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Container for storing a drug such as insulin

Field of invention

The invention relates to medical containers, in particular containers for storing insulin.

State of the Art

Several insulin infusion devices are currently available on the market. The first generation of disposable
syringe-type containers and tubes are described, for example, in U.S. Pat. Nos. 2,631,847, 3,771,694,
4,657,486, and 4,544,369. Generally, the containers of these devices are symmetrical, round, and
tubular-shaped, and have rigid walls to enable smooth movement of the pump piston (plunger) and to

maintain proper sealing.

The relatively bulky devices have to be carried in a patient's pocket or be attached to the patient's belt.
Consequently, the fluid delivery tube is long, usually longer than 60 cm, to enable needle insertion in
remote sites of the body. These uncomfortable bulky fluid delivery devices with long tubing are not
popular with the majority of diabetic insulin users, because these devices interfere with regular activities,
such as sleeping and exercising. Furthermore, the effect of the image projected on a teenagers' body is
unacceptable among teenagers.

To avoid tubing limitations, a second generation of pumps has been developed. These pumps include a
housing having a bottom surface adapted for attachment to the user's skin, a container disposed within
the housing, and an injection needle adapted to be in fluid communication with the container. These skin
adhered devices typically are discarded of every 2-3 days, similarly to the infusion sets employed with the
pumps of the first generation. Such second-generation devices are described, for example, in U.S. Pat.
Nos. 4,498,843, 5,957,895, 6,589,229, and 6,740,059. Other configurations of skin-secured pumps are
disclosed, for example, in U.S. Pat. Nos. 6,723,072 and 6,485,461. The containers of such devices, like
the containers used in 1st generation pumps, are usually tubular and syringe like, thus requiring a
relatively large occupying space and a thick housing.

To address the volume and cost constraints, a 3™ generation skin-secured pump was proposed as
described, for example, in U.S. Pat No 7,935,104. In such as a dispensing patch unit-the dispensing
patch unit includes two parts, a disposable part and a reusable part. The reusable part generally includes
electronic components and the metering portion. The disposable part generally includes an inlet port to fill
the container for therapeutic fluid, a filter protecting a short drug delivery as well as the pumping
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mechanism and an exit port. After connection of the reusable and disposable parts, the assembled device
has a very thin dimension, rendering the whole device inexpensive, light and discrete.

General Description of the invention

The invention concerns a polymeric container for storing a drug, e.g. insulin, which comprises a hard shell

and a flexible film, wherein both elements are made from the same material.

For the present invention, a same material is a material which is made from the same chemical entity, the
same polymer or monomer. Furthermore, even if the process used to make said both elements is
different, said elements have at least one same feature.

As a non-limiting example, if a same monomer forms after polymerization a series of chains, it may
present different mechanical properties that the same monomer polymerized forming a network. We

consider in this invention these two materials as the same material.

Advantageously the hard shell is made of a single layer.

The rigidity of the hard shell and the flexibility of the film may be obtained in different ways, some being
disclosed in the present document. For instance the flexible film may be manufactured according to a
process which consists in the preparation of a blend of a rigid polymeric material with an elastomeric

formulation of the same material.

The container according to the invention may advantageously be used as a therapeutic fluid container
combination with a portable skin patch infusion device for diabetes CSlI therapy. In one embodiment, the
container includes a hard shell on which there is a thermoformed flexible film that fits the hard shell
closely, minimizing dead volume and air bubble during the filling procedure performed by the patient.
Preferably the hard shell and the flexible film are both made of cyclic olefin polymer (COC) and ensure
the integrity of the drug solution for the intended use.

One original feature of this container compared to similar existing technology consists in the fact that the
flexible film is composed of a material made from the same polymer than the hard shell. In a preferred
embodiment, for the film, a COC elastomer is used as a modifier for COC to obtain a flexible film with
greater toughness and enhanced sustainability. Film strength is greatly improved in COC formulations
containing 25% or less of the COC elastomer.

In another embodiment the container according to the invention is transparent.
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The container preferably has an inlet port that enables filling and maintains sealing and can be filled by a
syringe and an outlet port protected by a filter that is connected to the delivery fluid in a way that prevents
entrapment of air bubbles.

The material of the container may be made from a material with a low temperature melting point, thus
enabling heat welding and it may resist high temperature(s) including welding temperature(s). The
container may be sufficiently moisture proof, preservative (e.g. phenol, m-cresol) proof to enable for
storage of a medicament containing water and preservatives (e.g., phenol, m-cresol), without significant
changes in potency of medicament for the entire usage duration (e.g., 6 to 12 days). The container's
geometrical structure may enable for optimal filling of the fluid and complete or almost complete emptying
with minimal if any residual volume. The single material semi-flexible container is provided that holds
fluids and maintains the chemical stability of a drug and/or preservatives held in the container, and also
avoids leachable material. Additionally, the container's thin wall is adapted to serve as a barrier against
fluid vapor and is chemically inert to the absorption of fluid constituents (e.g. water, m-cresol, phenol), as
indicated by the wall material's relatively low Moisture vapour Transmission Rate (MVTR). Thus, the
thickness of the container walls should be sufficient to enable maximum of 1.5% per day loss of fluid.

For example, flexible film may be shaped by thermo forming and then welded together with the hard shell,
which is obtained by injection molding, containing the inlet and outlet port assemblies without gluing. Said
film may be shaped in a way as to closely fit the shape of the hard shell (2) on which contact may be
made. The flexible membrane is collapsed on the hard shell during the fabrication to avoid trapping of air
bubbles during the filling. Moreover the collapsible container can be sterilized, for example, by gamma
irradiation and can be manufactured by a production method that maintains its biocompatibility and that
avoids use of adhesive materials such as glue. The container may be welded and the inlet and outlet
ports may be connected by pressure to a pumping mechanism.

List of figures
Figure 1 is an exploded view of a container.
Figure 2 shows the flexible film (1) collapsed onto the hard shell (2).
Figure 3 is a bottom view of the hard shell (2) interfaced with pumping mechanism (7).
Figure 4 representes the procedure of testing is described by the flowchart
Figure 5 shows the Insulin potency of insulin Aspart

Figure 6 shows preservative levels of m-cresol in insulin Aspart.
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Figure 7 shows preservative levels of phenol in insulin Aspart.

Figure 8 represents high molecular weight protein levels of Aspart.
Figure 9 shows B3Asp+A21Asp+B3isoAsp related compounds levels of Aspart.

Figure 10 shows B28isoAsp related compound level of Aspart.

Figure 11 represents the evaporation monitoring for different film having the same thickness and mounted
in the hard shell.

Figure 12 shows the pressure in the container according to the infused volume.

List of elements:

(1) flexible film,

(2) hard shell,

(3) filter,

(4) inlet port,

(5) outlet port,

(6) bottom shell,

(7) pumping mechanism

N e e e i e

Detailed description of the invention

The invention will be better understood with the following non-exclusive examples, some of them being
illustrated.

The present invention preferably proposes the use of cyclic olefin copolymers (COC) as special class of
polymeric materials with property profiles which can be varied over a wide range during polymerisation as
the base material to produce a transparent, semi-flexible, watertight container made of a single layer soft
film thermo-formed and collapsed onto a hard shell, made with same material, which should include one
or more of the following properties:

1. Compatible with the active ingredient of the drug (insulin)
2. Impervious or substantially impervious to fluid loss, e.g., water and preservatives, e.g., m-cresol,
present in the contained fluid;
Suitable MVTR and thickness;
Mechanical properties enabling flexibility and collapsibility.
Sterilisable (e.g. gamma irradiation, steam, ethylene oxide);
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6. Non leachable or substantially non leachable;
7. Weld capable.

The high transparency of Topas COC in the visible and near ultraviolet regions coupled with a refractive
index of 1.53 (Topas 5013) makes the polymer suitable for application where transparency is necessary.
Topas COC exhibits a unique combination of properties — glass-clear transparency, superior water
vapour barrier, low water absorption and good chemical resistance to aqueous media, acids and alkalis
and to polar organics. Thus, together with their excellent biocompatibility, these materials are of particular
interest for primary packaging of pharmaceuticals, medical devices and diagnostic disposables.

Container Design

A possible design of the container is described in the figures. The container includes inlet port for the
filling as septum, a filter to protect the downstream fluidic path as well as the pumping mechanism which
is a MEMS in this case, and the cannula connector exit port. The flexible film is also protected from
mechanical contact by a bottom shell.

Figure 1 is an exploded view of a container showing the main components (1) flexible film, (2) hard shell,
(3) filter, (4) inlet port, (5) outlet port and (6) bottom shell.

Figure 2 shows the flexible film (1) collapsed onto the hard shell (2).

Figure 3 is a bottom view of the hard shell (2) interfaced with pumping mechanism (7) forming the
downstream fluidic path protected by the filter (3) and connected to exit port (5).

In one embodiment, the flexible film (1) is enclosed into an additional hard shell, said additional hard shell
containing openings to guarantee pressure equilibrium between the inside of said additional hard shell
and the outside.

Drug compatibility and integrity

The container should demonstrate good compatibility of insulin solutions (Aspart) for a period of 12 days,
which represents a safety margin of two compared to the labelled intended use (6 days). The
compatibility of the drug will be assessed through stability and appearance.

The procedure of testing is described by the flowchart represented on Fig 4.
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The target stability of this study being of 6 days, for safety reasons the study has been run for 13 days to
simulate a worst-case scenario at 37°C. For the insulin, two sampling points had been selected, after 6
and 13 days of incubation.

The acceptance criteria and the reference for each test to demonstrate drug integrity are listed in Table 1.
The methods of analysis and data treatment are performed using an external protocol and a validated
method.

Table 1 Acceptance criteria for tests conducted obtained from the British Pharmacopoeia 2009 (BP) and
from insulin manufacturer certificate of analysis (COA).

Study Acceptance criteria Unit
Appearance” Clear, colorless liquid, | N/A
no particles
Insulin content * 90-110 [%]
m-cresol content*® 90-110 [%]
Phenol content” 90-110 [%]
HMWP content” <15 [%]
B3Asp+A21Asp+B3isoAsp content* | <5 [%]
B28isoAsp content” <25 [%]
Other impurities* <35 [%]

The results regarding insulin content are presented in Fig 5, which more precisely shows the Insulin
potency of insulin Aspart. The results for three Disposable Unit samples are presented as relative
percentages to a standard solution; the error bar is RSD (1.4%) of the HPLC analysis. The
“Pharmacopeia” lines are the limit acceptance criteria (90-110%), another line is the Control T at 5°C
(CTRLO bulk solutions of the insulin vial) and another line is Control T at 37°C (CTRL37 bulk solutions of
the insulin vial) where insulin was exposed to thermal stresses in its original packaging.

Insulin analog solution contains antimicrobial preservatives: Aspart solution—-m-cresol (1.72 mg/mL) and
phenol

(1.5 mg/mL) that should be maintained in at a sufficient level to ensure antimicrobial efficiency as
mentioned in the USP.
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Figure 6 shows preservative levels of m-cresol in insulin Aspart. The results for three Disposable Unit
samples are presented as relative percentages to a standard solution; the error bar is RSD (0.8%) of the
HPLC analysis. The COA lines are the limit acceptance criteria (90-110%), another line is the Control T at
5°C (CTRLO bulk solutions of the insulin vial) and another line is Control T at 37°C (CTRL37 bulk
solutions of the insulin vial) where insulin was exposed to thermal stresses in its original packaging. The
“Solo Micropump” dashed line represents the m-cresol level at the Solo MicroPump exit after 6 days of
incubation in similar experimental conditions and the “USP” dash lines represent the m-cresol
effectiveness level according to USP standard.

Figure 7 shows preservative levels of phenol in insulin Aspart. The results for three Diposable Unit
samples are presented as relative percentages to a standard solution; the error bar is RSD (1.1%) of the
HPLC analysis. The COA lines are the limit acceptance criteria (90-110%),anotherline is the Control T at
5°C (CTRLO bulk solutions of the insulin vial) and another line is Control T at 37°C (CTRL37 bulk
solutions of the insulin vial) where insulin was exposed to thermal stresses in its original packaging. The
“Solo Micropump” dashed line represents the m-cresol level at the Solo MicroPump exit after 6 days of
incubation in similar experimental condition and the “USP” dash lines represent the m-cresol
effectiveness level according to USP standard.

High molecular weight protein values were maintained below the 1.50% threshold during 13 days

Figure 8 represents high molecular weight protein levels of Aspart. The results for three Disposable Unit
samples are presented as relative percentages of the insulin content (100%). The “Pharmacopeia” line is
the limit acceptance criteria (1.5%), another line is the Control T at 5°C (CTRLO bulk solutions of the
insulin vial) and another line is Control T at 37°C (CTRL37 bulk solutions of the insulin vial) where insulin
was exposed to thermal stresses in its original packaging.

Related substances were maintained below threshold during the 13-day test in all delivered samples.

Figure 9 shows B3Asp+A21Asp+B3isoAsp related compounds levels of Aspart. The results for three
pump samples are presented as relative percentages of the insulin content (100%). The “Pharmacopeia”
line is the limit acceptance criteria (5%), another line is the Control T at 5°C (CTRLO bulk solutions of the
insulin vial) and another line is Control T at 37°C (CTRL37 bulk solutions of the insulin vial) where insulin
was exposed to thermal stresses in its original packaging.



WO 2013/021303 PCT/IB2012/053827

Figure 10 shows B28isoAsp related compound level of Aspart. The results for three Disposable Unit
samples are presented as relative percentages of the insulin content (100%). The “Pharmacopeia” lines is
the limit acceptance criteria (2.5%), another line is the Control T at 5°C (CTRLO bulk solutions of the
insulin vial) and another line is Control T at 37°C (CTRL37 bulk solutions of the insulin vial) where insulin
was exposed to thermal stresses in its original packaging

No other related substances were detected after 13 days in the solution and pH after 6 days of incubation
was 7.73.

The current study showed 13-day compatibility at extreme conditions for Aspart, with the container
disclosed in this document. These results are in agreement with previous studies that demonstrated the
compatibility of insulin analog insulin such as Aspart with “pager-like” CSIl devices for extended use
periods.

MVTR and thickness

Comparative study was performed between tri-layer film (BK) and single layer COC film mounted on the
same hard shell to demonstrate barrier evaporation rate. The relative thickness of the films are 42 um and
51 um, for BK and COC films, respectively

Figure 11 represents the evaporation monitoring for different film having the same thickness and mounted
in the hard shell.

COC film demonstrates with a similar thickness than the tri-layer film a better evaporation barrier. This
ensures to maintain the integrity of the drug solution as presented in Table 1.

Mechanical properties enabling flexibility and collapsibility.

The film and its bonding onto the hard shell shall be made such as to resist to a possible overpressure
due to an overfilling of the container. Moreover the part of elastomeric polymer added in the flexible film
should sufficiently low to not induce any residual elastic strength in the container during the normal use.
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Figure 12 shows the pressure in the container according to the infused volume.

Delivery system can be sensitive to elevated over and under-pressures in the container (risk of over
infusion in the first case and blockage of the Pump in the second case), the film shall be made so as to
avoid large pressure variation due to its deformation during the container emptying (phase 1).

Moreover, the container membrane may ensure the null or slightly negative pressure in the container

during the normal use of the pump (phase 2).

During the container depletion (phase 3), the softness of the film ensures a slow decrease of the
pressure. This makes possible to have a large reserve volume between the time at which the depletion
alarm is triggered and the time at which the pump cannot effectively infuse more liquid.

In a preferred embodiment, the flexible film (1) may exert a pressure within the of +/- 20 mbar during the
steady state regime. (Note: by steady state regime we understand the so-called “normal use” of figure 12,
i.e. the period after the priming phase — where the amount of liquid in the container is superior to the
nominal value of said container — and the depletion phase — where some parts of the film are in contact
with the hard shell of the container.)

Sterilisable and Biocompatible

The use of plastics in the pharma and diagnostics sector in many cases requires sterilizability of the
plastic material. The effect of various sterilization methods, using high energy radiation (gamma and
electron beam), ETO, hot air and hot steam, has been investigated for Topas. Standard test specimens
were subjected to conditions simulating one time exposure. Topas should not be used in applications
requiring more than one or two sterilization cycles. Topas COC test specimens maintain mechanical
properties after exposure to gamma radiation doses of 50 kGy. Like many other plastics, Topas COC
shows a dose-dependent discoloration after exposure to gamma radiation. Grades with improved color
stability in gamma irradiation can be requested.

Criteria for the use of plastics in the pharma and diagnostics sector are specified in the national
pharmacopoeias

(US, EU and JP), and by the appropriate regulatory agencies. Material test program guidelines are given
by the FDA, and the International Organization for Standardization (ISO 10993). The test program
depends on the particular application and the duration of contact with the human body. Topas COC
material biocompatibility testing was carried out according to guidelines given in the FDA Blue Book

9
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Memorandum, and by the International Organization for Standardization (ISO 10993). A range of Topas
grades were subjected to this material biocompatibility test program. The protocol included the following:
Acute Systemic and Intracutaneous Toxicity, Muscle Implantation, Physico- Chemical tests, Blood
Compatibility (Hemolysis), and Cytotoxicity. These grades meet the specification of US Pharmacopoeia
XXIII — Class VI. Corresponding certificates for specific grades are available. Chemical characterization
and extraction tests have been carried out successfully according to the protocols described in the US,
EU and Japanese Pharmacopoeia. These tests are intended as a general screening of the materials. The
information discussed here should only be used as a starting point for the package/device manufacturer’s
consideration of the protocol to be used for testing specifically to the particular application. The
presentation of these results is thus not intended to replace the testing required of the manufacturer of the
package or device. Nor should it be considered a recommendation of the material for any particular
application. It is the package/device manufacturer’s responsibility to ensure that the materials used for a
particular application are suitable for the intended use.

Non leachable or substantially non leachable

The container should demonstrate acceptable extractables results, under aggressive conditions. In
principle, all organic and inorganic compounds eluting under forced conditions have to be monitored. In
practice, compounds detection is limited to a concentration above the Analytical Evaluation Threshold.

ICP-MS results
The analyses of the extractable per ICP-MS through the pump chip have shown the following results:

The extraction has presented for the following elements a significant amount of compounds resulting from
the pump chip extraction for

e Bore in a concentration range of 500-1300 pg/L
e Sodium in a concentration range of 100-1100 ug/L

e Calcium in a concentration range of 16-20 ug/L

All these elements are not known to have toxic effect; however these results shall be reviewed by a
toxicologist for a safety assessment

GC-MS results

The results of this analysis of semi-volatile compounds are presented here. The only peak resulting from
the test item which was not also present in the Placebo which was used as a control (not contacting the
container material) was tentatively identified phthalate with single nitrogen. However, semi quantitative

10
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analysis of this peak indicates that the compound is present in range between 0.1 and 0.2 mg/L. By
taking a safety factor of 10, this amount remains in the limit threshold for genotoxic elements.

Results from this extraction study suggest that even using exaggerated extraction conditions, the material
of the container does release limited amount of compounds and therefore substantially non leachable.

Weld capable

Various welding methods, except for high-frequency welding, can be used to join molded parts made from
Topas COC resin. The most suitable welding method will depend primarily on the specific part.

11
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CLAIMS

A polymeric container for storing a drug which comprises a hard shell (2) and a flexible film (1),

wherein both elements are made from a same material.

Container according to claim 1, wherein said hard shell (2) is made of a single layer.

Container according to one of the previous claims wherein the material of the flexible film (1) is a
blend of an elastomeric part and a non-elastomeric part.

Container according to claim 3 wherein said elastomeric part is less than 25 %.

Container according to one of previous claims wherein said material is a cyclic olefin copolymer
(COQ).

Container according to claim 1 wherein the flexible film (1)thickness is comprised between 5 and
100 um.

Container according to claim 1 wherein the flexible film (1) exerts a pressure within the of +/- 20
mbar during the steady state regime.

Container according to one of previous claims wherein said flexible film (1)is a monolayer.

Container according to one of previous claims wherein said film is thermoformed and shaped in a
way as to closely fit the shape of the hard shell (2) on which contact may be made.

Container according to one of previous claims wherein said container is transparent.

Container according to one of previous claims wherein the flexible film (1) is enclosed into an
additional hard shell, said additional hard shell containing openings to guarantee pressure
equilibrium between the inside of said additional hard shell and the outside.

Container according to claim 1 wherein the drug is insulin.

Container according to one of the previous claims wherein said container is connected to a

pumping mechanism (7) that is used to infuse the content of said container into a patient.

12
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