CLAIMS

. Anaqueous formulation comprising an Aqueous Stable DVD-Ig (AS-DVD- -
Ig) protein and a buffer having » molarity of about 5 to about 30 mM, wherein the
formulation. has a pH of about 4.5 1o about 7.5.
2. The aqueous formulation of claim 1, wherein the AS-DVD-Ig protem i
characterized as a DVD Ig protein hav:ng less than about 15% loss in relatigé
percentage monomers as determined by size exclusion chromatography (88C) v»hen o
formulated in & histidine or ¢luate ﬁhosphate buffer at 2 concentration 4F at least about
30 mg/ml, following 14 days storage at about 40 degrees C. ‘
3. The aqueous formulation of claim 1, wherein the AS-DVP-Ig protein is
characterized as 8 DVD-Ig protein having less than about 10%/Joss in relative
percentage monomers as detenmined by SEC when formulgfed in a histidine or citrate
phosphate buffer at o ‘conqentrati(m-of at least about 50 pig/ml, following 14 déys .
~ storage at about 40 degrees C. | | -
4, The agueous formulation gfilaim '1’:Wher gin the AS-DVD-Ig protein is
sh,aracterizf:dlas a bvm-xg protein havin‘g less than about 5% loss in relative
‘ pementagc monomers as determincd by SEC/when formulated in a histidine or citrate
phosphatc buffar ata conocntranon of at |£ast about 50 mg/ml, Ifollowing 14 days
storage at about 40 degrees C. o | ,
5, The Bqueous formulation of laxm 1, wherein the formulatlon comprises about
6% or less aggregatmn as determihed by SEC analysis.
6. The agueous formulatjén of claim 1, wherein the formulation comprises about
5% or less aggregation as g termmed by SEC analysis.
7. The aqueous forp ulatmn of any one oi‘ claims 1-6, whcrem the formulatlon
has a pH of about 5 tg'about 6.5,
8. The aqueoys formulation of any one of claums 1.7, wherein the AS-DVD-I g
protein is charagterized as a DVD-Ig protein having about a 10% relative (rel.) peak
area or less ghange in monomers at about 40 °C after 21 days of storage at a

concentrafion of about 100 mg/ml in an aqueous formulation at a pH between about
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change in monomers at about 5 °C after 21 days of storape at a concentration of about
100 mg/ml at a pH between about 5.5 to about 6.5 in an aqueous formulation.
10.  The aqueous formulation of any one of claims 1-9, further comprising at least
one compotent selected from a surfactant, a polyol, and combinations thereof.
1. The aqueous formulation of claim 10, wherein the polyol is selected from the
group consisting of sarbxtol mannito], and sucrose.
12.  The aqueous fommlatnon of claim 11, wherein the polyol is mannitol
wherein the concentration of mannitol is selected from the group consisting gF about
10 to about 100 mg/ml, about 20 to about 80, about 20 to about 70, abouj/30 to about
60, and about 30 to about 50 mg/ml. .
13, The aqueous formulation of claim 11, wherein the polyol isforbitol.
14, The agueous formulation of claim 13, wherein the concertration of sorbitol is
selected from the group consisting of about 20 to about 60 my/iml, about 25 to about
55 mg/ml, about 30 to about 50 mg/ml, and about 35 to abdut 45 mg/ml.
15, The aquéous formulation of claim 11, wherein (e polyol is sucroge.
. 16.  The aqueous formulation of claim | 5; wherejfi the concentration of sucrose is
selected from the group consisting of about 60 todbout 100 mg/ml, about 65 to about
95 mg/ml, about 70 to about 90 mg/ml, and about 75 to about §5 mg/ml.
17.  The aqueous formulation of any ong/of claims 10-16, wherein the surfactant is
a polysorbate. | . |
1§.  The aqueous férmu[ation of claim 17, leeréin the concentration of .
polysorbate is selected from the group consisting' of about 0.001% to about 1%, about
0.005% to about 0,05%, about £.005% to' abdﬁt about 0.02%, about 0.01% to about
0.05%, and about 0.1%. |
19.  The aqueous forl ' ulation of clann 17 or cleim 18, wherein the poiysorbatc is
polysorbate 80 or.pol Sorbate 20. ' '
20.  The aqueoyé formulation of claim 19, wherein the polysorbate 80 or the
polysmbéte 20 fas a concentration of sbout 0.005% to about 0.02%.
21.  The férmulation of any one of claims 1-20, wherein the buffer is selected from
the group Sonsisting of acetate, histidine, glycine, arginfne, phosphate, and citrate.
22, he aqueous formulation of any one of claims 1-21, wherein the molatity of
the Buffer-ranges from 10 to 20 mM.
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23.  The aqueous formulation of any one of claims 1-22, wherein the AS-DVD-Ig
protein has a concentration of about 1 to about 200 mg/m.

24, The aqueous formulation of claim 23, wherein the AS-DVD-Ig protein hasa
' concsntration selected from the group consisting of about 20 1o about 100 mg/ml,
about 1 to about 250 mg/ml, about 10 to about 230 mg/ml, about 20 to about 2i0
mg/ml; about 30 to about 190 mg/ml, about 40 to about 170 mg/ml, about 50 o é.bou
150 mg/ml, about 60 to about 130 mp/ml, about 70 to about 110 mg/ml, and about 80
to about 105 mg/ml of the AS-DVD-Ig protein.
25.  Anaqueous formulation comprising a Aqueous Stable DVD-Ig (A $- VD-1Ig)
protein, 2 buffer ha’vingi molarity of about 5 to about 50 mM, a surfactapt, and a
polyol, wherein the formulation has a pH of about 4.5 to about 75
26,  The aqueous formulation of claim 25, wherein the polyol ig/selected from the
group consisting of sorbitol, mannitol, and sucrose. o ‘ '
_ 27.  The AQUEOUS formulation of claim 26, wherein the polyol is sorbitol.
28, The aqueous formulation of claim 27, wherein theoncentration of sorbitol is
about 30 to about 50 mg/ml. A
29. - The aqueous formulation of claim 26, wherefl the polyol is sucrose. ,
30.  The aqueous formulation of claim 29, whérein the sucrose has a concentration
of ebout 70 to about” 50 mg/ml.
31,  The agueocus formulation of any'o of clainis 25-30, whetein the buffer is
selected f:om.thﬁ group consisting of agétate, histidine, glycine, arginine, phoSphate, , |
' end citrate.” - )
32, The aqﬁeous formulation 6f any one of claims 25-31, wherein the molarity of
the buffer ranges from about 14 1o about 20 mM;
33, The aqueous formylation of any one of claims 25-32, wherein the AS-DVD-
Ig protein has a concentpétion of about 1 10 about 200 mg/ml. - ,
34, The aqueous formulation of any one of claims 25-32, whersin the AS-DVD-
Ig protein has & coricentration selected from the group consisting of about 20 to about
100 mg/ml, abotit 1 to about 250 mg/m, about 10 to ab.oqt 230 mg/ml, about 20 to
about 210 mé/ml, about 30 to about 190 mg/ml, about 40 to abowt 170 mg/ml, about
50 to 'ab t 150 mg/ml, about 60 to about 130 mg/ml, about 70 fo about 110 mg/ml,
and gbout 80,10 about 105 mg/mi of the AS-DVD-Ig protein.
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35.  Anaqueousformulation comprising an AS-DVD-Ig protein, a polyol, buffer,
and a surfactant, wherein said formulation has a pH of about $ to about 7, and wherein
the AS-DVD-Ig protein is characterized as a DVD-1g protein having less than about
15% loss in relative percentage monomers as determined by SEC when formulated in
g histidine or citrate phosphate buffer at a concentration of about 60 mg/ml following
14 days storage at about 40 degrees C. ‘
36.  The aquecus formulation of claim 35, wherein the polyol is selecte& fromythe
group consisting of sorbitol, mannitol, and sucrose.
37.  The aqueous formulation of claim 35 or 36, wherein the buffer is sglected
from the group consisting of acetate, histidirie, glyeine, m;ginine, phoép ate, and
citrate.

38,  The aquéous formulation of any one of claims 35-38, wherbin the surfactant is

- apolysorbate.

39.  The aqueous formulation of claim 38, wherein the palysorbate is polysorbate
80 or polysorbate 20. |

40.  The aqueous formulation of claim 39, wharcx he | polysorbate 80 or the
polysorbate 2¢ has a concentration of ebout 0. 005"/ fo about 0.02%.

41.  Anaqueous formulation cOmpnsmg an £8-DVD-Ig protem, a polyol,
msndme buffer, and a polysorbate, wherein s§id formulation has a pH of about Sto.
about 7, :md wherein the AS-DVD—Ig protéein is charaotenzed as 2 DVD-Ig protem
having legs than about 15% agglegatlo us determined by SEC vwhen formulated in a
histidine or citrate phosphate buffer/at a concentration of about60 mg/ml following 14
days storage at about 40 degrees/C. A '

42, The formulation of agg one of claims 1-41, wherein the AS-DYD-Ig protcin
comprises first and secon polypeptide ;:hains, each independently comprising VDI1-
(XDn-VD2-C-(X2)n, pherein ’ :

VD Vis a first variabie domain,f
Dﬁ. isa secon;l varighle domain;
| C is‘a constant domain; 1
X1 is'a linker with the proviso that it is ﬂx‘m‘t CHI; :

X2 is an Fe region;
177"
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nisCorl,

wherein the VD1 domains on the first and second polypeptide chains form a first
functional target binding site and the VD2 domains on the first and second
polypeptide chains form a sécond functional targer binding site.

43.  The formulation of ¢laim 42, wherein the first polypeptide chain comprises
first VD1-(X1)n-VD2-C-(X2)n, wherein

VDI is a first hgavy chain variable domain;
V2 is & second heavy cha‘;n variabla domain;
Cisa hegvy chain 50nstax;t domain;
XI is a Hinker witfx f:he proviso that it is n.:o.t‘CHl'
. »IXZ is an F.c:rt.agion,; |
misOorl, and
wherein the second.pof;peﬁt.id; chain comprises §/Second YDIL(XI)A-VDZ-Ca(KZ)n,

wherein =

'4 VD?;,’ivs & second light Shain variable domain;

Cis a light chain onstant domaiﬁ; -

X2 does pbt comprise an Fe region;

nis@or I,

wherein the domains on the first and secorid polypeptide chains form a first
f;mcﬁoxial get binding site and the VD2 domains on the first and second

polypeptide chains form a second functional target binding site.
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44, The formulation of claim 42 or 43, comprising two first polypeptide chains
and two second polypeptide chains, wherein the binding protein comprises f'c'mr

finctional target binding sites,

45.  The formulation of any one of claims 42-44, wherein X1 is not CL.

46,  The formulation of any one of claims 42-45, wherein the ASsDVD-Ig protei
comprises three CORs from the variable light or hga'évy chain amino acid scquencgb as
set forth in SEQ ID NOs: 28 to 75.

47.  The formulaﬁon of any one of claims 42-46, wherein the AS-DVD g protein
comprises a light or heavy chain amino asid sequence as set forth in SEG ID NOs: 28
‘to 75, o ‘ .
48.  The formulation of anjk one of claims 42-47, whcrei;i the AS-DVD-Ig protein
hasa binding specificity selected from the group consisting ofCD20/CD30,
'VEGF/Her2, TNF/RANKL, TNF/DKXK, CD20/RANKL, DLL4/PLGF,; TNF/SOST,
IL-9/IgE, IL-IZ/IL«IS TNFAL-17, ’I'NF”PGD2 ILta/Y ﬁ and DLL4/VEGF.

- 49, The formulanon of any ong cvf claims 42-47 Avherein the AS-DVD-Ig protein
- hasa bmdmg specificity selected from the groupConsisting of [LA/IL13, IL1o/IL 16,
and TNFo / IL17.- :
30, The formulatmn of claxm 48, whe in the AS—DVD -lg protem has s bmdmg
specxﬁcxty for TNF and IL-I‘?

| 51, 'Ihc formulatzon of claim 5 , wherein the TNFa / IL17 spesific AS—DVD—Ig
pratein is DVD A (SEQ ID-NGg: 62 and 63).

52.  The formulation of élaim 48, wherein the AS-DVD-Ig protein has & binding
specificity for IL1a/IL1R, ‘

. phafmaceutical formulation,
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56. A pharmaceutical composition comprising an Aqueous Stable DVD-Ig (AS-DVD-Ig)
protein and a buffer having a molarity of about 5 to about 50 mM, wherein the AS-DVD-Ig
protein is characterized as a DVD-Ig protein having less than about 10% loss in relatiwe
percentage monomers as determined by SEC when formulated in a histidine or citrate phogphate
buffer at a concentration of about 60 mg/ml, following 14 days storage at about 40 degregs C, and
the formulation has a pH of 4.5 to 7.5.

57. The pharmaceutical composition of claim 56, further comprising at least 6ne component
selected from a surfactant, a polyol, and combinations thereof.

58. Use of the pharmaceutical composition of claim 56 or 57, in the manufacture of a
medicament for treating a disorder.

59. A lyophilized formulation comprising a Lyophilized-Stgble DVD-Ig (LS-DVD-lg)
protein, wherein when said formulation is reconstituted, it compriges about 1 to about 100 mg/mli
of the L.S-DVD-Ig protein, about 10 to about 50 mM of a buffer, a polyol, about 0.01 to about 0.2
mg/ml of a polysorbate, and has a pH of about 5 to about 7

60. The lyophilized formulation of claim 59, wherei the formulation has a pH of about 5.5
to about 6.5.

61. The lyophilized formulation of claim 59 g 60, wherein the L.S-DVD-Ig protein has more
than 10% rel. peak area change in monomery/observed, following accelerated storage at a pH
between about 5.5 and about 6.5 in an agdeous formulation for 21 days at about 40°C, when
formulated at a concentration over about/100 mg/ml.

62. The lyophilized formulation gf any one of claims 59-61, wherein the LS-DVD-Ig protein
comprises first and second polypegtide chains, each independently comprising VD1-(X1)n-VD2-
C-(X2)n, wherein

‘is a linker with the proviso that it is not CHI;

X2 is an Fe region;
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nis 0 or 1,

wherein the VD1 domains on the first and second polypeptide chains form a first
functional target binding site and the VD2 domains on the {irst and second

polypeptide chains form a second functional target binding site.

63.  The lyophilized formulation of claim 62, wherein the first polypeptide chai
comprises a first VD1-(X1)n-VD2-C-(X2)n, wherein

VDI is a first heavy chain variable domain;

VD2 is a second heavy chain variable domain;

C is a heavy chain constant domam,
X1 is a linker with the proviso that it is not CI
X2 i5 an Fo region; R

nis0or 1, and =

wherein the second polypeptide cifain comprises s second VDl—(Xl)n-

- VD2-C-(X2)n, wherein

© VDI is a first light chai Aariable dcmam,

VD2 is a second lig (/ham vatiable domain;

X1 is a linkef with the proviso that it is not CHI,

X2 does Aot Cotnprise an Fe region;

wherein the VJ#1 domains on the first and second polypeptide chains form a first

: fuvnctional wet binding éite and the VD.Z domains on the first and second

[}

polypeptide chains form a second functional target binding site.
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64.  The lyophilized formulation of claim 62 or 63, comprising two first
polypeptide chains and two second polypeptide chains, wherein the binding protein

comprises four functional target binding sites.

65.  The lyophilized formulation of any one of claims 62-64, wherein X Is not
CL. ' |

66,  The lyophilized formulation of any one of claims 62-63, wherein the LS-
DVD-Ig protein comprises three CORs from the variable light or heavy chain aino
acid sequences as set forth in SEQ ID NOs: 28 to 75.

67.  The lyophilized formulation of any one of claims 61-64, wherein fhe LS-
" DVD-Ig protein comprises a light ar heavy chain amino acid sequence/as set forth in
SEQID NOs: 28 to 75,

68.  The lyophilized formulation of any one of claims claimy/59-67, wherein the
LS-DVD-Ig protein has a binding specificity selected from tife group consisting of
CD20/CD80, VEGE/Her?, TNF/RANKL, TNF/DKK, CDAO/RANKL, DLLA/FLGE,
TNF/S0ST, IL-9/IgE, IL~-12/IL-18, TNF/IL-17, TNF/PGE2, IL1e/IL1B, or
DLL4/VEGF. o ' < '

69.  The lyopbilized formulation of claim 68/ wherein the LS-DVD-Ig protein has
a binding specificity for TNF and IL-17.

70, The iyoﬁnhi[i@d formulation of cfaim 68, wherein the L8-DVD-Ig protein has
2 binding specificity for IL1o/IL1B. / '

71.  The lyophilized formulatién of claim 68, wherein the L8-DVD-Ig protein has

a binding specificity for IL-12/L-18.

72. A lyophilized formftilation prepared by lyophilizing en aqueous formulation
comprising a LS-DVD,1g protein, a buffer have a molarity of about 5 to about 50
mM, a surfactant, ap@ 8 polyol, wherein the formulation has a pH of about 4.5 to
about 7.5, o | .
73.  The lygphilized formulation of claim 72, wherein the buffer is selected from
the group ¢nsisting of histidine, succinate, and citrate and/or phosphate.
‘74‘ ¢ Iyophilized formulation of claim 72 to 73, wherein the polyol is selected

from/the group consisting of mannitol, sorbitol, sucrose, and trehalose,
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75. A formulation comprising an anti-TNF/IL~17 DVD-Ig protein and a buffer,
wherein the DVD-Ig protein comprises a heavy chain comprising the amino acid
sequence set forth as SEQ ID NO: 62 and a light chain compﬁsing the amino acid
sequence set forth as SEQ D NO:. 63.

76. A formuianon comprising an ant1~TNF/IL~17 DVD-Ig protein and a
surfactant, wherein the DVD-Ig protein comprises a heavy chain comprising the

‘amino acid sequence set forth as SEQ IDNO: 62 and a light chain compfisix;g &
amino acid sequence set forth-as SEQ ID NO: 63.

7. A formulation comprising an anti-TNF/IL-17 DVD-Ig protein apd a polyol,
whersin the DVD-1g protein comprises & heavy chain éompriéiﬁg the/amino acid
sequence set forth as SEQ 1D NO 62 and a light cham comprising/the amino acid
sequence. set forth as SEQID NO: 63.

78. A formulatlon comprising an anti- TNF/IL-17 DVDAg protein and two or
- more’ componcnts selected from a buffer, a surfactant ad a polyol, wherein the
DVD-Ig protein comprises & heavy chain comprisihg4he dmino acid sequence set
forth as SBQ ID NO: 62 and & light chain comprisi gthe.aminq acid secuence set
forth as SEQ ID NO: 63.

79 The fonnulatnon of any one of clainté 7 5-78, wherem the formulation is an
aqucous formulatxon o
80. : The formulamon of any one ¢f claims 75-78, wherem the formulation is a

‘ Iyophﬁtzed fcrrnulamn

81, Anaqueous formula on compnsmg an anti-TNF/IL-17 DVD-Ig protein, a
buffer, a surfactant, and olyol wherein the DVD-Ig protein comprises a heavy
cliaiﬁborﬁ}a;imng the gino acid sequence set forth as SEQ ID NO: 62 and 2 light
chain comprxsmg ¢ amiho acid sequencc set fo‘rth as SEQ ID NO: 63,

chain gbmprising the amino acid sequence set forth as SEQ ID NO: 63.
83¢ The forrhu!ation of any one of claims 75; 78, 81 or 82, wherein the buffer is
istidine or acetate.
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84. - The [ormulation of any one of ¢laims 77, 78, 81, or 82, wherein the polyol is

sucrose or sorbital.

85.  The formulation of any one of claims 76, 78, 81, or 82, wherein the surfactant

is a polysorbate,
86.  The formulation of ¢laim 85, wherein the polysorbate is polysorbate 80.

87. A formulation comprising an anti-IL1o/IL1f DVD-Tg protein and a buff
wherein the DVD-Ig protein coraprises a heavy chain comprising the amino
sequence set forth as SEQ ID NO: 66 and a light chain comprising the amjfio acid
sequence set forth as SEQ ID NO: 67. '

88. A formulation comptising an ahﬂ-ILla/ﬂ,lﬁ DVD-lg proteit and a surfactant,
wherein the 'DVD-Ig protein comprises a heavy chain comprising the amino acid
sequenoe set forth as SEQ ID NO: 66 and a light chain compylsing the amino acid

sequence set forth as SEQ 1D NO: 67,

89. A formulation comprising an anti~IL1u/ILiﬁ -Ig protein and a polyol,
whetein the DVD-Ig protein comprises a heavy chalfi comprising the amino acid
sequence set forth as SEQ ID NO: 66 and 2 I

sek;ucnce set forth as SEQ ID NO: 67.

chain comprising the amino acid

90. A formulaﬂon comprising an antpAL1o/IL1B DVD~Ig protein and two or more
components sclecwd from a buffer, a surfactant, and a polyol; wherein the DVD
protein comprises a heavy chain cofnprising the amino acid sequence set forth as SEQ
ID NO: 66 and a light chain copiprising the amino acid sequence set forth as SEQ I

NO: 67,

91. The formulation 4f any cne of claims §7-90, wherein the formulation is an

aqueous formulation

chajd comprising the amino acid sequence set forth as SEQ ID NO: 66 and a light
ain comprising the amino acid sequence set forth as SEQ ID NO: 67.
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94. A lyophilized formulation comprising an anti-IL1o/IL1B DVD-Ig pfotein, a
buffer, a surfactant, and a polyol, wherein the DVD-Ig protein comprises a heavy
_chain comprising the amino acid sequence set forth as SEQ ID NO: 66 and a light
chain comprising the amino acid sequence set forth as SEQ YD NO: 67.

95.  The formulation of any one of claims 87, 90, 93, ar 94, wherein the buffer i
histidine.

96.  The formulation of any one of claims 87, 83, 93, or 94, wherein the
SUCrose. .

97.  The formulation of any one of claims 87, 88, 93, or 94, wherej

is a polysorbate,

98.  The formulation of claim 98, wherein the polysorbate ig'polysorbate 80.
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CLAIMS

1. An aqueous formulation comprising about 50 to about 150 mg/ml DVD C DVD-Ig
protein (SEQ ID NOs: 66 and 67), about 10 to about 20 mM of histidine buffer, about 30 to
about 50 mg/ml sorbitol, and about 0.005% to about 0.02% polysorbate 80, wherein said

formulation has a pH of about 5 to about 7.

2. The formulation of claim 1 comprising about 15 mM of histidine buffer, about 35 to
about 45 mg/ml sorbitol, and about 0.01% polysorbate 80, wherein said formulation has a pH
of about 5.5 to about 6.5.

3. The formulation of claim 1 or claim 2 comprising about 70 to about 110 mg/ml DVD

C DVD-Ig protein.

4. The formulation of claim 1 or claim 2 comprising about 100 mg/ml DVD C DVD-Ig

protein.
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