35; and

Claims 45 to 52 — paragraph 0019.

Claim 35 is amended to remove multiple dependencies. No new matter is added.

If the Examiner believes a telephone conference would expedite prosecution of

this application, please telephone the undersigned at 541-749-4085.
Respectfully submitted,
/Lance A. Termes/

Lance A. Termes
Reg. No. 43,184

Customer No. 147803

Schwabe, Williamson & Wyatt PC
PacWest Center

1211 SW Fifth Avenue, Ste. 1900
Portland, OR 97204

Tel: Bend Office (541) 749-4044
Fax: Portland Office (503) 796-2900

LAT

PDX\125984\266215\LAT\31360735.1
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HIGH CONCENTRATION VEGF RECEPTOR FUSION PROTEIN CONTAINING
FORMULATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application is a continuation of U.S. Application No. 16/409,631, filed May
10, 2019, which claims the benefit of U.S. Provisional Patent Application No. 62/813,882, filed
March 5, 2019; U.S. Provisional Patent Application No. 62/769,876, filed November 20, 2018;
U.S. Provisional Patent Application No. 62/752,127, filed October 29, 2018; and U.S.
Provisional Patent Application No. 62/669,506, filed May 10, 2018; each of which is herein

incorporated by reference in its entirety.

TECHNICAL FIELD

[002] Embodiments herein relate generally to high concentration VEGF receptor fusion
protein containing formulations suitable for ocular administration. More particularly,
embodiments herein provide liquid pharmaceutical formulations for intravitreal administration,
where the formulations include more than 40 mg/ml VEGF receptor fusion protein, and show

pharmaceutically acceptable potency, stability, viscosity and pH.

SEQUENCE LISTING

[003] An official copy of the sequence listing is submitted concurrently with the
specification electronically via EFS-Web as an ASCII formatted sequence listing with a file
name of “10430US02-Sequence.txt”, a creation date of July 23, 2021, and a size of 6,385 bytes.
The sequence listing contained in this ASCII formatted document is part of the specification and

is herein incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[004] The development of a therapeutically useful liquid formulation requires a
combination of ingredients, at differing amounts, to provide a functional and stable delivery
vehicle for a drug of interest. This is particularly true where the drug is a protein, and
furthermore, an antibody. Antibody formulations have long presented challenges to drug
developers and manufacturers, as antibody activity and administration typically require a

pharmaceutically acceptable potency, osmolality, protein stability, viscosity, and proper pH.
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These challenges are exacerbated when the antibody is at higher concentrations in the
formulation, for example, beyond 20 to 40 mg/ml, the concentration of most pharmaceutically
sold antibodies.

[005] Higher concentration antibody formulations allow for shorter injection times,
smaller injection volumes, lower frequency of antibody administration, and more efficient
manufacturing and storage utility. However, as noted above, the higher the antibody or protein
concentration, the more difficult it is to maintain the proper activity and delivery parameters for
the formulation. In particular, high concentration antibody and protein formulations often
contend with increased protein aggregation and viscosity, which results in lower overall antibody
or protein potency, and lower manufacturing and poorer storage stability. Because of the issues
related to high concentration protein or antibody formulations, few such pharmaceutically
acceptable formulations have been developed. There is a need in the art for preparing high
concentration, high stability, antibody and protein formulations that include the proper potency,
stability, viscosity, osmolality and pH.

[006] One such protein in need of high concentration formulations is the vascular
endothelial growth factor (VEGF) receptor fusion protein. VEGF receptor fusion proteins are
used to block VEGF function in a number of ophthalmic formulations, for example, EYLEA®
(Regeneron Pharmaceuticals, Inc.). High concentration VEGF receptor fusion protein containing
formulations could allow for shorter ocular injection times, smaller injection volumes, fewer
possible injections per administration cycle, and more efficient manufacturing and storage.

[007] The present invention is directed toward overcoming one or more of the problems

discussed above.

SUMMARY OF THE INVENTION

[008] Various embodiments described herein encompass high concentration protein
containing formulations (e.g., which are suitable for intravitreal administration), and in
particular, high concentration vascular endothelial growth factor (VEGF) receptor fusion protein
containing formulations. High concentration VEGF receptor fusion protein containing
formulations provide a number of therapeutic and economic benefits, including,
pharmaceutically acceptable potency, long term manufacturing and storage stability, and a

viscosity and pH compatible with ocular injection. High concentration VEGF receptor fusion
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protein containing formulations also allow for reduced ocular administration volumes, a benefit
for avoiding undesired effects on the limited volume of the eye.

[009] Embodiments herein provide formulations having a VEGF receptor fusion
protein, a buffer, a thermal stabilizer, a viscosity reducing agent, and a surfactant. In other
embodiments, the formulations do not include a viscosity reducing agent. Formulations of the
present invention have a pH and viscosity suitable for injection, and in particular, for therapeutic
ocular injection.

[0010] In an embodiment of the invention, a pharmaceutical formulation of the present
invention is provided having a VEGF receptor fusion protein at a concentration of at least 41
mg/ml or a concentration that contains a single dose of VEGF receptor fusion protein (which is
discussed herein) in less than about 100 pl, less than about 50 ul, about 50 ul, about 57 ul, about
60 pl, about 70 ul, or about 75 ul, a buffer, optionally a thermal stabilizer and/or a viscosity
reducing agent, and a surfactant, where the formulation has a pH of from about 5.0 to about 6.8
(e.g.,5.8).

[0011] In an embodiment of the invention, the VEGF receptor fusion protein
concentration is about 30 mg/ml, 60 mg/ml, 114 mg/ml, 120 mg/ml or 140 mg/ml.

[0012] In an embodiment of the invention, the surfactant can be a non-ionic surfactant
(e.g., about 0.02% to about 0.1%; or about 0.03% (w/v)). In an embodiment of the invention, the
surfactant is a non-ionic surfactant having a polyoxyethylene moiety, for example, polysorbate
20 (PS20), polysorbate 80 (PS80), poloxamer 188, polyethylene glycol 3350 or mixtures thereof.
[0013] In an embodiment of the invention, the buffer is a histidine-based buffer (e.g., 10
mM or 20 mM), such as histidine, histidine HCI or histidine acetate; a phosphate-based buffer,
such as sodium phosphate (e.g., 10 mM); an acetate-based buffer, such as sodium acetate and
acetic acid, or a citrate-based buffer, such as sodium citrate or citric acid. In an embodiment of
the invention, if the buffer is phosphate buffer, the pH is from about 5.7 to about 8.0, about 5.8 to
about 8.0, about 5.7 to about 7.0, about 5.8 to about 7.0, about 5.9 to about 7.0 or about 6.0 to
about 7.0; if the buffer is histidine buffer, the pH is from about 5.5 to about 6.5; if the buffer is
citrate buffer, the pH is from about 3.0 to about 6.2 or about 5.0 to about 6.0; and if the buffer is
acetate buffer, the pH is from about 3.7 to about 5.6 or about 5.0 to about 6.0.

[0014] In an embodiment of the invention, the thermal stabilizer is a sugar, such as

sucrose (e.g., about 2.5%, 5% or 8%, 10% or 20% (w/v), e.g., about 2-20%), mannitol, sorbitol,
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or trehalose; L-proline (e.g., about 2%, 3% or 4% (w/v)); glycine (e.g., about 50 mM), glycerol,
taurine (e.g., about 50 mM) or propane sulfonic acid (e.g., about 50 mM) or any combination of
the above.
[0015] In some embodiments of the invention, the pharmaceutical formulations of the
present invention include a viscosity reducing agent, for example, arginine hydrochloride (e.g.,
L-arginine monohydrochloride) (e.g., 50 mM), lysine, sodium chloride (e.g., 40 mM or 50 mM),
or magnesium chloride. Alternatively, in other embodiments, the formulations of the present
invention specifically exclude substantially all, if not all, viscosity reducing agents.
[0016] In an embodiment of the invention, the pharmaceutical formulations of the present
invention comprise, consists of or consists essentially of the constituents in any one of
formulations A-KKKK as set forth herein.
[0017] In aspects herein, the pharmaceutical formulations of the present invention may
include a VEGF receptor fusion protein (e.g., aflibercept or conbercept) at a concentration of
from about 41 mg/ml to about 275 mg/ml, from about 80 mg/ml to about 275 mg/ml, about 140
mg/ml to about 150 mg/ml, about 140 mg/ml to about 159 or 160 mg/ml; including about 60
mg/ml, about 80 mg/ml, about 100 mg/ml, about 113.3 mg/ml, about 114.3 mg/ml, about 120
mg/ml, about 133.3 mg/ml, about 140 mg/ml, about 150 mg/ml, about 200 mg/ml or about 250
mg/ml. In an embodiment of the invention, the formulation comprises about 40 mg/ml of the
VEGEF receptor fusion protein.
[0018] Some aspects of the pharmaceutical formulations of the present invention include
a thermal stabilizer at a concentration of from about 2% (w/v) to about 9% (w/v) or from about
4% (w/v) to about 9% (w/v), with the proviso, that when the thermal stabilizer is taurine or
propane sulfonic acid, the stabilizer is at a concentration of from about 25 mM to about 100 mM,
surfactant is at a concentration of from about 0.02% (w/v) to about 0.1% (w/v) (e.g., about
0.03%), and buffer is of from about 5 mM to about 15 mM.
[0019] The VEGF receptor fusion protein can, for example:

e be encoded by the nucleic acid sequence of SEQ ID NO:1 or nucleotides 79-1374 or 79-

1371 of SEQ ID NO: 1;
e comprise amino acids of SEQ ID NO: 2 or amino acids 27-457 or 27-458 of SEQ ID NO:
2;

e comprise:
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(1) a VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2;
(2) a VEGFR2 component comprising amino acids 130 to 231 of SEQ ID NO:2;

(3) a multimerization component ("FcAC1(a)") comprising amino acids 232 to 457 or 458

of SEQ ID NO:2 (the C-terminal amino acids of SEQ ID NO:2, i.e., K458, may or may

not be included in the VEGF receptor fusion proteins). Note that amino acids 1 to 26 of

SEQ ID NO:2 are the signal sequence;

e comprise an immunoglobin-like (Ig) domain 2 of a first VEGF receptor (e.g., VEGFR1)

and Ig domain 3 of a second VEGF receptor (e.g., VEGFR2), optionally further including

an Ig domain 4 of the second VEGF receptor (e.g., VEGFR2) and a multimerizing

component (e.g., Fc domain of IgG);
e Dbe conbercept; or

e be aflibercept.

VEGF Trap

atggtcagctactgggacaccggggtcctgetgtgegegetgetcagetgtetgettete
acaggatctagttccggaagtgataccggtagacctttcgtagagatgtacagtgaaatc
cccgaaattatacacatgactgaaggaagggagctcecgtcattcectgecgggttacgtcea
cctaacatcactgttactttaaaaaagtttccacttgacactttgatccctgatggaaaa
cgcataatctgggacagtagaaagggcttcatcatatcaaatgcaacgtacaaagaaata
gggcttctgacctgtgaagcaacagtcaatgggcatttgtataagacaaactatctcaca
catcgacaaaccaatacaatcatagatgtggttctgagtccgtctcatggaattgaacta
tctgttggagaaaagcttgtcttaaattgtacagcaagaactgaactaaatgtggggatt
gacttcaactgggaatacccttcttcgaagcatcagcataagaaacttgtaaaccgagac
ctaaaaacccagtctgggagtgagatgaagaaatttttgagcaccttaactatagatggt
gtaacccggagtgaccaaggattgtacacctgtgcagcatccagtgggctgatgaccaag
aagaacagcacatttgtcagggtccatgaaaaggacaaaactcacacatgcccaccgtge
ccagcacctgaactcctggggggaccgtcagtcecttcecectecttececceccaaaacccaaggac
accctcatgatctcecggaccecctgaggtcacatgegtggtggtggacgtgageccacgaa
gaccctgaggtcaagttcaactggtacgtggacggecgtggaggtgcataatgccaagaca
aagccgcgggaggagcagtacaacagcacgtacecgtgtggtcagegtecctcacecgtectg
caccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctccca
gcccecccatcgagaaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtac
accctgcceccccatecececgggatgagectgaccaagaaccaggtcagectgacctgectggte
aaaggcttctatcccagecgacatcgeccgtggagtgggagagcaatgggcageccggagaac

aactacaagaccacgcctccecgtgectggactcecgacggctecttettectcectacagecaag
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ctcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgectecegtgatgeat

gaggctctgcacaaccactacacgcagaagagcctctcectgtectcecgggtaaatga

(SEQ ID NO: 1)

MVSYWDTGVLLCALLSCLLLTGSSSGSDTGRPFVEMYSET PET THMTEGRELVI PCRVT SPNTTVTLKKFPLDTLI P
DGKRI IWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNT I IDVVLSPSHGI ELSVGEKLVLNCTART
ELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLT I DGVTRSDQGLYTCAAS SGLMTKKNSTFVRVHEK
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT T SKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
(SEQ ID NO: 2)

AAs 1-26 = Signal Sequence

AAs 27-129 = Flt1-D2 (VEGFR1-D2)

AAs 130-231 = Flk1-D3 (VEGFR2-D3)

AAs 232-458 =FcACl

[0020] In another embodiment of the present invention, a container containing an
aqueous solution of from about 5 mM to about 25 mM pharmaceutically acceptable buffer, from
about 4% (w/v) to about 9% (w/v) of a pharmaceutically acceptable thermal stabilizer, from
about 0.02% (w/v) to about 0.1% (w/v) of a pharmaceutically acceptable surfactant, and from
about 41 mg/ml to about 275 mg/ml VEGF receptor fusion protein, is provided. When the
thermal stabilizer includes either taurine or propane sulfonic acid, the taurine or propane sulfonic
acid is at a concentration of from about 25 mM to about 100 mM. The aqueous solution has a
pH of from about 5.0 to about 6.8, and can be from about 5.5 to about 6.2 (e.g., 5.8). In some
aspects, the container is a vial or syringe. In other aspects, the aqueous solution does not include
an inorganic salt. When the thermal stabilizer is a sugar it can be sucrose, mannitol, sorbitol or
trehalose, and can be present at between about 4% (w/v) and 9% (w/v); the surfactant can be a
non-ionic surfactant, and can include a polyoxyethylene moiety, such as polysorbate 20,
polysorbate 80, poloxamer 188, or polyethylene glycol 3350, at a concentration of from about
0.02% to about 0.1% weight per volume (w/v), and more typically, 0.02% to about 0.04% (w/v).
In an embodiment of the invention, the VEGF receptor fusion protein is encoded by the nucleic

acid sequence of SEQ ID NO:1 or nucleotides 79-1374 or 79-1371 of SEQ ID NO: 1; comprises
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amino acids of SEQ ID NO: 2 or amino acids 27-457 or 27-458 of SEQ ID NO: 2; comprises (1)
a VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2; (2) a VEGFR2
component comprising amino acids 130 to 231 of SEQ ID NO:2; and (3) a multimerization
component ("FcAC1(a)") comprising amino acids 232 to 457 of SEQ ID NO:2 (the C-terminal
amino acids of SEQ ID NO:2, i.e., K458, may or may not be included in the VEGF receptor
fusion proteins); comprises an immunoglobin-like (Ig) domain 2 of a first VEGF receptor (e.g.,
VEGFR1) and Ig domain 3 of a second VEGF receptor (e.g., VEGFR2), optionally further
including an Ig domain 4 of the second VEGF receptor (e.g., VEGFR2) and a multimerizing
component (e.g., Fc domain of IgQG); is conbercept or is aflibercept.

[0021] In still other embodiments, pharmaceutical formulations of the present invention
are provided having a VEGF receptor fusion protein in an aqueous vehicle, where the aqueous
vehicle has a viscosity of from about 10 cP to about 15 cP at 20°C, more typically about 10 cP to
about 13 cP at 20°C, and most typically from about 11 cP to about 12 cP at 20°C (e.g., about 6.0,
7.3, 11.5 or 12.0 cP at 20°C). In an embodiment of the invention, the viscosity is about 12 cP to
about 15 cP at 20°C. The pH of the formulation can be from about 5.8 to about 6.5 (e.g., about
5.8). In some cases, the formulations do not include a viscosity reducing agent, for example, do
not include arginine hydrochloride, lysine, sodium chloride, or magnesium chloride. In other
cases, the formulations include 10 mM histidine hydrochloride or 10 mM histidine-acetate. The
sugar can be sucrose, mannitol, sorbitol or trehalose, and can be present at between about 4%
(w/v) and 9% (w/v) (e.g., about 5%); the surfactant can be a non-ionic surfactant, and can
include a polyoxyethylene moiety, such as polysorbate 20, polysorbate 80, poloxamer 188, or
polyethylene glycol 3350, at a concentration of from about 0.02% to about 0.1% weight per
volume (w/v), and more typically, 0.02% to about 0.04% (w/v) (e.g., 0.03%). In addition, the
formulation can additionally include a thermal stabilizer selected from either taurine or propane
sulfonic acid at a concentration of between about 25 mM to about 100 mM, and more typically
about, 50 mM to about 70 mM. In an embodiment of the invention, a formulation comprises
VEGF receptor fusion protein, such as aflibercept, (e.g., at a concentration of about 41-275
mg/ml, about 50 mg/ml, about 100 mg/ml, about 115 mg/ml, about 125 mg/ml, about 150
mg/ml, about 200 mg/ml or any of the “high” concentrations discussed herein), about 10 mM
histidine-based buffer, about 5% (w/v) sucrose, about 0.03% (w/v) non-ionic surfactant such as

polysorbate e.g., polysorbate 20, and about 50 mM arginine, L-arginine or L-arginine
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monohydrochloride, with a pH of about 5.8. In an embodiment of the invention, the VEGF
receptor fusion protein is encoded by the nucleic acid sequence of SEQ ID NO:1 or nucleotides
79-1374 or 79-1371 of SEQ ID NO: 1; comprises amino acids of SEQ ID NO: 2 or amino acids
27-457 or 27-458 of SEQ ID NO: 2; comprises (1) a VEGFR1 component comprising amino
acids 27 to 129 of SEQ ID NO:2; (2) a VEGFR2 component comprising amino acids 130 to 231
of SEQ ID NO:2; and (3) a multimerization component ("FcAC1(a)") comprising amino acids
232 to 457 of SEQ ID NO:2 (the C-terminal amino acids of SEQ ID NO:2, i.e., K458, may or
may not be included in the VEGF receptor fusion proteins); comprises an immunoglobin-like
(Ig) domain 2 of a first VEGF receptor (e.g., VEGFR1) and Ig domain 3 of a second VEGF
receptor (e.g., VEGFR2), optionally further including an Ig domain 4 of the second VEGF
receptor (e.g., VEGFR2) and a multimerizing component (e.g., Fc domain of IgG); is conbercept
or is aflibercept.

[0022] In yet another embodiment, a pharmaceutical formulation of the present invention
is provided that includes a VEGF receptor fusion protein at a concentration of from about 80
mg/ml to about 275 mg/ml in a pharmaceutically acceptable buffer. In some cases, the stable
pharmaceutical formulations can also include taurine or propane sulfonic acid. The formulations
can be stable at a temperature of about 2°C to about 8°C for about 24-36 months. In some cases,
the VEGF receptor fusion protein shows less than about a 5% increase in high molecular weight
species, and more typically, less than about 4.5% increase in high molecular weight species, less
than about 4.0% increase in high molecular weight species, less than about 3.5% increase in high
molecular weight species, less than about 3.0% increase in high molecular weight species, less
than about 2.5% increase in high molecular weight species, less than about 2.0 increase in high
molecular weight species and/or less than about 1.5% increase in high molecular weight species,
when stored at these temperatures and for this amount of time. In other cases, the VEGF
receptor fusion protein shows less than a 2.0% to 3.0% increase in high molecular weight species
when the formulations are stored at these temperatures and for this amount of time.

[0023] Embodiments herein can also include pharmaceutical formulations of the present
invention that include aflibercept, a pH buffered solution, a sugar and a surfactant, where the
aflibercept is at a concentration of 41 mg/ml to about 275 mg/ml. Alternatively, embodiments
can be stable liquid pharmaceutical formulations that include conbercept, a pH buffered solution,

a sugar and a surfactant, where the conbercept is at a concentration of 41 mg/ml to about 275
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mg/ml. Stable liquid pharmaceutical formulations can also include taurine or propane sulfonic
acid. In some aspects, the aflibercept or conbercept is at a concentration of either 80 mg/ml or
150 mg/ml. In other aspects, the formulations do not include an inorganic salt, sodium chloride
for example.

[0024] Some embodiments are directed to sterile syringes such that the syringes are pre-
filled with an aqueous solution having 80 mg/ml aflibercept, conbercept, 10 mM histidine
hydrochloride, histidine acetate or sodium phosphate, 5% (w/v) sucrose, mannitol, sorbitol or
trehalose , 0.03% (w/v) polysorbate 20, polysorbate 80, poloxamer 188, or polyethylene glycol
3350, and 40 mM sodium chloride. Aspects herein include the further addition of about 25 mM
to about 100 mM, and more typically about SO mM to about 70 mM, of either taurine or propane
sulfonic acid. In some aspects, the syringes are pre-filled with an aqueous solution having 80
mg/ml aflibercept, conbercept, 10 mM histidine HCI, histidine acetate or sodium phosphate, 8%
(w/v) sucrose, mannitol, sorbitol or trehalose, and 0.03% (w/v) polysorbate 20, polysorbate 80,
poloxamer 188, or polyethylene glycol 3350. Aspects herein include the further addition of
about 25 mM to about 100 mM, and more typically about S0 mM to about 70 mM, of either
taurine or propane sulfonic acid. In still other aspects, the syringes are pre-filled with an aqueous
solution having 150 mg/ml aflibercept, conbercept, 10 mM histidine hydrochloride, histidine
acetate, or sodium phosphate, 5% (w/v) sucrose, mannitol, sorbitol or trehalose, 0.03% (w/v)
polysorbate 20, polysorbate 80, poloxamer 188, or polyethylene glycol 3350 and 40 mM sodium
chloride, with a pH of about 6.2. Aspects herein can include the further addition of either taurine
or propane sulfonic acid. In yet still other aspects, the syringes are pre-filled with an aqueous
solution having 150 mg/ml aflibercept, conbercept, 10 mM histidine hydrochloride, histidine
acetate, or sodium phosphate, 8% (w/v) sucrose, mannitol, sorbitol or trehalose, and 0.03% (w/v)
polysorbate 20, polysorbate 80, poloxamer 188, or polyethylene glycol 3350, with a pH of about
6.2 and the aqueous solution does not include an inorganic salt. Aspects can further include
about 25 mM to about 100 mM, and more typically, about S0 mM to about 70 mM, of either
taurine or propane sulfonic acid. In yet still other aspects, the syringes are pre-filled with an
aqueous solution having 150 mg/ml aflibercept or conbercept, 10 mM sodium acetate or acetic
acid, 5% (w/v) glycerol and 0.03% (w/v) polysorbate 20, polysorbate 80, poloxamer 188, or
polyethylene glycol 3350 and 40 mM sodium chloride, with a pH of about 6.2. In yet still other

aspects, the syringes are pre-filled with an aqueous solution having 150 mg/ml aflibercept or
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conbercept, 10 mM sodium acetate or acetic acid, 8% (w/v) glycerol , and 0.03% (w/v)
polysorbate 20, polysorbate 80, poloxamer 188, or polyethylene glycol 3350 and 40 mM sodium
chloride, with a pH of about 6.2.

[0025] The present invention also provides a method for making any formulation set
forth herein comprising the step of combining each component of the formulation into a single
composition. Such a method may include the step of adding the resulting formulation into a vial
or injection device. Any composition that is the product of such a method also forms part of the
present invention. For example, embodiments herein also include methods for preparing a
formulation by combining a histidine-based, citrate-based, acetate-based or phosphate-based
buffer, with sucrose, polysorbate 20 and a VEGF receptor fusion protein; and, optionally, one or
more additional components, e.g., as discussed herein. In some cases, the formulation is
prepared to also include taurine or propane sulfonic acid, but where it does not include taurine or
propane sulfonic acid, it may also not include an inorganic salt. In aspects herein, the sucrose is
at a weight per volume of from about 4% to about 10%, the polysorbate 20 has a weight per
volume of about 0.02% to about 0.1%, and the receptor fusion protein is at a concentration of
from about 41 mg/ml to about 275 mg/ml. Where the formulation includes taurine or propane
sulfonic acid, it is present at, for example, about 25 mM to about 100 mM, but may also be
included at 50 mM to 70 mM. The method can include loading a predetermined volume of
prepared formulation into a sterile syringe, such that the volume has a 0.1 mg to 10 mg dose of
the VEGF receptor fusion protein.

[0026] The present invention also provides a method for administering a formulation of
the present invention to a subject (e.g., a human) comprising intraocularly injecting (e.g.,
intravitreal injection) the formulation into the eye of the subject. The present invention also
provides a method for administering a formulation of the present invention to a subject (e.g., a
human) comprising implanting an intravitreal implant that contains a formulation of the present
invention into the vitreous of the subject.

[0027] Embodiments herein also include methods for treating an angiogenic eye disorder,
e.g., age-related macular degeneration (wet), macular edema following retinal vein occlusion,
retinal vein occlusion (RVO), central retinal vein occlusion (CRVO) branch retinal vein
occlusion (BRVO), diabetic macular edema (DME), choroidal neovascularization (CNV), iris

neovascularization, neovascular glaucoma, post-surgical fibrosis in glaucoma, proliferative
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vitreoretinopathy (PVR), optic disc neovascularization, corneal neovascularization, retinal
neovascularization, vitreal neovascularization, pannus, pterygium, vascular retinopathy or
diabetic retinopathy (e.g., non-proliferative diabetic retinopathy and/or proliferative diabetic
retinopathy) in a subject in need thereof by intraocularly injecting at least about 2 mg (e.g., 4 mg,
6 mg or 8 mg) of VEGF receptor fusion protein (e.g., aflibercept or conbercept) into the eye of a
subject in need thereof, for example, any formulation set forth herein. In an embodiment of the
invention, the injection volume is 100 microliters or less (e.g., 100 microliters, 50 microliters or
57 microliters). The method comprises an intravitreal injection of a pre-mixed aqueous solution
having a VEGF receptor fusion protein at a concentration of from 41 mg/ml to about 275 mg/ml,
a pharmaceutically acceptable sugar, a pharmaceutically acceptable buffer, and a
pharmaceutically acceptable surfactant. Treatment methods using the pre-mixed aqueous
solution do not require dilution. In aspects herein, the pre-mixed aqueous solution has a pH from
about 6.0 and about 6.5, and has a viscosity of between about 10 cP and 13 cP.

[0028] In aspects of the treatment method, the VEGF receptor fusion protein comprises
VEGFRI1R2-FcAC1(a) encoded by the nucleic acid sequence of SEQ ID NO:1, amino acids 27 to
129 of SEQ ID NO:2, a VEGFR2 component comprising amino acids 130 to 231 of SEQ ID
NO:2, or a multimerization component comprising amino acids 232 to 457 of SEQ ID NO:2, or
any combination thereof. In an embodiment of the invention, the VEGF receptor fusion protein
is aflibercept or conbercept.

[0029] Other embodiments in accordance with the disclosure herein will become

apparent from a review of the ensuing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features and advantages of embodiments disclosed
herein will become more apparent to those of ordinary skill in the art with reference to the
accompanying drawings.

[0031] Figure 1A is a graph determining VEGF receptor fusion protein (aflibercept)
stability in four different formulations (B, H, D and G) over the course of 36 months at 2°C to
8°C. VEGF receptor fusion protein stability was tested using size-exclusion ultra-performance
liquid chromatography (SE-UPLC) to identify formation of high molecular weight (HMW)

species (a sign of protein degradation).
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[0032] Figure 1B is also a graph determining VEGF receptor fusion protein (aflibercept)
stability in four formulations (B, H, D and G) over the course of 36 months at 2°C to 8°C.

VEGF receptor fusion protein stability was tested using SE-UPLC to identify the percent of the
main species in each formulation.

[0033] Figure 1C is a bar graph showing formation of VEGF receptor fusion protein
charge variants in four formulations (B, H, D and G) over the course of 36 months at 2°C to 8°C.
The level of acidic species was tested at manufacture (0.0), 12 months, 24 months and 36 months
using imaged capillary isoelectric focusing (iCIEF).

[0034] Figure 1D is a bar graph showing formation of VEGF receptor fusion protein
charge variants in four formulations (B, H, D and G) over the course of 36 months at 2°C to 8°C.
Identification of the main species was tested at manufacture (0.0), 12 months, 24 months and 36
months using iCIEF.

[0035] Figure 2A is a graph showing 150 mg/ml VEGF receptor fusion protein
(aflibercept) stability in a 10 mM sodium phosphate, 8% (w/v) sucrose and 0.03% polysorbate 20
(w/v) formulation pH6.2 with and without L-arginine monohydrochloride over the course of 28
days at 37°C. VEGEF receptor fusion protein stability was tested using SE-UPLC to identify
formation of HMW species.

[0036] Figure 2B is a graph showing 150 mg/ml VEGF receptor fusion protein stability
in a 10 mM sodium phosphate, 8% sucrose (w/v) and 0.03% polysorbate 20 (w/v) formulation
pH6.2 with and without L-arginine monohydrochloride over the course of 28 days at 37°C.
VEGF receptor fusion protein stability was tested using SE-UPLC to identify the percent of the
main species in each formulation.

[0037] Figure 3A is a bar graph showing viscosity of 10 mM sodium phosphate buffered
formulations having 155 mg/ml VEGF receptor fusion protein and no salt, 100 mM arginine, 200
mM arginine, 50 mM lysine, 200 mM lysine, 50 mM sodium chloride or 100 mM sodium
chloride. Viscosity was measured in cP at 20°C.

[0038] Figure 3B is a bar graph showing viscosity of 10 mM histidine buffered
formulations having 155 mg/ml VEGF receptor fusion protein and no salt, 100 mM arginine, 200
mM arginine, 50 mM lysine, 200 mM lysine, 50 mM sodium chloride or 100 mM sodium

chloride. Viscosity was measured in cP at 20°C.
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[0039] Figure 3C is a graph showing viscosity of various concentrations of VEGF
receptor fusion protein under different formulation conditions (with or without 50 mM arginine
hydrochloride). Viscosity was measured in cP at 20°C.

[0040] Figure 4A is a graph showing 150 mg/ml VEGF receptor fusion protein stability
in 10 mM sodium phosphate, 8% (w/v) sucrose, and 0.03% (w/v) polysorbate 20, pH6.2 with and
without 50 mM L-arginine monohydrochloride over 12 months at 5°C. The VEGF receptor
fusion protein was at 150 mg/ml. VEGF receptor fusion protein stability was tested using SE-
UPLC to identify formation of HMW species.

[0041] Figure 4B is a graph showing 150 mg/ml VEGF receptor fusion protein stability
in 10 mM sodium phosphate, 8% (w/v) sucrose, and 0.03% (w/v) polysorbate 20, pH6.2 with and
without 50 mM L-arginine monohydrochloride over 12 months at 5°C. The VEGF receptor
fusion protein was at 150 mg/ml. VEGF receptor fusion protein stability was tested using SE-
UPLC to identify the percent of the main species in each formulation.

[0042] Figure 5 is a graph that shows viscosity of formulations under two buffer
conditions at 20°C, 10 mM phosphate buffer or 10 mM histidine buffer. The VEGF receptor
fusion protein concentration is varied from 10 mg/ml to 170 mg/ml. Viscosity was measured in
mPa-S.

[0043] Figure 6 shows a dynamic light scattering screen for a number of different
formulation conditions, each having from 2 to 10 mg/ml protein. The diffusion interaction
parameter indicated that taurine and PSA (propane sulfonic acid) improved Kd.

[0044] Figure 7 is a graph monitoring the percentage of high molecular weight (HMW)
species in formulations F1-F9 (formulations WW-EEE) over time as measured by size-exclusion
ultra-performance liquid chromatography (SE-UPLC) after storage at 5°C for 6 months.
Formulations F1-F9 are set forth in Table 7-1 herein.

[0045] Figures 8A and 8B measure the percentage of high molecular weight species, by
SE-UPLC, after storage at 5°C for 3 months (Fig. 8A) or incubation at 37°C for 28 days (Fig.
8B). Formulations F1-F4 (EEE, SSS, CCC (140 mg/ml) and TTT) are set forth in Table 8-1
below.

[0046] Figure 9 shows the viscosity (cp) for Formulations F1-F12, at 20°C, at the initial

time point. Formulations F1-F12 are set forth in Table A below.
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. VEGF Trap . . .
Formulation # (mg/mL) Buffer Other Excipients Sereening Excipients (mM)
mg/m
20 mM
F1 140 Histidi - 5% Sucrose, 0.03% S0mM Sod "
istidine, p. odium sulfate
(GGG) ss Polysorbate 20
20 mM
F2 140 Histidi - 5% Sucrose, 0.03% 50mM Sodium
istidine, p.
(HHH) sg Polysorbate 20 thiocyanate
20 mM
o 5% Sucrose, 0.03% . ,
F3 (1) 140 Histidine, pH Polvsorbate 20 40mM Sodium citrate
olysorbate
5.8
20 mM
5% Sucrose, 0.03%
F4 (J1)) 140 Histidine, pH 50mM Glycine
sg Polysorbate 20
20 mM
F5 o 5% Sucrose, 0.03% . )
140 Histidine, pH 50mM Sodium chloride
(KKK) ss Polysorbate 20
20 mM
Fo6 140 Histidi - 5% Sucrose, 0.03% SomM Lvsi
istidine, sine
(LLL) sg P Polysorbate 20 Y
20 mM
F7 140 Histidi - 5% Sucrose, 0.03% 50mM Sodium
istidine, p.
(MMM) ss Polysorbate 20 aspartate
20 mM
F8 140 Histidi - 5% Sucrose, 0.03% 50mM Sodium
istidine,
(NNN) sg P Polysorbate 20 glutamate
20 mM 50mM Sodium Citrate
F9 140 Histidine. o 5% Sucrose, 0.03% SomM Areiui
istidine, p. + ginine
(O00) Polysorbate 20 )
5.8 hydrochloride
20 mM 50mM Glycine +
F10 140 Histidi - 5% Sucrose, 0.03% SomM Ay .
istidine, p. rginine
(PPP) Polysorbate 20 )
5.8 hydrochloride
20 mM 50mM Sodium
F11 140 Histidi - 5% Sucrose, 0.03% SomM
istidine, aspartate +
(QQQY) P Polysorbate 20 'p
5.8 Arginine hydrochloride
20 mM 50mM Sodium
F12 140 Histidi - 5% Sucrose, 0.03% | SomM
istidine, utamate +
(RRR) P Polysorbate 20 &
58 Arginine hydrochloride
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[0047] Figure 10 shows the osmolality (mmol/Kg) of Formulations F1-F12 (set forth in
Table A herein).
[0048] Figures 11A and 11B measure the percentage of high molecular weight species

in formulations F1-F6 (Formulations GGG, HHH, 111, JJJ, LLL and KKK) over time, by SE-
UPLC, after storage at 37°C for up to 28 days (Fig. 11A) or 5°C for up to 3 months (Fig. 11B)
over time.

[0049] Figure 12 shows the dynamic light scattering (diffusion coefficient (cm*/second),
radius (nm) and %Pd) at the initial time point of the formulations shown in Table 9-3 (GGG-
RRR).

[0050] Figures 13A, 13B, 13C and 13D show the baseline FA images and OCT (30
degree lens) for two different rabbits (326-OS and 329-OD) before administration of aflibercept
(OD=oculus dexter (right eye); OS=oculus sinister (left eye)). (Fig. 13A) FA image for rabbit
326, left eye; (Fig. 13B) OCT image for rabbit 326, left eye; (Fig. 13C) FA image for rabbit 329,
right eye; (Fig. 13D) OCT image for rabbit 329, right eye.

[0051] Figures 14A, 14B, 14C, 14D, 14E and 14F show a time course of rabbit FA
images at days 1 (Fig. 14A), 7 (Fig. 14B) and 14 (Fig. 14C) and the OCT at days 1 (Fig. 14D), 7
(Fig. 14E) and 14 (Fig. 14F) for one rabbit (326-OS) administered the histidine buffer
formulation (30 degree lens) (7 mg/eye).

[0052] Figures 15A, 15B, 15C, 15D, 15E, 15F, 15G and 15H show a time course of
rabbit FA images at 3 weeks (Fig. 15A), 4 weeks (Fig. 15B), 7 weeks (Fig. 15C) and 8 weeks
(Fig. 15D); and the OCT at 3 weeks (Fig. 15E), 4 weeks (Fig. 15F), 7 weeks (Fig. 15G) and 8
weeks (Fig. 15H) for one rabbit (326-OS) administered the histidine buffer formulation (55
degree lens) (7 mg/eye).

[0053] Figures 16A, 16B, 16C, 16D, 16E and 16F show a time course of rabbit FA
images at day 1 (Fig. 16A), week 1 (Fig. 16B) and week 2 (Fig. 16C) and the OCT at day 1 (Fig.
16D), week 1 (Fig. 16E) and week 2 (Fig. 16F) for one rabbit (329-OS) administered the
phosphate buffer formulation (30 degree lens) (7 mg/eye).

[0054] Figures 17A, 17B, 17C, 17D, 17E, 17F, 17G and 17H show a time course of
rabbit FA images at week 3 (Fig. 17A), week 4 (Fig. 17B), week 7 (Fig. 17C) and week 8 (Fig.
17D) and the OCT at week 3 (Fig. 17E), week 4 (Fig. 17F), week 7 (Fig. 17G) and week 8 (Fig.
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17H) for one rabbit (329-OS) administered the phosphate buffer formulation (55 degree lens) (7
mg/eye).

[0055] Figures 18A and 18B show the purity (percentage of native species) (Fig. 18A)
and percentage of high molecular weight (HMW) species (Fig. 18B) in formulations UUU-
BBBB over time at 37°C (up to one month) (see Table 11-1) as analyzed by SE-UPLC.

[0056] Figures 19A, 19B, 19C, 19D and 19E show stability and purity analysis of a
formulation having 114.3 mg/mL VEGF Trap (aflibercept) formulated in 10 mM Histidine, pH
5.8, 5% Sucrose, 0.03% Polysorbate 20, 50 mM Arginine Monohydrochloride by size exclusion
chromatographic determination of the percentage of (i) high molecular weight species (HMW)
after incubation at 5°C or 37°C for up to 2 months (Fig. 19A) and (ii) main species (Main peak)
after incubation at 5°C or 37°C for up to 2 months (Fig. 19B); as well as by microflow imaging
to determine the presence of subvisible particulate matter after incubation at 37°C for up to 28
days (Fig. 19C), by particle light obscuration analysis to determine the presence of subvisible
particulate matter after incubation at 37°C for up to 28 days (Fig. 19D), and by microscopic
determination of subvisible particulate matter after incubation at 37°C for up to 28 days (Fig.
19E).

[0057] Figures 20A and 20B show stability and purity analysis of formulation CCC,
having 80, 100, 120 or 140 mg/ml aflibercept, by SE-UPLC determination of the percentage of
high molecular weight species (HMW) after incubation at 2-8°C for up to 6 months (Fig. 20A) or
37°C for up to 28 days (Fig. 20B).

[0058] Figure 21 shows the percentage of eyes in rabbits tested with complete leak
suppression over time, when administered 500 micrograms or 2 mg aflibercept, over time

(Gehan-Breslow-Wilcoxon test (P 0.0453)).

DETAILED DESCRIPTION

[0059] The present invention provides formulations having high concentrations of VEGF
receptor fusion proteins (e.g., aflibercept), showing excellent functional and storage properties
which were developed in spite of significant technical hurdles. For example, a common method
for identifying suitable excipients for a formulation that includes a polypeptide drug (such as a
VEGF receptor fusion protein) is by assessment of polypeptide stability under accelerated stress

conditions, such as high temperature (e.g., 37°C). Excipients, which are not suitable under non-

16

PGR2026-00039
Biocon Ex.1002
Page 4861 of 4945



104300802

stress conditions (e.g., a low temperature such as 5°C), will typically cause an undesired effect,
within a short period of time, while under stress, e.g., protein aggregation. This approach is
common in the biotechnology and pharmaceutical industry insofar as it expedites the elimination
of excipients unlikely to stabilize the drug product. See e.g., Magari, Assessing Shelf Life Using
Real-Time and Accelerated Stability Tests, Biopharm Intl. 16(11): 36-48 (2003). In some cases,
a product may be released based on accelerated stability data, but this must be done in parallel
with real-time shelf-life analysis (non-accelerated). Magari (2003) and FDA, Guidelines for
Submitting Documentation for the Stability of Human Drugs and Biologics, Rockville, MD
(1987). Here, however, at 5°C, the presence of arginine in histidine formulations was
stabilizing, though arginine, it appeared, tended to decrease stability when under temperature
stress (37°C). See Figure 8 (A-B). This property of the formulations set forth herein would have
presented a technical difficulty guiding a practitioner away from choosing arginine; thus, making
it unlikely that a practitioner would have chosen arginine as an excipient. Nevertheless, the
formulations set forth herein resulted from the overcoming of technical hurdles such as this to
achieve a formulation with high stability. Formulation of VEGF trap in histidine buffer also led
to a beneficial decrease in viscosity relative to that observed with a phosphate buffer
formulation. Since small needle bores are preferred for performing intravitreal injections (due to
decreased patient discomfort and eye trauma), a relative low viscosity is desirable. A lower
viscosity formulation requires less force to push the formulation through the needle, thus making
injection of the formulation through the needle easier for the treating physician. In addition,
histidine and arginine containing formulation were well tolerated in rabbit eyes.

[0060] Reference will now be made in detail to representative embodiments. It should be
understood that the following descriptions are not intended to limit the embodiments to one
preferred embodiment. To the contrary, they are intended to cover alternatives, modifications,
and equivalents as can be included within the spirit and scope of the described embodiments as
defined in the appended claims.

[0061] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the disclosure
pertains. As used herein, the term "about," when used in reference to a particular recited

numerical value, means that the value may vary from the recited value by no more than 1%. So
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for example, as used herein, the expression "about 100" includes 99 and 101 and all values in
between (e.g., 99.1%, 99.2%, 99.3%, 99.4%, etc.).

[0062] In an embodiment of the invention, a pharmaceutical formulation of the present
invention is compliant with USP<789> for small volume injection (SVP) of ophthalmic
solutions, e.g., contains less than about 50 particles >10 um in diameter per ml; contains less
than about 5 particles >25 pm in diameter per ml; or contains less than about 2 particles >50 pm
in diameter per ml.

[0063] Note that for purposes herein, "intravitreal injection" refers to injection into the
vitreous of the eye (near the retina at the back of the eye). The expressions “suitable for

bR N3

intravitreal administration,” “suitable for intravitreal injection,” and the like mean that the
formulation in question can be safely injected into the vitreous of a subject’s eye without causing
any adverse reactions beyond those known to be associated with intravitreal injection of EYLEA.
[0064] The term "pharmaceutical formulation" herein refers to formulations including
pharmaceutically acceptable carriers, e.g., used to administer VEGF receptor fusion proteins
(e.g., aflibercept or conbercept) to a subject for a therapeutic/medicinal use.

[0065] The term "pharmaceutically acceptable" refers to a formulation that within the
scope of sound medical judgement is suitable for administration with the eye.

[0066] The term "subject" herein refers to any mammalian (e.g., rabbit, mouse, rat or
monkey) subject, particularly a human, e.g., for whom diagnosis, prognosis or therapy is desired
with the formulations as described herein.

[0067] The term “aqueous” formulation refers to a formulation which includes water.
[0068] The term "treat" or "treatment" refers to a therapeutic measure that reverses,
stabilizes or eliminates an undesired disease or disorder (e.g., an angiogenic eye disorder or
cancer), for example, by causing the regression, stabilization or elimination of one or more
symptoms or indicia of such disease or disorder by any clinically measurable degree, e.g., with
regard to an angiogenic eye disorder, by causing a reduction in or maintenance of diabetic
retinopathy severity score (DRSS), by improving or maintaining vision (e.g., in best corrected
visual acuity e.g., as measured by an increase in ETDRS letters), increasing or maintaining visual
field and/or reducing or maintaining central retinal thickness and, with respect to cancer,

stopping or reversing the growth, survival and/or metastasis of cancer cells in the subject.
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Typically, the therapeutic measure is administration of one or more doses of a therapeutically
effective amount of VEGF receptor fusion protein to the subject with the disease or disorder.
[0069] “Prevent” or “prevention” refer to a prophylactic measure to cease the
development of an undesired disease or disorder (e.g., an angiogenic eye disorder).

[0070] SE-UPLC can be used in the present invention to quantitate the presence of high
molecular weight species in a formulation. SE refers to size exclusion chromatography. UPLC
refers to ultra-performance liquid chromatography. Suitable SE columns, which may be used in
a UPLC system, to characterize such HMW species of VEGF receptor fusion proteins (e.g.,
aflibercept or conbercept) in a formulation, are capable of resolving molecules in the molecular
weight range of about 10,000-450,000 Daltons. See for example, the ACQUITY UPLC Protein
BEH SEC 200A Column. In an embodiment of the invention, two of such columns are
connected in tandem when quantitating HMW species in a formulation. UPLC brings
improvements over HPLC (high performance liquid chromatography) in sensitivity and
resolution. UPLC uses instrumentation that operates at high pressures and uses finer particles
(typically less than about 2.5um) than that used in HPLC. Moreover, the UPLC mobile phases
operate at high linear velocities than HPLC.

[0071] Embodiments herein include formulations that comprise a high concentration
(e.g., about 60 mg/ml, about 80 mg/ml, about 90 mg/ml, about 100 mg/ml, about 113.3 mg/ml,
about 114.3 mg/ml, about 120 mg/ml, about 133.3 mg/ml, about 140 mg/ml, about 150 mg/ml,
about 200 mg/ml or about 250 mg/ml) of VEGF receptor fusion protein (e.g., aflibercept or
conbercept). Suitable formulations included herein comprise a high concentration of VEGF
receptor fusion protein, a buffer, a thermal stabilizer and a surfactant. In some aspects, a suitable
formulation further includes a viscosity reducing agent. In other aspects, the suitable
formulation substantially excludes all viscosity reducing agents. Typical formulations have a pH
of from about 5.0 to about 6.8 (e.g., 5.8), but can include any pH useful for administration of the
VEGEF receptor fusion protein to the eye of a subject.

[0072] The present invention includes formulations that include a VEGF receptor fusion
protein (e.g., aflibercept or conbercept) in association with one or more further therapeutic agents
(e.g., an Ang-2 inhibitor (e.g., an anti-ANG2 antibody or antigen-binding fragment thereof or
nesvacumab), a Tie-2 receptor activator, an anti-PDGF, PDGF receptor or PDGF receptor beta

antibody or antigen-binding fragment thereof and/or an additional VEGF antagonist such as
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bevacizumab, ranibizumab, pegaptanib or a soluble form of human vascular endothelial growth
factor receptor-3 (VEGFR-3) comprising extracellular domains 1-3, expressed as an Fc-fusion
protein) as well as methods of prevention or treatment comprising administering such
formulations as discussed herein. In an embodiment of the invention, a formulation of the
present invention includes a VEGF receptor fusion protein, such as aflibercept, but excludes any
further therapeutic agent (e.g., which is an antibody or antigen-binding fragment thereof).
[0073] The term "in association with" indicates that a formulation and a further
therapeutic agent can be formulated into a single composition, e.g., for simultaneous delivery, or
formulated separately into two or more compositions (e.g., a kit). The further therapeutic agent
may, itself, be formulated in its own pharmaceutical formulation. Each can be administered to a
subject at the same time as the other or at a different time than when the other is administered;
for example, each administration may be given non-simultaneously (e.g., separately or
sequentially) at intervals over a given period of time. Moreover, the formulation and the further
therapeutic agent may be administered to a subject by the same or by a different route.

[0074] In an embodiment of the invention, a formulation of the present invention
includes any one or more of sodium sulfate (e.g., 50 mM); sodium thiocyanate (e.g., S0 mM);
sodium citrate (e.g., 40 mM); glycine (e.g., 50 mM); sodium chloride (e.g., 50 mM); lysine (e.g.,
50 mM); sodium aspartate (e.g., 50 mM); and/or sodium glutamate (e.g., 50 mM). For example,
in an embodiment the formulation comprises a combination of sodium citrate (e.g., 50 mM) and
arginine hydrochloride (e.g., 50 mM); glycine (e.g., 50 mM) and arginine hydrochloride (e.g., 50
mM); sodium aspartate (e.g., 50 mM) and arginine hydrochloride (e.g., 50 mM); or sodium
glutamate (e.g., 50 mM) and arginine hydrochloride (e.g., 50 mM).

VEGF Receptor Fusion Proteins and Other VEGF inhibitors
[0075] For purposes herein, a “VEGF receptor fusion protein” refers to a molecule that
comprises one or more VEGF receptors or domains thereof, fused to another polypeptide, which
interferes with the interaction between VEGF and a natural VEGF receptor, e.g., wherein two of
such fusion polypeptides are associated thereby forming a homodimer or other multimer. Such
VEGF receptor fusion proteins may be referred to as a "VEGF-Trap" or “VEGF Trap”. VEGF
receptor fusion proteins within the context of the present disclosure that fall within this definition

include, chimeric polypeptides which comprise two or more immunoglobulin (Ig)-like domains
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of a VEGF receptor such as VEGFR1 (also known as Flt1) and/or VEGFR2 (also known as Flk1
or KDR), and may also contain a multimerizing domain (for example, an Fc domain).
[0076] An exemplary VEGF receptor fusion protein is a molecule referred to as
VEGF1R2-FcAC1(a) which is encoded by the nucleic acid sequence of SEQ ID NO:1 or
nucleotides 79-1374 or 79-1371 thereof.
[0077] VEGF1R2-FcAC1(a) comprises three components:
(1) a VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2;
(2) a VEGFR2 component comprising amino acids 130 to 231 of SEQ ID NO:2; and
(3) a multimerization component ("FcAC1(a)") comprising amino acids 232 to 457 of SEQ ID
NO:2 (the C-terminal amino acids of SEQ ID NO:2, i.e., K458, may or may not be included in
the VEGF receptor fusion proteins, see U.S. Patent No. 7,396,664 or 7,354,579, incorporated
herein for all purposes). Note that amino acids 1 to 26 of SEQ ID NO:2 are the signal sequence.
In an embodiment of the invention, the VEGF receptor fusion protein comprises amino acids 27-
458 or 27-457 of SEQ ID NO: 2.
[0078] In an embodiment of the invention, the VEGF receptor fusion protein comprises
(1) an immunoglobin-like (Ig) domain 2 of a first VEGF receptor (e.g., VEGFR1), and
(2) an Ig domain 3 of a second VEGF receptor (e.g., VEGFR2),
(3) and, optionally, further including an Ig domain 4 of the second VEGF receptor (e.g.,
VEGFR2) and
(4) a multimerizing component (e.g., Fc domain of IgG).
For example, in an embodiment of the invention, the VEGF receptor fusion protein has the
following arrangement of said domains:

e [VEGFRI1 Ig domain 2]-[VEGFR2 Ig domain 3]-[MC] (e.g., a homodimer thereof) or

e [VEGFRI1 Ig domain 2]-[VEGFR2 Ig domain 3]-[VEGFR2 Ig domain 4]-[MC] (e.g., a

homodimer thereof).

[0079] In an embodiment of the invention, the VEGF receptor fusion protein is a VEGF
mini-trap which is a VEGF trap molecule with a truncated multimerizing component (e.g., Fc),
e.g., wherein the mini-trap still includes an Fc hinge region. See e.g., W02005/00895 or U.S.
Patent No. 7,396,664.
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[0080] Note that the present disclosure also includes, within its scope, high concentration
formulations including, instead of a VEGF receptor fusion proteins, VEGF binding molecules
and anti-VEGF antibodies and antigen-binding fragments thereof,
e bevacizumab (e.g., at a concentration of about 80-90 or 88 mg/ml),
e ranibizumab (e.g., at a concentration of about 20-40 mg/ml, e.g., 21-35, 21 or 35 mg/ml),
e an anti-VEGF aptamer such as pegaptanib (e.g., pegaptanib sodium),
e asingle chain (e.g., VL-Vn) anti-VEGF antibody such as brolucizumab (e.g., at a
concentration of about 200-400 or 200, 210, 400 or 420 mg/ml),
e an anti-VEGF DARPIn such as the Abicipar Pegol DARPIn (e.g., at a concentration of
about 70-140, 70 or 140 mg/ml), or
e abispecific anti-VEGF antibody, e.g., which also binds to ANG2, such as RG7716 (e.g.,
at a concentration of about 100-400, 100, 105, 400 or 420 mg/ml).
In order to minimize the repetitiveness of the embodiments discussed herein, it is contemplated
that the scope of the present invention includes embodiments wherein any of the formulations
discussed herein include, in place of a VEGF receptor fusion protein, an anti-VEGF antibody or
antibody fragment or other VEGF binding molecule as discussed herein (e.g., substituted with an
anti-VEGF DARPin) at any of the concentrations discussed herein. For example, the present
invention includes a formulation having 35 or 80 mg/ml ranibizumab, a buffer, a thermal
stabilizer, a viscosity reducing agent and a surfactant.
[0081] DARPins are Designed Ankyrin Repeat Proteins. DARPins generally contain
three to four tightly packed repeats of approximately 33 amino acid residues, with each repeat
containing a B-turn and two anti-parallel a-helices. This rigid framework provides protein
stability whilst enabling the presentation of variable regions, normally comprising six amino acid
residues per repeat, for target recognition.
[0082] An “anti-VEGF” antibody or antigen-binding fragment of an antibody refers to an
antibody or fragment that specifically binds to VEGF.
[0083] Tllustrative VEGF receptor fusion proteins include aflibercept (EYLEA®,
Regeneron Pharmaceuticals, Inc.) or conbercept (sold commercially by Chengdu Kanghong
Biotechnology Co., Ltd.). See International patent application publication no. W02005/121176
or WO2007/112675. The terms “aflibercept” and “conbercept” include biosimilar versions

thereof. A biosimilar version of a reference product (e.g., aflibercept) generally refers to a
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product comprising the identical amino acid sequence, but includes products which are
biosimilar under the U.S. Biologics Price Competition and Innovation Act.

[0084] Pharmaceutical formulations of the present invention are “high concentration”.
High concentration pharmaceutical formulations of the present invention include VEGF receptor
fusion protein at a concentration of at least 41 mg/ml, of at least 80 mg/ml, of at least 100 mg/ml,
of at least 125 mg/ml, of at least 140 mg/ml, of at least 150 mg/ml, of at least 175 mg/ml, of at
least 200 mg/ml, of at least 225 mg/ml, of at least 250 mg/ml, or of at least 275 mg/ml.
Alternatively, "high concentration” can refer to formulations that include a concentration of
VEGF receptor fusion protein of from about 140 mg/ml to about 160 mg/ml, at least about 140
mg/ml but less than 160 mg/ml, from about 41 mg/ml to about 275 mg/ml, from about 70 mg/ml
to about 75 mg/ml or from about 80 mg/ml to about 250 mg/ml. In some aspects, the VEGF
receptor fusion protein concentration in the formulation is about any of the following
concentrations: 41 mg/ml; 42 mg/ml; 43 mg/ml; 44 mg/ml; 45 mg/ml; 46 mg/ml; 47 mg/ml;
48 mg/ml; 49 mg/ml; 50mg/ml; 51 mg/ml; 52 mg/ml; 53 mg/ml; 54 mg/ml; 55 mg/ml; 56
mg/ml; 57 mg/ml; 58 mg/ml; 59 mg/ml; 60 mg/ml; 61 mg/ml; 62 mg/ml, 63 mg/ml; 64
mg/ml; 65 mg/ml; 66 mg/ml; 67 mg/ml; 68 mg/ml; 69 mg/ml; 70 mg/ml; 71 mg/ml; 72
mg/ml; 73 mg/ml; 74 mg/ml; 75 mg/ml; 76 mg/ml; 77 mg/ml; 78 mg/ml; 79 mg/ml; 80
mg/ml; 81 mg/ml; 82mg/ml; 83 mg/ml; 84 mg/ml; 85 mg/ml; 86 mg/ml; 87mg/ml; 88
mg/ml; 89 mg/ml; 90 mg/ml; 91 mg/ml; 92 mg/ml; 93 mg/ml; 94 mg/ml; 95mg/ml; 96
mg/ml; 97 mg/ml; 98 mg/ml; 99 mg/ml; 100 mg/ml; 101 mg/ml, 102 mg/ml;, 103 mg/ml;
104 mg/ml; 105 mg/ml; 106mg/ml; 107 mg/ml;, 108 mg/ml; 109 mg/ml, 110 mg/ml; 111
mg/ml; 112 mg/ml; 113 mg/ml; 113.3 mg/ml; 114 mg/ml; 114.1 mg/ml; 114.2 mg/ml; 114.3
mg/ml; 114.4 mg/ml; 114.5 mg/ml; 114.6 mg/ml, 114.7 mg/ml, 114.8 mg/ml; 114.9 mg/ml; 115
mg/ml; 116 mg/ml; 117 mg/ml; 118 mg/ml; 119 mg/ml; 120 mg/ml; 121 mg/ml; 122 mg/ml,
123 mg/ml; 124 mg/ml; 125 mg/ml; 126 mg/ml; 127mg/ml; 128 mg/ml; 129 mg/ml; 130
mg/ml; 131 mg/ml; 132 mg/ml; 133 mg/ml; 133.3 mg/ml; 133.4 mg/ml, 134 mg/ml; 135
mg/ml; 136 mg/ml; 137 mg/ml; 138 mg/ml; 139 mg/ml; 140 mg/ml; 141 mg/ml; 142 mg/ml;
143 mg/ml; 144 mg/ml; 145 mg/ml;, 146 mg/ml, 147 mg/ml; 148 mg/ml; 149 mg/ml; 150
mg/ml; 151 mg/ml; 152 mg/ml; 153 mg/ml; 154mg/ml; 155 mg/ml; 156 mg/ml; 157mg/ml;
158 mg/ml; 159 mg/ml; 160 mg/ml; 161 mg/ml; 162 mg/ml; 163 mg/ml; 164 mg/ml; 165
mg/ml; 166 mg/ml; 167 mg/ml; 168 mg/ml; 169 mg/ml; 170 mg/ml; 171 mg/ml; 172 mg/ml,

23

PGR2026-00039
Biocon Ex.1002
Page 4868 of 4945



104300802

173 mg/ml;, 174 mg/ml; 175 mg/ml, 176 mg/ml, 177 mg/ml; 178 mg/ml; 179 mg/ml; 180
mg/ml; 181 mg/ml; 182 mg/ml; 183 mg/ml;, 184 mg/ml; 185 mg/ml; 186 mg/ml; 187 mg/ml;
188 mg/ml; 189 mg/ml; 190 mg/ml; 191 mg/ml; 192 mg/ml; 193 mg/ml; 194 mg/ml; 195
mg/ml; 196 mg/ml; 197 mg/ml; 198 mg/ml; 199 mg/ml; 200 mg/ml; 201 mg/ml; 202 mg/ml;
203 mg/ml; 204 mg/ml; 205 mg/ml; 206 mg/ml; 207 mg/ml; 208 mg/ml; 209 mg/ml; 210
mg/ml; 211 mg/ml; 212 mg/ml; 213 mg/ml; 214 mg/ml; 215 mg/ml; 216 mg/ml; 217 mg/ml,
218 mg/ml; 219 mg/ml; 220 mg/ml; 221 mg/ml; 222 mg/ml; 223 mg/ml; 224 mg/ml; 225
mg/ml; 226 mg/ml; 227 mg/ml; 228 mg/ml; 229 mg/ml; 230 mg/ml; 231 mg/ml; 232 mg/ml;
233 mg/ml; 234 mg/ml; 235 mg/ml; 236 mg/ml; 237mg/ml; 238 mg/ml;, 239 mg/ml;, 240
mg/ml; 241 mg/ml; 242 mg/ml; 243 mg/ml; 244 mg/ml; 245 mg/ml; 246 mg/ml; 247 mg/ml,
248 mg/ml; 249 mg/ml; 250 mg/ml; 251 mg/ml; 252 mg/ml; 253 mg/ml; 254 mg/ml; 255
mg/ml; 256 mg/ml; 257 mg/ml; 258 mg/ml; 259 mg/ml; 260 mg/ml; 261 mg/ml; 262 mg/ml;
263 mg/ml; 264 mg/ml; 265 mg/ml; 266 mg/ml, 267 mg/ml; 268 mg/ml; 269 mg/ml; 270
mg/ml; 271 mg/ml; 272 mg/ml; 273 mg/ml, 274 mg/ml; or 275 mg/ml. Other VEGF receptor
fusion protein concentrations are contemplated herein, as long as the concentration functions in
accordance with embodiments herein.

[0085] In an embodiment of the invention, a pharmaceutical formulation of the present
invention is of such a concentration as to contain about 4, 6, 8, 10, 12, 14, 16, 18 or 20 mg VEGF
receptor fusion protein (e.g., aflibercept), or the amount of such protein in any of the acceptable
doses thereof which are discussed herein, in about 100 pl or less, about 75 pl or less or about 70
ul or less, e.g., about 50 ul; 51 ul; 52 ul; 53 ul; 54 ul; 55 ul; 56 pl; 57 wl; 58 wl; 59 ul; 60 ul; 61
ul; 62 ul; 63 ul; 64 ul; 65 wl; 66 ul; 67 ul; 68 ul; 69 ul; 70 ul; 71 ul; 72 wl; 73 ul; 74 ul; 75 W,
76 ul; 77 ul; 78 pl; 79 ul; 80 ul; 81 pl; 82 ul; 83 ul; 84 ul; 85 ul; 86 ul; 87 ul; 88 ul; 89 ul; 90
ul; 91 ul; 92 ul; 93 ul; 94 wl; 95 ul; 96 ul; 97 wl; 98 ul; 99 ul; or 100 pl.

[0086] The present invention includes any of the formulations set forth under
“Ilustrative Formulations” herein, but wherein the concentration of the VEGF receptor fusion
protein (e.g., aflibercept) is substituted with a concentration which is set forth in this section

(“VEGF Receptor Fusion Proteins and Other VEGF inhibitors”).
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Buffers
[0087] Buffers for use herein refer to solutions that resist pH change by use of acid-base
conjugates. Buffers are capable of maintaining pH in the range of from about 5.0 to about 6.8,
and more typically, from about 5.8 to about 6.5, and most typically, from about 6.0 to about 6.5.
In some cases, the pH of the formulation of the present invention is about 5.0, about 5.1, about
5.2, about 5.3, about 5.4, about 5.5, about 5.6, about 5.7, about 5.8, about 5.9, about 6.0, about
6.1, about 6.2, about 6.3, about 6.4, about 6.5, about 6.6, about 6.7, or about 6.8. Example
buffers for inclusion in formulations herein include histidine-based buffers, for example,
histidine, histidine hydrochloride, and histidine acetate. Buffers for inclusion in formulations
herein can alternatively be phosphate-based buffers, for example, sodium phosphate, acetate-
based buffers, for example, sodium acetate or acetic acid, or can be citrate-based, for example,
sodium citrate or citric acid. It is also recognized that buffers can be a mix of the above, as long
as the buffer functions to buffer the formulations in the above described pH ranges. In some
cases, the buffer is from about 5 mM to about 25 mM, or more typically, about 5 mM to about 15
mM. Buffers can be about 5 mM, about 6 mM, about 7 mM, about 8 mM, about 9 mM, about 10
mM, about 11 mM, about 12 mM, about 13 mM, about 14 mM, about 15 mM, about 16 mM,
about 17 mM, about 18 mM, about 19 mM, about 20 mM, about 21 mM, about 22 mM, about 23
mM, about 24 mM, or about 25 mM.
[0088] In an embodiment of the invention, a histidine-based buffer is prepared using

histidine and histidine monohydrochloride.

Surfactants
[0089] Surfactant for use herein refers to ingredients that protect the higher concentration
of VEGF receptor fusion protein from various surface and interfacial induced stresses. As such,
surfactants can be used to limit or minimize VEGF receptor fusion protein aggregation, and
promote protein solubility. Suitable surfactants herein have been shown to be non-ionic, and can
include surfactants that have a polyoxyethylene moiety. Illustrative surfactants in this category
include: polysorbate 20, polysorbate 80, poloxamer 188, polyethylene glycol 3350, and mixtures
thereof. Surfactants in the formulations can be present at from about 0.02% to about 0.1%
weight per volume (w/v), and more typically, about 0.02% to about 0.04% (w/v). In some
cases, the surfactant is about 0.02% (w/v), about 0.03% (w/v), about 0.04% (w/v), about 0.05%
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(w/v), about 0.06% (w/v), about 0.07% (w/v), about 0.08% (w/v), about 0.09% (w/v), or about
0.1% (wW/v).

Thermal Stabilizers
[0090] Thermal stabilizers for use herein refers to ingredients that provide thermal
stability against thermal denaturation of the VEGF receptor fusion protein, as well as protect
against loss of VEGF receptor fusion protein potency or activity. Suitable thermal stabilizers
include sugars, and can be sucrose, trehalose, sorbitol or mannitol, or can be amino acids, for
example L-proline, L-arginine (e.g., L-arginine monohydrochloride), or taurine. Additionally,
thermal stabilizers may also include substituted acrylamides or propane sulfonic acid, or may be
compounds like glycerol.
[0091] In some cases, the formulations herein include both a sugar and taurine, a sugar
and an amino acid, a sugar and propane sulfonic acid, a sugar and taurine, glycerol and taurine,
glycerol and propane sulfonic acid, an amino acid and taurine, or an amino acid and propane
sulfonic acid. In addition, formulations can include a sugar, taurine and propane sulfonic acid,
glycerol, taurine and propane sulfonic acid, as well as L-proline, taurine and propane sulfonic
acid.
[0092] Embodiments herein typically have thermal stabilizers present alone, each
independently present at a concentration of, or present in combination at a total concentration of,
from about 2% (w/v) to about 10% (w/v) or 4% (w/v) to about 10% (w/v), or about 4% (w/v) to
about 9% (w/v), or about 5% (w/v) to about 8% (w/v). Thermal stabilizers in the formulation
can be at a concentration of about 2% (w/v), about 2.5% (w/v), about 3% (w/v), about 4% (w/v),
about 5% (w/v), about 6% (w/v), about 7% (w/v), about 8% (w/v), about 9% (w/v), about 10%
(w/v) or about 20% (w/v).
[0093] With respect to taurine and propane sulfonic acid, in an embodiment of the
invention, these thermal stabilizers can be present in the formulations at about from 25 mM to
about 100 mM, and more typically from about 50 mM to about 75 mM (as compared to the other

thermal stabilizers).
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Viscosity Reducing Agents
[0094] Viscosity reducing agents typically are used to reduce or prevent protein
aggregation. Viscosity reducing agents for inclusion herein include: sodium chloride,
magnesium chloride, D- or L-arginine (e.g., L-arginine monohydrochloride), lysine, or mixtures
thereof. When present herein, viscosity reducing agents can be present at from about 10 mM to
about 100 mM, and more typically from about 30 mM to about 75 mM, and even more typically
from about 40 mM to about 70 mM. In some cases the viscosity reducing agent is present at
about 10 mM, about 15 mM, about 20 mM, about 25 mM, about 30 mM, about 35 mM, about 40
mM, about 45 mM, about 50 mM, about 55 mM, about 60 mM, about 65 mM, about 70 mM,
about 75 mM, about 80 mM, about 85 mM, about 90 mM, about 95 mM or about 100 mM.

Formulation Viscosity
[0095] Formulations in accordance with embodiments herein can also have a
pharmaceutically acceptable viscosity for ocular administration, for example, intravitreal
injection. Viscosity generally refers to the measure of resistance of a fluid which is being
deformed by either shear stress or tensile stress (typically measured by techniques known in the
art, viscometer or rheometer, for example). Typical viscosities of formulations in accordance
with embodiments herein are from about 5.0 c¢P (centipoise) to about 15 cP, from about 11 cP to
about 14 cP, from about 12 cP to about 15 ¢P or from about 11 ¢P to about 12 ¢cP. As such,
formulation viscosity herein can be about 5.0 cP, about 6.0, about 7.1 cP, about 7.2 cP, about 7.3
cP, about 7.4 c¢P, about 7.5 cP, about 7.6 cP, about 10 cP, about 10.5 ¢P, about 11.0 cP, about
11.5 ¢P, about 12.0 cP, about 12.5 ¢P, about 13.0 ¢cP, about 13.5 cP, about 14.0 cP, about 14.5
cP, or about 15.0 cP (e.g., when measured at 20°C).
[0096] Various embodiments herein do not require inclusion of an inorganic salt, or other
viscosity reducing agent, to maintain these highly useful viscosities. Typically, high
concentration protein solutions require viscosity reducing agents to avoid protein aggregation
and higher viscosity, making the formulations difficult for intravitreal injection and reducing the
potency of the VEGF receptor fusion protein. As such, embodiments herein include
formulations that have had substantially no, or no added, sodium chloride (NaCl), magnesium

chloride (MgClz), D- or L-arginine hydrochloride, lysine or other viscosity reducing agent.
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Formulation osmolality
[0097] Osmolality is a critical attribute for injectable formulations. It is desirable to have
products match physiological osmotic conditions. Furthermore, osmolality provides
confirmation of soluble content in solution. In an embodiment of the invention, the osmolality of
a formulation of the present invention is less than or equal to about 506 mmol/Kg or from about
250 to about 506 mmol/Kg., e.g., about 250, 260, 270, 280, 290, 299, 300, 310, 314, 315, 316,
324,343, 346, 349, 369, 384, 403, 426, 430 or 506 mmol/Kg. In an embodiment of the

invention, the osmolality is lower than about 250 mmol/Kg.

Purity and Stability of Formulations
[0098] High concentration VEGF receptor fusion protein containing formulations
described herein are stable during manufacture and storage. The term "stable" herein refers to
formulations that include VEGF receptor proteins that retain both chemical and physical stability
over the period of formulation manufacturing and storage, e.g., that maintains integrity and has
minimal degradation, denaturation, or unfolding. VEGF receptor protein stability can be
determined using analytical techniques available in the art at different temperatures and over
different periods of time. In particular, VEGF receptor chemical stability (potency) can be
determined using various bioassays (for example, a BAF/3 VEGFR1/EPOR cell line used to
determine VEGF 165 binding by the VEGF receptor fusion proteins herein), and physical stability,
by size exclusion (SE) chromatographic analysis, UPLC (ultra-performance liquid
chromatography) size exclusion (SE) chromatography, visual appearance, OD, pH, charge
variant formation, and rate of high molecular weight (HMW) species formation. A stable VEGF
receptor fusion protein is one that shows limited change in its OD, pH, formation of charge
variants, and formation of HMW species.
[0099] A “high molecular weight” (HMW) species as used herein, with reference to a
formulation containing a given VEGF Trap (e.g., aflibercept), refers to any species of
polypeptide or polypeptide complex in the formulation which elutes from a size exclusion
column (e.g., SE-UPLC) ahead of (e.g., with a higher molecular weight than) VEGF Trap
polypeptide and/or a homodimer thereof. The percentage of HMW species refers to the
percentage of such species relative to the overall quantity of polypeptides in the formulation,

e.g., by SE-UPLC analysis.
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[00100] In an embodiment of the invention, as discussed more fully in the Examples
below, stable formulations show significant VEGF receptor fusion protein potency and physical
stability for a period of up to 12 months, up to 24 months, and/or up to 36 months when stored at
about 2°C to about 8°C.

[00101] In an embodiment of the invention, formulation of the present invention is one
that:

e After about 28 days at about 37°C has about a 3, 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20,
30, 35 or 37% (or 10-15% or 15-20% or 10-20%) increase in high molecular weight
species (e.g., as measured by SE-UPLC or SEC)

e After about 28 days at about 37°C has about a 5, 6, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21 or 22% (or 5-20% or 5-10% or 10-15% or 15-20%) decrease in main species
(e.g., as measured by SE-UPLC or SEC)

e After about 28 days at about 37°C, has about 80, 81, 82, 83, 84, 85, 86 or 87% (or about
80-85%) or more protein as main species (e.g., as measured by SE-UPLC or SEC)

e After about 28 days at about 37°C has abouta 1 or 1.5 or 2% (or 1-2%) increase in low
molecular weight species (e.g., as measured by SE-UPLC or SEC)

e After about one month at about 37°C has about a 16% increase in high molecular weight
species; and/or about a 17% decrease in main species and/or about a 0.5% or <1%
increase in low molecular weight species; and/or after about two months at about 5°C,
has about a 1% decrease in main species, and/or about a 1% increase in high molecular
weight species and/or no significant or detectable amounts low molecular weight (LMW)
species; and/or after about 2 months at about 5°C, has about 97% main species (e.g., as
measured by SE-UPLC or SEC)

e  After about 12 months at about 2-8°C has about a 3-3.5% increase in high molecular
weight species (e.g., as measured by SE-UPLC or SEC)

e After about 12 months at about 2-8°C has less than about a 1% ora 1, 2, 3 or 4% (e.g., 1-
4% or 3-4%) decrease in main species (e.g., as measured by SE-UPLC or SEC)

e After about 12 months at about 2-8°C, has about 94 or 95% or more protein as main
species (e.g., as measured by SE-UPLC or SEC)

e After about 3 months at about 2-8°C has about a 1 or 2% increase in high molecular

weight species (e.g., as measured by SE-UPLC or SEC)
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After about 6 months at about 2-8°C has about a <1, 1 or 2% increase in high molecular
weight species (e.g., as measured by SE-UPLC or SEC)

After about 5% or 6 months at about 5°C has about 2.5, 3.0 or 3.5 (or about 2.5-3.5%)
total high molecular weight species (e.g., as measured by SE-UPLC or SEC).

After about 6 months at about 2-8°C has less than about a 1% or 1 or 2% (or about 0.5-
2% or 1-2%) decrease in main species (e.g., as measured by SE-UPLC or SEC)

After about 6 months at about 2-8°C, has about 96 or 97 or 98% (or 96-98%) or more
protein as main species (e.g., as measured by SE-UPLC or SEC)

After about 24 months or 36 months at about 2-8°C, had less than about 5 or 6 or 7%
(e.g., about 1.5, 2, 3, 4 or 5%) (or 1.5-5% or 1.5-2.5%) increase in high molecular weight
species; and/or has about 3.0, 3.25, 3.5, 4.0, 4.5 or 5% total high molecular weight
species; and/or a decrease of about 2 or 3% (or 2-3%) main species; and/or a total amount
of main species of about 95 or 96% or more (or 95-96%) (e.g., as measured by SE-UPLC
or SEC)

After about 1 month at about 37°C, has about 97, 98, 99 or 100% (or 97-100%) of
aflibercept in the formulation which is recoverable by RP-HPLC

Immediately after manufacture and purification, has less than about 1.5, 2, 2.5, 3.0 or
3.5% high molecular weight species (e.g., as measured by SE-UPLC or SEC)

After about 6 months at about 37°C, has at least about 70% or 75% (e.g., 70-75%) of
aflibercept as main species/main peak (e.g., as measured by capillary isoelectric focusing
(cIEF) or imaged capillary isoelectric focusing) (non-acidic and non-basic species)

After about 36 months at about 2-8°C, has about a 1 or 2% (or 1-2%) increase in acidic
species (e.g., as measured by capillary isoelectric focusing (cIEF) or imaged capillary
isoelectric focusing)

After about 36 months at about 2-8°C, has about a 1% or less decrease in main
species/main peak (e.g., as measured by capillary isoelectric focusing (cIEF) or imaged
capillary isoelectric focusing)

After about 36 months at about 2-8°C, has about 78-79% main species/main peak (e.g., as
measured by capillary isoelectric focusing (cIEF) or imaged capillary isoelectric

focusing)

and/or
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e When administered intravitreally to a mammal, such as a human or rabbit or mouse (e.g.,
with an angiogenic eye disorder such as wet AMD), does not cause any adverse events
that are clinically different from those observed for EYLEA (e.g., when EYLEA is dosed
intravitreally at 0.5 or 2.0 mg); or does not cause clinically significant inflammation in
the eye, prolonged intraocular pressure (IOP) increases, prolonged increases in blood

pressure or decreases and/or retinal detachment.

[00102] Further, in an embodiment of the invention, high concentration VEGF receptor
fusion proteins are stable as they show little or no formation of acidic charge variants over the
course of manufacture and storage, for example, little or no formation of charge variants as
tested by Imaged Capillary Isoelectric Focusing, for example.

[00103] In an embodiment of the invention, a formulation of the present invention exhibits
less than or equal to about 8% low molecular weight (LMW) species.

[00104] In an embodiment of the invention, a formulation of the present invention has less
than about 0.2, 0.4 or 0.5 EU (endotoxin units)/ml of endotoxin;

[00105] In an embodiment of the invention, a formulation of the present invention is
essentially free of particulate matter or particulate matter of about 1, 2, 5, 10, 25 or 50
micrometers (or more) in size.

[00106] In an embodiment of the invention, when a formulation of the present invention is
analyzed by non-reduced CE-SDS (SDS capillary gel electrophoresis), at least 97% of the total
peak area is the main peak.

[00107] In an embodiment of the invention, when a formulation of the present invention is
analyzed by size-exclusion UPLC (SE-UPLC), at least 93, 94 or 95% of the total peak area is the
main peak and less than or equal to 3.5, 4, 5 or 6% is aggregate.

[00108] In an embodiment of the invention, a formulation of the present invention is at
about 2°C, 3°C, 4°C, 5°C, 6°C, 7°C or 8°C, 2-8°C (e.g., an average temperature of 5°C), 23°C,
25°C, 30°C or 37°C.

Hlustrative Formulations
[00109] Mlustrative high concentration VEGF receptor fusion protein containing

formulations include the following:
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[00110] Formulation A: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 5 % (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00111] Formulation B: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 5 % (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00112] Formulation C: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00113] Formulation D: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2.

[00114] Formulation E: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 5 % (w/v)

sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2.
[00115] Formulation F: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00116] Formulation G: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00117] Formulation H: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00118] Formulation I. 80 mg/ml aflibercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.0 3% (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00119] Formulation J: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00120] Formulation K: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00121] Formulation L: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically

excluding a viscosity reducing agent.
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[00122] Formulation M: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2.
[00123] Formulation N: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 5 %
(w/v) sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2.
[00124] Formulation O: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00125] Formulation P: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2.

[00126] Formulation Q: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 5 %
(w/v) sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00127] Formulation R: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00128] Formulation S: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00129] Formulation T: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 t0 6.2 (e.g., 6.2), and,
optionally, specifically excluding a viscosity reducing agent.

[00130] Formulation U: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00131] Formulation V: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00132] Formulation W: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally,
specifically excluding a viscosity reducing agent.

[00133] Formulation X: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically

excluding a viscosity reducing agent.
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[00134] Formulation Y: 80 mg/ml conbercept, 10 mM histidine-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2.
[00135] Formulation Z: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2.
[00136] Formulation AA: 80 mg/ml conbercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00137] Formulation BB: 80 mg/ml conbercept, 10 mM histidine-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2.

[00138] Formulation CC: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 5 %

(w/v) sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00139] Formulation DD: 80 mg/ml conbercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00140] Formulation EE: 80 mg/ml conbercept, 10 mM histidine-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00141] Formulation FF: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally,
specifically excluding a viscosity reducing agent.

[00142] Formulation GG: 80 mg/ml conbercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00143] Formulation HH: 80 mg/ml conbercept, 10 mM histidine-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00144] Formulation II: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00145] Formulation JJ: 80 mg/ml conbercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically

excluding a viscosity reducing agent.
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[00146] Formulation KK: 150 mg/ml conbercept, 10 mM histidine-based buffer, 5 %
(w/v) sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00147] Formulation LL: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 5 %
(w/v) sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2.
[00148] Formulation MM: 150 mg/ml conbercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00149] Formulation NN: 150 mg/ml conbercept, 10 mM histidine-based buffer, 5 %
(w/v) sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2.
[00150] Formulation OO: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 5 %

(w/v) sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00151] Formulation PP: 150 mg/ml conbercept, 10 mM citrate-based buffer, 5 % (w/v)
sucrose, 0.03 % (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
[00152] Formulation QQ: 150 mg/ml conbercept, 10 mM histidine-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally,
specifically excluding a viscosity reducing agent.

[00153] Formulation RR: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally,
specifically excluding a viscosity reducing agent.

[00154] Formulation SS: 150 mg/ml conbercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 20, with a pH of 5.8 to 6.2, and, optionally, specifically
excluding a viscosity reducing agent.

[00155] Formulation TT: 150 mg/ml conbercept, 10 mM histidine-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally,
specifically excluding a viscosity reducing agent.

[00156] Formulation UU: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 8 %
(w/v) sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally,
specifically excluding a viscosity reducing agent.

[00157] Formulation VV: 150 mg/ml conbercept, 10 mM citrate-based buffer, 8 % (w/v)
sucrose, and 0.03 % (w/v) polysorbate 80, with a pH of 5.8 to 6.2, and, optionally, specifically

excluding a viscosity reducing agent.
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[00158] Formulation WW: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10 mM histidine-based buffer, 5 % (w/v) sucrose, 0.03 % (w/v) polysorbate 20, and 50 mM
taurine, with a pH of 5.8.

[00159] Formulation XX: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 20
mM histidine-based buffer, 4 % (w/v) proline, 0.03 % (w/v) polysorbate 20, and 50 mM arginine
hydrochloride, with a pH of 5.8.

[00160] Formulation YY: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 20
mM histidine-based buffer, 2.5 % (w/v) sucrose, 2.0 % (w/v) proline, 0.03 % (w/v) polysorbate
20, and 50 mM taurine, with a pH of 5.8.

[00161] Formulation ZZ: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 10
mM histidine-based buffer, 2.5 % (w/v) sucrose, 2.0 % (w/v) proline, 0.03 % (w/v) polysorbate
20, and 50 mM arginine hydrochloride, with a pH of 5.8.

[00162] Formulation AAA: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
20 mM histidine-based buffer, 5 % (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM PSA,
with a pH of 5.8.

[00163] Formulation BBB: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
20 mM histidine-based buffer, 2.5 % (w/v) sucrose, 2.0 % (w/v) proline, 0.03 % (w/v)
polysorbate 20, and 50 mM PSA, with a pH of 5.8.

[00164] Formulation CCC: 80, 100, 120 or 140 mg/ml VEGF receptor fusion protein
(e.g., aflibercept), 20 mM histidine-based buffer, 5 % (w/v) sucrose, 0.03 % (w/v) polysorbate
20, and 50 mM arginine hydrochloride, with a pH of 5.8.

[00165] Formulation DDD: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10 mM histidine-based buffer, 4 % (w/v) proline, 0.03 % (w/v) polysorbate 20, and 50 mM PSA,
with a pH of 5.8.

[00166] Formulation EEE: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
20 mM histidine-based buffer, 5 % (w/v) sucrose, and 0.03 % (w/v) polysorbate 20 and,
optionally, no thermal stabilizer, with a pH of 5.8.

[00167] Formulation FFF: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10mM sodium phosphate, 5 % (w/v) sucrose and 0.03 % polysorbate 20 with a pH of 6.2.
[00168] Formulation GGG: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5% sucrose; 0.03 % polysorbate 20; 50 mM sodium sulfate
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[00169] Formulation HHH: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5% sucrose; 0.03 % polysorbate 20; 50 mM sodium thiocyanate
[00170] Formulation III: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM histidine, pH 5.8; 5 % sucrose, 0.03 % polysorbate 20; 40 mM sodium citrate

[00171] Formulation JJJ: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM histidine, pH 5.8; 5% Sucrose, 0.03 % polysorbate 20; S0 mM glycine

[00172] Formulation KKK: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5 % sucrose, 0.03 % polysorbate 20; 50 mM sodium chloride

[00173] Formulation LLL: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM histidine, pH 5.8; 5 % sucrose; 0.03 % polysorbate 20; 50 mM lysine

[00174] Formulation MMM: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5 % sucrose; 0.03% polysorbate 20; 50 mM sodium aspartate

[00175] Formulation NNN: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5 % sucrose; 0.03 % polysorbate 20; 50 mM sodium glutamate
[00176] Formulation OO0O: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5 % sucrose; 0.03% polysorbate 20; 50 mM sodium citrate; 50 mM
arginine hydrochloride

[00177] Formulation PPP: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM histidine, pH 5.8; 5 % sucrose; 0.03% polysorbate 20; 50 mM glycine; 50 mM arginine
hydrochloride

[00178] Formulation QQQ: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept);
20 mM histidine, pH 5.8; 5 % sucrose; 0.03% polysorbate 20; 50 mM sodium aspartate; 50 mM
arginine hydrochloride

[00179] Formulation RRR: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM histidine, pH 5.8; 5 % sucrose; 0.03% polysorbate 20; 50 mM sodium glutamate; 50 mM
arginine hydrochloride

[00180] Formulation SSS: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM His, pH 5.8; 5 % sucrose; 0.03 % polysorbate 20; 10 mM L-arginine hydrochloride

[00181] Formulation TTT: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept); 20
mM His, pH 5.8; 5 % sucrose; 0.03 % polysorbate 20; 100 mM L-arginine hydrochloride
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[00182] Formulation UUU: 30 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 10
% sucrose, 10 mM phosphate, 0.03 % polysorbate 20, pH 6.2

[00183] Formulation VVV: 30 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 20
% sucrose, 10 mM phosphate, 0.03 % polysorbate 20, pH 6.2

[00184] Formulation WWW: 60 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10 % sucrose, 10 mM phosphate, 0.03 % polysorbate 20, pH 6.2

[00185] Formulation XXX: 60 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 20
% sucrose, 10 mM phosphate, 0.03 % polysorbate 20, pH 6.2

[00186] Formulation YYY: 120 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10 % sucrose, 10 mM phosphate, 0.03 % polysorbate 20, pH 6.2

[00187] Formulation ZZZ: 120 mg/ml VEGF receptor fusion protein (e.g., aflibercept), 20
% sucrose, 10 mM phosphate, 0.03 % polysorbate 20, pH 6.2

[00188] Formulation AAAA: 120 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10 % sucrose, 10 mM phosphate, 0.03 % polysorbate 20, 50 mM NaCl, pH 6.2

[00189] Formulation BBBB: 120 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
20 % sucrose, 10 mM phosphate, 0.03 % polysorbate 20, 50 mM NaCl, pH 6.2

[00190] Formulation CCCC: 140 mg/ml VEGF receptor fusion protein (e.g., aflibercept),
10 mM sodium phosphate, 5 % sucrose, 40 mM sodium chloride, 0.03 % PS20, pH 6.2

[00191] Formulation DDDD: 80 mg/ml VEGF receptor fusion protein (e.g., aflibercept),

20 mM histidine-based buffer, 5 % (w/v) sucrose, 0.03 % (w/v) polysorbate 20, and 50 mM L-
arginine monohydrochloride, with a pH of 5.8.

[00192] Formulation EEEE: 120.0 mg/ml VEGF receptor fusion protein (e.g., aflibercept)
(e.g., + 12 mg/ml), 20 mM histidine-based buffer (e.g., + 2 mM), 5 % (w/v) sucrose (e.g., +
0.5%), 0.03 % (w/v) polysorbate 20 (e.g., 0.02-0.04%), and 50 mM L-arginine
monohydrochloride (e.g., + 5 mM), with a pH of 5.8 (e.g., 5.6-6.0 or 5.5-6.1).

[00193] Formulation FFFF: 113.3 mg/ml VEGF receptor fusion protein (e.g., aflibercept)
(e.g., 102-125 mg/ml), 20 mM histidine-based buffer (e.g., = 2 mM), 5 % (w/v) sucrose (e.g., +
0.5%), 0.03 % (w/v) polysorbate 20 (e.g., 0.02-0.04%), and 50 mM L-arginine
monohydrochloride (e.g., + 5 mM), with a pH of 5.8 (e.g., 5.6-6.0 or 5.5-6.1).

[00194] Formulation GGGG: 114.3 mg/ml VEGF receptor fusion protein (e.g.,
aflibercept) (e.g., 103-126 mg/ml), 10 mM histidine-based buffer (e.g., + 1 mM), 5 % (w/v)
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sucrose (e.g., = 0.5%), 0.03 % (w/v) polysorbate 20 (e.g., 0.02-0.04%), and 50 mM L-arginine
monohydrochloride (e.g., + 5 mM), with a pH of 5.8 (e.g., 5.6-6.0 or 5.5-6.1).

[00195] Formulation HHHH: 100.0 mg/ml VEGF receptor fusion protein (e.g.,
aflibercept) (e.g., + 10 mg/ml), 20 mM histidine-based buffer (e.g., + 2 mM), 5 % (w/v) sucrose
(e.g., + 0.5%), 0.03 % (w/v) polysorbate 20 (e.g., 0.02-0.04%), and 50 mM L-arginine
monohydrochloride (e.g., + 5 mM), with a pH of 5.8 (e.g., 5.6-6.0 or 5.5-6.1).

[00196] Formulation IIII: 133.3 mg/ml VEGF receptor fusion protein (e.g., aflibercept)
(e.g., + 13 mg/ml), 20 mM histidine-based buffer (e.g., £ 2 mM), 5 % (w/v) sucrose (e.g., +
0.5%), 0.03 % (w/v) polysorbate 20 (e.g., 0.02-0.04%), and 50 mM L-arginine
monohydrochloride (e.g., + 5 mM), with a pH of 5.8 (e.g., 5.6-6.0 or 5.5-6.1).

[00197] Formulation JJJJ: 150 mg/ml aflibercept (e.g., aflibercept) (e.g., = 15 mg/ml), 10
mM sodium phosphate, 8% (w/v) sucrose (e.g., + 0.8%), 0.03% (w/v) polysorbate 20 (e.g., 0.02-
0.04%) and 50 mM L-arginine hydrochloride, pH 6.2 (e.g., 6.0-6.4 or 5.9-6.5).

[00198] Formulation KKKK: 114.3 mg/ml VEGF receptor fusion protein (e.g.,
aflibercept) (e.g., = 14 mg/ml), 20 mM histidine-based buffer (e.g., + 2 mM), 5% (w/v) sucrose
(e.g., + 0.5%), 0.03% (w/v) polysorbate 20 (e.g., 0.02-0.04%), and 50 mM L-arginine
monohydrochloride (e.g., + 5 mM), with a pH of 5.8 (e.g., 5.6-6.0 or 5.5-6.1);

[00199] or any formulation which is set forth herein.

[00200] In an embodiment of the invention, the concentration of any formulation
constituent (e.g., all constituents) listed above (e.g., any one of formulations A-KKKK) or which

is discussed herein is + about 3%, 5% or about 10% of the concentration specifically mentioned.

Methods of Manufacture
[00201] Embodiments herein include methods of manufacturing a pharmaceutical
formulation of the present invention including a VEGF receptor fusion protein (e.g., any of
formulations A-KKKK as set forth herein) comprising combining the components of the
formulation into a single composition, and, optionally, introducing the formulation into a vessel
or device e.g., a vial, or delivery device, e.g., a pre-filled syringe. The formulations, vials or
devices that are the product of such methods are part of the present invention.
[00202] In an embodiment of the invention, the method of manufacturing a VEGF

receptor fusion protein containing pharmaceutical formulation of the present invention (e.g., any
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of formulations A-KKKK as set forth herein) comprises the steps of culturing a host cell (e.g.,
Chinese hamster ovary cell) comprising one or more polynucleotides encoding a VEGF receptor
fusion protein (e.g., aflibercept) in a culture medium and under conditions whereby the protein is
expressed; and, purifying the protein from the host cell and/or culture medium and combining a
portion of the protein with excipients of a pharmaceutical formulation as set forth herein. Again,
the formulations, vials or devices that are the product of such methods are part of the present
invention.

[00203] In an embodiment of the invention, a determination is made as to the amount and
type of VEGF receptor fusion protein needed in the formulation to make it a high concentration
and for its end-use. The same determination is made regarding the amount and type of buffer,
the amount and type of surfactant, the amount and type of thermal stabilizer, and the inclusion,
or specific exclusion, of a viscosity reducing agent. These components are combined and mixed,
making sure that the formulation pH is at the desired value, e.g., between about 5.0 and about 6.8
(e.g., 5.8), and/or that the viscosity is at a desired value, e.g., about 6.0, 7.3, 11.5 or 12.0 cP at
20°C. In an embodiment of the invention, high concentration VEGF receptor fusion protein
containing formulations can be sterilized and stored in a stable condition, e.g., for up to 24 or 36
months at 2°C to 8°C (e.g., 5°C).

[00204] See, e.g., Hardman, ef al. (2001) Goodman and Gilman's The Pharmacological
Basis of Therapeutics, McGraw-Hill, New York, N.Y.; Gennaro (2000) Remington: The Science
and Practice of Pharmacy, Lippincott, Williams, and Wilkins, New York, N.Y.; Avis, ef al. (eds.)
(1993) Pharmaceutical Dosage Forms: Parenteral Medications, Marcel Dekker, NY; Lieberman,
et al. (eds.) (1990) Pharmaceutical Dosage Forms: Tablets, Marcel Dekker, NY; Lieberman, et
al. (eds.) (1990) Pharmaceutical Dosage Forms: Disperse Systems, Marcel Dekker, NY; Weiner
and Kotkoskie (2000) Excipient Toxicity and Safety, Marcel Dekker, Inc., New York, N.Y.

Angiogenic Fye Disorders and Cancer
[00205] The pharmaceutical formulations of the present invention comprising VEGF
receptor fusion proteins (e.g., any of pharmaceutical formulations A-KKKK) can be used in the
treatment or prevention of any angiogenic eye disorder by administration of a therapeutically
effective amount of VEGF receptor fusion protein in a formulation of the present invention to a

subject in need thereof, e.g., by intravitreal injection. Angiogenic eye disorders herein refer to

40

PGR2026-00039
Biocon Ex.1002
Page 4885 of 4945



104300802

any disease of the eye which is caused by or associated with the growth or proliferation of blood

vessels and/or by blood vessel leakage. Non-limiting examples of angiogenic eye disorders that

are treatable or preventable using the formulations and methods herein, include:

age-related macular degeneration (wet),

macular edema,

macular edema following retinal vein occlusion,

retinal vein occlusion (RVO),

central retinal vein occlusion (CRVO),

branch retinal vein occlusion (BRVO),

diabetic macular edema (DME),

choroidal neovascularization (CNV),

iris neovascularization,

neovascular glaucoma,

post-surgical fibrosis in glaucoma,

proliferative vitreoretinopathy (PVR),

optic disc neovascularization,

corneal neovascularization,

retinal neovascularization,

vitreal neovascularization,

pannus,

pterygium,

vascular retinopathy,

diabetic retinopathies (e.g., non-proliferative diabetic retinopathy (e.g., characterized by a
Diabetic Retinopathy Severity Scale (DRSS) level of about 47 or 53) or proliferative
diabetic retinopathy; e.g., in an subject that does not suffer from DME) and

Diabetic retinopathy in a patient who has diabetic macular edema (DME).

[00206] The pharmaceutical formulations of the present invention comprising VEGF

receptor fusion proteins (e.g., any of pharmaceutical formulations A-KKKK) can be used in the

treatment or prevention of any cancer by administration of a therapeutically effective amount of
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VEGEF receptor fusion protein in a formulation of the present invention to a subject in need
thereof, e.g., by intramuscular, intratumoral, subcutaneous or intravenous injection. Cancers
include those whose growth, proliferation, survival and/or metastasis is dependent, to a degree,
on angiogenesis. In an embodiment of the invention, the cancer is colorectal cancer, lung cancer,
skin cancer, breast cancer, brain cancer, stomach cancer, renal cancer, prostate cancer, liver
cancer or pancreatic cancer.

[00207] Thus, the present invention provides methods for treating or preventing an
angiogenic eye disorder in a subject in need thereof comprising administering a therapeutically
effective amount of VEGF receptor fusion protein (e.g., aflibercept) (e.g., about 4, 6, or 8.0, 8.1,
8.4 or 8.5 mg), e.g., in a pharmaceutical formulation according to the present invention,
intraocularly, e.g., into the vitreous, of an eye of the subject. In an embodiment of the invention,
both eyes are administered the VEGF receptor fusion protein. In an embodiment of the
invention, therapeutically effective doses of the VEGF receptor fusion protein are administered
about every 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks,
11 weeks, 12 weeks, 13 weeks, 14 weeks, 15 weeks, 16 weeks, 17 weeks 18 weeks, 19 weeks, 20
weeks, 21, weeks, 22 weeks, 23 weeks or 24 weeks. In an embodiment of the invention, such
methods of treatment or prevention are done in the absence of significant increases in blood
pressure (systolic and/or diastolic) and/or the development of hypertension (e.g., Grade 1, Grade
2 or Grade 3) and/or abnormally high intraocular pressure in the subject. In an embodiment of
the invention, the method includes the step of, following said administration, monitoring the
subject for significant increases in blood pressure (systolic and/or diastolic) and/or the
development of hypertension (e.g., Grade 1, Grade 2 or Grade 3) and/or abnormally high

intraocular pressure.

Modes of Administration
[00208] The pharmaceutical formulations of the present invention which include a VEGF
receptor fusion protein may be administered in accordance with known medically approved
delivery systems. In embodiments herein, these delivery systems may include administering the
formulations to the patient by ocular, intraocular, intrachoroidal, intravitreal or subconjunctival
injection. Alternatively, pharmaceutical formulations of the present invention can also be

administered to the patient by topical routes, e.g., eye drops, eye gels, eye ointments, and the
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like. Other possible routes of delivery for the formulations herein include intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural and oral.

[00209] In an embodiment of the invention, intravitreal injection of a pharmaceutical
formulation of the present invention includes the step of piercing the eye with a syringe and
needle (e.g., 30-gauge injection needle) containing the formulation and injecting the formulation
(e.g., less than or equal to about 100 microliters; about 40, 50, 55, 56, 57, 57.1, 58, 60, 70 or 75
microliters) into the vitreous of the eye (e.g., with a sufficient volume as to deliver a
therapeutically effective amount of VEGF receptor fusion protein, e.g., of about 4, 5, 6, 7, 8.0,
8.1,82,83,84,85,86,87,880r89,9,10, 12, 14, 16, 18 or 20 mg VEGF receptor fusion
protein). Optionally, the method includes the steps of administering a local anesthetic (e.g.,
proparacaine, lidocaine or tetracaine), an antibiotic (e.g., a fluoroquinolone), antiseptic (e.g.,
povidone-iodine) and/or a pupil dilating agent to the eye being injected. In an embodiment of
the invention, a sterile field around the eye to be injected is established before the injection. In
an embodiment of the invention, following intravitreal injection, the subject is monitored for
elevations in intraocular pressure and/or blood pressure. In an embodiment of the invention, the

other eye is also injected by the same procedure.

Amounts of VEGF Receptor Fusion Protein to be Administered
[00210] Each dose of high concentration VEGF receptor fusion protein to a subject over
the course of a treatment may contain the same or substantially the same amount of fusion
protein. Alternatively, the quantity of any one dose may be different or variable over a treatment
course.
[00211] An effective or therapeutically effective amount of VEGF receptor fusion protein
for treating or preventing cancer (e.g., which is mediated, at least in part, by angiogenesis) or an
angiogenic eye disorder refers to the amount of the VEGF receptor fusion protein sufficient to
cause the regression, stabilization or elimination of the cancer or angiogenic eye disorder, e.g.,
by regressing, stabilizing or eliminating one or more symptoms or indicia of the cancer or
angiogenic eye disorder by any clinically measurable degree, e.g., with regard to an angiogenic
eye disorder, by causing a reduction in or maintenance of diabetic retinopathy severity score
(DRSS), by improving or maintaining vision (e.g., in best corrected visual acuity e.g., as

measured by an increase in ETDRS letters), increasing or maintaining visual field and/or
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reducing or maintaining central retinal thickness and, with respect to cancer, stopping or
reversing the growth, survival and/or metastasis of cancer cells in the subject. In an embodiment
of the invention, an effective or therapeutically effective amount of VEGF receptor fusion
protein for treating or preventing an angiogenic eye disorder is about 0.5 mg to about 10 mg or
0.5 mg to about 20 mg per dose, including: about 0.5 mg or more; or about 2 mg or more, e.g.,
about 2.1 mg; 2.2 mg; 2.3 mg; 2.4 mg; 2.5 mg; 2.6 mg; 2.7 mg; 2.8 mg; 2.9 mg; 3.0 mg; 3.1 mg;
3.2 mg; 3.3 mg; 3.4 mg; 3.5 mg; 3.6 mg; 3.7 mg; 3.8 mg; 3.9 mg; 4.0 mg; 4.1 mg; 4.2 mg; 4.3
mg; 4.4 mg; 4.5 mg;, 4.6 mg;, 4.7 mg; 4.8 mg; 4.9 mg; 5.0 mg; 5.1 mg; 5.2 mg; 5.3 mg; 5.4 mg;
5.5mg; 5.6 mg; 5.7 mg; 5.8 mg; 5.9 mg; 6.0 mg; 6.1 mg; 6.2 mg; 6.3 mg; 6.4 mg; 6.5 mg; 6.6
mg; 6.7 mg; 6.8 mg; 6.9 mg; 7.0 mg; 7.1 mg; 7.2 mg; 7.3 mg; 7.4 mg; 7.5 mg; 7.6 mg; 7.7 mg;
7.8 mg; 7.9 mg; 8.0 mg; 8.1 mg; 8.2 mg; 8.3 mg; 8.4 mg; 8.5 mg; 8.6 mg; 8.7 mg; 8.8 mg; 89
mg; 9 mg; 9.1 mg; 9.2 mg; 9.3 mg; 9.4 mg; 9.5 mg; 9.6 mg; 9.7 mg; 9.8 mg; 9.9 mg, 10.0 mg,
10.1 mg; 10.2 mg; 10.3 mg; 10.4 mg; 10.5 mg; 10.6 mg; 10.7 mg; 10.8 mg; 10.9 mg; 11 mg;
11.1mg; 11.2mg; 11.3 mg; 114 mg; 11.5mg; 11.6 mg; 11.7 mg; 11.8 mg; 11.9 mg; 12 mg;
12.1 mg; 12.2 mg; 12.3 mg; 12.4 mg; 12.5 mg; 12.6 mg; 12.7 mg; 12.8 mg; 12.9 mg; 13 mg;
13.1 mg; 13.2 mg; 13.3 mg; 13.4 mg; 13.5 mg; 13.6 mg; 13.7 mg; 13.8 mg; 13.9 mg; 14 mg;
14.1 mg; 14.2 mg; 14.3 mg; 14.4 mg; 14.5 mg; 14.6 mg; 14.7 mg; 14.8 mg; 14.9 mg; 15 mg;
15.1 mg; 15.2 mg; 15.3 mg; 15.4 mg; 15.5 mg; 15.6 mg; 15.7 mg; 15.8 mg; 15.9 mg; 16 mg;
16.1 mg; 16.2 mg; 16.3 mg; 16.4 mg; 16.5 mg; 16.6 mg; 16.7 mg; 16.8 mg; 16.9 mg; 17 mg;
17.1mg; 17.2 mg; 17.3 mg; 17.4 mg; 17.5 mg; 17.6 mg; 17.7 mg; 17.8 mg; 17.9 mg; 18 mg;
18.1 mg; 18.2 mg; 18.3 mg; 18.4 mg; 18.5 mg; 18.6 mg; 18.7 mg; 18.8 mg; 18.9 mg; 19 mg;
19.1 mg; 19.2 mg; 19.3 mg; 19.4 mg; 19.5 mg; 19.6 mg; 19.7 mg; 19.8 mg; 19.9 mg; or 20 mg.
In an embodiment of the invention, an effective or therapeutically effective amount of VEGF
receptor fusion protein for treating or preventing cancer is about 4 mg/kg (e.g., intravenously).
This dose may be administered, for example, every 2 weeks.

[00212] In an embodiment of the invention, a VEGF receptor fusion protein is
administered in a volume sufficient to deliver the desired dose of fusion protein, e.g., as
discussed above. In an embodiment of the invention, the volume delivered (e.g., for treating or
preventing an angiogenic eye disorder, e.g., by intravitreal injection) is less than or equal to
about 100 microliters (e.g., about any of the following volumes: 25 microliters; 26 microliters;

27 microliters; 28 microliters; 29 microliters; 30 microliters; 31 microliters; 32 microliters; 33
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microliters; 34 microliters; 35 microliters; 36 microliters; 37 microliters; 38 microliters; 39
microliters; 40 microliters; 41 microliters; 42 microliters; 43 microliters; 44 microliters; 45
microliters; 46 microliters; 47 microliters; 48 microliters; 49 microliters; 50 microliters; 51
microliters; 52 microliters; 53 microliters; 54 microliters; 55 microliters; 56 microliters; 57
microliters; 58 microliters; 59 microliters; 60 microliters; 61 microliters; 62 microliters; 63
microliters; 64 microliters; 65 microliters; 66 microliters; 67 microliters; 68 microliters; 69
microliters; 70 microliters; 71 microliters; 72 microliters; 73 microliters; 74 microliters; 75
microliters; 76 microliters; 77 microliters; 78 microliters; 79 microliters; 80 microliters; 81
microliters; 82 microliters; 83 microliters; 84 microliters; 85 microliters; 86 microliters; 87
microliters; 88 microliters; 89 microliters; 90 microliters; 91 microliters; 92 microliters; 93
microliters; 94 microliters; 95 microliters; 96 microliters; 97 microliters; 98 microliters or 99
microliters).

[00213] In an embodiment of the invention, the formulation is administered (e.g., for
treating or preventing an angiogenic eye disorder, e.g., by intravitreal injection) in a volume
which is about 60 microliters or less, about 70 microliters or less or about 75 microliters or less
or about 100 microliters or less. For example, in an embodiment of the invention, about 2, 4, 6,
8.0,8.1,8.0-8.1,82,83,84,85,86,8.7,88 or 89, 9.0 or 10 mg of VEGF receptor fusion
protein is administered in about 50, 60, 70 or 75 microliters.

[00214] The scope of the present invention also encompasses methods for delivering 0.5
or 2 mg of VEGF receptor fusion protein (e.g., for treating or preventing an angiogenic eye
disorder, e.g., by intravitreal injection) in pharmaceutical formulation of the present invention in
a low volume such as less than 50 ul (e.g., about 1, 5, 10, 17, 17.5, 18, 18.5, 20, 30, 40 or 45 ul).
[00215] The present invention also includes a composition including or consisting or
consisting essentially of a “single dosage volume” of pharmaceutical formulation of the present
invention, i.e., a volume containing a single dose of VEGF receptor fusion protein (e.g.,
aflibercept) in a pharmaceutical formulation of the present invention (e.g., about 50 ul or 60 pl,
70 ul or 75 ul or whatever volume contains about 4, 6, 8 or 10 mg of VEGF receptor fusion
protein). As discussed below, a container (e.g., vial or injection device) comprising a single
dosage volume, optionally including a small overfill volume of formulation, is also part of the

present invention.

45

PGR2026-00039
Biocon Ex.1002
Page 4890 of 4945



104300802

Containers and Injection Devices
[00216] High concentration VEGF receptor fusion protein formulations in accordance
with embodiments herein (e.g., any of formulations A-KKKK) can be pre-packaged or pre-
loaded in various useful containers and injection devices. Thus, the present invention includes
containers and injection devices containing such formulations. In one embodiment herein, the
container is a vial which may be sterile. In another embodiment herein, the container is a test
tube which may be sterile. In an embodiment of the invention, an injection device (which may
be sterile) is a syringe (e.g., a pre-filled syringe or autoinjector). In an embodiment of the
invention, the injection device is an intravitreal implant, e.g., a refillable intravitreal implant.
[00217] A “pre-filled” syringe is a syringe which is filled with a formulation of the present
invention prior to sale or use by the physician or patient.
[00218] "Sterile" herein refers to aseptic or free from substantially all, or all, living
microorganisms and their spores.
[00219] Syringes as used herein include barrels made, for example, of glass or polymer,
for example, cycloolefin as described in U.S. Patent Publication No. 2017/0232199, incorporated
herein for all purposes, a plunger and a needle.
[00220] Containers and injection devices may be coated with silicone (e.g., silicone oil or
baked-silicone (e.g., <40 pug or <100 pg)).
[00221] In an embodiment of the invention, a container or injection device is substantially
metal-free or substantially tungsten-free or low-tungsten.
[00222] In an embodiment of the invention, the syringe contains one or more dose line
graduations and/or is a dose metering system.
[00223] Containers in accordance with embodiments herein can hold the high
concentration VEGF receptor fusion protein formulations. In some aspects, the container or
injection device can include a label stating indications of use. In some instances, the container or
injection device herein can include package inserts with instructions for use as described
throughout this specification.
[00224] In other embodiments, a volume containing a single dose or multiple doses (e.g.,
2 or more than 2) of a high concentration VEGF receptor fusion protein (e.g., wherein the dose is
2 mg, 4 mg, 6 mg, 8 mg or 10 mg of VEGF receptor fusion protein), as described above, can be

pre-packaged into a container or injection device, e.g., a sterile syringe, for example, for storage
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until use. In one example, the volume in the container includes a single dose of VEGF receptor
fusion protein optionally further including a small amount of overfill volume. Sterile, pre-loaded
syringes can be maintained under storage conditions (e.g., 2°C-8°C), for example, for up to 12
months, 24 months or 36 months. Overfill is an excess volume that is meant to be sufficient to
permit withdrawal and/or administration of the proper volume. In an embodiment of the
invention, the container has a single dosage volume or multiple dosage volumes and about 5%-
10% overfill volume.

[00225] Syringe sizes can be, for example, 0.3 cc, 0.5 cc or 1 cc, for example. Sterile
syringes typically include a needle useful for ocular injection, typically about Y% inch, or 12.5
mm to 16 mm in length, and can be 29 gauge, 30 gauge, 31 gauge, 32 gauge or 33 gauge based
on the patient and health care specialist preference. Other needle lengths and gauges can be
used, as long as the needle is effective at accomplishing intravitreal injection.

[00226] While the invention has been particularly shown and described with reference to
a number of embodiments, it would be understood by those skilled in the art that changes in the
form and details may be made to the various embodiments disclosed herein without departing
from the spirit and scope of the invention and that the various embodiments disclosed herein are

not intended to act as limitations on the scope of the claims.

Additional formulations
[00227] The present invention includes the following formulations comprising greater
than 40 mg/ml VEGF receptor fusion protein (e.g., aflibercept or conbercept) and:
[00228] (a) a buffer including a histidine salt (e.g., histidine-HCI or histidine-acetate, for
example, 10 mM to 50 mM) and having pH ranging from 5.7 to 6.2; a sugar (e.g., more than 6%,
but not more than 10%) such as sucrose, trehalose, mannitol or glucose; a surfactant selected
from the group consisting of polysorbate 20 and polysorbate 80 (e.g., 0% to 0.1%);
[00229] (b) a histidine containing buffer such as L-histidine/histidine hydrochloride (e.g.,
10 mM); a non-ionic surfactant such as polysorbate 20 (e.g., 0.03%), an inorganic salt such as
NaCl (e.g., 40 mM), and a carbohydrate such as sucrose (e.g., 5%), e.g. pH 6.0-6.5 (e.g., 6.2 or
6.5);
[00230] (c) citric acid (e.g., 5 mM, 10 mM, 15 mM, 20 mM, 25 mM or 30 mM), sucrose
(e.g., 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9% or 10%), arginine (e.g., 5 mM, 10 mM, 15 mM, 20
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mM, 25 mM, 30 mM, 35 mM, 40 mM, 45 mM or 50 mM or 100 mM), and polysorbate 20 (e.g.,
0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09% or 0.10%);

[00231] (d) a buffer such as phosphate, histidine, acetate, succinate, citrate, glutamate,
and/or lactate (e.g., at 5-20 or 5-50 mM); a non-ionic surfactant such as a polysorbate (e.g.,
PS20 or PS80), a polyethylene glycol dodecyl ether, a poloxamer, 4-(1,1,3,3-
Tetramethylbutyl)phenyl-polyethylene glycol, an alkylsaccharide or an alkylglycoside, a
tonicifying agent such as a polyol or an amino acid, for example, sucrose, trehalose, sorbitol,
mannitol, glycerol, proline, arginine, methionine, glycine, or lysine, wherein the formulation has
a final osmolality of about 300 mOsm/kg, and wherein the concentration of chloride anion is less
than about 10 mM; pH 5.0-6.5; or

[00232] (e) 10 mM sodium phosphate, 40 mM sodium chloride, 0.03% polysorbate 20,
and 5% sucrose, pH 6.2.

EXAMPLES
[00233] The following examples are provided for illustrative purposes only and are not
intended to limit the scope of the invention. Efforts have been made to ensure accuracy with
respect to numbers used, but some experimental errors and deviations should be accounted for.
Any formulations set forth in these examples are part of the present invention.
[00234] In these examples, when an experiment is conducted at 2-8°C, the temperature is

targeted to 5°C with a tolerance of +£3°C variation.

Example 1: 80 mg/ml VEGF Receptor Fusion Protein Formulations Maintain
Potency, Physical Stability and Charge Over A 36 Month Period.
[00235] A series of four different formulations having 80 mg/ml VEGF receptor fusion
protein (aflibercept) were tested for long term potency, physical stability and development of
charge variants. The ingredient listing of each of the four formulations is shown in Table 1-1.
Each formulation was evaluated for VEGF receptor fusion protein HMW species formation over
the course of storage at 2°C to 8°C for 36 months, as well as for the percent main species by SE-
UPLC. Each VEGF receptor fusion protein containing formulation was also evaluated using

Imaged Capillary Isoelectric Focusing over the same course of time and temperature. Finally,
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each formulation's potency was tested by bioassay over the same course of time and temperature.

Table 1-1. VEGF Receptor Fusion Protein Containing Formulations

Sodium Sodium
VEGFT phosphate Histidine Sucrose Polysorbate Chloride
Formulation (mg/mL) (mM) (mM) whv) 20 (wiv) (mM) pH
F1 (B) 80 NA 5 0.03 40 6.2
F2 (H) 80 NA 8 0.03 0 62
F3 (D) 80 NA 10 5 0.03 40 6.2
F4 (G) 80 NA 10 8 0.03 0 62
Table 1-2. “aHMW Species
Formulation | Formulation | Formulation | Formulation
B H D G
Formulation | Formulation | Formulation | Formulation
1 2 3 4
Months at 2-
8C
0.0 1.7 1.6 1.6 1.3
1 2.1 2.1 1.6 1.7
2.0 2.3 2.2 1.8 1.8
3.0 2.4 2.5 2.0 2.1
6.0 2.9 2.8 2.0 2.3
9.0 3.1 3.0 2.2 2.4
12.0 2.8 3.0 2.4
18.0 3.2 3.2 2.6 2.5
24.0 3.6 3.6 3.1 2.8
36.0 4.2 4.2 3.2 3.2
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Table 1-3. aMain Peak

Formulation | Formulation | Formulation | Formulation
B H D G
Formulation | Formulation | Formulation | Formulation
1 2 3 4
Months at 2-
8C
0.0 98.4 98.4 98.4 98.8
1 97.9 98.0 98.4 98.3
2.0 97.7 97.8 98.2 98.2
3.0 97.7 97.5 98.0 98.0
6.0 97.1 97.2 97.9 97.7
9.0 96.9 97.0 97.8 97.6
12.0 97.2 97.0 97.4
18.0 96.8 96.8 97.4 97.5
24.0 96.5 96.4 96.8 97.2
36.0 95.7 95.7 96.8 96.8
Table 1-4. %Acidic Species
Formulation | Formulation | Formulation | Formulation
B H D G
Formulation | Formulation | Formulation | Formulation
1 2 3 4
Months at 2-
8C
0.0 15.8 15.1 16.0 15.2
12 15.6 15.9 NP 16.0
24.0 16.0 17.1 16.2 16.9
36.0 16.9 17.4 17.2 17.6
Table 1-5. % Main Species
Formulation | Formulation | Formulation | Formulation
B H D G
Formulation | Formulation | Formulation | Formulation
1 2 3 4
Months at 2-
8C
0.0 78.9 79.1 79.2 79.9
12 79.3 79.3 NP 79.7
24.0 79.3 78.5 79.5 79.3
36.0 78.6 78.1 78.7 78.6
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[00236] Data is shown in Figures 1A, 1B, 1C and 1D. Figure 1A shows the percent of
VEGF receptor fusion protein HMW species formed for each of the four formulations. VEGF
TRAP shows a slightly slower rate of HMW species formation when the formulation is histidine-
based, as compared to sodium phosphate. As shown in Figure 1A, the YoaHMW species after
storage at 2° to 8°C for 36 months increased by 2.6% in sodium phosphate formulations
(Formulations 1 and 2), as compared to the 1.6 to 1.9% increase in histidine buffers
(Formulations 3 and 4). The data was confirmed, as shown in Figure 1B, where SE-UPLC was
used to identify the percent of the VEGF receptor fusion protein main species present over the
same time frame and temperature range. As a comparison point, assays were run on the current
EYLEA® formulation (40 mg/ml) having 10 mM sodium phosphate, which showed a 1.2%
increase in the %oHMW species after storage at 2° to 8°C for 36 months (not shown). In
addition, each of the four 80 mg/ml VEGF TRAP formulations was tested for potency and
compared to EYLEA® activity (not shown). Potency was maintained by bioassay for all four
formulations as well as EYLEA®. These data show that formulations herein are able to maintain
VEGF receptor fusion protein stability comparable to EYLEA®.

[00237] Referring to Figures 1C and 1D, the percent of VEGF TRAP charge variants
formed after storage at 2° to 8°C for 36 months was also tested. Figure 1C shows that the VEGF
TRAP in Formulations 1 - 4 showed no meaningful change in percent acidic species over the
course of 36 months, and Figure 1D shows the same finding for percent main species over the
course of 36 months. The finding that the VEGF TRAP maintained charge variant species
during storage shows that the quality of the VEGF TRAP was maintained, and processes like
deamination, N-terminal pyroglutamate formation, isomerization, aggregation, efc. did not occur
over the course of the storage parameters.

[00238] The data in Example 1 shows that formulations having double the VEGF TRAP
concentration found in EYLEA®, can maintain physical stability, quality and potency over the
course of 36 months at 2° to 8°C. Further, although all four formulations showed similar
potency over the period, histidine containing formulations resulted in a slightly smaller increase
in HMW species formation (sign of protein degradation), showing that under some
circumstances, histidine may be a buffer of choice. However, the findings for both histidine and

phosphate based buffers showed excellent stability over the course of the study.
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Example 2: 150 mg/ml VEGF TRAP Stability in Sodium Phosphate Buffer/Sucrose

Formulations.

[00239]

Two sodium phosphate formulations were tested for physical stability of 150

mg/ml VEGF Trap (aflibercept) at 37°C for 28 days. The ingredient listing of each of the two

formulations is shown in Table 2-1. Each formulation was evaluated for HMW species

formation over the course of storage at 37°C for the 28 days as well as for the percent main

species by SE-UPLC.

Table 2-1. VEGF Receptor Fusion Protein (aflibercept) Containing Formulations for

Example 2
Sodium
VEGFT phosphate Sucrose Polysorbate | Arginine-HCI
Formulation (mg/mL) (mM) w/lv) 20 (w/v) (mM) pH
F1(T) 150 10 8% 0.03 N/A 6.2
F2 (J11]) 150 10 8% 0.03 50 6.2

Table 2-2. %aHMW Species

10 mM Sodium Phosphate,
8% Sucrose, 0.03%
Polysorbate 20, pH 6.2

mM L-Arginine

10 mM Sodium Phosphate, 8%
Sucrose, 0.03% Polysorbate 20, 50

Monohydrochloride, pH 6.2

Phosphate Phosphate-Arginine
Days at 37C
0.0 2.4 1.9
7 6.4 6.1
14.0 8.4 8.3
21.0 10.4 10.5
28.0 12.2 12.5
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Table 2-3. aMain Peak

10 mM Sodium Phosphate, | 10 mM Sodium Phosphate, 8%
8% Sucrose, 0.03% Sucrose, 0.03% Polysorbate 20, 50
Polysorbate 20, pH 6.2 mM L-Arginine
Monohydrochloride, pH 6.2
Phosphate Phosphate-Arginine
Days at 37C
0.0 97.6 98.1
7 93.6 93.9
14.0 91.0 91.1
21.0 88.9 89.0
28.0 87.1 86.9
[00240] Figure 2A shows that there was no meaningful difference of %HMW species

formed between the two formulations during storage at 37°C for 28 days, which as confirmed by
the percent of main species by SE-UPLC (Figure 2B). There was no change in the appearance,
turbidity or pH of the two formulations over the course of the 28 days (not shown).

[00241] The results were then compared to formulations that included 40 mg/ml
EYLEA®, and Formulation 1 from Example 1 (80 mg/ml VEGF TRAP in sodium phosphate
buffer). As expected, the 150 mg/ml VEGF TRAP formulations showed a higher percent of
HMW species formation as compared to the EYLEA® formulation, and a somewhat higher
percent of HMW species formation as compared to Formulation 1 of Example 1.

[00242] Further testing was performed on high concentration VEGF TRAP containing
formulations, and histidine containing formulations showed better protection of these molecules
than did formulations based in sodium phosphate. Further, inclusion of sodium chloride into
each of the tested formulations actually caused destabilization of the VEGF TRAP at 37°C. The
data in Example 2 shows that even at high concentrations of 150 mg/ml VEGF receptor fusion
protein, and fairly extreme temperature storage, the formulations herein provide excellent

protection for physical stability.
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Example 3: Pharmaceutically Acceptable Formulation Viscosity Can be Attained

for 150 mg/ml VEGF TRAP.

[00243] A number of VEGF Trap (aflibercept) containing formulations were tested for
their viscosity behavior. Formulations having from between 10 mg/ml to 160 mg/ml VEGF Trap
were tested in the presence and absence of various viscosity reducing agents.

[00244] Figure 3A shows formulations having 155 mg/ml VEGF Trap in 10 mM sodium
phosphate buffer, 5% sucrose and a pH of 6.2 in combination with no inorganic salt, arginine,
lysine, sodium chloride and magnesium chloride showed little difference in viscosity. In each
case viscosity was measured in cP at 20°C. A range of viscosity between about 17 cP (no
inorganic salt) and 15 cP (100 mM magnesium chloride) was observed, with little variation
between which viscosity reducing agent was used, or with the presence of a viscosity reducing
agent at all. Figure 3B shows a similar series of formulations, except that the base buffer is 10
mM histidine and pH 5.8. Here, the lack of any inorganic salt provided a formulation with a
viscosity of 11.5 ¢P, and 50 mM lysine a viscosity of 14 c¢P. The histidine containing buffer
provided excellent viscosity, one in line with other low-concentration biologic injectables.
[00245] Figure 3C shows viscosity of VEGF Trap between the concentrations of 10 mg/ml
and 160 mg/ml, with 10 mM sodium phosphate, 5% sucrose at a pH of 6.2 in the absence of
arginine, and in 50 mM of arginine hydrochloride. Inclusion of the viscosity reducing agent
resulted in similar viscosities for all VEGF Trap concentrations tested. As shown in Figures 3A
and 3B, the viscosity reducing agent had little positive effect on the formulation viscosity, even
at higher protein concentrations. This is a surprising result, as arginine and other viscosity
reducing agents have previously been shown to have beneficial properties on high concentration
protein viscosity.

Table 3-1. Viscosity-Phosphate formulations (cP at 20°C)

Buffer Composition 10 mM Sodium Phosphate, 5% Sucrose, pH 6.2

No Viscosity Reducer 17.3
100 mM Arginine 16.2
200 mM Arginine 15.8
50 mM Lysine 16.2
100 mM Sodium Chloride 16.5
50 mM Magnesium Chloride 16.3
100 mM Magnesium

Chloride 153
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Table 3-2. Viscosity-Histidine formulations (cP at 20°C)

Buffer Composition 10 mM Histidine, pH 5.8

No Viscosity Reducer 11.5
100 mM Arginine 12.0
200 mM Arginine 12.7
50 mM Lysine 14.0
200 mM Lysine 14.1
50 mM Sodium Chloride 13.1
100 mM Sodium Chloride 12.1
50 mM Magnesium Chloride 12.6
100 mM Magnesium

Chloride 11.4

Example 4: Arginine Hydrochloride Improves Stability of 150 mg/ml VEGF TRAP

In Sodium Phosphate Buffer/Sucrose Formulations.

[00246] Two sodium phosphate formulations were tested for physical stability of 150
mg/ml VEGF Trap (aflibercept) at 2-8°C for 12 months. The ingredient listing of each of the
two formulations is shown in Table 4-1. Formulation 2 further includes 50 mM arginine
hydrochloride. Each formulation was evaluated for HMW species formation over the course of

storage at 37°C for the 12 months as well as for the percent main species by SE-UPLC.

Table 4-1. VEGF Receptor Fusion Protein (aflibercept) Containing Formulations for

Example 3
Sodium Arginine
VEGFT phosphate Sucrose Polysorbate Hydrochloride
Formulation (mg/mL) (mM) (wiv) 20 (wlv) pH (mM)
F1(T) 150 10 8% 0.03 6.2 0
F2 (J11)) 150 10 8% 0.03 6.2 50
[00247] Figure 4A shows that inclusion of 50 mM arginine hydrochloride to the

formulation improved the VEGF TRAP physical stability. This stabilizing attribute on the
VEGF TRAP was confirmed in Figure 4B, where the percent main species remains higher for the
VEGF TRAP in the presence of 50 mM arginine hydrochloride. This data shows that there are

situations under which addition of arginine hydrochloride provides a stabilizing effect to the
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stored VEGF TRAP. Tabulated size-exclusion chromatography data are set forth in Table 4-2

and 4-3.

Table 4-2. Y“aHMW Species

10 mM Sodium Phosphate,
8% Sucrose, 0.03%
Polysorbate 20, pH 6.2

10 mM Sodium Phosphate, 8%
Sucrose, 0.03% Polysorbate 20,
50 mM L-Arginine
Monohydrochloride, pH 6.2

Months at 2-
8C
0.0 2.4 1.9
1 3.3 2.8
2.0 3.8 3.2
3.0 4.1 3.5
6.0 4.9 4.1
9.0 5.5 4.7
12.0 5.9 5.0

Table 4-3. %0Main Peak

10 mM Sodium Phosphate,
8% Sucrose, 0.03%
Polysorbate 20, pH 6.2

10 mM Sodium Phosphate, 8%
Sucrose, 0.03% Polysorbate 20,
50 mM L-Arginine
Monohydrochloride, pH 6.2

Months at 2-
8C
0.0 97.6 98.1
1 96.8 97.2
2.0 96.2 96.8
3.0 95.9 96.5
6.0 95.1 95.8
9.0 94.5 95.3
12.0 94.1 94.5
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Example 5: Viscosity of 10 mg/ml to 170 mg/ml VEGF TRAP in Histidine and
Phosphate Buffers
[00248] Figure 5 showed that 10 mM phosphate buffer and 10 mM histidine buffer both

had highly useful viscosities for a range of VEGF Trap (aflibercept) concentrations. At higher
VEGF Trap concentrations, the histidine buffer showed an improvement in viscosity (relative to

phosphate). Viscosity was measured at 20°C.

Example 6: Taurine and Propane Sulfonic Acid Provide Improved Stability to High

Concentration VEGF Trap (aflibercept) Formulations.

[00249] An experiment was conducted to determine the effect on protein stability with a

number of formulation combinations. Figure 6 shows a dynamic light scattering plot for
formulations having anywhere from 2 mg/ml protein to 10 mg/ml protein (aflibercept).
Formulations that included 70 mM taurine or 70 mM PSA showed reduced self-interaction at
higher concentrations. These data indicate that taurine and PSA can be useful inclusions in high

concentration protein formulations, like the ones at issue in this case.

Example 7: Long Term Study of Stability of Various Histidine Containing

Formulations.
[00250] A total of 9 different aflibercept formulations were tested with varying buffer
concentration, thermal stabilizers and hydrophobic salts. The 9 formulations, F1-F9, are

summarized below in Table 7-1.
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Table 7-1. Formulations F1-F9.

Buffer Stabilizer
VEGFT |Buffer Sucrose |Proline| Polysorbate |Stabilizer
Formulation Concentration Concentration | pH
(mg/mL)| Type (Y%owhv) [(Yow/v)| 20 (w/v) (mM)
(mM) (mM)
F1 (WW) 140 His 10 5 0 0.03 Taurine 50 5.8
Arginine
F2 (XX) 140 His 20 0 4 0.03 50 5.8
HC1
F3 (YY) 140 His 20 2.5 2 0.03 Taurine 50 5.8
Arginine
F4 (Z2) 140 His 10 2.5 2 0.03 50 5.8
HC1
F5 (AAA) 140 His 20 5 0 0.03 PSA 50 5.8
F6 (BBB) 140 His 20 2.5 2 0.03 PSA 50 58
Arginine
F7 (CCC) 140 His 20 5 0 0.03 50 58
HC1
F8 (DDD) 140 His 10 0 4 0.03 PSA 50 58
F9 (EEE) 140 His 20 5 0 0.03 NA NA 58

VEGFT=VEGF Trap (aflibercept)

[00251] Fourteen (14) mL of each formulation was compounded in 15 mL Falcon tubes.
The formulation was then sterile filtered using a 0.22 uM syringe filter and filled in sterile 2 mL
Type 1 glass vials. Eight (8) vials were filled for each formulation with 0.4 mL volume in a
laminar flow hood.

[00252] SE-UPLC (molecular weight species) was performed on all samples to determine
the chemical stability of each formulation.

[00253] The percentage of HMW species over time for each of formulations F1-F9 are
shown in Figure 7 (see also Table 7-2). Formulations F4 and F7 exhibited the lowest percentage
of HMW species after 4 months at 5°C. The results showed that addition of excipients like
arginine and proline significantly reduced the rate of %HMW species formation in VEGF Trap

formulations.
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F1(ww) F2 (XX) F3 (YY)
Months at 2- %HMW %Main %HMW %Main Peak %HMW %Main Peak

8C Peak

0.0 1.53 98.46 1.48 98.52 1.39 98.61
0.5 1.87 98.13 1.87 98.13 1.92 98.08
1.0 2.19 97.81 2.16 97.84 2.19 96.15
2.0 2.64 97.36 2.63 97.37 2.71 97.29
3.0 2.83 97.17 2.76 97.24 2.87 97.13
4.0 3.07 96.93 3.00 97.00 3.11 96.89
5.0 3.24 96.76 3.11 96.89 3.28 96.72
6.0 3.35 96.65 3.24 96.76 3.38 96.62

F4 (2Z) F5 (AAA) F6 (BBB)
%HMW %Main Peak %HMW %Main Peak %HMW %Main Peak

1.31 98.69 1.55 98.45 1.45 98.55

1.69 98.31 1.79 98.21 1.96 98.04

1.95 98.05 2.31 97.69 2.26 97.74

2.37 97.63 2.80 97.20 2.72 97.28

2.61 97.39 2.99 97.01 291 97.09

2.84 97.16 3.26 96.74 3.17 96.83

3.03 96.97 3.44 96.56 3.35 96.65

3.13 96.87 3.52 96.48 3.41 96.59

F7 (ccc) F8 (DDD) F9 (EEE)
%HMW %Main Peak %HMW %Main Peak %HMW %Main Peak

1.20 98.80 1.56 98.44 1.53 98.47

1.74 98.26 1.87 98.13 2.05 97.95

2.08 97.92 2.16 97.84 2.39 97.61

2.52 97.48 2.59 97.41 2.89 97.11

2.76 97.24 2.80 97.20 3.07 96.93

2.97 97.03 3.06 96.94 3.34 96.66

3.14 96.86 3.21 96.79 3.51 96.49

3.26 96.74 3.28 96.72 3.69 96.31
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Example 8: Stability Study of 140 mg/mL VEGF Trap with Varying Arginine

Concentrations.

[00254] The impact of varying the concentration of arginine-HCI on the stability of four
140 mg/mL VEGF Trap (aflibercept) eye drug product formulations was studied. The evaluation
of stability was performed at the storage condition of 2-8°C. The drug product (DP) was also
incubated under stress (37°C) conditions. The four formulations being evaluated in this stability

study (F1-F4) are described in Table 8-1 set forth below.

Table 8-1. Formulations F1-F4

Formulation Number Composition
: VEGFT (mg/mL) |Histidine | Sucrose |Polysorb L- pH
: (mM) (w/v) ate 20 |Arginine-
F1 0
F2 140 20 5 0.03 10 5.8
F3 50
F4 100
[00255] Approximately 145 mL of 187 mg/mL VEGF Trap histidine formulations were

thawed. Thirty six (36) mL of each formulation, with the exception of F3, was compounded; 39
mL of bulk F3 was compounded. Each formulation was filter sterilized within a LFH (laminar
flow hood) using a 0.22 um Durapore PVDF sterilizing filter prior to filling. Clean
depyrogenated 2 mL type I Schott glass vials stoppered with 13 mm serum stoppers (S2-F451
4432/50B2-40) were used to perform stability studies.

[00256] SE-UPLC analysis of the formulations was performed as set forth above. The
%HMW measurements, using SE-UPLC, in each formulation over time are set forth in Figure 8
(A-B). See also Tables 8-2 and 8-3.

[00257] When stored at 5°C, these formulations exhibited a reduction in the rate of
formation of %HMW species that was proportional to the concentration of arginine-HCl. Under
stress, however, this effect was reversed. The formulations, at 37°C, exhibited an apparent
increase in %HMW species proportional to the concentration of arginine-HCI. This property
made the discovery of arginine’s beneficial effects on aflibercept in the presence of histidine
buffer highly unlikely. Typically, for formulation development in the biotechnology industry,

the effect of various excipients on a drug is initially screened under stress (e.g., at elevated
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temperature such as 37°C) for a short period of time. The purpose of this approach it to rapidly

eliminate excipients which will not likely perform well in the absence of stress (e.g., at lower

temperature such as 5°C) over a longer period of time. Here, arginine was identified as a helpful

excipient in spite of its effect on stability at 37°C. Since formulated drug product is typically

stored for months at 4-5°C after manufacture, aflibercept in arginine and histidine buffer would

be a highly valuable formulation for long term, stable drug product storage.

Table 8-2. SE-UPLC Analysis (2-8°C)

61

F1 (EEE) F2 (SSS)
Months at
2-8C %Main Peak %HMW %Main Peak %HMW
0.0 97.79 2.21 97.78 2.22
0.5 97.56 2.43 97.59 2.41
1.0 97.30 2.70 97.34 2.66
1.5 97.21 2.79 97.26 2.74
2.0 97.05 2.95 97.08 2.92
2.5 96.96 3.04 97.02 2.98
3.0 96.82 3.18 96.88 3.12
6.0 96.35 3.65 96.40 3.60
F3 (CCC) F4 (TTT)
%Main Peak %HMW %Main Peak %HMW

97.85 2.15 97.81 2.19

97.67 2.33 97.73 2.27

97.47 2.53 97.59 2.41

97.37 2.63 97.50 2.50

97.22 2.78 97.36 2.64

97.14 2.86 97.31 2.69

97.04 2.96 97.16 2.84

96.60 3.40 96.77 3.23
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Table 8-3. SE-UPLC Analysis (37°C)

F1 (EEE) F2 (SSS)

Days at 37C %Main Peak %HMW %Main Peak %HMW

0.0 97.79 2.21 97.78 2.22
7 93.66 6.34 93.32 6.68
14.0 89.48 10.35 88.79 10.98
21.0 86.64 13.08 85.69 13.82
28.0 83.90 15.85 82.66 16.90
F3 (CCC) F4 (TTT)

%Main Peak %HMW %Main Peak %HMW
97.85 2.15 97.81 2.19
92.38 7.61 91.32 8.68
86.90 12.91 84.61 15.21
83.11 16.65 80.11 19.47
79.44 20.29 75.80 23.91

Example 9: VEGF Trap Stability in the presence of counterions from the

Hofmeister Series and other Excipients.

[00258] The effect of various counterions and other excipients on stability of several
formulations was determined.

A. Counterion Screening

[00259] Counter ions (e.g., sulfate, thiocyanate and citrate) were tested in the form of sodium
salts with high concentration VEGF Trap (aflibercept) formulations (140 mg/ml). Additionally,
other amino add excipients (e.g., glycine and lysine) were also tested.

[00260] Approximately 42 ml of 187 mg/ml VEGF Trap eye drug substance were thawed. 50
ml of intermediate formulated drug substance (155.56 mg/ml), having a 110% concentration of
the 140 mg/ml formulated drug substance and target excipient concentration (excluding the
counterions, glycine and lysine), were prepared.

[00261] The intermediate formulated drug substance was further diluted with the 0.5 M stock
excipient solutions (counterions, glycine or lysine) to produce the 140 mg/ml formulated drug
substance formulations listed in Table 9-1 below. Each final formulation was filter sterilized

with a 0.22 um PVDF syringe filter within a laminar flow hood prior to filling into clean
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depyrogenated 2mL type I Schott glass vials stoppered with 13 mm serum stoppers S2-F451
4432/50 82-40 (ELN item# 19700004 Wash# 0 000078949). Sixty (60) vials were filled with

0.5 ml of each formulation. Six (6) vials were filled with 1.5 ml.

Table 9-1. Formulations for Counterion Screening

Excipient (mM) Formulation VEGF Trap
conc.
Sodium sulfate 50mM 20mM Histidine/0.03%PS20/5% Sucrose/50mM 140
Sodium Sulfate
Sodium thiocyanate SOmM | 20mM Histidine/0.03%PS20/5% Sucrose/50mM 140
Sodium thiocyanate
Sodium Citrate 50mM 20mM Histidine/0.03%PS20/5% Sucrose/50mM 140
Sodium Citrate
Glycine 50mM 20mM Histidine/0.03%PS20/5% Sucrose/50mM 140
Glycine
Sodium chloride 50mM 20mM Histidine/0.03%PS20/5% Sucrose/50mM 140
sodium chloride
Lysine S0mM 20mM Histidine/0.03%PS20/5% Sucrose/SOmM 140
Lysine

B. Glutamate And Aspartate Screening

[00262] The stability of VEGF Trap (aflibercept) high concentration formulations (140
mg/ml) in the presence of organic counter ions in combination with arginine hydrochloride was
tested. In addition, two new counter ions (glutamate and asparate) were tested for compatibility
with high concentration VEGF Trap (in combination and without arginine hydrochloride). The
formulations tested are summarized below in Table 9-2.

[00263] Approximately 50 ml of 187 mg/ml VEGF Trap drug substance were thawed. 60
ml of intermediate formulated drug substance (155.56 mg/ml) with a 110% of the 140 mg/ml
formulated drug substance and target excipient concentration (excluding the counterions, citrate,
glycine, glutamate and aspartate) was prepared. The intermediate formulated drug substance was
further diluted with the 1M stock excipient solutions (arginine hydrochloride, sodium citrate,
glycine, sodium glutamate and sodium aspartate) to produce the 140 mg/ml formulated drug
substance formulations listed in the table below. Each final formulation was filter sterilized with

a 0.22 um PVDF syringe filter within a laminar flow hood prior to filling into clean
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depyrogenated 2 ml type I Schott glass vials stoppered with 13 mm serum stoppers S2-F451
4432/50 B2-40 (ELN item# 19700004 Wash# 0000078949). Sixty (60) vials were filled with 0.5

ml of each formulation. Six (6) vials were filled with 1.5 ml.

Table 9-2. Formulations for Glutamate And Aspartate Screening

Excipient (mM) Formulation VEGF Trap
conc.
Sodium Citrate 50mM + Arginine 20mM Histidine/0.03%PS20/5% Sucrose/ 140
Hydrochloride 50mM 50mM Sodium Citrate/SOmM Arginine
hydrochloride
Glycine 50mM + Arginine 20mM Histidine/0.03%PS20/5% Sucrose/ 140
hydrochloride 50mM 50mM Glycine/S0mM Arginine hydrochloride
Sodium aspartate SOmM + 20mM Histidine/0.03%PS20/5% Sucrose/ 140
Arginine hydrochloride 50mM 50mM Sodium Aspartate/SOmM Arginine
hydrochloride
Sodium glutamate SOmM + 20mM Histidine/0.03%PS20/5% Sucrose/ 140
Arginine hydrochloride 50mM 50mM Sodium Glutamate/SOmM Arginine
hydrochloride
Sodium aspartate SOmM 20mM Histidine/0.03%PS20/5% Sucrose/ 140
50mM sodium aspartate
Sodium glutamate SOmM 20mM Histidine/0.03%PS20/5% Sucrose/ 140
50mM Sodium glutamate

[00264] Viscosity testing was performed using a RHEOSENSE m-VROC® viscometer.
Approximately, 0.5 mL of undiluted sample was loaded onto a glass syringe. The sample was
equilibrated to the desired temperature and injected into a chip or measuring cell. Viscosity was
calculated by measuring the pressure drop from inlet to the outlet which is correlated to the
shear-stress at the wall of the chip. Results are expressed as mPas-1 or ¢cp. See Figure 9 and
Table 9-3.

[00265] Osmolality testing was performed using a VAPRO vapor pressure osmometer.
Approximately, 10 pL of undiluted sample was inoculated into a paper disc. The dew point
temperature depression, a function of the solution vapor pressure, was measured through a
sensitive thermocouple and reported as osmolality of the solution. Results are expressed as

mmol/kg or mOsm. See Figure 10 and Table 9-3.

64

PGR2026-00039
Biocon Ex.1002
Page 4909 of 4945



104300802

[00266] High molecular weight species in certain formulations over time, after storage at
37°C or 5°C, was also evaluated by SE-UPLC. See Figure 11 (A-B) and Tables 9-4 and 9-5.
[00267] Dynamic light scattering experiments were performed using a DynaPro® Plate

Reader II. Approximately, 100 uL of undiluted sample was loaded onto a 96-well plate. Thirty
five acquisitions were obtained for each well at 25°C. Analysis of autocorrelation function using
regularization was performed on the DYNAMICS v7.1 software. Radius (nm) vs %intensity
plots and % mass vs radius (nm) plots were generated to derive the average molecular radius and

% polydispersity values (%Pd) for each sample. See Figure 12.

Table 9-3. Viscosity and Osmolality of Various Formulations

>0mM >0mM aomm | somm | 0™ 1 gomm
Sodium Sodium . . Sodium .
Parameter tested . Sodium Glycine . Lysine
Sulfate thiocyanate citrate (Il ) Chloride (LLL)
(GGG) (HHH) (KKK)
viscosity (cp) 11.9 12.4 14.8 12.2 11.6 11.8
OsmO'a"tyg()mosmOV K 384 324 403 299 349 349
50mM 50mM 50mM
50mM . . .
50mM 50mM . Glycine+ Sodium Sodium
. . Sodium
Sodium Sodium . 50mM Aspartate+ Glutamate +
citrate+50mM .
Aspartate | Glutamate Arginine HCI Arginine 50mM 50mM
(MMM) (NNN) g( 000) HCl Arginine HCl | Arginine HCI
(PPP) (QQQ) (RRR)
13.0 13.1 14.8 12.5 13.1 13.3
343 346 506 369 426 430
Table 9-4. SE-UPLC Analysis; “aHMW (37°C)
. 50mM Sodium . . . .
%HMW (Days 50mM Sodium thiocvanate 40mM Sodium 50mM Glycine 50mM Sodium 50mM Lysine
at 37C) Sulfate (GGG) (H‘},-IH) citrate (lll) () Chloride (KKK) (LLL)
0 2.3 2.3 2.3 2.3 2.3 2.2
8.6 15.5 8.2 6.3 8.1 7.7
14 13.5 24.8 12.1 9.5 12.4 11.7
28 22.0 39.2 19.1 15.3 20.4 19.3
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Table 9-5. SE-UPLC Analysis; %0 HMW (5°C)

%HMW 50mM >0mM 40mMm . S0mM 50mM
{Months at Sodium this(;)c‘:/l:r:te Sodium 50m|\:|”(j;ycme gf‘:l?;:::e Lysine
5C) Sulfate (GGG) (HHH) citrate (ll1) (KKK) (LLL)

0 2.3 2.3 2.3 2.3 2.3 2.2

0.25 2.3 2.4 2.4 2.3 2.3 2.3

0.5 2.4 2.5 2.5 2.4 2.4 2.3

1 2.5 2.8 2.7 2.6 2.6 2.5

2 2.8 2.9 2.9 2.8 2.8 2.8

3 3.1 3.3 3.2 3.1 3.2 3.0
Example 10;: Tolerability of IVT delivery of High Dose VEGF Trap (140mg/ml) in

Normal Rabbits.
[00268]

Anti-VEGF therapeutics, administered via intravitreal injection, are currently the
standard of care for treatment of neovascular age-related macular degeneration, diabetic macular
edema, and retinal vascular occlusive disease. However, the monthly or bi-monthly intravitreal
injections represent a significant treatment burden on patients, caregivers, and physicians. There
is a pressing need for more effective and durable therapies in clinical practice. This study is to
investigate the tolerability of stably formulated high dose VEGF Trap (140 mg/ml, equivalently
14 folds of the clinical dose) in normal New Zealand white rabbit eyes.
[00269] Two formulations of high dose VEGF-Trap (aflibercept) in histidine buffer or in
phosphate buffer were tested. Three rabbits per cohort received 7mg of VEGF Trap in 50 uL by
single bilateral intravitreal injection of each formulation. Ocular inflammation signs were
monitored by slit lamp, optical coherence tomography (OCT) and fundus angiograph at day 1,
day 4, week 1 then weekly until 12 weeks post-intravitreal administration. Intraocular pressure
was measured with Tonopen before and 10 minutes and 30 minutes post intravitreal injection,
then at every follow up time point. Animals were euthanized at week 12.
[00270] The rabbit eyes were dosed with either:

(1) 140 mg/ml aflibercept, 20 mM Histidine, 5% Sucrose, 50 mM Arginine

HCI, 0.03% PS20, pH 5.8;

or

(2) 140 mg/ml aflibercept, 10 mM Sodium phosphate, 5% Sucrose, 40 mM
Sodium Chloride, 0.03% PS20, pH 6.2.
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[00271] Two of six eyes from the histidine buffer group showed dark shadows in the
vitreous until 8 weeks post IVT, which were confirmed by slit-lamp examination as local
cataract due to posterior lens injury, procedure related. One of 6 eyes the from phosphate buffer
group showed dark shadows in the vitreous until 8 weeks post IVT, which were confirmed by
slit-lamp examination as local cataract due to posterior lens injury (procedure related).

[00272] The high dose VEGF Trap (140 mg/ml) formulations tested were well tolerated in
normal New Zealand White rabbit eyes within 12 weeks post-single intravitreal administration.
After a single intravitreal injection of 7 mg of VEGF Trap, no signs of abnormalities or
inflammation were seen in the fundus. The vitreous was clear and the retinal vascular pattern
appeared normal. No retinal detachment, hemorrhage or optic nerve head changes were seen.
There was no intraocular pressure change compared to baseline. The baseline fluorescein
angiography (FA) and OCT images of rabbit eyes are represented in Figure 13(A-D). The time
course FA and OCT images of rabbit eyes in each treatment group over 8 weeks is represented in
figures 14, 15, 16 and 17. Data from the left eye (OS) or right eye (OD) of rabbits 326 and 329

are shown.

Example 11: Evaluation of Stability of Formulations UUU-BBBB
[00273] This study examined the stability of 60 mg/ml and 120 mg/ml VEGF Trap
(aflibercept) in 10 mM phosphate, 10% or 20% sucrose (Suc.), 0 or 50 mM NaCl, 0.03%

polysorbate 20, pH 6.2 when incubated at 37°C for up to 6 months. The formulations for this
stability study are set forth below in Table 11-1.

Table 11-1. Formulations UUU-BBBB

Formulation [VEGF Trap] mg/mL | % Sucrose | mM NaCl
Designation

F1 (UUU) 30 10 -

F2 (VVV) 30 20 -
F3 (WWW) 60 10 -

F4 (XXX) 60 20 -

F5(YYY) 120 10 -

F6 (ZZ7) 120 20 -
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F7 (AAAA) 120 10 50
F8 (BBBB) 120 20 50
Base formulation: 10 mM phosphate, 0.03% polysorbate 20, pH 6.2
VEGF Trap=aflibercept
[00274] The formulation was filter sterilized with a PVDF 0.2 um filter in a laminar flow
hood prior to dispensing.
[00275] Vials containing each formulation were stored at 37°C for 1 month.

Table 11-2. Reverse-phase High Performance Liquid Chromatography (RP-HPLC) Results

Storage Actual % [VGFT]
Formulation Condition | Incubation VEGFT mg/ml
(months) Recovered
30 mg/mL
0.0 100.0 29.99
10% sucrose (UUU) 37°C
1.0 97.9 29.37
30 mg/mL
0.0 100.0 29.97
20% sucrose (VVV) 37°C
1.0 98.2 29.44
60 mg/mL
0.0 100.0 58.90
10% sucrose (WWW) 37°C
1.0 98.3 57.89
60 mg/mL
0.0 100.0 58.80
20% sucrose (XXX) 37°C
1.0 98.9 58.18
120 mg/mL
0.0 100.0 120.80
10% sucrose (YYY) 37°C
1.0 97.4 117.63
120 mg/mL
0.0 100.0 117.85
20% sucrose (ZZZ) 37°C
1.0 98.9 116.51
120 mg/mL
0.0 100.0 120.14
10% sucrose 37°C
50 mM NaCl (AAAA)
1.0 97.9 117.64
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120 mg/mL
20% sucrose
50 mM NacCl (BBBB)

37°C

0.0

100.0

120.55

1.0

97.0

116.94

VGFT=VEGF Trap, aflibercept
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Table 11-3. Size-exclusion Ultra Performance Liquid Chromatography (SE-UPLC) Results

Formulation Storage Actual Total %Native Total
Condition Incubation % HMW % LMW
(months)
30 mg/mL VGFT
0 0.8 99.0 0.1
10% sucrose 37°C
(Uuu) 1.0 4.1 94.0 1.9
30 mg/mL VGFT
0 0.8 99.0 0.2
20% sucrose 37°C
(VVV) 1.0 2.4 95.6 2.0
60 mg/mL VGFT
0 1.0 98.8 0.2
10% sucrose 37°C
(WWW) 1.0 7.8 89.5 2.7
60 mg/mL VGFT
0 1.0 98.8 0.2
20% sucrose 37°C
(XXX) 1.0 44 92.8 2.7
120 mg/mL VGFT
0 1.3 98.5 0.2
10% sucrose 37°C
(YYY) 1.0 18.3 79.5 22
120 mg/mL VGFT
20% sucrose 3790
@z2) 0 12 98.5 0.2
1.0 10.7 87.1 2.2
120 mg/mL VGFT
10% sucrose
o 370¢ 0 1.3 98.5 0.2
50 mM NaCl
(AAAA)
1.0 20.8 771 2.2
120 mg/mL VGFT
20% sucrose
o 370¢ 0 12 98.5 0.3
50 mM NaCl
(BBBB)
1.0 13.0 84.8 2.2
VGFT=VEGF Trap, aflibercept
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[00276] All of the formulations were essentially particle-free by visual inspection and
optical density measurement. There was no significant protein loss in recovery by RP-HPLC
after 1 month at 37°C (Table 11-2) and this trend continued out to 6 months.

[00277] The main degradation pathway for VEGF Trap was aggregation under these
conditions (Figure 18 (A-B); Table 11-3). The stability of VEGF Trap was dependent on the
protein and sucrose concentrations. Formulations with lower VEGF Trap concentrations and
higher sucrose were more stable. Maintaining the same protein:sucrose ratio did not result in the
same degradation rate. For example, F1 and F4 have the same protein:sucrose ratio of 3:1 but F4
was less stable than F1 due to its higher protein concentration. Similar trends were observed out

to 6 months.

Example 12: Repeat-Dose Intravitreal Toxicology Study in Monkeys with Different
Aflibercept Formulations.
[00278] The safety of various formulations in cynomolgus monkeys is assessed in this
example. A total of 7 intravitreal doses are administered to both eyes approximately Q4W to
Groups 1-3; a total of 3 intravitreal doses are administered to both eyes approximately Q4W to
groups 4-9. A terminal necropsy is performed approximately one week after last dose
(N=3/sex/group) with recovery necropsy (2/sex/group) approximately 12-week after last dose
[00279] The following assessments are performed:

o Safety assessment based on clinical signs, body weights, vital signs, electrocardiographic
data (pre-dose end of treatment and end of recovery), blood pressure measurements (via
tail cuff), clinical and anatomic pathology

e Comprehensive ocular exams at regular intervals during the dosing and recovery intervals
including slit lamp microscopy, indirect ophthalmoscopy and intraocular pressure
measurements

e Fundus photography, fluorescein angiography and electroretinography at pre-treatment,
during study week 9 (all groups), week 26 (Groups 1-3 only) and end of recovery period

¢ Blood and vitreous samples (at termination) for bioanalytical, ADA analysis and

toxicokinetic evaluation

71

PGR2026-00039
Biocon Ex.1002
Page 4916 of 4945



104300802

Table 13. Study group summary*

IVT Dose m N/sex for N/sex
Group Test Material Volume afliberceg t/eye N/sex terminal for
(uL/dose/eye) pr/ey necropsy | Recovery

ictidi ini o, 0,

1 20 mM Histidine, 50 mM Arginine, 5% Sucrose, 0.03% 50 0 (control) 5 3 2

PS20

2 80 mg/mL Aflibercept in 20 mM Histidine, 50mM 50 4 s 3 )
Arginine, 5% Sucrose, 0.03% PS20

3 140 mg/mL Aflibercept in 20 mM Histidine, 50mM 50 ~g 5 3 )

Arginine, 5% Sucrose, 0.03% PS20
4 20 mM Histidine, 5% Sucrose, 0.03% PS20 50 0 (control) 5 3 2
80 mg/mL Aflibercept in 20 mM Histidine, 5% Sucrose,

> 0.03% PS20 50 4 > 3 2
~140 mg/mL Aflibercept in 20 mM Histidine, 5% Sucrose, .

6 0.03% PS20 >0 / > 3 2
— . .

7 20 mM Histidine, 50 mM Glycine, 5% Sucrose, 0.03% 50 0 (control) 5 3 2

PS20

g 80 mg/mL Aflibercept in 20 mM Histidine, 50 mM 50 4 5 3 2
Glycine, 5% Sucrose, 0.03% PS20

9 140 mg/mL Aflibercept in 20 mM Histidine, 50 mM 50 ~7 5 3 2

Glycine, 5% Sucrose, 0.03% PS20

*each of said formulations are part of the present invention

[00280] It is expected that the formulations tested in any one or more of Groups 1, 2, 3, 4,
5, 6, 7, 8 and/or 9 will be determined to have a safety profile comparable to EYLEA in

cynomolgous monkeys as measured in the assessments discussed above.

Example 13: Stability Study with VEGF Trap Product.
[00282] A formulation including 114.3 mg/mL VEGF Trap (aflibercept) and 10 mM
Histidine, pH 5.8, 5% Sucrose, 0.03% Polysorbate 20, 50 mM Arginine Monohydrochloride was
prepared within a LFH (laminar flow hood) using a 0.22 um Durapore PVDF sterilizing filter
prior to filling. Clean depyrogenated 3 mL type I Schott glass vials were filled with 0.3 mL of
Drug Product and stoppered with 13 mm serum stoppers (S2-F451 4432/50B2-40). Samples
were analyzed at various timepoints after storage at 37°C or 5°C for purity by size-exclusion
chromatography (SEC) to determine the presence (%) of high molecular weight species (HMW),
low molecular weight species (LMW) and the main peak (main); as well as microflow imaging,
HIAC liquid particle counting (by light obscuration) and microscopically to determine the

presence of particles of various sizes.
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Figure 19 (A-E). See also Tables 13-1 — 13-4.

Table 13-1. Size-Exclusion Chromatography (SEC) Purity Analysis

37°C
Months %Main %HMW %LMW

0 98.23 1.77 0
0.229 92.88 7.07 0.05
0.459 88.59 11.18 0.23
0.688 84.67 15.03 0.3
0.918 81.84 17.59 0.57

5°C

Months %Main %HMW %LMW

0 98.23 1.77 0
1 97.73 2.27 0
2 97.4 2.59 0

Table 13-2. Microflow Imaging/Subvisible Particles

104300802

Stability and purity data after storage at 37°C, 25°C and 2-8°C are shown in

37°C
Months 21pum 22um 25um 210um 225um
T=0 1125 234 42 9 0
28 days 1128 184 17 0 0
Table 13-3. Subvisible Particulate Matter as Measured by Light Obscuration
(HIAC)/Subvisible Particles
37°C
Months 210pum 225um 250um
T= 15 0 0
28 days 23 1 1
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Table 13-4. Microscopic Analysis of Subvisible Particles

37°C
Months 210um 225um 250pum
T=0 8 1 1
28 days 6 2 1

Example 14: Stability Study with Varying VEGF Trap Concentrations.
[00284] The impact of varying the concentration of VEGF Trap on the stability of four
VEGEF Trap (aflibercept) eye drug product formulations was studied. The concentrations ranged
between 80 and 140 mg/mL. The evaluation of stability was performed at the storage condition
of 2-8°C. The drug product (DP) was also incubated under stress (37°C) conditions. The four
formulations (each of which is named “CCC” herein) being evaluated in this stability study are
described in Table 14-1 set forth below.
[00285] Approximately 27 mL of each formulation was prepared within a LFH (laminar
flow hood) using a 0.22 pm Durapore PVDF sterilizing filter prior to filling. Clean
depyrogenated 2 mL type I Schott glass vials were filled and stoppered with 13 mm serum
stoppers (S2-F451 4432/50B2-40). Samples were analyzed at various timepoints after storage at
37°C or 2-8°C for purity by size-exclusion-ultraperformance liquid chromatography (SE-UPLC)
to determine the presence (%) of high molecular weight species (HMW) and the main peak
(main).
[00286] Data showing the percentage HMW after incubation at 2-8°C or 37°C for up to 6
months are set forth in Figure 20 (A-B). See also Tables 14-2 and 14-3. When stored at 37°C
and 5°C, these formulations exhibited a positive correlation of the rate of HMW formation to the
concentration of VEGF Trap. The 140 mg/mL formulation exhibited highest rate of YaHMW

species formation.
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Table 14-1. Formulations tested.

104300802

Formulation R
Number p

cavanine i | sane | S|Pyl O on
F1 (CcCC) —
F2 (ccC) 50 . i . o0 N
F3 (CCC) o
F4 (CCC) "

Table 14-2. SE-UPLC Analysis (2-8°C)

F1 (CCC): 80 mg/mL F2 (CCC): 100 mg/mL F4 (CCC): 120 mg/mL F3 (€CC): 140 mg/mL
';/Ito;-?cs %Main Peak %HMW %Main Peak %HMW %Main Peak %HMW %Main Peak %HMW
0.0 97.90 2.10 97.86 2.14 97.83 2.17 97.85 2.15
1 97.91 2.09 97.79 2.21 97.65 2.35 97.47 2.53
2.0 97.78 2.22 97.56 244 97.38 2.62 97.22 2.78
3.0 97.61 2.39 97.38 2.62 97.17 2.83 97.04 2.96
55 97.39 2.61 97.10 2.90 96.79 3.21
6.0 97.36 2.64 97.04 2.96 96.74 3.26 96.60 3.40
Table 14-3. SE-UPLC Analysis (37°C)
F1 {ccc): F2 {(ccc): F4 {ccc): F3 (CCC):
80 mg/mL 100 mg/mL 120 mg/mL 140 mg/mL
Days at %Main %Main %Main %Main
37C Peak %HMW Peak %HMW Peak %HMW Peak %HMW
0.0 97.90 2.10 97.86 2.14 97.83 2.17 97.85 2.15
7 94.83 5.15 93.82 6.17 92.81 7.18 92.38 7.61
14.0 92.00 7.77 90.31 9.39 88.67 11.13 86.90 12,91
21.0 89.47 10.31 87.00 12,58 85.04 14.85 83.11 16.65
28.0 86.76 12.71 83.98 15.55 81.19 18.46 79.44 20.29

Example 15: High dose Eylea has Prolonged Duration of Action in the D,L-AAA
Model of Sustained Neovascular Leak.
[00287] The effect of a four-fold increase in dose on duration of action of aflibercept to
inhibit chronic retinal vascular leak in the D,L-AAA model was determined in this Example.
[00288] Animals used were New Zealand White rabbits 3 months post-DL-AAA (DL-a-

aminoadipic acid) disease induction. The treatment groups were:
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o Placebo (formulation buffer) 50 mcl/eye; n= 6 eyes

o Aflibercept 500 mcg/eye in 50 mcl; n=7 eyes

o Aflibercept 2 mg/eye in 50 mcl; n= 8 eyes
[00289] The formulation used in each treatment group was: 10 mM Histidine, 8% sucrose,
0.03% PS20, pH 5.8. Ophthalmic exams, which were performed at baseline and at weeks 1, 2, 4,
6,7,9,10, 11, 13 and 18, were intra-ocular pressure (IOP), red-free (RF) imaging (to determine
blood vessel morphology), fluorescein angiography (FA; to determine vascular leak), optical
coherence tomography (OCT; to identify vitreal inflammation). Serum (ADA) and plasma (drug
levels) were collected at baseline and at weeks 1, 2, 4, 6 and 9.
[00290] Data from FA exams of each group are set forth in Figure 21. These data
demonstrated that vascular leak inhibition in the retinas of animals receiving higher doses of
aflibercept lasted longer than that of animals receiving lower doses. The number of treated eyes
in which vascular permeability was completely inhibited was significantly greater in the 2 mg

dose group at all sampling times up to 18 weeks post dosing.
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What is claimed is:

1. An aqueous pharmaceutical formulation comprising:

a VEGF receptor fusion protein, anti-VEGF antibody or antigen-binding fragment or
VEGF binding molecule at a concentration of at least about 100 mg/ml;

about 5% sucrose

a histidine buffer; and

about 0.03% surfactant;

optionally, in association with a further therapeutic agent;

wherein the formulation has a pH of about 5.0 to about 6.8.
2. The formulation of claim 1 which is suitable for intavitreal administration.

3. The formulation of any one of claims 1-2 further comprising sodium sulfate,

sodium thiocyanate, glycine, NaCl, sodium aspartate, L-arginine and/or sodium glutamate.

4. The formulation of any one or claims 1-3, wherein the VEGF receptor fusion
protein or anti-VEGF antibody or antibody fragment or VEGF binding molecule is:

(i) a VEGF receptor fusion protein comprising two polypeptides that comprise (1) a
VEGFR1 component comprising amino acids 27 to 129 of SEQ ID NO:2; (2) a VEGFR2
component comprising amino acids 130-231 of SEQ ID NO:2; and (3) a multimerization
component comprising amino acids 232-457 of SEQ ID NO:2;

(i1) a VEGF receptor fusion protein comprising two polypeptides that comprise
immunoglobin-like (Ig) domain 2 of a first VEGF receptor and Ig domain 3 of a second VEGF
receptor, and a multimerizing component;

(iii) a VEGF receptor fusion protein comprising two polypeptides that comprise an
immunoglobin-like (Ig) domain 2 of a first VEGF receptor, an Ig domain 3 of a second VEGF
receptor, an Ig domain 4 of said second VEGF receptor and a multimerizing component;

(iv) a VEGF receptor fusion protein comprising two polypeptides that comprise an
immunoglobin-like (Ig) domain 2 of VEGFR1, an Ig domain 3 of a VEGFR2, and a

multimerizing component;
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(v) a VEGF receptor fusion protein comprising two polypeptides that comprise an
immunoglobin-like (Ig) domain 2 of VEGFRI1, an Ig domain 3 of VEGFR2, an Ig domain 4 of
VEGFR2 and a multimerizing component;

(vi) a VEGF receptor fusion protein comprising two VEGFR1R2-FcAC1(a)
polypeptides encoded by the nucleic acid sequence of SEQ ID NO:1; or

(vii) selected from the group consisting of: bevacizumab, ranibizumab, pegaptanib,

brolucizumab, an anti-VEGF DARPin and a bispecific anti-VEGF/ANG2 antibody.

5. The formulation of any one or claims 1-4, wherein the VEGF receptor fusion
protein or anti-VEGF antibody or antibody fragment or VEGF binding molecule is a VEGF

receptor fusion protein selected from the group consisting of: aflibercept and conbercept.

6. The formulation of any one of claims 1-5 wherein the VEGF receptor fusion
protein or anti-VEGF antibody or antibody fragment or VEGF binding molecule is a VEGF
receptor fusion protein is a VEGF receptor fusion protein at a concentration of from about 41 to

about 275 mg/ml.

7. The formulation of any one of claims 1-6, wherein the VEGF receptor fusion
protein or anti-VEGF antibody or antibody fragment or VEGF binding molecule is a VEGF
receptor fusion protein is a VEGF receptor fusion protein at a concentration of:

o about 100 mg/ml;

o about 111.5 mg/ml;

o about 112.0 mg/ml;

o about 113.3 mg/ml;

o about 114.3 mg/ml;

o about 115.6 mg/ml,

o about 116.3 mg/ml;

o about 120 mg/ml;

o about 133 mg/ml;

o about 140 mg/ml;

o about 150 mg/ml;

o about 200 mg/ml;
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o about 250 mg/ml;

o that which contains about 4 mg VEGF receptor fusion protein in about 100 ul
or less, about 70 pl or less, about 75 pl or less, about 50 ul or less or about 60 pl or less;

o that which contains about 6 mg VEGF receptor fusion protein in about 100 pl
or less, about 70 ul or less, about 75 pl or less, about 50 ul or less or about 60 pl or less;

o that which contains about 8 mg VEGF receptor fusion protein in about 100 ul
or less, about 70 pl or less, about 75 pl or less, about 50 ul or less or about 60 pl or less; or

o that which contains about 10 mg VEGF receptor fusion protein in about 100

ul or less, about 70 ul or less, about 75 ul or less, about 50 ul or less or about 60 pul or less.

8. The formulation of any one of claims 1-7 wherein:
(1) the osmolality is about 299 to about 506 mmol/Kg; and/or
(ii) the viscosity is from about 6-15 cP at 20°C.

9. The formulation of any one of claims 1-8 wherein the pH is 5.8 to 6.5.
10. The formulation of claim 9 wherein the pH is about 5.8.

11.  The formulation of any one of claims 1-10, wherein the surfactant is a non-

ionic surfactant.

12. The formulation of claim 11, wherein the non-ionic surfactant is selected from
the group consisting of polysorbate 20, polysorbate 80, poloxamer 188, polyethylene glycol 3350

and mixtures thereof.

13. The formulation of any one of claims 1-12, wherein the histidine is histidine

hydrochloride.

14. The formulation of claim 13 comprising about 10 mM to 20 mM histidine
hydrochloride.

15. The formulation of any one of claims 1-14, comprising a thermal stabilizer

which is a sugar.
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16. The formulation of claim 15, wherein the sugar is sucrose, mannitol, sorbitol
or trehalose.
17. The formulation of any one of claims 15-16 comprising about 2.5% (w/v),

about 5% (w/v), about 8% (w/v), about 10% (w/v) or about 20% (w/v) sucrose.

18. The formulation of any one of claims 1-17 comprising surfactant at a

concentration of about 0.03% (w/v).

19. The formulation of any one of claims 1-18, comprising L-arginine

monohydrochloride.

20.  The formulation of any one of claims 1-19 wherein the VEGF receptor fusion
protein or anti-VEGF antibody or antibody fragment or VEGF binding molecule is a VEGF
receptor fusion protein which has less than about 3.5% high molecular weight species
immediately after manufacture and purification and/or less than or equal to about 6% high

molecular weight species after storage for about 24 months at about 2-8°C.

21. A formulation comprising the components in a formulation selected from the
group consisting of:
Formulation A: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;
Formulation B: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;
Formulation C: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;
Formulation D: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2;
Formulation E: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;
Formulation F: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 to 6.2.
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Formulation G: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 to 6.2;

Formulation H: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2,

Formulation I: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 8% (w/v) sucrose,
and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;

Formulation J: 80 mg/ml aflibercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 to 6.2;

Formulation K: 80 mg/ml aflibercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation L: 80 mg/ml aflibercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation M: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation N: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation O: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation P: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2;

Formulation Q: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation R: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation S: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 to 6.2;

Formulation T: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;

Formulation U: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;
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Formulation V: 150 mg/ml aflibercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 to 6.2;

Formulation W: 150 mg/ml aflibercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation X: 150 mg/ml aflibercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation Y: 80 mg/ml conbercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation Z: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation AA: 80 mg/ml conbercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation BB: 80 mg/ml conbercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2;

Formulation CC: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation DD: 80 mg/ml conbercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation EE: 80 mg/ml conbercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 to 6.2;

Formulation FF: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;

Formulation GG: 80 mg/ml conbercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;

Formulation HH: 80 mg/ml conbercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 to 6.2;

Formulation II: 80 mg/ml conbercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation JJ: 80 mg/ml conbercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;
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Formulation KK: 150 mg/ml conbercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation LL: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation MM: 150 mg/ml conbercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 20, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation NN: 150 mg/ml conbercept, 10 mM histidine-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 6.2;

Formulation OO: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation PP: 150 mg/ml conbercept, 10 mM citrate-based buffer, 5% (w/v)
sucrose, 0.03% (w/v) polysorbate 80, and 40 mM sodium chloride, with a pH of 5.8 t0 6.2;

Formulation QQ: 150 mg/ml conbercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 to 6.2;

Formulation RR: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;

Formulation SS: 150 mg/ml conbercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 20, with a pH of 5.8 t0 6.2;

Formulation TT: 150 mg/ml conbercept, 10 mM histidine-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 to 6.2;

Formulation UU: 150 mg/ml conbercept, 10 mM phosphate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation VV: 150 mg/ml conbercept, 10 mM citrate-based buffer, 8% (w/v)
sucrose, and 0.03% (w/v) polysorbate 80, with a pH of 5.8 t0 6.2;

Formulation WW: 140 mg/ml VEGF receptor fusion protein, 10 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM taurine, with a pH of
5.8;

Formulation XX: 140 mg/ml VEGF receptor fusion protein, 20 mM histidine-based
buffer, 4% (w/v) proline, 0.03% (w/v) polysorbate 20, and 50 mM arginine hydrochloride, with a
pH of 5.8;
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Formulation YY: 140 mg/ml VEGF receptor fusion protein, 20 mM histidine-based
buffer, 2.5% (w/v) sucrose, 2.0 % (w/v) proline, 0.03% (w/v) polysorbate 20, and 50 mM
taurine, with a pH of 5.8;

Formulation ZZ: 140 mg/ml VEGF receptor fusion protein, 10 mM histidine-based
buffer, 2.5% (w/v) sucrose, 2.0% (w/v) proline, 0.03% (w/v) polysorbate 20, and S0 mM
arginine hydrochloride, with a pH of 5.8;

Formulation AAA: 140 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM PSA, with a pH of 5.8;

Formulation BBB: 140 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 2.5% (w/v) sucrose, 2.0% (w/v) proline, 0.03% (w/v) polysorbate 20, and 50 mM
PSA, with a pH of 5.8;

Formulation CCC: 80, 100, 120 or 140 mg/ml VEGF receptor fusion protein, 20
mM histidine-based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM arginine
hydrochloride, with a pH of 5.8;

Formulation DDD: 140 mg/ml VEGF receptor fusion protein, 10 mM histidine-
based buffer, 4% (w/v) proline, 0.03% (w/v) polysorbate 20, and 50 mM PSA, with a pH of 5.8;

Formulation EEE: 140 mg/ml VEGF receptor fusion protein, 20 mM histidine-based
buffer, 5% (w/v) sucrose, and 0.03% (w/v) polysorbate 20 and no thermal stabilizer, with a pH of
5.8;

Formulation FFF: 140 mg/ml VEGF receptor fusion protein, 10 mM sodium
phosphate, 5 % (w/v) sucrose and 0.03 % polysorbate 20 with a pH of 6.2;

Formulation GGG: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% Sucrose; 0.03% polysorbate 20; S0 mM sodium sulfate;

Formulation HHH: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; 50 mM sodium thiocyanate;

Formulation I1I: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH 5.8;
5% sucrose, 0.03% polysorbate 20; 40 mM sodium citrate;

Formulation JJJ: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH 5.8;
5% Sucrose, 0.03% polysorbate 20; 50 mM glycine;

Formulation KKK: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose, 0.03% polysorbate 20; S0 mM sodium chloride;
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Formulation LLL: 140 mg/ml VEGF receptor fusion protein; 20 mM Histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; S0 mM lysine;

Formulation MMM: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; SO mM sodium aspartate;

Formulation NNN: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; 50 mM sodium glutamate;

Formulation OOO: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; S0 mM sodium Citrate; S0 mM arginine hydrochloride;

Formulation PPP: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; 50mM glycine; 50 mM arginine hydrochloride;

Formulation QQQ: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; 50 mM sodium aspartate; 50 mM arginine
hydrochloride;

Formulation RRR: 140 mg/ml VEGF receptor fusion protein; 20 mM histidine, pH
5.8; 5% sucrose; 0.03% polysorbate 20; 50 mM sodium glutamate; 50 mM arginine
hydrochloride;

Formulation SSS: 140 mg/ml VEGF receptor fusion protein; 20 mM His, pH 5.8;
5% sucrose; 0.03% polysorbate 20; 10 mM L-arginine hydrochloride;

Formulation TTT: 140 mg/ml VEGF receptor fusion protein; 20 mM His, pH 5.8;
5% sucrose; 0.03% polysorbate 20; 100 mM L-arginine hydrochloride;

Formulation UUU: 30 mg/ml VEGF receptor fusion protein, 10% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, pH 6.2;

Formulation VVV: 30 mg/ml VEGF receptor fusion protein, 20% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, pH 6.2;

Formulation WWW: 60 mg/ml VEGF receptor fusion protein, 10% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, pH 6.2;

Formulation XXX: 60 mg/ml VEGF receptor fusion protein, 20% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, pH 6.2;

Formulation YYY: 120 mg/ml VEGF receptor fusion protein, 10% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, pH 6.2;
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Formulation ZZZ: 120 mg/ml VEGF receptor fusion protein, 20% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, pH 6.2;

Formulation AAAA: 120 mg/ml VEGF receptor fusion protein, 10% sucrose, 10
mM phosphate, 0.03% polysorbate 20, 50 mM NaCl, pH 6.2;

Formulation BBBB: 120 mg/ml VEGF receptor fusion protein, 20% sucrose, 10 mM
phosphate, 0.03% polysorbate 20, 50 mM NaCl, pH 6.2;

Formulation CCCC: 140 mg/ml VEGF receptor fusion protein, 10 mM sodium
phosphate, 5% sucrose, 40 mM sodium chloride, 0.03% PS20, pH 6.2;

Formulation DDDD: 80.0 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8;

Formulation EEEE: 120.0 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8;

Formulation FFFF: 113.3 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8;

Formulation GGGG: 114.3 mg/ml VEGF receptor fusion protein, 10 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8;

Formulation HHHH: 100.0 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8; and

Formulation IIII: 133.3 mg/ml VEGF receptor fusion protein, 20 mM histidine-based
buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8;

Formulation JJJJ: 150 mg/ml aflibercept, 10 mM sodium phosphate, 8% (w/v)
sucrose, 0.03% (w/v) polysorbate 20 and 50 mM arginine hydrochloride, pH 6.2;

Formulation KKKK: 114.3 mg/ml VEGF receptor fusion protein, 20 mM histidine-
based buffer, 5% (w/v) sucrose, 0.03% (w/v) polysorbate 20, and 50 mM L-arginine
monohydrochloride, with a pH of 5.8;
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Formulation LLLL: 90 mg/ml VEGF receptor fusion protein, 10 mM histidine, 5%
(w/v) sucrose, 0.03% (w/v) polysorbate 20, pH 5.75; and

Formulation MMMM: 90 mg/ml VEGF receptor fusion protein, 10 mM histidine,
7% (w/v) sucrose, 0.03% (w/v) polysorbate 20, pH 5.75.

22.  The formulation of claim 21 wherein the VEGF receptor fusion protein is

aflibercept or conbercept.

23, The formulation of any one of claims 21-22 wherein the VEGF receptor
fusion protein has less than about 3.5% high molecular weight species immediately after
manufacture and purification and/or less than or equal to about 6% high molecular weight

species after storage for about 24 months at about 2-8°C.

24. A container or injection device comprising the formulation of any one of

claims 1-23.

25.  The container or injection device of claim 24, which is a vial, syringe,

autoinjector or pre-filled syringe.

26. A method for preparing the formulation of any one of claims 1-23, comprising

combining the components of said formulation into a single composition.

27.  The method of claim 26, further comprising loading a volume of the

formulation into a syringe.
28. A formulation which is the product of the method of any one of claims 26-27.

29. A method for administering a formulation of any one of claims 1-22 and 27 to

a subject comprising intraocularly injecting the formulation into the eye of the subject.

30. A method for treating an angiogenic eye disorder in a subject in need thereof
comprising administering an intraocular injection of more than about 2 mg of a VEGF receptor

fusion protein to the eye of the subject.

87

PGR2026-00039
Biocon Ex.1002
Page 4932 of 4945



104300802

31.  The method of claim 30 comprising administering about 4 mg, about 6 mg,

about 8 mg or about 10 mg of the VEGF receptor fusion protein to the eye of the subject.

32. A method for treating an angiogenic eye disorder in a subject in need thereof,
the method comprising intraocularly injecting more than about 2 mg of VEGF receptor fusion

protein in a formulation of any one of claims 1-23 and 28 into an eye of the subject.

33. The method of claim 32, comprising injecting about 4 mg, about 6 mg, about

8 mg or about 10 mg of the VEGF receptor fusion protein into the eye of the subject.

34.  The method of any one of claims 30-33, wherein the intraocular injection is an

intravitreal injection.

35. The method of any one of claims 30-34, wherein the angiogenic eye disorder
is age-related macular degeneration (wet), macular edema, macular edema following retinal vein
occlusion, retinal vein occlusion (RVO), central retinal vein occlusion (CRVO) branch retinal
vein occlusion (BRVO), diabetic macular edema (DME), choroidal neovascularization (CNV),
iris neovascularization, neovascular glaucoma, post-surgical fibrosis in glaucoma, proliferative
vitreoretinopathy (PVR), optic disc neovascularization, corneal neovascularization, retinal
neovascularization, vitreal neovascularization, pannus, pterygium, vascular retinopathy, diabetic

retinopathy, non-proliferative diabetic retinopathy and/or proliferative diabetic retinopathy.

36. The method of any one of claims 30-35 wherein the VEGF receptor fusion
protein is administered in about 100 microliters or less, about 90 microliters, about 80
microliters, about 75 microliters, about 70 microliters, about 60 microliters or about 50

microliters.

37.  The method of any one of claims 30-36, wherein the VEGF receptor fusion
protein is contained within a formulation comprising: about 5% sucrose; a histidine buffer; and

about 0.03% surfactant.

38.  The method of any one or claims 30-37 wherein more than about 2.0 mg of
the VEGF receptor fusion protein is injected once every 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23 or 24 weeks.

88

PGR2026-00039
Biocon Ex.1002
Page 4933 of 4945



104300802

ABSTRACT

The present invention provides ophthalmic formulations having high concentrations of
vascular endothelial growth factor (VEGF) receptor fusion protein and high stability during
storage. Methods for treating angiogenic eye disorders using the high concentration

formulations are also provided.
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SEQUENCE LISTING

Inc.

HIGH CONCENTRATION VEGEF RECEPTOR FUSION PROTEIN CONTAINING

<110> Regeneron Pharmaceuticals,
Graham, Kenneth S
Wadhwa, Saurabh
<120>
FORMULATIONS
<130> 10430Us02
<140> Us 17/384,070
<141> 2021-07-23
<150> Us 16/409,631
<151> 2019-05-10
<150> Us 62/813,882
<151> 2019-03-05
<150> Us 62/769,876
<151> 2018-11-20
<150> Us 62/752,127
<151> 2018-10-29
<150> US 62/669,506
<151> 2018-05-10
<le60> 2
<170> PatentIn version 3.5
<210> 1
<211> 1377
<212> DNA
<213> Homo sapiens
<400> 1
atggtcagct actgggacac cggggtcctg
acaggatcta gttccggaag tgataccggt
cccgaaatta tacacatgac tgaaggaagg
cctaacatca ctgttacttt aaaaaagttt
cgcataatct gggacagtag aaagggcttc
gggcttctga cctgtgaage aacagtcaat
catcgacaaa ccaatacaat catagatgtg
tctgttggag aaaagcttgt cttaaattgt
gacttcaact gggaataccc ttcttcgaag
ctaaaaacce agtctgggag tgagatgaag

ctgtgcgcge

agacctttcg

gagctcgtca

ccacttgaca

atcatatcaa

gggcatttgt

gttctgagte

acagcaagaa

catcagcata

aaatttttga

tgctcagctg

tagagatgta

ttcecctgeeg

ctttgatccce

atgcaacgta

ataagacaaa

cgtctecatgg

ctgaactaaa

agaaacttgt

gcaccttaac

tctgcttcte

cagtgaaatc

ggttacgtca

tgatggaaaa

caaagaaata

ctatctcaca

aattgaacta

tgtggggatt

aaaccgagac

tatagatggt

60

120

180

240

300

420

480

540

600
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gtaacccgga

aagaacagca

ccagcacctg

accctcatga

gaccctgagg

aagccgcggg

caccaggact

gcccceccateg

accctgecccce

aaaggcttet

aactacaaga

ctcaccgtgg

gaggctctge

<210> 2

<211> 458

<212> PRT

<213> Homo

<220>
<221>
<222> (1) .
<400> 2

Met Val Ser
1

Cys Leu Leu

Phe Vval Glu

35

Gly Arg Glu

50

Val Thr Leu

gtgaccaagg

catttgtcag

aactcctggg

tctceccggac

tcaagttcaa

aggagcagta

ggctgaatgg

agaaaaccat

catcccggga

atcccagcga

ccacgcctece

acaagagcag

acaaccacta

sapiens

SIGNAL

. (26)

Tyr

Trp

Thr

Leu

Met

Tyr

val

Leu

Lys Lys

Asp

Gly

Ser

Ile

Phe

attgtacacc

ggtccatgaa

gggaccgtca

ccctgaggte

ctggtacgtg

caacagcacg

caaggagtac

ctccaaagcce

tgagctgacc

catcgcecgtg

cgtgetggac

gtggcagcag

cacgcagaag

Thr Gly

Ser Ser

Glu Ile

40

Pro
55

Cys

Pro Leu

vVal

Ser

25

Pro

Arg

Asp

tgtgcagcat

aaggacaaaa

gtcttecctcet

acatgcecgtgg

gacggcgtgg

taccgtgtgg

aagtgcaagg

aaagggcagc

aagaaccagg

gagtgggaga

tcecgacgget

gggaacgtct

agcctctcecce

Leu Leu

10

Gly Ser

Glu

Ile

vVal

Thr

Thr Leu

ccagtggget

ctcacacatg

tccccecccaaa

tggtggacgt

aggtgcataa

tcagcgtcct

tctccaacaa

cccegagaacc

tcagcctgac

gcaatgggca

ccttettecet

tctcatgctce

tgtctcecggg

Cys Ala Leu

Asp Thr Gly

30

Ile His Met

45

Ser Pro Asn

60

Ile Pro Asp

gatgaccaag

cccaccgtge

acccaaggac

gagccacgaa

tgccaagaca

caccgtcctg

agccctccceca

acaggtgtac

ctgcctggtce

gccggagaac

ctacagcaag

cgtgatgcat

taaatga

Leu Ser

15

Arg Pro

Thr

Glu

Ile

Thr

Gly Lys

660

720

780

840

900

1020

1080

1140

1200

1260

1320

1377
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65

Arg

Tyr

Leu

Asp

Lys

145

Asp

val

Leu

Tyr

Phe

225

Pro

Lys

val

Tyr

Ile

Lys

Tyr

val

130

Leu

Phe

Asn

Ser

Thr

210

vVal

Ala

Pro

val

val
290

Ile

Glu

Lys

115

val

Val

Asn

Arg

Thr

195

Cys

Arg

Pro

Lys

val

275

Asp

Trp

Ile

100

Thr

Leu

Leu

Trp

Asp

180

Leu

Ala

val

Glu

Asp

260

Asp

Gly

Asp

85

Gly

Asn

Ser

Glu

165

Leu

Thr

Ala

His

Leu

245

Thr

val

val

70

Ser

Leu

Tyr

Pro

Cys

150

Tyr

Lys

Ile

Ser

Glu

230

Leu

Leu

Ser

Glu

Arg

Leu

Leu

Ser

135

Thr

Pro

Thr

Asp

Ser

215

Lys

Gly

Met

His

val
295

Lys

Thr

Thr

120

His

Ala

Ser

Gln

Gly

200

Gly

Asp

Gly

Ile

Glu

280

His

Gly

Cys

105

His

Gly

Arg

Ser

Ser

185

Vval

Leu

Lys

Pro

Ser

265

Asp

Asn

Phe

90

Glu

Arg

Ile

Thr

Lys

170

Gly

Thr

Met

Thr

Ser

250

Arg

Pro

Ala

75

Ile

Ala

Gln

Glu

Glu

155

His

Ser

Arg

Thr

His

235

val

Thr

Glu

Lys

Ile

Thr

Thr

Leu

140

Leu

Gln

Glu

Ser

Lys

220

Thr

Phe

Pro

val

Thr
300

Ser

val

Asn

125

Ser

Asn

His

Met

Asp

205

Lys

Cys

Leu

Glu

Lys

285

Lys

Asn

Asn

110

Thr

val

Val

Lys

Lys

190

Gln

Asn

Pro

Phe

Val

270

Phe

Pro

Ala

95

Gly

Ile

Gly

Gly

Lys

175

Lys

Gly

Ser

Pro

Pro

255

Thr

Asn

Arg

80

Thr

His

Ile

Glu

Ile

160

Leu

Phe

Leu

Thr

Cys

240

Pro

Cys

Trp

Glu
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Glu

305

His

Lys

Gln

Leu

Pro

385

Asn

Leu

Val

Gln

Gln

Gln

Ala

Pro

Thr

370

Ser

Tyr

Tyr

Phe

Lys
450

Tyr

Asp

Leu

Arg

355

Lys

Asp

Lys

Ser

Ser

435

Ser

Asn

Trp

Pro

340

Glu

Asn

Ile

Thr

Lys

420

Cys

Leu

Ser

Leu

325

Ala

Pro

Gln

Ala

Thr

405

Leu

Ser

Ser

Thr

310

Asn

Pro

Gln

val

val

390

Pro

Thr

Val

Leu

Tyr

Gly

Ile

val

Ser

375

Glu

Pro

val

Met

Ser
455

Arg

Lys

Glu

Tyr

360

Leu

Trp

Val

Asp

His

440

Pro

val

Glu

Lys

345

Thr

Thr

Glu

Leu

Lys

425

Glu

Gly

val

Tyr

330

Thr

Leu

Cys

Ser

Ala

Lys

Ser

315

Lys

Ile

Pro

Leu

Asn

395

Ser

Arg

Leu

val

Cys

Ser

Pro

val

380

Gly

Asp

Trp

His

Leu

Lys

Lys

Ser

365

Lys

Gln

Gly

Gln

Asn

445

Thr

Val

Ala

350

Arg

Gly

Pro

Ser

Gln

430

His

val

Ser

335

Lys

Asp

Phe

Glu

Phe

415

Gly

Tyr

Leu

320

Asn

Gly

Glu

Tyr

Asn

400

Phe

Asn

Thr
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DocCode — SEQ.TXT

SCORE Placeholder Sheet for IFW Content

Application Number: 17384070 Document Date: 07/23/2021

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Sequence Listing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 17384070 Document Date: 07/23/2021

The presence of this form in the IFW record indicates that the following document type was received
in electronic format on the date identified above. This content is stored in the SCORE database.

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW
record were created from the original documents that are stored in SCORE.

Drawing

At the time of document entry (noted above):
e USPTO employees may access SCORE content via DAV or via the SCORE web page.

e External customers may access SCORE content via PAIR using the Supplemental Content
tab.

Form Revision Date: March 1, 2019
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
PATENT APPLICATION FEE DETERMINATION RECORD | Aeplication or Docket Number | Fiing Date
Substitute for Form PTO-875 17/384,070 07/23/2021 DTO be Mailed
ENTITY: LARGE (O smaLL (JmicrO

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BASIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(L] sEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
LJ EXAMINATION FEE
(37 CFR 1.16(0), (p), or () N/A N/A N/A
TOTAL CLAIMS ) R
(37 CFR 1.16(i)) minus 20 = x $100 -
INDEPENDENT CLAIMS .
(37 GFR 1.16(h)) minus 3 = x $480 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dg’;’g‘?%g\)‘ SIZE FEE (37 for small entity) for each additional 50 sheets or
: fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
() MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
- 07/23/2021 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - _
E (37 GFR1.16(i) 18 Minus 20 =0 x $100 = 0
Z| * sxx
HEJ 27"5%91’_‘%‘12‘)‘ 1 Minus 3 =0 x $480 - 0
< J Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total * i *x - -
= |@rcrrii60) Minus — X $ 0 -
ali N i
A Mincs - xs0 -
s| 0 Application Size Fee (37 CFR 1.16(s))
< [ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.

PROGRAM SUPPORT ASSISTANT

** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

/TINA J BARDEN/

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-8199 and select option 2.
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