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Pharmaceutical Formulations and Metheds of Making the Same

Cross-Reference to Related Application
{0801]  This application claims the benefit of U.S. Provisional Application No. 63/411 438

filed October 21, 2016, which is incorporated in its entirety by reference herein.

“iekd of the Invention
{8602} The mvention relates 1o the formulation of pharmacentical compositions of etanercept.

The invention also relates 1o methods of removing buffer and of formulating pharmaceutical

compasitions of etanercept.

Background of the Invention
{8063] Formulation of a protein drug can present many challenges Yor the pharmaceutical

scientist. A formulation must be found that stabilizes the protein drug and malkes it resistant to
degradation by proteclysis, ageregation, misfolding, etc. Especially for engineered proteins that
differ in substantial respects to known proteins, finding appropriate stability conditionscan be
challenging. It is also desirable to have the protein drug be in a format that is convenient for the
patient. Desired properties include stability at ambient and refrigerated temperatures; suitability
for long term storage, appropriate dosing times and volumes; and minimization of discomfort
apon adminisiration.

[0804] Etanercept is & dimeric fusion protein consisting of the extracelliular ligand-binding
portion of the human 73 kilodalton (p75) tumor necrosis factor receptor (TNFR) linked to the Fe
porion of human {gGl, The Fo component of etanercept containg the CH2 domain, the CH3
domain and hinge region, but not the CHI domain of G, When expressed in mammalian
cells, it forms a homodimeric complex with two domains of the TNF receptor. Thus, itis an
artificial protein that is different from both antibodies and soluble TNF receptors, and therefore
subjeet 1o different degradation pathways than either.  Etanercept is commercially available as
ENBRELY{Amgen Inc., Thousand Oaks, CA) and is approved to treat moderately to severely
active rheumatoid arthritis, moderately to severely active polyarticudar juvenile idiopathic
arthritis {JIA) in patients ages two and older, chrondc moderate to severe plague psoriasis (Ps0)
in adults, psoriatic arthritis (PsA} in adults, and active ankylosing spondylitis (A8} Etanercept
was first available in a lvophilized formulation to be reconstituted immediately before injection.
[60658]  Upon reconstitution of the lyophilized product with water for injection, the

fornmdation is 10 mM Tris HOL 4% muannitol, 196 sucrose, pH 7.4 gt about 25 mgimiL.



WO 2018/075818 PCT/US2017/057472

However, this formulation is not stable for storage. It was discovered that a Bquid formulation
of etanercept could be achieved using arginine to stabilize the protein (see US Patent No.
7,648,702). An exemplary liquid formulation consists of 50 mg/ml. etanercept, 25 mM
phosphate butfer, 25 wmM L-arginine hydrochloride, 100 mM NaCl, 1% Sucrose at pH 6.3 in

water.,

Summary of the invention

{0646}  Provided herein are new and improved formulations of etanercept. In particular, the
Invention provides pharmaceutical compositions containing etanercept that are stable and can be
conveniently stored as a Hguid at controlled room temperature (CRT) for extended periads of
time, even in the absence of an additional buffering agent. In addition, when the
pharmaceutical compositions of the invention are injected into subjects, they alse demonstrate
signiticantly reduced injection pain as compared to the commercially available prior art
formulation. Thus these pharmacentical compositions are more convenient and advantageous
for patiens.

{0007} Another aspect of the invention provides methods of formulating pharmaceutical
preparations of etanercept at a desired pH but in the absence of additional buffering agent in the
final formulation,

[BO08]  In another aspect, the invention provides a pharmaceutical composition comprising
etaneroept, NaCl, arginine, and sucrose, wherein the pharmaceutical composition has essentially
no additional buffering agent, and the pH of the composition is between 6.1 and 6.5, In one
embodiment, the pharmaceutical composition is capable of maintaining the pH between 6.1 and
6.5 when stored at controlled room temperature (CRT) for 2 wesks. In another erabodiment, the
elanercept concentration is between 40 mg/ml. and 100 mg/mL. In another embodiment, the
pharmaceutical composition is isotonic. In another embodiment, the pharmaceutical
composition contains: between 20 mM and 150 mM NaCl; between § mM and 100 mM
arginine; and between 0.5% and 2% (w/v) sucrose. In another emibodiment, the pharmaccutical
composition comprises a surfactant. In another embodiment, the surfactant is pelysorbate 20,
polysorbate 80, or poloxamer 188, In another embodiment, the surfactant is polysorbate 20 at a
concentration (wiv) of between 0.001% and 0.1%. In another embodiment, the surfactant is
polysorbate 80 at a conceniration {w/v} of between 0.001% and 0.1%. In another embodiment,
the surfactant is poloxamer 188 at a concentration {(w/v) of between 0.01%6 10 0.3%. In another

embodiment, the pharmaceutical composition maintains a pH of between 5.8 and 6.7 for at least
3
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two weeks when stored at approximately 257 C, and wherein less than 6% of the total etanercept
is aggregated in a high molecular weight form as assessed using size exclasion chromatography.
In ancther embodiment, the pharmaceutical composition maintains a pH of between about 8.1
and about 6.5, In another embodiment, less than 28% of the total amount of etanerceptis ina
mistolded form as assessed using hydrophobic interaction chromatography.  In another
embodiment, the pharmaceutival composition consists essentially of about 40-100 mg/ml.
etanercept, about 120 mM NaCl, about 25 mM arginine, about 196 sucrose, and water. In
another embodiment, the pharmaceutical composition consists essentially of about 40-100
mg/mL etanercept, about 120 mM NaCl, about 25 mM arginine, about 1% sucrose, abont 0.01%
polysorbate 20, and water,

[8009]  In another aspect, the present invention provides a method of formulating a
pharmaceutical composition of etanercept to remove an additional buffering agent and maintain
pH from 6.1 10 6.5, comprising formulating the etanercept formulation in a formulation
comprising an additional buffering agent at between pH 6.1 and 6.5, and exchanging the
formulation comprising an additional buffering agent against a formulation that does not comprise
an additional buffering agent and is between pH 5.6 and 6.5, and collecting the resulting
pharmacentical formulation. In one embodiment, the exchange step uses diafiltration. 1o
another embodiment, the formulation that does not comprise an additional baffering agent is
isotonic. In another embodiment, the formulation that does not comprise an additional buffering
agent contains suerose, arginine, and NaCl. In another embodiment, the formulation that does
not comprise an additional buffering agent contains between 20 mM and 150 mM NaCl; between
3 mM and 100 mM arginine; and between 0.5% and 2% (w/v) suerose. In another embodiment,
the formulation that doss not eomprise an additional buffering agent consists essentially of about
120 mM NaCl, about 25 mM arginine, about 1% sucrose, and water, In another embodiment,
the method of formulating & pharmacentical composition of etanercept further comprises adding
polysorbate. In another embodiment, the polysorbate is polysorbate 20 at a concentration (w/v)
of between 0.001% and 0.1%. In another embodiment, the method of formulating a
pharmaceutical composition of etanercept further comprises filtering the pharmaceutical
composition. In another embodiment, the method of formulating 2 pharmaceutical composition
of etanercept further comprises aliguoting the pharmaceutical composition into & drug prodact
form.

{BO1G]  In another aspect, the present invention provides a kit comprising a pharmaceutical

bad
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composition of etanercept as desceribed above in a drug product form and instructions for storage
and use.

[0811] In another aspect, the present invention provides a pharmaceutical composition
comprising etanercept, NaCl, arginine, sucrose, a phosphate buffer and benzyl aleohol, wherein
the pH of the compesition is between 6.1 and 6.5. In one embodiment, the benzyl alcohol isat a
concentration {(v/v} of between 0.1% and 5.0%. In another embodiment, the concentration of
benzyl aleohol is aboat 0.9%, In another embodiment, the pharmaceutical composition
comprising etanercept further comprises polysorbate 20 at a concentration {w/v) of hetween
0.001% and 0.1%. In another embodiment, the concentration of polysorbate 20 is about
0.004%. In another embodiment, the pharmaceutical composition comprising etangrocept
consists essentially of etanercept at about 40-100 mg/ml., arginine at about 25 mM, sodium
chloride at about 100 mM, sucrose at a concentration {wiv) of about 1%, phosphate buffer at
about 25 mM, and benzyl alcohol at a concentration {v/v} of about (.9%. In ancther
embodiment, the pharmaceutical composition comprising etanercept consists essentially of
elanercept at about 40-100 mg/mL, arginine at about 25 mM, sodinm chloride at about 100 mM,
sucrose at a concentration (w/v) of about 1%, phosphate buffer at about 25 mM, benzyl alcohol
at & concentration (v/v) of about 0.9%, and polysorbate 20 at a concentration {s/v) of about
0.004%,

[0812] In another aspect, the present invention provides a single-dose container containing 8
pharmaceutical composition comprising etanercept as described above, In one embodiment, the
pharmacentical composition consists essentially of etanercept at about 40-100 mg/mL, arginine
at about 25 mM, sodium chloride at about 100 mM, sucrose at a concentration {(wiv) of about
1%, phosphate buffer at about 25 mM, and benzyl alechol at a concentration (v/v) of about
0.89%. In another embodiment, the pharmaceutical composition consists essentially of etanercept
at about 40-100 mg/ml, arginine al about 25 mM, sodiwn chloride at about 100 mM, sucrose at
a concentration {(w/v) of about 196, phosphate buffer at about 25 mM, berey! gloohol at a
concentration (v/v) of about 0.9%, and polysorbate 20 at 2 concentration (w/v ) of about §,004%,
In another embodiment, the single dose comtainer is a vial, a syringe, or an aatoinjector. In
another embodiment, the single-dose container contains an aqueous formulation consisting of
etanercept at 30.0 mg/ml., sodium chloride at 120 mM, L-arginine at 25 mM, sucrose at 1.0%
{wiv).

{013} In another aspect, the present invention provides a method of preparing a single-dose
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container containing a pharmaceutical composition comprising etansrcept as deseribed above,
comprising filling the single-dose container with about a single dose of the pharmaceutical

composition under sterile conditions.

Brief Deseription of the Drawings
{8014} Figare 1 shows the pereent HMW {peak B) as detected by SEC for the etanercept

stability assay of Example 3.

{3013} Figure 2 shows the percent LMW as detected by d8SEC for the etanercept stability
assay of HExample 3.

{0016] Figure 3 shows the percent Peak 3 as detected hy HIC for the etanercept stability assay
of Fxample 3,

{0017]  Figure 4 shows the pereent Peak 3 ag detected by HIC for the stainless steel erye-
vessel storage etanercept stability assay of Example 4.

{0018]  Figure 5 shows the percent LMW as detected by dSEC for the siainless steel eryo-
vessel storage etanercept stability assay of Example 4.

f0019]  Figure 6 shows the percent Peak B as detected by SEC for the stainless steel erve-
vessel storage etanercept stability assay of Example 4.

[0028] Figure 7 shows the percent Peak B as detected by SEC for the frecze-thaw etanercept
stability assay of Example 4.

{0821} Figure 8 shows the pH stability of the conditioned AEX intermediate pool at
controlled room temperature (CRT) in the gssay of Example 6.

[8822] Figure ¥ shows the UF/DF pool pH (A) and conductivity {B) stability at CRT in the
assay of Example 6.

f0023]  Figure 10 shows the pH {A) and conductivity (B} stability of ctanercept formulated in

SAS solution in the assay of Example 8.

Betailed Description of the Invention
{0024} The invention provides improved pharmaceutical compositions of etanercept. As used

herein, the phrase "pharmaceutical composition” is understood o refer to 8 formulation of a
polypeptide suitable for injection and/or administration into a patient in need thereof. More
particularly, a pharmaceuntical composition is substantially sterile and does not contain any
agents that are unduly toxic or infectious to the recipient. Etanercept is a soluble form of the p78

TNF receptor fused to an Fo domain of a human {pG1 {TNFR:Fe). A commercially available
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etanercept is known as ENBREL® (Ilmmunex Inc., Thousand Oaks, CA). Etanercept is
produced by recombinant DNA technology ina Chinese hamster ovary (CHO) manmalian cell
expression system. [t consists of 934 amino acids and has an apparent molecular weight of
approximately 150 kilodalions {(Physicians Desk Reference, 2002, Medical Economics
Company Inc.}.  The full sequence expressed in CHO cells is shown below, However, His to
be understood that minor modifications and deletions of this sequence (up to 10%) may be
possitde and can be used within the scope of the invention.
1 Lew-Pro-Ala-Glre-Val-Ala-PhaThr-Pro-Tyr-

11 Ale-Pro-Giu-Pro-Gly-Ser-Thr-Cys-Arg-Leu-
21 Arg-Glu-Tyr-Tyr-Asp-Glr-The-Ala-Gir-Met-
31 Cys-Cys-Ser-Lys-CysSer-Pro-Gly-Glre-His-
41 Ala-Lys-Val-Phe-Cys-The-Lys-ThreSer-Asp-
51 The-Val-Cys-Asp-Ser-Uys-Gha-Asp-Ser-Thr-
&1 Tye-Thr-Gln-Lew-Tr-Asn-Trp-Vab-Pro-Glu-
7 Cys-Lew-Ser-Cys-Gly-Sar-arg-Cys-Ser-Ser-
81 Asp-Gln-val G- Thr-Gin-ala-Cys-Thr-Arg-
91 Glu-Gin-Asn-Arg-le-Cys-Thr-Cys-Arg-Proe

101 Gly-Trp-Tyr-Lys-Ala-Leu-3er-Lys-Glre-Glu-
111 Gly-Cys-Arg-Lew-COys-Ala-Fro-Leu-Arg-Lys-
123 Oys-Arg-Fro-Gly-Phe-Gly-Val Ala-&rg-Fro-

131 Gly-Thr-Glu-Thr-Ser-Asp-Vab Vak-Cys-Lys-
141 Pro-Cys-Ala-Pro-Gi-The-Phe-Ser-Ast-Thr-

151 The-Ser-Ser-The-Asp-tle: Cys-Arg-Pro-His-
181 Gin-le-Cyz-Asn-Val-Val-Ala~le-Pro-Gly-
171 Asn-Ala-Ser-Meat-Asp-Ala-Val-Cys- ThreSer
181 Thr-Ser-Fro-Thr-Arg-Ser-Mat-Ala-Pro-Gly-

151 Ala-vai-His-Leu-Pro-Gin-Pro-Vab-Ser- Thr-
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201 Arg-Ser-Gln-His-Thr-Gin-Pro-Thr-Pro-Glu-
211 Pro-Ser-Thr-Ala-Pro-Ser-Thr-Ser-Phe-Ley-
2271 Leu-Pro-Met-Giy-ProSer-Pro-Pro-Alz-Glu-
231 Gly-Ser-Thr-Giy-Asp-Glu-Pra-Lys-Ser-Lys-
241 AsprlysThreHis-Thr-Uye-Pro-Pro-Cys-Pro-

251 Ala-Pro-Giu-Leu-Leu-Gly-Gly-Pro-SerVal

265

281 Phe-Leu-Phe-Fro-Pro-Lys-ProsLys-Asp-Thi-

271 Leu-Met-Hie-Ser-Arg-Thr-Pro-Glu-Val-Thr-
281 Cys-Val-Val-Val-Asp-Val-SerchisGlu-Asp-
281 Pro-Glu-Val-Lys-Fha-Asre- Trp-Tyr-Vab-Aspe
301 Ghy-VahGlu-Vai-His-Asn-Ala-Lys-Thr-Lys
311 Pro-Arg-Glu-Gly-Gin-Tyr-Asa-Sar-Thr-Tyr-
321 Arg-Vab-Val-Servaldes- TheVal-LeusHis-
331 Gin-Asp-Trp-Leu-Asn-Giv-Lys-Gla-TyrLys
341 Cyselys-VabSer-Asn-Lys-Ala-Leu-Pro-Als-
351 Prodle-Glu-Lys-Thr-fle-Ser-Lys-Ala-Lys-

361 Gly-GlrePro-Arg-Glu-Pro-Gin-Val-Tyr- Thr-

371 Leu-Pro-Pro-Ser-Arg-Glu-Glu-Met-Thelys-

381 Asn-Gin-VabSerLeu-Thr-Cys-Leu-Vab-Lys-
381 Gly-Phe-Tyr-Pro-Ser-asp-fle-Ala-Val-Gie-
401 Trp-Glu-Ser-Asn-Gly-Glre-Pro-Glu-Asn-Asn-

411 TyrelysTheThr-Pro-Pro-Val-Leu-Asp-Sers

421 Asp-Gly-Ser-Phe-Phe-lau-Tyr-Ser-Lyssbeus
¥ \

431 The-Vab-Asg-Lys-Ser-Arg-Trp-Gin-Gln-Gly
441 Asn-Val-Phe-Ser-CysSer-Vah-Meat-His-Glu-

451 Als-beu-His-Asn-His-Tyre-Thr-Gin-Lys-Ser-

PCT/US2017/057472
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461 teu-Ser-Leg-Ser-Pro-Gly-lys

[0625] The invention provides 8 pharmaceutical composition comprising clanercept bat
containing essentially no additional buffering agent. The phrase “additional buffering agent”™
refers 1o a component of an etanercept composition or formulation, other than elanercept itself,
that contributes significantly to the buffering capacity of the composition or formulation.
Etanercept itself has been shown herein to provide all the needed buffering to maintain the pH
between 6.1 and 6.5, and in particudar at about 6.2 — 6.3, under the conditions deseribed below.
As demonstrated below in Example 1, this pH range has been shown to he effective to maintain
the desired stability characteristics of an etanercept formulation {less than 6% high molecule
weight aggregates and less than 28% misfolded and clipped species).

{0026] The phrase “essentially no additional buffering agent™ means that there is less than 0.5
mM of any buffering agent other than ctanercept. The phrase “total additional buffering agent™
refers collectively to all of the components of an etanercept composition or formulation, except
for elanercept itself, that contribute significantly to the buffering capacity of the compeosition or
formulation.  In certain embodiments, pharmaceutical compositions accarding to the invention
comprise less than 2.0 mM total additional buffering agent, less than 1.5 mM total additional
buffering agent, less than 1.0 mM total additional buffering agent, less than 0.5 mM total
additional buffering agent, less than 0.25 mM total additional buffering agent, less than 0.1 mM
total additional buffering agent, or less than (.05 mM of total additional buffering agent. In
typical pharroaceutical compositions, additional buffering agents are used to maintain the pH ina
desired range, often at concentrations of 3,0 mM or higher. Various well known additional
buffering agents ave histidine, potassium phosphate, sodium or potassium citrate, maleic acid,
ammonium acetate, tris-(hydroxymethyl)-aminomethane {tris), various forms of acetate and
diethanolamine. One conumon buffering agent is sodium phosphate as iis buffering capacity is
at or near pH 6.2, Sodium phosphate is the buffering agent used in the corrent commercial
hiquid formulation of etanercept since Hs desired pH 15 6.3, In the invention described herein,
essentially no sodium phosphate is present in the pharmaceutical formulation of etanercept.
Surprisingly, despite the absence of essentially any additional buffering agent, the pH of the
iventive pharmacentical composition Is maintained between 6.1 and 6.5, sven after extended
storage. Even more surprisingly, when injected into subjects {e.g., 8 human subjector s

patient), the pharmacentical composition with essentially no additional buffering agent results in
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significantly less pain than the current buffered commercial formulation. Although phosphate is
often chosen as a buffer for pharmaceutical compositions because of the close to neutral pH
buffering capacity and belief that it is one of the less painful buffer components (as compared
to, for example, citrate buffer), the instant inventors have determined that phosphate buffer at
around pH 6.3 does contribute to pain upon injection.

10627} Unless otherwise clear from the context of its use, a “formulation solution™ or
“formulation buffer™ is a solution or buffer that does not itself contain etanercept but is used to
make a formulation comprising etanercept.

{0028]  Typically, the stanercept concentration in the pharmaceutical compaositions of the
invention is between about 40 mg/mL and about 200 mg/mL. in an aéufzens formulation (e.g.,
water as the solvent). More preferably, the etanercept concentration is betweesn about 40
mg/mL and about 100 mg/ml., yet more preferably between about 40 mg/mi, and about 75
mg/ml, and optionally about 50 mg/ml.

[6029] The pharmaceutical compositions of the invention also contain arginine. Arginine has
been shown to make & substantial contribution to stabilizing etanercept in a Hguid formulation
{see LS Patent No. 7,648,702, incorporated herein by reference). Pharmaceutically appropriaie
forms of arginine are coramercially available. Typically, Learginine (e.g., L-argining HCl or L-
arginine base) is the arginine used for pharmaceutical formulations. It is understood that within
the pH range of 6.0 and 6.6, and in particular at 2 pH of about 6.2 ~ 6.3, arginine does not
contribute meaningfully to the buffering capacity of a formulation. Accordingly, it is not an
additional buffering agent in the etanercept formulations or compositions of the invention. The
concentration of arginine in the compositions of the invention are preferably from about 1 mM
to about 1 M, more preferably from about 10 mM to about 200 mM, or alternatively from about
5 yaM to about 100 mM, more preferably from about 10 mM fo about 100 mM. even more
preferably from about 15 mM to about 75 mM, and yet more preferably at about 25 mM. Thus,
in one aspect of the invention, the pharmaceutical composition comprises about 30 mg/mi. to 75
mg/ml. etanercept and about 25 mM arginine, wherein the pharmaceutical composition has
essentially no additional buffering agent, and the pH of the composition is between 6.0 and 6.8
As used herein, the term “about” is understood to mean that there can be variation in the
concentration of a component of the described formulation that can be up to and inclading 10%
of the given value, For example, if a formulation has about 10 mp/mlb of a polyvpeptide, this is
wnderstood to mean that a formulation can have between 9 to 11 mgdmL of the stated

9
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polypeptide.

{030]  The pharmaceutical compositions may contain additional excipients, as long as those
gxcipients are not additional buffering agenis, and in particular are not phosphate bulfering
agents. Examples of additional exeipients according to the tnvention include bot are not limited to
sugars/polyols such as: sucrose, lactose, glycerol, xylitol, sorbitol, mannitol, maltose, inositol,
trehalose, glucose; polymers such as: serum albumin {bovine serum albumin {BSA), human SA
or recombinant HA), dextran, PVA hydroxvpropyl methyleellulose (HPMO),
polyethyleneiming, gelatin, polyvinylpyrrolidone (PVP), hydroxyethyleellulose (HEC): non-
aquecus solvents such as: polyhydric alcohols, (e.g.. PEG, ethylene glyeol and glycerol)
dimethysulfoxide (IDMSO) and dimethylformamide {DMF); amino acids such as: proline, L-
serine, alanine, glycine, lysine hydrochloride, sarcosine and gamma-sminchutyric acid, and
surfactants.

[0031]  In some preferred embodiments of the invention, the excipients include NaCl andéor
sucrose. NaCl may be present in the pharmaceatical composition at a concentration of from
about 5 mM to about 200 mM, more preferably between about 20 mM to about 150 mM, even
more preferably between about 80 mM to about 140 mM. Sucrose may be added to a
concentration of between about §.5% to about 2% {w/v) sucrose, mere preferably between about
(.8% to about 1.2% (w/v) sucrose, even more preferably at about 1% {(wiv) sucrose.

{0632]  The esmolality of a pharmaceutical composition is preferably regulated in order to
maximize the active ingredient's stability and also to minimize discomtort to the patient upon
administration. It is generally preferred that a pharmacestical composition be isptonic with
serum, e, having the same or similar osmolality, which is achieved by addition of a tonicity
modifier. Serum is approximately 300 +/- 50 milliosmolals per kilogram, thus it is
contemplated that the osmolality of an isotonie pharmaceutical composition will be from about
180 to about 420 milliosmolals. In some embodiments, the range will be from about 250 1o
about 330 milliosmolals.

[B033] A tonicity modifier is understood to be a molecule that contributes to the osmolality of
a solution. Examples of tonicity medifiers suitable for modifving oemolality include, but are not
himited to amino acids {e.g., srginine, cysteine, histidine and glycine), salts {e.g., sodium
chloride, potassium chloride and sodiuny citrate) and/or saccharides (e.¢., sucrose, glucose and
mannitol). The concentration of the fonicity modifier in the formulation is preferably between
about T mM to 1M, more preferably about 10 mM to aboat 200 mM. In some embodiments, the

10
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concentrations of NaCl and sucrose are adjusted to generate a pharmacentical composition that
is isotonic. In some embodiments illustrated below by way of example, the pharmaceutical
composition contains abont 40-100 mg/ml. etanercept, about 120 mM NaCl, about 25 mM
arginine, about 19 sucrose, and water. In particular, the pharmaceutical composition can
consist essentially of about 30-100 mg/miL etanercept, about 120 mM NaCl, about 25 mM
arginine, about 1% sucrose, about 0.01% polysorbate 20, and water.

{0034]  Optionally, the pharmaceatical compositions of the invention may include a surfactant.
Surfactants are agents that reduce solution/surface induced stress. Examples of surfactants are
polysorbates, such as polysorbate 20, polysorbate 40, polysorbate 60, and polysorbate R0 (e.g.,
TWEEN-20R (Sigma-Aldrich, St. Louis, MO) or TWEEN-B0® (Sigma-Aldrich, St. Louis,
MO)), sodium dodecyl sulfate (SDS), polyoxyethylene copolymer, poloxamers, such as
poloxomer 188 (e.g., PLURONIC® F-68 (Sigma-Aldrich, $t. Louis, MO} or poloxomer 407
{e.g., PLURONIC® F-127 {(Sigma-Aldrich, St. Louis, MO), CHAPS, monolaurate, or any
combination of the above. A preferred surfactant is polysorbate 20, For example, polysorbaie
20 can be included in the pharmaceutical compositions at a concentration {w/v} of between
about 0.001% and about 0.03%. In particular embodiments illustrated below by example,
polysorbate 20 can be included in the pharmaceutical formulations at a concentration (wiv) of
0.01% or at ahout 0.004%,

Testing of the Pharmaceuntival Compositions
[0635] The examples below Hlustraie how one of skill in art can determine whether 8

formulation is capable of maintaining the pH in a desired range. Essentially, the pharmaceutical
coraposition is formulated and stored in the test containers (which may be glass vials, glass
syringes, plastic syringes, stainless steel vessels, or any manner of sterile device suitable for
pharmacentical compositions) and the pH is assessed at time 0, and then at indicated fmes as
appropriate. Usually, the testing conditions will anticipate needs for storage of the
pharmaceutical composition, and will stress those conditions. For example, the formulations of
the invention are able to maintain the desired pH under controlled room temperature ({CRT) for
al least 2 weeks, at least 4 weeks, at least 8 weeks, at Jeast 12 weelks, and at least 24 weeks.
CRT is defined by the USP, and has a temperature maintained thermostatically that
encompasses the usual and customary working environment of 20° C to 25° C {68° F 1o 77V F);

that results in 2 mean kinetic temperature caleulated 1o be not more than 257 C; and that allows
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for excursions between 13° C and 30°C (59° F and 86° F) that are experienced in pharmacies,
hospitals, and warchouses.

{8836]  In one aspect, the pharmaceutical compositions of the Invention exhibit particular
quality attributes. The testing of these guality attributes is also described below by way of
example. For example, the pharmaceutical compositions of the invention contain less than 6%
of the 1otal etanercept aggregated in 8 high molecular weight form as assessed using size
exclusion chromatography. As another example, the pharmacsutical compositions of the
invention contain less than 28% of the {otal amount of clanercept is in a misfolded form as
assessed using hydrephobic intersction chromatography.

{6037 The pharmaceutical compositions of the invention sre capable of remaining stable by
maintaining pH and/or other noted quality attributes {mininwum high molecular weight forms
and minimum mistolded forms) for the following temperatures and extended time periods (1) at
=307 C {frozen) for at least 4 weeks, at least 3 months, at least 6 months, at least 12 months, and
at least 36 months; (2) for up to 1 freexe/thaw cycle, up o 2 freeze/thaw eyeles, up to 3
freeze/thaw cycles, and up to 5 freeze/thaw cycles; (3) at 4° C {refrigerated temperatare) for at
least 2 weeks, at least 4 weeks, at least § weeks, at Ieast 12 weeks, at least at Jeast 29 weeks, and
at least 52 weeks; (43 at 25° € (room temiperature) for at least 2 weeks, at least 4 weeks, at least
8 weeks, at least 12 weeks, at least 24 weeks; and (3) at 407 C (accelerated stability testing) for
at least 2 weeks.

{8038} The pharmaceutical compositions of the lnvention also exhibit the surprising result of
reduced pain upon injection into a subject. This property can be assessed asing the Visual
Analog Scale {VAS) that has been validated by Gallagher et al, 2002, Am. L Em. Med. v20; 14
Z87-280. Trained health professionals administer the drug via injection, and within 30 seconds
after each injection, subjects assessed their level of injection pain using a 100 mum Visual
Analog Scale (VASR), A difference of 13 1o 16 mm on the VAS is considered to be clinically
meaningful. Using this technique, it was demonstrated that a placebo formulation without
phosphate induced significantly less pain than a placebo formulation containing phosphate at pH
6.3 and the current commercial formulation containing both etanercept and phosphate at pH 6.3
{8039] Production and pwification of the etanercept to be used in the pharmaceutical
compositions and methods of the invention can be performed by any standard method.
Typically, etonercept is expressed recombinantly in CHO vells and seereted into the medivm,
The medium is collected, filtered, and purified using, for example, various chromatography
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techniques. For example, protein A can be used to purify Fo domain containing polypeptides
such as etanercept, and is advantageous as a first processing siep. Other technigues for
polypeptide purification such as fractionation on an jon-exchange column, ethanol precipitation,
reverse phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSET™,
chromatography on an anion or cation exchange resin (such as a polyaspartic acid column),
hydroxyapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, and
any combination of purification techniques known or yet to discovered. Fxamples of useful
production and purification techniques can be found in US Patent Nos. 7,294,481 (Fung),
7,452,695 (Van Ness et al), 7,122,641 (Vedantham et al.}, 7,157,557 {Sassenfeld et al.),
7,300,773 (Drapeau et al.), 8,163,522 (Brockhaus et al.}, and 7,648,702 (Govabots et al.).

Methods of the Pavertion
{9840] The invention also provides g method of formulating a pharmaceutical composition of

etanercept to remove buffer and maintain pH at a target range, comprising formulating the
etanercept in a buffered formulation in the target range, and exchanging the baffered
formulation against an unbuffered formulation that is within in or just befow that target range,
and collecting the resulting pharmaceutical formulation of the etanercept. In a preferred
embodiment illustrated below by way of example, the method provides formulating a
pharmacentical composition of etanercept to remove buffer and maintain pH from 6.0 © 6.6,
comprising formulating the etanercept fornwlation in a buffered formulation at betwseen pH 6.0
o 6.6, and exchanging the buffered formulation against an unbuffered formudation that is
between pH 5.6 and 6.5, and collecting the resulting pharmacentical formulation. In order to
achieve an unbuffered compogition of etanercept that maintains its pH from 6.1 10 8.5, it is
tmportant to ensure that the pH of both the starting buffered etanercept formulation and the
unbuffered formulation is calibrated. For example, if the starting buffered otanercept
formulation is at pH 7.2, it will be adjusted with a strong acid, such as HCL to within the range
6.1 to 8.5, Similarly, the unbuffered formulation that is used for exchange should be titrated to
between pH 5.6 and 8.3, Because the anbuffered formulation used for exchange has no
butfering agent, care shooki beused during titration.

{0841} To exchange the buffered formulation against an unbutfered formulation, one of skill
in the ant can make use of g variety of buffer exchange technigues that are well known in the art.
Dialysis makes use of selective diffusion through a semi-permeable membrane to remove

unwanted smaller molecules from a larger protein formudation. In one embodiment,
13
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equilibrations ave done serially until & desired fold reduction in the concentration of an
unwanted molecule is achieved. For example, three serial equilibrations, sach at or greater than
100-fold dilution, can be used to achieve a concentration reduction of 1,060,000-fold or greater.
Ultratiltration and diafiltration are similar to dialysis in that they use a semi-permeable
membrane. But unlike the passive diffusion of dialysis, ultrafiltration and diafiltration involves
forcing solutions through the membrane using various techniques. Pressure and centrifugation
are typically used. Siill another method of buffer exchange can be performed using gel filtration
or size exclusion chromatography, There are many other chromatographic technigues that also
can be used to achieve buffer exchange that are well within the skill of those in the art such as
ion exchange chromatography, hydrophebic interaction chromatography, and mixed mode
chromatography.

[0042]  After the buffered formulation is exchanged into the unbuffered formulation, the
methods of the invention include collecting the resulting pharmaceutical formulation. At this
point, essentially all buffer has been removed, but the pH is still maintained at the desired levels.
For a pharmaceutical composition containing etanercept, the pH is maintained at between 6.0
and 6.6,

{0043} The pharmaceutical formulation may be further treated as necessary, For example, a
surfactant can be added. In another example, it desired 1o remove particles, the pharmaceutical
composition can be filtered. Alternatively or in addition, the methods of the invention also
include aliquoting the pharmaceutical compositions into a drug product form. Such drug
product forms are distributed for final use by patients or health care providers. The
pharmaceutical compositions of this invention are particularly useful for parenteral
administration, Le., subcutaneously, intramuscularly, intravenously, intraperitoneal,
intracerebrospinal, intea- articular, intrasynovial, and/or intrathecal. Parenteral administration
can be by belus injection or continuous infusion. Pharmaceutical compositions for injection
may be presented in unit dosage form, ¢.g., in ampoules or in multi-dose containers. The
pharmaceutical compositons may. if desired, be presented in a vial, pack or dispenser device
which may contain one or more unit dosage forms containing the active ingredient. In one
embodiment the dispenser device can comprise a syringe having a single dose of the liguid
formulation ready for injection. In another embodiment, the pharmaceutical composition is
aliquoted into a cassette component for wse with a reusable autoinjector. Yet another aspect of
the invention, the pharmacentical compositions can be provided packaged in or with an on-body

14
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tnjector device. In still another embodiment, the pharmacewtical compositions can be aliquoted
mto 7 drag product form sultable for a needleless injection device.

{0044}  The pharmaceutical compaosition can also be aliquoted into a format suitable as a depot
preparation. Such long acting formulations may be administered by implantation (for example
subzutaneously or imtramuscularly) or by intramuscular injection. Thus, for example, the
formulations may be modified with sultable polvmeric or hydrophobic materials (for example as
an emulsion in an acceptable 0il) or fon exchange resins, or as sparingly soluble derivatives, for
example, 85 a sparingly soluble salt.

[0045]  In another embodiment, the present invention is directed to a kit or container, which
conlains the pharmaceutical composition of the invention. The kit can also be accompanied by
insiructions for the storage and use of the pharmaceutical compositions. The container can be,
for example, a single-use container, Le., a container that holds one dose formudation of the
present invention. It is understood that a single-use container might contain a single dose plus
enough extra to ensure that a full single dose can be administered to a patient from the
container, but not so much extra that the container could be used to administer a sepond dose.
Examples of containers suitable for use in certain aspects of the present invention {whether they
be single-use or multiple-use containers) include vials, syringes, and auto-injectors. Examples
of suitable auto-injectors include those found in US Pat. Nos. 8,177,749, 8,052,645, and
8,920,374, in US Pat. App. Ser. Nos, 12/993163, 13/269750, 13/454531, 14/112479,
VA/TFT255, and 14/777259, and in PCT Publications WO 2014/0089393, WO 2016/033496, and
WO 2016/033507, each of which is incorporated herein by reference in its entirety.

{8046] The etancrcept-containing compositions and formulations of the present invention, as
well as the syringes, autoinjectors, kits, and the like described herein, can be used in the
ireatment of patients with conditions that respond fo tregiment with etanercept, Examples of
such conditions inelude rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, and
psoriasts. Methods of treating patients with etanercept are described in, for example, US Pat.
MNos. 7,915,225, 8,119,605, B410,060, 8,722,631, and 8,119,604, cach of whichis incorporated
herein by reff:rencé i its entirety.

{0847] The invention will be more fully wderstood by reference to the following examples.

The examples should not, however, be construed as limiting the seope of the invention.
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Examples

Example 1: Stability testing of various formulations
[B048]  This example demonstrates the effects of pit and buffer on etanercept at 30 mg/ml.,

and assesses the stability of a high concentration (100 mg/mL) solution without added

phosphate buffer. The following fornmulations were tesied.

Table 1: Formulations for pH Screen

PCT/US2017/057472

NaCl, 1% suerose,

0.9% benzyl alcohol

Formulation Name Butfer Hxcipients Polysorbate  Final [Protein
Added pH Cone
{mgfml.}
Ad5SuT 10 mM 0% sucrose 1004% 4.5 S0
sodium P20
acetate
AS2SuT 10 mM 9% sucrose 0.004% 53 50
sodium P8R0
acetate
AS88uT 10 md 9% snerose 1004% 5.8 54
sodinm FS20
acetate
50 _SAST _10ONaClt  None 25 mM L- 1.004% 6.3 3¢
rginine, 100 mM PS20
E\fa(}i, 1%% sucrose
100 _SAST 100NaCl None 25 mM L- (.004%% 6.3 140
arginine, 100 mM PS20
NaCl, 1% suerase
PASST + ReQH 23 mM 25 mM L~ {(.004%% 6.3 S0
phosphate arginine, 100 mM  PR20
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PASST {control) 25 mM 25 mM L~ 0.004% 6.3 S0
phosphate argining, 100 mM PS20

NaCl, 1% sucrose

{0049] Materials: Enbrel drug substance in PASS (25 mM phosphate buffer, 25 mM L.
arginine, 100 mM NaCl, 1% sucrose) at 30 mg/mL was used for this study. For the acetate and
butfer-free formulation, the material was dialyzed into the new formulations (without
polysorbate) and concentrated to 30 mg/mL using 10,000 MWCO ceniripreps. A sample of
30_SAS_100NaCl was alse concentrated to 100 mg/mL (100_SAS _100NaCl). Benzy! alcobol
was spiked into the current formulation to a final concentration of 0.9%. A 1% stock solution of
pelysorbate 20 was prepared fresh and spiked into all formulation to a final concentration of
0.004%. Al formulations were manually {illed into 1 mL long BD plass syringes to a volume
of 0.5 mL and then stoppered using an ASPL vacuwning stoppering unit.

{0050} Metheds: The pH was measured using a Metider Toledo SevenEasy pH meter
combined with a Mettler Inlab MicroProbe. Samples were warmed to room temperature prior to
measurements, Osmolality was measured using The Advanced Osmometer Model 3900, Each
measurement was performed using 230 pl. of sample and 290 osmolality standards were tested
1o ensure the system was operating properly. Size exclusion HPLC was run on an Agilent 1100
HPLC with Chromeleon 7.2 software. Denatured size exclusion HPLC was run on an Agilent
1100 HPLOC with Chromeleon 7.2 software,

{851}  Results: The pH for al} formulations was maintained over 24 weeks.

Table 2: pH at indicated time points and temperatures
pH

=0 t=24w

Sample ¢ ¢ 25°¢ 40°C

i7
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A458uT 4.60 .66 4.66 4.61
AS28ut 3160 3.13 518 5.08
ASESET S.61 S.60 5.66 5.62
50 SAST 100NaCl |6.24 65.21 6.22 6.17
100_SAST 100NaCl6.32 6.21 620 6.19

PARST + BeOH 6,27 6.22 622 $.21
PASST control  {6.26 6.21 6.21 6.19
Table 31 Aggregate levels (Peak B) by SEC, % of total, 4°C
sample =0 t=d t=8w t=12w t=2uw
A45SuT 0.9 L1 1.1 1.2 1.2
ASZ8aT 1.2 1.4 1.8 1.6 1.4
ASESAT 10 1.2 12 1.3 13
50 SAST 100NaCl 11 13 13 1. 14
100 SAST 100NaCl | 1.1 14 15 15 i6
PASST + BeOH 1.0 1.2 12 1.3 1.3
PASST control 1.0 1.1 1.3 1.3 1.3
Table 4 Aggregate levels (Peak B) by SEQ, % of total, 25°C
sample =0} t=dw t=8w t=12w t=2dw
Ad5SaT i 30 37 324l
AS28uT 1.2 2.7 31 3.6 4.6
ASSSuY 1.0 1.9 2.6 3.1 4.4
S0_SAST _100NaCl 1.1 1.9 2.4 2.8 3.7
100 _SART 100NaCl 1.3 2.6 3.3 3.9 5.3
PASST + BeOH 1.0 1.8 24 2.8 3R
PASST control 1.0 1.8 22 2.6 3.3
Table 5; Aggrepate levels (Peak B) by SEC, % of total, 40°C
sample =0 Eedw redw 8w 12w Eeodw
Ad5SuT 3.8 5.6 9.0 (R 118 2.6
ASZSuT 1.2 6.3 12.9 13.6 164 17.9
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ASESuT 1.0 31 9.1 14.7 18.4 24.5
S0 SAST 100NaCl | 1. 39 68 2 16.0 26.0
106_SAST 100Nl | 14 §97TTH0R 183 530 €]
PASST + ReOH 1.0 6.3 12.0 21.4 28.1 45.3
FASST control 1.0 4.8 : 6.9 121 16.1 26.7
Table 6: Low molecular species (dSEC clips) 4°C
sample 0 =dw Bw 12w 24w
A458uT 16 13 1.4 23 25
ASZSuT 1.2 1.6 i3 1.7 .7
AMBRT 1.4 1.7 1.5 1.4 1.4
S50 _SAST 100NaCl HRY 1.5 1.4 1.4 1.5
100 SAST 100Naci |10 13 17 20 26
PASST + BeOH 1.0 L3 12 1.4 1.3
PASST control 1.2 1.4 1.4 1.7 1.6
Table 7: Low molecnlar species (dSRC clips) 25°C
S&n}pte =0 =y t=lw 1w 24w
A458uT 1.6 3.6 39 84 133
ASISLT 1.2 2.8 2.8 bR 9.2
ASESuT 14 2.2 2.8 4.0 5.7
50 SAST 100NaC] 0.9 2.2 24 39 E¥
100_SAST 100NaCl | 1.0 29 32 44 6.9
PASST + BeOH 1.g 22 22 3.3 4.4
PASST control 1.2 1.6 2.1 32 4.8
Table 8: Low molecular species (dSEC clipsy 40°C
sample 0 t=2w t=dw t=Rw t=12w 24w
A4SSuT 1.6 97 67 28.3 38.1 55.0
ASZSuT 1.2 6.0 113 iR.6 3.0 39.6
ASBSuT 1.4 4.0 1.7 13.2 182 27.5
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50 SAST 100NaC1 | 0.9 3% 59 8.6 128 18.7
100 SAST 100NaCl | 1.0 35 57 9% 129 19.4
PASST + BeOH 1.0 36 X 9§ 132 505
PASST contral 12 3.3 59 0.0 128 20,2

{0052]  Conclusions: During long term storage at 25° C and 40° C, the lower pH
formulations, A438uT, A52%0T, and AS8SuT, exhibited undesirable levels of ow molecular
weight degraded or clipped species when analyzed using denatured size exclusion
chromatography. The high concentration formulation 100_SAST 100NaCl stored at 25° € and
40% C began to show an increase in high molecular weight aggregates when analyzed using size
exclusion chromatography, but performed similarly to the current commercial formulation at 47
C. The PASET+BeOH (which is the current commercial formulation medified by the addition
of 0.004% polysorbate 20 and 0.9% benzyl aleohol) performed similarly to the current
conmercial formulation at both 4° C and 25° C but experienced an increase in high molecular
weight species by SE-HPLC at later time points when stored at the elevated temperature of 40°
€. However, the 50_SAST 100NaCl formulation maintained levels of high and low molecalar
weight species that were comparable to the current commercial formulation at all temperatures,

even in the absence of phosphate buffer,

Example 2: Pain Study
[00633] This study was a single-center, randomized, single-blind, crossover design in which 4%

healthy men and women received single SC injections of 6 solutions.

[0834]  Test formulations (detailed below in Table 9) were administered by a trained
healthcare professional in 6 anique sequences with & subjects randomized to cach sequence.
Injections were administered in sach quadrant of the anterior abdominal wall and administered
approximately 1 hour apart, Within 30 seconds after each injection, subjects assessed their level
of injection pain using a 100 mm Visual Analog Scale (VAS)  Adverse events were collectad
from the beginning of the first injection through 30 days after the first injection. Safety follow-
up phone calls were conducted on day 2 (24 hours afier the sixth injection) and day 31 (= 2

days).

0
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Table 9 Tested Formulations

- Solution | Description Volume | Composition
AL Negative pain .G 10 mM sodinm acetate, 9% (w/v) sucrose,
conteol 0.004% {w/v) polysorbate 20, pH 5.2
B Commercial 098 | 35 mM sodium phosphate, 25 mM L-
formulation placeho argimine, 100 mM sadium chloride, 1.0%:

{wiv} sucrose, pH 6.3

. Commercial 1.0 100 mM sodiam chioride, 25 mM sodium

formulation placebo phosphate, 25 mM L-arginine, 1.0% {wiv)
with benzyl alcohol sucrose, §.01% {wiv) polysorbate 20, 0.9%

{wi/v) benuyl aleohol

. Test formulation 1.0 100 mM sodium chioride, 25 mM L-
without sodium arginine, 1.0% (w/v) sucrose, 0.01% (wiv)
phasphate polysorbate 20

E. Test formulation .51 100 mM sodiwm chloride, 25 mM L-
without sodiam arginine, 1.0% {w/v) sucrose, 0.01% {(wiv)
phosphate polysorbate 20

F. Commercial (.98 | 30 mg/mL etancrcept in a solution consisting
formulation of 100 mM sodium chloride, 23 mM sodium
stanegrcept 50 phosphate, 25 mM L-arginine 1% sucrose,
mg/ml. pH A3

{0BSS]  Statistical Methods: All analyses were conducted on the safety analysis set, which
consisted of all subjects who received at least one solution, To provide 93.4% power to detect a
15 mm difference between the solutions (0 = .05, 2 sided), & sample size of 48 subjects (8 per
sequence) was selected. A difference of 13 to 16 mm on the VAS is considered 1o be elinically
meaningful (Gallagher et al, 2002, Am. J. Em. Med. v20; 14 287-200).

{0BS6]  Summary statistics (mean, 8D, standard error [SE], median, minimurg, maxinwun}
were caleulated for VAR scores by solution. VAS scores were analyzed using an analysis of
variance (ANOVA}Y model, which included sequence, solution, and period as independent
variables, and subject within sequence as a random effect. No adjustment was made for multiple

COMpAaisons.
{0057} Mean differences in VAS score for the primary and secondary comparisans,
carresponding 95% confidence intervals (95% CI), and p-values were provided.

A

21



WO 2018/075818

Table 10: Sunumary of VAS Scores

PCT/US2017/057472

Immediately Soln A Soln B Soln € Soln D Soln B Soln F

after injection

N 48 48 48 48 48 48

Mean 19.6 53.6 28,7 29.8 29.6 53.4

SD 18.0 278 23.5 26.4 243 324

SE 126 4.0 34 3.8 35 4.7

Median 13.0 39.0 244 215 21.0 49.0

Min, Max 0, 66 1,98 1,99 0, 94 1,86 2, 100
[0858] Conclusions: Both Solution C {non-product specific placebo with benzyl aleohol) and

Solution 13 {non-product specifie placebo without sodium phosphate) had significantly Jower
mean VAR scores than Solution B {etanercept placebo; p < 0.001), indicating relatively less
injection site pain with these 2 solutions. No significant differences in mean VAS scores were
found between Solutions C and 13, between Solution B (etanercept placebho) and Solation ¥
{active etanercept), or between different injection volumes (0.51 and 1.0 mL). Solution A
{negative pain control) was assoctated with the least pain compared with all the other solutions,
Seven subjects had 1 or move adverse events. All of the adverse events were CTCAE Grade

non-serious injection site reactions.

Example 3: Long term stability testing of formulation candidates
{BO39] A long-term study was performed to monitor etanercept stability in several new

formulation candidates at 30 mg/mL. The stability was assessed on 1 mi. fills in 1 mL staked
glass needle syringes using SE-HPLC, HIC HPLC, dSEC HPLC, and particulate matter {HIAC)
after storage at 4° C, 25° € and 407 C. Osmolality and protein concentration were tested at time
zero ondy, and pH was tested at time zero and after 12 weeks of storage to confiem that there
was no pH drift. The results of the study showed that the formulations tested remained similar
to the current commercial formulation after 12 weeks at the accelerated temperature of 40° €, as
well as 24 weeks at the recommended storage of 2-8° C and at the accelerated temperature of

250,

Ny
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Table 11: Formulation conditions at 53U me/mi elanercept
Formulation Baffer Other nH

NMame Excipients

PASST {contrel) | 25 mM phosphate {25 mM Learginine, 100 mM NaCl, 1% 5.3

sucrose, 1.010% polysorbate 20
SAST 160Na(l NONE pone 25 mM L-argining, 100 mM NaClL 1% 63
suerose, 0.010% polysorbate 20
SAST 120KaCl 25 mM L-arginine, 120 mM NaClL 1% 6.3

suerose, 0.010% polysorbate 20

[0860] Materials: Enbrel drug substance in PASK (25 mM phosphate buffer, 25 mM L-
arginine, 100 mM NaCl, 196 sucrose) at 30 mg/mL was used for this study. The material was
diafiltered into PASS and SAS _100NaCl (25 mM L-arginine, 100 mM NaCl, 1% sucrose) at 50
mg/ml and then altrafiltered to ~73 mgfml. The 50 mg/ml formulations were prepared by
difuting the post-UF/IIF PAKS and SAN material with the corresponding solution. The
SAST_120NaC! was prepared by diluting the 75 mg/ml. SAS material using a concentrated
Na(l stock solution to achieve a final concentration of 120 mM NaCl. A 1% stoek solution of
polysorbate 20 was prepared fresh and spiked into all foroulation to @ final concentration of
0.010%. All formulations were manaally filled into | ml. long BD glass syringes to a volume
of 1 mL and then stoppered using an ASPU vacauming stoppering unit.

{0661 Metbods: The pH was measured using a Mettler Toledo Sevenkasy pH mster
combined with a Mettler Inlab MicroProbe, Samples were warmed 1o room ternperature prior to
measurements. Protein concentration measurements using absorbance at 280 oM for all samples
were performed at roon temperature using the DropSense96 UV/Vis Lab Chip DS system.

Each sample was measured neat with at least three replicates {3 pll sach), including a
formulation solution blank, Osmolality was measured using The Advanced Osmometer Model
3900, Fach measurement was performed using 250 pl. of sample and 290 mOsm osmolality

standards were tested 1o ensure the system was operating properly. Siee exclusion HPLC was
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rom onan Agilent 1100 HPLC with Chromeleon 7.2 software. Hydrophobic interaction HPLC
was ran on an Agilent 1100 HPLC with Chromeleon 7.2 software at an absorbance of 215 .
Denatored size exclusion HPLC was ran on an Agilent 1180 HPLC with Chromeleon 7.2
software. Sub-visible particle analysis was performed using a HACH HIAC/Royeo particle
counter system equipped with an HRLD-150 laser and Pharm Spec software. All samples were
diluted with PASS formulation buffer to 25 mg/ml. Samples were thoroughly mixed,
uncapped and degassed for 2 hours at 75 torr prior to analysis. Four (4) sips of 1.0 mL cach {no
tare volume) were performed, with the first sip discarded and the remaining three sips averaged.
Data for particle sizes 2, 5, 10, and 25 pm was collected at all time points. The results account
for the dilution and are reported as cumulative counts per millititer.

{0062] Results and Discussion: The pH of all formulations was measured at time zerc and
after twelve weeks at all temperatures. No trends were observed as a fonction of twe or storage
temperature. The measured pH values for all samples can be found in Table 12, No drift in pH
was observed after 52 weeks of storage at 4° € 24 weeks of storage at 23° C or twelve weeks
of storage at 40° C; all samples met the acceptance criteria of +/-0.2 pH units from the target Ph
of 6.3,

Table 12, Measured pH for samples

2w t=24w  =12w
Formulation Acronym =0 45 25°C  49°C
PASST 627 630 832 6.28
SAST 100Na(d €23 613 6.25 6.20
SAST 120NaCl 632 616 6.24 6.15

{80631 The protein concentration of all formulations was tested at time zero. The protein
voncentration results for all samples can be found in Table 13, All samples met the acceplance

criteria.

Table 13, Protein Concentration measurements

Fornmlation Acronvin. =0
PASST 511
SART 100NaCl 51.4
SANT 120Nal! 51.¢
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[3064]  Osmolality was tested al time vero only, The osmolality results forall samples can be
found in Table 14, Al formulations were at their target osmolality. Due to ditferences in buffer
and excipient levels, the oumelality was not expected to be the same across the various

formulations.

Table 14, Osmolality measurements

Formulation Acronym =0 (measured)  theoretical
PASKT 314 313
SAST 100Nall 262 263
NSAST 120Nall 299 360

[0065]  SE-HPLC was performed to monitor agaregation levels as a function of formulation
condition, time and temperature.  Peak B is the amount of high molecular weight species
{aggregate) that forms. Resulis showed no differences in Peak B between the PASST control
and the buffer-less formulations at 4° C and 257 €, with minor differences heing observed after
twelve weeks at 40° O (Figure 13, Peak 8 represents the total aggregate detected by SE-HPLC
for these formulations. All samples remained acceptable (Peak B<6%,) after 52 weeks of
storage at 4° €, 24 weeks of storage at 25° €, and after twelve weeks of storage at 40° .
[0066] Denatured SE-HPLC was used to monitor clip species LMW,  Results showed similar
trends in HMW species, main peak, LMW between the formulations after 32 weeks (Figure 21
[B067]  Changes i misfolded aggregates were monitored by HIC HPLL, Results atall tosted
temperabires showed ne differences in Peak 3 between the PASST control and the bufferless
formudations (Figure 33, All samples remained within acceptable ranges (Peak 155%, Peak
twelve weeks of storage at 40°

{0068]  Sub-visible particles were monitored by light obscuration particle connting (HIAC),
Results were in line with historical PFS data and were similar between the formulations across
all temperatures after twelve weeks. No trends could be established from this data set, as g
single vial containing three pooled syringes was used at gach thme point and there is a high level

of syringe-to- syringe variability in the contribution to silicone oil droplets.

]
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[0069] Conclusions: The long-term stability of several new reformulation candidates and the
current commercial formulation with the addition of polysorbate was assessed at 4° ¢, 25° C
and 40° €. No significant differences were observed between the formulations after 52 weeks
at 4% C and 24 weeks at 28% C by SE-, dSEC, or HIC HPLC assays as well as by light
obscuration; minor differences were observed after twelve weeks at 40° C by HPLC assays. No
deift in pH was observed and all formulations remained within acceptable ranges. The results of
the stady showed that the SAST_120NaCl and SAST _100NaCl formulations at 50 mg/ml were
stable and similar to the current commercial formulation after twelve weeks at the
recommended storage temperature of 2° C o 8° .

Example & Preeze/thaw and long term stability of top reformulation candidates in stainless
steel containers

{8070] A freezefthaw cycling study was performed to monitor etanercept stability in three
new formulations candidates at 50 mg/mL. Formulations compared to the current commercial
formulation PASS (25 mM phosphate buffer, 25 mM L-arginine, 100 mM NaCl, 1% sucrose)
were SAST_TOONaC! (25 mM L-arginine, 100 mM NaCl, 1% sucrose, 0.010% polysorbate 20),
SAS 120NaCl (25 mM L-arginine, 120 mM NaCl, 1% sucrose), and SAST 120NaCH25 mM
L~arginine, 120 mM NaCl, 1% sucrose, 0.010% polysorbate 20}, The stability to appregation
when cycled between -30° U and 4° C in 35 mL stainless steel cryo vessels was assessed using SE-
HPLC up to five freeze/thaw cycles,

[0071]  Additionally, a long-term study was performed to monitor etanercept stability in a new
formulation candidate at 5¢ mg/ral.. Formulation compared to the current commercial
formulation PASS (25 mM phosphate buffer, 25 mM L-arginine, 100 mM NaCl, 1% sucrose),
was SAST 120NaCl {25 mM phosphate buffer, 25 mM L-arginine, 100 mM NaCl, 194 sucrose,
0.010% polysorbate 20). The stability when stored in 10 mb and 535 mL stainless steel cryo
vessels was assessed using SE-HPLC, HIC HPLC, dSEC HPLC, and particudate rmatter (HIAQ),
Storage ternperatures and time points were -30° C for up to 36 months and 4° C for up to twelve
months, Results at 52 weeks are presented here,

[B8872]  Results: The pH of gll formulations remained consistent at the 52 week time point

and through five oycles of fresze/thaw,
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Table 15, pH. Protein concentration and Csmolality

~ pH
Cone. Osmolality
Sample A
(mgiml) {rmsm) - e
= S2wk -30°C 82wk 4°0
PASS 483 364 6,34 6.20 6,23
SAST 120NaCl 514 303 6.27 6.19 6.20
Table 16. pH, Protein Concentration and Osmolality for Freeze/Thaws
Sample Cone. Osmolality pH
{mgiml) {mOsem)
0BT 3RT S ET
T PASS 479 310 6.30 6.29 6.27
SAST T0ONaCl 48.8 258 6.19 f.18 6.16
SAST 1 20NaCl 48.1 284 6.17 .19 6.18
SAS 120NaCl 486 300 6.17 §.17 618

{80731 No trends were observed by HIAC for >10 pum particles, although there were small
increases in >2 and »5 pm particles i the SAST _120NaCl formulation. As shown in Figure 4,
Figure 3, and Figure 6, no significant differences were observed between the formulations by
HIC, dSEC, or SEC.  No significant changes were observed by SEC between the formulations
afler exposwre to five frecze thaw eycles. See Figure 7.

{00741  Ceonclusien: The results of the study thus far showed that the new fonmulation tested
renained similar to the current commercial formulation after 52 weeks storage in stainless steel

cryo vessels at~30° Caswell asat 4° C,

Example § Exchange into SAS and PASS sclutions
[8075]  The purpose of these examples was to dialyze different preparations of efanercept in

THS (tris, mannitol, sucrose) into the test formulation {L-arginine, sucrose, NaCl) and compare
the final pH to thetarget pH.

[B078]  Materials: Etanercept: 25 mgdml, in TMS (10 mM Tris HCY, 4% manniiol, 1%
sugrose, pH 7.4); SAS. 100NaCl solution (100 mM NaCl, 25 mM Learginine HCL, %% sucrose,

pH 6.3) for dialysis; PASS buffer (25 mM Phosphate, 100 oM NaClL 25 mM L-arginine HCL
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1% sucrose, pH 6.3); 10,000 MWCO centripreps; 3-12 mb. Slide-A-~Lyzer dialysis cassettes,
10,000 MWCO; a Mettler Toledo MP220 pH meter and Mettler Toleda InLab MicroProbe.
Methods: For the UF/DF example, 25 mg/mL ctanercept in TMS was concentrated to

{077]  ~50 mg/ml by ultrafiltration using 30K MWCO Pellicon 3 cassettes on a Millipore
Pellicon-2 mini system. The material was then diafiltered against SAS _100Nall or PASS
solution for 7 diavolumes, followed by concentration by ultrafiliration to 100 mg/mil. For the
dialysis example, 25 mg/ml. etanercept in TMS was concentrated to 50 me/mb using 10,000
MWCO centripreps. The pH of the 30 mg/mL Sample in TMS was measured, as was the SAS
dialysis solution, using the Mettler Toledo MP220 pH meter and InLab MicroProbe. The
material was then dialyzed using 10,000 MWCO slide-a-lyzer dialysis cassettes. 9.5mL of 50
mg/ml. eltanercept in TMS was added to the cassette and exchanged against 1000mi, of
SAS100. Three exchanges were performed to achieve a 1,000,000 fold exchange, The first
exchange occurred at Spm on Day 1 and went overnight. The second 1,000 ml. exchange was at
8:30am on Day 2. The third and final exchange was at 12:30pm on Day 2. At 5:00pm on Day 2
the protein was remaoved from the dialysis cassetie (11 mL removed) and the pH was measured

on the same Mettler Toledo MP220 pH meter. The messured pH was 6.98.

Resuls:
A sununary of the results is shown below in Table 17.

Table 17. pH using various exchange methods and solutions

Method of  [Sample Name  Filiratiom Pre-Method  Post Number of
Exchange Selution Fxchange Method pH  Exchanges
pH nH

LFDF PASS, pHB3, 634 7.56 6,34 7 Diafiltration
100 mgfmi volumes

UF/DF SAS 100NaCl, 6.28 7.56 698 7 Diafiltration
pH 6,3,100 volumes
mgiml

Dialysis NAS 100NaCl, 828 7.56 6.98 1,060,000 fold
pH 6.3, 50 exchange
mgiml
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{0078} Ceonclusion: When the samples were ultrafiltrated/diafiltrated from a pre-exchange
solution at pH 7.56 into the PASS buffer, the target pH of 6.34 was atteined. However, when
the samples were ultrafiltrated/diafiltrated into the SAS_T00NaC] solution, the pH of the post-
dialysis material that was achieved was 6.98, which was higher than expected and was not close
to the final target pH of 6.3, Using dialysis as the exvhange method into SAS _100NaCl

achieved the same results,

Example 6; UT/DF Pool
{0079 Introduction: The formulation sohution that was chosen following this study was

termed SAS (120 mM sodium chloride, 25 mM L-arginine, 1% sucrose, pH 6.3), without added
phosphate buffer. Since the previous example demonstrated that it was difficult to attain the
target pH of 6.3 when either dialyzing or using UF/DF when starting from ctanercept in a
sample at pH 7.56, a different method of exchange into the SAS formulation was needed. Two
methods were evaluated that wiilized separate final UF/DF starting material: 1) column 3 {AEX)
intermediate pool as the starting material, and 2} Enbrel drug substance in PASS formulation
buffer (PASS DS intermediate pool) as the starting material. Each method is described below
and summarizes the development of a final UF/DF unit operation siep to produce 50 g/l SAS
formulated etanercept, including preparation of SAS formulation solution, final UF/DF load
conditioning and processing.

{0086} Methods: The SAS formulation solution is composed of 120 mM sodiwm chloride, 25
mM Learginine, 1% sucrose, pH 6.3, An SAS formulation solution was titrated to pH 6.3 using
10 N NaOH. The volume of titrant required to reach the specific pH range was 4.4 pl/L SAS

formulation solution. During execution of the SAS final UF/DF unit operation, following

equilibration of the membranes at 10 L/m® with the SAS formulation solution, the pH of the
permeate remained close to the pH of WF] rather than the pH of the SAS formulation solution.
Without heing bound 1o a particalar theary, this is believed to be due to the low buffering
capacity of the SAS formulation solution. The expected range for conductivity of the permeate
following membrane egoilibration using the range of the SAS formulation solulion preparation
is 12-16 mB3/cm. A higher post equilibeation pH than that of the SAS formulation solution is
expected and should not raise concern or indicate that the membranes are not equilibrated.
{0081 ABX Intermediate Fool Starting Material: Prior to transferring the AEX intermediate
pool imo the retentate tank of an UF/DF tank, the pool was conditioned using 2 M HCl o a
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target pH of 6,3 (gcceptable range 6.2-6.4). The volume of titrant required to reach the specific
pH range was approximately 2.8 mL/L AEX intermediate pool.

{0082}  Eight examples performed during development of the SAS final UF/DF unit operation
step, using AEX intermediate pool as the starting material, are listed in Table 18. Two
parameters were investigated: the pH of the conditioned AEX intermediate pool and the pH of
the SAS formulation solution. The first three runs were analyzed for pH, conductivity,
osmolality, protein concentration, and product quality. Runs 4 through 7 were only measured for
pH, conductivity, osmolality, and protein concentration in order to determine impact of

formulation solution pH and load pH impact UF/DF pool pHL

Table 18. AEX Intermediate Pool Starting Material: Load, Exchange Sclution, and final UF/DF
pool pH

Run Target Target UF/DF
Number | Load pH BA8 Pool pH

i 5.3 6.3 626

2 3 6.3 A3

3 8.3 63 6.22

4 6.3 5.6 6.22

3 6.2 5.3 6.06

& 64 7.3 6.94

7 6.2 36 6.14

8 6.4 8.5 6.43

{B083] Results: The preduct quality results for the final SAS UF/DF pool, generated using
AEX intermediate pool as the starting material, are shown in Table 18, The step yield for Run 1
was putside of the acceptance criteria; however, it was most likely an artifact of bench-scale
processing and considered not significant to the conclusions of the study. All three final LIF/DF
SAS rums also met aceeptance criteria for product quality using SEC and HIC analysis, as

deseribed above,
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Table 19. AEX Intermiediate Pool Btarting Material: Final 8AS UF/DF Pool Prodact Quality

gFinai SAR UF/DFE Poel
Aveeptane
Leeptance Run i Run 2
Parameter Criteria RBun 3
pH 6.1 6.5 6.26 6232 £33
Protein Concentration
{mg/ml) 44 - 51 S0.08 49,68 49 84
Hiep Vield (%) 95 - 103 83.4 89.5 100.3

Conditioned AEX Intermediate Pool Stability
[0884] The conditioned AEX intermediate pool can be held for up 1o 52.6 hours at controlled
roem temperature (CRT). The pH of the pool during the hold is shown in Figure 8.

UF/DF Pool Stability
[BO85]  The final UF/DF SAS pool, generated using AEX intermediate pool as the starting
material, can be held for up 10 863 howrs at CRT. The pH and conductivity during the hold are
shown in Figure 9 A and B. Qver the 96.3 hour hold, the pH and conductivity remain within
acveptable mits,
[8086] PASS DS Intermediate Pool Stasting Material: No conditioning is requived prior to
transferring the PASS DS imermediate pool inte the UF/DF retentate tank because the PASS
DS intermediate pool is already within the acceptable pH range. In addition, since the starting
material is 30 mp/mL PASS formulated Enbrel DS, the pool does not need to be concentrated to
50 g/L because it is already at the correct concentration to perform diafilivation,
[I087]  One example performed during development of the SAS final UF/DF unit aperation
siep, 1o evaluate starting material source, is Hated in Table 20, This example utilized DS PASS
intermediate pool as the starting material and was analyzed for pH, conduetivity, osmolality,

protein concentation, and produoct guality,

Table 20. PASS DS Intermediate Pool Starting Material: Load, Exchange Solution, and final

i

Wi
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UF/DF pool pH

bl
[

1 6.3 6.3 5.

{IBB8]  Results: The product quality results for the final SAS UF/DF pool, generated using
PASS DS intermediate pool as the starting material, are shown in Table 21, The step vield for
Run 1 was outside of the acceptance eriteria; however, it was most Hkely an artifact of bench-
scale processing and considered not significant to the conclusions of the study. The final SAS
UF/DF pool also met acceptance eriteria for product quality using SEC and HIC analysis, as

deseribed gbave,

Table 21, PASS DS Intermediate Pool Starting Material: Final SAS UF/DF Pool Product Quality

\ Final SAS UF/DF Pool
Pavameter Acceptance Criteria
Run 1
pH 6.1 -85 623
Protein Concentration (mg/ml} 48 .51 49.60
Step Yield (%) ' 95 - 103 103.7

PASS DS Intermediate Pool Btability
[0089] The PASS pool does not require conditioning prior to UF/DF processing with SAS

sohution because this intermediate pool is alrcady at the target pH (6.3). A peol bold study was
not performed for this intermediate pool because the conditions of the pool were unchanged

from Enbrel PASS IS, The pool can be held for up to 96 hours at 257 C,

UK/BFE Pool Stability
[e02)]  The final UF/DF SAS pool, generated using PASS DS intermediate pool as the
starting material, can be held for up 10 96.3 hours at CRT. The pH and conductivity during the

hold are shown in Figure 9 A and B. Qver the 96.3 hour hold, the pH and conductivity remain
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within acceptable limits.

SAS Formulation Solution Stability

{0091]  The SAS formulation solotion can be held for up to 28 days at CRT. The pH and
conductivity are shown in Figure 10 A and B. Over the 42 day hold in small scale stainless steel
stability chambers with very small headspace. the SAS formulation selution is demenstrated to
maintain a pH within 5.6 t0 6.5, There was precipitation observed at the 35 day and 42 day time
points. The 21 day Hime point measurement of 5.09 appears to be an outlier due to the fact that
the subsequent time points are within the proposed acceptance eriteria,

{8092] Conclusions: The final UR/DF unit operation can produce 50 g/l SAS formulation
product and achieve consistent product quality compared to the current commercial PASS
formulation praduct under the following process recommendations: 1) utilizing either ARX
intermediate poal, or PASK DS intermediate pool, as the starting material 2) the SAS solution
can be held for at least 28 days at CRT and maintain a pH of 5.6 10 6.5, 3} the conditionsd
AEX intermediate pool can be held at CRT for at feast 52.6 hours and maintaina pH of 6.3
(.1, and 4} the SAS formulated UF/DF pool can be held at CRT for at least 96.3 hours and

maintain a pH of 6.1 to 6.5 and a conductivity of 10 to 14 mS/em.

Ixample 7: Isotonic Alternative Formulations
{0093}  The goal of this example was to determine the effect on aggregation of increased

levels of arginine, sucrose or sodiom chioride on etanercept stability at 75 mp/mL at 40° C. The
levels of these excipients were each increased to maintain an isotonic formulation without added
phosphate buffer. Additionally, histidine was evaluated as a buffer to replace phosphate. The

formulations tested are summarized in Table 22,

Table 22: Fonmulations for isotonic aliernative formulations at pH 6.3 with 0.01%PS820
Formudation Name Buffer L-Arginine {mM) MNall {mM)  Sucrose

(5% wiw}

PASST 25 mM phosphate 25 100 1%
SAST 10ONa{l none 25 160 1%
SAST 30Arg none 30 100 1%
SAST 35Arg none 35 100 1%
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SAST 40Arg none 40 100 1%
SAST 28uc nong 25 100 2%
SAST 120NaCl none 25 120 1%
HASST 10 mM histidine 25 100 1%

{0094] Materials: Enbrel drug substance in PASS (25 mM phosphate buffer, 25 mM L-
arginine, 100 mM NaCl, 196 sucrose} at 50 mg/mL was used for this study. The material was
dialyzed into the new formulations (without polysorbate) and concentrated to nsing 75 mg/mi
using 30,000 MWCO centripreps. A 1% stock solution of polysorbate 20 was prepared fresh
and spiked into all formulation to a final concentration of 0.01%. Al formulations were
manually filled into I mL long BD glass syringes to a volume of 1.0 mi and then stoppered
using an ASPU vacuuming stoppering unit,

{DB9S]  Methods: The pH was measured using a Mettler Toledo pH meter combined with a
Mettler MicroProbe. Samples were warmed to room temperature prior 1o measprerments,
Qsmolality was measured using The Advanced Osmometer Model 3900. Fach measurement
was perfornmed using 250 uL of sample and 290 osmolality standards were tested to ensure the
system was operating praperly. Size exchesion HPLC was run on an Agilent 1100 HPLC with
Chromeleon 7.2 software,

Results: The concentration, pH and osmolality are shown in Table 23, Aggrepation
rates at 75 mg/mL at 40° C were similar to the commercial formulation composition for all
[6096] phosphate-free formulations with increased levels of L-arginine, sucrose and NaCl, as
shown in Table 24. Additionally, use of histidine instead of phosphate as a buffer led to

increased aggregation rates st 40° €.

Cone .
Sample o pH osmolality
{mg/ml) ‘
passt 76.3 627 a8
SAST 100NaCl 768 630 266
SAST 30Arg 74 628 o
SAST T 769 627 280
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SAST 40Arg 765 6.26 288
SAST 28w 752 6.26 2,
SAST 120NaCl 771 6.24 300
e 6 m

Table 24: SEC agpropate/HMW levéls, % of tatad, 40° €

Sample G i 2 4 8 12
Week  Week  (Week  [Week Week Week

PASST 23 53 6.6 120 161 261
SAST 100NaCl 23 5.0 6.4 1.0 153 241
SAST 30Arg 2.4 5.1 6.6 11.3 159 P48
SAST 35Arg ) 5.2 6.8 11.5 167 253
SAST 40Arg 24 51 6.7 1.6 61 237
SAST 2Suc 04 4.9 6.6 107 a2 234
SAST 120NaCl 24 5.0 6.9 e 167 237
HASST 2.3 5.2 9.1 48 229 @23

Example 8: Stability of formulations with various levels of polysorbate 20
[B097] A long-term study was performed to monitor etanercept stability at §, 0.005, .01 and

0.015% polysorbate 20 in the SAS formulation at 30 mg/ml. etanercept. To addition, a high
concentration formulation of SAST at 100 mg/ml etancrcept was tested. The stability was
assessed on 1 mb fills in T ol staked glass needle syringes using SE-HPLC, dSEC HPLC, and
particulate matter (HIAC) after storage at 4° C, 25° C and 40° C. Osmolality, pH and protein
concentration were tested at time zero only. The resulis of the stady showed that the 50 mg/mi
formulations tested remained similar to the current commercial formulation after 24 weeks at
recommended storage of 2-8° C, as well as at accelerated temperatures of 25° C and 40° C. The
100 mg/ml. SAST formulation performed comparably to the 50 mg/mL formulations in terms of
pH and subvisible particles; differences in aggregate levels by SEC were attributed to protein

concentration,

s
Ly
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Table 23; Formulation conditions at 50 mg/ml etanercept

Formulation Buffer Other Exciplents Polysorbate | Protein Cong

Name {mg/ml)

PASS 23 mM 25 mM L-arginine, 100 mM O 30

phosphate | NaCl, 1% sucrose

SASQOOT None 25 mM Le-argining, 120 mM 0 50
NaCl, 1% sucrose

SASQOAT None 25 mM Learginine, 120 mM 0.005 50
NaCl, 190 sucrose

SASOIOT None 25 mM L-arginine, 120 mM 0.01 50
Nal, 19 sucrose

SASQISY None 25 mM Learginine, 120 mM 0.013 5¢
Na(l, 1% sucrose

100 SASGI0T | Nane 25 mM L-arginine, 120 mM 0.010 100
NaCl, 1% sucrose

[GG98]  Materials: Enbrel drug substance in TMS (10 mM tris buffer, 4% mannitel, 1%
sucrose) at 35 me/ml was used for this study. The bulk used for the SAS formulation was
titrated to pH 6.3. The material was ultrafiltered fo ~50 mg/mL etanercept, then diafiliered into
PASS (25 mM phosphate, 25 mM L-arginine, 120 mM NaCl, 1% sucrose) or SAS (25 mM L~
arginine, 120 mM NaCl, 1% sucrose) at 50 mg/mL etancreept. The material for the high
concentration arm was then ultrafiliered to 100 mg/ml. stanercept. A 1% stock solution of
palysorbate 20 was prepared fresh and spiked into the formudations to the final concentrations as
listed in Table 25, All formulations were manually filled into | ml long BD glass syringes to a
volume of 1 mL and then stoppered using an ASPU vacuuming stoppering unit,

1099 Hesults and Discussione The pH of all formulations wag measured at thne zere and
after twelve weeks at 40° C and 24 weeks at 4% C and 25° €. No trends were observed as a
function of time or storage temperature, The measured pH values for all samples can be found
in Table 26, No drift in pH wag observed after twelve weeks of storage at 40° Coor 24 weeks at
4% and 25°  and all samples met the acceptance criteria of +/+0.2 pH units from the target pH
of 6.3, The protein concentration and osmolality of all formulations was tested af time zevo,

The protein concentration and osmolality results for all samples can be found in Table 26
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Table 26. Concentration, osmolality and pH

Sample Cone Osmolality pH pH pH pH
(mg/ml) | (mOsm) =0 24 wk 4°C | 24 wk 25°C | 12 wk 40°C

PASS 51.6 318 632 16.34 6.34 6.33
SAS000T 52,1 306 633 6.31 6.33 6.37
SAS00ST 51.2 304 633 6.30 6.30 6.32
SASOI0T 515 304 634 630 6.30 6.36
SASCIST 51.5 301 630 16.30 6.30 6.35
100_SASOIOT 102.8 304 632 6.28 629 6.36

[8100]  SE-HPLC was performed to monitor aggregation levels as a function of formulation
condition, time and temperature. Peak B is the amount of high melecular weight species
{aggregate} that forms. Results showed no differences in Peak B between the PASS control and
the bufferless formulations at all femperatures at their respective protein concentrations { Table
27-28). Peak B represents the total aggregate detected by SE-HPLC for these formulations.

All 30 mg/ml samples remained acceptable (Peak B<6%4,) after 24 weeks of storage at 4° € and
23° €, and after 2 weeks of storage at 40° O,

{0101]  Sub-visible particles were monitored by light ohscuration particle counting (HIAQ).
Results were in line with historical PFS dats and were similar between the formulations across

all temperatures after 24 weeks (Table 30).

Table 27: SEC analysis of Peak B, % of total, 4° C

sample =lwk t=dwk t=8wk =1 2wk t=24wk
PASS 1.7 1.7 1.7 7 1.8
SASQOOT 1.7 1.8 1.8 1.8 1.9
SASOOST 1.7 1.8 1.8 1.8 1.9
SASG1OT 17 1.8 18 1.9 1.9
SASOLST L7 1.8 18 1.8 1.9
100 _SASBIOT 1.9 LW 2.1 22 2.4
Table 28: SEC analysis of Peak B, % of total, 25° C
sample t=Owk 2wk t=dwk t=8wk t=13wk 24wk

1%
-3
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PASS 17 2.1 24 2.9 3.5 4.8
SAS000T 1.7 2.1 25 29 3.5 50
SASDOST L7 22 25 29 35 4.9
SASDIOY 17 23 25 KXY 36 4.8
SASOISY 1.7 22 24 3.0 35 4.8
100_SASO1OT 1.9 2.8 34 4.4 54 7.6
Table 22 SEC analysis of Peak B, %.0f total, 40° C
sample t=Owk 2wk Fedwk t=8wk = f 2wk
PASS 1.7 5.7 10.4 174 20.6
SASO0OT 17 4.9 8.9 154 192
SASGOST v3 52 9.1 159 194
SASQIOT 1.7 5.2 93 158 19.2
SASOIST 1.7 5.4 9.4 159 19.0
100_SASgloer 1.8 2.0 156 245 271
Table 30: Particles/ral. (Jight obscuration), 4° C
2 um 10 um 25 wm
=0 wk =24 wk  iwk  =24wk  =0wk t=24 wk
PASS 19197 3422 1785 67 23 57
SAS000T 13004 4489 1265 762 60 104
SASO05T 12344 1292 302 59 7 4
SASOIOT 11964 2254 1058 167 9 2
SASOIAT 11388 7283 434 591 2 4
HH0_SASOI0T  (SBOBY R931 359 816 3 &
{01021 Conclusions: The long-term stability of a reformulation candidate at 50 mg/ml

etanercept with levels of polysorbate from 0 to 0.015% and the current commercial formulation
was assessed at 4% €, 25% Cand 40° C; a high concentration arm at 100 mgiml, etanercept was
also tested for the SASOTOT formulations. Mo significant differences were observed between
the formulations at their respective protein concenirations after 24 weeks by 8E-~, d8EC, or HIC
HPLC assays as well as by light obscuration. No drift in pH was observed and all formulations

remained within acceptable ranges. The results of the study showed thai the SAST 120Nall
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formulations at 50 mg/ml. were stable and similar to the current commercial formulation after

24 weeks at the recommended storage temperatwe of 2 Cro 8° €,

Example 9: Stability of formulations in plastic syringes

f0183] A long-term stady was performed to moniior etanercept stability in the PASS and
SAS formulations at 30 mg/mL etanercept in COP plastic silicone o1l free pre-filled syringe
systerns compared to glass siliconized pre-filled syringes. The stability was assessed on T mb fills
in the various syringe systems using SE-HPLC, pH and particulate matter (HIAC) after storage
at 4% €, 25° Coand 40° €, Protein concentration was tested at time zero-anly,

{0104] Materials: Flanercept drug substance in TMS (10 mM tris buffer, 4% mamnitol, 1%
sucrose) at 25 mgiml etanercept was used for this study. The bulk used for the SAS
formulation was titrated 10 pH 6.3, The material was ultrafiltered to ~50 mg/mL etanercept,
then diafiltered into PASS (25 mM phosphate, 25 mM L-arginine, 120 mM NaCl, 1% sucrose)
or SAS (28 mM L-arginine, 120 mM NaCl, 1% sucrose) at 50 mg/mlL etanercept. All
formulations were manually filled into 1 mL long glass syringes or I mL COP plastic silicone
vacuuming stoppering unit,

{0105  Methods: The pH was measured using a Mettler Toledn SevenBasy pH meter
combined with 2 Metiler Inlab MicroProbe. Samples were warmed to room temperature prior
to measuremenis. Protein concentration measurerents using absorbance at 280 oM for al
samples were performed at room temperatare using the Nano Drop system. Size exclasion
HPLC was run on an Agilent 1100 HPLC with Chromeleon 7.2 software. Sub-visible particle
analysis was performed using a HACH HIAC/Royeo particle counter system equipped with an
HRELD-158 laser and Pharm Spee software, All samples were diluted with PASS formulation
buffer to 25 mp/ml. Samples were thoroughly mixed, wicapped and degassed for 2 houors at 73
torr prior to analysis. Four (4) sips of 1.0 mL each {no tare volume} were performed, with the
first sip discarded and the remaining 3 sips averaged. Data for particle sizes 2, 5, 10, and 25
g was collected st all imepoints. The results account for the dilution and are reported as
cumitlative counts per mb.

{0106 Results & Discussion: Stability in the plastic silicone oil free syringes is similar fo
stability in glass siliconized syringes. The protein concentration of all formulations was tested
al time zero. The pH of all formoulations was measured at time zero and after twelve weeks at
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40 °C and 24 weeks at 4° C and 23° €. No trends were observed as a function of time or
storage temperature and all samples met the pH acceptance eriferia of +/-0.2 pH units from the
target pH of 6.3, The profein concentration and measured pH values for all samples can be

found in Table 31.

Table 31, Protein concentration and pH results

Sample Cone pH pH pH pH
{mg/ml) .
=} 24wk 4°C | 24wk 25°C | 12wk 40°C
PASS Glass 50.9 6.3 64 6.4 6.4
SAS Glass 523 6.3 6.4 6.4 6.3
PASS COP A S11 6.3 6.4 6.4 6.3
SAS COP A 519 6.3 6.4 6.4 6.3
PASS COP B 511 6.4 6.4 6.4 %)

L2
-3
b3
g
tad
o
o

SAS COP B 6.4 63

{01077 SE-MPLC was performed to monitor aggregation levels as a function of formulation
condition, fime and temperature.  Peak B 15 the amount of high molecular weight species
{apgregate} that forms, Results showed no differences in Peak B between the glass syringes
and the COP plastic silicone ol free syringes {Table 32-34),  Peak B represents the total
aggregate detected by SE-HPLC for these formulations. All samples remained aceeptable

{Peak B < 8%,) afier 24 weeks of storage at 4°C and 25°C.

Table 32: SEC analysis of Peak B, % of total, 4° C

samnple =(hwk E=dwk t=8wk t=12wk 24wk
PASS Glass 28 3.0 3.1 3.1 31
SAS Glass 30 31 32 32 31
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PASS COP A 29 3.0 31

¥
Py
L
Sk

SAS COP_A 3.0 3.1 32 3.2 3.2
PASS COP B 3.0 31 32 3.3 13

SAS COP B 30 31 3.2 12 32

Table 33: SEC analysis of Peak B, % oftotal, 25° €
samnpie =hwk | 2wk t=dwk t=Rwk t=12wk | 24wk

PASS Glass 29 ) 34 3.9 34 5.

k43

SAS Glass 3.0 3.1 38 4.1 43 56

PASS COP A 2.9 3.1 34 39 44 54

SAS COP A 30 32 35 41 4.6 58

PASS COP B 30 3.2 36 41 46 55

SAS COF B L3 3.4 4.0 4.5 37

753
P

Table 34: SEC analysis of Peak B, % of fotal, 40° C

sample t=wk t=2wk t=dawk t=fwk e 2wk

PASS Glass 28 6.4 101 172 23.0

SAS Glass 34 &.1 98 154 21.0

PASS COP A 29 6.5 9.9 162 214

SAS COP A 3.0 6.3 9.9 14.9 18.6

PASS COP B 3.0 6.4 i % 17.8 19.6

SAS COP B 30 62 10.0 17 224
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{0108] Sub-visible particles were monitored by light obscuration particle counting (HIAC).
Results for formulations filled in BD glasg syringes were in line with historical PFS data while

subvisible particles are reduced in the silicone-oil free plastic syringes (Table 335).

Table 35: Particles/mL (light obscuration), 4% C

2 pm 10 pm 25 win
=0 ek i 24wk { 0wk |24 wk | ot=0wk | =24 wk
PASS Glass 10080 15994 468 726 14 2
SAS Glass 12246 13340 1183 545 18 5
PASS COP A 93 130 2 3 ) 0
SAS COP A 30 74 2 2 0 0
| PASS COP B 1 204 3 4 0 3
SAS COP B 2 237 2 8 R 1

[8169] Conclusions: The long-term stability of the SAS formulation at 50 mg/ml. etanercept
and the current conunercial ctanercept formudation stoved in glass siliconized syringes and COP
silicone oil free syringes was assessed at 4° €, 25° C and 40° €. No significant differences
were observed between the formulations as a function of syringe type afier 34 weeks by SE-
HPLC. No deiftin pH was observed and all formulations remained within acceptable ranges.
Sub-visible particles were reduced in the COP silicone oil free plastic syringes and were
conaistent with historical PFS results when stored in the glass syringes, The results of the study
showed that the 3AS formulation at 30 mg/ml etancrcept was stable and similar to the current
commereial formulation after 24 weeks at the recommended storage temperature of 2°C 10 8°C

in varipus syringe types.
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Claims

What ts claimed 18

1. A pharmaceutical composition comprising between 75 mM and 130 mM NaCl, between 3
mM and 100 mM arginine, between 0.5% and 2% (wiv) sucrose, and between 40 mg/ml. and 100
mp/ml etanercept, wherein the pharmaceutical composition comprises less than 2.0 mM total
additional buffering agent, and the pH of the composition is between 6.1 and 6.5,

2 The pharmaceutical composition of claim 1, wherein the pharmaceutical composition
comprises less than 1.5 mM fotal additional buffering agent.

.

3. The phanmaceutical composition of claim 2, wherein the pharmaceutical composition
comprises less than 1.0 mM total additional buffering agent.

4. The pharmaceutical composition of claim 2, wherein the pharmaceutical composition
compriges less than 0.5 mM total additional buffering agent.

5. The phanmaceutical composition of claim 2, wherein the pharmaceutical formulation
comprises less than 025 mM total sdditiona! buffering agent.

8. The pharmaceutical composition of claim 2, wherein the pharmaceutical composition
comprises (.1 mM or lesy total additional buffering agent.

7. The pharmaceutical composition of claim 1, wherein the arpginine is L-arginine.

8 The pharmaceutical composition of claim 7, wherein the L-arginine is L-arginine
hydrochloride.

9. The pharmaceutical composition of claim 7, wherein the L-arginine is L-arginine base.
14, The pharmaceutical composition of claim 1, wherein the pharmaceuntical composition

maintains a pH between 6.1 and 6.5 when stored at controlled room temperature (CRT) for 2
weeks.

1. The pharmaceatical composition of claim 10, wherein the pharmaceutical composition
maintains a pH between about 6.2 and about 6.3 when stored at controlled room temperature (CRT)

for 2 weeks.

12, The pharmaceutical composition of claim 1, wherein the pharmaceutical composition

maintains a pH of between 5.8 and 6.7 for at least two weeks when stored at approximately 25 €,

and wherein less than 6% of the total etanercept is aggregated in a high molecular weight form ax
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assessed using size exclusion chromatography.

13, The pharmaceutical composition of claim 1, wherein said pharmaceutical composition
maintains 8 pH of between about 6.1 and about 6.5 for at least twoe weeks during sald storage at
approximately 25 €.

14,  The pharmaceutical composition of claim 1, wherein said pharmaceutical composition

mainiains a pH of between about 6.2 and about 6.4 for at least two weeks during said storage at

approximately 25 ¢,

15, The pharmaceuntical composition of claim 1, wherein less than 28% of the 1otal amouni of
etancrcept is in a misfolded form as assessed using hydrophobic interaction chromatography alter
two weeks” sterage at approximately 253°C.

16, The pharmaceutical composition of claim I, wherein the pharmaceutical composition has
an osmolality of about 180 to about 420 milliosmolals.

17, The pharmaceutical composition of claim 16, wherein the pharmaceutical composition has
an osmolality of about 250 to about 350 milliosmolals,

18, The pharmaceutical composition of claim 17, wherein the pharmaceutical composition has
an osmolality of about 290 to about 310 milliosmolals:

19, The pharmaceutical composition of claim 18, wherein the pharmaceutical composition has
an osmolality of about 300 to abouot 310 milliosmolals.

2 The pharmaceutical composition of claim 1 consisting ¢ssentially of about 51 mg/mi

stanercept, about 120 mM NaCl, showt 25 mM L-arginine hydrochloride, about 1% {wiv) sucrose,

and water.
21, The pharnmaceutical composition of claim 1 consisting of about 30 mg/ml. etanercept,

abount 120 mM NaCl, about 25 mM L-arginine hydrochloride, about 1% (w/v) sucrose, and water.
22.  The pharmaceutical composition of claim 1, further comprising polysorbate 20.

23, The pharmuacentical composition of claim 22, wherein the polysorbate 20 concentration
{wiv]} is between abouwt §.001% and about §.1%%,

24.  The pharmaceutical composition of claim 23, wherein the polysorbate 20 concentration
{w/v) is about 0.005%, about 0.01%, or about 0.015%.

25. A method of making a pharmaceutical composition of etanercept that does not comprise
an additionad buffering agent and has a pH from &.1 to 6.5, comprising exchanging an etanercept
formulation comprising an additional buffering agent against 2 solution without any additional
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butfering agent, wherein the resulting pharmaceutical composition comprises between 40 mg/mL
and 100 mg/mi. etanercept, and wherein the etanercept formulation comprising an additional
buffering agent and the solution without any additional buffering agent each has a pH from 6.1
0 6.5

26, The method of claim 25 wherein the exchange step uses diafiltration.

27.  The method of claim 25, wherein the solution without any additional buffering agent is
isotonic,

28, The method of claim 35, wherein the solution without any additional buffering agemt
comtains sucrose, arginine, and NaCl.

29, The method of claim 28, wherein the solution without any additivnal bullering agent
contains between 75 mM and 150 mM NaCl; between 5 mM and 100 mM arginine; and
between (.3% and 2%6 (w/v) sucrose.

30, The method of claim 28, wherein the solution without any additional buffering agem

consists sssentially of about 120 mM NaCl, ghout 25 mM arginine, about 1% sucrose, and water,

31, The method of claim 25, further comprising the step of filtering the pharmaceutical
compasition,
33 The method of claim 25, further comprising the step of aliquoting the pharmaceutical

composiiion into a drug product form

33, The method of elaim 25, wherein the etanercept formulation coraprising an additional
buffering agent contains between 753 mM and 150 mM NaCl, the solution without any additional
butfering agent contains between 75 mM and 150 mM NaCl, and the pharmaceutical
composition containg between 75 mM and 150 mM NaCl, and wherein the method does not
comprise a NaCl removal step.

34, The method of claim 33, wherein the etanercept formulation conprising an additional
buffering agent contains about 120 mM NaCl, the solution without any addiional bulfering agent
contains about 120 mM Nal, and the pharmaceutical composition contains about 120 mM
NaClL

35.  The method of claim 25, wherein the method does not comprise a salt removal step.
36, A pharmaceutical composition comprising between 75 mM and 150 mM NaCl,

between 5 mM and 100 mM argining, between 0.5% and 2% (w/v) sucrose, and between 40
mp/ml and 100 mg/ml etanercept, whersin the pharmaceutical composition comprises less
than 2.0 mM total additional buffering agent, and the pH of the compasition is hetween 6.1
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and 6.5, and wherein the pharmaceutical composition is made using the method of claim 25,
37, Akit comprising the pharmaceutical corposition of claim 1 ina drug product formand
instructions for storage and use.

38, Asingle-dose container containing the pharmaceutical composition of claim 1.
39, The single-dose container of claim 38, wherein said single dose containeris a vial a

SYTinge, of an swoinjector,

40.  The single-dose container of claim 38, containing an agueous formulation consisting of
etanercept at 30.0 mg/ml, sodium chioride at 120 mM, L-argining bydrochloride at 258 mM, and
sucrose at 1.0% (w/iv).

41, A method of preparing a single~-dose container, comprising filling the single-dose
container with about a single dose of the pharmaceutical composition of claim | under sterile
conditions,

42. A method of treating a patient having rheamatoid arthritis, psoriatic arthritis, ankylosing
spondylitls, or psoriasis, comprising administering to said patient a pharmaceutical

formudation of Claim 1.



