10

15

20

25

30

35

40

45

50

55

EP 0 879 611 A2
Example 1 and Comparative Examples 1 and 2

In the following Example and Comparative Examples, a rubber sheet having an excellent gas permeability resist-
ance of Compounding Example 2 in Table 3 was used. According to the compounding formulation, the mixture was
kneaded using an open roll, aged for 24 hours and heated to obtain an unvulcanized rubber sheet. The resulting rubber
sheet and D-1, D-2 and D-3 films with a thickness of 20 um, obtained in the foregoing Reference Examples, were
placed on & metallic mold for shaping, corresponding to a cross-sectional shape of a stopper shown in Fig. 3 (a),
pressing at a mold-fastening pressure of 150 kg/cm?2 depending on the vulcanization conditions of at 150 to 180 °C,
vulcanized for 10 minutes, and the whole body of the rubber stopper was laminated with PTFE or ETFE film to prepare
a sealing stopper with a cross-sectional shape as shown in Fig. 3 (a). The size of the sealing stopper was allowed to
correspond to that of an injection cylinder used in each test described hereinafter.

Measurement of Sliding Resistance Value

Injection cylinders each having a volume of 5 ml and 100 ml, made of plastic (polypropylene), and sealing stoppers
having sizes shown in Table 5, corresponding to these injection cylinders were prepared and each of the sealing stop-
pers was thrusted and set into the injection cylinder. The sealing stopper was slowly thrusted therein in such a manner
that the end of the sealing stopper reached a position for defining a specified volume, thus preparing a sample injection
cylinder. Then, a commercially available disposable injection needle having a determined size was firmly inserted into
the end of the sample injection cylinder. Using a commercially available syringe fitted with an injection needle, on the
other hand, distilled water with the specified volume of the injection cylinder was charged in the end of the sample
injection cylinder, during which care was taken so that air was not allowed to enter therein. The end of the injection
cylinder was directed downwards, inserted in a metallic jig and the sealing stopper was thrusted into the end side at
a rate of 100 mm/sec by a compression test disk of spherical seat type of a pressure senser-fitted measurement device
[Autograph AG-1KND -commercial name- manufactured by Shimazu Seisakujo KK], during which a sliding resistance
value was measured. The maximum value was read from the thus resulting sliding measured chart to define this as
the sliding resistance value. In general, there was a tendency such that a value at the start of sliding, i.e. static friction
resistance value Ffs was smaller than a value during sliding (kinematic frictionresistance value) Ffd. The results are
shown in Table 5, from which it is evident that in Comparative Example 3 in which FTFE was laminated, the slidability
is too low to measure the sliding resistance value and it is difficult to set in the injection cylinder.

Table 5

Example 1 Comparative 3

Example 2

Injection Cylinder
Volume (ml)

Diameter of Sealing
Stopper (mm)

PTFE Coated
Sealing Stopper by
Casting Method

PTFE Coated
Sealing Stopper by
Skiving Method

ETFE Coated Seal-
Stopper by
Extrusion Method

5

100

12.89
32.58

21.1 N*
68.8 N

204 N
59.3N

not measurable
not measurable

(Note): * Newton (1 N = 9.8 kg)
Test for Estimation of Sealing Property for Long time
(Alternative Test for Estimation of Presence or Absence of Invasion of Microorganisms)

Using sealing stoppers of Example 1 and Comparative Examples 2 and 3 each having a size corresponding to an
injection cylinder with a volume of 5 ml, the following procedure was carried out.

A plastic injection cylinder (volume 5 ml) having a cross-sectional shape shown in Fig. 1 (c) was washed and dried,
followed by sealing the end thereof by a rubber cap. Water with a predetermined volume was then poured therein and
each of the above described sealing stoppers was slowly inserted into the opening part. In the case of Comparative
Example 2, the sealing stopper was forcedly thrusted therein. The whole weight (initial weight) cf the sample cylinder
was precisely weighed and then subjected to storage under an accelerating condition of a temperature of 40 °C and
relative humidity of 75 % for at least 6 months, during which every one month, each sample injection cylinder was
taken and the surface thereof was dried for 30 minutes in a desiccator, followed by precisely weighing each sample
(at least five measurement points). The resulting data of weight change was treated in statistical manner to calculate
as a regression function and a numerical value corresponding to three years is extrapolated in the time term to estimate

1"
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and assess the sealing property for a long time after formulation of a medicament. In order to correspond to the real
formulation, seventy samples were respectively prepared and investigated as to both plunger fitted- and plunger-free
sealing stoppers.
A reduction curve Y for the time term X of each sample, Y = -K + a InX, obtained by the above described statistical
procedure can be represented in Example 1, as follows:
When fitting a plunger:

Y =-1.896 + 1.087 x InX @)

When not fitting a plunger:

Y = -4.200 + 1.594 x InX (©)

When into the time term X of the above described regression function formulas (a) and (b) are extrapolated two
years (17,520 hours) and three years (26,280 hours) to estimate weight reductions after two years and three years
under normal state of water for injection in each sample, the weight reductions are 5.27 mg after two years and 5.71
mg after three years in the case of (a). The reduction ratios when the initial weight is 100 % are 0.11 % in two years
and 0.11 % in three years. Similarly, the estimated values of the reduction and reduction ratio in the case of (b) are
6.31 mg and 0.12 % in two years and 6.96 mg and 0.13 % in three years.

The similar procedure to that of Example 1 was also carried out as to Comparative Example 1 (D-2) and Compar-
ative Example 2 (D-3) to obtain reduction curves, and reductions and reduction ratios after two years and three years,
obtained by extrapolation of the reduction curves. The results are shown in Table 8.

As shown in Table 6, the sealing property of the film (ETFE) of D-3 is more excellent, but the sealing stopper of
Comparative Example 2 having this film laminated is inferior in slidability between the film and inner wall of the injection
cylinder because of much higher sliding resistance so that it cannot be put to practical use. Even when using the same
PTFE film, Example 1, in which the film by the casting method was laminated, is more excellent in slidable property
and sealing property than Comparative Example 1, in which the film by the skiving method was laminated.

12
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EP 0 879 611 A2
Example 2

This Example was carried out as to a sealing stopper having an UHMWPE film laminated within the scope of the
present invention, prepared by the extrusion method, and another sealing stopper having an UHMWPE film laminated
(D-4) in an analogous manner to Example 1, Comparative Example 1 or 2, thus obtaining similar good results to
Example 1.

From the foregoing tests, it could be confirmed that the present invention was very excellent in sealing property
as well as slidable property.

Results of various tests effected as a sealing stopper for a syringe will be shown using the sealing stopper, as a
typical example, of the type of Example 1 using the film of D-1.

Test for Liquid Sealing Property
(a) Dynamic Loading Conditions

Compressing Test according to Notification No. 442 of the Ministry of Health and Welfare, Standard of Device for
Medical Treatment, "Standard of Disposal Injection Cylinder", December 28, 1970, and Bitish Standard.

Ten samples of clean plastic injection cylinders each having a specified volume were prepared, the end (lure part)
of the injection cylinder being sealed by applying a rubber cap thereto. An aqueous Methylene Blue solution of 0.1
weight/volume % concentration in only a determined volume was poured in the injection cylinder. A rubber sealing
stopper having a resin film laminated on the surface thereof according to the present invention or a comparative rubber
stopper was slowly thrusted from the flange part of the injection cylinder and while turning up the head of the cylinder,
the rubber cap was taken off at the lure part. A plastic plunger was screwed in a threaded part at the opening side of
the sealing stopper and slowly pushed up upwards in such a manner that the liquid in the cylinder was not leaked, thus
pushing out air in the end part of the cylinder. A rubber cap was again applied to the lure part and mounted on a
measurement device for pressure test. After a pressure defined for medical treatment as shown in Table 7 was added
for 10 seconds, the injection cylinder was taken off from the measurement device and an interface between the sealing
stopper and injection cylinder was observed with magnifying ten times to confirm whether there was a leakage of the
above described blue aqueous Methylene Blue solution through the interface part or not (Compressing Test(3). The
measured results are shown in Table 8, from which it is apparent that the sealing stopper of the present invention
exhibits no leakage in any size of injection cylinders. In addition, Table 8 shows simultaneously the compressibility and
sliding resistance of sealing stoppers, which teaches that even a sealing stopper having a larger compressibility (higher
sealing property) has a higher sliding property.

When a further larger pressure was added to investigate presence or absence of leakage in addition to the above
described defined Compressing Test (Compressing Test(2), there was found no leakage as shown in Table 8.

Table 7
Application Volume for Injection Cylinder | Pressure (10 sec.)
General Medical less than 3 ml 4.0 kg/cm?
Treatment at least 3 ml less than 10 ml 3.5 kg/cm?
at least 10 ml less than 20 ml 3.0 kg/em?
at least 20 ml less than 30 ml 2.5 kg/em?
at least 30 ml 2.0 kg/cm?
Very Small Amount | less than 2 ml 5.0 kg/cm?
at least 2 ml 4.0 kg/cm?
Insulin long 5.0 kg/lcm?
short 4.0 kg/cm?
14
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EP 0 879 611 A2
Test for Liquid Sealing Property
(b) Accelerated Conditions

Plastic injection cylinders having various volumes ten by ten and sealing stoppers having sizes corresponding
thereto and end caps ten by ten were prepared. In a plastic injection cylinder whose end was covered with a cap was
poured a 1 % aqueous Methylene Blue solution of a determined volume and then the sealing stopper of the present
invention and that for comparison were slowly inserted respectively from the opening part of the injection cylinder. After
passage of at least six months under accelerating conditions of a temperature of 40 °C and a relative humidity of 75
%, it was confirmed by visual observation whether there was leakage of the above described aqueous Methylene Blue
solution at the interface between the plastic injection cylinder and sealing stopper. This method was carried out as a
test method for proving that in the case of formulation of a liquid injection agent through a sterile formulation step, there
was no leakage of the liquid medicament nor invasion of a liquid material from the outside.

Test for Liquid Sealing Property
(c) Severer Conditions

Each of samples prepared in an analogous manner to the above described accelerating test was subjected to
confirmation of the presence or absence of leakage of the above described aqueous Methylene Blue solution at the
interface between the plastic injection cylinder and sealing stopper by heating at 121 °C for 30 minutes using an
autoclave. This method is a method for estimating sealing property in a formulation step, which comprises adding a
stress similar to a formulation step of a part of a liquid injection agent, sterilized after the formulation. The results of
the foregoing (b) and (c) are shown in Table 9.

Gas Sealing Property Test (Invasion of Steam: Test according to "Moisture Permeability Test of US Pharmacopoeia®,
22nd Edition)

Injection Cylinders each having a volume of 1 to 100 ml (ten by ten) as shown in Table 8 were precisely weighed,
a drying agent was charged in the injection cylinder, maintained stood, in such a manner that the thickness (height)
be 13 mm, and the sealing stopper was fixed at a scale of the injection cylinder, representing a specfified volume. As
the drying agent, there was preferably used calcium chloride passing through a 4-mesh sieve, dried at 110 °C for 1
hour andthen cooled in a desiccator. After precisely weighing the weight (Ti) of each sample, the sample was preserved
at a temperature of 20 °C and a humidity of 75 % RH, and after passage of 14 days, the weight (Tf) was precisely
weighed again. An increment of weight for a period of 14 days (Tf - Ti) was sought. On the other hand, for control, the
initial weight (Ci) and the weight (Cf) after passage of 14 days were precisely weighed concerning dried glass beads-
charged samples instead of the calcium chloride to obtain the increment of weight (Cf - Ci) for control for a period of
14 days. When the volume of the injection cylinder is V, the moisture permeability can be given by the following formula.
The results are shown in Table 9.

Moisture Permeability = (100/14 V)[(Tf - Ti) - (Cf - Ci)]

Table 9

Injection Cylinder Volume Liquid Sealing Property Liquid Sealing Property Gas Sealing Property

(ml) Test!) Results Test?) Results Test®) Results (mg/day - )
1 no leakage of MB#) no leakage of MB -1
3 no leakage of MB no leakage of MB -1
5 no leakage of MB nc leakage of MB 2
10 no leakage of MB no leakage of MB 22
20 no leakage of MB no leakage of MB 25

(Note) 1) accelerating condition: 40 °C, 75 % RH, 6 months

2) severer condition: 121 °C, 1 hour

3) moisture permeability test : 20°C, 75 % RH, 14 days

4) MB: Methylene Blue

16
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Table @ (continued)

Injection Cylinder Volume
(ml)

Liquid Sealing Property
Test!) Results

Liquid Sealing Property
Test? Results

Gas Sealing Property
Test®) Results (mg/day - )

50
100

no leakage of MB
no leakage of MB

no leakage of MB
no leakage of MB

30
2.8

(Note) 1) accelerating condition: 40 °C, 75 % RH, 6 months
2) severer condition: 121 °C, 1 hour
3) moisture permeability test : 20°C, 75 % RH, 14 days

In the moisture permeability test, a sealing property to gas (steam) at a setting part of a plastic injection cylinder
and sealing stopper is estimated, but this test can be considered to be an alternative test for estimating possibility of
invasion of microorganisms. The results of the moisture permeability within a range of -1 to 30 mg/day - liter according
to the present invention, as shown in Table S, teach very high sealing property.

Substantially similar good results could be obtained in an estimation test as to the sealing stopper having UHMWPE
laminated in Example 2.

Advantages of the Invention

As illustrated above, according to the present invention, there can be obtained a sealing stopper for a syringe,
which has more improved slidability as well as sealing property, to such a degree that even if the compressibility of a
ruber stopper is rendered higher, smooth sliding can be obtained, by laminating a PTFE film or UHMWPE film with a
very excellent surface property. In particular, the sealing property in a formulation step (high temperature or pressure
condition) as well as the sealing proeprty during storage for a long time are higher and moreover, during use, admin-
istration of an injection medicament can be carried out in easy and rapid manner because of the higher sliding property,
s0 that requirements in the real medical scenes may be satisfied. The above described advantages can similarly be
obtained in the case of the prefilled syringe according to the present invention.

Claims

1. A sealing stopper for a syringe, in which a surface of the rubber body is laminated with a tetrafluorosthylene resin
film or ultra-high molecular weight polyethylene film having an average roughness Ra on the central line of the
surface in a range of at most 0.05 um and a kinematic friction coefficient of at most 0.2.

2. The sealing stopper for a syringe, as claimed in Claim 1, wherein the tetrafluoroethylene resin film is prepared by
a casting shaping method comprising using, as a raw material, a suspension containing tetrafluoroethylene resin
powder having a grain diameter of at most 0.01 to 1.0 um, a dispersing agent and a solvent.

3. The sealing stopper for a syringe, as claimed in Claim 1, wherein the ultra-high molecular weight polyethylene film
is prepared by an inflation shaping method or extrusion shaping method.

4. Aprefilled syringe, in which a medicament is enclosed and sealed in an injection cylinder or two-component cylinder
by the use of the sealing stopper for a syringe, and in which a surface of the rubber body is laminated with a
tetrafluoroethylene resin film or ultrahigh molecular weight polyethylene film having an average roughness Ra on
the central line of the surface in a range of at most 0.05 um and a kinematic friction coefficient of at most 0.2.

5. A process for the production of a sealing stopper for a syringe, which comprises preparing a suspension of poly-
tetrafluoroethylene fine grains having a maximum grain diameter in a range of 0.01 to 1.0 pm with a concentration
of 40 to 50 % in a suitable solvent containing a dispersing agent, coating the resulting suspension onto a metallic
belt, heating and drying the coating at a temperature of higher than the melting point of polytetrafluoroethylene to
form a thin film, repeating this procedure to obtain a sintered cast film with a suitable thickness and then laminating
a rubber body with the cast film.

6. The process for the production of a sealing stopper for a syringe, as claimed in Claim 5, wherein the thin film has
a thickness of 5 to 20 pm and the sintered cast film has a thickness of 10 to 60 um.

17

Regeneron Exhibit 1002.1147



INNER DIAMETER

(b)

OUTER DIAMETER

EP 0 879 611 A2

\ _—_—_
N 5 INJECTION [N— — =y _7 INJECTION
E N CYLINDER N — — N _ AGENT
N N I N
Y N N~ = N
N D NreraN—3
N N N A2
N N NANES N
\Lﬁ— -9-; N 8 \
& h=7J — Y lS:l

(c)

r_ / __]/1 SEALING STOPPER

> 7 7L

3 RESIN FILM
2 RUBBER STOPPER BODY

FIG. |

18

Regeneron Exhibit 1002.1148



EP 0 879 611 A2

A
D-1
Attt perenn. [ CASTING METHOD
(PTFE FILM )
E
E
W
-
=
>
™
S
5
O D-2
( SKIVING METHOD)
PTFE FILM
-
X

MEASURED LENGTH (mm)

FIG. 2

19

Regeneron Exhibit 1002.1149



EP 0 879 611 A2

| SEALING STOPPER

/3 RESIN FILM

2 RUBBER
STOPPER

BOOY

\4 PLUNGER
FITTING
PART

FIG. 3

20

Regeneron Exhibit 1002.1150



PATENT ABSTRACTS OF JAPAN

(11)Publication number : 2002-241264
(43)Date of publication of application : 28.08.2002

(6DInt.Cl. A61K 9/08
A61K 38/23

ABIP 3/14

AB1P 19/08

A61P 19/10

// A6IM 5/28

(21)Application number : 2001-042590 (71)Applicant : ASAHI KASEI CORP

(22)Date of filing : 19.02.2001 (72)inventor : HITOMI KOJI
ENDO TAKESHI

(54) PREFILLED SYRINGE PHARMAGCEUTICAL PREPARATION OF EL.CATONIN

(57)Abstract;

PROBLEM TO BE SOLVED: To obtain a prefilled syringe pharmaceutical preparation of
elcatonin having stability and safe for human bodies.

SOLUTION: This prefilled syringe pharmaceutical preparation of the elcatonin is filled with an
aqueous solution containing the elcatonin as an active ingredient and is characterized in that
the amount of elution into the aqueous solution is £2% expressed in terms of area ratio
measured by high—performance liquid chromatography. The prefilled syringe pharmaceutical
preparation of the elcatonin is filled with the agueous solution containing the elcatonin as the
active ingredient and is characterized in that the volume of a gap part is <0.2 when the volume
occupied by the aqueous solution is 1. The prefilled syringe pharmaceutical preparation of the
elcatonin comprises the syringe having a silicone at <3 wt./vol% concentration applied to the
inner surface and filled with the aquecus solution containing the elcatonin as the active
ingredient.
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SYRINGE

TECHNICAL FIELD

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.

BACKGROUND ART

Many medicaments are delivered to a patient in a syringe from which the user can dispense the
medicament. If medicament is delivered to a patient in a syringe it is often to enable the patient,
or a caregiver, to inject the medicament. It is important for patient safety and medicament
integrity that the syringe and the contents of that syringe are sufficiently sterile to avoid
infection, or other, risks for patients. Sterilisation can be achieved by terminal sterilisation in
which the assembled product, typically already in its associated packaging, is sterilised using

heat or a sterilising gas.

For small volume syringes, for example those for injections into the eye in which it is intended
that about 0.1ml or less of liquid is to be injected the sterilisation can pose difficulties that arc
not necessarily associated with larger syringes. Changes in pressure, internal or external to the
syringe, can cause parts of the syringe to move unpredictably, which may alter sealing
characteristics and potentially compromisc sterility. Incorrect handling of the syringe can also

pose risks to product sterility.

Furthermore, certain therapeutics such as biologic molecules are particularly sensitive to
sterilisation, be it cold gas sterilisation, thermal sterilisation, or irradiation. Thus, a carcful
balancing act is required to ensure that while a suitable level of sterilisation is carried out, the

syringe remains suitably sealed, such that the therapeutic is not compromised.

There is therefore a need for a new syringe construct which provides a robust seal for its content,

but which maintains ease of use.

DISCLOSURE OF THE INVENTION

The present invention provides a pre-filled syringe, the syringe comprising a body, a stopper and
a plunger, the body comprising an outlet at an outlet end and the stopper being arranged within
the body such that a front surface of the stopper and the body define a variable volume chamber
from which a fluid can be expelled though the outlet, the plunger comprising a plunger contact

surface at a first end and a rod extending between the plunger contact surface and a rear portion,

-
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the plunger contact surface arranged to contact the stopper, such that the plunger can be used to
force the stopper towards the outlet end of the body, reducing the volume of the variable volume
chamber, characterised in that the fluid compriscs an ophthalmic solution. In onc embodiment,

the ophthalmic solution comprises a VEGF-antagonist.

In one embodiment, the syringe is suitable for ophthalmic injections, more particularly
intravitreal injections, and as such has a suitably small volume. The syringe may also be silicone

oil free, or substantially silicone oil free, or may comprise a low level of silicone oil as lubricant.

For ophthalmic injections, it is particularly important for the ophthalmic solution to have
particularly low particle content. In one embodiment, the syringe meets US Pharmacopeia

standard 789 (USP789).

Syringe

The body of the syringe may be a substantially cylindrical shell, or may include a substantially
cylindrical bore with a non circular outer shape. The outlet end of the body includes an outlet
through which a fluid housed within the variable volume chamber can be expelled as the volume
of said chamber is reduced. The outlet may comprise a projection from the outlet end through
which extends a channel having a smaller diameter than that of the variable volume chamber.
The outlet may be adapted, for example via a lucr lock type connection, for connection to a
needle or other accessory such as a sealing device which is able to seal the variable volume
chamber, but can be operated, or removed, to unseal the variable volume chamber and allow
conncction of the syringe to another accessory, such as a ncedle. Such a connection may be
made directly between the syringe and accessory, or via the sealing device. The body extends

along a first axis from the outlet end to a rear end.

The body may be made from a plastic material (¢.g. a cyclic olefin polymer) or from glass and
may include indicia on a surface thereof to act as an injection guide. In one embodiment the
body may comprise a priming mark. This allows the physician to align a pre-determined part of
the stopper (such as the tip of the front surface or one of the circumferential ribs, discussed later)
with the mark, thus expelling excess ophthalmic solution and any air bubbles from the syringe.

The priming process ensures that an exact, pre-determined dosage is administered to the patient.

The stopper may be made from rubber, silicone or other suitable resiliently deformable material.
The stopper may be substantially cylindrical and the stopper may include one or more

circumferential ribs around an outer surface of the stopper, the stopper and ribs being

2.
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dimensioned such that the ribs form a substantially fluid tight seal with an internal surface of the
syringe body. The front surface of the stopper may be any suitable shape, for example
substantially planar, substantially conical or of a domed shape. The rcar surface of the stopper
may include a substantially central recess. Such a central recess could be used to connect a
plunger to the stopper using a snap fit feature or thread connection in a known manner. The

stopper may be substantially rotationally symmetric about an axis through the stopper.

The plunger comprises a plunger contact surface and extending from that a rod extends from the
plunger contact surface to a rear portion. The rear portion may include a user contact portion
adapted to be contacted by a user during an injection event. The user contact portion may
comprise a substantially disc shaped portion, the radius of the disc extending substantially
perpendicular to the axis along which the rod extends. The user contact portion could be any
suitable shape. The axis along which the rod extends may be the first axis, or may be

substantially parallel with the first axis.

The syringe may include a backstop arranged at a rear portion of the body. The backstop may be
removable from the syringe. If the syringe body includes terminal flanges at the end opposite the
outlet end the backstop may be configured to substantially sandwich terminal flanges of the body

as this prevent movement of the backstop in a direction parallel to the first axis.

The rod may comprise at least one rod shoulder directed away from the outlet end and the
backstop may include a backstop shoulder directed towards the outlet end to cooperate with the
rod shoulder to substantially prevent movement of the rod away from the outlet end when the
backstop shoulder and rod shoulder are in contact. Restriction of the movement of the rod away
from the outlet end can help to maintain sterility during terminal sterilisation operations, or other
operations in which the pressure within the variable volume chamber or outside the chamber
may change. During such operations any gas trapped within the variable volume chamber, or
bubbles that may form in a liquid therein, may change in volume and thereby cause the stopper
to move. Movement of the stopper away from the outlet could result in the breaching of a
sterility zone created by the stopper. This is particularly important for low volume syringes
where there are much lower tolerances in the component sizes and less flexibility in the stopper.
The term sterility zonc as uscd herein is used to refer to the arca within the syringe that is scaled
by the stopper from access from either end of the syringe. This may be the arca between a seal
of the stopper, for example a circumterential rib, closest to the outlet and a seal of the stopper,

for example a circumferential rib, furthest from the outlet. The distance between these two seals
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defines the sterility zone of the stopper since the stopper is installed into the syringe barrel in a

sterile environment.

To further assist in maintaining sterility during the operations noted above the stopper may
comprise at a front circumferential rib and a rear circumferential rib and those ribs may be
separated in a direction along the first axis by at least 3mm, by at least 3.5 mm, by at least
3.75mm or by 4mm or more. One or more additional ribs (for example 2, 3, 4 or 5 additional
ribs, or between 1-10, 2-8, 3-6 or 4-5 additional ribs) may be arranged between the front and rear

ribs. In one embodiment there are a total of three circumferential ribs.

A stopper with such an enhanced sterility zone can also provide protection for the injectable
medicament during a terminal sterilisation process. More ribs on the stopper, or a greater
distance between the front and rear ribs can reduce the potential exposure of the medicament to
the sterilising agent. However, increasing the number of ribs can increase the friction between
the stopper and syringe body, reducing ease of use. While this may be overcome by increasing
the siliconisation of the syringe, such an increase in silicone oil levels is particularly undesirable

for syringes for ophthalmic use.

The rod shoulder may be arranged within the external diameter of the rod, or may be arranged
outside the external diameter of the rod. By providing a shoulder that extends beyond the
external diameter of the rod, but still fits within the body, the shoulder can help to stabilise the
movement of the rod within the body by reducing movement of the rod perpendicular to the first
axis. The rod shoulder may comprise any suitable shoulder forming elements on the rod, but in

one embodiment the rod shoulder comprises a substantially disc shaped portion on the rod.

In one embodiment of the syringe, when arranged with the plunger contact surface in contact
with the stopper and the variable volume chamber is at its intended maximum volume there is a
clearance of no more than about 2mm between the rod shoulder and backstop shoulder. In some
embodiments there is a clearance of less than about 1.5 mm and in some less than about 1mm.
This distance is selected to substantially limit or prevent excessive rearward (away from the

outlet end) movement of the stopper.

In one embodiment the variable volume chamber has an internal diameter greater than Smm or
6mm, or less than 3mm or 4mm. The internal diameter may be between 3mm and 6mm, or

between 4mm and 5mm.
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In another embodiment the syringe is dimensioned so as to have a nominal maximum fill volume
of between about 0.1ml and about 1.5ml. In certain embodiments the nominal maximum fill
volume is between about 0.5ml and about Iml. In certain embodiments the nominal maximum

fill volume is about 0.5ml or about 1ml, or about 1.5ml.

The length of the body of the syringe may be less than 70mm, less than 60mm or less than

50mm. In one embodiment the length of the syringe body is between 45mm and 50mm.

In one embodiment, the syringe is filled with between about 0.0lml and about 1.5ml (for
example between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml, between
about 0.15ml and about 0.175ml) of a VEGF antagonist solution. In one embodiment, the
syringe is filled with 0.165ml of a VEGF antagonist solution. Of course, typically a syringe is
filled with more than the desired dose to be administered to the patient, to take into account
wastage due to “dead space” within the syringe and needle. There may also be a certain amount

of wastage when the syringe is primed by the physician, so that it is ready to inject the patient.

Thus, in one embodiment, the syringe is filled with a dosage volume (i.e. the volume of
medicament intended for delivery to the patent) of between about 0.01ml and about 1.5ml (e.g.
between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml) of a VEGF
antagonist solution. In one embodiment, the dosage volume is between about 0.03ml and about
0.05ml. For example, for Lucentis, the dosage volume is 0.05ml or 0.03ml (0.5mg or 0.3mg) of a
10mg/ml injectable medicament solution; for Eylea, the dosage volume is 0.05ml ot a 40mg/ml

injectable medicament solution.

In one embodiment the length of the syringe body is between about 45mm and about 50mm, the
internal diameter is between about 4mm and about 5mm, the fill volume is between about 0.12

and about 0.3ml and the dosage volume is between about 0.03ml and about 0.05ml.

As the syringe contains a medicament solution, the outlet may be reversibly sealed to maintain
sterility of the medicament. This sealing may be achieved through the use of a sealing device as
is known in the art. For example the ovs™ system which is available from Vetter Pharma

International GmbH.

Tt is typical to siliconise the syringe in order to allow ease of use, i.e. to apply silicone oil to the
inside of the barrel, which decreases the force required to move the stopper. However, for
ophthalmic use, it is desirable to decrease the likelihood of silicone oil droplets being injected

into the eye. Furthermore, silicone oil can cause proteins to aggregate. A typical 1ml syringe
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comprises 100-800ug silicone oil in the barrel. Thus, in one embodiment, a syringe according to
the invention comprises less than about 800ug (i.e. about less than about 500ug, less than about
300ug, less than about 200ug, less than about 100ug, less than about 75ug, less than about 50ug,
less than about 25ug, less than about 15ug, less than about 10ug) silicone oil in the barrel.
Methods for measuring the amount of silicone oil in such a syringe barrel are known in the art
and include, for example, differential weighing methods and quantitation by infrared-
spectroscopy of the oil diluted in a suitable solvent. Various types of silicone oil are available,
but typically either DC360 (Dow Corning”; with a viscosity of 1000cP) or DC365 emulsion
(Dow Corning™; DC360 oil with a viscosity of 350cP) are used for syringe siliconisation. In one

embodiment, the pre-filled syringe of the invention comprises DC365 emulsion.

During testing it was found that, for syringes having small dimensions, such as those discussed
above, and particularly those described in conjunction with the Figures below, the break loose
and sliding forces for the stopper within the syringe are substantially unaffected by reducing the
siliconisation levels far below the current standard to the levels discussed here. This is in contrast
to conventional thinking that would suggest that if you decrease the silicone oil level, the forces
required would increase. Having too great a force required to move the stopper can cause
problems during use for some users, for example accurate dose setting or smooth dose delivery
may be made more difficult if significant strength is required to move, and/or keep in motion, the
stopper. Break loose and slide forces for pre-filled syringes known in the art are typically in the
region of less than 20N, but where the pre-filled syringes contain about 100ug-about 800pg
siliconc oil. In onc embodiment the glide/slide force for the stopper within the pre-filled syringe
is less than about 11N or less than 9N, less than 7N, less than 5N or between about 3N to 5N. In
one embodiment, the break loose force is less than about 11N or less than 9N, less than 7N, less
than SN or between about 2N to 5N. Note that such measurements are for a filled syringe, rather
than an cmpty syringe. The forces arc typically mcasurcd at a stopper travelling speed of
190mm/min. In one embodiment, the syringe has a nominal maximal fill volume of between
about 0.5ml and 1ml, contains less than about 100pg silicone oil and has a break loose force

between about 2N to SN.

In onc ecmbodiment the syringe barrel has an internal coating of siliconc oil that has an average
thickness of about 450nm or less (i.e. 400nm or less, 350nm or less, 300nm or less, 200nm or
less, 100nm or less, SOnm or less, 20nm or less). Methods to measure the thickness of silicone oil
in a syringe are known in the art and include the rap.ID Layer Explorer® Application, which can

also be used to measure the mass of silicone oil inside a syringe barrel.
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In one embodiment, the syringe is silicone oil free, or substantially silicone oil free. Such low
silicone oil levels can be achieved by using uncoated syringe barrels and/or by avoiding the use
of siliconc oil as a lubricant for product contacting machine parts, or pumps in the syringe

assembly and fill line.

The syringe according to the invention may also meet certain requirements for particulate
content. In one embodiment, the ophthalmic solution comprises no more than 2 particles >50um
in diameter per ml. In one embodiment, the ophthalmic solution comprises no more than 5
particles >25um in diameter per ml. In one embodiment, the ophthalmic solution comprises no
more than 50 particles >10um in diameter per ml. In one embodiment, the ophthalmic solution
comprises no more than 2 particles >50um in diameter per ml, no more than 5 particles >25um
in diameter per ml and no more than 50 particles >10um in diameter per ml. In one embodiment,
a syringe according to the invention meets USP789. In one embodiment the syringe has low

levels of silicone oil sufficient for the syringe to meet USP789.

VEGF Antagonists

Antibody VEGF antagonists

VEGF is a well-characterised signal protein which stimulates angiogenesis. Two antibody VEGF
antagonists have Dbeen approved for human use, namely ranibizumab (Lucentis®) and

bevacizumab (Avastin®).

Non-Antibody VEGF antagonists

In one aspect of the invention, the non-antibody VEGF antagonist is an immunoadhesin. One
such immuoadhesin is aflibercept (Eylea®), which has recently been approved for human use
and is also known as VEGF-trap (Holash et al. (2002) PNAS USA 99:11393-98; Ricly & Miller
(2007) Clin Cancer Res 13:4623-7s). Aflibercept is the preferred non-antibody VEGF antagonist
for use with the invention. Aflibercept is a recombinant human soluble VEGF receptor fusion
protein consisting of portions of human VEGF receptors 1 and 2 extracellular domains fused to
the Fc portion of human IgG1. It is a dimeric glycoprotein with a protein molecular weight of 97
kilodaltons (kDa) and contains glycosylation, constituting an additional 15% of the total
molecular mass, resulting in a total molecular weight of 115 kDa. It is conveniently produced as
a glycoprotein by expression in recombinant CHO K1 cells. Each monomer can have the

following amino acid sequence (SEQ ID NO: 1):
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SDTGRPFVEMYSEIPEITHMTEGRELVIPCRVTSPNITVTLKKFPLDTLIPDGKRITIWDSRKGFIISNATY
KEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDFINWEYPS
SKHOQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRSDOGLY TCAASSGLMTKKNSTFVRVHEKDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOGNVESCSYVMHEALHNHY TOKSL

SLSPG

and disulfide bridges can be formed between residues 30-79, 124-185, 246-306 and 352-410

within each monomer, and between residues 211-211 and 214-214 between the monomers.

Another non-antibody VEGF antagonist immunoadhesin currently in pre-clinical development is
a recombinant human soluble VEGF receptor fusion protein similar to VEGF-trap containing
extracellular ligand-binding domains 3 and 4 from VEGFR2/KDR, and domain 2 from
VEGFRI1/Flt-1; these domains are fused to a human IgG Fc protein fragment (Li et al., 2011
Molecular Vision 17:797-803). This antagonist binds to isoforms VEGF-A, VEGF-B and VEGF-
C. The molecule is prepared using two different production processes resulting in different
glycosylation patterns on the final proteins. The two glycoforms are referred to as KH902
(conbercept) and KH906. The fusion protein can have the following amino acid sequence (SEQ
ID NO:2):
MVSYWDTGVLLCALLSCLLLTGSSSGGRPFVEMYSEIPEIIHMTEGRELVIPCRVTS PNITVILKKFPLDT
LIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNY LTHRQTNT L IDVVLS PSHGIELS VGEK
LVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLS TLTIDGVTRSDQGLYTCAASSG
LMTKKNS TFVRVHEKPFVAFGSGMES LVEATVGERVRLPAKYLGY PPPE IKWYKNGI PLESNHTIKAGHVL
TIMEVSERDTGNYTVILTNPISKEKQSHVVSLVVYVPPGPGDKTHTCPLCPAPELLGGPSVFLEFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLEQDWLNGKEYKC

KVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
ATPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHY TQKSLSLSPGK

and, like VEGF-trap, can be present as a dimer. This fusion protein and related molecules are
further characterized in EP1767546.

Other non-antibody VEGF antagonists include antibody mimetics (e.g. Affibody® molecules,
affilins, affitins, anticalins, avimers, Kunitz domain peptides, and monobodics) with VEGF
antagonist activity. This includes recombinant binding proteins comprising an ankyrin repeat
domain that binds VEGF-A and prevents it from binding to VEGFR-2. One example for such a
molecule is DARPin® MPQ112. The ankyrin binding domain may have the following amino
acid sequence (SEQ ID NO: 3):
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GSDLGKKLLEAARAGODDEVRILMANGADVNTADSTGWT PLHLAVPWGHLE IVEVLLKYGADVNAKDFQGW
TPLHLAAAIGHOEIVEVLLENGADVNAQDKFGKTAFDISIDNGNEDLAETILQKAA

Recombinant binding proteins comprising an ankyrin repeat domain that binds VEGF-A and
prevents it from binding to VEGFR-2 are described in more detail in W02010/060748 and
WO02011/135067.

Further specific antibody mimetics with VEGF antagonist activity are the 40 kD pegylated
anticalin PRS-050 and the monobody angiocept (CT-322).

The afore-mentioned non-antibody VEGF antagonist may be modified to further improve their
pharmacokinetic properties or bioavailability. For example, a non-antibody VEGF antagonist
may be chemically modified (e.g., pegylated) to extend its iz vivo half-life. Alternatively or in
addition, it may be modified by glycosylation or the addition of further glycosylation sites not
present in the protein sequence of the natural protein from which the VEGF antagonist was

derived.

Variants of the above-specitfied VEGF antagonists that have improved characteristics for the
desired application may be produced by the addition or deletion of amino acids. Ordinarily, these
amino acid sequence variants will have an amino acid sequence having at least 60% amino acid
sequence identity with the amino acid sequences of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID
NO: 3, preferably at least 80%, more preferably at least 85%, more preferably at least 90%, and
most preferably at least 95%, including for example, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, and 100%. Identity
or homology with respect to this sequence is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with SEQ ID NO: 1, SEQ ID NO: 2 or SEQ
ID NO: 3, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part

of the sequence identity.

Sequence identity can be determined by standard methods that are commonly used to compare
the similarity in position of the amino acids of two polypeptides. Using a computer program
such as BLAST or FASTA, two polypeptides are aligned for optimal matching of their
respective amino acids (either along the full length of one or both sequences or along a pre-
determined portion of one or both sequences). The programs provide a default opening penalty
and a default gap penalty, and a scoring matrix such as PAM 250 [a standard scoring matrix; see

Dayhoff et al., in Atlas of Protein Sequence and Structure, vol. 5, supp. 3 (1978)] can be used in
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conjunction with the computer program. For example, the percent identity can then be
calculated as: the total number of identical matches multiplied by 100 and then divided by the
sum of the length of the longer scquence within the matched span and the number of gaps

introduced into the longer sequences in order to align the two sequences.

Preferably, the non-antibody VEGF antagonist of the invention binds to VEGF via one or more
protein domain(s) that are not derived from the antigen-binding domain of an antibody. The non-
antibody VEGF antagonist of the invention are preferably proteinaceous, but may include

modifications that are non-proteinaceous (e.g., pegylation, glycosylation).

Therapy

The syringe of the invention may be used to treat an ocular disease, including but not limited to
choroidal neovascularisation, age-related macular degeneration (both wet and dry forms),
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVQO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

Thus the invention provides a method of treating a patient suffering from of an ocular disease
selected from choroidal neovascularisation, wet age-related macular degeneration, macular
edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO) and
central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),
diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy, comprising
the step of administering an ophthalmic solution to the patient using a pre-filled syringe of the
invention. This method preferably further comprises an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

In one embodiment, the invention provides a method of treating an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary to
retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema
(DME), diabetic retinopathy, and proliferative retinopathy, comprising administering a non-
antibody VEGF antagonist with a pre-filled syringe of the invention, wherein the patient has

previously received treatment with an antibody VEGF antagonist.
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Kits

Also provided arc kits comprising the pre-filled syringes of the invention. In onc embodiment,
such a kit comprises a pre-filled syringe of the invention in a blister pack. The blister pack may
itself be sterile on the inside. In one embodiment, syringes according to the invention may be

placed inside such blister packs prior to undergoing sterilisation, for example terminal

sterilisation.

Such a kit may further comprise a needle for administration of the VEGF antagonist. If the
VEGF antagonist is to be administered intravitreally, it is typical to use a 30-gauge x % inch
needle, though 31-gauge and 32-gauge ncedles may be used. For intravitreal administration,
33-gauge or 34-gauge needles could alternatively be used. Such kits may further comprise
instructions for use. In one embodiment, the invention provides a carton containing a pre-filled
syringe according to the invention contained within a blister pack, a needle and optionally

instructions for administration.

Sterilisation

As noted above, a terminal sterilisation process may be used to sterilise the syringe and such a
process may use a known process such as an ethylene oxide or a hydrogen peroxide sterilisation
process. Needles to be used with the syringe may be sterilised by the same method, as may kits

according to the invention.

The package is exposed to the sterilising gas until the outside of the syringe is sterile. Following
such a process, the outer surface of the syringe may remain sterile (whilst in its blister pack) for
up to 6 months, 9 months, 12 months, 15 months, 18 months or longer. In one embodiment, less
than one syringe in a million has detectable microbial presence on the outside of the syringe after
18 months of storage. In one embodiment, the pre-filled syringe has been sterilised using EtO
with a Sterility Assurance Level of at least 10°°. In one embodiment, the pre-filled syringe has
been sterilised using hydrogen peroxide with a Sterility Assurance Level of at least 10°, Of
course, it is a requirement that significant amounts of the sterilising gas should not enter the
variable volume chamber of the syringe. The term “significant amounts™ as used herein refers to
an amount of gas that would cause unacceptable modification of the ophthalmic solution within
the variable volume chamber. In one embodiment, the sterilisation process causes <10%
(preferably <5%, <3%, <1%) alkylation of the VEGF antagonist. In one embodiment, the pre-
filled syringe has been sterilised using EtO, but the outer surface of the syringe has <lppm,

preferably <0.2ppm EtO residue. In one embodiment, the pre-filled syringe has been sterilised
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using hydrogen peroxide, but the outer surface of the syringe has <lppm, preferably <0.2ppm
hydrogen peroxide residue. In another embodiment, the pre-filled syringe has been sterilised
using EtO, and the total EtO rcsiduc found on the outside of the syringe and inside of the blister
pack is <0.1mg. In another embodiment, the pre-filled syringe has been sterilised using hydrogen
peroxide, and the total hydrogen peroxide residue found on the outside of the syringe and inside

of the blister pack is <0.1mg.

General
The term “comprising” means “including” as well as “consisting” e.g. a composition
“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.

The term “about” in relation to a numerical value x means, for example, x+10%.
p

References to a percentage sequence identity between two amino acid sequences means that,
when aligned, that percentage of amino acids are the same in comparing the two sequences. This
alignment and the percent homology or sequence identity can be determined using software
programs known in the art, for example those described in section 7.7.18 of Current Protocols in
Molecular Biology (F.M. Ausubel ef al., eds., 1987) Supplement 30. A preferred alignment is
determined by the Smith-Waterman homology search algorithm using an affine gap search with
a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-
Waterman homology search algorithm is disclosed in Smith & Waterman (1981) Adv. Appl.
Math. 2: 482-489

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a side view of a syringe

Figure 2 shows a cross section of a top down view of a syringe
Figure 3 shows a view of a plunger

Figure 4 shows a cross section though a plunger

Figure 5 shows a stopper
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MODES FOR CARRYING OUT THE INVENTION

The invention will now be further described, by way of example only, with reference to the

drawings.

Figure 1 shows a view from a side of a syringe 1 comprising a body 2, plunger 4, backstop 6 and a

sealing device 8.

Figure 2 shows a cross section through the syringe 1 of Figure 1 from above. The syringe 1 is
suitable for use in an ophthalmic injection. The syringe 1 comprises a body 2, a stopper 10 and a
plunger 4. The syringe 1 extends along a first axis A. The body 2 comprises an outlet 12 at an
outlet end 14 and the stopper 10 is arranged within the body 2 such that a front surface 16 of the
stopper 10 and the body 2 define a variable volume chamber 18. The variable volume chamber 18
contains an injectable medicament 20 comprising an ophthalmic solution comprising a VEGF
antagonist such as ranibizumab. The injectable fluid 20 can be expelled though the outlet 12 by
movement of the stopper 10 towards the outlet end 14 thereby reducing the volume of the variable
volume chamber 18. The plunger 4 comprises a plunger contact surface 22 at a first end 24 and a
rod 26 extending between the plunger contact surface 22 and a rear portion 25. The plunger contact
surface 22 is arranged to contact the stopper 10, such that the plunger 4 can be used to move the
stopper 10 towards the outlet end 14 of the body 2. Such movement reduces the volume of the

variable volume chamber 18 and causes fluid therein to be expelled though the outlet.

The backstop 6 is attached to the body 2 by coupling to a terminal flange 28 of the body 2. The
backstop 6 includes sandwich portion 30 which is adapted to substantially sandwich at least some of
the terminal flange 28 of the body 2. The backstop 6 is adapted to be coupled to the body 2 from
the side by leaving one side of the backstop 6 open so that the backstop 6 can be fitted to the syringe
2.

The body 2 defines a substantially cylindrical bore 36 which has a bore radius. The rod 26
comprises a rod shoulder 32 directed away from the outlet end 14. The rod shoulder 32 extends
from to a rod shoulder radius from the first axis A which is such that it is slightly less than the bore
radius so that the shoulder fits within the bore 36. The backstop 6 includes a backstop shoulder 34
directed towards the outlet end 14. The shoulders 32, 34 are configured to cooperate to
substantially prevent movement of the rod 26 away from the outlet end 14 when the backstop

shoulder 34 and rod shoulder 32 are in contact. The backstop shoulder 34 extends from outside the
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bore radius to a radius less than the rod shoulder radius so that the rod shoulder 32 cannot pass the
backstop shoulder 34 by moving along the first axis A. In this case the rod shoulder 32 is
substantially disc, or ring, shapced and the backstop shoulder 34 includes an arc around a rcar end 38
of the body 2.

The backstop 6 also includes two finger projections 40 which extend in opposite directions away
from the body 2 substantially perpendicular to the first axis A to facilitate manual handling of the

syringe 1 during use.

In this example the syringe comprises a 0.5ml body 2 filled with between about 0.1 and 0.3 ml of an
injectable medicament 20 comprising a 10mg/ml injectable solution comprising ranibizumab. The
syringe body 2 has an internal diameter of about between about 4.5mm and 4.8mm, a length of

between about 45mm and 50mm.
The plunger 4 and stopper 10 will be described in more detail with reference to later figures.

Figure 3 shows a perspective view of the plunger 4 of Figure 1 showing the plunger contact surface
22 at the first end 24 of the plunger 4. The rod 26 extends from the first end 24 to the rear portion
25. The rear portion 25 includes a disc shaped flange 42 to facilitate user handling of the device.

The flange 42 provides a larger surface arca for contact by the user than a bare end of the rod 26.

Figure 4 shows a cross section though a syringe body 2 and rod 26. The rod 26 includes four

longitudinal ribs 44 and the angle between the ribs is 90°.

Figure 5 shows a detailed view of a stopper 10 showing a conical shaped front surface 16 and three
circumferential ribs 52,54,56 around a substantially cylindrical body 58. The axial gap between the
first rib 52 and the last rib 56 is about 3mm. The rear surface 60 of the stopper 10 includes a
substantially central recess 62. The central recess 62 includes an initial bore 64 having a first
diameter. The initial bore 64 leading from the rear surface 60 into the stopper 10 to an inner recess

66 having a second diameter, the second diameter being larger than the first diameter.

Stopper forces

0.5ml syringes siliconised with <100ug silicone oil, filled with Lucentis, comprising one of two
different stopper designs were tested for maximal and average break out and slide force. Prior to
testing, 30G x 0.5” needles were attached to the syringes. The testing was carried out at a stopper

speed of 190mm/min over a travel length of 10.9mm.
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Stopper design 1 Stopper design 2
Batch A Batch B Batch C Batch D Batch E
Break loose | Average of 10 | 2.2N 2.3N 1.9N 2.IN 2.5N
force of | syringes
syringes Max individual | 2.5N 2.5N 2.3N 2.6N 27N
value
Sliding force | Average of 10 | 3.IN 3.2N 3.1N 41N 4.6N
syringes
Max individual | 3.5N 3.5N 3.6N 4. 7N 4.8N
value

For both stopper designs, average and maximum break out force remained below 3N. For both

stopper designs, average and maximum sliding force remained below SN.

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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CLAIMS

1. A pre-filled syringe. the syringe comprising a body, a stopper and a plunger, the body
comprising an outlet at an outlet end and the stopper being arranged within the body such that a
front surfacc of the stopper and the body define a variable volume chamber from which a fluid
can be expelled though the outlet, the plunger comprising a plunger contact surface at a first end
and a rod extending between the plunger contact surface and a rear portion, the plunger contact
surface arranged to contact the stopper, such that the plunger can be used to force the stopper
towards the outlet end of the body, reducing the volume of the variable volume chamber,

characterised in that the fluid is an ophthalmic solution which comprises a VEGF-antagonist.

2. A pre-filled syringe according to claim 1, wherein the syringe has a nominal maximum fill

volume of between about 0.1ml and about 1.5ml.

3. A pre-filled syringe according to claim 1 or claim 2, whercin the syringe has a nominal

maximum fill volume of between about 0.5ml and about 1ml.

4. A pre-filled syringe according to any previous claim, wherein the syringe is filled with

between about 0.01ml and about 1.5ml of a VEGF antagonist solution.

5. A pre-filled syringe according to any previous claim, wherein the syringe is filled with

between about 0.15ml and about 0.175ml of a VEGF antagonist solution.

6. A pre-filled syringe according to any previous claim, wherein the syringe 18 filled with a

dosage volume of between about 0.03ml and about 0.05ml of a VEGF antagonist solution.

7. A pre-filled syringe according to any previous claim, wherein the syringe is filled with dosage

volume of about 0.05ml of a VEGF antagonist solution.

8. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an

internal coating of silicone oil that has an average thickness of about 450nm or less.

9. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of less than about 500ug silicone cil, preferably less than about 50ug silicone

oil, preferably less than about 25ug silicone oil.

10. A pre-filled syringe according to any previous claim, wherein the silicone oil is DC365

emulsion.

11. A pre-filled syringe according to any previous claim, wherein the syringe is silicone oil free.
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12. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution
comprises one or more of (i) no more than 2 particles >50um in diameter per ml, (ii) no more
than 5 particles >25um in diameter per ml, and (iii) no more than 50 particles >10um in diamcter

per ml.

13. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution

meets USP789.

14. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist is an
anti-VEGF antibody.

15. A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is ranibizumab.

16. A pre-filled syringe according to any one of claims 1-13, wherein the VEGF antagonist is a

non-antibody VEGF antagonist.

17. A pre-filled syringe according to claim 16, wherein the non-antibhody VEGF antagonist is

aflibercept or conbercept.

18. A pre-filled syringe according to claim 17, wherein the non-antibody VEGF antagonist is

aflibercept at a concentration of 40mg/ml.
19. A pre-filled syringe according to claim 18, wherein:

(1) the syringe has a nominal maximum fill volume of between about 0.5ml and about

1ml,

(i1) the syringe is filled with between about 0.15ml and about 0.175ml of aflibercept,
(i11) the syringe is filled with dosage volume of about 0.05ml,

(iv) the syringe barrel has an internal coating of less than about S00p.g silicone oil, and

(v) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter

per ml.

20. A pre-filled syringe according to any previous claim, wherein the syringe has a stopper break

loose force of less than about 11N.

21. A pre-filled syringe according to claim 20, wherein the syringe has a stoppcer break loosc

force of less than about 5N.
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22, A pre-filled syringe according to any previous claim, wherein the syringe has a stopper slide

force of less than about 11N.

23. A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide force of
less than about 5N.

24. A blister pack comprising a pre-filled syringe according to any previous claim, wherein the

syringe has been sterilised using H,O; or EtO.

25. A blister pack comprising a pre-filled syringe according to claim 24, wherein the outer

surface of the syringe has <Ippm EtO or hydrogen peroxide residue.

26. A blister pack comprising a pre-filled syringe according to claim 24, wherein the syringe has
been sterilised using EtO or hydrogen peroxide and the total EtO or hydrogen peroxide residue

found on the outside of the syringe and inside of the blister pack is <0.1mg.

27. A blister pack comprising a pre-filled syringe according to any one of claims 24-26, wherein

<5% of the VEGF antagonist 1s alkylated.

28. A blister pack comprising a pre-filled syringe according to any of claims 24-27, wherein the
syringe has been sterilised using EtO or hydrogen peroxide with a Sterility Assurance Level of at

least 10°°.

29. A kit comprising: (i) a pre-filled syringe according to any one of claims 1-23, or a blister
pack comprising a pre-filled syringe according to any one of claims 24-28, (ii) a needle, and

optionally (iii) instructions for administration.
30. A kit according to claim 29, wherein the needle is a 30-gauge x % inch needle.
31. A pre-filled syringe according to any one of claims 1-23 for use in therapy.

32. A pre-filled syringe according to any one of claims 1-23 for use in the treatment of an ocular
disease selected from choroidal neovascularisation, wet age-related macular degeneration,
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

33. A method of treating a patient suffering from of an ocular disease selected from choroidal
neovascularisation, wet age-related macular degeneration, macular edema secondary to retinal

vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (¢cRVO), choroidal
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neovascularisation secondary to pathologic myopia (PM), diabetic macular edema (DME),
diabetic retinopathy, and proliferative retinopathy, comprising the step of administering an

ophthalmic solution to the patient using a pre-filled syringe according to any onc of claims 1-23.

34. The method of claim 33, further comprising an initial priming step in which the physician
depresses the plunger of the pre-filled syringe to align the pre-determined part of the stopper

with the priming mark.

35. A method according to claim 33 or 34, wherein the VEGF antagonist administered is a non-
antibody VEGF antagonist and wherein the patient has previously received treatment with an

antibody VEGF antagonist.

-19-

Regeneron Exhibit 1002.1174



1/1

7 5
praw S R

Y | g

K3

N
£
4

™ R

AR

3
I/

Regeneron Exhibit 1002.1175



PATO055157-EP-EPA
ABSTRACT

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.
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SYRINGE

TECHNICAL FIELD

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.

BACKGROUND ART

Many medicaments are delivered to a patient in a syringe from which the user can dispense the
medicament. If medicament is delivered to a patient in a syringe it is often to enable the patient,
or a caregiver, to inject the medicament. It is important for patient safety and medicament
integrity that the syringe and the contents of that syringe are sufficiently sterile to avoid
infection, or other, risks for patients. Sterilisation can be achieved by terminal sterilisation in
which the assembled product, typically already in its associated packaging, is sterilised using

heat or a sterilising gas.

For small volume syringes, for example those for injections into the eye in which it is intended
that about 0.1ml or less of liquid 1s to be injected the sterilisation can pose difficulties that arc
not necessarily associated with larger syringes. Changes in pressure, internal or external to the
syringe, can cause parts of the syringe to move unpredictably, which may alter sealing
characteristics and potentially compromise sterility. Incorrect handling of the syringe can also

pose risks to product sterility.

Furthermore, certain therapeutics such as biologic molecules are particularly sensitive to
sterilisation, be it cold gas sterilisation, thermal sterilisation, or irradiation. Thus, a carcful
balancing act is required to ensure that while a suitable level of sterilisation is carried out, the

syringe remains suitably sealed, such that the therapeutic is not compromised.

There 13 therefore a need for a new syringe construct which provides a robust scal for its content,

but which maintains ease of use.

DISCLOSURE OF THE INVENTION

The present invention provides a pre-filled syringe, the syringe comprising a body, a stopper and
a plunger, the body comprising an outlet at an outlet end and the stopper being arranged within
the body such that a front surface of the stopper and the body define a variable vohime chamber
from which a fluid can be expelled though the outlet, the plunger comprising a plunger contact

surface at a first end and a rod extending between the plunger contact surface and a rear portion,

-
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the plunger contact surface arranged to contact the stopper, such that the plunger can be used to
force the stopper towards the outlet end of the body, reducing the volume of the variable volume
chamber, charactcriscd in that the fluid compriscs an ophthalmic solution. In onc embodiment,

the ophthalmic solution comprises a VEGF-antagonist.

In one embodiment, the syringe is suitable for ophthalmic injections, more particularly
intravitreal injections, and as such has a suitably small volume. The syringe may also be silicone

free, or substantially silicone free, or may comprise a low level of silicone oil as lubricant.

For ophthalmic injections, it is particularly important for the ophthalmic solution to have
particularly low particle content. In one embodiment, the syringe meets US Pharmacopeia

standard 789 (USP789).

Syringe

The body of the syringe may be a substantially cylindrical shell, or may include a substantially
cylindrical bore with a non circular outer shape. The outlet end of the body includes an outlet
through which a fluid housed within the variable volume chamber can be expelled as the volume
of said chamber is reduced. The outlet may comprise a projection from the outlet end through
which extends a channel having a smaller diameter than that of the variable volume chamber.
The outlet may be adapted, for example via a luer lock type conncection, for connection to a
needle or other accessory such as a sealing device which is able to scal the variable volume
chamber, but can be operated, or removed, to unseal the variable volume chamber and allow
connection of the syringe to another accessory, such as a necdle. Such a connection may be
made directly between the syringe and accessory, or via the sealing device. The body extends

along a first axis from the outlet end to a rear end.

The body may be made from a plastic material (¢.g. a cyclic olefin polymer) or from glass and
may include indicia on a surface thereof to act as an injection guide. In one embodiment the
body may comprise a priming mark. This allows the physician to align a pre-determined part of
the stopper (such as the tip of the front surface or one of the circumferential ribs, discussed later)
with the mark, thus expelling excess ophthalmic solution and any air bubbles from the syringe.

The priming process ensures that an exact, pre-determined dosage is administered to the patient.

The stopper may be made from rubber, silicone or other suitable resiliently deformable material.
The stopper may be substantially cylindrical and the stopper may include one or more

circumferential ribs around an outer surface of the stopper, the stopper and ribs being

2.
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dimensioned such that the ribs form a substantially fluid tight seal with an internal surface of the
syringe body. The front surface of the stopper may be any suitable shape, for example
substantially planar, substantially conical or of a domed shape. The rcar surface ot the stopper
may include a substantially central recess. Such a central recess could be used to connect a
plunger to the stopper using a snap fit feature or thread connection in a known manner. The

stopper may be substantially rotationally symmetric about an axis through the stopper.

The plunger comprises a plunger contact surface and extending from that a rod extends from the
plunger contact surface to a rear portion. The rear portion may include a user contact portion
adapted to be contacted by a user during an injection event. The user contact portion may
comprise a substantially disc shaped portion, the radius of the disc extending substantially
perpendicular to the axis along which the rod extends. The user contact portion could be any
suitable shape. The axis along which the rod extends may be the first axis, or may be

substantially parallel with the first axis.

The syringe may include a backstop arranged at a rear portion of the body. The backstop may be
removable from the syringe. If the syringe body includes terminal flanges at the end opposite the
outlet end the backstop may be configured to substantially sandwich terminal flanges of the body

as this prevent movement of the backstop in a direction parallel to the first axis.

The rod may comprise at least one rod shoulder directed away from the outlet end and the
backstop may include a backstop shoulder directed towards the outlet end to cooperate with the
rod shoulder to substantially prevent movement of the rod away from the outlet end when the
backstop shoulder and rod shoulder are in contact. Restriction of the movement of the rod away
from the outlet end can help to maintain sterility during terminal sterilisation operations, or other
operations in which the pressure within the variable volume chamber or outside the chamber
may change. During such operations any gas trapped within the variable volume chamber, or
bubbles that may form in a liquid therein, may change in volume and thereby cause the stopper
to move. Movement of the stopper away from the outlet could result in the breaching of a
sterility zone created by the stopper. This i1s particularly important for low volume syringes
where there are much lower tolerances in the component sizes and less flexibility in the stopper.
The term sterility zonc as uscd herein is used to refer to the arca within the syringe that is scaled
by the stopper from access from either end of the syringe. This may be the area between a seal
of the stopper, for example a circumterential rib, closest to the outlet and a seal of the stopper,

for example a circumferential rib, furthest from the outlet. The distance between these two seals
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defines the sterility zone of the stopper since the stopper is installed into the syringe barrel in a

sterile environment.

To further assist i maintaining sterility during the operations noted above the stopper may
comprise at a front circumferential rib and a rear circumferential rib and those ribs may be
separated in a direction along the first axis by at least 3mm, by at least 3.5 mm, by at least
3.75mm or by 4mm or more. One or more additional ribs (for example 2, 3, 4 or 5 additional
ribs, or between 1-10, 2-8, 3-6 or 4-5 additional ribs) may be arranged between the front and rear

ribs. In one embodiment there are a total of three circumferential ribs.

A stopper with such an enhanced sterility zone can also provide protection for the injectable
medicament during a terminal sterilisation process. More ribs on the stopper, or a greater
distance between the front and rear ribs can reduce the potential exposure of the medicament to
the sterilising agent. However, increasing the number of ribs can increase the friction between
the stopper and syringe body, reducing ease of use. While this may be overcome by increasing
the siliconisation of the syringe, such an increase in silicone levels is particularly undesirable for

syringes for ophthalmic use.

The rod shoulder may be arranged within the external diameter of the rod, or may be arranged
outside the external diameter of the rod. By providing a shoulder that extends beyond the
external diameter of the rod, but still fits within the body, the shoulder can help to stabilise the
movement of the rod within the body by reducing movement of the rod perpendicular to the first
axis. The rod shoulder may comprise any suitable shoulder forming elements on the rod, but in

one embodiment the rod shoulder comprises a substantially disc shaped portion on the rod.

In one embodiment of the syringe, when arranged with the plunger contact surface in contact
with the stopper and the variable volume chamber is at its intended maximum volume there is a
clearance of no more than about 2mm between the rod shoulder and backstop shoulder. In some
embodiments there is a clearance of less than about 1.5 mm and in some less than about Imm.
This distance is selected to substantially limit or prevent excessive rearward (away from the

outlet end) movement of the stopper.

In one embodiment the variable volume chamber has an internal diameter greater than Smm or
6mm and less than 3mm or 4mm. The internal diameter may be between 3mm and 6mm, or

between 4mm and Soum.
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In another embodiment the syringe is dimensioned so as to have a nominal maximum fill volume
of between about 0.1ml and about 1.5ml. In certain embodiments the nominal maximum fill
volume 18 between about 0.5ml and about Iml. In certain embodiments the nominal maximum

fill volume is about §.5ml or about 1ml, or about 1.5ml.

The Iength of the body of the syringe may be less than 70mm, less than 60mm or less than

50mm. In one embodiment the length of the syringe body is between 45mm and 50mm.

In one embodiment, the syringe is filled with between about 0.0lml and about 1.5ml (for
example between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml, between
about 0.15ml and about 0.175ml) of a VEGF antagonist solution. In one embodiment, the
syringe is fAlled with 0.165ml of a VEGF antagonist sclution. Of course, typically a syringe is
filled with more than the desired dose to be administered to the patient, to take into account
wastage due to “dead space” within the syringe and needle. There may also be a certain amount

of wastage when the syringe 1s primed by the physician, so that it is ready to inject the patient.

Thus, in one embodiment, the syringe is filled with a dosage volume (i.e. the volume of
medicament intended for delivery to the patent) of between about 0.01ml and about 1.5ml (e.g.
between about 0.05ml and about Iml, between about 0.1ml and about 0.5ml) of a VEGF
antagonist solution. In one embodiment, the dosage volume is between about 0.03ml and about
0.05ml. For example, for Lucentis, the dosage volume is 0.05ml or 0.03ml (0.5mg or 0.3mg) of a
10mg/ml injectable medicament solution; for Eylea, the dosage volume is 0.05ml of a 40mg/ml

injectable medicament solution.

In one embodiment the length of the syringe body is between about 45mm and about 50mm, the
internal diameter 1s between about 4mm and about Smm, the fill volume 1s between about 0.12

and about 0.3ml and the dosage volume is between about 0.03ml and about 0.05ml.

As the syringe contains a medicament solution, the outlet may be reversibly sealed to maintain
sterility of the medicament. This sealing may be achieved through the use of a sealing device as
is known in the art. For example the ovs™ system which is available from Vetter Pharma

International GmbH.

It is typical to siliconise the syringe in order to allow ease of use, i.e. to apply silicone to the
inside of the barrel, which decreases the force required to move the stopper. However, for
ophthalmic use, it is desirable to decrease the likelihood of silicone droplets being injected into

the eye. Furthermore, silicone can cause proteins to aggregate. A typical Iml syringe comprises
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100-800ug silicone in the barrel. Thus, in one embodiment, a syringe according to the invention
comprises less than about 800pg (i.e. about less than about 500ug, less than about 300pg, less
than about 200ug, less than about 100ug, lcss than about 75ug, less than about 50ug, less than
about 25ug, less than about 15pg, less than about 10ug) silicone in the barrel. Methods for
measuring the amount of silicone in such a syringe barrel are known in the art and include, for
example, differential weighing methods and quantitation by infrared-spectroscopy of the oil

diluted in a suitable solvent.

During testing it was found that, for syringes having small dimensions, such as those discussed
above, and particularly those described in conjunction with the Figures below, the break loose
and sliding forces for the stopper within the syringe are substantially unaffected by reducing the
siliconisation levels far below the current standard to the levels discussed here. In one
embodiment the glide force for the stopper within the pre-filled syringe is less than about 1IN or
Iess than 9N, less than 7N, less than SN or between about 3N to SN. Having too great a force
required 10 move the stopper can cause problems during use for some users, for example
accurate dose setting or smooth dose delivery may be made more difficult if significant strength

is required to move, and/or keep in motion, the stopper.

In one embodiment the syringe barrel has an internal coating of silicone that has an average
thickness of about 450nm or less (i.e. 400nm or less, 350nm or less, 300nm or less, 200nm or
less, 100nm or less, SOnm or less, 20nm or less). Mcthods to measurc the thickness of silicone in
a syringe are known in the art and include the rap.ID Layer Explorer® Application, which can

also be used to measure the mass of silicone inside a syringe barrel.

In one embodiment, the syringe is silicone free, or substantially silicone free. Such low silicone
levels can be achieved by using uncoated syringe barrels and/or by avoiding the use of silicone
as a lubricant for product contacting machine parts, or pumps in the syringe assembly and fill

line.

The syringe according to the invention may also meet certain requirements for particulate
content. In one embodiment, the ophthalmic solution comprises no more than 2 particles >50um
in diameter per ml. In one embodiment, the ophthalmic solution comprises no more than 5
particles >25um in diameter per ml. In one embodiment, the ophthalmic solution comprises no
more than 50 particles >10um in diameter per ml. In one embodiment, the ophthalmic solution
comprises no more than 2 particles >50um in diameter per ml, no more than 5 particles >25um

in diameter per ml and no more than 50 particles >10pm in diameter per ml. In one embodiment,

-6-

Regeneron Exhibit 1002.1184



10

15

20

30

PATO55157-EP-EPA

a syringe according to the invention meets USP789. In one embodiment the syringe has low

levels of silicone sufficient for the syringe to meet USP789.

VEGF Antagonists

Antibody VEGF antagonists

VEGEF is a well-characterised signal protein which stimulates angiogenesis. Two antibody VEGF
antagonists have been approved for human use, namely ranibizumab (Lucentis®) and

bevacizumab (Avastin®).

Non-Antibody VEGF antagonists

In one aspect of the invention, the non-antibody VEGF antagonist is an immunoadhesin. One
such immuoadhesin is aflibercept (Eylea®), which has recently been approved for human use
and is also known as VEGF-trap (Holash er al. (2002) PNAS USA 99:11393-98; Riely & Miller
(2007) Clin Cancer Res 13:4623-7s). Aflibercept is the preferred non-antibody VEGF antagonist
for use with the invention. Aflibercept is a recombinant human soluble VEGF receptor fusion
protein consisting of portions of human VEGF receptors 1 and 2 extracellular domains fused to
the Fc portion of human IgG1l. It is a dimeric glycoprotein with a protein molecular weight of 97
kilodaltons (klDa) and contains glycosylation, constituting an additional 15% of the total
molecular mass, resulting in a total molecular weight of 115 kDa. It is conveniently produced as
a glycoprotein by expression in recombinant CHO K1 cells. Each monomer can have the

following amino acid sequence (SEQ ID NO: 1):

SDTGRPFVEMYSEIPEITHMTEGRELVIPCRVISPNITVILKKFPLDTLIPDGKRIIWDSRKGFIISNATY
KEIGLLTCEATVNGHLYKTNYLTHROTNTIIDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDEFNWEYPS
SKHOHKKLVNRDLETQOSGSEMKKFLSTLTIDGVTRSDOGLYTCAASSGIMTKEKNSTFVRVHEKDKTHTCPP
CPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLIVLHODWLNGKEYKCKVSNKALPAPIEKT ISKAKGOPREPOVYTLPPSRDELTKNQVS LTCLVK
GEFYPSDIAVEWESNGOPENNYKTTPPVLODSDGESFFLYSKLTVDKSRWOQGNVESCSVMHAEALHNHYTOKSL

SL3PG

and disulfide bridges can be formed between residues 30-79, 124-185, 246-306 and 352-410

within each monomer, and between residues 211-211 and 214-214 between the monomers.

Another non-antibody VEGF antagonist immunocadhesin currently in pre-clinical development is
a recombinant human soluble VEGF receptor fusion protein similar to VEGF-trap containing
extracellular ligand-binding domains 3 and 4 from VEGFR2/KDR, and domain 2 from
VEGFRI1/Flt-1; these domains are fused to a human IgG Fc¢ protein fragment (Li et al., 2011

-7-

Regeneron Exhibit 1002.1185



10

15

20

PATO55157-EP-EPA

Molecular Vision 17:797-803). This antagonist binds to isoforms VEGF-A, VEGF-B and VEGF-
C. The molecule is prepared using two different production processes resulting in different
glycosylation pattcrns on the final protcins. The two glycoforms arc referred to as KH902
(conbercept) and KH906. The fusion protein can have the following amino acid sequence (SEQ
ID NO:2):
MVSYWDTGVLLCALLSCLLLTGSS SGGRPFVEMY SEIPEI THMTEGRELVI PCRVTS PNITVT LKKFPLDT
LIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNY LTHRQTINTIIDVVLSPSHGIELSVGEK
LVLNCTARTELNVGIDFNWEYPSSXKEQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRS DQGLYTCARSSG
LMTKKNS TFVRVHEKPFVAFGSGMES LVEATVGERVRLPAKY LG YPPPE IKWYKNGI PLESNHTIKAGHVL
TIMEVSERDTGNYTVILTNPISKEKQSHVVSLVYYVPPGPGDKTHTCPLCPAPELLGGPSVFLFPPKPEDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLEQDWLNCGKEYKC

KV3SNEKALPAPIEKTISKAKGOPREPOVYTLPPISRDELTKNOVSLTCLVEGEFYPSDIAVEWESNGOPENNYK
ATPPVLDSDGSFELYSKLTVDKSRWOOCNVESCSVMHEALHNHY TQKSLSLSPGK

and, like VEGF-trap, can be present as a dimer. This fusion protein and related molecules are

further characterized in EP1767546.

Other non-antibody VEGF antagonists include antibody mimetics (e.g. Affibody® molecules,
affiling, affitins, anticalins, avimers, Kunitz domain peptides, and monobodies) with VEGF
antagonist activity. This includes recombinant binding proteins comprising an ankyrin repeat
domain that binds VEGF-A and prevents it from binding to VEGFR-2. One example for such a
molecule is DARPin® MPO112. The ankyrin binding domain may have the following amino
acid sequence {(SEQ 1D NO: 3):

GSDLGKKLLEAARAGODDEVRILMANGADVNTADSTGWTPLHLAVPWCHLE IVEVLLKYGADVNAKDFQGW

TPLHLAAAIGHQEIVEVLLENGADVNAQDKFGKTAFDISIDNGNEDLAETILOKAA

Recombinant binding proteins comprising an ankyrin repeat domain that binds VEGF-A and
prevents it from binding to VEGFR-2 are described in more detail in W02010/060748 and
WQ02011/1350067.

Further specific antibody mimetics with VEGF antagonist activity are the 40 kD pegylated
anticalin PRS-050 and the monobody angiocept (CT-322).

The afore-mentioned non-antibody VEGF antagonist may be modified to further improve their
pharmacokinetic properties or bioavailability. For example, a non-antibody VEGF antagonist
may be chemically modified (e.g., pegylated) to extend its in vivo half-life. Alternatively or in

addition, it may be modified by glycosylation or the addition of further glycosylation sites not
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present in the protein sequence of the natural protein from which the VEGF antagonist was

derived.

Variants of the above-specified VEGF antagonists that have improved characteristics for the
desired application may be produced by the addition or deletion of amino acids. Ordinarily, these
amino acid sequence variants will have an amino acid sequence having at least 60% amino acid
sequence identity with the amino acid sequences of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ 1D
NQ: 3, preferably at least 80%, more preferably at least 85%, more preferably at least 90%, and
most preferably at least 95%, including for example, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, and 100%. Identity
or homology with respect to this sequence is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with SEQ 1D NO: 1, SEQ ID NO: 2 or SEQ
ID NO: 3, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part

of the sequence identity.

Sequence identity can be determined by standard methods that are commonly used to compare
the similarity in position of the amino acids of two polypeptides. Using a computer program
such as BLAST or FASTA, two polypeptides are aligned for optimal matching of their
respective amino acids (either along the full length of one or both sequences or along a pre-
determined portion of one or both sequences). The programs provide a default opening penalty
and a default gap penalty, and a scoring matrix such as PAM 250 [a standard scoring matrix; see
Dayhoff et al., in Atlas of Protein Sequence and Structure, vol. 5, supp. 3 (1978)] can be used in
conjunction with the computer program. For example, the percent identity can then be
calculated as: the total number of identical matches multiplied by 100 and then divided by the
sum of the length of the longer sequence within the matched span and the number of gaps

mtroduced into the longer scquences in order to align the two scquences.

Preferably, the non-antibody VEGF antagonist of the invention binds to VEGF via one or more
protein domain(s) that are not derived from the antigen-binding domain of an antibody. The non-
antibody VEGF antagonist of the invention are preferably proteinaceous, but may include

modifications that arc non-protcinaccous (c.g., pegylation, glycosylation).

Therapy

The syringe of the invention may be used to treat an ocular disease, including but not limited to

choroidal neovascularisation, age-related macular degeneration (both wet and dry forms),

-O-

Regeneron Exhibit 1002.1187



PATO55157-EP-EPA

macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and prolifcrative retinopathy.

Thus the invention provides a method of treating a patient suffering from of an ocular disease
5  selected from choroidal neovascularisation, wet age-related macular degeneration, macular
cdema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO) and
central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),
diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy, comprising
the step of administering an ophthalmic solution to the patient using a pre-filled syringe of the
10 invention. This method preferably further comprises an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

Kirs

Also provided are kits comprising the pre-filled syringes of the invention. In onc embodiment,
15 such a kit comprises a pre-filled syringe of the invention in a blister pack. The blister pack may

itself be sterile on the inside. In one embodiment, syringes according to the invention may be

placed inside such blister packs prior to undergoing sterilisation, for example terminal

sterilisation.

Such a kit may further comprise a needle for administration of the VEGF antagonist. If the
20  VEGF antagonist is to bc administered intravitreally, it is typical to usc a 30-gauge x ¥z inch
needle, though 31-gauge and 32-gauge needles may be used. Such kits may further comprise
instructions for use. In one embodiment, the invention provides a carton containing a pre-filled
syringe according to the invention contained within a blister pack, a needle and optionally

instructions for administration.

25  Sterilisation
As noted above, a terminal sterilisation process may be used to sterilise the syringe and such a
process may use a known process such as an ethylene oxide or a hydrogen peroxide sterilisation
process. Needles to be used with the syringe may be sterilised by the same method, as may kits

according to the invention.

30  The package is exposed to the sterilising gas until the outside of the syringe is sterile. Following

such a process, the outer surface of the syringe may remain sterile (whilst in its blister pack) for
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up to 6 months, 9 months, 12 months, 15 months, 18 months or longer. In one embodiment, less
than one syringe in a million has detectable microbial presence on the outside of the syringe after
18 months of storage. In onc cmbodiment, the pre-filled syringe has been sterilised using EtO
with a Sterility Assurance Level of at least 10°. Of course, it is a requirement that significant
amounts of the sterilising gas should not enter the variable volume chamber of the syringe. The
term “significant amounts” as used hercin refers to an amount of gas that would cause
unacceptable modification of the ophthalmic solution within the variable volume chamber. In
one embodiment, the sterilisation process causes <10% (preferably <5%, <3%, <1%) alkylation
of the VEGF antagonist. In one embodiment, the pre-filled syringe has been sterilised using EtO,

but the outer surface of the syringe has <Ippm, preferably <0.2ppm EtO residue.

General
The term “comprising” means “including” as well as “consisting” eg a composition
“comprising” X may consist exclusively of X or may include something additional e.g. X +Y.

The term “‘about” in relation to a numerical value x means, for example, x+10%.

References to a percentage sequence identity between two amino acid sequences means that,
when aligned, that percentage of amino acids are the same in comparing the two sequences. This
alignment and the percent homology or sequence identity can be determined using software
programs known in the art, for example those described in section 7.7.18 of Current Protocols in
Molecular Biology (F.M. Ausubel er al, eds., 1987) Supplement 30. A preferred alignment is
determined by the Smith-Watcrman homology scarch algorithm using an affinc gap scarch with
a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-
Waterman homology search algorithm is disclosed in Smith & Waterman (1981) ddv. Appl.
Math. 2: 482-489

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a side view of a syringe
Figure 2 shows a cross section of a top down view of a syringe
Figure 3 shows a view of a plunger

Figure 4 shows a cross section though a plunger
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Figure 5 shows a stopper

MODES FOR CARRYING OUT THE INVENTION

The invention will now be further described, by way of example only, with reference to the

drawings.

5  Figure 1 shows a view from a side of a syringe 1 comprising a body 2, plunger 4, backstop 6 and a

sealing device 8.

Figure 2 shows a cross section through the syringe 1 of Figure 1 from above. The syringe 1 is
suitable for use in an ophthalmic injection. The syringe 1 comprises a body 2, a stopper 10 and a
plunger 4. The syringe 1 extends along a first axis A. The body 2 comprises an outlet 12 at an
10 outlet end 14 and the stopper 10 is arranged within the body 2 such that a front surface 16 of the
stopper 10 and the body 2 define a variable volume chamber 18. The variable volume chamber 18
contains an injectable medicament 20 comprising an ophthalmic solution comprising a VEGF
antagonist such as ranibizuomab. The injectable fluid 20 can be expelled though the outlet 12 by
movement of the stopper 10 towards the outlet end 14 thereby reducing the volume of the variable
15 volume chamber 18. The plunger 4 comprises a plunger contact surface 22 at a first end 24 and a
rod 26 cxtending between the plunger contact surface 22 and a rear portion 25. The plunger contact
surface 22 is arranged to contact the stopper 10, such that the plunger 4 can be used to move the
stopper 10 towards the outlet end 14 of the body 2. Such movement reduces the volume of the

variable volume chamber 18 and causes fluid therein to be expelled though the ocutlet.

20 The backstop 6 is attachcd to the body 2 by coupling to a tcrminal flange 28 of the body 2. The
backstop 6 includes sandwich portion 30 which is adapted to substantially sandwich at least some of
the terminal tlange 28 of the body 2. The backstop 6 is adapted to be coupled to the body 2 from
the side by leaving one side of the backstop 6 open so that the backstop 6 can be fitted to the syringe
2.

25 The body 2 defines a substantially cylindrical bore 36 which has a bore radius. The rod 26
comprises a rod shoulder 32 directed away from the outlet end 14. The rod shoulder 32 extends
from to a rod shoulder radius from the first axis A which is such that it is slightly less than the bore
radius so that the shoulder fits within the bore 36. The backstop 6 includces a backstop shoulder 34
directed towards the outlet end 14. The shoulders 32, 34 are configured to cooperate to

30  substantially prevent movement of the rod 26 away from the outlet end 14 when the backstop

shoulder 34 and rod shoulder 32 are in contact. The backstop shoulder 34 extends from outside the
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bore radius to a radius less than the rod shoulder radius so that the rod shoulder 32 cannot pass the
backstop shoulder 34 by moving along the first axis A. In this case the rod shoulder 32 is
substantially disc, or ring, shaped and the backstop shoulder 34 includes an arc around a rear end 38
of the body 2.

The backstop 6 also includes two finger projections 40 which extend in opposite directions away
from the body 2 substantially perpendicular to the first axis A to facilitate manual handling of the

syringe | during use.

In this example the syringe comprises a 0.5ml body 2 filled with between about 0.1 and 0.3 ml of an
injectable medicament 20 comprising a 10mg/ml injectable solution comprising ranibizumab. The
syringe body 2 has an internal diameter of about between about 4.5mm and 4.8mm, a length of

between about 45mm and 50mm.
The phinger 4 and stopper 10 will be described in more detail with reference to later figures.

Figure 3 shows a perspective view of the plunger 4 of Figure 1 showing the plunger contact surface
22 at the first end 24 of the plunger 4. The rod 26 extends from the first end 24 to the rear portion
25. The rear portion 25 includes a disc shaped flange 42 to facilitate user handling of the device.

The flange 42 provides a larger surface arca for contact by the user than a bare end of the rod 26.

Figure 4 shows a cross section though a syringe body 2 and rod 26. The rod 26 includes four

longitudinal ribs 44 and the angle between the ribs is 90°.

Figure 5 shows a detailed view of a stopper 10 showing a conical shaped front surface 16 and three
circumferential ribs 52,54,56 around a substantially cylindrical body 58. The axial gap between the
first rib 52 and the last rib 56 is about 3mm. The rear surface 60 of the stopper 10 includes a
substantially central recess 62. The central recess 62 includes an initial bore 64 having a first
diameter. The initial bore 64 leading from the rear surface 60 into the stopper 10 to an inner recess

66 having a second diameter, the second diameter being larger than the first diameter.

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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CLAIMS

1. A pre-filled syringe, the syringe comprising a body, a stopper and a plunger, the body
comprising an outlet at an outlet end and the stopper being arranged within the body such that a
front surfacc of the stopper and the body define a variable volume chamber from which a fluid
can be expelled though the outlet, the plunger comprising a plunger contact surface at a first end
and a rod extending between the plunger contact surface and a rear portion, the plunger contact
surface arranged to contact the stopper, such that the plunger can be used to force the stopper
towards the outlet end of the body, reducing the volume of the variable volume chamber,

characterised in that the fluid is an ophthalmic solution which comprises a VEGF-antagonist.

2. A pre-filled syringe according to claim 1, wherein the syringe has a nominal maximum fill

volume of between about 0.1ml and about 1.5ml.

3. A pre-filled syringe according to claim | or claim 2, wherein the syringe has a nominal

maximum fill volume of between about 0.5ml and about 1ml.

4. A pre-filled syringe according to any previous claim, wherein the syringe is filled with

between about 0.01ml and about 1.5ml of a VEGF antagonist solution.

5. A pre-filled syringe according to any previous claim, wherein the syringe is filled with

between about 0.15ml and about 0.175ml of « VEGF antagonist solution.

6. A pre-filled syringe according to any previous claim, wherein the syringe is filled with dosage

volume of between about 0.03ml and about 0.05ml of a VEGF antagonist solution.

7. A pre-filled syringe according to any previous claim, wherein the syringe is filled with dosage

volume of about 0.05ml of a VEGF antagonist solution.

8. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an

internal coating of silicone that has an average thickness of about 450nm or less.

8. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an

internal coating of less than about 500ug silicone.
9. A pre-filled syringe according to any previous claim, wherein the syringe is silicone free.

10. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution

comprises one or more of (1) no more than 2 particles >50um in diameter per ml, (i1) no more
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than 5 particles >25um in diameter per ml, and (iii) no more than 50 particles >10um in diameter

per mlL

11. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution
meets USP789.

12. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist is an

anti-VEGF antibody.
13. A pre-filled syringe according to claim 12, wherein the anti-VEGF antibody is ranibizumab.

14. A pre-filled syringe according to claim 11, wherein the VEGF antagonist is a non-antibody

VEGF antagonist.

15. A pre-filled syringe according to claim 14, wherein the non-antibody VEGF antagonist is

aflibercept or conbercept.

16. A pre-filled syringe according to claim 15, wherein the non-antibody VEGF antagonist is

aflibercept at a concentration of 40mg/ml.
17. A pre-filled syringe according to claim 16, wherein:

(i) the syringe has a nominal maximum fill volume of between about 0.5ml and about

1ml,

(it) the syringe is filled with between about 0.15ml and about 0.175ml of aflibercept,
(iti) the syringe is filled with dosage volume of about 0.05ml,

(iv) the syringe barrel has an internal coating of less than about 500ug silicone, and

(v) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter

per mlL

18. A blister pack comprising a pre-filled syringe according to any previous claim, wherein the

syringe has been sterilised using H,O; or Et1O.

19. A blister pack comprising a pre-filled syringe according to claim 18, wherein the outer

surface of the syringe has <lppm EtO residue.

20. A blister pack comprising a pre-filled syringe according to claim 18 or claim 19, wherein

<5% of the VEGF antagonist is alkylated.
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21. A blister pack comprising a pre-filled syringe according to any of claims 18-21, wherein the

syringe has been sterilised using 1O with a Sterility Assurance Level of at least 10°°.

22. A kit comprising: (1) a pre-filled syringe according to any one of claims 1-17, or a blister
pack comprising a pre-filled syringe according to any one of claims 18-21, (ii) a needle, and

optionally (iil) instructions for administration.
23. A kit according to claim 22, wherein the needle is a 30-gauge x 4 inch needle.
24, A pre-filled syringe according to any one of claims 1-17 for use in therapy.

25. A pre-filled syringe according to any one of claims 1-17 for use in the treatment of an ocular
disease selected from choroidal neovascularisation, wet age-related macular degeneration,
macular edema secondary to retinal vein occlusion (RVO) inchuding both branch RVO (bRVO)
and central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

26. A method of treating a patient suffering from of an ocular discasc selected from choroidal
neovascularisation, wet age-related macular degeneration, macular edema secondary to retinal
vein occlusion (RVQ) including both branch RVO (bRVO) and central RVO (¢cRVQ), choroidal
neovascularisation secondary to pathologic myopia (PM), diabetic macular edema (DME),
diabetic retinopathy, and proliferative retinopathy, comprising the step of administering an

ophthalmic solution to the patient using a pre-filled syringe of the invention.

27. The method of claim 26, further comprising an initial priming step in which the physician
depresses the plunger of the pre-filled syringe to align the pre-determined part of the stopper

with the priming mark.

-16-

Regeneron Exhibit 1002.1194



S

Fig 1
2y
Y

1/1

& 1o 22

Regeneron Exhibit 1002.1195



PATO55157-EP-EPA
ABSTRACT

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.
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SYRINGE

TECHNICAL FIELD

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.

BACKGROUND ART

Many medicaments are delivered to a patient in a syringe from which the user can dispense the
medicament. If medicament is delivered to a patient in a syringe it is often to enable the patient,
or a caregiver, to inject the medicament. It is important for patient safety and medicament
integrity that the syringe and the contents of that syringe are sufficiently sterile to avoid
infection, or other, risks for patients. Sterilisation can be achieved by terminal sterilisation in
which the assembled product, typically already in its associated packaging, is sterilised using

heat or a sterilising gas.

For small volume syringes, for example those for injections into the eye in which it is intended
that about 0.1ml or less of liquid is to be injected the sterilisation can pose difficulties that are
not necessarily associated with larger syringes. Changes in pressure, internal or external to the
syringe, can cause parts of the syringe to move unpredictably, which may alter sealing
characteristics and potentially compromise sterility. Incorrect handling of the syringe can also

pose risks to product sterility.

Furthermore, certain therapeutics such as biologic molecules are particularly sensitive to
sterilisation, be it cold gas sterilisation, thermal sterilisation, or irradiation. Thus, a careful
balancing act is required to ensure that while a suitable level of sterilisation is carried out, the
syringe remains suitably sealed, such that the therapeutic is not compromised. Of course, the
syringe must also remain easy to use, in that the force required to depress the plunger to

administer the medicament must not be too high.

There is therefore a need for a new syringe construct which provides a robust seal for its content,

but which maintains ease of use.

DISCLOSURE OF THE INVENTION

The present invention provides a pre-filled syringe, the syringe comprising a body, a stopper and
a plunger, the body comprising an outlet at an outlet end and the stopper being arranged within

the body such that a front surface of the stopper and the body define a variable volume chamber

-1-
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from which a fluid can be expelled though the outlet, the plunger comprising a plunger contact
surface at a first end and a rod extending between the plunger contact surface and a rear portion,
the plunger contact surface arranged to contact the stopper, such that the plunger can be used to
force the stopper towards the outlet end of the body, reducing the volume of the variable volume
chamber, characterised in that the fluid comprises an ophthalmic solution. In one embodiment,

the ophthalmic solution comprises a VEGF-antagonist.

In one embodiment, the syringe is suitable for ophthalmic injections, more particularly
intravitreal injections, and as such has a suitably small volume. The syringe may also be silicone
oil free, or substantially silicone oil free, or may comprise a low level of silicone oil as lubricant.
In one embodiment, despite the low silicone oil level, the stopper break loose and slide force is
less than 20N.

For ophthalmic injections, it is particularly important for the ophthalmic solution to have
particularly low particle content. In one embodiment, the syringe meets US Pharmacopeia
standard 789 (USP789).

Syringe

The body of the syringe may be a substantially cylindrical shell, or may include a substantially
cylindrical bore with a non circular outer shape. The outlet end of the body includes an outlet
through which a fluid housed within the variable volume chamber can be expelled as the volume
of said chamber is reduced. The outlet may comprise a projection from the outlet end through
which extends a channel having a smaller diameter than that of the variable volume chamber.
The outlet may be adapted, for example via a luer lock type connection, for connection to a
needle or other accessory such as a sealing device which is able to seal the variable volume
chamber, but can be operated, or removed, to unseal the variable volume chamber and allow
connection of the syringe to another accessory, such as a needle. Such a connection may be
made directly between the syringe and accessory, or via the sealing device. The body extends

along a first axis from the outlet end to a rear end.

The body may be made from a plastic material (e.g. a cyclic olefin polymer) or from glass and
may include indicia on a surface thereof to act as an injection guide. In one embodiment the
body may comprise a priming mark. This allows the physician to align a pre-determined part of
the stopper (such as the tip of the front surface or one of the circumferential ribs, discussed later)

or plunger with the mark, thus expelling excess ophthalmic solution and any air bubbles from the
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syringe. The priming process ensures that an exact, pre-determined dosage is administered to the

patient.

The stopper may be made from rubber, silicone or other suitable resiliently deformable material.
The stopper may be substantially cylindrical and the stopper may include one or more
circumferential ribs around an outer surface of the stopper, the stopper and ribs being
dimensioned such that the ribs form a substantially fluid tight seal with an internal surface of the
syringe body. The front surface of the stopper may be any suitable shape, for example
substantially planar, substantially conical or of a domed shape. The rear surface of the stopper
may include a substantially central recess. Such a central recess could be used to connect a
plunger to the stopper using a snap fit feature or thread connection in a known manner. The

stopper may be substantially rotationally symmetric about an axis through the stopper.

The plunger comprises a plunger contact surface and extending from that a rod extends from the
plunger contact surface to a rear portion. The rear portion may include a user contact portion
adapted to be contacted by a user during an injection event. The user contact portion may
comprise a substantially disc shaped portion, the radius of the disc extending substantially
perpendicular to the axis along which the rod extends. The user contact portion could be any
suitable shape. The axis along which the rod extends may be the first axis, or may be

substantially parallel with the first axis.

The syringe may include a backstop arranged at a rear portion of the body. The backstop may be
removable from the syringe. If the syringe body includes terminal flanges at the end opposite the
outlet end the backstop may be configured to substantially sandwich terminal flanges of the body

as this prevent movement of the backstop in a direction parallel to the first axis.

The rod may comprise at least one rod shoulder directed away from the outlet end and the
backstop may include a backstop shoulder directed towards the outlet end to cooperate with the
rod shoulder to substantially prevent movement of the rod away from the outlet end when the
backstop shoulder and rod shoulder are in contact. Restriction of the movement of the rod away
from the outlet end can help to maintain sterility during terminal sterilisation operations, or other
operations in which the pressure within the variable volume chamber or outside the chamber
may change. During such operations any gas trapped within the variable volume chamber, or
bubbles that may form in a liquid therein, may change in volume and thereby cause the stopper
to move. Movement of the stopper away from the outlet could result in the breaching of a

sterility zone created by the stopper. This is particularly important for low volume syringes
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where there are much lower tolerances in the component sizes and less flexibility in the stopper.
The term sterility zone as used herein is used to refer to the area within the syringe that is sealed
by the stopper from access from either end of the syringe. This may be the arca between a secal
of the stopper, for example a circumferential rib, closest to the outlet and a seal of the stopper,
for example a circumferential rib, furthest from the outlet. The distance between these two seals
defines the sterility zone of the stopper since the stopper is installed into the syringe barrel in a

sterile environment.

To further assist in maintaining sterility during the operations noted above the stopper may
comprise at a front circumferential rib and a rear circumferential rib and those ribs may be
separated in a direction along the first axis by at least 3mm, by at least 3.5 mm, by at least
3.75mm or by 4mm or more. One or more additional ribs (for example 2, 3, 4 or 5 additional
ribs, or between 1-10, 2-8, 3-6 or 4-5 additional ribs) may be arranged between the front and rear

ribs. In one embodiment there are a total of three circumferential ribs.

A stopper with such an enhanced sterility zone can also provide protection for the injectable
medicament during a terminal sterilisation process. More ribs on the stopper, or a greater
distance between the front and rear ribs can reduce the potential exposure of the medicament to
the sterilising agent. However, increasing the number of ribs can increase the friction between
the stopper and syringe body, reducing ease of use. While this may be overcome by increasing
the siliconisation of the syringe, such an increase in silicone oil levels is particularly undesirable

for syringes for ophthalmic use.

The rod shoulder may be arranged within the external diameter of the rod, or may be arranged
outside the external diameter of the rod. By providing a shoulder that extends beyond the
external diameter of the rod, but still fits within the body, the shoulder can help to stabilise the
movement of the rod within the body by reducing movement of the rod perpendicular to the first
axis. The rod shoulder may comprise any suitable shoulder forming elements on the rod, but in

one embodiment the rod shoulder comprises a substantially disc shaped portion on the rod.

In one embodiment of the syringe, when arranged with the plunger contact surface in contact
with the stopper and the variable volume chamber is at its intended maximum volume there is a
clearance of no more than about 2mm between the rod shoulder and backstop shoulder. In some
embodiments there is a clearance of less than about 1.5 mm and in some less than about 1mm.
This distance is selected to substantially limit or prevent excessive rearward (away from the

outlet end) movement of the stopper.
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In one embodiment the variable volume chamber has an internal diameter greater than Smm or
6mm, or less than 3mm or 4mm. The internal diameter may be between 3mm and 6mm, or

between 4mm and Smm.

In another embodiment the syringe is dimensioned so as to have a nominal maximum fill volume
of between about 0.1ml and about 1.5ml. In certain embodiments the nominal maximum fill
volume is between about 0.5ml and about Iml. In certain embodiments the nominal maximum

fill volume is about 0.5ml or about 1ml, or about 1.5ml.

The length of the body of the syringe may be less than 70mm, less than 60mm or less than

50mm. In one embodiment the length of the syringe body is between 45mm and 50mm.

In one embodiment, the syringe is filled with between about 0.01ml and about 1.5ml (for
example between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml, between
about 0.15ml and about 0.175ml) of a VEGF antagonist solution. In one embodiment, the
syringe is filled with 0.165ml of a VEGF antagonist solution. Of course, typically a syringe is
filled with more than the desired dose to be administered to the patient, to take into account
wastage due to “dead space” within the syringe and needle. There may also be a certain amount

of wastage when the syringe is primed by the physician, so that it is ready to inject the patient.

Thus, in one embodiment, the syringe is filled with a dosage volume (i.e. the volume of
medicament intended for delivery to the patent) of between about 0.01ml and about 1.5ml (e.g.
between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml) of a VEGF
antagonist. solution. In one embodiment, the dosage volume is between about 0.03ml and about
0.05ml. For example, for Lucentis, the dosage volume is 0.05ml or 0.03ml (0.5mg or 0.3mg) of a
10mg/ml injectable medicament solution; for Eylea, the dosage volume is 0.05ml of a 40mg/ml
injectable medicament solution. Although unapproved for ophthalmic indications, bevacizumab
is used off-label in such ophthalmic indications at a concentration of 25mg/ml; typically at a

dosage volume of 0.05ml (1.25mg).

In one embodiment the length of the syringe body is between about 45mm and about 50mm, the
internal diameter is between about 4mm and about Smm, the fill volume is between about 0.12

and about 0.3ml and the dosage volume is between about 0.03ml and about 0.05ml.

As the syringe contains a medicament solution, the outlet may be reversibly sealed to maintain

sterility of the medicament. This sealing may be achieved through the use of a sealing device as
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is known in the art. For example the OVS™ system which is available from Vetter Pharma

International GmbH.

It is typical to siliconise the syringe in order to allow ease of use, i.e. to apply silicone oil to the
inside of the barrel, which decreases the force required to move the stopper. However, for
ophthalmic use, it is desirable to decrease the likelihood of silicone oil droplets being injected
into the eye. With multiple injections, the amount of silicone droplets can build up in the eye,
causing potential adverse effects. Furthermore, silicone oil can cause proteins to aggregate. A
typical 1ml syringe comprises 100-800ug silicone oil in the barrel, though a survey of
manufacturers reported that 500-1000png was typically used in pre-filled syringes (Badkar et al.
2011, AAPS PharmaSciTech, 12(2):564-572). Thus, in one embodiment, a syringe according to
the invention comprises less than about 800pg (i.e. about less than about 500ug, less than about
300pg, less than about 200ng, less than about 100ng, less than about 75pg, less than about 50pg,
less than about 25pg, less than about 15pg, less than about 10ug) silicone oil in the barrel.
Methods for measuring the amount of silicone oil in such a syringe barrel are known in the art
and include, for example, differential weighing methods and quantitation by infrared-
spectroscopy of the oil diluted in a suitable solvent. Various types of silicone oil are available,
but typically either DC360 (Dow Corning®; with a viscosity of 1000cP) or DC365 emulsion
(Dow Corning®; DC360 oil with a viscosity of 350cP) are used for syringe siliconisation. In one

embodiment, the pre-filled syringe of the invention comprises DC365 emulsion.

During testing it was surprisingly found that, for syringes having small dimensions, such as those
discussed above, and particularly those described in conjunction with the Figures below, the
break loose and sliding forces for the stopper within the syringe are substantially unaffected by
reducing the siliconisation levels far below the current standard to the levels discussed here. This
is in contrast to conventional thinking that would suggest that if you decrease the silicone oil
level, the forces required would increase (see e.g. Schoenknecht, AAPS National Biotechnology
Conference 2007 — Abstract no. NBC07-000488, which indicates that while 400ug silicone oil is
acceptable, usability improves when increased to 800ng). Having too great a force required to
move the stopper can cause problems during use for some users, for example accurate dose
setting or smooth dose delivery may be made more difficult if significant strength is required to
move, and/or keep in motion, the stopper. Smooth administration is particularly important in
sensitive tissues such as the eye, where movement of the syringe during administration could
cause local tissue damage. Break loose and slide forces for pre-filled syringes known in the art

are typically in the region of less than 20N, but where the pre-filled syringes contain about
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100ug-about 800ug silicone oil. In one embodiment the glide/slide force for the stopper within
the pre-filled syringe is less than about 11N or less than 9N, less than 7N, less than 5N or
between about 3N to 5N. In one embodiment, the break loose force is less than about 11N or less
than 9N, less than 7N, less than 5N or between about 2N to 5N. Note that such measurements are
for a filled syringe, rather than an empty syringe. The forces are typically measured at a stopper
travelling speed of 190mm/min. In one embodiment, the forces are measured with a 30G x 0.5
inch needle attached to the syringe. In one embodiment, the syringe has a nominal maximal fill
volume of between about 0.5ml and 1ml, contains less than about 100pg silicone oil and has a

break loose force between about 2N to 5N.

In one embodiment the syringe barrel has an internal coating of silicone oil that has an average
thickness of about 450nm or less (i.e. 400nm or less, 350nm or less, 300nm or less, 200nm or
less, 100nm or less, SOnm or less, 20nm or less). Methods to measure the thickness of silicone oil
in a syringe are known in the art and include the rap.ID Layer Explorer® Application, which can

also be used to measure the mass of silicone oil inside a syringe barrel.

In one embodiment, the syringe is silicone oil free, or substantially silicone oil free. Such low
silicone oil levels can be achieved by using uncoated syringe barrels and/or by avoiding the use
of silicone oil as a lubricant for product contacting machine parts, or pumps in the syringe
assembly and fill line. A further way to reduce silicone oil and inorganic silica levels in a pre-
filled syringe is to avoid the use of silicone tubing in filling lines, for example between storage

tanks and pumps.

The syringe according to the invention may also meet certain requirements for particulate
content. In one embodiment, the ophthalmic solution comprises no more than 2 particles >50pm
in diameter per ml. In one embodiment, the ophthalmic solution comprises no more than 5
particles >25um in diameter per ml. In one embodiment, the ophthalmic solution comprises no
more than 50 particles >10um in diameter per ml. In one embodiment, the ophthalmic solution
comprises no more than 2 particles >50pum in diameter per ml, no more than 5 particles >25um
in diameter per ml and no more than 50 particles >10um in diameter per ml. In one embodiment,
a syringe according to the invention meets USP789 (United States Pharmacopoeia: Particulate
Matter in Ophthalmic Solutions). In one embodiment the syringe has low levels of silicone oil

sufficient for the syringe to meet USP789.
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VEGF Antagonists

Antibody VEGE antagonists

VEGEF is a well-characterised signal protein which stimulates angiogenesis. Two antibody VEGF
antagonists have been approved for human use, namely ranibizumab (Lucentis®) and

bevacizumab (Avastin®).

Non-Antibody VEGF antagonists

In one aspect of the invention, the non-antibody VEGF antagonist is an immunoadhesin. One
such immuoadhesin is aflibercept (Eylea®), which has recently been approved for human use
and is also knowh as VEGF-trap (Holash et al. (2002) PNAS US4 99:11393-98; Riely & Miller
(2007) Clin Cancer Res 13:4623-7s). Aflibercept is the preferred non-antibody VEGF antagonist
for use with the invention. Aflibercept is a recombinant human soluble VEGF receptor fusion
protein consisting of portions of human VEGF receptors 1 and 2 extracellular domains fused to
the Fc portion of human IgG1. It is a dimeric glycoprotein with a protein molecular weight of 97
kilodaltons (kDa) and contains glycosylation, constituting an additional 15% of the total
molecular mass, resulting in a total molecular weight of 115 kDa. It is conveniently produced as
a glycoprotein by expression in recombinant CHO K1 cells. Each monomer can have the

following amino acid sequence (SEQ ID NO: 1):

SDTGRPFVEMYSEIPEITHMTEGRELVIPCRVTSPNITVILKKFPLDTLIPDGKRIIWDSRKGFIISNATY
KEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDFNWEYPS
SKHQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVITRSDOGLYTCAAS SGLMTKKNSTFVRVHEKDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVK
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSL
SLSPG

and disulfide bridges can be formed between residues 30-79, 124-185, 246-306 and 352-410

within each monomer, and between residues 211-211 and 214-214 between the monomers.

Another non-antibody VEGF antagonist immunoadhesin currently in pre-clinical development is
a recombinant human soluble VEGF receptor fusion protein similar to VEGF-trap containing
extracellular ligand-binding domains 3 and 4 from VEGFR2/KDR, and domain 2 from
VEGFRI1/Flt-1; these domains are fused to a human IgG Fc protein fragment (Li et al., 2011
Molecular Vision 17:797-803). This antagonist binds to isoforms VEGF-A, VEGF-B and VEGF-

C. The molecule is prepared using two different production processes resulting in different
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glycosylation patterns on the final proteins. The two glycoforms are referred to as KH902

(conbercept) and KH906. The fusion protein can have the following amino acid sequence (SEQ

ID NO:2):
MVSYWDTGVLLCALLSCLLLTGSSSGGRPFVEMY SEI PEI THMTEGRELVIPCRVTSPNITVTLKKFPLDT
LIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVVLSPSHGIELSVGEK
LVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRSDQGLYTCAASSG
LMTKKNSTFVRVHEK PFVAFGSGMESLVEATVGERVRLPAKYLGYPPPEIKWYKNGI PLESNHTIKAGHVL
TIMEVSERDTGNYTVILTNPISKEKQSHVVSLVVYVPPGPGDKTHTCPLCPAPELLGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC

KVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYK
ATPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALHNHYTQKSLSLSPGK

and, like VEGF-trap, can be present as a dimer. This fusion protein and related molecules are

further characterized in EP1767546.

Other non-antibody VEGF antagonists include antibody mimetics (e.g. Affibody® molecules,
affilins, affitins, anticalins, avimers, Kunitz domain peptides, and monobodies) with VEGF
antagonist activity. This includes recombinant binding proteins comprising an ankyrin repeat
domain that binds VEGF-A and prevents it from binding to VEGFR-2. One example for such a
molecule is DARPin® MP0112. The ankyrin binding domain may have the following amino
acid sequence (SEQ ID NO: 3):

GSDLGKKLLEAARAGQDDEVRILMANGADVNTADSTGWT PLHLAVPWGHLEIVEVLLKYGADVNAKDFQGW
TPLHLAAATGHQEIVEVLLKNGADVNAQDKFGKTAFDISIDNGNEDLAEILOKAA

Recombinant binding proteins comprising an ankyrin repeat domain that binds VEGF-A and
prevents it from binding to VEGFR-2 are described in more detail in W02010/060748 and
WO02011/135067.

Further specific antibody mimetics with VEGF antagonist activity are the 40 kD pegylated
anticalin PRS-050 and the monobody angiocept (CT-322).

The afore-mentioned non-antibody VEGF antagonist may be modified to further improve their
pharmacokinetic properties or bioavailability. For example, a non-antibody VEGF antagonist
may be chemically modified (e.g., pegylated) to extend its in vivo half-life. Alternatively or in
addition, it may be modified by glycosylation or the addition of further glycosylation sites not
present in the protein sequence of the natural protein from which the VEGF antagonist was

derived.
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Variants of the above-specified VEGF antagonists that have improved characteristics for the
desired application may be produced by the addition or deletion of amino acids. Ordinarily, these
amino acid sequence variants will have an amino acid sequence having at least 60% amino acid
sequence identity with the amino acid sequences of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ ID
NO: 3, preferably at least 80%, more preferably at least 85%, more preferably at least 90%, and
most preferably at least 95%, including for example, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, and 100%. Identity
or homology with respect to this sequence is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with SEQ ID NO: 1, SEQ ID NO: 2 or SEQ
ID NO: 3, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part

of the sequence identity.

Sequence identity can be determined by standard methods that are commonly used to compare
the similarity in position of the amino acids of two polypeptides. Using a computer program
such as BLAST or FASTA, two polypeptides are aligned for optimal matching of their
respective amino acids (either along the full length of one or both sequences or along a pre-
determined portion of one or both sequences). The programs provide a default opening penalty
and a default gap penalty, and a scoring matrix such as PAM 250 [a standard scoring matrix; see
Dayhoff et al., in Atlas of Protein Sequence and Structure, vol. 5, supp. 3 (1978)] can be used in
conjunction with the computer program. For example, the percent identity can then be
calculated as: the total number of identical matches multiplied by 100 and then divided by the
sum of the length of the longer sequence within the matched span and the number of gaps

introduced into the longer sequences in order to align the two sequences.

Preferably, the non-antibody VEGF antagonist of the invention binds to VEGF via one or more
protein domain(s) that are not derived from the antigen-binding domain of an antibody. The non-
antibody VEGF antagonist of the invention are preferably proteinaceous, but may include

modifications that are non-proteinaceous (e.g., pegylation, glycosylation).

Therapy

The syringe of the invention may be used to treat an ocular disease, including but not limited to
choroidal neovascularisation, age-related macular degeneration (both wet and dry forms),

macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
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and central RVO (¢cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

Thus the invention provides a method of treating a patient suffering from of an ocular disease
selected from choroidal neovascularisation, wet age-related macular degeneration, macular
edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO) and
central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),
diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy, comprising
the step of administering an ophthalmic solution to the patient using a pre-filled syringe of the
invention. This method preferably further comprises an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

In one embodiment, the invention provides a method of treating an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary to
retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema
(DME), diabetic retinopathy, and proliferative retinopathy, comprising administering a non-
antibody VEGF antagonist with a pre-filled syringe of the invention, wherein the patient has

previously received treatment with an antibody VEGF antagonist.

Kits

Also provided are kits comprising the pre-filled syringes of the invention. In one embodiment,
such a kit comprises a pre-filled syringe of the invention in a blister pack. The blister pack may
itself be sterile on the inside. In one embodiment, syringes according to the invention may be
placed inside such blister packs prior to undergoing sterilisation, for example terminal

sterilisation.

Such a kit may further comprise a needle for administration of the VEGF antagonist. If the
VEGF antagonist is to be administered intravitreally, it is typical to use a 30-gauge x %2 inch
needle, though 31-gauge and 32-gauge needles may be used. For intravitreal administration,
33-gauge or 34-gauge needles could alternatively be used. Such kits may further comprise
instructions for use. In one embodiment, the invention provides a carton containing a pre-filled
syringe according to the invention contained within a blister pack, a needle and optionally

instructions for administration.
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Sterilisation

As noted above, a terminal sterilisation process may be used to sterilise the syringe and such a
process may use a known process such as an ethylene oxide (EtO) or a hydrogen peroxide
(H20,) sterilisation process. Needles to be used with the syringe may be sterilised by the same

method, as may Kkits according to the invention.

The package is exposed to the sterilising gas until the outside of the syringe is sterile. Following
such a process, the outer surface of the syringe may remain sterile (whilst in its blister pack) for
up to 6 months, 9 months, 12 months, 15 months, 18 months, 24 months or longer. Thus, in one
embodiment, a syringe according to the invention (whilst in its blister pack) may have a shelf life
of up to 6 months, 9 months, 12 months, 15 months, 18 months, 24 months or longer. In one
embodiment, less than one syringe in a million has detectable microbial presence on the outside
of the syringe after 18 months of storage. In one embodiment, the pre-filled syringe has been
sterilised using EtO with a Sterility Assurance Level of at least 10°°. In one embodiment, the pre-
filled syringe has been sterilised using hydrogen peroxide with a Sterility Assurance Level of at
least 10°. Of course, it is a requirement that significant amounts of the sterilising gas should not
enter the variable volume chamber of the syringe. The term “significant amounts” as used herein
refers to an amount of gas that would cause unacceptable modification of the ophthalmic
solution within the variable volume chamber. In one embodiment, the sterilisation process causes
<10% (preferably <5%, <3%, <1%) alkylation of the VEGF antagonist. In one embodiment, the
pre-filled syringe has been sterilised using EtO, but the outer surface of the syringe has <1ppm,
preferably <0.2ppm EtO residue. In one embodiment, the pre-filled syringe has been sterilised
using hydrogen peroxide, but the outer surface of the syringe has <lppm, preferably <0.2ppm
hydrogen peroxide residue. In another embodiment, the pre-filled syringe has been sterilised
using EtO, and the total EtO residue found on the outside of the syringe and inside of the blister
pack is <0.1mg. In another embodiment, the pre-filled syringe has been sterilised using hydrogen
peroxide, and the total hydrogen peroxide residue found on the outside of the syringe and inside

of the blister pack is <0.1mg.

General

The term “comprising” means “including” as well as “consisting” e.g. a composition

“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.
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The term “about” in relation to a numerical value x means, for example, x+10%.

References to a percentage sequence identity between two amino acid sequences means that,
when aligned, that percentage of amino acids are the same in comparing the two sequences. This
alignment and the percent homology or sequence identity can be determined using software
programs known in the art, for example those described in section 7.7.18 of Current Protocols in
Molecular Biology (F.M. Ausubel et al., eds., 1987) Supplement 30. A preferred alignment is
determined by the Smith-Waterman homology search algorithm using an affine gap search with
a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-
Waterman homology search algorithm is disclosed in Smith & Waterman (1981) 4dv. Appl.
Math. 2: 482-489

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a side view of a syringe

Figure 2 shows a cross section of a top down view of a syringe
Figure 3 shows a view of a plunger

Figure 4 shows a cross section though a plunger

Figure 5 shows a stopper

MODES FOR CARRYING OUT THE INVENTION

The invention will now be further described, by way of example only, with reference to the

drawings.

Figure 1 shows a view from a side of a syringe 1 comprising a body 2, plunger 4, backstop 6 and a

sealing device 8.

Figure 2 shows a cross section through the syringe 1 of Figure 1 from above. The syringe 1 is
suitable for use in an ophthalmic injection. The syringe 1 comprises a body 2, a stopper 10 and a
plunger 4. The syringe 1 extends along a first axis A. The body 2 comprises an outlet 12 at an
outlet end 14 and the stopper 10 is arranged within the body 2 such that a front surface 16 of the
stopper 10 and the body 2 define a variable volume chamber 18. The variable volume chamber 18

contains an injectable medicament 20 comprising an ophthalmic solution comprising a VEGF

13-
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antagonist such as ranibizumab. The injectable fluid 20 can be expelled though the outlet 12 by
movement of the stopper 10 towards the outlet end 14 thereby reducing the volume of the variable
volume chamber 18. The plunger 4 comprises a plunger contact surface 22 at a first end 24 and a
rod 26 extending between the plunger contact surface 22 and a rear portion 25. The plunger contact
surface 22 is arranged to contact the stopper 10, such that the plunger 4 can be used to move the
stopper 10 towards the outlet end 14 of the body 2. Such movement reduces the volume of the

variable volume chamber 18 and causes fluid therein to be expelled though the outlet.

The backstop 6 is attached to the body 2 by coupling to a terminal flange 28 of the body 2. The
backstop 6 includes sandwich portion 30 which is adapted to substantially sandwich at least some of
the terminal flange 28 of the body 2. The backstop 6 is adapted to be coupled to the body 2 from
the side by leaving one side of the backstop 6 open so that the backstop 6 can be fitted to the syringe
2.

The body 2 defines a substantially cylindrical bore 36 which has a bore radius. The rod 26
comprises a rod shoulder 32 directed away from the outlet end 14. The rod shoulder 32 extends
from to a rod shoulder radius from the first axis A which is such that it is slightly less than the bore
radius so that the shoulder fits within the bore 36. The backstop 6 includes a backstop shoulder 34
directed towards the outlet end 14. The shoulders 32, 34 are configured to cooperate to
substantially prevent movement of the rod 26 away from the outlet end 14 when the backstop
shoulder 34 and rod shoulder 32 are in contact. The backstop shoulder 34 extends from outside the
bore radius to a radius less than the rod shoulder radius so that the rod shoulder 32 cannot pass the
backstop shoulder 34 by moving along the first axis A. In this case the rod shoulder 32 is
substantially disc, or ring, shaped and the backstop shoulder 34 includes an arc around a rear end 38

of the body 2.

The backstop 6 also includes two finger projections 40 which extend in opposite directions away
from the body 2 substantially perpendicular to the first axis A to facilitate manual handling of the

syringe 1 during use.

In this example the syringe comprises a 0.5ml body 2 filled with between about 0.1 and 0.3 ml of an
injectable medicament 20 comprising a 10mg/ml injectable solution comprising ranibizumab. The
syringe body 2 has an internal diameter of about between about 4.5mm and 4.8mm, a length of

between about 45mm and 50mm.

The plunger 4 and stopper 10 will be described in more detail with reference to later figures.

-14-
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Figure 3 shows a perspective view of the plunger 4 of Figure 1 showing the plunger contact surface
22 at the first end 24 of the plunger 4. The rod 26 extends from the first end 24 to the rear portion
25. The rear portion 25 includes a disc shaped flange 42 to facilitate user handling of the device.

The flange 42 provides a larger surface area for contact by the user than a bare end of the rod 26.

Figure 4 shows a cross section though a syringe body 2 and rod 26. The rod 26 includes four
longitudinal ribs 44 and the angle between the ribs is 90°.

Figure 5 shows a detailed view of a stopper 10 showing a conical shaped front surface 16 and three
circumferential ribs 52,54,56 around a substantially cylindrical body 58. The axial gap between the
first rib 52 and the last rib 56 is about 3mm. The rear surface 60 of the stopper 10 includes a
substantially central recess 62. The central recess 62 includes an initial bore 64 having a first
diameter. The initial bore 64 leading from the rear surface 60 into the stopper 10 to an inner recess

66 having a second diameter, the second diameter being larger than the first diameter.

Stopper movement forces

0.5ml syringes siliconised with <100ug silicone oil, filled with Lucentis, comprising one of two
different stopper designs were tested for maximal and average break out and slide force. Prior to
testing, 30G x 0.5” needles were attached to the syringes. The testing was carried out at a stopper
speed of 190mm/min over a travel length of 10.9mm. Stopper design 2 had a 45% increase in the

distance between the front circumferential rib and rear circumferential rib.

Stopper design 1 Stopper design 2
Batch A Batch B Batch C Batch D Batch E
Break loose | Average of 10 | 2.2N 23N 1.9N 2.IN 2.5N
force of | syringes
syringes Max individual | 2.5N 2.5N 23N 2.6N 27N
value
Sliding force | Average of 10| 3.IN 32N 3.1N 4.IN 4.6N
syringes
Max individual | 3.5N 3.5N 3.6N 4. TN 4.8N
value
-15-
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For both stopper designs, average and maximum break out force remained below 3N. For both

stopper designs, average and maximum sliding force remained below SN.

It will be understood that the invention has been described by way of example omly and

modifications may be made whilst remaining within the scope and spirit of the invention.

-16-
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CLAIMS

1. A pre-filled syringe, the syringe comprising a body, a stopper and a plunger, the body
comprising an outlet at an outlet end and the stopper being arranged within the body such that a
front surface of the stopper and the body define a variable volume chamber from which a fluid
can be expelled though the outlet, the plunger comprising a plunger contact surface at a first end
and a rod extending between the plunger contact surface and a rear portion, the plunger contact
surface arranged to contact the stopper, such that the plunger can be used to force the stopper
towards the outlet end of the body, reducing the volume of the variable volume chamber,
characterised in that the fluid is an ophthalmic solution which comprises a VEGF-antagonist

wherein:
(a) the syringe has a nominal maximum fill volume of between about 0.5ml and about 1ml,

(b) the syringe is filled with between about 0.15ml and about 0.175ml of said VEGF antagonist
solution which comprises a dosage volume of between about 0.03ml and about 0.05ml of said

VEGF antagonist solution,
(c) the syringe barrel comprises less than about 500ug silicone oil, and
(d) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per ml.

2. A pre-filled syringe according to any previous claim, wherein the syringe is filled with dosage

volume of about 0.05ml of a VEGF antagonist solution.

3. A pre-filled syringe according to any previous claim, in which the dosage volume is
determined by the volume of the variable volume chamber when a predetermined part of the

stopper is aligned with a priming mark on the syringe.

4. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an

internal coating of silicone oil that has an average thickness of about 450nm or less.

5. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of less than about 500ug silicone oil, preferably less than about 50pg silicone

oil, preferably less than about 25ug silicone oil, preferably less than about 10ug silicone oil.

6. A pre-filled syringe according to any previous claim, wherein the silicone oil is DC365

emulsion.

7. A pre-filled syringe according to any previous claim, wherein the syringe is silicone oil free.

-17-
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8. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution
further comprises one or more of (i) no more than 5 particles >25um in diameter per ml, and (ii)

no more than 50 particles >10pum in diameter per ml.

9. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution

5 meets USP789.

10. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist is an
anti-VEGF antibody.

11. A pre-filled syringe according to claim 10, wherein the anti-VEGF antibody is ranibizumab.

12. A pre-filled syringe according to claim 11, wherein the ranibizumab is at a concentration of
10 10mg/ml.

13. A pre-filled syringe according to any one of claims 1-9, wherein the VEGF antagonist is a
non-antibody VEGF antagonist.

14. A pre-filled syringe according to claim 13, wherein the non-antibody VEGF antagonist is

aflibercept or conbercept.

15  15. A pre-filled syringe according to claim 14, wherein the non-antibody VEGF antagonist is

aflibercept at a concentration of 40mg/ml.

16. A pre-filled syringe according to any previous claim, wherein the syringe has a stopper break

loose force of less than about 11N.

17. A pre-filled syringe according to claim 16, wherein the syringe has a stopper break loose

20 force of less than about 5N.

18. A pre-filled syringe according to any previous claim, wherein the syringe has a stopper slide
force of less than about 11N.

19. A pre-filled syringe according to claim 18, wherein the syringe has a stopper slide force of

less than about SN.

25  20. A pre-filled syringe according to any of claims 16-19, wherein the stopper break loose force
or stopper slide force is measured using a filled syringe, at a stopper travelling speed of

190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

18-
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21. A blister pack comprising a pre-filled syringe according to any previous claim, wherein the

syringe has been sterilised using H,O, or EtO.

22. A blister pack comprising a pre-filled syringe according to claim 21, wherein the outer

surface of the syringe has <l1ppm EtO or H,O, residue.

23. A blister pack comprising a pre-filled syringe according to claim 21, wherein the syringe has
been sterilised using EtO or H,0, and the total EtO or H,O, residue found on the outside of the

syringe and inside of the blister pack is <0.1mg.

24. A blister pack comprising a pre-filled syringe according to any one of claims 21-23, wherein

<5% of the VEGIF antagonist is alkylated.

25. A blister pack comprising a pre-filled syringe according to any of claims 21-24, wherein the

syringe has been sterilised using EtO or H,0O, with a Sterility Assurance Level of at least 107.

26. A blister pack according to any of claims 21-25, wherein the pre-filled syringe has a shelf life

of up to 6 months, 9 months, 12 months, 15 months, 18 months, 24 months or longer.

27. A kit comprising: (i) a pre-filled syringe according to any one of claims 1-20, or a blister
pack comprising a pre-filled syringe according to any one of claims 21-26, (ii) a needle, and

optionally (iii) instructions for administration.
28. A kit according to claim 27, wherein the needle is a 30-gauge x V2 inch needle.
29. A pre-filled syringe according to any one of claims 1-20 for use in therapy.

30. A pre-filled syringe according to any one of claims 1-20 for use in the treatment of an ocular
disease selected from choroidal neovascularisation, wet age-related macular degeneration,
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVO), chordidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

31. A method of treating a patient suffering from of an ocular disease selected from choroidal
neovascularisation, wet age-related macular degeneration, macular edema secondary to retinal
vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (¢cRVO), choroidal
neovascularisation secondary to pathologic myopia (PM), diabetic macular edema (DME),
diabetic retinopathy, and proliferative retinopathy, comprising the step of administering an

ophthalmic solution to the patient using a pre-filled syringe according to any one of claims 1-20.

-19-
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32. The method of claim 31, further comprising an initial priming step in which the physician
depresses the plunger of the pre-filled syringe to align the pre-determined part of the stopper

with the priming mark.

33. A method according to claim 31 or 32, wherein the VEGF antagonist administered is a non-
antibody VEGF antagonist and wherein the patient has previously received treatment with an

antibody VEGF antagonist.

-20-

Regeneron Exhibit 1002.1218



1/1

3
Fig 1
é; W% 6 rozz 2
AN L

.. {
{

4 i :
AN A S T A LA 1\\3\\\

(
36 2é

Regeneron Exhibit 1002.1219



ABSTRACT

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.

21-

Regeneron Exhibit 1002.1220



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

PRIORITY DOCUMENT EXCHANGE

FAILURE STATUS REPORT

An attempt by the Office to electronically retrieve, under the Priority Document Exchange programs (PDX and DAS),
2012101677 to which priority is claimed has FAILED on 12/04/2013.

For further questions or assistance, please contact our EBC Customer Support Center at

1-866-217-9197 (toll-free)

571-272-4100 (local)

M-F 6AM - Midnight (Eastern Time)

Regeneron Exhibit 1002.1221



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

PRIORITY DOCUMENT EXCHANGE

FAILURE STATUS REPORT

An attempt by the Office to electronically retrieve, under the Priority Document Exchange programs (PDX and DAS),
2012101678 to which priority is claimed has FAILED on 12/04/2013.

For further questions or assistance, please contact our EBC Customer Support Center at

1-866-217-9197 (toll-free)

571-272-4100 (local)

M-F 6AM - Midnight (Eastern Time)

Regeneron Exhibit 1002.1222



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

PRIORITY DOCUMENT EXCHANGE

FAILURE STATUS REPORT

An attempt by the Office to electronically retrieve, under the Priority Document Exchange programs (PDX and DAS),
2013100071 to which priority is claimed has FAILED on 12/04/2013.

For further questions or assistance, please contact our EBC Customer Support Center at

1-866-217-9197 (toll-free)

571-272-4100 (local)

M-F 6AM - Midnight (Eastern Time)

Regeneron Exhibit 1002.1223



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

PRIORITY DOCUMENT EXCHANGE

FAILURE STATUS REPORT

An attempt by the Office to electronically retrieve, under the Priority Document Exchange programs (PDX and DAS),
2013100070 to which priority is claimed has FAILED on 12/04/2013.

For further questions or assistance, please contact our EBC Customer Support Center at

1-866-217-9197 (toll-free)

571-272-4100 (local)

M-F 6AM - Midnight (Eastern Time)

Regeneron Exhibit 1002.1224



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/750,352 01/25/2013 Juergen Sigg PAT055157-US-NP
CONFIRMATION NO. 5306
1095 PUBLICATION NOTICE
NOVARTIS PHARMACEUTICAL CORPORATION
INTELLEGTUAL PROPERTY DEPARTMENT B

ONE HEALTH PLAZA 101/2
EAST HANOVER, NJ 07936-1080

Title:SYRINGE

Publication No.US-2014-0012227-A1
Publication Date:01/09/2014

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1

Regeneron Exhibit 1002.1225



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
. P.O.Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

NOVARTIS PHARMACEUTICAL IM A U &- E @

CORPORATION .
INTELLECTUAL PROPERTY JAN 2 4 2014
DEPARTMENT |

ONE HEALTH PLAZA 101/2 | OFFICE OF PETITIONS |

EAST HANOVER NJ 07936-1080

In re Application of : DECISION ON REQUEST TO

SIGG, et al. : PARTICIPATE IN THE PATENT
Application No.: 13/750,352 : PROSECUTION HIGHWAY
Filed: 25 January 2013 : PROGRAM AND PETITION
Attorney Docket No.: PAT0S5157-US-NP : TO MAKE SPECIAL UNDER
For: SYRINGE : 37 CFR 1.102(a)

This is a decision on the request to participate in the Patent Prosecution Highway (PPH) program
and the petition under 37 CFR 1.102(a), filed 16 August 2013, to make the above- 1dent1ﬁed
application special.

The request and petition are GRANTED.

DISCUSSION

A grantable request to participate in the PPH pilot program and petition to make special require:

1. The U.S. application and the corresponding application filed in the PPH 2.0 participating
office (with the allowable/patentable claim(s)) must have the same priority/filing date. In
particular, the U.S. application (including national stage entry of a PCT application and a
so-called bypass application filed under 35 U.S.C. 111 which validly claims benefit under
35 U.S.C. 120 to a PCT application):

a. is an application that validly claims priority under 35 U.S.C. § 119(a) and 37 CFR
1.55 to one or more applications filed with the PPH 2.0 participating office, or

b. is an application which is the basis of a valid priority claim under the Paris
- Convention for the application filed in the PPH 2.0 participating office, or

c. is an application which shares a common priority document with the application
filed in the PPH 2.0 participating office, or

Regeneron Exhibit 1002.1226



__ " Application No. 13/750,352 A Page 2

d. the application filed in the PPH 2.0 part1c1pat1ng office are derived from/related to
a PCT application having no priority claim.
2. Applicant must:
a. Ensure all the claims in the U.S. application must sufficiently correspond or be
amended to sufficiently correspond to the allowable/patentable claim(s) in the PPH
2.0 participating office application(s) and
b. Submit a claims correspondence table in English;
3. Examination of the U.S.-application has not begun;
4. Applicant must submit:
a. Documentation of prior office action:
1. acopy of the office action(s) just prior to the “Decision to Grant a Patent”
“from each of the PPH 2.0 participating office application(s) containing the
allowable/patentable claim(s) or
. if the allowable/patentable claims(s) are from a “Notification of Reasons
for Refusal” then the Notification of Reasons for Refusal or
ii. if the PPH 2.0 participating office application is a first action allowance
then no office action from the PPH 2.0 participating office is necessary should
be indicated on the request/petition form;
b. An English language translation of the PPH 2.0 participating office action from
(4)(a)(1)-(i1) above
5. Applicant must submit: -
a. AnIDS listing the documents cited by the PPH 2.0 participating office examiner
in the PPH 2.0 participating office action (unless already submitted in this
application) ,
b. Copies of the documents except U.S. patents or U.S. patent application
publications (unless already submitted in this application);

The request to participate in the PPH pilot program and petition comply with the above
requirements. Accordingly, the above-identified application has been accorded “special” status.

Telephone inquiries concerning this decision should be directed to Cheryl Gibson-Baylor at
(571) 272-3213.

All other inquiries concerning the examination or status of the appllcatlon 1s accessible in the -
PAIR system at http://www.uspto.gov/ebc.index.html.

This application will be forwarded to the examiner for action on the merits commensurate with
this decision once this application’s formality reviews have been completed.

T cCl
Petition?Examiner
Office of Petitions

Regeneron Exhibit 1002.1227



Doc code: IDS
Doc description: Information Disclosure Statement {IDS) Filed

PTO/SB/08a

(01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number

13750352

Filing Date

2013-01-25

First Named Inventor

Juergen Sigg

Art Unit

Examiner Name

Afttorney Docket Number

PAT055157-US-NP

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Narlne of Patentee or Applicant Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove

Examiner
Initial*

Cite No

Kind
Code!

Publication
Date

Publication
Number

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button.

Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or

Pages,Columns,Lines

Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code? | Code4| Date PP Passages or Relevant
Document .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate}, title of the item
Examiner| Cite s . . y
Initials* | No (bcok, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS

publisher, city and/or country where published.

EFS Web 2.1.17

Regeneron Exhibit 1002.1228



Application Number 13750352
Filing Date 2013-01-25

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Juergen Sigg
Art Unit

Examiner Name

Afttorney Docket Number PAT055157-US-NP

1 Badkar et al., “Development of biotechnology products in pre-filled syringes: technical considerations and approaches”, |:|
AAPS PharmaSciTech, Vol. 12, No. 2, pp. 564-572, (June 2011}

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here if]
English language translation is attached.

EFS Web 2.1.17

Regeneron Exhibit 1002.1229




Application Number 13750352

Filing Date 2013-01-25

INFORMATION DISCLOSURE

First Named Inventor | Juergen Sigg

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit

Examiner Name

Afttorney Docket Number PAT055157-US-NP

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the apprepriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e}(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[] The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d} for the
form of the signature.

Signature fJim Lyneh/ Date (YYYY-MM-DD) 2014-03-28

Name/Print Jim Lynch Registration Number 54,763

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file {(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This ccllecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amcunt of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17

Regeneron Exhibit 1002.1230




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject te the following routine uses:

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclesed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publicaticn of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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A U.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document Description Start End
Miscellaneous Incoming Letter 1 1
Application Data Sheet 2 9
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Total Files Size (in bytes); 2297127

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

phip.patents @novartis.com
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Application No. Applicant(s)
13/750,352 SIGG ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
Aarti Bhatia Berdichevsky 3763 ,S\ltgtus

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)[J Responsive to communication(s) filed on
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[X Claim(s) 1-32is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7) X Claim(s) 1-32is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al  b)X]I Some** ¢c)[] None of the:
1.[X] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s})
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) & Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 D Other-
Paper No(s)/Mail Date 1.25.13, 1.29.13, 3.19.13, 6.04.13, 10.28.13, ) er —

3.28.14.
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20140507
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Application/Control Number: 13/750,352 Page 2
Art Unit: 3763

DETAILED ACTION
This is the initial Office Action based on the 13/750,352 application filed on 1/25/2013.
Claims 1-32, as amended on 8/16/2013, are currently pending and have been

considered below.

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Claim Rejections - 35 USC § 112

2. The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

3. Claim 10 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the
subject matter which the inventor or a joint inventor, or for pre-AlA the applicant regards

as the invention.

4. Claim 10 recites the limitation "the silicone oil is a DC365 emulsion". There is

insufficient antecedent basis for this limitation in the claim, since silicone oil has not yet

been positively recited.
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Application/Control Number: 13/750,352 Page 3
Art Unit: 3763

5. The following is a quotation of 35 U.S.C. 112(d):

(d) REFERENCE IN DEPENDENT FORMS.—Subject to subsection (e), a claim in dependent
form shall contain a reference to a claim previously set forth and then specify a further
limitation of the subject matter claimed. A claim in dependent form shall be construed to
incorporate by reference all the limitations of the claim to which it refers.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), fourth paragraph:

Subject to the [fifth paragraph of 35 U.S.C. 112 (pre-AlA)], a claim in dependent form shall
contain a reference to a claim previously set forth and then specify a further limitation of the
subject matter claimed. A claim in dependent form shall be construed to incorporate by
reference all the limitations of the claim to which it refers.

6. Claims 2 and 3 are rejected under 35 U.S.C. 112(d) or pre-AlA 35 U.S.C. 112,
4th paragraph, as being of improper dependent form for failing to further limit the subject
matter of the claim upon which it depends, or for failing to include all the limitations of
the claim upon which it depends. Claims 2 and 3 require more solution than is already
limited by Claim 1, on which these claims depend. Applicant may cancel the claims,
amend the claims to place the claims in proper dependent form, rewrite the claims in
independent form, or present a sufficient showing that the dependent claims comply

with the statutory requirements.

Claim Rejections - 35 USC § 102
7. The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —
(b) the invention was patented or described in a printed publication in this or a foreign country

or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.
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8. Claims 1,4, 11,12, 13, 14, 15, 17, 30 rejected under pre-AlA 35 U.S.C. 102b as
being anticipated by WO 2007/035621 to Scypinkski et al.

Scypinski discloses the following:

1. A pre-filled syringe for intravitreal injection, the syringe comprising a glass
body forming a barrel, a stopper and a plunger (page 9, lines 13-20) and containing an
ophthalmic solution which comprises a VEGF-antagonist, wherein: (a) the syringe has a
nominal maximum fill volume of between about 0.5 ml and about 1 ml (page 9, lines 13-
20), (b) the syringe is filled with a dosage volume of between about 0.03 ml and about
0.05 ml of said VEGF antagonist solution (50 ul, page 10, line 12), (c) the syringe barrel
comprises less than about 500 ug silicone oil (Scypinski teaches a barrel without any
silicone oil), and (d) the VEGF antagonist solution comprises no more than 2 particles 2
50 um in diameter per ml (see table 1).

4. A pre-filled syringe according to claim 1, wherein the syringe is filled with
dosage volume of about 0.05 ml of a VEGF antagonist solution (100 uL or less, page
10, lines 4-12).

11. A pre-filled syringe according to claim 1, wherein the syringe is silicone oil
free.

12. A pre-filled syringe according to claim 1, wherein the VEGF antagonist
solution further comprises one or more of (i) no more than 5 particles = 25 ym in
diameter per ml, and (ii) no more than 50 particles = 10 ym in diameter per ml (table 1).

13. A pre-filled syringe according to claim 1, wherein the VEGF antagonist

solution meets USP789 (page 11).
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14. A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an
anti-VEGF antibody (pages 1 and 18).

15. A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is
ranibizumab (page 1).

17. A pre-filled syringe according to claim 1 wherein the VEGF antagonist is a
non-antibody VEGF antagonist (pages 18-22).

30. A method of treating a patient suffering from of an ocular disease selected
from choroidal neovascularisation, wet age-related macular degeneration, macular
edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVOQ), choroidal neovascularisation secondary to pathologic myopia
(PM), diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy
(pages 1 and 18) comprising the step of administering an ophthalmic solution to the

patient using a pre-filled syringe according to claim 1.

Claim Rejections - 35 USC § 103
9. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

10.  The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:
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Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.
Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

o=

11.  This application currently names joint inventors. In considering patentability of the
claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter
of the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35 U.S.C.

102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).

12.  Claims 2, 3, 5, 16, 18, 19, 25-29, 31 and 35 are rejected under pre-AlA 35 U.S.C.
103(a) as being unpatentable over WO 2007/035621 to Scypinkski et al.

With respect to claims 2, 3, and 16, it would have been obvious to one having
ordinary skill in the art at the time the invention was made to vary the amount of solution
delivered by Scypinkski, based on the needs of the patient.

With respect to claims 5 and 31, it would have been obvious to determine the
dosage volume using a priming mark on the syringe, and use that mark to deliver the
dose, since Scypinkski teaches the use of graduations on the syringe barrel (page 9).

With respect to claims 18-19, it would have been obvious to one having ordinary

skill in the art to use any known VEGF antagonist, including aflibercept or conbercept.
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With respect to claims 25-29, Scypinkski teaches the use of foil pouch
packaging. It would have been within the level of ordinary skill in the art to use know
packaging materials including known blister packs which are similar.

With respect to claim 32, it would have been within the level of ordinary skill in
the art to deliver one treatment after a previous different treatment, as a matter of

common sense, especially if the first treatment did not produce the desired result.

13.  Claims 6-10 and 20-24 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over WO 2007/035621 to Scypinkski et al. in view of US2011/0276005 to
Hioki et al.

Scypinkski teaches the pre-filled syringe according to claim 1, but is silent to an
internal silicone coating on the syringe barrel.

Hioki teaches applying silicone oil to the inner surface of a syringe barrel
(paragraph 0021). It would have been obvious to one having ordinary skill in the art at
the time the invention was made to include silicone oil in the syringe barrel of Scypinkski
as taught by Hioki, since this will increase the slidability of the plunger within the barrel.
It would have been within the level of ordinary skill in the art to find the optimum value of
silicone oil to use, and to find the optimum amount to achieve the desired slide force

and break loose force.
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Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. See PTO-892.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Aarti Bhatia Berdichevsky whose telephone number is
571-270-5033. The examiner can normally be reached M-F 9 AM to 5 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Bhisma Mehta can be reached on 571-272-3383. The fax phone number for
the organization where this application is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Aarti Bhatia Berdichevsky/
Primary Examiner, Art Unit 3763
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CASE PAT055157-US-NP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Confirm No. 5306

Sigg, Juergen et al.

APPLICATION NO: 13/750,352 Examiner: Berdichevsky, Aarti
FILED: January 25, 2013 Art Unit: 3763

FOR: SYRINGE

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

AMENDMENT AND RESPONSE TO OFFICE ACTION

Sir:

This Amendment and Response (“‘Response”) is being submitted in reply to an Office
Action mailed to Applicants’ attorney on May 14, 2014 (“Office Action").

Amendments to the Claims are reflected in the listing of the claims which begins on

page 2 of this paper.

Remarks/Arguments begin on page 5 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:

1.(Currently amended) A pre-filled syringe for intravitreal injection, the syringe comprising
a glass body forming a barrel, a stopper and a plunger and containing an ophthalmic solution
which comprises a VEGF-antagonist, wherein:

(a) the syringe has a nominal maximum fill volume of between about 0.5ml and about 1ml,

(b) the syringe is filled with a dosage volume of between about 0.03ml and about 0.05ml of said
VEGF antagonist solution,

(c) the syringe barrel comprises fess than from about 1ug to 500ug silicone oil, and
(d) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per ml.

2.(Original) A pre-filled syringe according to claim 1, wherein the syringe is filled with between
about 0.15ml and about 0.175ml of a VEGF antagonist solution.

3.(Original) A pre-filled syringe according to claim 1, wherein the syringe is filled with about
0.165ml of said VEGF antagonist solution.

4 (original) A pre-filled syringe according to claim 1, wherein the syringe is filled with dosage

volume of about 0.05ml of a VEGF antagonist solution.

5.(original) A pre-filled syringe according to claim 1, in which the dosage volume is
determined by the volume of the variable volume chamber when a predetermined part of the
stopper is aligned with a priming mark on the syringe.

6.(Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel
has an internal coating of silicone oil that has an average thickness of about 450nm or less.

7.(Canceled).
8.(Canceled).

9.(Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 3pg to about 200ug silicone oil.

10. (original) A pre-filled syringe according to claim 1, wherein the silicone oil is DC365

emulsion.

11. (Canceled).
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12. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
further comprises one or more of (i) no more than 5 particles >25um in diameter per ml, and (ii)

no more than 50 particles >10um in diameter per ml.

13. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
meets USP789.

14. (original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-
VEGF antibody.

15. (original) A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.

16. (original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/ml.

17. (original) A pre-filled syringe according to claim 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40mg/ml.

20. (original) A pre-filled syringe according to claim 1, wherein the syringe has a stopper break

loose force of less than about 11N.

21. (original) A pre-filled syringe according to claim 20, wherein the syringe has a stopper

break loose force of less than about 5N.

22. (original) A pre-filled syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.

23. (original) A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide

force of less than about 5N.

24 (original) A pre-filled syringe according to claims 20, wherein the stopper break loose force
or stopper slide force is measured using a filled syringe, at a stopper travelling speed of
190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

25 (original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H,O, or EtO.
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26. (original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

outer surface of the syringe has <1ppm EtO or H>O- residue.

27. (original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the
syringe has been sterilised using EtO or H.O, and the total EtO or H,O; residue found on the
outside of the syringe and inside of the blister pack is <0.1mg.

28. (original) A blister pack comprising a pre-filled syringe according to claims 25, wherein
<5% of the VEGF antagonist is alkylated.

29. (original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the
syringe has been sterilised using EtO or H,O, with a Sterility Assurance Level of at least 10°.

30. (original) A method of treating a patient suffering from of an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary
to retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema
(DME), diabetic retinopathy, and proliferative retinopathy, comprising the step of administering
an ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. (original) The method of claim 30, further comprising an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the
stopper with the priming mark.

32. (original) A method according to claim 30, wherein the VEGF antagonist administered is a
non-antibody VEGF antagonist and wherein the patient has previously received treatment with
an antibody VEGF antagonist.

33. (New) A pre-filled syringe according to claim 1, wherein the syringe barrel has an
internal coating of from about 1-100ug silicone oil.

34. (New) A pre-filled syringe according to claim 1, wherein the syringe barrel has an
internal coating of from about 1-50pug silicone oil.
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REMARKS/ARGUMENTS

Claim Status

Claims 1-32 were pending prior to the entry of this amendment. By way of this
amendment, claim 1 has been amended to positively recite silicone oil by incorporating the
elements from claim 8; claims 7, 8 and 11 have been canceled. New claims 33 and 34 have
been added. Accordingly, claims 1-6, 9-10 and 12-34 are pending after entry of this

amendment.

The Examiner’s Objections and Rejections

The Examiner rejected claim 10 under 35 U.S.C. § 112 (b), second paragraph as being
indefinites. More specifically, the Examiner found that the recitation of “the silicone oil is a
DC365 emulsion” as lacking antecedent basis. The Examiner also rejected claims 2 and 3
under 35 U.S.C. § 112, fourth paragraph as being improper for failing to further limit the subject

matter of claim 1 from which the claims each depend.

In addition the Examiner rejected claims 1, 4, 11, 12, 13, 14, 15, 17 and 20 under 35
U.S.C. § 102(b) as being anticipated by WO 2007/035621 to Scypinski et al. (hereinafter “the
‘621 publication”). More specifically, the Examiner contends that the ‘621 publication teaches all
of the elements of the currently pending claims because, inter alia, the ‘621 publication teaches

a barrel without any silicone oil.

The Examiner also rejected claims 2, 3, 5, 16, 18, 19, 25-29, 31 and 31 under 35 U.S.C.
§ 103 (a) as being obvious in view of the ‘621 publication. Claims 6-10 and 20-24 were rejected
under 35 U.S.C. § 103 (a) as obvious under the ‘621 publication in further view of
US2011/0276005 to Hioki et al (hereinafter “the ‘005 publication”). The Examiner admits that
the ‘621 publication is silent to an internal silicone coating on the syringe barrel. However, to
cure this deficiency, the Examiner relies on the teachings of the ‘005 publication. According to
the Examiner, the ‘005 publication teaches coating the inner surface of a syringe barrel, and that
the skilled artisan would have been motivated to include oil in the silicone barrel to increase the
slidability of the plunger within the barrel, and that finding the optimum value of the silicone oil to
use is well within the ordinary skill in the art.

Response
A. 35 U.S.C. § 112

Initially, the claims have been amended to positively recite the presence of silicone oil.

As a result, there is now support for claim 10’s recitation of a specific silicone oil type.

-5-
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Accordingly, the Examiner’s rejection of claim 10 under 35 U.S.C. §112 have been obviated and

the applicants respectfully request that the rejection be withdrawn.

Claims 2 and 3 recite elements related to the fill volume of the VEGF solution to be
utilized in the syringe. Claim 1 recites a specific dosage volume. As is known in the art and
described on page 5 of the current specification the two terms are different. The fill volume
refers to the actual volume of solution in the syringe. As stated on page 5 of the specification
the fill volume of the syringe is between .01ml and 1.5ml. This is to be contrasted with the
dosage volume. The dosage volume, as described on page 5, is the volume of medicament
intended for delivery to the patient. Thus, the dosage volume can be equal to the fill volume if
the volume in the syringe is intended to be delivered in one dose. However, the dosage volume
can be much less than the fill volume if the syringe is intended to contain multiple dosages.
Thus it is entirely consistent that the dosage volume is less than the fill volume. Accordingly the

Examiner’s rejection is improper and should be withdrawn.

B. 35 U.S.C. §102
With regards to the 35 U.S.C. §102 rejection, the claims have been amended to

positively recite the presence of silicone oil in the barrel. The Examiner admits that the ‘621
publication is silent as to the presence or amount of silicone oil. It is black letter law that a
proper 35 U.S.C. §102 rejection must teach each and every element of the claims. Since the
‘621 publication does not teach at least the presence of silicone oil recited in the claims, the
rejection is improper and should be withdrawn. Furthermore, the Examiner did not reject claim 8
under 35 U.S.C. §102. Since the elements of this claim have been incorporated into claim 1, the
rejection is now moot for claim 1 and its dependent claims. Therefore the rejection should be

withdrawn.

C. 35 U.S.C.§103
The applicants note that the Examiner’s first rejection under 35 U.S.C. §103 did not

reject claim 8. Claim 1 has been amended to incorporate the elements from claim 1. Therefore
the rejection is moot and should be withdrawn for claim 1 and its dependent claims. As such,
the only remaining rejection is the rejection of claims 6-10 and 20-24 under the ‘621 publication

in view of the ‘005 publication. For the reasons that follow, applicants respectfully traverse.

Initially, syringe barrels are typically comprised of either plastic or glass. Applicants
concede that silicone-free plastic syringes are known in the art, However, plastic (or resin)
syringes cannot be used as “pre-filled” syringes for biologics or sensitive drugs for a variety of
reasons. First and foremost, the plastic and the biologic product may interact, corrupting the
drug substance. In addition, the seal provided by plastic silicone free syringes are not tight

-6-
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enough. Consequently, terminal sterilization of syringes is difficult. That is, because the seal is
known to leak, it is possible for the sterilizing agent to leach into the syringe. For biologic
products, this is critical as it is well known that they are particularly sensitive to terminal
sterilizing agents such as hydrogen peroxide, which can oxidize the protein, and heat, which can
denature the protein. As a result, syringes which are prefilled with biologics are comprised of
glass barrels.

However, it is not possible to have silicone free glass barreled syringes. In glass barreled
syringes, rubber stoppers are used to ensure suitable tightness of the seal. This eliminates the
leaching of terminal sterilizing agents and eliminates biologic/plastic barrel interactions.
However, there is a high friction level between the rubber and glass meaning that the break
loose and slide forces are high. Without a lubricant such as silicone, the forces would be so
high as to render the syringe unusable. To overcome this problem, the syringe barrels are
siliconised.

As stated in the current specification, however, it is desirable to reduce the silicone
content of a prefilled syringe as much as possible. With each injection, a small amount of
silicone is injected into the eye with “standard” siliconised syringes known in the art. With drugs
that are administered by repeated injection (such as VEGF antagonists), over time the droplets
of silicone in the eye build up and can aggregate, causing “floaters” in the vision. By reducing
the silicone levels as much as possible, the amount of silicone that detaches from the syringe
barrel wall is minimized. With intravenous or intramuscular injections, this is less of a problem as
the silicone droplets are less likely to localize and aggregate. A further issue is that silicone oil
can cause aggregation of proteinaceous products.

The ‘621 publication teaches a dual barreled syringe useful in administering a
combination of drugs simultaneously into a patient’s eye. The ‘621 publication discloses that the
syringe barrel can be either glass or plastic. As discussed above, plastic syringes are not useful
as pre-filled syringes for biologic products. The ‘621 publication’s disclosure of suitable glass
needles are typical pre-filled syringes described on page 9 of the specification. There is
absolutely no teaching or suggestion that the glass barrels described as useful in the ‘621
publication contain the amounts of silicone recited in the currently pending claims. Instead, as is
known and described on page 6 of the current specification, typical glass prefilled syringes
contain from 500-1000 micrograms of silicone.

The ‘005 publication exclusively describes resin syringes. It describes the addition of
silicone at a thickness of 5-50ug/cm? under the heading “Thickness of Silicone Film” at
paragraphs [0074] and [0075]. As a result, there is no motivation to combine the references. At

-7-
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best, the combination of the ‘621 publication and the ‘005 publication would lead to resin
syringes comprising a silicone thickness of between 5-50ug/cm?®. There are two problems with
this. First, the current claims recite the use of a glass barrel and there is no tewching or
suggestion in the references that the amount of silicone used in a resin barrel would be
appropriate in a glass barrel. Second, as taught in the current specification on page 7, in order
to maintain a low silicone content the silicone oil has a thickness of 450 nm or less. The
thickness of silicone oil taught in the current specification is therefore 10-100 times less! As a
result, the combination of the ‘621 publication and the ‘005 publication fails to teach or suggest

the current invention.

The applicants have shown for the first time that you can reduce the silicone levels to far
below previous standards and still obtain a usable syringe (see page 6, line 5 to page 7, line 16).
Indeed, as shown in the test results on pages 15 and 16, the applicants have surprisingly found
that the application of less silicone resulted in lowered sliding and break forces. This flies in the
face of conventional wisdom, which suggests that the way to reduce these forces is to use more

lubricant.

In sum, then, not only do the cited references fail to teach or suggest the currently
claimed invention, but the applicants have surprisingly found that using less silicone actually
leads to usable syringes. This is neither taught nor suggested by the cited references.
Accordingly, the Examiner has not established a prima facie case of obviousness and the

applicants respectfully request that it be withdrawn.

Conclusion

Applicants believe that the foregoing constitutes a complete and full response to the
Office Action of record. They further submit that all pending claims, as amended, are patentable
and in patentable form, and they respectfully request that such claims be allowed to issue.
Should the Examiner have any outstanding issues, the undersigned representative invites the

Examiner to contact him at his convenience.

Respectfully submitted,

/ Jim Lynch /
Novartis Pharmaceuticals Corporation Jim Lynch
One Health Plaza, Bldg. 101 Agent for Applicant
East Hanover, NJ 07936 Reg. No. 54,763

+1 8627783423

Date: August 13, 2014
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Application/Control Number: 13/750,352 Page 2
Art Unit: 3763

DETAILED ACTION
This is the second Office Action based on the 13/750,352 application filed on 1/25/2013.
Claims 1-6, 9-10 and 12-34, as amended on 8/13/2014, are currently pending and have

been considered below.

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Response to Amendment
2. The rejection of claim 10 under the second paragraph of 35 USC § 112 has been

withdrawn in view of the amendments made by the Applicant.

Claim Rejections - 35USC § 112

3. The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly
pointing out and distinctly claiming the subject matter which the inventor or a joint inventor
regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

4. Claims 1-6, 9-10 and 12-34 are rejected under 35 U.S.C. 112(b) or 35 U.S.C.

112 (pre-AlA), second paragraph, as being indefinite for failing to particularly point out
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Application/Control Number: 13/750,352 Page 3
Art Unit: 3763

and distinctly claim the subject matter which the inventor or a joint inventor, or for pre-
AlA the applicant regards as the invention.

5. Claim 1 recites “the syringe is filled with a dosage volume of between about
0.03ml and about 0.05ml of said VEGF antagonist solution”. It is unclear whether there
is more than one intended dosage volume filled inside the syringe. As the claim is
currently worded, it appears that there is only a single dosage volume filled in the

syringe. Clarification is requested.

6. The following is a quotation of 35 U.S.C. 112(d):

(d) REFERENCE IN DEPENDENT FORMS.—Subject to subsection (e), a claim in dependent
form shall contain a reference to a claim previously set forth and then specify a further
limitation of the subject matter claimed. A claim in dependent form shall be construed to
incorporate by reference all the limitations of the claim to which it refers.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), fourth paragraph:

Subject to the [fifth paragraph of 35 U.S.C. 112 (pre-AlA)], a claim in dependent form shall
contain a reference to a claim previously set forth and then specify a further limitation of the
subject matter claimed. A claim in dependent form shall be construed to incorporate by
reference all the limitations of the claim to which it refers.

7. Claims 2 and 3 are rejected under 35 U.S.C. 112(d) or pre-AlA 35 U.S.C. 112,
4th paragraph, as being of improper dependent form for failing to further limit the subject
matter of the claim upon which it depends, or for failing to include all the limitations of
the claim upon which it depends. Claims 2 and 3 require more solution than is already
limited by Claim 1, on which these claims depend. Applicant may cancel the claims,
amend the claims to place the claims in proper dependent form, rewrite the claims in
independent form, or present a sufficient showing that the dependent claims comply

with the statutory requirements. Additionally, claim recites “a VEGF antagonist
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Application/Control Number: 13/750,352 Page 4
Art Unit: 3763

solution”, the Examiner is interpreting this as the same solution claimed in claim 1,

clarification is requested.

Claim Rejections - 35 USC § 103
8. The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.
9. Claims 1-6, 9-10 and 12-34 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over WO 2007/035621 to Scypinkski et al. in view of
US2011/0276005 to Hioki et al.

Scypinski discloses a pre-filled syringe for intravitreal injection, the syringe
comprising a glass body forming a barrel, a stopper and a plunger (page 9, lines 13-20)
and containing an ophthalmic solution which comprises a VEGF-antagonist, wherein:
(a) the syringe has a nominal maximum fill volume of between about 0.5 ml and about 1
ml (page 9, lines 13-20), (b) the syringe is filled with a dosage volume of between about
0.03 ml and about 0.05 ml of said VEGF antagonist solution (50 pl, page 10, line 12), (c)
the syringe barrel comprises less than about 500 ug silicone oil, and (d) the VEGF
antagonist solution comprises no more than 2 particles = 50 um in diameter per ml (see
table 1); wherein the syringe is filled with dosage volume of about 0.05 ml of a VEGF
antagonist solution (100 pL or less, page 10, lines 4-12); wherein the VEGF antagonist
solution further comprises one or more of (i) no more than 5 particles =25 ym in
diameter per ml, and (ii) no more than 50 particles 2 10 ym in diameter per ml (table 1);

wherein the VEGF antagonist solution meets USP789 (page 11); wherein the VEGF
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Application/Control Number: 13/750,352 Page 5
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antagonist is an anti-VEGF antibody (pages 1 and 18); wherein the anti-VEGF antibody
is ranibizumab (page 1); wherein the VEGF antagonist is a non-antibody VEGF
antagonist (pages 18-22). Scypinski additionally teaches the method of treating a
patient suffering from of an ocular disease selected from choroidal neovascularisation,
wet age-related macular degeneration, macular edema secondary to retinal vein
occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular
edema (DME), diabetic retinopathy, and proliferative retinopathy (pages 1 and 18)
comprising the step of administering an ophthalmic solution to the patient using a pre-
filled syringe.

Scypinski is silent to an internal silicone coating on the syringe barrel.

Hioki teaches applying silicone oil to the inner surface of a syringe barrel
(paragraph 0021). It would have been obvious to one having ordinary skill in the art at
the time the invention was made to include silicone oil in the syringe barrel of Scypinkski
as taught by Hioki, since this will increase the slidability of the plunger within the barrel.
It would have been within the level of ordinary skill in the art to find the optimum value of
silicone oil to use, and to find the optimum amount to achieve the desired slide force
and break loose force.

Additionally, it would have been obvious to one having ordinary skill in the art at
the time the invention was made to vary the amount of solution delivered by Scypinkski,

based on the needs of the patient.

Regeneron Exhibit 1002.1285



Application/Control Number: 13/750,352 Page 6
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Additionally, it would have been obvious to determine the dosage volume using a
priming mark on the syringe, and use that mark to deliver the dose, since Scypinkski
teaches the use of graduations on the syringe barrel (page 9).

Additionally, it would have been obvious to one having ordinary skill in the art to
use any known VEGF antagonist, including aflibercept or conbercept.

Additionally, Scypinkski teaches the use of foil pouch packaging. It would have
been within the level of ordinary skill in the art to use known packaging materials
including known blister packs which are similar.

Additionally, it would have been within the level of ordinary skill in the art to
deliver one treatment after a previous different treatment, as a matter of common sense,

especially if the first treatment did not produce the desired result.

Response to Arguments
10.  Applicant's arguments filed 8/13/2014 have been fully considered but they are
not persuasive.
11.  The Applicant argues that Claim 1 recites a specific dosage volume and that
Claims 2 and 3 describe the fill volume. The Examiner understands and appreciates
the differences between these terms, however, Claim 1 recites that the syringe is filled
with a specific volume. It does not describe the syringe as containing multiple dosage
volumes. The Examiner suggests the Applicant more clearly describe how much

solution is being claimed in claim 1.
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12.  In response to applicant’s argument that there is no teaching, suggestion, or
motivation to combine the references, the examiner recognizes that obviousness may
be established by combining or modifying the teachings of the prior art to produce the
claimed invention where there is some teaching, suggestion, or motivation to do so
found either in the references themselves or in the knowledge generally available to one
of ordinary skill in the art. See In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir.
1988), In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992), and KSR
International Co. v. Teleflex, Inc., 550 U.S. 398, 82 USPQ2d 1385 (2007). In this case,
as the Applicant argues, it is well known to use silicone oil in glass barrels, therefore it
would have been within the level of ordinary skill in the art at the time the invention was
made to use the silicone oil levels as generally described by Hioki with the glass barrel
syringe of Scypinski, and further within the level of ordinary skill to optimize the amount

of silicone.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the

shortened statutory period will expire on the date the advisory action is mailed, and any

Regeneron Exhibit 1002.1287
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extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Aarti Bhatia Berdichevsky whose telephone number is
571-270-5033. The examiner can normally be reached M-F 9 AM to 5 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Bhisma Mehta can be reached on 571-272-3383. The fax phone number for
the organization where this application is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Aarti Bhatia Berdichevsky/
Primary Examiner, Art Unit 3763
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file {and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for

reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this infermation is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submissicn related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in terminaticn of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, toc whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the Internaticnal Bureau of the World Intellectual Property Organization,
pursuant to the Patent Ccoperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authoerity of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used tc make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, cor local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS - Web 2.1.15
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CASE PAT055157-US-NP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Confirm No. 5306

Sigg, Juergen et al.

APPLICATION NO: 13/750,352 Examiner: Berdichevsky, Aarti
FILED: January 25, 2013 Art Unit: 3763

FOR: SYRINGE

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION

Sir:

This Amendment and Response to Final Office Action (“Response”) is being submitted in

reply to a Final Office Action mailed to Applicants’ attorney on August 26, 2014 (“Office Action").

Amendments to the Claims are reflected in the listing of the claims which begins on page

2 of this paper.

Remarks/Arguments begin on page 5 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1.(Currently amended) A pre-filled syringe for intravitreal injection, the syringe comprising a
glass body forming a barrel, a stopper and a plunger and containing an ophthalmic solution which

comprises a VEGF-antagonist, wherein:

(a) the syringe has a nominal maximum fill volume of between about 0.5ml and about 1ml,

(b) {&} the syringe barrel comprises from about 1ug to 100ug 5004g silicone oil, and

(c) &) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per ml
and

wherein the syringe has a stopper break loose force of less than about 11N.

2.(Canceled)
3.(Canceled)
4.(Canceled)
5.(Canceled)

6.(Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of silicone oil that has an average thickness of about 450nm or less.
7.(Canceled)
8.(Canceled)

9.(Currently amended) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 3ug to about 2664g 100ug silicone oil.
10. (Original) A pre-filled syringe according to claim 1, wherein the silicone oil is DC365 emulsion.

11. (Canceled)
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12. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
further comprises one or more of (i) no more than 5 particles >25um in diameter per ml, and (ii) no

more than 50 particles >10um in diameter per ml.

13. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
meets USP789.

14. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-
VEGF antibody.

15. (Original) A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.

16. (Original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/ml.

17. (Original) A pre-filled syringe according to claim 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (Original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (Original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40mg/ml.
20. (Canceled)

21. (Criginal) A pre-filled syringe according to claim 20, wherein the syringe has a stopper break

loose force of less than about 5N.

22. (Original) A pre-filled syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.

23. (Original) A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide

force of less than about 5N.

24. (Original) A pre-filled syringe according to claim 20, wherein the stopper break loose force or
stopper slide force is measured using a filled syringe, at a stopper travelling speed of 190mm/min,

with a 30G x 0.5 inch needle attached to the syringe.

25.(Original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H,O, or EtO.

-3-
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26. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the outer

surface of the syringe has <1ppm EtO or H,O, residue.

27. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the
syringe has been sterilised using EtO or H,O, and the total EtO or H,O, residue found on the

outside of the syringe and inside of the blister pack is <0.1mg.

28. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein <5% of

the VEGF antagonist is alkylated.

29. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has been sterilised using EtO or H,O, with a Sterility Assurance Level of at least 10°®.

30. (Original) A method of treating a patient suffering from of an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary to
retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema (DME),
diabetic retinopathy, and proliferative retinopathy, comprising the step of administering an

ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. (Original) The method of claim 30, further comprising an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

32. (Original) A method according to claim 30, wherein the VEGF antagonist administered is a
non-antibody VEGF antagonist and wherein the patient has previously received treatment with an

antibody VEGF antagonist.
33. (Canceled)

34. (Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 1-50ug silicone oil.
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REMARKS/ARGUMENTS

Claim Status

Claims 1-6, 9, 10 and 12-34 were pending prior to the entry of this amendment. By way of
this amendment, claims 1 and 9 have been amended; claims 2-5, 7-8, 11, 20 and 33 have been
canceled. Accordingly, claims 1, 6, 9-10, 12-19, 21-32, and 34 are pending after entry of this

amendment.

The Examiner’s Rejections
The Examiner rejected claims 1-6, 9-10 and 12-34 under 35 U.S.C. § 112 (b), second

paragraph as being indefinite. More specifically, the Examiner found that the recitation of dosage

volume of between about 0.03ml and 0.05ml as unclear as to whether there is more than one
intended dosage volume filled inside the syringe. In addition, claims 2 and 3 were rejected under
35 U.S.C. § 112 (d) as failing to further limit the claim.

The Examiner rejected claims 1-6, 9-10 and 12-34 under 35 U.S.C. § 103(a) as being
obvious in view of WO 2007/035621 to Scypinski et al. (hereinafter “the ‘621 publication) in further
view of US2011/0276005 to Hioki et al (hereinafter “the ‘005 publication”). The Examiner admits
that the ‘621 publication is silent to an internal silicone coating on the syringe barrel. However, to
cure this deficiency, the Examiner relies on the teachings of the ‘005 publication. According to the
Examiner, the ‘005 publication teaches coating the inner surface of a syringe barrel, and that the
skilled artisan would have been motivated to include oil in the silicone barrel to increase the
slidability of the plunger within the barrel, and that finding the optimum value of the silicone oil to

use is well within the ordinary skill in the art.

Response
A. 35 U.S.C. § 112

Initially, the Applicants thank the Examiner for withdrawing the rejection of claim 10 under 35
U.S.C. § 112 (d). Claims 2-3 have been canceled, rendering the rejection of those claims moot.
With regards to the element related to the dosage volume, the element has been removed to clarify

the claims. Applicants therefore respectfully request that this rejection be withdrawn.

B. 35U.S.C. § 103
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In response to the Applicants previous arguments, the Examiner stated that it is well known
to use silicone in glass barreled syringes, and that therefore it would have been well within the level
of ordinary skill in the art to use silicone oil levels as generally described by the ‘005 publication as
it amounts to no more than an optimization of the amount of silicone into a glass barreled syringe.
Applicants respectfully disagree.

Initially, syringe barrels are typically comprised of either plastic or glass. Applicants concede
that silicone-free plastic syringes are known in the art. However, it is not possible to have silicone
free glass barreled syringes due to the high friction level between the glass and the rubber stopper
of the plunger. As a result the break loose and slide forces are high. Without a lubricant such as
silicone, the forces would be so high as to render the syringe unusable. To overcome this problem,

syringe barrels are siliconised.

The ‘621 publication teaches a dual barreled syringe useful in administering a combination
of drugs simultaneously into a patient’s eye. The ‘621 publication discloses that the syringe barrel
can be either glass or plastic. As discussed above, plastic syringes are not useful as pre-filled
syringes for biologic products. The ‘621 publication’s disclosure of suitable glass needles are
typical pre-filled syringes described on page 9 of the specification. There is absolutely no teaching
or suggestion that the glass barrels described as useful in the ‘621 publication contain the amounts
of silicone recited in the currently pending claims. Instead, as is known and described on page 6 of
the current specification, typical glass prefilled syringes contain from 500-1000 micrograms of

silicone.

The ‘005 publication exclusively describes resin syringes. It describes the addition of
silicone at a thickness of 5-50ug/cm? to resin syringes. It does not teach or suggest that these
levels of silicone can be applied to glass barreled syringes. Indeed, as stated above and described
in the current specification, prior to the date of the current invention the art taught that much higher
levels of lubricant were needed with regards to glass barreled syringes. Simply put, the skilled
artisan recognized the distinction between plastic/resin barreled syringes and glass barreled
syringes. Nowhere in either reference cited by the Examiner is it suggested or taught that the levels
of silicone used in the current invention can be applied to glass barreled syringes.

The applicants have shown for the first time that you can reduce the silicone levels to far
below previous standards and still obtain a usable syringe (see page 6, line 5 to page 7, line 16).

Indeed, as shown in the test results on pages 15 and 16, the applicants have surprisingly found that
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the application of less silicone resulted in lowered sliding and break forces. This flies in the face of

conventional wisdom, which suggests that the way to reduce these forces is to use more lubricant.

In sum, then, not only do the cited references fail to teach or suggest the currently claimed
invention, but the applicants have surprisingly found that using less silicone actually leads to usable
syringes. This is neither taught nor suggested by the cited references. Accordingly, the Examiner
has not established a prima facie case of obviousness and the applicants respectfully request that it

be withdrawn.

Conclusion

Applicants believe that the foregoing constitutes a complete and full response to the Office
Action of record. They further submit that all pending claims, as amended, are patentable and in
patentable form, and they respectfully request that such claims be allowed to issue. Should the
Examiner have any outstanding issues, the undersigned representative invites the Examiner to

contact him at his convenience.

Respectfully submitted,

/ Jim Lynch /
Novartis Pharmaceuticals Corporation Jim Lynch
One Health Plaza, Bldg. 433 Agent for Applicant
East Hanover, NJ 07936 Reg. No. 54,763

+1 8627783423

Date: November 24, 2014
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Application No. Applicant(s)
13/750,352 SIGG ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
Aarti Bhatia Berdichevsky 3763 ,S\ltgt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 11/24/2014.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1,6.9,10,12-19,21-32 and 34 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1,6.9,10,12-19,21-32 and 34 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20141204
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Application/Control Number: 13/750,352 Page 2
Art Unit: 3763

DETAILED ACTION

This is the third Office Action based on the 13/750,352 application filed on 1/25/2013.
Claims 1, 6, 9, 10, 12-19, 21-32 and 34, as amended on 11/24/2014, are currently
pending and have been considered below.

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions.

Continued Examination Under 37 CFR 1.114
2. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on
11/24/2014 has been entered.
Response to Amendment

3. The rejection of claim 1 under the second paragraph of 35 USC § 112 has been
withdrawn in view of the amendments made by the Applicant.

Claim Rejections - 35 USC § 103
4. The text of those sections of Title 35, U.S. Code not included in this action can

be found in a prior Office action.
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Application/Control Number: 13/750,352 Page 3
Art Unit: 3763

5. Claims 1,6, 9-10, 12-19, 21-32 and 34 are rejected under pre-AlA 35 U.S.C.
103(a) as being unpatentable over WO 2007/035621 to Scypinkski et al. in view of
US2011/0276005 to Hioki et al.

Scypinski discloses a pre-filled syringe for intravitreal injection, the syringe
comprising a glass body forming a barrel, a stopper and a plunger (page 9, lines 13-20)
and containing an ophthalmic solution which comprises a VEGF-antagonist, wherein:
(a) the syringe has a nominal maximum fill volume of between about 0.5 ml and about 1
ml (page 9, lines 13-20), (c) the VEGF antagonist solution comprises no more than 2
particles = 50 um in diameter per ml (see table 1); wherein the syringe is filled with
dosage volume of about 0.05 ml of a VEGF antagonist solution (100 uL or less, page
10, lines 4-12); wherein the VEGF antagonist solution further comprises one or more of
(i) no more than 5 particles = 25 um in diameter per ml, and (ii) no more than 50
particles = 10 um in diameter per ml (table 1); wherein the VEGF antagonist solution
meets USP789 (page 11); wherein the VEGF antagonist is an anti-VEGF antibody
(pages 1 and 18); wherein the anti-VEGF antibody is ranibizumab (page 1); wherein the
VEGF antagonist is a non-antibody VEGF antagonist (pages 18-22). Scypinski
additionally teaches the method of treating a patient suffering from of an ocular disease
selected from choroidal neovascularisation, wet age-related macular degeneration,
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO
(bRVOQO) and central RVO (cRVO), choroidal neovascularisation secondary to pathologic

myopia (PM), diabetic macular edema (DME), diabetic retinopathy, and proliferative
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retinopathy (pages 1 and 18) comprising the step of administering an ophthalmic
solution to the patient using a pre-filled syringe.

Scypinski is silent to an internal silicone coating on the syringe barrel.

Hioki teaches applying silicone oil to the inner surface of a syringe barrel
(paragraph 0021). It would have been obvious to one having ordinary skill in the art at
the time the invention was made to include silicone oil in the syringe barrel of Scypinkski
as taught by Hioki, since this will increase the slidability of the plunger within the barrel.
It would have been within the level of ordinary skill in the art to find the optimum value of
silicone oil to use, and to find the optimum amount to achieve the desired slide force
and break loose force.

Additionally, it would have been obvious to one having ordinary skill in the art at
the time the invention was made to vary the amount of solution delivered by Scypinkski,
based on the needs of the patient.

Additionally, it would have been obvious to determine the dosage volume using a
priming mark on the syringe, and use that mark to deliver the dose, since Scypinkski
teaches the use of graduations on the syringe barrel (page 9).

Additionally, it would have been obvious to one having ordinary skill in the art to
use any known VEGF antagonist, including aflibercept or conbercept.

Additionally, Scypinkski teaches the use of foil pouch packaging. It would have
been within the level of ordinary skill in the art to use known packaging materials

including known blister packs which are similar.
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Additionally, it would have been within the level of ordinary skill in the art to
deliver one treatment after a previous different treatment, as a matter of common sense,
especially if the first treatment did not produce the desired result.

Response to Arguments
6. Applicant's arguments filed 11/24/2014 have been fully considered but they are
not persuasive.
7. In response to applicant’s argument that there is no teaching, suggestion, or
motivation to combine the references, the examiner recognizes that obviousness may
be established by combining or modifying the teachings of the prior art to produce the
claimed invention where there is some teaching, suggestion, or motivation to do so
found either in the references themselves or in the knowledge generally available to one
of ordinary skill in the art. See In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir.
1988), In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (Fed. Cir. 1992), and KSR
International Co. v. Teleflex, Inc., 550 U.S. 398, 82 USPQ2d 1385 (2007). In this case,
as the Applicant argues, it is well known to use silicone oil in glass barrels, therefore it
would have been within the level of ordinary skill in the art at the time the invention was
made to use the silicone oil levels as generally described by Hioki with the glass barrel
syringe of Scypinski, and further within the level of ordinary skill to optimize the amount
of silicone. The Applicant claims the unexpected result of using less silicone actually
leads to useable syringes, however the Examiner finds that it would be obvious to one

having ordinary skill in the art to try and use less silicone, since it is common sense to
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use as little as possible to achieve the desired effect. The rejection as previously set
forth is maintained.
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Aarti Bhatia Berdichevsky whose telephone number is
571-270-5033. The examiner can normally be reached M-F 9 AM to 5 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Bhisma Mehta can be reached on 571-272-3383. The fax phone number for
the organization where this application is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Aarti Bhatia Berdichevsky/
Primary Examiner, Art Unit 3763
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information disclosure statement. See 37 CFR 1.97(e}(1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
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statement. See 37 CFR 1.97(e)(2).
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject te the following routine uses:

1.

The infarmation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.5.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclesed, as a routine use, to another federal agency for purposes of
National Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publicaticn of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PCT

WELTORGANISATION FUR GEISTIGES EIGENTUM
Internationales Biiro

INTERNATIONALE ANMELDUNG VEROFFENTLICHT NACH DEM VERTRAG UBER DIE
INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES PATENTWESENS (PCT)

(51) Internationale Patentklassifikation 6 : (11) Internationale Veriffentlichungsnummer: WO 97/44068
Al
AG61L 2/04, 2/06, 2/12, 2/20, A61M 5/00 (43) Internationales
Veroffentlichungsdatum: 27. November [997 (27.11.97)
PCT/EP97/02641 | (81) Bestimmungsstaaten: AL, AM, AT, AU, AZ BA, BB, BG,

(21) Internationales Aktenzeichen:

(22) Internationales Anmeldedatum: 23. Mai 1997 (23.05.97)

(30) Prioritatsdaten:

196 22 283.4 DE

23. Mai 1996 (23.05.96)
(71) Anmelder (fiir alle Bestimmungsstaaten ausser US). SCHER-
ING AG [DE/DE]; D-13342 Berlin (DE).

(72) Erfinder; und
(75) Erfinder/Anmelder (nur fiir US): TACK, Johannes [DE/DE];

BR, BY, CA, CH, CN, CU, CZ, DK, EE, ES, FI, GB, GE,
HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL,
PT, RO, RU, SD, SE, 8G, S, SK, TJ, TM, TR, TT, UA,
UG, US, eurasisches Patent (AM, AZ, BY, KG, KZ, MD,
RU, TI, TM), europiisches Patent (AT, BE, CH, DE, DK,
ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).

Veroffentlicht
Mit internationalem Recherchenbericht.
Vor Ablauf der fiir Anderungen der Anspriiche zugelassenen
Frist.  Verdffentlichung wird wiederholt falls Anderungen

Tharsanderweg 42, D-13595 Berlin (DE). SCHURREIT, eintreffen.

Thomas [DE/DE]; Matterhornstrasse 18, D- 14163 Berlin
(DE). ZURCHER, Jorg [DE/DE]; Bergstrasse 36, D-15711
Deutsch Wusterhausen (DE).

(54) Title: METHOD OF TERMINALLY STERILIZING FILLED SYRINGES

(54) Bezeichnung: VERFAHREN ZUR TERMINALEN STERILISIERUNG VON BEFULLTEN SPRITZEN

(57) Abstract

The invention concems a method of producing a pre-filled sterile syringe. The syringe comprises 4 syringe body with a proximal end
and a distal end, a syringe-outlet part at the distal end, a seal, a stopper, a fluid medium and a gaseous medium, the fluid medium being
a liquid. The method comprises the following steps: preparing the syringe body, seal and stopper which is/are free from germs and/or
endotoxins and low in particles; a lubricant is applied; the proximal end is sealed by inserting the stopper into the syringe body; the syringe
is filled through the distal end; the syringe outlet part is sealed with the scal; the syringe is sterilized in a sterilizing chamber; the syringe
is then packaged and the package container is then sterilized once again.

(57) Zusammenfassung

Die Erfindung besteht aus einem Herstellungsverfahren einer vorgefiillten, sterilen Spritze. Die Spritze umfaBt einem Sprltzenkbrpcr
mit einem proximalen und distalen Ende, ein SpritzenauslaBstiick am distalen Ende, einen VerschluB, einen Stopfen und ein fluides und
ein gasformiges Medium. Das fluide Medium ist eine Flissigkeit. Das Verfahren umfaBt die folgenden Schritte: Bereitstellen von dem
Spritzenktrper, VerschluB und Stopfen, der oder die von Keimen und/oder Endotoxinen befreit sowie partikelarm sind. Ein Gleitmittel wird
aufgetragen. Das proximale Ende wird durch Einfithren des Stopfens in den Spntzenkérper abgedichtet. Die Spritze wird durch das distale
Ende befilllt. Das SpritzenauslaBstiick wird mit dem VerschluB abgedichtet. In einer Sterilisationskammer wird die Spritze sterilisiert,
anschlieBend verpackt und der Verpackungsbehilter danach noch einmal sterilisiert.
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Verfahren zur terminalen Sterilisierung
von beflillten Spritzen

Die Erfindung betrifft ein Verfahren zur terminalen Sterilisierung von befllten
Spritzen. Dabei wird insbesondere auf eine pyrogenfreie und keimfreie Ober-
fliche der Spritzen abgestellt. Diese Spritzen sind bevorzugt fiir den Einsatz
von injizierbaren Diagnostika, insbesondere Kontrastmitteln vorgesehen, die
zum Beispiel in Blutgefafie, Organe, Organteile, Hohlungen und andere Gefalke
gespritzt werden oder dort bildgebende Wirkung entfaiten.

in der Patentschrift AT-E 68 979 wird ein Verfahren zum Herstellen einer gefll-
ten, terminal sterilisierten Spritze beschrieben. Die Spritze besteht aus Kunst-
stoff. Die Spritze weist einen Zylinder auf mit einem distalen Ende mit einem
Spritzenauslaf3stiick. Das Spritzenauslalistiick wird durch einen Verschiuf ab-
gedichtet. Die Spritze wird nach dem Befuilen mit einem flexiblen Gummi-
stopfen verschiossen, der in dem Zylinder gleitfahig ist. Das Verfahren beginnt
damit, dafl Abfallteiichen oder andere Verunreinigungen von dem Verschluf
und dem Kolben entfernt werden.  Mikraobielle Verunreinigungen auf dem Ver-
schlu und dem Kolben werden zerstért. Der Zylinder wird mit einer Vielzahl
von Wasserstrahlen gewaschen, um Pyrogene und Abfallteilchen zu entfernen.
AnschlieBend wird Silikondl auf die lnnenwandung der Spritze aufgetragen.
Der Verschluf3 wird daraufhin auf das Spritzenauslastick aufgesteckt. Durch
das proximale Ende der Spritze wird das Kontrastmittel in die Spritze gefillt.
Die Spritze wird anschiieBRend mit dem Stopfen verschlossen. Diese zusam-
mengesetzte und beflllte Spritze wird in einem Autoklaven sterilisiert. Dabei
wird neben dem Ublichen Autoklavendruck noch ein zusatzlicher Stitzdruck in
dem Autoklaven erzeugt. Dadurch wird der Druck auf der Au3enoberflache der
Spritze gleich oder gréfier als der Druck auf der Innenoberflache der Spritze.

Aus der Publikation von Venten und Hoppert (E. VENTEN und J. HOPPERT
(1978) Pharm. Ind. Vol. 40, Nr. 6, Seiten 665 bis 671) ist ein terminales Sterili-
sieren von vorgeflliten Spritzampullen bekannt. Die Spritzampulien, die einen
Stopfen am proximalen Ende aufweisen, werden distal durch den Rolirand be-
fallt. Der Rollrand wird anschlieBend durch eine Dichtscheibe abgedichtet, wo-
bei eine Bérdelkappe die Dichtscheibe auf dem Rolirand fixiert. (M. JUNGA
(1973) Pharm. ind. Vol. 35, Nr. 11a, Seiten 824 bis 829) Die vorgefiliten
Spritzampullen werden dann in einen Autoklaven Uberfuhrt. Dieser Autoklav ist
bezuglich der Temperatur und des Druckes regelbar. Damit die Dichtscheibe
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sich nicht von der Spritzampulle I6st wird in dem Autoklav ein Stutzdruck er-
zeugt. Der Stiutzdruck wird durch ein zusatziiches Gas aufgebaut. Dadurch ist
es moglich, den Druck auf der Innenseite der Dichtscheibe annadhernd gleich
dem Druck auf der Aullenseite der Dichtscheibe zu halten. Hierdurch wird
auch eine Bewegung des eingesetzten Kolbens vermieden. Infolge der guten
Regelung ist es selbst madglich, Zweikammerspritzampullen, die mit zwei
Losungen geflllt sind, terminal zu sterilisieren, ohne dafl eine unzuldssige
Stopfenbewegung oder Dichtscheibenundichtigkeit auftritt.

in der finnischen Patentanmeldung Fl 93 0405 wird ein Verfahren zum termina-
len Sterilisieren einer vorgefiliten Plastikspritzze oder Glasspritze beschrieben,
wobei die Spritze ein Kontrastmittel enthalt. Die Spritze besteht aus einem
Spritzenzylinder, der ein Spritzenauslalstick am distalen Ende aufweist.
Daneben werden Spritzampullen in der zuvor schon bei Venten und Hoppert
beschriebenen Form angefihrt. Die Spritzen weisen ein offenes proximales
Ende auf, welches durch einem in der Spritze gleitfzhigen Stopfen verschlieRbar
ist. Der Stopfen wird mit einem Stempel verbunden.

Wenn die Spritze oder Spritzampulle befillt wird, wird zuerst der Stopfen in das
proximale Ende der Spritze oder Spritzampulle eingefuhrt. Danach wird Uber
das distale Ende beflllt. Das distale Ende wird anschlielend durch einen Ver-
schluf} abgedichtet. Bei den Spritzampullen wird eine Dichtscheibe mit einer
Bordelkappe am Rollrand fixiert. Die Spritzen oder Spritzampullen werden an-
schlieBend sterilisiert, wobei ein Stitzdruck verwendet wird.  Dadurch wird der
Druck auf der AuRenoberflache der Spritze kleiner als der Druck auf der Innen-
oberflache der Spritze oder Spritzampulle gehalten. Bei den Spritzampullen ist

der Druck in dem Autoklaven gleich, groRer oder kleiner als der Druck in der
Spritzampulile.

in der WO 95/12418 wird ein terminales Sterilisationsverfahren fur vorgeftlite
Spritzen beschreiben, bei dem kein Autokliav verwendet wird, sondern lediglich
eine druckfeste Sterilisationskammer zum Einsatz gelangt. In diese Sterilisa-
tionskammer wird die distal oder proximal befillte Spritze eingebracht. Die
Kammer wird mittels Heizgas erwarmt. Zugleich sorgt dieses Heizgas auch fir
einen Druck, der den Druckanstieg in der Spritze kompensieren soll. Um ein
Verdampfen von Flussigkeit, die durch den Kunststoff dringt, zu vermeiden, wird
neben dem Heizgas auch Wasserdampf eingebracht. Es wird in dem Schutz-
recht beschrieben, dafl dieselbe Sicherheit wie bei einem Autoklavieren erzielt
werden soll.
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Die WO 95/12482 beschreibt ein Verfahren zur Herstellung von vorgefiiliten
Kunststoffspritzen, die mit einem Kontrastmitte! gefullt sind. Die Spritzen be-
stehen aus einem Zylinder, einem Spritzenauslaistiick am distalen Ende,
welches fir einen Kanilenansatz vorbereitet ist.  Weiterhin umfaBt die Spritze
einen Stopfen, der in dem Zylinder gleiten kann. Er dichtet das proximale Ende
der Spritze ab.  Die Spritze ist nach einem Verfahren hergestellt worden, das
zu pyrogenfreien Objekten fluhrt. Ebenso liegen keine Partikel mehr vor. Die
Spritze wird durch das proximale Ende befiillt, dabei ist das Spritzenauslalstiick
mit einem Verschlull abgedichtet. Die befullte Spritze wird mit dem Stopfen
verschlossen. Der Partikelstatus der Raumlichkeiten entspricht den Bedin-
gungen der Klasse 100.

Nachdem die Spritzenteile aus der Guform kommen, werden sie mit Gas ab-
geblasen, um Partikel zu entfernen. Die Spritze wird anschlieRend gewaschen.
Die Spritze wird danach sterilisiert, so daf die Spritze wahiweise weiterverarbei-
tet, gelagert oder transportiert werden kann.

Es stellt sich die Aufgabe, eine Spritze anzubieten, welche mit einem Medium
vorgefullt wird, wobei sich das Medium dauerhaft ohne Qualitdtseinbulen in der
Spritze befindet. Besonders hohe Anspriiche sollen an die Sicherheit bezuglich
Sterilitat und Partikelarmut innerhalb und auRerhalb der Spritze gestellt werden.

Die Aufgabe wird geltst durch ein Herstellungsverfahren einer vorgefillten,
sterilen Spritze aus Glas oder Kunststoff oder eine Mischung aus Glas und
Kunststoff, weiterhin einer Glasspritze mit einer damit verbundenen Kunststoffo-
lie und einer Kunststoffspritze mit einer damit verbundenen Glasbeschichtung,
dabei umfaft die Spritze
einen zylinderférmigen Spritzenkérper mit einem verschlielRbaren proxi-
malen und einem verschlieRbaren distaien Ende,
ein Spritzenauslalstiick am distalen Ende,
ein das Spritzenauslalstiick abdichtenden VerschiuR,
einen Stopfen, der in dem Spritzenkérper gleitfahig ist,
dabei ist der Stopfen durch einen Stempel bewegbar,
und
ein fluides und ein gasférmiges Medium,
wobei das fluide Medium eine Flussigkeit, eine Lésung, eine Sus-
pension oder eine Emulsion ist,
wobei das Verfahren die folgenden Schritte umfalit:
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- Bereitstellen von dem Spritzenkérper, der von Keimen, Pyrogenen
und/oder Endotoxinen befreit, sowie partikelarm ist,

- Bereitstellen von dem Verschiu, der von Keimen, Pyrogenen
und/oder Endotoxinen befreit, sowie partikelarm ist,

- Bereitstellen von dem Stopfen, der von Keimen, Pyrogenen
und/oder Endotoxinen befreit, sowie partikelarm ist,

- Auftragen eines Gleitmittels,

- Abdichten des proximalen Endes durch Einfilhren des Stopfens in
den Spritzenkoérper und Beflllen der Spritze durch das distale Ende und
VerschlieBen des Spritzenauslalstiickes mit dem VerschluRR oder Ver-
schweil3en des Spritzenauslalistiickes,

oder alternativ

Abdichten des distalen Endes durch den Verschlu oder VerschweilRen
des Spritzenausiafistuckes und Befulien der Spritze durch das proximale
Ende und Abdichten des proximalen Endes durch Einfithren des
Stopfens in den Spritzenkdérper,

- thermisches Sterilisieren in einer Sterilisationskammer, insbeson-
dere einem Autoklaven oder Sterilisator, mit Dampf, HeiRluft und / oder
Mikrowelle,

- gegebenenfalls Aufbau von einem Stutzdruck durch ein Gas in der
Sterilisationskammer, wobei der Druck auf die AuRenoberfliche der
Spritze gleich, groRer oder kleiner als der Druck auf die Innenoberfiiche
der Spritze ist.

- Verpacken der sterilisierten Spritze in einem Behditer, insbeson-
dere einem Sekundarpackmittel, und

- Sterilisieren der verpackten Spritze mit einer Substanz, die min-
destens Teile des Behalters, insbesondere des Sekundarpackmittels,
permeiert.

Der Begriff Spritze umfalt die Begriffe Kartusche (groRvolumige Spritze mit
mindestens 100 mi Volumen), Ampullenspritzen, Einmalspritzen, Einmalspritz-
ampullen, Einwegspritzampullen, Einwegspritzen, Injektionsampullen, Spritz-
ampullen, spritzfertige Ampulle, Zylinderampulle, Doppelkammer-Spritzampulile,
Zweikammer-Spritze, Zweikammer-Spritzampulle, Zweikammer-Einmalspritze
und Sofortspritze.

Glasspritzen und Kunststoffspritzen sind in der Publikation von Junga (M.
JUNGA (1973) Pharm. Ind. Vol. 35, Nr. 11a, Seiten 824 bis 829) ausfihrlich
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beschrieben. Eine Mischung aus Gias und Kunststoff wird in WO 96/00098
(Anmeldetag 23.6.1995) dargestelit.

Kunststoffe werden ausflihrlich in Rémpp - Chemie - Lexikon, Herausgeber Jur-
gen FALBE und Manfred REGITZ, 9. Auflage, Stuttgart, 1990 auf den Seiten
2398 ff dargestelit. Bevorzugt sind COC, PP und Polymethylpenten. [COC =
Cycloolefincopolymer mit den Markennamen CZ (Hersteller: Nihon Zeon) und
TOPAS (Hersteller: Mitsui Chemicals und Hoechst)] Diese Kunststoffe sind
besonders fur den Einsatz bei vorgefuliten, terminal sterilisierten Spritzen ge-
eignet, weil deren hoher Schmeizpunkt (mindestens 130 °C) eine Dampfsterili-
sation (Standardverfahren 121 °C) zulassen. Daruber hinaus sind die opti-
schen Eigenschaften fur eine arzneibuchgemale visuelle einhundertprozentige
inspektion ausreichend.

Die Begriffe proximal und distal definieren sich aus Sicht des behandelnden
Arztes. Am distalen Ende befindet sich das SpritzenauslaRstiick, an dem zum
Beispiel die Kantile oder ein Schlauch, der zu einer Kanéle fiihrt, angeschlossen
ist. Am proximalen Ende befindet sich der Stopfen, der das Medium durch das
distale Ende bei der Applikation driickt. Die Bewegung des Stopfens kann ma-
nuell oder auch mechanisch erfolgen. Der Ausdruck Stopfen umfalit auch Kol-
ben. Fur die manuelle Betatigung der Spritze ist es fur das Bedienungsperso-
nal hilfreich, wenn die Spritze am proximalen Ende Fingerhalterungen tragt.
Dabei weisen die Fingerhalterungen Ublicherweise mindestens eine Flache als
Widerlager fur den Zeigefinger und Mittelfinger auf, wobei die Flache der Fin-
gerhalterung im wesentlich senkrecht zu der Achse des Spritzenzylinders steht.
Bei mechanischen Pumpvorrichtungen sind verschiedene Modell bekannt.
Eine Spritze tragt dann bevorzugt eine oder mehrere Geratehalterungen am
vorzugsweise proximalen Ende.  Besonders gut ist eine solche mechanische
Pumpe in der EP 0 584 531 (Reilly et al. Anmeldetag 21. 07. 1993) beschrie-
ben. Auch Mischformen aus Fingerhalterung und Geratehalterung sind mog-
lich.

Die Spritzen sind Ublicherweise drehsymmetrisch, lediglich die Fingerhalterun-
gen und Geratehalterungen und bisweilen auch das Spritzenauslalstiick wei-
chen von der Symmetrie ab. So kann das Spritzenauslalistiick exzentrisch an-
geordnet sein. Besonders bevorzugt ist der Luer - Lock, da er ausschiieBlich
bei der Applikation von Kontrastmitteln dann zum Tragen kommt, wenn mecha-
nische Pumpvorrichtungen eingesetzt werden.  Auch bei der manuellen Appli-
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kation vermeidet der Luer - Lock und der damit verbundene Schlauch, dafd nicht
beabsichtigte Bewegungen des Arztes auf die Kanlle direkt Ubertragen werden.
Weiterhin sind der einfache Luer-Ansatz und auch der Record-Ansatz bekannt.

Es ist auch méglich, das Spritzenauslaflstick zu verschweilen und dadurch
abzudichten. Vorteilhaft ist dann, daf? ein Spritzenausiafstiick eine Soll-
bruchstelite aufweist, die problemios ein Offnen des SpritzenauslaRstiickes vor
dem Benutzen erlaubt.

Die proximale und das distale Ende der Spritze mu® verschlieBbar sein. Das
distale Ende wird durch einen Verschluld abgedichtet, der auf das Spritzenaus-
laBstuck aufsetzbar ist. Das Spritzenauslalstiick umfaflt in diesem Schutz-
recht die Decke des Spritzenzylinders. Weiterhin umfafit das Spritzenausla-
stiick eine Rdhre, die zu der Nadel oder dem Schiauch fihrt, ein Endstiick, wel-
ches mit der Nadel oder dem Schlauch in Kontakt steht und einem Zylinder mit
Gewinde auf der Innenseite, wobet der Zylinder das Endstick umgibt und ein

Gewinde fur einen zum Beispiel Luer - Lock tragt. Dabei kann das
Spritzenauslalstick einstickig oder mehrstiickig sein. Die Decke kann ge-
wolibt, eben oder pyramidenférmig sein. Auch Mischformen sind denkbar.

Der Stopfen verschlief3t das proximale Ende der Spritze. Er muf3 in dem Zylin-
der gleitfahig sein und mull das Medium sicher von der Umgebung zuriickhal-
ten. Er soll moéglichst wenig fur Gase und Fiussigkeiten permeabel sein.
Auch Temperaturschwankungen muassen ohne Funktionsstérung aufzufangen
sein. Ublicherweise ist der Stopfen bei dem mechanischen Entleeren der
Spritzen nicht mit einem eigenen Stempel versehen. Vielmehr greift ein Stem-
pel, der Teil der Pumpvorrichtung ist, in einen Verschiul im Inneren des
Stopfens ein, so dal eine Bewegung des Stopfens problemlos méglich ist.
(vgl. EP 0 584 531)

Das Medium in der befliliten Spritze ist eine Mischung aus einem fluiden Me-
dium und mindestens einem Gas. Das Medium kann eine Flussigkeit, eine L&-
sung, eine Suspension oder eine Emulsion sein. Diese Erscheinungsformen
sind in W. SCHROTER et al., (1987) Chemie; Fakten und Gesetze, 14. Auflage,
Leipzig auf den Seiten 23 und folgende beschrieben.

Bevorzugt ist ein fluides Medium, weiches ein Kontrastmittel ist. Hierbei han-
delt es sich um die folgenden Kontrastmittel mit den generischen Namen: Ami-
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dotrizoesaure, Gadopentetsaure, Gadobutrol, Gadolinium EOB-DTPA, lopami-
dol, lopromid, lotrolan und lotroxinsaure.

Eine Spritze mull von Fremdkérpern gereinigt werden.  Fremdkérper sind all
die Partikel, die nicht aus dem Material der Spritze und dem Medium und die
losgeldste Bruchstilicke der Spritze sind.

Pyrogene sind Substanzen, die als Fragmente der Bakterien eine Immunantwort
des Menschen provozieren. Insbesondere handelt es sich um Lipopoly-
saccharide.

Sterile und reine Produktionsprozesse sind in DAB 1996 oder Ph.Eur. beschrie-
ben.

Publikationen zum Sterilisieren und zur Keimzahlreduktion sind in den folgen-
den Fundstellen angefuhrt:
K H. WALLHAUSSER (1990) Die mikrobielle Reinheit von Arzneimittel-
rohstoffen und Arzneimitteln, Pharma Technologie, Vol 11, Nr. 4, Seiten
2-9;
H. SEYFARTH (1990) Kritische Anmerkungen zu den Hygieneanforde-
rungen des EG-Leitfadens einer guten Herstellpraxis fur Arzneimittel,
Pharma Technologie, Vol 11, Nr. 4, Seiten 10 - 19;
W. Hecker und R. MEIER (1990) Bestimmung der Luftkeimzahl im
Produktionsbereich mit neueren Geraten, Pharma Technologie, Vol 11,
Nr. 4, Seiten 20 - 28;
G. SPICHER (1990) Méglichkeiten und Grenzen der Sterilisation mit
Gasen und ionisierenden Strahien im Vergleich mit den klassischen
Sterilisationsverfahren, Pharma Technologie, Vol 11, Nr. 4, Seiten 50 -
56;

Als chemische Sterilisierungsverfahren sind die Behandiung mit Ethylenoxid,
Propan-3-olid und Diethyidikarbonat, weiterhin Wasserstoffperoxid und ein
Ozon/Dampfgemisch bekannt. Solche Verfahren werden beschrieben in:
G. SPICHER (1980) Mdglichkeiten und Grenzen der Sterilisation mit
Gasen und ionisierenden Strahlen im Vergleich mit den kiassischen
Sterilisationsverfahren, Pharma Technologie, Vol 11, Nr. 4, Seiten 50 -
56;
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H. HORATH (1990) Rechtliche Rahmenbedingungen der Sterilisation mit
Ethylenoxid und Formaldehyd, Pharma Technologie, Vol 11, Nr. 4, Seiten
57 - 64,

J. SCHUSTER (1990) Die Praxis der betrieblichen Ethylenoxid-Sterilisa-
tion und Versuche zu ihrer Optimierung, Pharma Technologie, Vol 11, Nr.
4, Seiten 65 - 71;

M. MARCZINOWSKI (1990) Praktische Durchfihrung der Formaidehyd-
Sterilisation, Pharma Technologie, Vol 11, Nr. 4, Seiten 72 - 76;

Besonders bevorzugt ist das Verfahren mit Wasserstoffperoxid.

Ebenso ist ein Sterilisieren mit energiereicher Strahlung maoglich.  Hier sind
Gamma-Strahien und Réntgenstrahlen bekannt. Ebenso werden Neutronen-
strahlen, Beta-Strahlen und Alpha-Strahlen eingesetzt.

Gleitmittel dienen dazu, dall der Stopfen ohne gréReren Kraftaufwand innerhalb
des Zylinders bewegt werden kann. Bevorzugt ist Silikondl, welches folgende
Eigenschaften aufweist: Viskositat mindestens 1000 c¢St; Qualitdt: medical
grade.

Nachdem die Spritze teilweise zusammengesetzt worden ist, ist es eventuell
moglich, die Spritze erneut von Fremdkdrpern zu reinigen.  Fremdkorper sind
all die Partikel, die nicht aus dem Material der Spritze und dem Medium sind
und die losgeléste Bruchstucke der Spritze sind.

Als Sterilisationsverfahren sind besonders geeignet: Strahlensterilisation bezie-
hungsweise chemische Sterilisationsverfahren.

Als chemische Sterilisierungsverfahren sind die Behandlung mit Ethylenoxid,
Propan-3-olid und Diethyldikarbonat, weiterhin Wasserstoffperoxid und ein
Ozon/Dampfgemisch bekannt.

Ebenso ist ein Sterilisieren mit energiereicher Strahlung méglich.  Hier sind
Gamma-Strahlen und Rdntgenstrahlen bekannt.

Gegebenenfalls werden die Teile der Spritze in bakteriendichte, aber gasdurch-
lassige Folie oder Aluminium sterilverpackt. Die Sterilisation erfolgt mit Hilfe
von thermischem und/oder chemischem Sterilisieren, mit Gamma-Strahlen oder
Réntgenstrahlen, Neutronenstrahlen oder Beta-Strahlen oder einem Gemisch
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der zuvor genannten Strahlen. Bevorzugt ist die Behandlung mit Wasserstoff-
peroxid oder Ozon/Dampfgemisch.

Anschliefliend wird der Spritzenkdrper durch das distale oder proximale Ende
beftillt, wobei entweder der Stopfen oder der Verschlull das entgegengesetzte
Ende abdichten. Anschlielend wird die Befillungséffnung durch den Ver-
schiluly oder den Stopfen verschlossen.

Das distale Ende wird mit einem Verschiul oder durch Verschweiflen des dista-
len Endes verschiossen. Bei dem Verschweillen weist das distale Ende eine
Sollbruchstelle proximal zur Verschweilung auf. Dadurch kann das distale En-
de problemios nach dem Verschweif3en gedffnet werden.

Im nachsten Schritt wird die Spritze oder Kartusche im Autoklaven oder Sterili-
sator mit Heil3luft oder mittels Mikrowelle thermisch sterilisiert.

Damit der Stopfen nicht innerhalb des Zylinders wandert, ist es vorteithaft, wenn
der Stopfen wahrend des Sterilisierens fixiert ist.

Gegebenenfalls ist es mdégtich, einen Stutzdruck in dem Sterilisationsraum des
Autoklaven oder der Sterilkammer durch ein Gas in dem Sterilisationsraum auf-
zubauen, wobei der Druck auf die Aullencberflache der Spritze gréRer, gleich
oder geringer als der Druck auf der Innenoberflaiche der Spritze ist. Der Stitz-
druck ist zu definieren als der Druck, welcher der Summe der Partialdriicke im
Sterilisationsraum minus dem Partialdruck des Dampfes entspricht,

Vorteilhaft ist, wenn der Stopfen nach dem Sterilisieren rejustiert wird.  Hier-
durch wird gewahrleistet, dall der Stopfen sich in einer optimalen Position be-
findet. Bisweilen ist die Reibung zwischen Stopfen und Zylinder so groR3, dai
ein Einstellen des Stopfens in die stabile Position, bei der keine Druckdifferenz
zwischen Innenseite und Aulienseite der Spritze besteht, nicht selbstandig er-
folgt.

An dieser Stelle ist eine optische Kontrolie vorteilhaft. Dadurch wird gewshr-
leistet, dal? Partikel, die sich in der Spritze befinden, aufgefunden werden.
Spritzen mit Partikel sind dabei zu verwerfen.

Besonders wesentlich ist das Verpacken der sterilisierten Spritze in einem Be-
halter und das Sterilisieren des geflliten Behalters. Dieser Vorgang kann in
einem Sterilraum erfolgen.  Dieser Schritt ist besonders vorteilhaft, weil da-
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durch allein eine Sicherheit gegeben ist, dem behandelnden Arzt eine Spritze
anzubieten, die auch dullertich steril ist. Hierdurch kann die Kontaminationsge-
fahr verringert werden. Auch bei den mechanisch zu entleerenden Spritzen
kommt dieser Vorteil zur Geitung, da der Arzt auch hier die Spritze berihrt.
Haufig werden die mechanisch zu entleerenden Spritzen in sterilen Operations-
raumen angewendet. In diese Raume diirfen nur sterile oder desinfizierte
Materialien eingebracht werden. Somit muB auch eine mechanisch zu entlee-
rende Spritze auflerlich unbedingt steril sein.

Vorteilhaft ist weiterhin, dafl die gefilite und terminal gefulite Spritze in sterile
Kunststoffolie und / oder Aluminiumfolie unter gegebenenfalls aseptischen Be-
dingungen verpackt wird.  Vorteilhaft ist dabei, da die Spritze in maglicher-
weise sterile Blister eingepackt wird, wobei gegebenenfalis aseptische Bedin-
gungen vorherrschen.

Anschliefiend wird die Spritze, die in dem Behalter liegt, auRerlich erneut steri-
lisiert, indem die Spritze mit Ethylenoxid, Propan-3-olid und/oder Diethyldikar-
bonat behandelt wird. Weiterhin  sind Wasserstoffperoxid und ein
Ozon/Dampfgemisch bekannt.
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Eine bevorzugte Ausfuhrungsform wird beispielhaft im weiteren dargestellit.

Eine Spritze gemal der Erfindung wird in der Figur 1 als perspektivische Zeich-
nung abgebildet.

fn der Figur 2 wird eine Schnittzeichnung der Spritze abgebildet.

In der Figur 3 ist ein FluBdiagramm zu sehen, in dem das Verfahren der Herstel-
lung, Sterilisation, Befullung und des terminalen Sterilisierens dargestellt ist.

Die Figur 1 und 2 zeigen eine Kunststoffspritze 100, die aus einem Spritzenkor-
per 1 mit einem Spritzenzylinder 2 besteht. Die Spritze 100 weist ein proxima-
les Ende 3 auf, welches durch einen Stopfen 4 verschlossen ist. Der Stopfen
weist ein pyramidenférmigen distalen Stopfenteil 5 und einen zylinderférmigen
proximalen Stopfenteil 6 auf, der der Innenwandung des Spritzenzylinders 2
dichtend anliegt. Der Kontakt zwischen dem proximalen Stopfenteil 6 und der
Zylinderinnenwandung erfoigt GUber mehrere Gummiwtiste 7.

Am proximalen Ende sind Geratehalterungen 8 an der AuRenwand des Spritze-
zylinders angeordnet, die aus einem Geratehalterungsring 9 und zwei Gerate-
halterungsvorspringe 10 und 10" bestehen. Die Geratehalterungen 8 dienen
zum Einspannen der Spritze in eine mechanische Pumpvorrichtung.

Am distalen Ende 11 der Spritze befindet sich ein pyramidenférmige Spritzen-
auslallstick 12, welches eine Roéhre 13 und ein Endstiick 14 umfaft. Der
pyramidenférmige distale Stopfenteil 5 pallt komplementar in das pyramiden-
férmige Spritzenauslaflstick 12. Zentrisch von dem Spritzenauslafstiick 12 ist
die konisch zulaufende Réhre 13 angeordnet, die in dem Endstick 14 endet.
Dieses Endstick 14 ist von einem Zylinder 15 umgeben, der auf der Innenseite
ein Gewinde 16 fur einen Luer - Lock tragt.  Das Endstiick 14 ist entweder
durch ein Spritzenverschluliteil in Form eines Tip - Cap oder durch ein
Spritzenverschlufiteil mit Luer - Lock verschlieftbar. Das Spritzenverschiufteil
ist in der Zeichnung nicht abgebildet.

In der Figur 3 ist ein FluRdiagramm abgebildet.

51414AWOM1XX00-P  21.5.1997
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Patentanspriiche

1. Herstellungsverfahren einer vorgefuliten, sterilen Spritze aus Glas oder
Kunststoff oder eine Mischung aus Glas und Kunststoff, weiterhin einer Glas-
spritze mit einer damit verbundenen Kunststoffoiie und einer Kunststoffspritze
mit einer damit verbundenen Glasbeschichtung,
dabei umfafdt die Spritze
einen zylinderférmigen Spritzenkérper mit einem verschlieBbaren proxi-
malen und einem verschliefbaren distalen Ende,
ein Spritzenauslaf3stiick am distalen Ende,
ein das Spritzenauslafistiick abdichtenden VerschluRR,
einen Stopfen, der in dem Spritzenkorper gleitfahig ist,
dabei ist der Stopfen durch einen Stempel bewegbar,
und
ein fluides und ein gasformiges Medium,
wobei das fluide Medium eine Flussigkeit, eine Losung, eine
Suspension oder eine Emulsion ist,
wobei das Verfahren die folgenden Schritte umfafit:
- Bereitstellen von dem Spritzenkdrper, der von Keimen, Pyrogenen
und/oder Endotoxinen befreit, sowie partikelarm ist,
- Bereitstellen von dem VerschluR, der von Keimen, Pyrogenen
und/oder Endotoxinen befreit, sowie partikelarm ist,
- Bereitstellen von dem Stopfen, der von Keimen, Pyrogenen
und/oder Endotoxinen befreit, sowie partikelarm ist,
- Auftragen eines Gleitmittels,
- Abdichten des proximalen Endes durch Einfiihren des Stopfens in
den Spritzenkérper und Beflilen der Spritze durch das distale Ende und
VerschlieRen des Spritzenauslalstiickes mit dem VerschluR oder Ver-
schweiflen des Spritzenauslallstickes,
oder alternativ
Abdichten des distalen Endes durch den Verschlul oder Verschweiflen
des Spritzenauslafistickes und Befiillen der Spritze durch das proximale
Ende und Abdichten des proximalen Endes durch Einfihren des
Stopfens in den Spritzenkorper,
- thermisches Sterilisieren in einer Sterilisationskammer,
- Verpacken der sterilisierten Spritze in einem Behalter und
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- Sterilisieren der verpackten Spritze mit einer Substanz, die min-
destens Teile des Behalters permeiert..

2. Herstellungsverfahren nach Anspruch 1, wobei die Sterilisationskammer
ein Autoklav oder Sterilisator, mit Dampf, HeiRluft und / oder Mikrowelle ist.

3. Herstellungsverfahren nach einem der vorherigen Anspriche, waobei ein
Stltzdruck durch ein Gas in der Sterilisationskammer aufgebaut wird, wobei der
Druck auf die Auflenoberflache der Spritze gleich, gréRer oder kleiner als der
Druck auf die Innenoberflache der Spritze ist.

4. Herstellungsverfahren nach einem der vorherigen Anspruche, wobei die
Spritzen umfassen: Kartuschen, Ampullenspritzen, Einmalspritzen, Einmal-
spritzampullen, Einwegspritzampullen, Einwegspritzen, Injektionsampuilen,
Spritzampullen, spritzfertige Ampulien, Zylinderampullen, Doppelkammer-
Spritzampullen, Zweikammer-Spritzen, Zweikammer-Spritzampullen, Zwei-
kammer-Einmalspritzen oder Sofortspritzen.

5. Herstellungsverfahren nach einem der vorherigen Anspriche, wobei der
Kunststoff der Polyolefine aus der Gruppe COC, Polymethylpenten und PP ist.

6. Herstellungsverfahren nach einem der vorherigen Anspriche, wobei die
Spritze einen Luer - Lock am distalen Ende aufweist.

7. Herstellungsverfahren nach einem der vorherigen Anspriche, wobei das
Medium in der befliliten Spritze eine Mischung aus einem fluiden Medium und
mindestens einem Gas ist.

8. Herstellungsverfahren nach Anspruch 7, wobei das Medium eine Flus-
sigkeit, eine Lésung, eine Suspension oder eine Emulsion ist

9. Herstellungsverfahren nach Anspruch 8, wobei das Medium ein Kon-
trastmittel ist.

10.  Herstellungsverfahren nach Anspruch 9, wobei das Kontrastmittel eine
Substanz oder eine Mischung aus der Gruppe der folgenden Substanzen um-
faflt: Amidotrizoesaure, Gadopentetsaure, Gadobutrol, Gadolinium EOB-DTPA,
lopamidol, lopromid, lotrolan und lotroxinsaure
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11.  Herstellungsverfahren nach einem der vorherigen Anspriche, wobei das
Sterilisationsverfahren mit Gas die Behandlung mit Ethylenoxid, Propan-3-olid
und Diethyldikarbonat, weiterhin Wasserstoffperoxid und ein
Ozon/Dampfgemisch umfafit.

12.  Herstellungsverfahren nach Anspruch 11, wobei die Behandlung Was-
serstoffperoxid umfalt.

13.  Herstellungsverfahren nach einem der vorherigen Anspriche, wobei der
Stopfen wahrend des Sterilisierens fixiert ist.

14.  Herstellungsverfahren nach einem der vorherigen Anspriche, wobei der
Stopfen nach dem Sterilisieren rejustiert wird.

15, Herstellungsverfahren nach einem der vorherigen Anspriche, wobei die
gefilite und terminai geflllte Spritze in sterile Kunststoffolie und / oder Alumi-
niumfolie unter gegebenenfalls aseptischen Bedingungen verpackt wird.

16. Herstellungsverfahren nach Anspruch 15, wobei die Spritze, die in dem
Behalter liegt, aullerlich erneut sterilisiert wird, indem die Spritze mit Ethylen-
oxid, Propan-3-olid, Wasserstoffperoxid, ein Ozon/Dampfgemisch und/oder
Diethyldikarbonat behandelt wird. Weiterhin sind bekannt.
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Figur 3
Herstellung von Spritzenzylin- Kolben Verschiuf} Medium

der mit Sprit-

Zenaus-

laBstiick
{pyrogenfrei)

—- Autoklavieren | Autoklavieren Sterilfiltriert

Einfuhren des Kolbens in den Spritzenkoérper - —

Sterilisieren des Kolbens und des Spritzenkorpers - ---

Weiterverarbeiten, Verpacken und Lagern oder Verpacken und Trans- ---

portieren

Befillen der Spritze durch das distale Ende

Verschlielen der Spritze mit dem Verschiul

Autoklavieren der gefliliten Spritze unter Stutzdruck

Abkuhlen der Spritze unter Stutzdruck

Verpacken der geflliten Spritze in Behalter

Verschliellen der Behaiter

Sterilisieren der Behalter mit Gas
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siehe Seite 4, Zeile 5 - Zeile 9
siehe Seite 4, Zeile 15 - Zeile 24
siehe Anspriiche 1-13
siehe Abbildung 1
X WO 95 00180 A (FARCO PHARMA GES MIT 1-8,
BESCHRAEN ;WOLF ERICH (DE)) 5.Januar 1995 13- 15
Y siehe Seite 3, Zeile 24 - Seite 4, Zeile 9,10

13
siehe Seite 6, Zeile 28 - Zeile 32
siehe Anspriiche 1,4-6

_/-_
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scheinen zu lassen, cder durch die das Voroﬂonﬂlohungadatum em‘r
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*P* Vertffentiichung, die vor dem internationalen Anmeldedatt aber nach
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*X" Verbffentlichung von b o Bedeutung; die b pruchte Erfindung
kann allein -ufgrund dieser Vorbﬂonﬂiohung nicht als neu oder auf
erfinderischer Tltlgknn beruhend betrachtet werden

*Y* Verttfentlichung von b derer Bedeutung; die b uchte Erfindung
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Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
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4 .Mai 1993 7
siehe Spalte 2, Zeile 8 - Zeile 28
siehe Anspriiche 1,3,4,7,8

A EP 0 496 633 A (EISAI CO LTD ;MICRO DENSHI 2
CO LTD (JP)) 29.Juli 1992
siehe Zusammenfassung

A US 5 370 861 A (KLAVENESS JO ET AL) 10
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Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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CASE PAT055157-US-NP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Confirm No. 5306

Sigg, Juergen et al.

APPLICATION NO: 13/750,352 Examiner: Berdichevsky, Aarti
FILED: January 25, 2013 Art Unit: 3763

FOR: SYRINGE

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

RESPONSE TO OFFICE ACTION

Sir:

This Response to Office Action (“Response”) is being submitted in reply to an Office
Action mailed to Applicants’ attorney on December 12, 2014 (“Office Action™).

Listing of the Claims are reflected in the listing of the claims which begins on page 2 of

this paper.

Remarks/Arguments begin on page 5 of this paper.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the
application:

Listing of Claims:

1. (Previously presented) A pre-filled syringe for intravitreal injection, the syringe comprising
a glass body forming a barrel, a stopper and a plunger and containing an ophthalmic solution
which comprises a VEGF-antagonist, wherein:

(a) the syringe has a nominal maximum fill volume of between about 0.5ml and about 1ml,
(b) the syringe barrel comprises from about 1ug to 100ug silicone oil,

(c) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per ml
and

wherein the syringe has a stopper break loose force of less than about 11N.
2.(Canceled)
3.(Canceled)
4.(Canceled)
5.(Canceled)

6.(Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel
has an internal coating of silicone oil that has an average thickness of about 450nm or less.

7.(Canceled)
8.(Canceled)

9.(Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 3pg to about 100ug silicone oil.

10. (Original) A pre-filled syringe according to claim 1, wherein the silicone oil is DC365

emulsion.
11. (Canceled)

12. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
further comprises one or more of (i) no more than 5 particles >25um in diameter per ml, and (ii)

no more than 50 particles >10um in diameter per ml.
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13. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
meets USP789.

14. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-
VEGF antibody.

15. (Original) A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.

16. (Original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/ml.

17. (Original) A pre-filled syringe according to claim 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (Original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (Original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40mg/ml.
20. (Canceled)

21. (Original) A pre-filled syringe according to claim 20, wherein the syringe has a stopper

break loose force of less than about 5N.

22. (Original) A pre-filled syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.

23. (Original) A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide

force of less than about 5N.

24. (Original) A pre-filled syringe according to claim 20, wherein the stopper break loose force
or stopper slide force is measured using a filled syringe, at a stopper travelling speed of
190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

25.(Original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H,O, or EtO.

26. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

outer surface of the syringe has <1ppm EtO or H,0, residue.

27. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the
syringe has been sterilised using EtO or H.O, and the total EtO or H,O; residue found on the

outside of the syringe and inside of the blister pack is <0.1mg.

-3-
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28. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein <5%
of the VEGF antagonist is alkylated.

29. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has been sterilised using EtO or H,O, with a Sterility Assurance Level of at least 10°.

30. (Original) A method of treating a patient suffering from of an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary
to retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema
(DME), diabetic retinopathy, and proliferative retinopathy, comprising the step of administering
an ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. (Original) The method of claim 30, further comprising an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the
stopper with the priming mark.

32. (Original) A method according to claim 30, wherein the VEGF antagonist administered is a
non-antibody VEGF antagonist and wherein the patient has previously received treatment with
an antibody VEGF antagonist.

33. (Canceled)

34. (Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 1-50ug silicone oil.
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REMARKS/ARGUMENTS

Claim Status

Claims 1,6, 9, 10, 12-19, 21-32 and 34 were pending prior to the entry of this response.
No claim amendments have been made. Accordingly, claims 1, 6, 9-10, 12-19, 21-32, and 34
are pending after entry of this amendment.

The Examiner’s Rejections

The Examiner rejected claims 1, 6, 9-10 and 12-19, 21-32 and 34 under 35 U.S.C. §
103(a) as being obvious in view of WO 2007/035621 to Scypinski et al. (hereinafter “the ‘621
publication) in further view of US2011/0276005 to Hioki et al (hereinafter “the ‘005 publication”).

The Examiner admits that the ‘621 publication is silent to an internal silicone coating on the

syringe barrel. However, to cure this deficiency, the Examiner relies on the teachings of the
‘005 publication. According to the Examiner, the ‘005 publication teaches coating the inner
surface of a syringe barrel, and that the skilled artisan would have been motivated to include oil
in the silicone barrel to increase the slidability of the plunger within the barrel, and that finding

the optimum value of the silicone oil to use is well within the ordinary skill in the art.

Response
Initially, the Applicants thank the Examiner for withdrawing the rejection of the claims

under 35 U.S.C. § 112.

35U.8.C. §103
We respectfully disagree with the Examiner’s objection regarding obviousness. Applicant

does not agree that the subject matter of the present application would simply be an
improvement or optimization of the usability of a syringe. For patient safety and the hygiene of
the drug it is vital that the syringe and its contents are sufficiently sterile to avoid infection and
other risks for the patients. To this end, not only the solution to be filled in is treated, but the
prefilled syringe is terminally sterilized as well, whereby the syringe is typically already located in
its package. The sterilization of the syringe is carried out with the aid of heat or chemically by
means of a sterilizing gas. In case of syringes with low volume, for example those for injections
into the eye, the sterilization of the syringes and their contents can lead to problems that do not
necessarily occur at larger syringes. Changes in pressure, which may occur for instance after
heating, may cause air bubbles contained in the syringe to extend and parts of the syringe to
move. This can change tightness properties and may compromise sterility of the prefilled
syringe. The tightness of the pre-filled syringe is not only relevant for maintaining the sterility of
the syringe and its content, but it also protects the content of the syringe from the sterilizing gas.

If the pre-filled syringe is not appropriately sealed, significant amounts of the gas may intrude
-5-
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into the volume chamber of the syringe and have a detrimental effect on the drug. Ethylene
oxide, for instance, alkylates proteins and may in such a manner inactivate proteinogenic
substances. Overall, it is therefore not true that the general teaching for syringes can simply be
adjusted to the present situation.

Claim 1 refers to a syringe that is pre-filled with an ophthalmic solution. The term “pre-
filled” indicates that the syringe is not administered shortly after filling. Between the filling and
the administration of the solution the syringe is sterilized and transported or stored. The syringes
reach the user or patient already in the pre-filled condition. Silicone oil applied to the inner
syringe surface can migrate into the solution, especially during storage, which is undesired,
since silicone oil droplets injected into the eye cause potentially adverse effects. Silicone oil can
also migrate from the lubricated stopper setting tube into the drug solution. Silicone oil can
cause proteins, like the active agent Ranibizumab, to aggregate. Silicone may also induce
denaturation of the protein adsorbed at the surface of silicone droplets.

Scypinski does not contain any data regarding the amount of lubricant that is contained
in the syringe cylinder. Consequently, the skilled person could not draw conclusions from that
regarding a silicone oil content of less than those recited in the current claims.

It is known that siliconization of pre-filled syringes is often irregular and specific regions
of the inner surface of the cylinder of the syringes are not siliconized. The distribution of silicone
oil in PFS is often non-uniform, leaving some bare glass surfaces without silicone oil. This
particularly occurs when smaller amounts of silicone oils are used. Such insufficient
siliconization may already lead to the situation that the adhesive forces and the frictional forces
of the stopper are too high to safeguard the functioning of the pre-filled syringe. When using a
smaller amount of silicone oil, the skilled person would thus have expected that the drug is
incompletely administered. This would have prevented him from attempting to develop a
prefilled syringe with a silicone level below the recommended threshold amount.

Hioki refers to pre-filled syringes that are not specifically designed for ophthalmic
purposes. The barrel of the syringe disclosed in Hioki is made of resin. There are substantial
different material properties of plastic (resin) and glass. Different are for example the
interactions of the active substance contained in an injection solution with plastic and glass. The
intensity of a bond of e.g. proteins to a certain surface depends on the nature of the used
surface and also on the kind of the used protein. Moreover, containers made of glass and plastic
(resin) differ in the way and amount of the substances that can go through the material of the
container into the injection solution.

The skilled person facing the objective of developing a syringe prefilled with ophthalmic
solution is not given any stimulation from both citations, Scypinski and Hioki, that the threshold
value for the silicone amount used in the syringe cylinder to below those cited in the current

claims.
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There is no teaching in the cited prior nor can any suggestion been derived from the
combination of Scypinski and Hioki that a pre-filled syringe with a glass body of the claimed size
(maximum fill volume between about 0.5 ml and about 1 ml) could be obtained with such small
break loose and sliding forces and having at the same time such a small silicone oil content
within the barrel. The surprising finding that the silicone oil content of a pre-filled syringe for
ophthalmic use can be decreased without increasing the break loose and sliding forces cannot
be found anywhere in the cited prior art, nor can it be deduced. The subject matter of claim 1 is
therefore inventive.

According to the Applicant’s knowledge, there does not exist any pre-filled syringe for
ophthalmic use, with a glass body and a maximum fill volume between about 0.5 ml and about 1
ml, with a silicone oil content of 1 ug to 100 yg that has break loose and sliding forces <11 N (or
even within the range of 2 to 5 N).

In total it has to be noticed that the cited prior art does not contain any suggestion
whatsoever regarding a silicone content of less than about 500 ug in the glass cylinder of pre-
filled syringes for ophthalmic use, as it is determined in the claims. The lack of any suggestion in
order to reach this value shows that the current invention is not obvious in view of the
documents cited by the Examiner.

Conclusion

Applicants believe that the foregoing constitutes a complete and full response to the
Office Action of record. They further submit that all pending claims, as amended, are patentable
and in patentable form, and they respectfully request that such claims be allowed to issue.
Should the Examiner have any outstanding issues, the undersigned representative invites the

Examiner to contact him at his convenience.

Respectfully submitted,

/ Jim Lynch /
Novartis Pharmaceuticals Corporation Jim Lynch
One Health Plaza, Bldg. 101 Agent for Applicant
East Hanover, NJ 07936 Reg. No. 54,763

+1 8627783423

Date: March 11, 2015
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/750,352 01/25/2013 Juergen Sigg PAT055157-US-NP 5306
1095 7590 03/20/2015
NOVARTIS PHARMACEUTICAL CORPORATION | CXAMITR |
INTELLECTUAL PROPERTY DEPARTMENT BERDICHEVSKY, AARTI
ONE HEALTH PLAZA 433/2
EAST HANOVER, NJ 07936-1080 | ART UNIT | PAPER NUMBER |
3763
| NOTIFICATION DATE | DELIVERY MODE |
03/20/2015 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

phip.patents @novartis.com

PTOL-90A (Rev. 04/07)

Regeneron Exhibit 1002.1356



Application No. Applicant(s)
13/750,352 SIGG ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
Aarti Bhatia Berdichevsky 3763 ,S\ltgt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 3/11/2015.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)X Claim(s) 1,6.9,10,12-19,21-32 and 34 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 1,6.9,10,12-19,21-32 and 34 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) x Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other-
Paper No(s)/Mail Date 3/11/2015. ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20150315
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Application/Control Number: 13/750,352 Page 2
Art Unit: 3763

DETAILED ACTION
This is the fourth Office Action based on the 13/750,352 application filed on 1/25/2013.
Claims 1, 6, 9, 10, 12-19, 21-32 and 34, as amended on 3/11/2015, are currently

pending and have been considered below.

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Claim Rejections - 35 USC § 103
2. The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.
3. Claims 1,6, 9-10, 12-19, 21-32 and 34 are rejected under pre-AlA 35 U.S.C.
103(a) as being unpatentable over WO 2007/035621 to Scypinkski et al. in view of

US2011/0276005 to Hioki et al. as set forth in the Office Action dated 12/12/2014.

Response to Arguments
4. Applicant's arguments filed 3/11/2015 have been fully considered but they are
not persuasive.
5. In response to applicant's argument that the references fail to show certain
features of applicant’s invention, it is noted that the features upon which applicant relies

(i.e., the prefilled syringe is terminally sterilized) are not recited in the rejected claim(s).
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Application/Control Number: 13/750,352 Page 3
Art Unit: 3763

Although the claims are interpreted in light of the specification, limitations from the
specification are not read into the claims. See In re Van Geuns, 988 F.2d 1181, 26
USPQ2d 1057 (Fed. Cir. 1993).

6. The Examiner finds that the prior art meets the claims as currently presented as
set forth in the previous Office Action. The Examiner does appreciate the differences
between the present invention and the prior art, those differences are not reflected in

the claims as currently presented.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Aarti Bhatia Berdichevsky whose telephone number is

571-270-5033. The examiner can normally be reached M-F 9 AM to 5 PM.
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Application/Control Number: 13/750,352 Page 4
Art Unit: 3763

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Bhisma Mehta can be reached on 571-272-3383. The fax phone number for
the organization where this application is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Aarti Bhatia Berdichevsky/
Primary Examiner, Art Unit 3763
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APPLICATION NO: 13/750352 Conf. No.: 5306

FILED: January 25, 2013

FOR: SYRINGE

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

PETITION FOR EXTENSION OF TIME

Sir:

The Office Action of March 20, 2015 has a shortened statutory time set to expire on June
20, 2015. A one-month extension is hereby requested pursuant to 37 CFR §1.136(a).

Please charge Deposit Account No. 19-0134 in the name of Novartis in the amount of
$200 for payment of the extension fee. The Commissioner is hereby authorized to charge any
additional fees under 37 CFR §1.17 which may be required, or credit any overpayment, to

Account No. 19-0134 in the name of Novartis.

Respectfully submitted,

Michael Mazza/

Novartis Pharmaceuticals Corporation Michael Mazza

One Health Plaza, Bldg. 433 Attorney for Applicant
East Hanover, NJ 07936 Reg. No. 30,775
+15108799666

Date: 14 July 2015
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CASE PAT055157-US-NP

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

IN RE APPLICATION OF Confirm No. 5306

Sigg, Juergen et al.

APPLICATION NO: 13/750,352 Examiner: Berdichevsky, Aarti
FILED: January 25, 2013 Art Unit: 3763

FOR: SYRINGE

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION

Sir:

This Amendment and Response together with a petition and fee for a one-month extension,

is submitted in response to the Final Office Action mailed on 20 March, 2015.

Amendments to the Claims are reflected in the listing of the claims which begins on page

2 of this paper.

Remarks/Arguments begin on page 5 of this paper.

Regeneron Exhibit 1002.1369



Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1.(Currently amended) A pre-filled,_terminally sterilized syringe for intravitreal injection, the

syringe comprising a glass body forming a barrel, a stopper and a plunger and containing an

ophthalmic solution which comprises a VEGF-antagonist, wherein:

(a) the syringe has a nominal maximum fill volume of between about 0.5ml and about 1ml,

(b) the syringe barrel comprises from about 1ug to 100ug silicone ail,

(c) the VEGF antagonist solution comprises no more than 2 particles >50um in diameter per ml and
wherein the syringe has a stopper break loose force of less than about 11N.

2. -5 (Canceled)

6. (Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of silicone oil that has an average thickness of about 450nm or less.
7. — 8 (Canceled)

9. (Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 3ug to about 100ug silicone oil.
10. (Original) A pre-filled syringe according to claim 1, wherein the silicone oil is DC365 emulsion.
11. (Canceled)

12. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
further comprises one or more of (i) no more than 5 particles >25um in diameter per ml, and (ii) no

more than 50 particles >10um in diameter per ml.

13. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist solution
meets USP789.

14. (Original) A pre-filled syringe according to claim 1, wherein the VEGF antagonist is an anti-
VEGF antibody.

15. (Original) A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is

ranibizumab.
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16. (Original) A pre-filled syringe according to claim 15, wherein the ranibizumab is at a

concentration of 10mg/ml.

17. (Original) A pre-filled syringe according to claim 1 wherein the VEGF antagonist is a non-

antibody VEGF antagonist.

18. (Original) A pre-filled syringe according to claim 17, wherein the non-antibody VEGF

antagonist is aflibercept or conbercept.

19. (Original) A pre-filled syringe according to claim 18, wherein the non-antibody VEGF

antagonist is aflibercept at a concentration of 40mg/ml.
20. (Canceled)

21. (Currently amended) A pre-filled syringe according to claim [[20]] 1, wherein the syringe has

a stopper break loose force of less than about 5N, and wherein the syringe has a stopper slide

force of less than about 5N.

22. (Original) A pre-filled syringe according to claim 1, wherein the syringe has a stopper slide

force of less than about 11N.
23. (Cancel)

24. (Original) A pre-filled syringe according to claim 20, wherein the stopper break loose force or
stopper slide force is measured using a filled syringe, at a stopper travelling speed of 190mm/min,

with a 30G x 0.5 inch needle attached to the syringe.

25.(Original) A blister pack comprising a pre-filled syringe according to claim 1, wherein the

syringe has been sterilised using H,O, or EtO.

26. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the outer

surface of the syringe has <1ppm EtO or H,O, residue.

27. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the
syringe has been sterilised using EtO or H,O, and the total EtO or H,O, residue found on the

outside of the syringe and inside of the blister pack is <0.1mg.

28. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein <5% of

the VEGF antagonist is alkylated.

29. (Original) A blister pack comprising a pre-filled syringe according to claim 25, wherein the

syringe has been sterilised using EtO or H,O, with a Sterility Assurance Level of at least 10°®.

-3-
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30. (Original) A method of treating a patient suffering from of an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary to
retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema (DME),
diabetic retinopathy, and proliferative retinopathy, comprising the step of administering an

ophthalmic solution to the patient using a pre-filled syringe according to claim 1.

31. (Original) The method of claim 30, further comprising an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

32. (Original) A method according to claim 30, wherein the VEGF antagonist administered is a
non-antibody VEGF antagonist and wherein the patient has previously received treatment with an

antibody VEGF antagonist.
33. (Canceled)

34. (Previously presented) A pre-filled syringe according to claim 1, wherein the syringe barrel

has an internal coating of from about 1-50ug silicone oil.

35 (New) A pre-filled syringe according to claim 1, wherein the silicone oil has a viscosity of about
350 cP.

36. (New) A pre-filled syringe according to claim 15, wherein the silicone oil has a viscosity of
about 350 cP, and the VEGF antagonist solution further comprises one or more of (i) no more than

5 particles >25um in diameter per ml, and (ii) no more than 50 particles >10um in diameter per mil.
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REMARKS/ARGUMENTS

Claim Status

By way of this amendment, claims 1 and 21 have been amended; claim 23 has been
canceled, and its subject matter incorporated into claim 21. Support for the amendments is found in
applicants published specification US 2014/0012227, at paragraph 0046 and in the originally filed
claims. New claims 35 and 36 have been added. Support for new claim 35 is found in the
specification at paragraph 0026. Support for new claim 36 is found in the claims as originally
presented.

Claims 1, 6, 9-10, 12-19, 21-22, 24-32, and 34-36 are pending after entry of this

amendment.

Rejection under 35 U.S.C. § 103

Claims 1-6, 9-10, 12-19, 21-32 and 34 were rejected under 35 U.S.C. § 103(a) as allegedly
over WO 2007/035621 to Scypinski et al. (hereinafter “Scypinski”) in view of US2011/0276005 to
Hioki et al (hereinafter “Hioki”). While it is admitted that Scypinski is silent to an internal silicone
coating on the syringe barrel, the Examiner contends that Hioki teaches coating the inner surface of
a syringe barrel, and that the skilled artisan would have been motivated to include oil in the silicone
barrel to increase the slidability of the plunger within the barrel, and that finding the optimum value

of the silicone oil to use is well within the ordinary skill in the art.

Response
While applicants respectfully continue to disagree with this characterization and application

of the art, applicants also appreciate the Examiner's comment in paragraph 6 of the Action that the
Examiner understands and recognizes the differences between the present invention and the cited
art, but that that those differences were not previously incorporated into the claims. Accordingly,
applicants have hereby amended claims 1 and 21 solely to expedite prosecution and allowance. As
amended, independent claim 1 now recites that the prefilled syringe is terminally sterilized. Note
that while claim 1 states this explicitly, at least claims 25 — 27 and 29 recite that the prefilled syringe

has been sterilized and comprises a blister pack i.e. a prefilled syringe which is terminally sterilized.

In the prior responses, applicants have argued the novelty and non-obviousness of the
invention comprising a syringe having a glass barrel, and which is adequately and operationally

lubricated with low levels of a silicone oil. Applicants have amended claim 21 to clarify that this low

-5-
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level of silicone oil results in both a low break-loose in a low slide force. These features collectively
are not taught by either cited reference. Applicant wishes to reiterate the position that while the
‘621 publication teaches a dual barreled syringe useful in administering a combination of drugs
simultaneously into a patient’s eye, it also discloses that the syringe barrel can be either glass or
plastic. Plastic syringes are not useful as pre-filled syringes for biologic products. Hence the ‘621
publication does not teach or suggest a glass barrel syringe which contain the low amounts of
silicone, together with the break-loose force and which is sterilized in packaged form, all as recited
in the currently pending claims.

The ‘005 publication exclusively describes resin syringes, hence does not and cannot teach
or suggest levels of silicone applicable to glass barreled syringes. Nowhere in either reference
cited by the Examiner is it suggested or taught that the levels of silicone used in the current
invention can be applied to glass barreled syringes.

Moreover, applicants have amended claim 21 to clarify that the reduced levels of silicone
oils in conjunction with a glass barreled syringe afford not only a low break loose force but also a
low slide force. Applicants have further added new claims 35 and 36 which explicitly describe a
viscosity of the silicone oil in one embodiment (claim 35), and further relate the embodiment of
viscosity of the silicone oil to a particle size distribution (claim 36). Nowhere does the cited
references teach or suggest the combination of elements recited in claims 35 and 36 and the
independent claims from which they depend, including specifically the low slide and break loose
forces, low levels of silicone oil, and low levels of particulates within a glass barreled syringe for
ophthalmic purposes. As note in the prior response, silicone oils can cause proteins, such as
ranibizumab, to aggregate, and also to denaturate. Hence, new claim 36, which depends from claim
15, is further distinct form the art, which teaches neither the problem nor the solution.

Accordingly, a prima facie case of obviousness has not been established and the applicants
respectfully request that it be withdrawn.

Moreover, claims 6, 9-10, 12-19, 21-22, 24-32, and 34-36 are dependent claims. With
further regard to these claims, and dependent claims generally, as independent claim 1 is
contended to be allowable over the prior art of record, then its dependent claims are allowable as a
matter of law, because these dependent claims contain all features/elements/steps of the
independent claim. In re Fine, 837 F.2d 1071 (Fed. Cir. 1988).

Additionally and notwithstanding the foregoing reasons for the allowability of amended
independent claims 1 and 20, the dependent claims recite further features/steps and/or
combinations of features/steps (as is apparent by examination of the claims themselves) that are
patentably distinct from the prior art of record. Hence, there are other reasons why these

dependent claims are allowable.
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Conclusion

The claims are allowable for the reasons given above. Therefore, the applicants respectfully

request the Examiner reconsider the present rejections and allow the presently pending claims.

Should the Examiner have any questions, the Examiner is asked to call the undersigned at the

number given below.

Novartis Pharmaceuticals Corporation
One Health Plaza, Bldg. 433

East Hanover, NJ 07936
510-879-9666

Date: 16 July 2015

Respectfully submitted,
/Michael J. Mazza/

Michael J. Mazza
Agent for Applicant
Reg. No. 30,775
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SYRINGE

TECHNICAL FIELD

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suitable for ophthalmic injections.

BACKGROUND ART

Many medicaments are delivered to a patient in a syringe from which the user can dispense the
medicament. If medicament is delivered to a patient in a syringe it is often to enable the patient,
or a caregiver, to inject the medicament. It is important for patient safety and medicament
integrity that the syringe and the contents of that syringe are sufficiently sterile to avoid
infection, or other, risks for patients. Sterilisation can be achieved by terminal sterilisation in
which the assembled product, typically already in its associated packaging, is sterilised using

heat or a sterilising gas.

For small volume syringes, for example those for injections into the eye in which it is intended
that about 0.1ml or less of liquid is to be injected the sterilisation can pose difficulties that are
not necessarily associated with larger syringes. Changes in pressure, internal or external to the
syringe, can cause parts of the syringe to move unpredictably, which may alter sealing
characteristics and potentially compromise sterility. Incorrect handling of the syringe can also

pose risks to product sterility.

Furthermore, certain therapeutics such as biologic molecules are particularly sensitive to
sterilisation, be it cold gas sterilisation, thermal sterilisation, or irradiation. Thus, a careful
balancing act is required to ensure that while a suitable level of sterilisation is carried out, the
syringe remains suitably sealed, such that the therapeutic i1s not compromised. Of course, the
syringe must also remain easy to use, in that the force required to depress the plunger to

administer the medicament must not be too high.

There is therefore a need for a new syringe construct which provides a robust seal for its content,

but which maintains ease of use.

DISCLOSURE OF THE INVENTION

The present invention provides a pre-filled syringe, the syringe comprising a body, a stopper and
a plunger, the body comprising an outlet at an outlet end and the stopper being arranged within

the body such that a front surface of the stopper and the body define a variable volume chamber

-
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from which a fluid can be expelled though the outlet, the plunger comprising a plunger contact
surface at a first end and a rod extending between the plunger contact surface and a rear portion,
the plunger contact surface arranged to contact the stopper, such that the plunger can be used to
force the stopper towards the outlet end of the body, reducing the volume of the variable volume
chamber, characterised in that the fluid comprises an ophthalmic solution. In one embodiment,

the ophthalmic solution comprises a VEGF-antagonist.

In one embodiment, the syringe is suitable for ophthalmic injections, more particularly
intravitreal injections, and as such has a suitably small volume. The syringe may also be silicone
oil free, or substantially silicone oil free, or may comprise a low level of silicone oil as lubricant.
In one embodiment, despite the low silicone oil level, the stopper break loose and slide force is
less than 20N.

For ophthalmic injections, it is particularly important for the ophthalmic solution to have
particularly low particle content. In one embodiment, the syringe meets US Pharmacopeia
standard 789 (USP789).

Syringe

The body of the syringe may be a substantially cylindrical shell, or may include a substantially
cylindrical bore with a non circular outer shape. The outlet end of the body includes an outlet
through which a fluid housed within the variable volume chamber can be expelled as the volume
of said chamber is reduced. The outlet may comprise a projection from the outlet end through
which extends a channel having a smaller diameter than that of the variable volume chamber.
The outlet may be adapted, for example via a luer lock type connection, for connection to a
needle or other accessory such as a sealing device which is able to seal the variable volume
chamber, but can be operated, or removed, to unseal the variable volume chamber and allow
connection of the syringe to another accessory, such as a needle. Such a connection may be
made directly between the syringe and accessory, or via the sealing device. The body extends

along a first axis from the outlet end to a rear end.

The body may be made from a plastic material (e.g. a cyclic olefin polymer) or from glass and
may include indicia on a surface thereof to act as an injection guide. In one embodiment the
body may comprise a priming mark. This allows the physician to align a pre-determined part of
the stopper (such as the tip of the front surface or one of the circumferential ribs, discussed later)

or plunger with the mark, thus expelling excess ophthalmic solution and any air bubbles from the
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syringe. The priming process ensures that an exact, pre-determined dosage is administered to the

patient.

The stopper may be made from rubber, silicone or other suitable resiliently deformable material.
The stopper may be substantially cylindrical and the stopper may include one or more
circumferential ribs around an outer surface of the stopper, the stopper and ribs being
dimensioned such that the ribs form a substantially fluid tight seal with an internal surface of the
syringe body. The front surface of the stopper may be any suitable shape, for example
substantially planar, substantially conical or of a domed shape. The rear surface of the stopper
may include a substantially central recess. Such a central recess could be used to connect a
plunger to the stopper using a snap fit feature or thread connection in a known manner. The

stopper may be substantially rotationally symmetric about an axis through the stopper.

The plunger comprises a plunger contact surface and extending from that a rod extends from the
plunger contact surface to a rear portion. The rear portion may include a user contact portion
adapted to be contacted by a usecr during an injection event. The user contact portion may
comprise a substantially disc shaped portion, the radius of the disc extending substantially
perpendicular to the axis along which the rod extends. The user contact portion could be any
suitable shape. The axis along which the rod extends may be the first axis, or may be

substantially parallel with the first axis.

The syringe may include a backstop arranged at a rear portion of the body. The backstop may be
removable from the syringe. If the syringe body includes terminal flanges at the end opposite the
outlet end the backstop may be configured to substantially sandwich terminal flanges of the body

as this prevent movement of the backstop in a direction parallel to the first axis.

The rod may comprise at least one rod shoulder directed away from the outlet end and the
backstop may include a backstop shoulder directed towards the outlet end to cooperate with the
rod shoulder to substantially prevent movement of the rod away from the outlet end when the
backstop shoulder and rod shoulder are in contact. Restriction of the movement of the rod away
from the outlet end can help to maintain sterility during terminal sterilisation operations, or other
operations in which the pressure within the variable volume chamber or outside the chamber
may change. During such operations any gas trapped within the variable volume chamber, or
bubbles that may form in a liquid therein, may change in volume and thereby cause the stopper
to move. Movement of the stopper away from the outlet could result in the breaching of a

sterility zone created by the stopper. This is particularly important for low volume syringes

-3
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where there are much lower tolerances in the component sizes and less flexibility in the stopper.
The term sterility zone as used herein is used to refer to the area within the syringe that is sealed
by the stopper from access from either end of the syringe. This may be the area between a seal
of the stopper, for example a circumferential rib, closest to the outlet and a seal of the stopper,
for example a circumferential rib, furthest from the outlet. The distance between these two seals
defines the sterility zone of the stopper since the stopper is installed into the syringe barrel in a

sterile environment.

To further assist in maintaining sterility during the operations noted above the stopper may
comprise at a front circumferential rib and a rear circumferential rib and those ribs may be
separated in a direction along the first axis by at least 3mm, by at least 3.5 mm, by at least
3.75mm or by 4mm or more. One or more additional ribs (for example 2, 3, 4 or 5 additional
ribs, or between 1-10, 2-8, 3-6 or 4-5 additional ribs) may be arranged between the front and rear

ribs. In one embodiment there are a total of three circumferential ribs.

A stopper with such an enhanced sterility zone can also provide protection for the injectable
medicament during a terminal sterilisation process. More ribs on the stopper, or a greater
distance between the front and rear ribs can reduce the potential exposure of the medicament to
the sterilising agent. However, increasing the number of ribs can increase the friction between
the stopper and syringe body, reducing ease of use. While this may be overcome by increasing
the siliconisation of the syringe, such an increase in silicone oil levels is particularly undesirable

for syringes tor ophthalmic use.

The rod shoulder may be arranged within the external diameter of the rod, or may be arranged
outside the external diameter of the rod. By providing a shoulder that extends beyond the
external diameter of the rod, but still fits within the body, the shoulder can help to stabilise the
movement of the rod within the body by reducing movement of the rod perpendicular to the first
axis. The rod shoulder may comprise any suitable shoulder forming clements on the rod, but in

one embodiment the rod shoulder comprises a substantially disc shaped portion on the rod.

In one embodiment of the syringe, when arranged with the plunger contact surface in contact
with the stopper and the variable volume chamber is at its intended maximum volume there is a
clearance of no more than about 2mm between the rod shoulder and backstop shoulder. In some
embodiments there is a clearance of less than about 1.5 mm and in some less than about Imm.
This distance is selected to substantially limit or prevent excessive rearward (away from the

outlet end) movement of the stopper.
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In one embodiment the variable volume chamber has an internal diameter greater than Smm or
6mm, or less than 3mm or 4mm. The internal diameter may be between 3mm and 6mm, or

between 4mm and Smm.

In another embodiment the syringe is dimensioned so as to have a nominal maximum fill volume
of between about 0.1ml and about 1.5ml. In certain embodiments the nominal maximum fill
volume is between about 0.5ml and about Iml. In certain embodiments the nominal maximum

fill volume is about 0.5ml or about 1ml, or about 1.5ml.

The length of the body of the syringe may be less than 70mm, less than 60mm or less than

50mm. In one embodiment the length of the syringe body is between 45mm and 50mm.

In one embodiment, the syringe is filled with between about 0.01ml and about 1.5ml (for
example between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml, between
about 0.15ml and about 0.175ml) of a VEGF antagonist solution. In one embodiment, the
syringe is filled with 0.165ml of a VEGF antagonist solution. Of course, typically a syringe is
filled with more than the desired dose to be administered to the patient, to take into account
wastage due to “dead space” within the syringe and needle. There may also be a certain amount

of wastage when the syringe is primed by the physician, so that it is ready to inject the patient.

Thus, in one embodiment, the syringe is filled with a dosage volume (i.e. the volume of
medicament intended for delivery to the patent) of between about 0.01ml and about 1.5ml (e.g.
between about 0.05ml and about lml, between about 0.lml and about 0.5ml) of a VEGF
antagonist solution. In one embodiment, the dosage volume is between about 0.03ml and about
0.05ml. For example, for Lucentis, the dosage volume is 0.05ml or 0.03ml (0.5mg or 0.3mg) of a
10mg/ml injectable medicament solution; for Eylea, the dosage volume is 0.05ml of a 40mg/ml
injectable medicament solution. Although unapproved for ophthalmic indications, bevacizumab
is used off-label in such ophthalmic indications at a concentration of 25mg/ml; typically at a
dosage volume of 0.05ml (1.25mg). In one embodiment, the extractable volume from the syringe
(that is the amount of product obtainable from the syringe following filling, taking into account

loss due to dead space in the syringe and needle) is about 0.09ml.

In one embodiment the length of the syringe body is between about 45mm and about 50mm, the
internal diameter is between about 4mm and about 5mm, the fill volume 1s between about 0.12

and about 0.3ml and the dosage volume is between about 0.03ml and about 0.05ml.
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As the syringe contains a medicament solution, the outlet may be reversibly sealed to maintain
sterility of the medicament. This sealing may be achieved through the use of a sealing device as
g™

is known in the art. For example the OV system which is available from Vetter Pharma

International Gmbli.

It is typical to siliconise the syringe in order to allow ease of use, i.¢. to apply silicone oil to the
inside of the barrel, which decreases the force required to move the stopper. However, for
ophthalmic use, it is desirable to decrease the likelihood of silicone oil droplets being injected
into the eye. With multiple injections, the amount of silicone droplets can build up in the eye,
causing potential adverse effects, including “floaters” and an increase in intra-ocular pressure.
Furthermore, silicone oil can cause proteins to aggregate. A typical 1ml syringe comprises 100-
800ug silicone oil in the barrel, though a survey of manufacturers reported that 500-1000pg was
typically used in pre-filled syringes (Badkar et a/. 2011, AAPS PharmaScitech, 12(2):564-572).
Thus, in one embodiment, a syringe according to the invention comprises less than about §00ug
(i.e. about less than about 500ug, less than about 300ng, less than about 200ug, less than about
100ug, less than about 75ug, less than about 50ng, less than about 25pg, less than about 15pg,
less than about 10ug) silicone oil in the barrel. If the syringe comprises a low level of silicone
oil, this may be more than about 1ug, more than about 3ug, more than about Sug, more than
about 7ug or more than about 10upg silicone oil in the barrel. Thus, in one embodiment, the
syringe may comprise about lug-about 500ug, about 3ug-about 200ug, about Sug-about 100ug
or about 10ug-about 50ug silicone oil in the barrel. Methods for measuring the amount of
silicone o1l in such a syringe barrel are known in the art and include, for example, differential
weighing methods and quantitation by infrared-spectroscopy of the oil diluted in a suitable
solvent. Various types of silicone oil are available, but typically either DC360 (Dow Corning®™;
with a viscosity of 1000cP) or DC365 emulsion (Dow Corning®; DC360 oil with a viscosity of
350cP) are used for syringe siliconisation. In one embodiment, the pre-filled syringe of the

invention comprises DC365 emulsion.

During testing it was surprisingly found that, for syringes having small dimensions, such as those
discussed above, and particularly those described in conjunction with the Figures below, the
break loose and sliding forces for the stopper within the syringe are substantially unaffected by
reducing the siliconisation levels far below the current standard to the levels discussed here. This
is 1n contrast to conventional thinking that would suggest that if you decrease the silicone oil
level, the forces required would increase (see e.g. Schoenknecht, AAPS National Biotechnology

Conference 2007 — Abstract no. NBCO07-000488, which indicates that while 400ug silicone oil is

8-
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acceptable, usability improves when increased to 800ug). Having too great a force required to
move the stopper can cause problems during use for some users, for example accurate dose
setting or smooth dose delivery may be made more difficult if significant strength is required to
move, and/or keep in motion, the stopper. Smooth administration is particularly important in
sensitive tissues such as the eye, where movement of the syringe during administration could
cause local tissue damage. Break loose and slide forces for pre-filled syringes known in the art
are typically in the region of less than 20N, but where the pre-filled syringes contain about
100ug-about 800ug silicone oil. In one embodiment the glide/slide force for the stopper within
the pre-filled syringe is less than about 1IN or less than 9N, less than 7N, less than 5N or
between about 3N to SN. In one embodiment, the break loose force is less than about 11N or less
than 9N, less than 7N, less than 5N or between about 2N to 5N. Note that such measurements are
for a filled syringe, rather than an empty syringe. The forces are typically measured at a stopper
fravelling speed of 190mm/min. In one embodiment, the forces are measured with a 30G x 0.5
inch needle attached to the syringe. In one embodiment, the syringe has a nominal maximal fill
volume of between about 0.5ml and 1ml, contains less than about 100ug silicone oil and has a

break loose force between about 2N to 5N,

In one embodiment the syringe barrel has an internal coating of silicone oil that has an average
thickness of about 450nm or less (i.e. 400nm or less, 350nm or less, 300nm or less, 200nm or
less, 100nm or less, 50nm or less, 20nm or less). Methods to measure the thickness of silicone oil
in a syringe are known in the art and include the rap.ID Layer Explorer® Application, which can

also be used to measure the mass of silicone oil inside a syringe barrel.

In one embodiment, the syringe is silicone oil free, or substantially silicone oil free. Such low
silicone oil levels can be achieved by using uncoated syringe barrels and/or by avoiding the use
of silicone oil as a lubricant for product contacting machine parts, or pumps in the syringe
assembly and fill line. A further way to reduce silicone oil and inorganic silica levels in a pre-
filled syringe is to avoid the use of silicone tubing in filling lines, for example between storage

tanks and pumps.

The syringe according to the invention may also meet certain requirements for particulate
content. In one embodiment, the ophthalmic solution comprises no more than 2 particles >50um
in diameter per ml. In one embodiment, the ophthalmic solution comprises no more than 5
particles >25um in diameter per ml. In one embodiment, the ophthalmic solution comprises no

more than 50 particles >10pum in diameter per ml. In one embodiment, the ophthalmic solution

-7-
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comprises no more than 2 particles >50um in diameter per ml, no more than 5 particles >25um
in diameter per ml and no more than 50 particles >10pm in diameter per ml. In one embodiment,
a syringe according to the invention meets UUSP789 (United States Pharmacopoeia: Particulate
Matter in Ophthalmic Solutions). In one embodiment the syringe has low levels of silicone o1l

sufficient for the syringe to meet USP789.

VEGF Antagonists

Antibody VEGF antagonists

VEGF is a well-characterised signal protein which stimulates angiogenesis. Two antibody VEGF
antagonists have been approved for human use, namely ranibizumab (Lucentis®) and

bevacizumab (Avastin®).

Non-Antibody VEGF antagonists

In one aspect of the invention, the non-antibody VEGF antagonist is an immunoadhesin. One
such immuoadhesin is aflibercept (Eylea®), which has recently been approved for human use
and is also known as VEGF-trap (Holash er al. (2002) PNAS USA 99:11393-98; Riely & Miller
(2007) Clin Cancer Res 13:4623-7s). Aflibercept is the preferred non-antibody VEGF antagonist
for use with the invention. Aflibercept is a recombinant human soluble VEGF receptor fusion
protein consisting of portions of human VEGF receptors 1 and 2 extracellular domains fused to
the Fc portion of human IgG1. It is a dimeric glycoprotein with a protein molecular weight of 97
kilodaltons (kDa) and contains glycosylation, constituting an additional 15% of the total
molecular mass, resulting in a total molecular weight of 115 kDa. 1t is conveniently produced as
a glycoprotein by expression in recombinant CHO K1 cells. Each monomer can have the

following amino acid sequence (SEQ 1D NO: 1):

SDTGRPFVEMYSEIPEI THMTEGRELVIPCRVTSPNITVILKKFPPLDTLIPDGKRIIWDSRRGFIISNATY
KEIGLLTCEATVNGHLYKINYLTHROTNTIIDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDFNWEYPS
SKHOHKKLVNRDLKTQOSGSEMEKRKFLSTLTIDGVTIRSDOGLY TCAASSGLMTRKKNSTFVRVHEKDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST
YRVVSVLTVLHODWLNGKEYKCKVSNRKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNOVSLTCLVK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOOGNVEFSCSVMHEALHNHY TOKSL:
SLSPG

and disulfide bridges can be formed between residues 30-79, 124-185, 246-306 and 352-410

within each monomer, and between residues 211-211 and 214-214 between the monomers.
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Another non-antibody VEGF antagonist immunoadhesin currently in pre-clinical development is
a recombinant human soluble VEGF receptor fusion protein similar to VEGF-trap containing
extracellular ligand-binding domains 3 and 4 from VEGFR2/KDR, and domain 2 from
VEGFRI1/Flt-1; these domains are fused to a human IgG Fc protein fragment (Li et al., 2011
Molecular Vision 17:797-803). This antagonist binds to isoforms VEGF-A, VEGF-B and VEGF-
C. The molecule is prepared using two different production processes resuiting in different
glycosylation patterns on the final proteins. The two glycoforms are referred to as KH902
(conbercept) and KH906. The fusion protein can have the following amino acid sequence (SEQ
1D NO:2):
MVSYWDTGVLLCALLSCLLLTGSSSGGRPFVEMY SEIPEITHMTEGRELVI PCRVTSPNI TVTLKKF PLDT
LIPDGKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTI IDVVLSPSHGTELSVGEK
LVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQSGSEMKKFLSTLTIDGVTRSDQGLYTCAASSG
LMTKKNSTFVRVHEK PFVAFGSCMESLVEATVGERVRLPARYLGY PPPETKWYKNGT PLESNHTIKAGHVL
TIMEVSERDTGNYTVILTNPISKEKQSHVVSLVVYVPPGPGDKTHTC PLC PAPELLGGPSVFLFPPKPKDT
LMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHENAKTK PREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTRNQVSLTCLVKGFYPSDTAVEWESNGOPENNYK
ATPPVLDSDGSFFLY SKLTVDK SRWQOGNVFESC SVMHEALHNHY TQK SLSLSPGK

and, like VEGF-trap, can be present as a dimer. This fusion protein and related molecules are

further characterized in EP1767546.

Other non-antibody VEGF antagonists include antibody mimetics (e.g. Affibody® molecules,
affilins, affitins, anticalins, avimers, Kunitz domain peptides, and monobodies) with VEGF
antagonist activity. This includes recombinant binding proteins comprising an ankyrin repeat
domain that binds VEGF-A and prevents it from binding to VEGFR-2. One example for such a
molecule is DARPin® MPO0O112. The ankyrin binding domain may have the following amino
acid sequence (SEQ 1D NO: 3):

GSDLGKEKLLEAARAGQDDEVRILMANGADVNTADSTGWTI PLHLAVPWGHLEIVEVLLKYGADVNAKDFQGW
TPLHLAAATGHOEIVEVLLKNGADVNAQDKFGKTAFDISIDNGNEDLAEILQKAA

Recombinant binding proteins comprising an ankyrin repeat domain that binds VEGF-A and
prevents it from binding to VEGFR-2 are described in more detail in WO2010/060748 and
WO02011/135067.

Further specific antibody mimetics with VEGF antagonist activity are the 40 kD pegylated
anticalin PRS-050 and the monobody angiocept (CT-322).
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The afore-mentioned non-antibody VEGF antagonist may be modified to further improve their
pharmacokinetic properties or bioavailability. For example, a non-antibody VEGF antagonist
may be chemically modified (e.g., pegylated) to extend its in vive half-life. Alternatively or in
addition, it may be modified by glycosylation or the addition of further glycosylation sites not
present in the protein sequence of the natural protein from which the VEGF antagonist was

derived.

Variants of the above-specified VEGF antagonists that have improved characteristics for the
desired application may be produced by the addition or deletion of amino acids. Ordinarily, these
amino acid sequence variants will have an amino acid sequence having at least 66% amino acid
sequence identity with the amino acid sequences of SEQ 1D NO: 1, SEQ ID NO: 2 or SEQ ID
NO: 3, preferably at least 80%, more preferably at least 85%, more preferably at least 90%, and
most preferably at least 95%, including for example, 80%, 81%, 82%, 83%., 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98%., 99%, and 100%. Identity
or homology with respect to this sequence is defined herein as the percentage of amino acid
residues in the candidate sequence that are identical with SEQ ID NO: 1, SEQ ID NO: 2 or SEQ
ID NO: 3, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part

of the sequence identity.

Sequence identity can be determined by standard methods that are commonly used to compare
the similarity in position of the amino acids of two polypeptides. Using a computer program
such as BLAST or FASTA, two pelypeptides are aligned for optimal matching of their
respective amino acids (either along the full length of one or both sequences or along a pre-
determined portion of one or both sequences). The programs provide a default opening penalty
and a default gap penalty, and a scoring matrix such as PAM 250 [a standard scoring matrix; see
Dayhoft et al., in Atlas of Protein Sequence and Structure, vol. 5, supp. 3 (1978)] can be used in
conjunction with the computer program. For example, the percent identity can then be
calculated as: the total number of identical matches multiplied by 100 and then divided by the
sum of the length of the longer sequence within the matched span and the number of gaps

introduced into the longer sequences in order to align the two sequences.

Preferably, the non-antibody VEGF antagonist of the invention binds to VEGF via one or more

protein domain(s) that are not derived from the antigen-binding domain of an antibody. The non-

-10-
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antibody VEGF antagonist of the invention are preferably proteinaceous, but may include

modifications that are non-proteinaceous (e.g., pegylation, glycosylation).

Therapy

The syringe of the invention may be used to treat an ocular disease, including but not limited to
choroidal neovascularisation, age-related macular degeneration (both wet and dry forms),
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

Thus the invention provides a method of treating a patient suffering from of an ocular disease
selected from choroidal ncovascularisation, wet age-related macular degeneration, macular
edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO) and
central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),
diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy, comprising
the step of administering an ophthalmic solution to the patient using a pre-filled syringe of the
invention. This method preferably further comprises an initial priming step in which the
physician depresses the plunger of the pre-filled syringe to align the pre-determined part of the

stopper with the priming mark.

In one embodiment, the invention provides a method of treating an ocular disease selected from
choroidal neovascularisation, wet age-related macular degeneration, macular edema secondary to
retinal vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO),
choroidal neovascularisation secondary to pathologic myopia (PM), diabetic macular edema
(DME), diabetic retinopathy, and proliferative retinopathy, comprising administering a non-
antibody VEGF antagonist with a pre-filled syringe of the invention, wherein the patient has

previously received treatment with an antibody VEGF antagonist.

Kits

Also provided are kits comprising the pre-filled syringes of the invention. In one embodiment,
such a kit comprises a pre-filled syringe of the invention in a blister pack. The blister pack may
itself be sterile on the inside. In one embodiment, syringes according to the invention may be
placed inside such blister packs prior to undergoing sterilisation, for example terminal

sterilisation.

-11-
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Such a kit may further comprise a needle for administration of the VEGF antagonist. If the
VEGF antagonist is to be administered intravitreally, it is typical to use a 30-gauge x % inch
needle, though 31-gauge and 32-gauge needles may be used. For intravitreal administration,
33-gauge or 34-gauge needles could alternatively be used. Such kits may further comprise
instructions for use. In one embodiment, the invention provides a carton containing a pre-filled
syringe according to the invention contained within a blister pack, a needle and optionally

instructions for administration.

Sterilisation

As noted above, a terminal sterilisation process may be used to sterilise the syringe and such a
process may use a known process such as an ethylene oxide (FtO) or a hydrogen peroxide
(H>0O9) sterilisation process. Needles to be used with the syringe may be sterilised by the same

method, as may kits according to the invention.

The package is exposed to the sterilising gas until the outside of the syringe is sterile. Following
such a process, the outer surface of the syringe may remain sterile (whilst in its blister pack) for
up to 6 months, 9 months, 12 months, 15 months, 18 months, 24 months or longer. Thus, in one
embodiment, a syringe according to the invention {whilst in its blister pack) may have a shelf life
of up to 6 months, 9 months, 12 months, 15 months, 18 months, 24 months or longer. In one
embodiment, less than one syringe in a million has detectable microbial presence on the outside
of the syringe after 18 months of storage. In one embodiment, the pre-filled syringe has been
sterilised using EtO with a Sterility Assurance Level of at least 10°. In one embodiment, the pre-
filled syringe has been sterilised using hydrogen peroxide with a Sterility Assurance Level of at
least 10°. Of course, it is a requirement that significant amounts of the sterilising gas should not
enter the variable volume chamber of the syringe. The term “significant amounts” as used herein
refers to an amount of gas that would cause unacceptable modification of the ophthalmic
solution within the variable volume chamber. In one embodiment, the sterilisation process causes
<10% (preferably <5%, <3%, <1%}) alkylation of the VEGF antagonist. In one embodiment, the
pre-filled syringe has been sterilised using EtO, but the outer surface of the syringe has <lppm,
preferably <0.2ppm EtO residue. In one embodiment, the pre-filled syringe has been sterilised
using hvdrogen peroxide, but the outer surface of the syringe has <lppm, preferably <0.2ppm
hydrogen peroxide residue. In another embodiment, the pre-filled syringe has been sterilised
using EtO, and the total EtO residue found on the outside of the syringe and inside of the blister

pack is <0.1mg. In another embodiment, the pre-filled syringe has been sterilised using hydrogen

D
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peroxide, and the total hydrogen peroxide residue found on the outside of the syringe and inside

of the blister pack is <0.Img.

General

The term “comprising” means “including” as well as “consisting” e.g a composition
“comprising” X may consist exclusively of X or may include something additional e.g. X + Y.

The term “about” in relation to a numerical value x means, for example, x+10%.

References to a percentage sequence identity between two amino acid sequences means that,
when aligned, that percentage of amino acids are the same in comparing the two sequences. This
alignment and the percent homology or sequence identity can be determined using software
programs known in the art, for example those described in section 7.7.18 of Current Protocols in
Molecular Biology (F.M. Ausubel ef al., eds., 1987) Supplement 30. A preferred alignment is
determined by the Smith-Waterman homology search algorithm using an affine gap search with
a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The Smith-
Waterman homology search algorithm is disclosed in Smith & Waterman (1981) Adv. Appl.
Maih. 2: 482-489

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a side view of a syringe

Figure 2 shows a cross section of a top down view of a syringe
Figure 3 shows a view of a plunger

Figure 4 shows a cross section though a plunger

Figure 5 shows a stopper
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MODES FOR CARRYING OUT THE INVENTION

The invention will now be further described, by way of example only, with reference to the

drawings.

Figure 1 shows a view from a side of a syringe 1 comprising a body 2, plunger 4, backstop 6 and a

sealing device 8.

Figure 2 shows a cross section through the syringe 1 of Figure 1 from above. The syringe 1 is
suitable for use in an ophthalmic injection. The syringe 1 comprises a body 2, a stopper 10 and a
plunger 4. The syringe 1 extends along a first axis A. The body 2 comprises an outlet 12 at an
outlet end 14 and the stopper 10 is arranged within the body 2 such that a front surface 16 of the
stopper 10 and the body 2 define a variable volume chamber 18. The varnable volume chamber 18
contains an injectable medicament 20 comprising an ophthalmic solution comprising a VEGF
antagonist such as ranibizumab. The injectable fluid 20 can be expelled though the outlet 12 by
movement of the stopper 10 towards the outlet end 14 thereby reducing the volume of the variable
volume chamber 18. The plunger 4 comprises a plunger contact surface 22 at a first end 24 and a
rod 26 extending between the plunger contact surface 22 and a rear portion 25. The plunger contact
surface 22 is arranged to contact the stopper 10, such that the plunger 4 can be used to move the
stopper 10 towards the outlet end 14 of the body 2. Such movement reduces the volume of the

variable volume chamber 18 and causes fluid therein to be expelled though the outlet.

The backstop 6 is attached to the body 2 by coupling to a terminal flange 28 of the body 2. The
backstop 6 includes sandwich portion 30 which is adapted to substantially sandwich at least some of
the terminal flange 28 of the body 2. The backstop 6 is adapted to be coupled to the body 2 from
the side by leaving one side of the backstop 6 open so that the backstop 6 can be fitted to the syringe
2.

The body 2 defines a substantially cylindrical bore 36 which has a bore radius. The rod 26
comprises a rod shoulder 32 directed away from the outlet end 14. The rod shoulder 32 extends
from to a rod shoulder radius from the first axis A which is such that it is slightly less than the bore
radius so that the shoulder fits within the bore 36. The backstop 6 includes a backstop shoulder 34
directed towards the outlet end 14. The shoulders 32, 34 are configured to cooperate to
substantially prevent movement of the rod 26 away from the outlet end 14 when the backstop
shoulder 34 and rod shoulder 32 are in contact. The backstop shoulder 34 extends from outside the

bore radius to a radius less than the rod shoulder radius so that the rod shoulder 32 cannot pass the
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backstop shoulder 34 by moving along the first axis A. In this case the rod shoulder 32 is
substantially disc, or ring, shaped and the backstop shoulder 34 includes an arc around a rear end 38

of the body 2.

The backstop 6 also includes two finger projections 40 which extend in opposite directions away
from the body 2 substantially perpendicular to the first axis A to facilitate manual handling of the

syringe 1 during use.

In this example the syringe comprises a 0.5ml body 2 filled with between about 0.1 and 0.3 ml of an
injectable medicament 20 comprising a 10mg/ml injectable solution comprising ranibizumab. The
syringe body 2 has an internal diameter of about between about 4.5mm and 4.8mm, a length of

between about 45mm and 50mm.
The plunger 4 and stopper 10 will be described in more detail with reference to later figures.

Figure 3 shows a perspective view of the plunger 4 of Figure 1 showing the plunger contact surface
22 at the first end 24 of the plunger 4. The rod 26 extends from the first end 24 to the rear portion
25. The rear portion 25 includes a disc shaped flange 42 to facilitate user handling of the device.

The flange 42 provides a larger surface area for contact by the user than a bare end of the rod 26.

Figure 4 shows a cross section though a syringe body 2 and rod 26. The rod 26 includes four
longitudinal ribs 44 and the angle between the ribs is 90°.

Figure 5 shows a detailed view of a stopper 10 showing a conical shaped front surface 16 and three
circumferential ribs 52,54.56 around a substantially cylindrical body 58. The axial gap between the
first rib 52 and the last rib 56 is about 3mm. The rear surface 60 of the stopper 10 includes a
substantially central recess 62. The central recess 62 includes an initial bore 64 having a first
diameter. The initial bore 64 leading from the rear surface 60 into the stopper 10 to an inner recess

66 having a second diameter, the second diameter being larger than the first diameter.

Stopper movement forces

0.5ml syringes siliconised with <100ug silicone oil, filled with Lucentis, comprising one of two
different stopper designs were tested for maximal and average break out and slide force. Prior to
testing, 30G x 0.5 needles were attached to the syringes. The testing was carried out at a stopper
speed of 190mm/min over a travel length of 10.9mm. Stopper design 2 had a 45% increase in the

distance between the front circumferential rib and rear circumferential 1ib.

-15-
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Stopper design 1 Stopper design 2
Batch A Batch B Batch C Batch D Batch E
Break loose | Average of 10| 22N 2.3N 1.ON 21N 25N
force of | syringes
syringes Max individual | 2.5N 2.5N 23N 2.6N 27N
value
Sliding force | Average of 10| 3.IN 32N 3.IN 4. 1N 4.6N
syringes
Max individual | 3.5N 35N 3.6N 47N 4.8N
value

For both stopper designs, average and maximum break out force remained below 3N. For both

stopper designs, average and maximum sliding force remained below 5N.

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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CLAIMS

1. A pre-filled syringe, the syringe comprising a glass body, a stopper and a plunger, the body
comprising an outlet at an outlet end and the stopper being arranged within the body such that a
front surface of the stopper and the body define a variable volume chamber from which a fluid
can be expelled though the outlet, the plunger comprising a plunger contact surface at a first end
and a rod extending between the plunger contact surface and a rear portion, the plunger contact
surface arranged to contact the stopper, such that the plunger can be used to force the stopper
towards the outlet end of the body, reducing the volume of the variable volume chamber,
characterised in that the fluid is an ophthalmic solution which comprises a VEGF-antagonist

wherein:
(a) the syringe has a nominal maximum fill volume of between about 0.5ml and about 1ml,

(b) the syringe is filled a dosage volume of between about 0.03ml and about 0.05ml of said

VEGF antagonist solution,
(c) the syringe barrel comprises less than about 500ug silicone oil, and
(d) the VEGF antagonist solution comprises no more than 2 particles >50pum in diameter per ml.

2. A pre-filled syringe according to claim 1, wherein the syringe is filled with between about

0.15ml and about 0.175ml of a VEGF antagonist solution.

3. A pre-filled syringe according to claim 1 or claim 2, wherein the syringe is filled with about

0.165ml of said VEGF antagonist solution.

4. A pre-filled syringe according to any previous claim, wherein the syringe is filled with dosage

volume of about 0.05ml of a VEGF antagonist solution.

5. A pre-filled syringe according to any previous claim, in which the dosage volume is
determined by the volume of the variable volume chamber when a predetermined part of the

stopper is aligned with a priming mark on the syringe.

6. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of silicone oil that has an average thickness of about 450nm or less, preferably
400nm or less, preferably 350nm or less, preferably 300nm or less, preterably 200nm or less,

preferably 100nm or less, preferably 50nm or less, preferably 20nm or less.
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7. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of less than about 500y silicone oil, preferably less than about 100ug silicone
oil, preferably less than about 50ug silicone oil, preferably less than about 25ug silicone oil,

preferably less than about 10ug silicone oil.

8. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of more than about 1pg, more than about 3ug, more than about 5ug, more than

about 7pg or more than about 10ug silicone oil.

9. A pre-filled syringe according to any previous claim, wherein the syringe barrel has an
internal coating of about 1pg-about 500ug, about 3pg-about 200ug, about Spg-about 100pg or

about 10pg-about 50ng silicone oil.

10. A pre-filled syringe according to any previous claim, wherein the silicone oil is DC365

emulsion.

11. A pre-filled syringe according to any one of claims 1-5, wherein the syringe is silicone oil

free.

12. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution
further comprises one or more of (1) no more than 5 particles >25um in diameter per ml, and (i1)

no more than 50 particles >10pm in diameter per ml

13. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist solution

meets USP789.

14. A pre-filled syringe according to any previous claim, wherein the VEGF antagonist is an

anti-VEGF antibody.
15. A pre-filled syringe according to claim 14, wherein the anti-VEGF antibody is ranibizumab.

16. A pre-filled syringe according to claim 15, wherein the ranibizumab is at a concentration of

10mg/ml.

17. A pre-filled syringe according to any one of claims 1-13 wherein the VEGF antagonist is a

non-antibody VEGF antagonist.

18. A pre-filled syringe according to claim 17, wherein the non-antibody VEGF antagonist is

aflibercept or conbercept.

-18-

Regeneron Exhibit 1002.1394



10

15

20

25

WO 2014/005728 PCT/EP2013/051491

19. A pre-filled syringe according to claim 18, wherein the non-antibody VEGF antagonist is

aflibercept at a concentration of 40mg/ml.

20. A pre-filled syringe according to any previous claim, wherein the syringe has a stopper break

loose force of less than about 11N.

21. A pre-filled syringe according to claim 20, wherein the syringe has a stopper break loose

force of fess than about 5N.

22. A pre-filled syringe according to any previous claim, wherein the syringe has a stopper slide

force of less than about 11N,

23. A pre-filled syringe according to claim 22, wherein the syringe has a stopper slide force of

less than about 5N.

24. A pre-filled syringe according to any of claims 20-23, wherein the stopper break loose force
or stopper slide force is measured using a filled syringe, at a stopper travelling speed of

190mm/min, with a 30G x 0.5 inch needle attached to the syringe.

25. A blister pack comprising a pre-filled syringe according to any previous claim, wherein the

syringe has been sterilised using H,O; or EtO.

26. A blister pack comprising a pre-filled syringe according to claim 25, wherein the outer

surface of the syringe has <lppm EtO or H;O5 residue.

27. A blister pack comprising a pre-filled syringe according to claim 25, wherein the syringe has
been sterilised using EtO or H,O, and the total EtO or H,O; residue found on the outside of the

syringe and inside of the blister pack is <0.1mg.

28. A blister pack comprising a pre-filled syringe according to any one of claims 25-27, wherein

<5% of the VEGF antagonist is alkylated.

29. A blister pack comprising a pre-filled syringe according to any of claims 25-28, wherein the

syringe has been sterilised using EtO or H,O, with a Sterility Assurance Level of at least 10,

30. A blister pack according to any of claims 25-29, wherein the pre-filled syringe has a shelf life

of up to 6 months, 9 months, 12 months, 15 months, 18 months, 24 months or longer.
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31. A kit comprising: (i) a pre-filled syringe according to any one of claims 1-24, or a blister
pack comprising a pre-filled syringe according to any one of claims 25-30, (ii) a needle, and

optionally (iii) instructions for administration.
32. A kit according to claim 31, wherein the needle is a 30-gauge x ¥ inch needle.
33. A pre-filled syringe according to any one of claims 1-24 for use in therapy.

34. A pre-filled syringe according to any one of claims 1-24 for use in the treatment of an ocular
disease selected from choroidal neovascularisation, wet age-related macular degeneration,
macular edema secondary to retinal vein occlusion (RVO) including both branch RVO (bRVO)
and central RVO (cRVO), choroidal neovascularisation secondary to pathologic myopia (PM),

diabetic macular edema (DME), diabetic retinopathy, and proliferative retinopathy.

35. A method of treating a patient suffering from of an ocular disease selected from choroidal
neovascularisation, wet age-related macular degeneration, macular edema secondary to retinal
vein occlusion (RVO) including both branch RVO (bRVO) and central RVO (cRVO), choroidal
neovascularisation secondary to pathologic myopia (PM), diabetic macular edema (DME),
diabetic retinopathy, and proliferative retinopathy, comprising the step of administering an

ophthalmic solution to the patient using a pre-filled syringe according to any one of claims 1-24.

36. The method of claim 35, further comprising an initial priming step in which the physician
depresses the plunger of the pre-filled syringe to align the pre-determined part of the stopper

with the priming mark.

37. A method according to claim 35 or 36, wherein the VEGF antagonist administered is a non-
antibody VEGF antagonist and wherein the patient has previously received treatment with an

antibody VEGF antagonist.
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ABSTRACT

The present invention relates to a device and in particular a syringe, particularly to a small
volume syringe such as a syringe suitable for ophthalmic injections. The present invention

also relates to uses of the device and methods.
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USE OF DEVICE

TECHNICAL FIELD

The present invention relates to a syringe, particularly to a small volume syringe such as a

syringe suilable for ophthalmic injections.

BACKGROUND ART

Many medicaments are delivered to a patient in a syringe from which the user can dispense the
medicament. If medicament is delivered to a patient in a syringe it is often to enable the patient,
or a caregiver, to inject the medicament. It is important for patient safety and medicament
integrity that the syringe and the contents of that syringe are sufficiently sterile to avoid
infection, or other, risks for patients. Sterilisation can be achieved by terminal sterilisation in
which the assembled product, typically already in its associated packaging, is sterilised using

heat or a sterilising gas.

For small volume syringes, for example those for injections into the eye in which it is intended
that about 0.1ml or less of liquid is to be injected the sterilisation can pose difficultics that are
not necessarily associated with larger syringes. Changes in pressure, internal or external to the
syringe, can cause parts of the syringe to move unpredictably, which may alter sealing
characteristics and potentially compromise sterility. Incorrect handling of the syringe can also

pose risks to product sterility.

Furthermore, certain therapeutics such as biologic molecules are particularly sensitive to
sterilisation, be it cold gas sterilisation, thermal sterilisation, or irradiation. Thus, a careful
balancing act is required to ensure that while a suitable level of sterilisation is carried out, the

syringe remains suitably sealed, such that the therapeutic is not compromised.

There is therefore a need for a new syringe construct which provides a robust seal for its content,

but which maintains ease of use.

DISCLOSURE OF THE INVENTION

The present invention provides a pre-filled syringe, the syringe comprising a body, a stopper and
a plunger, the body comprising an outlet at an outlet end and the stopper being arranged within
the body such that a front surface of the stopper and the body define a variable volume chamber
from which a fluid can be expelled though the outlet, the plunger comprising a plunger contact

surface at a first end and a rod extending between the plunger contact surface and a rear portion,
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the plunger contact surface arranged to contact the stopper, such that the plunger can be used to
force the stopper towards the outlet end of the body, reducing the volume of the variable volume
chamber, characterised in that the fluid comprises an ophthalmic solution. In one embodiment,

the ophthalmic solution comprises a VEGF-antagonist.

In one embodiment, the syringe is suitable for ophthalmic injections, more particularly
intravitreal injections, and as such has a suitably small volume. The syringe may also be silicone

oil free, or substantially silicone oil free, or may comprise a low level of silicone oil as lubricant.

For ophthalmic injections, it is particularly important for the ophthalmic solution to have
particularly low particle content. In one embodiment, the syringe meets US Pharmacopeia

standard 789 (USP789).

Syringe

The body of the syringe may be a substantially cylindrical shell, or may include a substantially
cylindrical bore with a non circular outer shape. The outlet end of the body includes an outlet
through which a fluid housed within the variable volume chamber can be expelled as the volume
of said chamber is reduced. The outlet may comprise a projection from the outlet end through
which extends a channel having a smaller diameter than that of the variable volume chamber.
The outlet may be adapted, for example via a luer lock type connection, for connection Lo a
needle or other accessory such as a sealing device which is able to seal the variable volume
chamber, but can be operated, or removed, to unseal the variable volume chamber and allow
connection of the syringe to another accessory, such as a ncedle. Such a connection may be
made directly between the syringe and accessory, or via the sealing device. The body extends

along a first axis from the outlet end to a rear end.

The body may be made from a plastic material (e.g. a cyclic olefin polymer) or from glass and
may include indicia on a surface thereof to act as an injection guide. In one embodiment the
body may comprise a priming mark. This allows the physician to align a pre-determined part of
the stopper (such as the tip of the front surface or one of the circumferential ribs, discussed later)
with the mark, thus expelling excess ophthalmic solution and any air bubbles from the syringe.

The priming process ensures that an exact, pre-determined dosage is administered to the patient.

The stopper may be made from rubber, silicone or other suitable resiliently deformable material.
The stopper may be substantially cylindrical and the stopper may include one or more

circumferential ribs around an outer surface of the stopper, the stopper and ribs being

2
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dimensioned such that the ribs form a substantially fluid tight seal with an internal surface of the
syringe body. The front surface of the stopper may be any suitable shape, for example
substantially planar, substantially conical or of a domed shape. The rear surface of the stopper
may include a substantially central recess. Such a central recess could be used to connect a
plunger to the stopper using a snap fit feature or thread connection in a known manner. The

stopper may be substantially rotationally symmetric about an axis through the stopper.

The plunger comprises a plunger contact surface and extending from that a rod extends from the
plunger contact surface to a rear portion. The rear portion may include a user contact portion
adapted to be contacted by a user during an injection event. The user conlact portion may
comprise a substantially disc shaped portion, the radius of the disc extending substantially
perpendicular to the axis along which the rod extends. The user contact portion could be any
suitable shape. The axis along which the rod cxtends may be the first axis, or may be

substantially parallel with the first axis.

The syringe may include a backstop arranged at a rear portion of the body. The backstop may be
removable from the syringe. Ifthe syringe body includes terminal flanges at the end opposite the
outlet end the backstop may be configured to substantially sandwich terminal flanges of the body

as this prevent movement of the backstop in a direction parallel to the first axis.

The rod may comprise at least one rod shoulder directed away from the outlet end and the
backstop may include a backstop shoulder directed towards the outlet end to cooperate with the
rod shoulder to substantially prevent movement of the rod away from the outlet end when the
backstop shoulder and rod shoulder are in contact. Restriction of the movement of the rod away
from the outlet end can help to maintain sterility during terminal sterilisation operations, or other
operations in which the pressure within the variable volume chamber or outside the chamber
may change. During such operations any gas trapped within the variable volume chamber, or
bubbles that may form in a liquid therein, may change in volume and thereby cause the stopper
to move. Movement of the stopper away from the outlet could result in the breaching of a
sterility zone created by the stopper. This is particularly important for low volume syringes
where there are much lower tolerances in the component sizes and less flexibility in the stopper.
The term sterility zone as used herein is used to refer to the area within the syringe that is sealed
by the stopper from access from either end of the syringe. This may be the area between a seal
of the stopper, for example a circumferential rib, closest to the outlet and a seal of the stopper,

for example a circumferential rib, furthest from the outlet. The distance between these two seals

-3-
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defines the sterility zone of the stopper since the stopper is installed into the syringe barrel in a

sterile environment.

To further assist in maintaining sterility during the operations noted above the stopper may
comprise at a front circumferential rib and a rear circumferential rib and those ribs may be
separated in a direction along the first axis by at least 3mm, by at least 3.5 mm, by at least
3.75mm or by 4mm or more. One or more additional ribs (for example 2, 3, 4 or 5 additional
ribs, or between 1-10, 2-8, 3-6 or 4-5 additional ribs) may be arranged between the front and rear

ribs. In one embodiment there are a total of three circumferential ribs.

A stopper with such an enhanced sterility zone can also provide protection for the injectable
medicament during a terminal sterilisation process. More ribs on the stopper, or a greater
distance between the front and rear ribs can reduce the potential exposure of the medicament to
the sterilising agent. However, increasing the number of ribs can increase the friction between
the stopper and syringe body, reducing ease of use. While this may be overcome by increasing
the siliconisation of the syringe, such an increase in silicone oil levels is particularly undesirable

for syringes for ophthalmic use.

The rod shoulder may be arranged within the external diameter of the rod, or may be arranged
outside the external diameter of the rod. By providing a shoulder that extends beyond the
external diameter of the rod, but still fits within the body, the shoulder can help to stabilise the
movement of the rod within the body by reducing movement of the rod perpendicular to the first
axis. The rod shoulder may comprise any suitable shoulder forming elements on the rod, but in

one embodiment the rod shoulder comprises a substantially disc shaped portion on the rod.

In one embodiment of the syringe, when arranged with the plunger contact surface in contact
with the stopper and the variable volume chamber is at its intended maximum volume there is a
clearance of no more than about 2mm between the rod shoulder and backstop shoulder. In some
embodiments there is a clearance of less than about 1.5 mm and in some less than about 1mm.
This distance is selected to substantially limit or prevent excessive rearward (away from the

outlet end) movement of the stopper.

In one embodiment the variable volume chamber has an internal diameter greater than Smm or
6mm, or less than 3mm or 4mm. The internal diameter may be between 3mm and 6mm, or

between 4mm and 5mm.
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In another embodiment the syringe is dimensioned so as to have a nominal maximum fill volume
of between about 0.1ml and about 1.5ml. In certain embodiments the nominal maximum fill
volume is between about 0.5ml and about 1ml. In certain embodiments the nominal maximum

fill volume is about 0.5ml or about 1ml, or about 1.5ml.

The length of the body of the syringe may be less than 70mm, less than 60mm or less than

50mm. In one embodiment the length of the syringe body is between 45mm and 50mm.

In one embodiment, the syringe is filled with between about 0.01ml and about 1.5ml (for
example between about 0.05ml and about 1ml, between about 0.1ml and about 0.5ml, between
about 0.15ml and about 0.175ml) of a VEGF antagonist solution. In one embodiment, the
syringe is filled with 0.165ml of a VEGF antagonist solution. Of course, typically a syringe is
filled with more than the desired dose to be administered to