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SYSTEMS AND METHODS FOR ADMINISTERING MEDICATION

Related Applications

This application claims the benefit of priority of United States provisional
application serial number 61/010,779 filed January 11, 2008, United States
provisional application serial number 61/135,262 filed July 18, 2008, and United
States provisional application serial number 61/192,551 filed September 18, 2008.
The disclosures of each of the foregoing applications are hereby incorporated by
reference in their entirety.

Background

Rheumatoid arthritis (“RA”) is an autoimmune disease characterized by
chronic inflammation of the joints leading torprogressive cartilage destruction and
bone erosion. RA patients experience joint pain, stiffness, and swelling. More
advanced RA causes the joint to lose its shape, alignment, and movement. RA has
been treated for many years with a variety of medicines such as steroids and disease
modifying antirheumatic drugs (DMARDs). Some of these drugs are administered
through injections or infusions. However, it is difficult for RA patients with
compromised joint strength and structure to manipulate available syringes to
perform a self injection, particularly for viscous biologics and other drugs.
Currently, some drugs are injected using conventional hypodermic syringes. These
conventional syringes are generally small, which makes holding or manipulating the
syringe more difficult. These syringes also do not provide RA patients with
satisfactory handling and gripping structures.

In addition, typical syringes are difficult for some patients to de-cap and re-

cap. For example, most needles come with a needle tip cover that shields the needle
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prior to use, but the cover requires RA patients to force their fingers to close in
around the needle tip cover to manipulate the cover. Because these needle tip covers
have small openings, patients frequently accidentally stab themselves when they try
to shield the needle after use.

More effective syringe systems are needed to address these and other
problems posed by currently available syringe systems. There is a need for a syringe
system that allows the patient to more easily administer a viscous drug, yet still
provide increased safety as well as increased control. There is also a need for
syringe systems that provides more ergonomic gripping compatibility for RA

patients.

Summary of the Invention

The syringe systems disclosed herein address various deficiencies in the
prior art by, in various embodiments, providing improved syringe systems that
allows patients to more easily administer medicine, particularly patients with, for
example, compromised dexterity or joint strength. In one representative
embodiment, a syringe system is provided with a handle having a first flange and a
second flange that forms a handgrip. The handle also includes a first arc forming a
bottom surface of the first flange contoured to correspond to a radius of én arc
formed by a user’s fingers and a second arc forming a bottom surface of the second
flange contoured to correspond to a radius of an arc formed by the user’s fingers and
shaped flatter than the first arc. In certain embodiments, the second flange is 1.5
times as long as the first flange. The syringe system also includes a syringe barrel

having an outer barrel and an inner barrel. The inner barrel includes dosage marks
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and a needle mounted at a distal end and the outer barrel is shaped to receive the
inner barrel and has an elliptical cross section to magnify the dosage marks located
on the inner barrel.

The syringe system includes a tip cap slidably engageable with a distal end
of the syringe barrel for shielding the needle having an outer cap, an inner cap, and a
connector. The connector is shaped to fit within and engage the outer cap and
engage the inner cap and includes a plurality of first legs spaced symmetrically away
from one another, each first leg having a plurality of internally facing barbs pointing
toward a distal region of the connector and adapted to engage a proximal region of
the inner cap. The plurality of internally facing barbs may be disposed at an angle
with respect to the plurality of the first legs. The connector also includes a plurality
of second legs spaced symmetrically away from one another, each second leg having
a plurality of externally facing barbs located in the distal region of the connector and
adapted to engage a distal region of the outer cap. In certain embodiments, the
plurality of first legs are biased initially at about 80 degrees with respect to the
horizontal.

According to one implementation, the outer barrel includes a first recess and
a second recess shaped to receive the tip cap. In certain embodiments, the outer cap
includes a first protrusion and a second protrusion formed on an inner surface of a
shoulder formed on the outer cap to interfit with the first recess and the second
recess of the outer barrel, respectively In certain embodiments, the outer cap
includes a gripping ring, which may be shaped to receive the user's thumb or other
preferred finger to engage the ring. In certain embodiments, the gripping ring is

shaped to receive a hook.
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According to one implementation, the outer barrel includes a distal aperture
to allow the inner barrel to extend through the aperture. The outer barrel has a major
diameter and a minor diameter. In certain embodiments, the major axis of the
syringe barrel is longer than a minor axis of the syringe barrel. In certain
embodiments, the ratio between the major diameter and the minor diameter is 1.5:1.
In certain embodiments, the inner barrel is positioned within the outer barrel such
that the dosage marks are oriented at one end of the major diameter for magnifying
the dosage marks.

According to one implementation, a syringe system includes a handle having
a first flange and a second flange that forms a handgrip. The handle also includes a
first arc forming a bottom surface of the first flange contoured to correspond to a
radius of an arc formed by a user’s fingers and a second arc forming a bottom
surface of the second flange contoured to correspond to a radius of an arc formed by
the user’s fingers and shaped flatter than the first arc. The syringe system also
includes a tip cap slidably engageable with a distal end of the syringe barrel for
shielding the needle. In certain embodiments, the tip cap includes an outer cap, an
inner cap, and a connector shaped to fit within and engage the outer cap and engage
the inner cap and optionally includes a plurality of first legs spaced symmetrically
away from one another, with each first leg having a plurality of internally facing
barbs pointing toward a distal region of the connector and being adapted to engage a
proximal region of the inner cap, where the plurality of internally facing barbs are
disposed at an angle with respect to the plurality of first legs. The connector also

includes a plurality of second legs spaced symmetrically away from one another,
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each second leg having a plurality of externally facing barbs located in the distal
region of the connector and adapted to engage a distal region of the outer cap.

According to one implementation, the syringe system includes a handle
having a first flange and a second flange that forms a handgrip. The handle also
includes a first arc forming a bottom surface of the first flange contoured to
correspond to a radius of an arc formed by a user’s fingers and a second arc forming
a bottom surface of the second flange contoured to correspond to a radius of an arc
formed by the user’s fingers and shaped flatter than the first arc. The syringe system
also includes a syringe barrel having an outer barrel and an inner barrel and
extending distally from the handgrip, the inner barrel having dosage marks and a
needle mounted at a distal end, and the outer barrel being shaped to receive the inner
barrel and having an elliptical cross section to magnify the dosage marks located on
the inner barrel. In certain embodiments, the handle of the syringe system includes a
top cover and a handle body. The top cover includes a plurality of pegs adapted to
mate with a set of corresponding depressions formed on the handle body. In certain
embodiments the top cover includes an aperture for receiving a syringe plunger and
the handle body includes an aperture for receiving a syringe plunger. In certain
embodiments, the handle body includes a syringe positioning pocket having a flat
side and the inner barrel includes a flange having a flat side adapted to align with
corresponding flat sides formed on the handle body. In certain embodiments,
aligning the flange within the syringe positioning pocket orients the dosage marks at
one end of a major axis of the syringe barrel.

According to one implementation, a syringe system includes a syringe barrel

having an outer barrel and an inner barrel, the inner barrel having dosage marks and
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a needle mounted at a distal end. The outer barrel is shaped to receive the inner
barrel and has an elliptical cross section to magnify the dosage marks located on the
inner barrel. The syringe system also includes a tip cap slidably engageable with a
distal end of the syringe barrel for shielding the needle, including an outer cap, an
inner cap, and a connector shaped to fit within and engage the outer cap and engage
the inner cap. The connector has a plurality of first legs spaced symmetrically away
from one another, with each first leg having a plurality of internally facing barbs
pointing toward a distal region of the connector. The plurality of internally facing
barbs are disposed at an angle with respect to the plurality of first legs and thereby
adapted to engage a proximal region of the inner cap. The connector also includes a
plurality of second legs spaced symmetrically away from one another, where each
second leg has a plurality of externally facing barbs located in the distal region of
the connector and is adapted to engage a distal region of the outer cap.

According to one implementation, a syringe barrel includes an outer barrel
and an inner barrel. The inner barrel includes dosage marks and a needle mounted at
a distal end and the outer barrel is shaped to receive the inner barrel and has an
elliptical cross section to magnify the dosage marks located on the inner barrel.

According to one implementation, a tip cap that is slidably engageable with a
distal end of a syringe barrel for shielding the needle includes an outer cap, an inner
cap, and a connector shaped to fit within and engage the outer cap and engage the
inner cap. The connector has a plurality of first legs spaced symmetrically away
from one another, with each first leg having a plurality of internally facing barbs
pointing toward a distal region of the connector. The plurality of internally facing

barbs are disposed at an angle with respect to the plurality of first legs, and are
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therefore adapted to engage a proximal region of the inner cap. The connector also
includes a plurality of second legs spaced symmetrically away from one another,
where each second leg has a plurality of externally facing barbs located in the distal
region of the connector and is adapted to engage a distal region of the outer cap.

According to one implementation, a drug delivery system is provided,
including a syringe barrel having an outer barrel and an inner barrel. The inner
barrel has dosage marks and a needle mounted ata distal end, the outer barrel 1s
shaped to receive the inner barrel and has an elliptical cross section to magnify the
dosage marks located on the inner barrel. In certain embodiments, the inner barrel is
adapted to receive a drug having a viscosity more than about 65 centipoise. In
certain embodiments, the viscosity of drug is between about 65 centipoise to about
120 centipoise. In certain embodiments, the viscosity of drug is between about 75
centipoise to about 100 centipoise.

The drug delivery system also includes a tip cap slidably engageable with a
distal end of the syringe barrel for shielding the needle. The tip cap has an outer
cap, an inner cap, and a connector shaped to fit within and engage the outer cap and
engage the inner cap. The connector has a plurality of first legs spaced
symmetrically away from one another. Each first leg has a plurality of internally
facing barbs pointing toward a distal region of the connector and s adapted to
engage a proximal region of the inner cap. In certain embodiments, the plurality of
internally facing barbs are disposed at an angle with respect to the plurality of first
legs. The connector also includes a plurality of second legs spaced symmetrically

away from one another, where each second leg has a plurality of externally facing
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barbs located in the distal region of the connector and is adapted to engage a distal
region of the outer cap.

According to one implementation, a syringe system is disclosed as having a
handle with a first flange and a second flange forming a handgrip, a first arc forming
a bottom surface of the first flange contoured to correspond to a radius of an arc
formed by a user’s fingers and a second arc forming a bottom surface of the second
flange contoured to correspond to a radius of an arc formed by the user’s fingers and
shaped flatter than the first arc. The syringe also includes a syringe barrel having an
outer barrel and an inner barrel, the inner barrel having dosage marks and a needle
mounted at a distal end, the outer barrel shaped to receive the inner barrel and
having an elliptical cross section to magnify the dosage marks located on the inner
barrel. The outer barrel includes proximal and distal ends and a recess formed at the
distal end. The syringe also includes a tip cap for shielding the needle, the tip cap
having a shoulder including an inner surface and an outer surface and a mating
protrusion that is formed on the inner surface and is shaped to matingly engage with
the recess formed on the outer barrel. In certain embodimeﬁts, the tip cap includes
an inner cap that is received within the outer cap. In certain embodiments, the inner
barrel is disposed within the tip cap when the tip cap mates with the outer barrel. In
certain embodiments, the outer barrel has a distal opening and the inner barrel
protrudes through the distal opening when the syringe assembly is fully assembled.

According to one implementation, the outer barrel has a first recess and a
second recess. The outer barrel also has a major diameter and a minor diameter, and
the first recess is formed at first end of the major diameter and the second recess is

formed at an opposite end of the major diameter. The mating protrusion of the tip
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cap includes a top surface and a side surface, the side surface being positioned
perpendicular to the longitudinal axis of the handle. In certain embodiments, the
mating protrusion has a triangular cross sectional area. The syringe also includes a
tip cap that includes an inner cap, an outer cap, and a connector shaped to fit within
and engage the outer cap and engage the inner cap. The tip cap has a plurality of
first legs spaced symmetrically away from one another, with each first leg having a
plurality of internally facing barbs pointing toward a distal region of the connector
and each leg being adapted to engage a proximal region of the inner cap. The
plurality of internally facing barbs are disposed at an angle with respect to the
plurality of first legs. The connector also includes a plurality of second legs spaced
symmetrically away from one another, each second leg having a plurality of
externally facing barbs located in the distal region of the connector and adapted to
engage a distal region of the outer cap.

In certain embodiments, the tip cap includes a stem portion extending
distally from the shoulder having a cylindrical shape. The inner cap and the
connector are received within the stem portion.

These and other features and advantages of the invention are described in
further detail below with regard to illustrative embodiments.

Brief Description of the Drawings

The following Figures depict illustrative embodiments of the invention in
which like reference numerals refer to like elements. These depicted embodiments

may not be drawn to scale and are to be understood as illustrative and not limiting.

Figures 1A — 1D depict various views of a syringe system according to an

illustrative embodiment of the invention.
-9.-
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Figure 1E depicts an alternative embodiment of a syringe system.

Figure 2A depicts an exploded view of a handle assembly of the syringe

system depicted in Figures 1A-1D.

Figures 2B-2C depict underside and side views of an exemplary embodiment

of a top cover of the handle assembly as depicted in Figure 2A.

Figure 2D shows a top view of an exemplary embodiment of the handle

assembly as depicted in Figure 2A.

Figure 2E depicts a perspective view of a handle body as depicted in Figure

2A.

Figures 3A-3B show a patient holding the handle assembly having a plunger

according to an illustrative embodiment of the invention.

Figures 4A-4C depict various views of a plunger as depicted in Figures 1A-

1D.

Figure SA depicts an inner barrel received in the handle assembly and the
plunger being partially received within the inner barrel according to an illustrative

embodiment of the invention.

Figure 5B depicts a perspective view of an exemplary embodiment of the

inner barrel of the syringe system as depicted in Figure SA.

Figures 6A-6B depict front and side views of the handle assembly as

depicted in Figure 2A.

Figure 7 depicts a patient holding the handle assembly between the patient’s

index and the third finger of the patient’s left hand.
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Figure 8 depicts a cross-section view of the syringe system as depicted in

Figures 1A-1B.

Figure 9 depicts an exploded view of a needle tip cap as depicted in Figure 8
showing an exemplary mating relationships between an inner cap, a connector, and

5  an outer cap.

Figures 10A-10B depict perspective and cross sectional view of an

exemplary embodiment of the inner cap as depicted in Figures 8.

Figures 11A-11C depict various views of an exemplary embodiment of the

connector being mated to the outer cap as depicted in Figure 8.

10 Figures 12A — 12C depict various views of an exemplary embodiment of the

outer cap as depicted in Figure 9.

Figures 13A-13F depict various views of an exemplary embodiment of the

connector for connecting the inner cap to the outer cap as depicted in Figure §.

Figure 14 depicts a top view of an exemplary embodiment of a needle tip cap

15  having the inner cap, the connector, and the outer cap as depicted in Figure §.

Figure 15A depicts a perspective view of the needle tip cap as depicted in

Figure 14 with the outer cap removed for viewing clarity

Figure 15B depicts a cross sectional view of a connector being received

within the outer cap.

20 Figure 16A depicts an exploded view of the needle tip cap mating to the
handle assembly having the plunger according to an illustrative embodiment of the

invention.
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Figure 16B depicts an enlarged view of a distal region of the handle

assembly as shown in Figure 16A.
Figure 17A depicts an alternative embodiment of an inner cap.

Figure 17B depicts an alternative embodiment of a needle tip cap adapted to

mate with the inner cap as depicted in Figure 17A.
Figures 18 A-18D depict alternative embodiments of a needle tip cap.

Description of Exemplary Embodiments

To provide an overall understanding of the invention, certain illustrative
embodiments will now be described, including exemplary embodiments of a system
that is adaptable to inject liquid drugs in the treatment of a patient suffering RA or
other auto-immune diseases such as Multiple Sclerosis, Lupus, and Spondylitis.
However, it will be understood by one of ordinary skill in the art that the systems
and methods described herein can be adapted and modified for other suitable
applications and that such other additions and modifications will not depart from the
scope hereof.

Turning to the illustrative embodiments, Figures 1A-1D show front, side,
top, and exploded views of an exemplary embodiment of a syringe system 100 used
to house a syringe and needle assembly 101, which is fitted within the syringe
system 100. The syringe system 100 includes, among other features, a handle
assembly 107 for allowing RA patients to grip the syringe system 100 comfortably,
a plunger 110 for injecting the medication contained in the syringe system 100, and
a needle tip cap 112 for shielding the needle assembly 101 fitted within the syringe

system 100 protruding from the distal end 107b thereof. The plunger 110 and the
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needle tip cap 112 are slidably engaged with respective proximal 107a and distal
107b ends of the handle assembly 107.

Figure 1E shows an alternative embodiment of a syringe system similar to
those shown in Figures 1A-1D. In particular, the syringe system 120 as shown in
Figure 1E includes, among other features, a handle assembly 122 having a proximal
end 122a and a distal end 122b, and a needle tip cap 124. As shown, the handle
assembly 122 includes a curved hook 126 at one end that is shaped to facilitate the
user's fingers to rest or anchor during use. The needle tip cap 124 includes a
tapering lip 128 that tapers from the interior edge 127 of the needle tip cap 124 to
the exterior surface 130 of the needle tip cap 124. In the depicted embodiment, the
needle tip cap 124 includes an elliptical finger ring 132. The finger ring 132 may be
circular or other preferred shape that allows a user's finger or a hook to easily
engage the needle tip cap 124.

Figure 2A shows an exploded view of the handle assembly 107, which
includes a top cover 203 that is shaped to mate with a handle body 201. In the
depicted embodiment, the handle body 201 is unitary polycarbonate formed, for
example, using injection molding. The handle body 201 includes a gripping portion
204 fused, glued, or constructed continuously with a syringe barrel (portion) 106.

A handgrip 102 is formed when the top cover 203 is mated to the handle
body 201 as shown in Figure 2A. The handgrip 102 is contoured and has
proportions to fit the hand of a patient with rheumatoid arthritis, in particular a hand
of a patient that has the condition known as “Swan Neck Deformation.” The
handgrip 102 is also adapted to provide RA patients with various gripping options.

Compared to a conventional hypodermic syringe, the handgrip 102 is generally

-13 -
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larger and includes contoured gripping surfaces to allow RA patieﬁts with different
syringe holding techniques to easily cradle the handgrip 102 in their hands. This is
helpful to RA patients because they have “good days” and “bad days” in terms of the
amount of pain and the control that they have over their joints. On bad days, a
patient might not be able to hold the syringe the way he or she normally does. The
handgrip 102 is shaped to account for these situations when these patients are unable
to control certain parts of their hand. The handgrip 102 is also provided to improve
engagement between the patient’s hand and the syringe system 100. The top cover
203 and the gripping portion 204, in certain embodiments, have different surface
finishes, providing contrasting textures to enhance the patient’s grip. In other
embodiments, the handgrip 102 is made of rubbery or textured material, providing
contact friction to enhance the patient’s grip.

The top cover 203 includes a top aperture 205 for receiving the plunger 110
and a plurality of pegs 206a-206d for positioning and mating the top cover 203 to
the gripping portion 204. Figure 2B shows the underside of the top cover 203
having four pegs 206a-206d, which are shaped and sized to mate with corresponding
depressions 208a-208d formed on the gripping portion 204. Figure 2C shows a side
view of the top cover 203. In the depicted embodiments, the pegs 206 are
symmetrically positioned with respect to the center axis of the top aperture 205. The
top cover 203 also includes a pair of mating pegs 207a-207b that mate with
corresponding depressions 209a-209b formed on the gripping portion 204. The
outer edge 211 of the top cover 203 1s rounded to provide smooth transition between

the top cover 203 and the gripping portion 204 of the handle body 201.
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Figure 2D depicts a top view of the handle body 201 and an inside view of
the distal surface of gripping portion 204. As shown, the handle body 201 includes,
among other things, a plurality of depressions 208a-208d that correspond to the pegs
206a-206d formed on the top cover 203 and a plurality of outer depressions 209a-
209b shaped to receive the mating pegs 207a-207b formed on the top cover 203.
The handle body 201 also includes a bottom aperture 210 for receiving the plunger
110. When the pegs 206 and 207 of the top cover 203 mate with the depressions
208 and 209 of the handle body 201, respectively, the bottom aperture 210 aligns
with the top aperture 205 positioned on the top cover 203, thereby defining an
orifice for receiving the plunger 110. The handle body 201 also includes a recess lip
214 shaped to receive a mating surface 216 of the top cover 203. Figure 2E shows a
perspective view of the handle assembly 107 with the top cover 203 removed, which
shows the recess lip 214 being formed along the periphery of the gripping portion
204 of the handle body 201. Having the recess lip 214 avoids the handgrip 102
having sharp or protruded edges when the top cover 203 mates with the handle body
201. Once mated, the top cover 203 and the handle body 201 together form a
smooth handgrip 102. This configuration is beneficial to patients, as raised surfaces
or sharp edges would be uncomfortable to the patients.

The handle body 201 also includes a syringe positioning pocket 212 having a
flat side 212a. As shown in Figures 2D-2E, the syringe positioning pocket 212
includes two flat sides 212a disposed parallel and symmetrical about the longitudinal
axis of the gripping portion 204 of the handle body 201. The syringe positioning
pocket 212 aids in orienting a conventional syringe having dosage marks in a

manner that makes it easier for the patients to read the dosage marks located on the
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syringe. More detailed description of the placement between the syringe having the
dosage marks and the handle body 201 is provided with reference to Figures 5A-5B.
Similar to the top cover 203, the outer edge 215 of the gripping portion 204 of the
handle body 201 is also rounded and smoothed to maximize patient comfort.

As noted earlier, the handgrip 102 is formed when the top cover 203 mates
with the handle body 201. Figure 3A shows the handgrip 102 having a first flange
102a and a second flange 102b. The first flange 102a includes a first arc 204a
formed from a bottom surface of the first flange 102a and is contoured to correspond
to a radius of an arc formed by a patient's fingers. Similarly, the second flange 102b
includes a second arc 204b formed from a bottom surface of the second flange 102b
and having a contoured shape to correspond to the patient's fingers. The second arc
204b may be approximately 1.5 times longer than the first arc 204a. In other
embodiments, the second arc 204b is at least 2 times as long as the first arc 204a.

In some embodiments, the second arc 204b has a flatter arc compared to the
first arc 204a. Such shape allows the patient to place more fingers around the
second flange 102b and cradle the syringe 100 comfortably. For example, Figure
3A shows a patient holding the syringe using the patient’s index and the third and
fourth fingers. As shown, the patient’s index finger is separated from the rest by the
syringe barrel 106. In the depicted embodiment, the patient places his index finger
against the first arc 204a and the third and fourth fingers against the second arc
204b. The first arc 204a includes a first curved portion 205a that serves as an
anchoring point when the patient is holding the syringe 100 to administer
medication. Using the example above, when the patient places the index finger

against the first arc 204a, the index finger naturally wraps around the first curved
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portion 205a and the third finger fully or partially rests against a second curved
portion 205b as shown in Figure 3A. The patient’s index and the third fingers are
also resting on the syringe barrel 106.

Figures 3A-3B also depict the positioning of the plunger 110 with respect to
the handgrip 102. As shown in Figure 3A, the handgrip 102 is shaped to allow the
patient’s thumb to comfortably sit on the plunger 110. The plunger 110 as shown in
Figure 4A includes, among other things, a concave plunger pad 302 located at the
proximal end of the plunger 110 and a plunger stem 304 that extends from the
concave plunger pad 302 to the distal tip of the plunger 110. The concave plunger
pad 302 is formed of a plastic with a rubber overmold. The concave plunger pad
302 is shaped to receive the surface of the patient’s thumb or other preferred
finger(s) or parts of the patient's hand. Figure 3A shows the base of the patient’s
thumb resting on the concave plunger pad 302. In some embodiments, the patient
prefers to place his palm on the concave plunger pad 302 for manipulating the
plunger 110. Figure 3B shows the patient using the base of his palm for pushing the
plunger 110 for ejecting contained medicine. The shape of the concave plunger pad
302 forms a depression for receiving the patient’s finger or other parts of the
patient's hand during the use of the syringe, which aids in preventing the patient’s
finger or hand from slipping from the top surface of the plunger pad 302, thereby
making the self-injection safer.

As shown in Figures 4A-4B, the plunger stem 304, having a circular cross
section, tapers from the concave plunger pad 302 and is structurally sturdier than
commercially available plunger rods that incorporate a structure with an "X" or "T"

cross section. In certain embodiments, the plunger stem 304 is made of acrylonitrile
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butadiene styrene (ABS), other co-polymers, or other suitable light-weight material.
The plunger stem 304 also includes a threaded portion 306 positioned at the distal
end of the plunger stem 304. The threaded portion 306 threads into a stopper
located in a syringe barrel of needle assembly 101 that contains the medicine. The
stopper includes corresponding female threads that receive the threaded portion 306
of the plunger stem 304 to provide secure engagement between the plunger 110 and
the syringe barrel. Figure 4C shows an enlarged view of the threaded portion 306 of
the plunger 110.

Figure 5A-5B depict the needle assembly 101 fitted within the syringe
system 100. In particular, needle assembly 101 includes an inner barrel 404 fitted
with a syringe needle 406. As shown in Figure 5A, the inner barrel 404 of the
needle assembly 101 slides within the syringe barrel 106 of the handle assembly
107. As depicted, the syringe barrel 106 includes an aperture 408 shaped to allow
the a distal end 404b of the inner barrel 404 to extend therethrough. The extended
portion of the inner barrel 404 includes a shoulder portion 405 and a distal tip
portion 407. The shoulder portion 405 tapers from the distal end 404b of the inner
barrel to the distal tip portion 407 where a syringe needle 406 is embedded. In
certain embodiments, the inner barrel 404, the shoulder portion 405, and the distal
tip portion 407 are made of glass and are formed as a unitary part. The inner barrel
404 also includes dosage marks 410 that depict volumetric levels of medicament
contained in the inner barrel 404. In the depicted embodiment, the aperture 408 has
a circular cross sectional area, as does the inner barrel 404. In certain embodiments,

when the inner barrel 404 is fitted within the syringe barrel 106, the two components
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form a space having a ring shaped cross sectional area between the outer surface of
the inner barrel 404 and the inner surface of the syringe barrel 106.

As more particularly illustrated in Figure 5B, the inner barrel 404 includes
proximal 404a and distal 404b ends and also an inner syringe barrel flange 412
having flat sides 412a and curved sides 412b formed on the proximal end 404a. In
certain embodiments, the inner syringe barrel flange 412 controls the orientation of
the inner barrel 404 within the syringe barrel 106. This is done by placing the inner
barrel 404 within the syringe barrel 106 so that the flat sides 412a of the inner
syringe barrel flange 412 mate with the corresponding flat sides 212a of the syringe
positioning pocket 212 located on the handle body 201.

Figures 6A-6B and 7 depict various views of the handle body 201 having a
major axis (or "diameter") 422 and a minor axis (or "diameter") 420 forming an oval
cross section. The major axis 422 is longer than the minor axis 420. The minor axis
420 runs parallel to the length of the handgrip 102, such that the major axis 422 runs
parallel and between the patient’s fingers during administration and perpendicular to
the longitudinal axis of the handgrip 102. This alignment provides stability to the
syringe in the patient's hand during administration, which is believed to be beneficial
for arthritic patients. This alignment also provides increased control to patients by
providing greater contact surface area between the patient’s fingers and the syringe
100. This is done by positioning the syringe 100 in the configuration as shown in
Figure 7. More specifically, the longer side (i.e., the major axis 422 running parallel
to the patient’s fingers) of the syringe barrel is positioned between the patient’s
fingers, which allows the syringe 100 to rotate less in patient’s hand compared to a

standard syringe having a circular cross-sectional area. The elliptical cross section
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of the syringe barrel 106 also allows the syringe barrel 106 to fit more comfortably
within the patient's hand for easier administration. In certain embodiments, the
major axis 422 is about 14.9 mm and the minor axis 420 is about 11.5 mm. In
certain embodiments, the ratio of the length of major axis 422 to the length of the
minor diameter 420 is about 1.1:1, about 1.2:1, about 1.3:1, about 1.5:1, or even
about 2:1.

As noted earlier, one of the objectives of the present syringe system 1is to
improve the visibility of the dosage marks for the patients. When the inner barrel
404 is placed within the syringe barrel 106 as shown in Figures 6A-6B and 7, the
dosage marks on the inner barrel 404 are positioned at one end of the major axis
422. This places the dosage marks that are placed on the outer surface of the inner
barrel 404 to project against a narrow end 424 (Figure 7) of the syringe barrel 106,
which causes magnification of the dosage marks such that a patient can read the
dosage marks easier and more readily to determine the volume of medicament
remaining in the inner barrel 404.

In addition to improved handle and plunger features discussed above,
improved syringe cap removal systems are also disclosed herein. An illustrative
embodiment of a needle tip cap is shown in Figure 8, which depicts a cross sectional
view of the syringe system 100 as depicted in Figure 1A. As shown, the syringe
system 100 has a needle tip cap 112 with a proximal end engaged to the distal end
of the handle assembly 107. The components that form the needle tip cap 112 are
next described with reference to Figures 9-13F. The interfitting relationship
between the needle tip cap 112 and the handle assembly 107 will be described with

reference to Figure 16A-16B.
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As shown in Figure 9, needle tip cap 112 includes an inner cap 602 that grips
the needle assembly 101, a connector 604, and an outer cap 606. The connector 604
receives the inner cap 602 and the outer cap 606 receives the connector 604 having
the inner cap 602 enclosed within. In use, the RA patient can easily remove the
needle tip cap 112 and expose the needle by simply pulling the outer cap 606 distally
from the handle assembly 107.

Figure 10A depicts a perspective view of an exemplary embodiment of the
inner cap 602. As shown, the inner cap 602 is cylindrical in shape and includes a
shoulder 902 in the proximal end. The inner cap 602 may be made of rubbery
material that allows a portion of the connector 604 to dig into the surface defined by
the shoulder 902 to permanently engage the inner cap 602 to the connector 604.
Figure 10B shows a cross sectional view of the inner cap 602 as depicted in Figure
10A. As depicted, the inner cap 602 includes a needle receiving portion 904 that
holds the tip of the needle as shown in Figure 8. The needle receiving portion 904
may be made from butadiene rubber. In certain embodiments, the inner cap 602 1s
hollow.

Figures 11A-C show various views of the connector 604 being inserted to the
outer cap 606. As shown, the initially flower shaped connector 604, as illustrated in
Figure 13A, is bent so as to be confined within a cylindrical shaped stem 610 of the
outer cap 606 (Figure 12A). As a result, a plurality of first legs 702a-702d, which
were initially disposed at about 80 degrees with respect to the horizontal are now
about 90 degrees with respect to the horizontal. Figure 11B shows upper internally
facing barbs 703 protruding inwardly and distally to engage the inner cap 602 with a

connection that tightens as the outer cap 606 is pulled distally. This connection
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prevents the inner cap 602 from being removed when a patient pulls on the outer cap
606 distally. Figure 11C depicts a top view of the connector 604 being inserted in
the outer cap 606. As shown, when the connector 604 is fitted within the outer cap
606, the plurality of first legs 702a-702d engage the inner surface 605 of the outer
cap 606 and the upper internally facing barbs 703 protrude inwardly and distally to
engage the inner cap 602. Figure 11C also shows the connector 604 including a
second plurality of legs 706a-706b spaced symmetrically away from one another in
the distal end of the connector 604. In some embodiments, the second plurality of
legs 706a-706b are initially disposed more than 90 degrees (e.g., about 91 degrees to
about 120 degrees) with respect to the horizontal. When the connector 604 is fitted
within the outer cap 606, the second plurality of legs 706a-706b make contact with
the inner surface 605 of the outer cap 606. In some embodiments, the second
plurality of legs 706a-706b dig into the inner surface 605 of the outer cap 606 and
remain fixed in place during use.

The various components of the needle tip cap 112 are more particularly
described with reference to Figure 12A-13F. As shown in Figure 12A, the outer cap
606 includes a shoulder 608 and a stem 610 having a hollow inner space shaped to
receive the connector 604, and a grip ring 612 shaped to receive a patient’s finger.
The shoulder 608 includes an inner surface 622 and an outer surface 624 and flares
outwardly and away from the stem 610, forming an orifice 618 (e.g., wider than the
stem 610) into which the patient can re-insert the needle after injection. As shown,
the orifice 618 1s wider than the distal end of the syringe barrel 106. In some
embodiments, the orifice 618 envelopes the distal end of the syringe barrel 106 and

the needle assembly 101 (Figure SA). The interfitting relationship between the outer
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cap 606 and the syringe barrel 106 is described with reference to Figures 16A-16B.
The wider orifice helps reduce the likelihood that a patient will inadvertently stab his
or her self when attempting to replace the needle cap after injection. The stem
portion 610 extends distally from the shoulder 608, which may have a cylindrical
shape. Figure 12B shows a cross sectional side view of the outer cab 606. As
depicted, the orifice 618 flares outwardly from the stem 610 to a proximal end 620
of the outer cap 606. Figure 12C shows a top view of the outer cap 606. As shown,
the outer cap 606 is symmetrical about its center axis.

The grip ring 612 also has a finger aperture 614 to receive a patient’s thumb
or other preferred finger for pulling the needle tip cap 112 distally to expose the
needle. In certain embodiments, the finger aperture 614 is adapted to receive a hook
that some patients use to pull the needle tip cap 112. The outer cap 606, compared
to a conventional needle covering cap, makes it easier for patients to engage and
disengage the needle tip cover 112 from the syringe barrel 106 as it does not require
the patient to contort their fingers by pressing on the sides of a narrow needle cap.
As noted before, many patients have good and bad days and on bad days, some
patients may experience difficulty pulling the needle cover off the syringe before
self-injection. The grip ring 612 addresses this issue by allowing the patient to
simply put the thumb or other preferred finger through the finger aperture 614 and
pull the needle tip cap 112.

Figures 13A-13F show various views of the connector 604. As shown in
Figure 13A, the connector 604 includes the first plurality of legs 702a -702d spaced
symmetrically away from one another. The connector 604 is made, in certain

embodiments, from a thin sheet of stainless steel, formed by a tool that bends the

=23 -



WO 2009/090499 PCT/IB2008/003984

10

15

20

first legs into angles with respect to the horizontal. Such configuration and the
elastic nature of these legs aid in securing the inner cap 602 to the outer cap 606.
The inner cap 602 and the outer cap 606 are also secured together through
upper, internally facing barbs 703a-703h protruding from the first legs 702a-702d.
The upper, internally facing barbs 703a-703h include tips 704a-704p that point
toward the distal end of the connector 604 (i.e., the needle end). As illustrated in
Figures 13C and 13D, these barbs are spaced about the perimeter of the connector
604 near its proximal end, with each of the first legs (e.g., 702a) having two
internally facing barbs (e.g., 703a-703b), and each barb containing a pair of barb
tips (e.g., 704a-704b). In some embodiments, the upper, internally facing barbs
703a-703h are concaved as shown in Figure 13A-13D. These barbs are shaped to
engage the inner cap 602 when the inner cap 602 is fitted within the connector 604.
More specifically, the barb tips (e.g., 704a and 704b) apply opposing force with
respect to one another when they engage the inner cap 602 as the barb tips are
disposed at two ends of a concaved surface (e.g., upper, internally facing barbs
703). In some embodiments, the upper, internally facing barbs 703a-703h are
disposed at an angle with respect to the body of the first legs 702a-702d. This is
more particularly shown in Figures 13D. Such configuration may enhance the
engagement between the inner cap 602 and the connector 604 as added protrusion
(i.e., angled disposition of the barbs 703 with respect to the first legs 702) allows
the barb tips 704a-704p to more securely dig into the inner cap 602 when a user
pulls the needle tip cap 112 distally. As depicted in Figure 13D, the longitudinal
axis 710 of the upper portion 711 of the first legs 702b is disposed at angle « with

respect to the center axis 712 of the upper, internally facing barb 703c. The center
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axis 712 may be disposed between about 3 degrees to about 30 degrees with respect
to the longitudinal axis 710 of the first legs 702b.

As noted above, the connector 604 contains a second plurality of legs 706a-
706b spaced symmetrically away from one another in the distal end of the connector
604. As shown in Figure 13E, each of the second plurality of legs contains lower,
externally facing barb tips 707a-707d that point toward the proximal end of the
connector 604. These barbs engage a lower, interior portion of the outer cap 606,
thereby barbing the connector 604 to the outer cap 606 in a manner similar to the
connections between the upper, internally facing barb tips 704a-704p and the inner
cap 602 as described above. As the lower barbs 707 extend proximally into the

outer cap 606, these barbs 707 prevent, in combination with the upper, internally

facing barb tips 704a-704p, the outer cap 606 from disengaging from the connector

604.

Figﬁres 14 and 15A-15B depict an exemplary mating relationship between
various components of the needle tip cap 112. More specifically, these figures show
the inner cap 602 being mated to the connector 604 and the connector 604 being
mated to the outer cap 606. As shown, the connector 604 fits within the outer cap
606 and engages the inner cap 602, connecting substantially permanently to the
inner cap 602, such that after engaged, if the outer cap 606 is pulled distally by the
patient, the entire outer cap 606 and the inner cap 602 covering the needle are
removed as a unit, exposing the needle. In some embodiments the inner cap 602 is
asymmetrical in shape, at least one pair of legs (e.g., 702a and 702c¢) makes contact

with the inner cap 602 such that when the outer cap 606 is pulled, the entire outer
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cap 606 and the inner cap 602 would be removed as a unit. In some embodiments,
only one but not both pairs of legs connect with the inner cap 602.

Figure 14 depicts a top view of the needle tip cap 112 having the inner cap
602 interfitted within the connector 604 and the assembly being fitted within the
outer cap 606. As shown, only the outermost portions of the first plurality of legs
702a-702d are visible in the top view as the upper, internally facing barbs 703 have
engaged the outer surface of the inner cap 602 and cannot be seen in the top view.

Figure 15A depicts a perspective view of the needle tip cap 112 as depicted
in Figure 14 with the outer cap 606 removed for viewing clarity. The upper,
internally facing barbs 703 are adapted to receive the inner cap 602 when the inner
cap 602 is being inserted onto the connector 604 in the direction indicated by the
arrow (Figure 15A), but the upper, internally facing barb tips 704 are shaped to
engage the inner cap 602 and prohibit backsliding of the inner cap 602 or removal of
the connector 604 from the inner cap 602 once engaged. As shown, once engaged,
the upper barbs 703a-703h dig into the outer surface of the inner cap 602.

Figure 15B shows the externally facing barb tips 706a-706b engaging the
distal region of the outer cap 606 in a manner similar to the connection between the
upper, internally facing barb tips 704a-704p and the inner cap 602. In some
embodiments, the lower, externally facing barb tips 707a-707d dig into the inner
surface of the outer cap 606.

As explained above, the needle tip cap 112 is designed to enclose the needle
of the syringe system 100 and fittingly engage with the handle assembly 107. This
engagement is shown in Figure 16A, where the orifice 618 (shown in Figurel2A) of

the needle tip cap 112 overlaps the needle assembly 404 that protrudes from the
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syringe barrel 106 and encloses the distal end of the handle assembly 107. More
particularly, the tip cap 112 includes a plurality of mating protrusions 504a-504b
formed on the inner surface 622 of the shoulder 608 (Figure 12A). The mating
protrusion 504a and 504b engage with a pair of recesses 506a-506b positioned on
the syringe barrel 106. As explained above, the syringe barrel 106 includes a major
diameter and a minor diameter. In certain embodiments, the recess 506a is formed
at one end of the major diameter and the recess 506b is formed at the opposite end of
the major diameter. The protrusions 504a and 504b and the recesses 506a and 506b
are shaped to allow a patient to engage and disengage the needle tip cap 112 with a
minimal yet sufficient resistance to shield the needle. As shown, each of the mating
protrusions 504a-504b includes a top surface 510 and a side surface 512. As
depicted in Figures 12A, the mating protrusions 504a-504b protrude from the inner
surface 622 at approximately 90 degrees so that the side surface 512 is positioned
perpendicular to the longitudinal axis of the handle. The side portion 512 portion is
also disposed perpendicularly to the top surface 510. In some embodiments, the
mating protrusions 504a-504b have triangular cross-sectional area with sharp edges,
which allows the mating protrusions to engage the recesses 506a-506b. In certain
embodiments, the mating protrusions have rounded edges.

As depicted in Figure 16B, the recesses 506a-506b include a proximal
portion 514, a distal portion 516, and an inner mating surface 518 shaped to receive
the side surfaces 512 of the mating protrusions 504a-504b. As shown, the distal
portion 516 flares outwardly to guide the mating protrusions 504a-504b and enable
smoother engagement between the two components. As depicted, the proximal

portion 514 forms a half-circle 520 shape that allows the edges of the top surface
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510 to engage along the curved inner mating surface 518 of the proximal portion
514. In some embodiments, the recesses 506a-506b are tapered from the proximal
portion 514 to the distal portion 516.

Aligning and mating the protrusions 504a-504b and the recesses 506a-506b
also orients the needle tip cap 112 and the body of the syringe in the same plane,
which aids in fitting the syringe system in commercial packaging, such as may be
used in the sale of the biologic or other medicament.

Figure 17A depicts an alternative embodiment of the inner cap 1300 having a
groove 1304 positioned near the proximal region of the inner cap 1300. As
depicted, the groove 1304 runs along the circumference of the inner cap 1300 and is
adapted to receive fittings 1306a-1306b located on the outer cap 1302 as shown in
Figure 17B. When assembled, the distal end of the inner cap 1300 is inserted into
the stem region 1306 of the outer cap 1302 and the fittings 1306a-1306b fit within
the groove 1304 to secure the inner cap 1300 to the outer cap 1302.

Figures 18A-18D depict alternative embodiments of the needle tip cap. As
illustrated, the needle tip cap may b¢ without a thumb ring that allows the patient’s
finger to engage the needle cap. A needle tip cap 1400 as shown in Figure 18A
includes a proximal shoulder 1402 that flares outwardly to receive a needle, a
holding surface 1404 for allowing the patient to hold and manipulate the needle tip
cap 1400, and a distal shoulder 1406 that provides an anchoring place for patients to
grab the needle tip cap 1400. The shape of the proximal shoulder 1402 aids in
preventing accidental needle stabs. As depicted, the distal shoulder 1404 includes a
flat bottom surface that allows the needle tip cap 1400 to stand vertically on a flat

surface, which may be helpful if the patient has difficulty grabbing small items
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laying horizontally flat on a surface. Figures 18B-18D depict alternative shapes for
the thumb aperture for a needle tip cap.

To use the syringe for injection, the patient pulls on the thumb aperture 614
(Figure 12A), thereby removing outer cap 606, the connector 604, and the inner cap
602 surrounding the needle to expose the entire needle for use. The patient is
directed to hold the syringe in a way that is comfortable for the patient and insert
the needle into the injection site at about 45 degrees to the skin. The patient then
pushes the plunger 110 until all the medicine is injected or other amount directed
and pulls the needle out. When the needle is pulled out, the patient may re-apply
the needle tip cap 112 to the needle to protect against subsequent inadvertent
injection, and discard.

In certain implementations, the syringe system 100 is provided to the patient
in a kit including a syringe, alcohol swab, and medication. In certain embodiments
syringe system 100 is pre-filled with medication. Particular examples include
viscous médications containing proteins or peptides especially antibodies or
fragments thereof, including pegylated antibody fragments. The systems and

methods may in particular be used to administer the pegylated antibody fragment
known as certolizumab pegol. The medication may be for treatment of any disease
or disorder, including for the treatment of rheumatoid arthritis. In certain
embodiments, the viscosity of the liquid medication is less than about 120 mPa.s
(120 centipoise), preferably less than 100 mPa.s (100 centipoise) at a delivery
temperature of 20°C. In certain embodiments, the viscosity of the liquid medication
1s between about 65 centipoise and about 120 centipoise. In certain embodiments,

the viscosity of the liquid medication is between about 75 centipoise and about 100
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centipoise. In certain embodiments, the viscosity of the liquid medication is higher
than about 65 mPa.s, preferably higher than 85 mPa.s. In certain embodiments the
viscosity of the liquid medication is about 80 centipoise. In certain embodiments,

the liquid medication is designed for refrigerated rest (e.g. at from 2-8°C) and for

injected delivery at room temperature (e.g. at or about 18-30°C). It is to be
understood that while the invention has been described in conjunction with the
various illustrative embodiments, the forgoing description is intended to illustrate
and not limit the scope of the invention. For example, a variety of systems and/or
methods may be implemented based on the disclosure and still fall within the scope
of the invention. Other aspects, advantages, and modifications are within the scope
of the following claims. All references cited herein are incorporated by reference in

their entirety and made part of this application.
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CLAIMS:

1. A syringe comprising:

a handle having a first flange and a second flange forming a handgrip;

a first arc forming a bottom surface of the first flange contoured to
correspond to a radius of an arc formed by a user’s fingers;

a second arc forming a bottom surface of the second flange contoured to
correspond to a radius of an arc formed by the user’s fingers and shaped flatter than
the first arc;

a syringe barrel having an outer barrel and an inner barrel, the inner barrel
having dosage marks and a needle mounted at a distal end, the outer barrel shaped to
receive the inner barrel and having an elliptical cross section to magnify the dosage
marks located on the inner barrel; and

a tip cap slidably engageable with a distal end of the syringe barrel for
shielding the needle comprising,

an outer cap;

an inner cap; and

a connector shaped to fit within and engage the outer cap and engage
the inner cap and having a plurality of first legs spaced symmetrically away from
one another, each first leg having a plurality of internally facing barbs pointing
toward a distal region of the connector and adapted to engage a proximal region of
the inner cap, wherein the plurality of internally facing barbs are disposed at an
angle with respect to the plurality of first legs, the connector having a plurality of

second legs spaced symmetrically away from one another, each second leg having a

-31 -



WO 2009/090499 PCT/IB2008/003984

10

15

20

plurality of externally facing barbs located in the distal region of the connector and
adapted to engage a distal region of the outer cap.

2. The device of claim 1, wherein the outer barrel includes a first recess and a
second recess shaped to receive the tip cap.

3. The device of claim 2, wherein the outer cap includes a first protrusion and a
second protrusion formed on an inner surface of a shoulder at the outer cap, wherein
the first and second protrusions interfit with the first recess and the second recess of
the outer barrel, respectively.

4. The device of claim 1, wherein the outer cap includes a gripping ring.

5. The device of claim 4, wherein the gripping ring is shaped to receive the user’s
finger to engage the ring.

6. The device of claim 4, wherein the gripping ring is shaped to receive a hook.

7. The device of claim 1, wherein the plurality of first legs are biased initially at
about 80 degrees with respect to the horizontal.

8. The device of claim 1, wherein the outer barrel includes a distal aperture to allow
the inner barrel to extend through the aperture.

9. The device of claim 1, wherein the second flange is 1.5 times as long as the first
flange.

10. The device of claim 1, wherein the outer barrel has a major diameter and a minor
diameter, wherein the ratio between the major diameter and the minor diameter is
1.5:1.

11. The device of claim 1, wherein the inner barrel 1s positioned within the outer
barrel such that the dosage marks are oriented at one end of the major diameter for

magnifying the dosage marks.
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12. A syringe comprising:
a handle having a first flange and a second flange forming a handgrip;
a first arc forming a bottom surface of the first flange contoured to
correspond to a radius of an arc formed by a user’s fingers;

5 a second arc forming a bottom surface of the second flange contoured to
correspond to a radius of an arc formed by the user’s fingers and shaped flatter than
the first arc; and

a tip cap releasably engageable with a distal end of the syringe barrel for
shielding the needle comprising,
10 an outer cap;
an inner cap; and
a connector shaped to fit within and engage the outer cap and engage
the inner cap and having a plurality of first legs spaced symmetrically away from
one another, each first leg having a plurality of internally facing barbs pointing
15  toward a distal region of the connector and adapted to engage a proximal region of
the inner cap, wherein each of the plurality of internally facing barbs is disposed at
an angle with respect to the plurality of first legs, the connector having a plurality of
second legs spaced symmetrically away from one another, each second leg having a
plurality of externally facing barbs located in the distal region of the connector and
20  adapted to engage a distal region of the outer cap.
13. A syringe system comprising:
a handle having a first flange and a second flange forming a handgrip;
a first arc forming a bottom surface of the first flange contoured to

correspond to a radius of an arc formed by a user’s fingers;
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a second arc forming a bottom surface of the second flange contoured to
correspond to a radius of an arc formed by the user’s fingers and shaped flatter than
the first arc; and

a syringe barrel having an outer barrel and an inner barrel and extending
distally from the handgrip, the inner barrel having dosage marks and a needle
mounted at a distal end, the outer barrel shaped to receive the inner barrel and
having an elliptical cross section to magnify the dosage marks located on the inner
barrel.

14. The syringe of claim 13, wherein the handle includes a top cover and a handle
body, the top cover having a plurality of pegs adapted to mate with a set of
corresponding depressions formed on the handle body.

15. The syringe of claim 14, wherein the top cover includes an aperture for
receiving a syringe plunger.

16. The syringe of claim 14, wherein the handle body includes an aperture for
receiving a syringe plunger.

17. The syringe of claim 14 , wherein the handle body includes a syringe
positioning pocket having a flat side.

18. The syringe of claim 17, wherein the inner barrel includes a flange having a flat
stde adapted to align with the corresponding flat side formed on the handle body.
19. The syringe of claim 18, wherein aligning the flange within the syringe
positioning pocket orients the dosage marks at one end of a major axis of the syringe
barrel.

20. The syringe of claim 19, wherein the major axis of the syringe barrel is longer

than a minor axis of the syringe barrel.
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21. A syringe comprising:

a syringe barrel having an outer barrel and an inner barrel, the inner barrel
having dosage marks and a needle mounted at a distal end, the outer barrel shaped to
receive the inner barrel and having an elliptical cross section to magnify the dosage
marks located on the inner barrel; and

a tip cap slidably engageable with a distal end of the syringe barrel for
shielding the needle comprising,

an outer cap,

an inner cap; and

a connector shaped to fit within and engage the outer cap and engage
the inner cap and having a plurality of first legs spaced symmetrically away from
one another, each first leg having a plurality of internally facing barbs pointing
toward a distal region of the connector and adapted to engage a proximal region of
the inner cap, wherein each of the plurality of internally facing barbs is disposed at
an angle with respect to the plurality of first legs, the connector having a plurality of
second legs spaced symmetrically away from one another, each second leg having a
plurality of externally facing barbs located in the distal region of the connector and
adapted to engage a distal region of the outer cap.
22. A syringe barrel comprising,

an outer barrel and an inner barrel, the inner barrel having dosage marks and
a needle mounted at a distal end, the outer barrel shaped to receive the inner barrel
and having an elliptical cross section to magnify the dosage marks located on the

inner barrel.
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23. A tip cap slidably engageable with a distal end of a syringe barrel for shielding
the needle comprising,

an outer cap;

an inner cap; and

a connector shaped to fit within and engage the outer cap and engage
the inner cap and having a plurality of first legs spaced symmetrically away from
one another, each first leg haying a plurality of internally facing barbs pointing
toward a distal region of the connector and adapted to engage a proximal region of
the inner cap, wherein each of the plurality of internally facing barbs is disposed at
an angle with respect to the plurality of first legs, the connector having a plurality of
second legs spaced symmetrically away from one another, each second leg having a
plurality of externally facing barbs located in the distal region of the connector and
adapted to engage a distal region of the outer cap.
24. A drug delivery system comprising:

a syringe barrel having an outer barrel and an inner barrel, the inner barrel
having dosage marks and a needle mounted at a distal end, the outer barrel shaped to
receive the inner barrel and having an elliptical cross section to magnify the dosage
marks located on the inner barrel; wherein the inner barrel is adapted to receive a
drug having a viscosity more than about 65 centipoise; and

a tip cap slidably engageable with a distal end of the syringe barrel for
shielding the needle comprising,

an outer cap;

an inner cap; and

236 -



10

15

20

WO 2009/090499 PCT/IB2008/003984

a connector shaped to fit within and engage the outer cap and engage
the inner cap and having a plurality of first legs spaced symmetrically away from
one another, each first leg having a plurality of internally facing barbs pointing
toward a distal region of the connector and adapted to engage a proximal region of
the inner cap, wherein each of the plurality of internally facing barbs is disposed at
an angle with respect to the plurality of first legs, the connector having a plurality of
second legs spaced symmetrically away from one another, each second leg having a
plurality of externally facing barbs located in the distal region of the connector and

adapted to engage a distal region of the outer cap.

25. The drug delivery system of claim 24, wherein the viscosity of drug is between
about 65 centipoise to about 120 centipoise.

26. The drug delivery system of claim 24, wherein the viscosity of drug is between
about 75 centipoise to about 100 centipoise.

27. A syringe comprising:

a handle having a first flange and a second flange forming a handgrip;

a first arc forming a bottom surface of the first flange contoured to
correspond to a radius of an arc formed by a user’s fingers;

a second arc forming a bottom surface of the second flange contoured to
correspond to a radius of an arc formed by the user’s fingers and shaped flatter than
the first arc;

a syringe barrel having an outer barrel and an inner barrel, the inner barrel
having dosage marks and a needle mounted at a distal end, the outer barrel shaped to

receive the inner barrel and having an elliptical cross section to magnify the dosage
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marks located on the inner barrel, wherein the outer barrel includes proximal and
distal ends and a recess formed at the distal end; and a tip cap for shielding the
needle including a shoulder having an inner surface and an outer surface, a mating
protrusion formed on the inner surface and shaped to matingly engage with the
recess formed on the outer barrel.

28. The device of claim 27, wherein the tip cap includes an-inner cap that is received
within the outer cap.

29. The device of claim 27, wherein the inner barrel is disposed within the tip cap
when the tip cap mates with the outer barrel.

30. The device of claim 27, wherein the outer barrel has a distal opening and the
inner barrel protrudes through the distal opening when the syringe assembly is fully
assembled.

31. The device of claim 27, wherein the outer barrel has a first recess and a second
recess.

32. The device of claim 31, wherein the outer barrel has a major diameter and a
minor diameter, and wherein the first recess is formed at first end of the major
diameter and the second recess is formed at an opposite end of the major diameter.

33. The device of claim 32, wherein the mating protrusion of the tip cap includes a

top surface and a side surface, the side surface being positioned perpendicular to the

longitudinal axis of the handle.

34. The device of claim 27, wherein the mating protrusion has a triangular cross
sectional area.

35. The device of claim 27, wherein the tip cap comprises an inner cap, an outer cap,

and a connector shaped to fit within and engage the outer cap and engage the inner
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cap, the tip cap having a plurality of first legs spaced symmetrically away from one
another, each first leg having a plurality of internally facing barbs pointing toward a
distal region of the connector and each first leg being adapted to engage a proximal
region of the inner cap, wherein each of the plurality of internally facing barbs is
disposed at an angle with respect to the plurality of first legs.

36. The device of claim 27, wherein the tip cap includes a stem portion extending
distally from the s}.loulder having a cylindrical shape.

37. The device of claim 36, wherein the inner cap and the connector are received
within the stem portion.

38. The device of claim 35, wherein the connector includes a plurality of second
legs spaced symmetrically away from one another, each second leg having a
plurality of externally facing barbs located in the distal region of the connector and

adapted to engage a distal region of the outer cap.
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