wo 2013/152323 A1 |0 AFE00 00000 OO OO AR A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 201 3 /1 52 3 2 3 Al
10 October 2013 (10.10.2013) WIPO I PCT
(51) International Patent Classification: 61/776,283 11 March 2013 (11.03.2013) Us
A6IM 5/20 (2006.01) A6IM 5/42 (2006.01) 61/783,444 14 March 2013 (14.03.2013) UsS
A6IM 5/32 (2006.01) A61IM 37/00 (2006.01)

(21) International Application Number:

(72) Imventors; and
(71) Applicants : WOTTON, Paul, K. [US/US]; 1 Jefferson

PCT/US2013/035509 Court, Newtown, PA 18940 (US). DAVE, Kaushik, J.

(22) International Filing Date:

5 April 2013 (05.04.2013)

[US/US]; 4 Winter Street, Edison, NJ 08820 (US).
HAYES, John, W. [US/US]; 8835 Church Lake Road
Boulevard, Chaska, MN 55318 (US). SADOWSKI, Peter,

(25) Filing Language: English L. [US/US]; 8974 Pheasant Run Road, Woodbury, MN

55318 (US). JOOSTE, Hermanus, L. [US/US]; 132 Iron

(26) Publication Language: English Works Way, Wayne, PA 19087 (US). JAFFE, Jonathan

(30) Priority Data:
61/621,298 6 April 2012 (06.04.2012)
61/763,395 11 February 2013 (11.02.2013)

[/US]; 38 Southgate Drive, Annandale, NJ 08801 (US).

US " (74) Agents: SERVANCE, Squire, J. et al.; Morgan, Lewis &
us Bockius LLP, 1701 Market Street, Philadelphia, PA

19103-2921 (US).

[Continued on next page]

(54) Title: NEEDLE ASSISTED JET INJECTION ADMINISTRATION OF TESTOSTERONE COMPOSITIONS

12

N

FI1G. 1

(57) Abstract: The present invention provides compositions and
methods for treating a subject in need of treatment with testosterone,
including introducing testosterone into the subject subcutaneously,
intradermally, or intramuscularly, from a needle assisted jet injection
device.



WO 20137152323 A1 WK 00N A0 TR0 O

31

84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM,
GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN,
KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZIM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,

GM, KF, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, S, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2013/152323 PCT/US2013/035509

NEEDLE ASSISTED JET INJECTION ADMINISTRATION OF
TESTOSTERONE COMPOSITIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
61/621,298, filed April 6, 2012, U.S. Provisional Patent Application No. 61/783,444, filed March

14,2013, U.S. Provisional Patent Application No. 61/763,395, filed February 11, 2013, and
U.S. Provisional Patent Application No. 61/776,283, filed March 11, 2013, all of which are

herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Testosterone is a steroid hormone from the androgen group. In general, androgens

promote protein synthesis and growth of those tissues with androgen receptors. Testosterone is

anabolic, meaning it builds up bone and muscle mass. Testosterone has the following structural

formula:

OH

O

[0003] The original and primary use of testosterone is for the treatment of males who have
too little or no natural endogenous testosterone production—males with hypogonadism.
However, over the years, testosterone has also been given for many other conditions, e.g.,
reducing infertility, correcting lack of libido or erectile dysfunction, correcting osteoporosis,
encouraging penile enlargement, encouraging height growth, encouraging bone marrow
stimulation, reversing the effects of anemia and appetite stimulation.

[0004] There are several application methods for testosterone, including hypodermic
injections and transdermal creams, gels and patches. However, hypodermic injections tend to be

painful, inconvenient, and increase the risk of polycythemia. Transdermal creams, gels and
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patches are often expensive, cause acne and skin irritation at the site of administration, have poor
compliance with daily administration, and fail to provide some patients with adequate
testosterone levels.

[0005] Accordingly, an urgent need exists for methods of administering testosterone to
provide benefits and improvements over conventional methods, e.g., hypodermic injections and

transdermal creams, gels and patches, of administering testosterone to patients.

SUMMARY OF THE INVENTION

[0006] In one embodiment, the present invention includes an injection device, comprising a
housing member having a distal end and a proximal end, a chamber disposed within the housing
member configured to hold an amount of a preservative-free medicament comprising
testosterone, a needle operatively associated with the chamber and having a length sufficient to
deliver the medicament to an injection site at a depth below a patient’s skin sufficient to
minimize leak-back, a plunger movable within the chamber, and a force generating source
capable of providing sufficient force on the plunger to eject at least a portion of the medicament
from the chamber through the needle in less than about 20 seconds.

[0007] In another embodiment, the present invention includes a composition comprising
testosterone enanthate and sesame oil, the testosterone enanthate being present at a concentration
selected from the group consisting of about SO mg/ml, about 75 mg/ml, about 100 mg/ml, about
125 mg/ml, about 150 mg/ml, about 175 mg/ml, about 200 mg/ml, about 225 mg/ml, and about
250 mg/ml.

[0008] In another embodiment, the present invention includes a composition comprising
testosterone enanthate and sesame oil, the testosterone enanthate being present at a concentration
selected from the group consisting of about 50 mg/ml, about 75 mg/ml, about 100 mg/ml, about
125 mg/ml, about 150 mg/ml, about 175 mg/ml, about 200 mg/ml, about 225 mg/ml, and about
250 mg/ml, wherein the composition is substantially free of testosterone enanthate precipitate.
[0009] In another embodiment, the present invention includes a method of administering
testosterone comprising administering preservative-free composition comprising a unit dose of a
testosterone or pharmaceutically acceptable ester or salt thereof in a pharmaceutically acceptable
carrier subcutaneously to a mammal, wherein after administration, the plasma level of

testosterone is maintained between about 200 ng/dl and about 1800 ng/dl for a Z1 time period.
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[0010] In another embodiment, the present invention includes method of administering
testosterone comprising administering a preservative-free composition comprising a unit dose of
testosterone or pharmaceutically acceptable ester or salt thereof in a pharmaceutically acceptable
carrier subcutaneously to a mammal, wherein after administration the plasma level of
testosterone is maintained at a therapeutically effective level for a Z2 time period, (e.g., an

extended period of time during treatment).

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other objects, features and advantages of the disclosure will be apparent

from a consideration of the following non-limiting detailed description considered in conjunction
with the drawing figures, in which:

[0012] Fig. 1 is a side view of an injection device according to an embodiment of the present
disclosure;

[0013] Fig. 2 is a cross-sectional view of the injection device of Fig. 1 in a safety state taken
along line A-A;

[0014] Fig. 3 is an enlarged view of a portion of the cross-section shown in Fig. 2;

[0015] Figs. 4A and 4B are perspective views of a safety member used in connection with
the injection device of Fig. 1;

[0016] Fig. 5 is an additional cross-sectional view of the device of Fig. 1 in the safety state;
[0017] Fig. 6A is a cross-sectional view of the injection device of Fig. 1 in a ready state;
[0018] Fig. 6B is a cross-sectional view of the injection device of Fig. 1 at the start of an
injection state;

[0019] Fig. 6C is a cross-sectional view of the injection device of Fig. 1 at the end of an
injection state;

[0020] Fig. 6D is a cross-sectional view of the injection device of Fig. 1 in a locked state;
[0021] Fig. 7 is an exploded view of an assembly of the needle guard, sleeve and locking
ring associated with the injection device of Fig. 1;

[0022] Fig. 8 is a perspective view of a needle guard according to an embodiment of the
injector of Fig. 1;

[0023] Fig. 9 is a cross-sectional view of the cap shown in Fig. 1;

[0024] Fig. 10 is a graph showing the pressure within the liquid chamber of an embodiment

of an injection device according to the present disclosure, as a function of time;

3
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[0025] Fig. 11 is a cross-sectional view of a needle-free jet injection nozzle;

[0026] Fig. 12 is a graph illustrating an embodiment of the present disclosure in which serum
testosterone demonstrates a peak upon injection and subsequently decreases to a therapeutically
effective level;

[0027] Fig. 13 is a table illustrating the mean concentrations of testosterone in mini-pig
serum;

[0028] Fig. 14 is graph illustrating the serum concentration of testosterone in the group 1
mini-pigs of Fig. 13;

[0029] Fig. 15 is graph illustrating the serum concentration of testosterone in the group 2
mini-pigs of Fig. 13;

[0030] Fig. 16 is graph illustrating the serum concentration of testosterone for a 0.5 ml auto-
injector injection of 200 mg/ml testosterone enanthate in sesame oil;

[0031] Fig. 17 is graph illustrating the serum concentration of testosterone for a 0.5 ml
needle and syringe injection of 200 mg/ml testosterone enanthate in sesame oil;

[0032] Fig. 18 is graph illustrating the serum concentration of testosterone for a 0.5 ml auto-
injector injection of 100 mg/ml testosterone enanthate in sesame oil; and

[0033] Fig. 19 is graph illustrating the serum concentration of testosterone for a 0.5 ml
needle and syringe injection of 100 mg/ml testosterone enanthate in sesame oil.

[0034] Throughout the drawings, the same reference numerals and characters, unless
otherwise stated, are used to denote like features, elements, components, or portions of the
illustrated embodiments. Moreover, while the present disclosure will now be described in detail
with reference to the figures, it is done so in connection with the illustrative embodiments and is

not limited by the particular embodiments illustrated in the figures.

DETAILED DESCRIPTION OF THE INVENTION

[0035] With reference to the accompanying drawings, various embodiments of the present
invention are described more fully below. Some but not all embodiments of the present
invention are explicitly shown. Indeed, various embodiments of the invention may be embodied
in many different forms and should not be construed as limited to the embodiments expressly

described. Like numbers refer to like elements throughout. The singular forms “a,” “an,” and

“the” include the singular and plural unless the context clearly dictates otherwise.
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[0036] A. Definitions

[0037] “Leak back”, as the term is used herein, refers to the leakage of medicament out of an
injection site during and/or after injection of a medicament.

[0038] “Substantially no leak back”, as used herein refers an amount of leak back from an
injection, the amount being less than about 0.05 ml or less than about 6% of the total volume or
less than about 6% of the weight of the medicament. In an embodiment, “substantially no leak
back” is an amount of leak back at or below an amount that cannot be readily detected by
swiping a finger across the site of injection immediately after the injection has been completed.
In an embodiment, “substantially no leak back™ is an amount of leak back such that the
therapeutic effect of testosterone administered by the injection is not materially altered. By way
of non-limiting examples, the amount of leak back can be referenced in a liquid volume of a fluid
composition having a specific concentration of testosterone, or the amount of leak back can be
referred to in terms of amount of testosterone (e.g., mg testosterone) present in the total leak
back volume or the number of injecting patients out of a population that experience leak back.
[0039] To “minimize leak back™, as the term is used herein, is to inhibit or prevent the leak
back associated with an injection of medicament, including but not limited to reducing the
number of patients experiencing leak back associated with an injection

[0040] A “preservative”, as the term is used herein, refers to compounds known in the art to
be used for the purpose of preserving a pharmaceutical composition, such as a medicament. As
used herein, the preservative is purposefully used to aid in antimicrobial stability and thus
possess antimicrobial activity. Substances not typically considered to be preservatives, or not
typically used for preserving other compositions, are not encompassed by this definition.

[0041] “AUC” is the area under a curve representing the concentration of a compound, such
as testosterone, or metabolite thereof in the blood or plasma or serum of a patient as a function of
time following administration of the compound to the patient. For example, following
administration of a testosterone as described herein, the AUC of the testosterone may be
determined by measuring the concentration of it or its metabolite in blood using methods such as
liquid chromatography-tandem mass spectrometry (LC-MS/MS), at various time intervals, and
calculating the area under the blood, plasma or serum concentration-versus-time curve. The
concentration versus time curve is sometime referred to as the pharmacokinetic profile. Suitable

methods for calculating the AUC from a drug concentration-versus-time curve are well known in
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the art. Therefore, an AUC for testosterone may be determined by measuring the concentration
of testosterone in the blood of a patient following administration of the testosterone to a patient.
[0042] “Bioavailability” refers to the amount of a compound, such as testosterone, that
reaches the systemic circulation of a patient following administration of the compound to the
patient and can be determined by evaluating, for example, the blood or plasma concentration for
the compound.

[0043] “Bioequivalent,” as the term is used herein, refers to one or more of confidence
intervals of (a) the maximum concentration of a medicament (e.g., testosterone) in blood plasma
of a patient following administration of a dose of the medicament to a patient (“Cmax’) with an
injector, (b) the time to reach the maximum concentration of the medicament in blood plasma of
a patient following administration of a dose of the medicament to the patient with an injector
(“Tmax “), and (c) area under the curve of the concentration of the medicament in blood plasma
of a patient following administration of a dose of the medicament to the patient with the injector
injected medicament (“AUC”) falls between about 80% and about 125% of the measured

confidence interval of the same medicament delivered by an alternative route.

[0044] “Patient” and “Subject” both independently include mammals, such as for example,
humans.
[0045)] “About” is understood to mean the range of + and — 10% of the value referenced.

However, use of “about” in reference to a value does not exclude the possibility of the referenced
value alone. For example, “about 400 is understood to fully support both “400” as well as “360
to 440.”

[0046] B. Compositions, Methods, and Embodiments of the Present Invention

[0047] The present disclosure encompasses injector embodiments and compositions and
methods suitable for use alone or in combination with the injector embodiments.

[0048] I. Injectors

[0049] Typical hypodermic syringes utilize the force of one or more of a user’s fingers
pushing to deliver an injection. In some embodiments, powered injectors of the present
disclosure are configured to help a subject repeatably and accurately and quickly administer a
testosterone formulation to a preset depth at each injection without the need to utilize such

pushing force.
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[0050] In some embodiments, the powered injector includes an autoinjector, a needle-free jet
injector, or a needle-assisted jet injector (collectively referred to as “injectors™).

[0051] Known autoinjector embodiments of powered injectors use an energy source that
produces moderate to low pressure in the medicament chamber so that a medicament contained
in the medicament chamber is fired at a slow speed, similar to the pressure and speed from a
finger-driven syringe. In contrast, autoinjector embodiments of the powered injectors of the
present disclosure use an energy source that produces moderate to high pressure in the
medicament chamber so that a medicament contained in the medicament chamber is fired at a
fast speed and is completely injected into a subject in less than about 10 seconds. Other
embodiments of the powered injectors are jet injectors, which can be needle-assisted or needle-
free jet injectors. Jet injector embodiments can be configured to have an energy source selected
to produce a high pressure in the medicament chamber to eject the medicament with sufficient
pressure, force, and speed to exit the injector as a fluid jet. As described in greater detail below,
whereas a medicament injected into a subject via an autoinjector or hypodermic syringe is
delivered in a bolus typically near the needle tip such that leak back can occur, the medicament
delivered from a jet injector is sprayed rapidly into the tissue, typically remotely from the needle
tip, and typically does not deposit the medicament in a bolus local to a needle tip such that leak
back is minimized Needle-free jet injectors use sufficient pressure and injection speed so that
the fluid jet breaks through the outer layer of the skin, depositing the medicament thereunder.
Needle-assisted jet injectors can use lower pressures than needle free-jet injectors because they
employ a needle to break through the outer part of the skin, but have pressures and speeds that
are sufficiently high so that the medicament exits the needle tip as a fluid jet.

[0052] Some embodiments of the injectors disclosed herein are single-use or -dose injectors,
configured to deliver in a single shot the entire volume of the agent(s) contained within a
chamber of the injector or within a cartridge contained within the injector. In other embodiments,
the injectors are configured to inject only a portion of the contents of the injector or a cartridge
within the injector and can use dosage-setting mechanisms to enable the selection of the volume
of injection to be delivered in one shot, or other mechanisms to provide an adjustable dosage. In
each of the foregoing embodiments, the injector can be pre-filled, or configured to receive a
cartridge that has the dosage of medicament. Alternative embodiments are configured to be

fillable as known in the art.
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[0053] Injectors provided by the present disclosure may be utilized by patients to self- inject
testosterone formulations. Various aspects of the present disclosure relate to self- injection of
testosterone formulations by a subject without the aid of a health care provider. In certain
embodiments, the injectors use a needle to inject testosterone formulations into a target tissue of
a subject, such as autoinjector or needle-assisted jet injector embodiments, while other
embodiments are needle-free injectors and thus do not require a needle to inject testosterone
formulations into a target tissue of a subject. In certain embodiments, the injectors may utilize
pressure sufficient to deliver testosterone formulations completely and quickly. In certain
embodiments, the injectors may utilize sufficiently high pressure to deliver one or more
testosterone formulations completely and quickly in a fluid jet.

[0054] In some embodiments, powered injectors provided by the present disclosure do not
require any priming or preparatory step in order to place them in condition to deliver an
injection, thereby reducing or eliminating exposure of the testosterone formulation to the air
and/or premature expulsion of the testosterone formulation from a needle of the injector prior to
the delivery shot. Therefore, the risk of contact with the testosterone formulation contained in the
injector, by the subject or by a non-user of the injectors, is reduced or eliminated.

[0055] A suitable injector for use with the present invention includes the injector shown in
co-pending application serial number 61/763,395 entitled “Needle Assisted Jet Injector Device
Having Reduced Trigger Force” and serial number 61/776,283 entitled “Needle Assisted Jet
Injector Device Having Reduced Trigger Force”, the contents of each which are hereby
incorporated by reference in their entirety.

[0056] Referring to Figs 1-5, an embodiment of an injector according to an embodiment of
the present disclosure is presented. The embodiment shown in these figures is a needle injector,
and depending on the spring used and delivery conduit, including the needle and injection outlet,
can be configured as an autoinjector or a needle-assisted jet injector. The depicted injector 12 has
an outer housing member 14 configured for allowing a user to handle the injector 12 and that
substantially houses most of the components shown in Fig. 2. In some embodiments, outer
housing 14 is formed from two mating portions 14a, 14b thét can be configured to attach to one
another by a snap or press fit or by using adhesives, welding or the like. Housing 14 includes a
medicament chamber 22 therein that is configured for storing and dispensing one or more liquid

medicaments, such as, for example, a testosterone formulation. In the embodiment shown in Fig.



WO 2013/152323 PCT/US2013/035509

2, medicament chamber 22 is formed in a prefilled syringe 18 that fits within housing 14, but
other types of fluid chambers can be used, including known types of cartridges that can be
prefilled, refillable, or the like with the medicament(s). Additionally, medicament chamber 22
can be integrally formed within housing 14.

[0057] In an embodiment, a stopper portion of a prefilled syringe, or other portion of the
prefilled syringe designed to assist in containing the medicament contained within the prefilled
syringe, is made of a material that is chemically resistant to one or more constituents contained
in the prefilled syringe. In an embodiment, a suitable stopper has minimized or reduced
leachable or extractable material and/or is resistant to one or more of acids, bases, hydrocarbons,
oils, lipids, carbohydrates, or oxygen. Non-limiting examples of suitable stoppers include
physically-modified rubber, chemically-modified rubber, teflon, and teflon-coated materials. In
an embodiment, a stopper is comprised of any material that enhances the stability of the stopper
and/or its function for the containment of an oil-based composition, and in particular, when
compared to the function of a standard rubber stopper used to contain the same oil-based
composition.

[0058] In the embodiment shown, a safety member 80 is located on the proximal end of outer
housing 14 and is removably affixed thereto by a plurality of tabs that extend through matching
openings formed in outer housing 14 to form a press-fit between safety member 80 and outer
housing 14. Safety member 80 is configured to prevent or reduce the likelihood of unintended
firing of the injection device during, for example, shipping or handling of injector 12. Safety
member 80 can be removed by a user of injector 12 to allow for unrestricted use of injector 12.
Alternative embodiments of the injectors can be constructed without safety member 80.

[0059] In a further embodiment, a sleeve 16 is housed within and mounted to the housing 14
and acts as a syringe support member. In some embodiments, the sleeve 16 is configured to hold
and position a prefilled syringe 18, carpule or other container of the type known in the art, such
as, for example, a BD Hypak™ prefilled syringe (Becton, Dickinson and Company). One
example of a suitable prefilled syringe for use in the depicted embodiments is one which is
available in various sizes and volumes, such as the Becton Dickinson Hypak . In some
embodiments, the glass of the syringe body can be adhered to the needle. Using a prefilled
syringe facilitates handling of the medicament when the injector is assembled, and there is an

extensive body of knowledge of how the medicaments keep and behave in a prefilled syringe. In
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some embodiments, sleeve 16 is substantially fixed to the housing 12, such as by snaps, an
adhesive, a weld, or another known attachment. The prefilled syringe 18 can have a container
portion 20 that defines in its interior a medicament chamber 22, which is prefilled with an
injectable medicament such as, for example, a testosterone formulation. In other embodiments,
the medicament container and chamber are provided by other structures, such as a chamber that
can be integral with or held in the housing, needle hub 32, or other injection outlet portion of the
injector, for example. At the distal end of the prefilled syringe 18 is an injection-assisting needle
24. In certain embodiments, the length of needle 24 is less than S mm. In one embodiment, the
length of needle 24 is greater than 5 mm. In one embodiment, the length of needle 24 is less than
10 mm. In one embodiment, the length of needle 24 is greater than 10 mm. In one embodiment,
the length of needle 24 is less than 20 mm. In one embodiment, the length of needle 24 is greater
than 20 mm. In other embodiments, the length of needle 24 is about 1 mm, about 2 mm, about 3
mm, about 4, about 5 mm, about 6 mm, about 7 mm, about 8 mm, about 9 mm, about 10 mm, or
any range determinable from the preceding lengths (for example, about 4 mm to about 6 mm, or
about 8§ mm to about 10 mm). Needle 24 has an injecting tip 26 configured as known in the art to
penetrate the tissue of a patient which, in some embodiments, is the skin. A needle bore extends
through the needle 24, as known in the art. The bore is in fluid communication with the
medicament in the medicament chamber 22 and is open at the needle tip 26 to inject the
medicament.

[0060] At a proximal end of the medicament chamber 22, opposite from the needle 24, is a
plunger 28 that seals the medicament in the medicament chamber 22. In some embodiments, a
syringe wall comprises a tubular portion which, in some embodiments, is closed at a distal end
and open at a proximal end, to define the medicament chamber 22. Plunger 28 is slideably
received in the tubular portion. The prefilled syringe 18 is configured such that when the plunger
28 is displaced in a distal direction, the volume of the medicament chamber 22 is decreased,
forcing the medicament out of the chamber 22 and through the bore of needle 24. At the distal
end of the medicament chamber 22 is a needle hub portion 32 to which the needle is mounted. A
syringe flange 35 extends radially from the proximal end of the syringe wall. In injector
embodiments that use cartridges, carpules or other containers that define a chamber to contain

the medicament, the needle can be fluidly connected with the chamber in a different manner,
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such as by connecting directly to the cartridge, carpule, or other container, or by connecting to
another portion of the injector, such as a housing thereof, by a separate needle hub.

[0061] In the embodiment depicted in Fig. 2, the prefilled syringe 18 has a syringe body 36
wherein the flange 35, syringe wall, and hub portion 32 is of unitary construction. In some
embodiments, the material comprising the syringe body 36 is glass, but other materials such as,
for example, plastic or metal, can be used in other embodiments. To radially position the distal
end of the prefilled syringe 18, in some embodiments sleeve 16 has a narrowed bore portion 51
that can be configured to abut the outside of the syringe wall. The narrowed bore portion 51 can
be made of a resilient material, such as an elastomer, or it can be made unitarily with the rest of
sleeve 16, such as by a series of radially-aligned, resiliently-flexible fingers. Additionally, the
proximal portion of the syringe 18 can be held in place by a shock-absorbing device 33, which,
in some embodiments, locates the proximal side of the syringe body 36 axially, and absorbs
shocks from the impact of a sudden firing of the ram 60, such as in jet-injector embodiments,
which produce elevated pressures in the medicament chamber 22 or container 20.

[0062] A trigger mechanism can also be housed within housing 14. In some embodiments,
the trigger mechanism includes an inner housing 54 that can be attached to the outer housing 14,
such as by snaps, an adhesive, a weld, or other known attachment. Trigger protrusions 56 extend
inwardly from the proximal end of the inner housing 54 and are resiliently biased outwardly.
Trigger protrusions 56 are received in a recess 58 of ram 60 in blocking association therewith to
prevent distal movement of the ram 60 prior to the firing of the device. The ram 60 is moved
toward the distal end of the injector 10 by an energy source, which in some embodiments is a
compression spring 52, although in other embodiments other suitable energy sources can be used
such as elastomer or compressed-gas springs, or a gas generator. An example of a compression
spring 52 suitable for use with injectors of the present disclosure is a coil spring. Alternative
embodiments can also use other suitable trigger mechanisms as known in the art.

[0063] In one embodiment, the invention includes a cammed ram assembly as described in
U.S. Pat. Application No. 13,184,229, which is hereby incorporated by reference in its entirety.
[0064] A latch housing 64 can be provided exterior to the inner housing 54 to retain the
trigger protrusions 56 in the blocking association in the recess 58 to hold ram 60 in the proximal
position until firing is actuated. Latch 64 is slideable inside outer housing 14 with respect to the

inner housing 54, in some embodiments in an axial direction, and in some embodiments latch 64
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surrounds the inner housing 54. In some embodiments latch 64 is free to move relative to outer
housing 14 and is only secured in place, after the removal of safety member 80, by the pressure
exerted thereon by trigger protrusions 56. In several aspects, nothing is present that biases latch
housing 54 away from the proximal end of outer housing 14, including springs or the like.
Alternative embodiments can use a medicament container that is shuttled forward when the
device is activated to pierce the skin with the needle, and some embodiments use trigger
mechanisms that are activated by a button on another part of the injector, such as at the proximal
end or on a side of the housing as known in the art.

[0065] The housing 14 can have a needle guard 66 that is moveable with respect to the outer
housing 14. In the embodiment of the needle guard 66 shown in Fig. 2, the needle guard 66 is in
a protecting position, in which the needle 24 is disposed within the guard 66. A ridge 65 (Fig. 8)
abuts an interior surface of outer housing 14 so as to maintain needle guard 66 within housing 14
when needle guard 66 is fully extended into the protecting position. The needle guard 66 can be
retractable, in some embodiments into the outer housing 14, in a proximal direction to an
injecting position, in which the needle tip 26 and an end portion of the needle 24 are exposed as
shown in Figs. 6B and 6C for insertion into a patient. In some embodiments, the proximal
movement of the guard 66 is prevented at the injecting position.

[0066] The needle guard 66 can be associated with the latch 64 such that when the guard 66
is displaced proximally it slides the latch 64 in a proximal direction to release the trigger
protrusions 56 from the recess 58. In some embodiments, the latch 64 has a latching portion 68
that abuts the inner housing 54 in an association to bias and maintain the trigger protrusions 58
positioned in the blocking association with the ram 60 prior to the firing of the injector 12. In
some embodiments, when the latch 64 is slid proximately by the retracting of the guard 66 to the
injecting position, the latching portion 68 slides beyond the portion of inner housing 54 that it
contacts and the trigger protrusions 56 flex away from the recess 58 of the ram 60, allowing the
trigger protrusions 56 to move radially outwardly from the recess 58 and therefore from the
blocking association. When this happens, spring 52 biases the ram 60 against plunger 28 to move
distally in the injector 12.

[0067] In some embodiments, a cap 110 can be affixable on the distal end of the injector 12
so as to cover needle guard 66 and prevent accidental displacement thereof during shipping or

during handling prior to injection. Cap 110 can affix to the distal end of outer housing 14 by
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press-fit, screw fit or the like. In certain embodiments, cap 110 can include a pair of projections
112 extending inwardly (Fig. 9), that form a distally-facing ridge 114. In such embodiments,
needle guard 66 can be formed with a pair of radially-extending flanges 67 (Fig. 8) that are
configured to abut the distal ridge 114 of projection 112 to secure cap 110 to injector 12. In some
embodiments, the upper edge 116 (Fig. 9) of cap 110 can abut the distal end of outer housing 14
such that distal ridges 114 of projection 112 are held against flanges 67. This arrangement of the
cap 1 10 prevents compression of the needle guard 66 proximally into the housing, as the cap
110 is juxtaposed between the guard 66 and housing, securing needle guard 66 in the protecting
position to help prevent accidental firing of the injection mechanism.

[0068] In some embodiments, cap 110 can be removed from injector 12 by twisting cap 110
relative to housing 14 such that projections 112 are moved out of alignment with flanges 67,
which allows the cap 110 to be moved distally away from needle guard 66. To prevent accidental
removal of cap 110 from injector 12 due to inadvertent twisting of cap 110, in some
embodiments the cap 110 engages the housing 14 and/or the needle guard 66 to require an
initially elevated force, such as requiring the cap 110 to snap away from its closed position
before completing the rotation to remove the cap 110. For example, upper edge 116 of cap 110
can be inclined, as shown in Fig 9 The incline can include a curve, as shown, but generally the
edge 116 can have one edge 118 that is higher than the other edge 120. In some embodiments,
the distal end of outer housing 14 can have a profile that matches that of upper edge 118 of cap
110. This arrangement requires deflection of cap 110 to allow for twisting thercof and increases
the force necessary to cause cap 110 to twist relative to needle guard 66. In an alternative
embodiment, the cap 110 can have a threaded or cammed association with the flanges 67, or can
have another arrangement therewith so that the cap 110 is removed by rotating.

[0069] Cap 110 can be attached to injector 12 during assembly thereof. This can be done by
properly aligning cap 110 and twisting it relative to needle guard 66 while applying a
proximally-directed force thereto such that projections 112 move behind flanges 67.
Alternatively, flanges 67 can be structured to be deflectable inwardly by disposing them on a
corresponding tab 69 formed on needle guard 66. In such an embodiment, cap 110 can be
assembled onto needle guard 66 prior to assembly of spring 72 thereinto, as spring 72 can

interfere with the inward deflection of flanges 67. Alternatively, cap 110 can be resiliently
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deformable to allow cap 110 to be pressed onto needle guard 66 such that projections 112 pass
over flanges 67.

[0070] In some embodiments, needle guard 66 can be resiliently biased distally towards the
protecting position by compression coil spring 72. Also, the needle guard 66 can have an axial
opening 74 to allow the needle 24 pass therethrough, and which may be sized according to the
type of injector desired. In some embodiments, the construction of the injector 12 allows a user
to push the distal end of the injector 12 against the patient’s skin, pushing the needle 24 into the
skin at an insertion location, substantially at the same speed as the injector 12 is pushed into the
skin. Once the needle 24 is fully inserted to an insertion point at a desired penetration depth, the
trigger mechanism fires causing the injector 12 to inject the medicament into an injection site.
[0071] In some embodiments, such as for subcutaneous injection using a needle-assisted jet
injector, the needle guard 66 can be configured to allow insertion of the needle 24 to a
penetration depth in the skin that is up to about 5 mm below the skin surface. In some
embodiments, the penetration depth is about 0.5 mm, about 1.0 mm, about 1.5 mm, about 2.0
mm, about 2.5 mm, about 3.0 mm, about 3.5 mm, about 4.0 mm, about 4.5 mm, about 5.0 mm,
about 5.5 mm, about 6 mm, about 6.5 mm or any range determinable from the preceding depths
(for example, about 0.5 mm to about 2.0 mm or about 3.5 mm to about 5.5 mm). In another
embodiment, the distance by which the needle tip 26 extends past the needle guard 66 or the
distal surface of the needle guard 66 that contacts the skin is up to about 5 mm. In some
embodiments, the distance by which the needle tip 26 extends past the needle guard 66 or the
distal surface of the needle guard 66 that contacts the skin is about 0.5 mm, about 1.0 mm, about
1.5 mm, about 2.0 mm, about 2.5 mm, about 3.0 mm, about 3.5 mm, about 4.0 mm, about 4.5
mm, about 5.0 mm, about 5.5 mm, about 6 mm or any range determinable from the preceding
depths (for example, about 0.5 mm to about 2.0 mm or about 3.5 mm to about 5.5 mm).

[0072] In another embodiment, such as for intramuscular injection using a needle-assisted
jet injector, the injector 12 can be configured to allow the needle 24 to be inserted into the patient
to a penetration depth in the skin, or alternatively beyond the distal surface of the needle guard
66, by a distance of up to about 20 mm. In some embodiments, the injector 12 can be configured
to allow the needle 24 to be inserted into the patient to a penetration depth in the skin, or
alternatively beyond the distal surface of the needle guard 66, by a distance of about 0.5 mm,

about 1.0 mm, about 1.5 mm, about 2.0 mm, about 2.5 mm, about 3.0 mm, about 3.5 mm, about
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4.0 mm, about 4.5 mm, about 5.0 mm, about 5.5 mm, about 6 mm, about 6.5 mm, about 7.0 mm,
about 7.5 mm, about 8.0 mm, about 8.5 mm, about 9.0 mm, about 9.5 mm, about 10.0 mm, about
10.5 mm, about 11.0 mm, about 11.5 mm, about 12.0 mm, about 12.5 mm, about 13.0 mm, about
13.5 mm, about 14.0 mm, about 14.5 mm, about 15.0 mm, about 15.5 mm, about 16.0 mm, about
16.5 mm, about 17.0 mm, about 17.5 mm, about 18.0 mm, about 18.5 mm, about 19.0 mm, about
19.5 mm, about 20.0 mm, or any range determinable from the preceding depths (for example,
about 0.5 mm to about 20.0 mm or about 3.5 mm to about 15.5 mm). Other exposed needle 24
lengths can be selected for jet injection to different depths below the skin, with an overall
penetration length of between about 0.5 mm and about 20 mm. In these embodiments, the needle
guard 66 can be configured for retracting from a protecting position, in some embodiments
covering the entire needle, to an injecting position, in which the desired length of the tip 26 of
the needle 24 is exposed.

[0073] In an embodiment, the injection device may comprise a collar surrounding the needle
and defining a collar cavity, the collar having a peripheral and forward skin-contacting surface
that surrounds, is discontinuous, and is radially spaced from the needle and injection site by an
area that is sufficiently large to allow a patient's skin to move into the collar cavity to properly
position the needle to penetrate the patient for intradermal delivery of the substance to the
injection site to allow spread of the injected substance under the skin while inhibiting or
preventing backpressure within the skin from forcing the substance out through the injection site.
An example of such an embodiment can be found in U.S. Patent No. 8,162,886, hereby
incorporated by reference in its entirety.

[0074] Safety member 80 can be removably affixed to the distal end of outer housing 14 and
can include a body portion 84 and a pair of resiliently- flexible legs 82 extending therefrom
(Figs. 4A and 4B). Legs 82 are configured to extend into corresponding holes or slots 15 formed
in the proximal surface of outer housing 14 and can be shaped to provide a pressure fit within
slots 15 to retain safety member 80 on housing 14. The legs 82 can be biased outwardly and can
further include tabs 86 disposed on the outside surfaces thereof to engage the inside of outer
housing 14 at the location of slots 15 to further the retention of safety member 80 onto outer
housing 14. In some embodiments, legs 82 are shaped to allow a user to remove safety member

80 from outer housing 14, when injection is desired. In some embodiments, however, legs 82
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prevent safety member 80 from becoming accidentally or unintentionally dislodged from its
attachment to outer housing 14.

[0075] Legs 82 abut (Fig. 3) the proximal-most surface of latching portion 64 when properly
attached to outer housing 14 to hinder or prevent jostling or other motion of latching portion 64
in the proximal direction, which would cause the injection mechanism to fire. In some
embodiments, legs 82 are configured in relationship to the housing 14 and the trigger mechanism
of the injector 12 such that the force necessary for latching portion 64 to move legs 82 out of
slots 15 is sufficient to prevent latching portion 64 from being jostled out of position due to
vibration during shipping or from acute shock during shipping or handling caused by dropping of
injector 12. Alternative safety members can be used to prevent inadvertent firing of the injector
12.

[0076] In an embodiment in which the injector 12 is configured as a needle-assisted jet
injector, the spring 72 and the prefilled syringe 18 can be configured to jet inject a medicament
such as a testosterone formulation. Thus, the spring 72 applies a force on the plunger 28 that can
be sufficient to elevate the pressure within the medicament chamber 22 to a level high enough to
eject the medicament from the needle 24 as a fluid jet. In several embodiments, jet injection is an
injection of medicament from the needle tip 26 of the injector 12 with sufficient velocity and
force to drive the medicament to locations remote from the needle tip 26.

[0077] Several jet injector embodiments, whether needle-assisted or needle-free, have an
energy source selected to produce a high pressure in the medicament chamber 22 to eject the
medicament therefrom with sufficient force and speed to exit the injector 12 as a fluid jet. It is
believed that jet injectors deliver medicaments rapidly over a wider surface area under the
subject’s skin, by essentially “spraying” the medicaments into a subject subcutaneously, thereby
rapidly exposing a greater surface area of the subject's target tissue to the medicaments.

When delivered by an autoinjector, a medicament typically leaves the autoinjector and is
deposited locally, since it is not shot remotely from an injection outlet, and is thus delivered in a
bolus typically near the needle tip of the autoinjector. This is because an autoinjector requires
additional injection time to deliver an injection into resistive media, such as tissue, as opposed to
delivery into air. In contrast, embodiments of a powered injector disclosed herein, and in
particular embodiments of a disclosed jet injector, display approximately no difference in

injection time when injecting into resistive media versus air. Because the medicament delivered
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by a jet injector is essentially sprayed rapidly into the subject’s tissue, typically remotely from
the needle tip, the medicament does not leave the jet injector as a single drop or bolus and is thus
typically not delivered to a subject as a bolus local to a needle tip. Therefore, by using the jet
injectors disclosed herein, a medicament can be dispersed into a subject’s tissue more efficiently.
Additionally, because jet injectors deliver medicaments via high pressure and speed, the
delivered medicaments have a far lower tendency to leak back out of the injection site around the
needle or injection track. Therefore, leak-back from the depth the medicament is delivered back
toward the injection site, and/or back to the surface of the subject's skin, can be significantly
reduced by use of a jet injector. Therefore, when used to deliver one or more medicaments
according to the present disclosure, such as, for example, a testosterone formulation, jet injectors
significantly reduce the risk of exposure to the medicaments outside of the injection site, thereby
reducing the risk of exposure to the medicaments to non-users and to the subject himself, in
addition to reliably delivering the entire dose to the desired depth. Preventing or reducing leak-
back is beneficial in improving compliance by ensuring that the medicament remains at the
injection site at the desired depth. Preventing or reducing leak-back can also be beneficial to
keeping medicaments contained to a single area, thereby preventing inadvertent exposure to the
subject and/or to other individuals in his vicinity from leak-back to the surface of the skin. Such
exposure can include, for example, direct contact with the medicament on the subject’s skin or
from atomized medicament that may reach the subject or nearby individuals through the air, or
through another medium. Additionally, in many cases, patients who use the slow injection of a
hand-powered hypodermic syringe or autoinjector risk removing the hand-powered injector from
the injection site prematurely, before the shot is completed, leading to exposure of the
medicament outside the patient’s tissue. In some embodiments, there is substantially no leak-
back or no leak-back. In other embodiments, there is no leak-back in about 95% of the
injections. In certain embodiments, the amount of leak back is less than about 15% of the total
injected volume of medicament, and in other embodiments, when used, the amount of leak back
is no more than about 0.05% to about 15% of the total injected volume of medicament, about
0.1% to about 12.5% of the total injected volume of medicament, about 0.2% to about 10% of
the total injected volume of medicament, about 0.3% to about 7.5% of the total injected volume
of medicament, about 0.4% to about 5% of the total injected volume of medicament, about 0.5%

to about 3% of the total injected volume of medicament, about 0.6% to about 2% of the total
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injected volume of medicament, or about 0.7% to about 1% of the total injected volume of
medicament. In certain embodiments, the amount of leak back is less than about 15% of the total
weight of the injected medicament. In certain other embodiments, the amount of leak back is no
more than about 0.1% to about 15% of the total weight of the injected medicament, about 0.5%
to about 12.5% of the total weight of the injected medicament, about 1% to about 10% of the
total weight of the injected medicament, about 2% to about 7.5% of the total weight of the
injected medicament, or about 3% to about 5% of the total weight of the injected medicament.
[0078] In some embodiments, the injector 12 is configured, and the injection conducted, to
deliver a medicament in a manner to prevent or significantly reduce leak-back and the risk and
incidence of undue exposure of the medicament to the air or to the outside surface of the patient's
skin.

[0079] In some embodiments of needle-assisted jet injectors, short needles can be used to
inject medicaments to different parts of the skin, in some embodiments subcutaneously, without
any leak-back. Using a needle 24 that extends about 2.5 mm beyond the distal surface of the
needle guard 66, a 27 gauge needle 24, and a pressure in the medicament chamber 22 peaking at
about 300 p.s.i. and ending at around 100 p.s.i., resulting in a flow rate of about 0.5 mL/sec, 1
mL of medicament can be successfully be injected without significant leak-back in about 100%
of the tested injections as shown, for example, in Table 3 where only slight or measurable, but
still slight, wetness at an injection site was observed. Thus, needle-assisted jet injectors of the
present disclosure permit jet injection of one or more medicaments using a very short needle
reliably, regardless of the thickness of the patient's skin, age, weight or other factors.

[0080] In some embodiments, selection of the type of spring as a power source, adjustment
of the force delivered by the spring, and/or the manner in which the spring is packaged within the
assembled injector can lead to a significant reduction in the amount of time required to deliver a
complete injection into a subject, a significant reduction m the spring force required to deliver
the injection, and a longer shelf-life. For example, the spring present in many known auto
injectors is configured so that a typical injection, in the volume range of about 0.8 — 1.5 ml, is
completely delivered into a subject in 10-15 seconds. Embodiments of the injectors of the
present disclosure can have their spring configured so as to deliver a complete injection of about
0.8 - about 1.0 ml in volume in about 1 to about 5 seconds, in some embodiments in about 2 to

about 4 seconds, and in some embodiments in about 3 seconds. It is believed that this decrease
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in time will increase patient compliance when embodiments of the autoinjectors of the present
disclosure are used, as less time is required to deliver a complete injection and, thus, the patient
will experience less pain.

[0081] Additionally, in some embodiments spring material can be selected so as to only
allow a decrease in spring force over the stroke length of the injection as shown. Many known
autoinjectors show a decrease in spring force over the course of a single injection of less than
approximately 20%. In contrast, embodiments of the injectors of the present disclosure can be
configured so that their spring force decreases by at least about 25% over the course of a single
injection, in some embodiments from about 25% to about 50% over the course of a single
injection, in some embodiments from about 30 % to about 50% over the course of a single
injection, and in some embodiments by about 50% over the course of a single injection

[0082] Spring material can also be selected, and/or the spring can be set in the injector, so as
to not have the spring in an overly compressed state during packaging and shipment of the spring
to an end user or patient. This is advantageous because springs that are overly compressed for
expended periods of time become over-stressed and show a loss of force over time For example,
many known autoinjectors are packaged such that they spend most of their shelf-life with their
springs compressed. When packaged in this manner, such known autoinjectors experience a
decrease in spring force over time as the autoinjector sits on a shelf awaiting use. In contrast,
embodiments of the injectors of the present disclosure can have springs that are made of a
material that is sufficiently resilient so as to lose less force over time as it is compressed, and/or
can have a spring configured in a fully assembled injector such that it is not in a fully
compressed state until the time of injection. In this manner, embodiments of the injectors of the
present disclosure lose from about 0% to about 15% of their spring force over a typical shelf life.
In some embodiments, the injectors of the present disclosure lose from about 10% to about 12%
of their spring force over a three year shelf life.

[0083] In some embodiments of single-shot injectors, injector 12 includes a disabling
mechanism, such as a locking element, which can be provided as a locking ring 70 associated
with the injection mechanism. As shown in Figs. 6A-6D, locking ring 70 can be disposed
between sleeve 16 and needle guard 66, and can interact with sleeve 16 and needle guard 66 such
that the locking ring 70 only permits needle guard 66 to move relative to outer housing 14

through a single injection cycle. This includes movement from the protecting position (Fig. 6A)
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into the injecting position (Figs. 6B, 6C) and then to return to the protecting position (Fig. 6D)
under the force of compression spring 72. When needle guard 16 returns to the protecting
position at the end of the injection cycle, locking ring is positioned relative to sleeve 16 and
needle guard 66 such that further movement therebetween is restricted, thus disabling the injector
from further making injections and retaining the needle 24 safely within the housing 14 of the
injector 12.

[0084] As shown in Figs. 6A-6D, movement of needle guard 66 through one locking cycle
causes locking ring 70 to move relative to sleeve 16 from an injecting position to a locking
position. In the injecting position, locking ring 70 is disposed such that the upper arms 71 of
locking ring 70 engage a portion of the device that is associated with the medicament chamber
22, such as, for example, proximal notches 92 formed in the outer surface of sleeve 16. The
engagement of upper arms 71 within proximal notches 92 releasably maintains locking ring 70 in
the injecting position. As shown in Fig. 7, locking ring 70 can be generally annular in shape so as
to surround the medicament chamber 22, either directly or indirectly, such as by surrounding
sleeve 16. Locking ring 70 further includes a pair of lower arms 73, each having a tab 74 formed
on the end thereof. When locking ring 70 is in the injecting position, tabs 74 are received in slot
95 formed in needle guard 66 such that needle guard 66 is slideable through a predetermined
distance over locking ring 70. As needle guard 66 is moved into the injecting position with
respect to outer housing 14, needle guard 66 slides over locking ring 70 such that tabs 74 reach
the end of slot 95 and are depressed inwardly, allowing needle guard 66 to continue to move into
the injecting position. When the injecting position is reached, tabs 74 align with holes 96 of
needle guard 66, allowing lower arms 73 to return to their natural position, wherein the upper
surfaces of tabs 74 engage an edge of the holes 96, thereby coupling locking ring 70 to needle
guard 66.

[0085] As needle guard 66 returns to the protecting position, needle guard 66 pulls distally
on locking ring 70, causing upper arms 71 to release from proximal notches 92. In some
embodiments, upper arms 71 and proximal notches 92 are formed with mating inclined surfaces
such that the inclined surfaces of upper arms 71 engage another portion of the injector 12 that is
associated with the medicament chamber 22, such as by extending into proximal notches 92, but
are forced outwardly by distally-directed movement relative thereto. This configuration allows

the needle guard 66 to cause locking ring 70 to move therewith and out of the injecting position
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as needle guard 66 moves distally toward the protecting position over sleeve 16, which remains
stationary.

[0086] When needle guard 66 reaches the protecting position, upper arms 71 move over
distal notches 93 formed in sleeve 16 such that the upper surfaces of upper arms 71 engage the
upper surface 94 of distal notches 93. Further, in such a position, flange 77 of locking ring 70
abuts surface 67 of needle guard to block needle guard 66 from distal motion relative to locking
ring 70. This engagement prevents locking ring 70 from moving proximally with respect to
sleeve 16. Because locking ring 70 is coupled to needle guard 66 in this configuration, and
because sleeve 16 is attached to outer housing 14, needle guard 66 is locked relative to outer
housing 14, and is prevented from being moved back into the injecting position. This prevents
needle 24 from being accidentally exposed after use of injector 12. Alternative embodiments can
use other mechanisms to prevent re-use of the injector or portion thereof. Some embodiments do
not employ such a mechanism so that the injector can be reused. In some embodiments, after
injection of the medicament, subsequent injection can be prevented automatically and exposure
to or contact with remnants of the medicament that may remain on portions of the injector after
the injection, such as on a needle tip or jet injection nozzle, can also be prevented or avoided by
the construction of the injector 12.

[0087] Referring to Fig. 11, a distal end of an embodiment of a needle-free jet injector is
shown. The depicted injector can use the systems disclosed herein to fire the injection as
described above for the needle injector embodiments, but instead of a needle, a jet nozzle 202 is
used to inject the medicament into the subject. Nozzle 202 defines a jet outlet 204 having a
diameter selected for causing the medicament 200 to exit the nozzle 202 as a fluid jet that is
sufficiently strong to pierce the outer skin layers and to continue to the desired depth of injection.
[0088] In an embodiment, an injector may have one or more indicators that that injection of
medicament has been completed. In an embodiment, an injector may have one or more
indicators that injection of medicament is ongoing. In an embodiment, one or more indicators
which independently and distinctively indicate that an injection is ongoing and that an injection
has been completed. In an embodiment, a first indicator is different than a second indicator.
Indicators can include, but are not limited to, audible indicators, tactile indicators (e.g., a click or

a vibration), visual indicators, physical indicators, electronic indicators, or chemical indicators.
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[0089] Table 1 shows the results of a trial comparing medicament leak-back that reached the
surface of the skin of a subject after injection; data for needle-assisted jet injectors as compared
to hand-driven hypodermic syringes is presented. The total number of injections for each group

in the trial was 126, and all were administered by a trained health care professional.

Injection site assessment post- Needle-assisted jet Syringe and needle
injection injector

-Site completely dry 89 (71%) 76 (60%)
-Slight wetness on site 36 (29%) 50 (40%)
-Measurable wetness, but slight (a 1 (0%) 0 (0%)
drop)

-Considerable wetness at injection 0 (0%) 0 (0%)
site

Table 1: Medicament leak-back to the surface of the skin of a subject post injection. % = percent

of the total 126 injections administered.

[0090] Because jet injectors deliver medicaments rapidly, in some embodiments in less than
about 2 seconds, the amount of time patients must hold the injector in their tissue is dramatically
decreased as compared to an injection delivered by a typical syringe or autoinjector. It is
therefore believed that utilizing jet injectors according to the present disclosure will result in
increased patient compliance and adherence to instructions and will therefore result in an
increase in correctly administered injected doses. Additionally, the speed at which jet injectors
deliver medicaments can further enhance patient compliance with regular injections as the
amount of pain experienced by a patient self injecting a medicament will be minimized and, in
many cases, may not exist.

[0091] In an embodiment, encompassed herein are a device and method for administering a
viscous pharmaceutical formulation to a subject. In an embodiment, a method for administering
a viscous pharmaceutical formulation to a subject comprises formulating a pharmaceutical
formulation in the form of a solution or suspension having a viscosity of between about 25 and
2500 cps, providing the formulation in a injection device that includes a needle having an
insertion length of less than about 10 mm or is needle-free; and administering the formulation
from the injection device through an orifice having a diameter of at least about 0.2 mm by jet

injection into a subject. In certain embodiments, the viscosity referenced herein can be a
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dynamic viscosity which can be measured by a Brookfied viscometer. In other embodiments, the
viscosity referenced herein can be a kinematic viscosity which is determined by using a capillary
viscometer in which a fixed volume of fluid is passed through a small orifice at a controlled
temperature under the influence of gravity. In certain embodiments, the viscosity is measured at
20 degrees C. In other embodiments, the viscosity is measured at 25 degrees C.

[0092] In other embodiments, an injectable carrier including an amount of testosterone
suspended or dissolved therein has a viscosity between 25 and 300 cps at room temperature (e.g.,
20-25 degrees C). In certain embodiments, the viscosity is between 90 to 120 ¢ps, in other
embodiments the viscosity is about 110 cps. In other embodiments the viscosity is greater than
or equal to about 70 cps.

[0093] In certain embodiments, the carrier is coconut oil, soybean oil, sesame oil, castor oil.
Other oils include: arachis (peanut) oil, castor oil, cottonseed oil, ethyl oleate, polyoxyethylated
castor oil (HCO-60 , polyoxyl 60 hydrogenated castor oil, Cremophor® EL), safflower oil, and
soybean oil

[0094] In an embodiment, the formulation includes a pharmaceutically suitable oil and is
administered from the injection device at a pressure of greater than about 50 psi. In an
embodiment, the oil is sesame oil.

[0095] In an embodiment, the injection device has an injection needle with a bore of about
0.3 mm or about 0.5 mm. Other gauges can also have suitable bores, e.g., 22 gauge, 25 gauge or
27 gauge.

[0096] Referring to the graph shown in Fig. 10, numeral 132 represents the point in time
when an embodiment of injector 12 is fired, and numeral 134 represents the point of completion
of injection. In some embodiments, injection is completed when the plunger 28 hits the distal
wall of the medicament container 20. Numeral 136 represents the initial and peak pressure
during the injection, and numeral 130 represents the final pressure during the injection. In some
embodiments, the spring 72 has a linear spring constant and an injection-assisting needle 24 is
used to puncture the skin before commencing the injection. The pressure of injection therefore
drops substantially linearly from the start of the injection 132 until the injection is completed 134
The final pressure 130 at the end 134 of the injection is sufficiently elevated so that even at the
end of the firing stroke of ram 60, the medicament is still jet injected, and a very small amount or

none of the medicament is deposited in a bolus around the needle tip 26
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[0097] In some embodiments of needle-assisted jet injectors, the peak pressure 136 during
the injection is less than about 1,000 p.s.i., in some embodiments less than 950 p.s i., in some
embodiments less than 900 p.s.i., in some embodiments less than 850 p.s.i., in some
embodiments less than 800 p.s.i., in some embodiments less than 750 p.s.i., in some
embodiments less than 700 p.s.i., in some embodiments less than 650 p.s.i., in some
embodiments less than 600 p.s.i., in some embodiments less than 550 p.s.i., in some
embodiments less than 500 p.s.i., in some embodiments less than 450 p.s.i., in some
embodiments less than 400 p.s.i., and in some embodiments less than about 350 p s.i. In some
embodiments, at the end of the injection, the pressure 130 applied to the medicament in the
medicament chamber 22 can be at least about 80 p.s.i., in some embodiments at least about 90
p.s.i., in some embodiments at least about 100 p.s.i., in some embodiments at least about 150
p.s.i., in some embodiments at least about 200 p s.i., in some embodiments at least about 250
p.s.i., in some embodiments at least about 300 p.s.i., in some embodiments at least about 350
p.s.i., in some embodiments at least about 400 p.s.i., in some embodiments at least about 450
p.s.i., and in some embodiments at least about 500 p.s.i. In some embodiments, the initial
pressure 136 can be about 330 p.s.i., and the final pressure 130 is about 180 p.s.i. In some
embodiments, the initial pressure 136 is about 300 p.s.i., dropping to around 60 p.s.i. at the end
134 of the injection. Other injection rates are used for other embodiments discussed herein. For
example, needle-free jet injectors can exert an injection pressure in the range of about 4,000 p.s.i.
or greater. Other embodiments of jet injectors utilize lower injection pressures, such as at least
about 80 p.s.i. or at least about 60 p.s.i. In contrast, known autoinjectors typically use pressures
lower than 60 p.s.i..

[0098] The needles used in some embodiments of both autoinjectors and needle-assisted jet
injectors are between 26 and 28 gauge, and in some embodiments are around 27 gauge. Other
needle gages can also be used where the other components are cooperatively configured to
produce the desired injection including, for example, mini-needles. In some embodiments, the
components of the injector 12 can be configured to jet inject one or more medicaments to a
subcutaneous injection site.

[0099] At about room temperature, in a device having a gauge needle as described herein, in
embodiments of needle-assisted jet injectors, injection rates are below about 0.75 mL/sec, in

some embodiments below about 0.6 mL/sec, in some embodiments at least about 0.2 mL/sec, in
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some embodiments at least about 0.3 ml./sec, and in some embodiments at least about 0.4
mL/sec. In some embodiments, the injection rate is selected from below about 0.75 mL/sec,
below about 0.7 mL/sec, below about 0.65 mL/sec, below about 0.6 mL/sec, below about 0.55
mL/sec, below about 0.5 mL/sec, below about 0.45 mL/sec, below about 0.4 mL/sec, below
about 0.35 mL/sec, below about 0.3 mL/sec, and below about 0.25 mL/sec. In some
embodiments, the injection rate is about 0.05 mL/sec, 0.1 mL/sec, about 0.15 mL/sec, about 0.20
mlL/sec, about 0.25 mL/sec, about 0.30 mL/sec, about 0.35 mL/sec, about 0.40 mL/sec, about
0.45 mL/sec, about 0.50 ml./sec, about 0.55 mL/sec, about 0.60 mL/sec, about 0.65 mL/sec,
about 0.70 mL/sec, about 0.75 ml/sec, about 0.80 mL/sec, about 0.85 mL/sec, about 0.90
mL/sec, or any range determinable from the preceding injection rates (for example, about 0.05
mL/sec to about 1.5 mL/sec or about 0.70 mL/sec to about .75 mL/sec). In embodiments of
needle-assisted jet injectors, injection rates are selected from at least about 0.2 ml/sec, at least
about 0.25 ml/sec, at least about 0.3 ml/sec, at least about 0.35 ml/sec, at least about 0.4 ml/sec,
at least about 0.45 ml/sec, at least about 0.5 ml/sec, at least about 0.55 ml/sec, at least about 0.6
ml/sec, at least about 0.65 ml/sec, and at least about 0.7 ml/sec.

[00100] Insome embodiments, the injection of the entire amount of medicament is completed
in less than about 15 seconds, in some embodiments in less than about 12 seconds, in some
embodiments in less than about 11.5 seconds, in some embodiments in less than about 11.0
seconds, in some embodiments in less than about 10.5 seconds, in some embodiments in less
than about 10.0 seconds, in some embodiments in less than about 9.5 seconds, in some
embodiments in less than about 9.0 seconds, in some embodiments in less than about 8.5
seconds, in some embodiments in less than about 8.0 seconds, in some embodiments in less than
about 7.5 seconds, in some embodiments in less than about 7.0 seconds, in some embodiments in
less than about 6.5 seconds, in some embodiments in less than about 6.0 seconds, in some
embodiments in less than about 5.5 seconds, in some embodiments in less than about 5.0
seconds, in some embodiments in less than about 4.5 seconds, in some embodiments in less than
about 4 seconds, in some embodiments in less than about 3.5 seconds, in some embodiments in
less than about 3 seconds, in some embodiments in less than about 2.5 seconds, in some
embodiments in less than about 2 seconds, and in some embodiments in less than about 1.5
seconds. In some embodiments, the medicament injection takes at least about 1.0 second, about

1.5 seconds, about 2.0 seconds, about 2.5 seconds, about 3.0 seconds, about 3.5 seconds, about
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4.0 seconds, about 4.5 seconds, about 5.0 seconds, about 5.5 seconds, about 6.0 seconds, about
6.5 seconds, about 7.0 seconds, about 7.5 seconds, about 8.0 seconds, about 8.5 seconds, about
9.0 seconds, about 9.5 seconds, about 10.0 seconds, about 10.5 seconds, about 11.0 seconds,
about 11.5 seconds, about 12.0 seconds, or any range determinable from the preceding times (for
example, about 3.0 seconds to about 8 seconds or about 10 seconds to about 12 seconds).
[00101] In some embodiments, injection of the medicament occurs at about 0.1 mL/sec,
completing an injection of 1 mL in about 10 seconds. Other injection rates however, are possible
for the alternative embodiments of the injectors 12 disclosed herein. For example, in some
embodiments injector 12 can be configured to deliver a typical flow rate for needle-free jet
injection, which can be about 1.5 mL/second, and in some embodiments injector 12 can be
configured to deliver a typical flow rate for an autoinjector, which can be about 0.5 mL in 0.3
seconds.

[00102] Injection rates can be affected by a number of factors such as, for example, the gauge
of the needle used to inject the medicament, the viscosity of the medicament itself, the glide
force of the plunger 28 in the syringe barrel, the temperature of the medicament to be injected,
and the temperature of the room in which the injection is administered, as temperature can have a
direct effect on viscosity. In various embodiments, tissue resistance does not impact the rate of
injection embodiments of the injectors of the present disclosure are capable of achieving. In
various aspects, these parameters can be selected and optimized in order to deliver a volume of
injection in a desired manner. Such selection and optimization can be readily performed by a
person having ordinary skill in the art without undue experimentation.

[00103] In an embodiment, an injector may have the capability to heat the testosterone
composition contained therein to thereby reduce viscosity and thereby decrease injection time of
the composition contained therein. In an embodiment, a heating device is an integral part of the
injector. In an embodiment, a heating device is external to the injector. In an embodiment, a
heating device has an optional temperature sensing controller. In an embodiment, an injector has
one heating device. In an embodiment, an injector has more than one heating device. Non-
limiting examples of heating methods and/or devices include electrical, chemical, and
exothermic sources.

[00104] In an embodiment, a heating mechanism heats the medicament contained within the

injector to a temperature above room temperature. In an embodiment, a heating device heats the
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medicament contained within the injector to a temperature about 5 degrees C above room
temperature, or about 10, about 15, about 20, about 25, about 30, about 35, about 40, about 45, or
about 50 degrees C above room temperature (e.g., 20 to 25 degree C). In one embodiment, the
heating mechanism is an electronic, chemical or mechanical heating mechanism. In another
embodiment, the mechanism or method of use includes placing a device proximal to a heat
source (e.g., under a human arm).

[00105] In an embodiment, a heating device or mechanism further comprises at least one
indicia that the heating device is operational, non-operational, and/or at the desired temperature.
In an embodiment, a heating device has one or more indicia to indicate to the user that the device
has reached a temperature suitable for dispensation of the medicament from the device. In an
embodiment, an indicator is a visual indicator. In an embodiment, an indicator is an audible or a
tactile indicator

[00106] In some embodiments, a viscous medicament that would otherwise require a longer
injection time can still be injected into a subject in the rates set forth above by varying the gauge
of the needle. For example, in some embodiments a 26 gauge needle can be utilized with the
needle-assisted injectors of the present disclosure to inject a viscous material, in some
embodiments a 27 gauge needle can be utilized with the needle-assisted injectors of the present
disclosure to inject a viscous material, and in some embodiments a 28 gauge needle can be
utilized with the needle-assisted injectors of the present disclosure to inject a viscous material. In
each of the foregoing embodiments, the rates of injection are the same as those rates disclosed
above. Therefore, by varying the gauge of the needle according to the viscosity of the
medicament to be injected, the rates of injection can be maintained. In some embodiments, a 27
gauge needle can be utilized with one or more embodiments of the injectors of the present
disclosure to deliver 1.0 ml of an aqueous solution into air in a duration of time from between
about 1.0 to about 2.0 seconds, in some embodiments between about 1.5 and about 2.0 seconds,
and in some embodiments in about 1.7 seconds. In some embodiments, a 27 gauge needle can be
utilized with one or more embodiments of the injectors of the present disclosure to deliver 1.0 ml
of an aqueous solution into tissue in a duration of time from between about 1.0 to about 2.0
seconds, in some embodiments between about 1.3 and about 2.0 seconds, in some embodiments
in about 1.5 seconds, and in some embodiments in about 1.3 seconds. In some embodiments, a

27 gauge needle can be utilized with one or more embodiments of the injectors of the present
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disclosure to deliver 1.0 ml of a viscous solution, having a viscosity equivalent to 10% w/w
polyethylene glycol 20,000 in water, into air in a duration of time from between about 1.0 to
about 5.0 seconds, in some embodiments between about 2.5 and about 5.0 seconds, in some
embodiments in about 4.3 seconds, and in some embodiments in about 4.0 seconds. In some
embodiments, a 27 gauge needle can be utilized with one or more embodiments of the injectors
of the present disclosure to deliver 1.0 ml of a viscous solution, having a viscosity equivalent to
20% w/w polyethylene glycol 20,000 in water, into air in a duration of time from between about
10 to about 15 seconds, in some embodiments between about 12 and about 15 seconds, and in
some embodiments in about 14 seconds.

[00107]  The cgs physical unit for dynamic viscosity is the poise (P), which is more commonly
expressed in ASTM standards as centipoise (cP). Typically, aqueous solutions at 20 °C have a
viscosity of approximately 1 cP In several embodiments, injectors of the present disclosure can
be configured to produce a flow rate, or a rate of injection, of 0.5 ml/second for aqueous
solutions having a cP of, or close to, 1.0, through a 27 gauge needle. In several embodiments,
injectors of the present disclosure can be configured to produce a flow rate, or a rate of injection,
into skin of 0.5 mi/second for aqueous solutions having a cP of, or close to, 1.0, through a 27
gauge needle.

[00108] U.S. Patent No. 6,391,003, discloses the experimental results of pressures that can be
successfully applied to a medicament in a glass cartridge, using 26 and 27 gauge needles. Table 2
illustrates exemplary injections with different peak pressures that can be used with a needle-

assisted jet injector, especially when using a glass, prefilled syringe:

Pressure and Time (sec.) to Inject 1 cc

Pressure 26 Gauge needle 27 Gauge needle
150 p.s.i. 2.1 42
200 p.s.i. 1.9 3.9
240 p.s.i. 1.7 3.3
375 p.s.d. 14 3.1

Table 2: exemplary injections that may be delivered by a needle-assisted jet injector.
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[00109] Alternative embodiments can use higher or lower injection pressures. For instance,
needle-free injectors may use higher pressures to penetrate the skin without a needle, and

autoinjectors will typically use lower pressures to simulate a hand-powered syringe injection.

[00110] 1I. Other Injectors

[00111] In one or more alternative embodiments, the present disclosure relates to an auto-
injector for dispensing a predetermined dosage of a medicament comprising testosterone (e.g.,
preservative-free), the auto-injector including a housing that is preferably oval or elliptical in
shape such that it is more ergonomic. In these alternative embodiments, U.S. Patent Nos.
7,449,012 and 7,794,432 are hereby incorporated by reference in their entirety. The oval shape
prevents the auto-injector from rolling off a table or flat surface, while providing a larger surface
area for printing user instructions. A cartridge container is disposed within the housing. A
cartridge is received within the cartridge container. The cartridge has at least one opening therein
and contains a medicament. The medicament is rearwardly confined by a plunger. The cartridge
includes a needle assembly to dispense the medicament therethrough. The cartridge is advanced
within the cartridge container from a stored position to an operation position where the needle
extends from the cartridge container such that the dose of medicament can be administered. An
actuation assembly or power pack provides a stored energy source that is capable of being
released to drive the plunger within the cartridge to dispense the medicament through the needle
assembly into the user and allowing the needle to be accessible on activation.

[00112]  Another aspect of the auto-injector of an alternative embodiment is the provision of a
needle cover received within the housing. The needle cover shields the user from inadvertent
exposure to the needle after use of the auto-injector providing sharps protection. Theoretically,
the operation of the needle cover is fail safe because the cover will not deploy until after the
needle penetrates the user. During operation, the needle of the cartridge extends through an
opening in the needle cover to permit the dispensing of a dose of medicament. After use of the
auto-injector, the needle cover is held in a locked position to prevent the cover from being
retracted to expose the needle. According to another aspect of an alternative embodiment, the
needle cover has a locked retracted position prior to activation of the auto-injector, thus

maintaining a compact configuration of the device prior to use. According to another aspect of an
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alternative embodiment, the actuation forces associated with the auto-injector are not imparted
on the needle cover.

[00113] In accordance with another aspect of an alternative embodiment, the auto-injector has
a first locking assembly that holds the needle cover in the first locked position. The first locking
assembly may be located on the cartridge container. The first locking assembly may include at
least one locking tooth pivotally connected to the cartridge container or the needle cover. Each
locking tooth releasably engages the needle cover and includes a locking surface constructed and
arranged to contact a surface on the needle cover or the cartridge container. Each locking tooth
may be formed as a separate component that is connected to the container or cover. It is
contemplated that the locking teeth may be formed as integral parts of the needle cover or
cartridge. A spring force of the locking tooth biases the locking surface into contact with the
needle cover. The spring force may be provided by a spring portion of the locking tooth. The
spring force may also be provided by a separate spring assembly biasing the locking surface into
contact with the needle cover. Each locking tooth is preferably pivotally connected to the
cartridge container, Each locking tooth pivots in response to movement of the cartridge within
the cartridge container. It is also contemplated that the locking teeth can pivot in response to
movement of the collet or the power pack. Typically, the locking surface pivots out of contact
with the needle cover when the locking tooth pivots in response to the movement of the
cartridge. The spring force and the force exerted by the locking teeth on the cartridge are
controlled such that they negligibly or minimally impede the motion of the cartridge during the
injection operation to avoid any premature rupturing of the diaphragm within the cartridge and
premature administering of the medicament.

[00114] In an aspect of an alternative embodiment, the needle cover is spring biased so that
the cover is biased outwardly from the housing to cover the exposed needle after the first locking
assembly is released. In accordance with another aspect of an alternative embodiment, the auto-
injector has a second locking assembly that holds the needle cover in the second locked position.
The second locking assembly may be located on the cartridge container, the outer body or the
cover member. The second locking assembly may include at least one locking arm or wing
preferably connected to the cartridge container. Each locking arm is spaced from the cartridge
container such that the locking arm can be temporarily compressed against the cartridge

container as the needle cover moves from the first locked position to the second locked position.
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Each locking arm has a locking surface to engage the needle cover when the needle cover is in
the locked extended position. Each locking arm has a thick strut portion and a thin strut portion,
wherein the thick strut portion is outwardly curved and the thin strut portion is inwardly curved.
This construction maintains the locking arm in a normal uncompressed state to reduce stress on
the cartridge container. This also permits a smooth deployment of the cover member.
Furthermore, this arrangement ensures that the thick strut portion will buckle into a stable
condition. This creates a stronger lock to prevent the cover member from being moved
rearwardly to a retracted position. The inwardly curved nature of the thin strut portion allows the
thick portion to buckle in a controlled manner to a stable condition. Additionally, the outwardly
curved shape of the thick strut portion provides for fail safe locking of the cover member in the
extended position. In the event that the thin strut breaks, the thick strut portion will still engage
the cover member to maintain it in an extended locked position.

[00115] The cartridge container of an alternative embodiment may further include at least one
ledge extending outwardly therefrom. Each ledge is constructed and arranged to engage an edge
of an opening in the needle cover to limit the travel of the needle cover with the respect to the
cartridge container when the needle cover is in the extended position. When the ledge on the
cartridge container engages the edge of the opening, the outward travel of the needle cover is
limited. The second locking assembly limits the inward travel of the needle cover. The needle
cover and the cartridge container contain openings formed therein. When the openings are
aligned prior to activation of the auto-injector, user can view the contents of the cartridge
through the housing and the openings. The housing may be transparent or opaque. When opaque,
the housing may contain an opening that can be aligned with the openings in the needle cover
and cartridge container so that the color of the medicament may be checked to determine
whether or not the medicament is suitable for injection. If the medicament is discolored, the user
will know not to administer the medicament. When the openings are not aligned after operation
of the auto-injector, the user is no longer able to view the contents of the cartridge through the
openings providing a visual indication to the user that the auto-injector has been used.

[00116] Another aspect of an alternative embodiment is the construction and arrangement of
the actuation assembly or power pack, which is mounted within the housing adjacent to an open
end. A release pin or safe pin is removably attached to the actuation assembly to prevent

inadvertent actuation of the auto-injector when the release pin is in place. A pin or stem on the
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release pin is received within an opening in the actuation assembly to prevent actuation of the
auto-injector. This opening in the power pack is spaced from the open end of the housing such
that the opening is less visible to a user prior to administering the drug. This arrangement is
provided so that user will not orient the incorrect end of the auto-injector against the injection
surface of the user. The power pack is recessed or spaced from the end of the housing, which
provides an indication to the user that pressing the power pack will not operate the auto-injector.
The recessed nature of the power pack serves to hide the release pin hole in the power pack when
the user is viewing the instructions on the outer body such that the user does not confuse the
release pin hole with the opening through which the needle passes for administering the
medicament. The release pin includes at least one tab extending therefrom. The tab is
compression fit into a complimentary recess formed in the actuation assembly to prevent the
inadvertent removal of the release pin. The tabs also prevent rotation of the release pin such that
the user easily recognizes that the release pin must be pulled in order to be removed.

[00117] The actuation assembly of an alternative embodiment includes an outer body, which
is configured to engage the release pin. The outer body is constructed to be connected to the
housing. An inner body is operatively coupled to the outer body. At least one retention tab on the
inner body secures the inner body to the outer body. The inner body is capable of limited
movement with respect to the outer body. A collet is operatively coupled to the inner body. An
energy source is operatively connected to the inner body and the collet. Unlike conventional
collets, the collet in the present invention is molded as a single piece. No spacers or other
components are provided between the collet and the plunger in the cartridge. This arrangement
simplifies construction of an alternative embodiment. Different sized collets can be produced and
installed into the actuation assembly, such that only the collet needs to altered when different
sized cartridges are used or a different sized dosage of medicament is to be administered.

[00118] 1. Medicament Compositions

[00119] In certain embodiments, a medicament of the present invention can be any drug,
including testosterone, which can be useful alone or in combination with other embodiments
and/or devices encompassed herein. In one embodiment, the drug is testosterone.

[00120] In one embodiment, a testosterone formulation encompassed herein comprises at least
one preservative, and in particular, a pharmaceutically-acceptable preservative, and more

particularly, a preservative suitable for one or more of intramuscular, subdermal, and
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subcutaneous administration. Suitable preservatives include, but are not limited to, antimicrobial
agents, halogenated alcohols, parabens, and phenylmercuric salts. Non-limiting examples of
preservatives include phenol, meta-cresol, benzyl alcohol, methyl paraben, propyl paraben, butyl
paraben, benzalkonium chloride, chlorobutanol, thimerosal, phenylmercuric acetate,
phenylmercuric borate, and phenylmercuric nitrate.

[00121] In one embodiment, a testosterone formulation encompassed herein does not
comprise a preservative or is free of a preservative and in particular, free of a preservative
described above. In one embodiment, a preservative-free testosterone formulation encompassed
herein comprises testosterone enanthate. In an embodiment, a preservative free testosterone
formulation is a unit dose of testosterone or a pharmaceutically acceptable ester or salt thereof in
a pharmaceutically acceptable carrier. In an embodiment, a preservative free testosterone
formulation is a multiple of at least two unit doses of testosterone or a pharmaceutically
acceptable ester or salt thereof in a pharmaceutically acceptable carrier. In yet another
embodiment, the composition is free or substantially free of precipitate (e.g., testosterone
enanthate or testosterone cypionate precipitate).

[00122] In an embodiment, a testosterone formulation (e.g., preservative-free) comprises at
least one viscous carrier. In yet another embodiment, a testosterone formulation (e.g.,
preservative-free) includes testosterone in oil. In an embodiment, a testosterone formulation
(e.g., preservative-free) includes testosterone in sesame oil. .

[00123] In an embodiment, testosterone in a composition encompassed herein is present in an
amount selected from: about 5 mg, about 10 mg, about 15, about 20 mg, about 25 mg, about 30
mg, about 35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 mg, about 60 mg, about 65
mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 100
mg, about 105 mg, about 110 mg, about 115 mg, about 120 mg, about 125 mg, about 130 mg,
about 135 mg, about 140 mg, about 145 mg, about 150 mg, about 155 mg, about 160 mg, about
165 mg, about 170 mg, about 175 mg, about 180 mg, about 185 mg, about 190 mg, about 195
mg, about 200 mg, about 205 mg, about 210 mg, about 215 mg, about 220 mg, about 225 mg,
about 230 mg, about 235 mg, about 240 mg, about 245 mg, about 250 mg, about 255 mg, about
260 mg, about 265 mg, about 270 mg, about 275 mg, about 280 mg, about 285 mg, about 290
mg, about 295 mg, about 300 mg, about 305 mg, about 310 mg, about 315 mg, about 320 mg,
about 325 mg, about 330 mg, about 335 mg, about 340 mg, about 345 mg, about 350 mg, about
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355 mg, about 360 mg, about 365 mg, about 370 mg, about 375 mg, about 380 mg, about 385
mg, about 390 mg, about 395 mg, about 400 mg of medicament or any range determinable from
the preceding dosage amounts (for example, about 75 mg to about 150 mg or about 100 mg to
about 200 mg). In another embodiment, testosterone is present in an amount greater than about 5
mg.

[00124] As will be understood by the skilled artisan, the amounts of testosterone encompassed
herein may be contained within a suitable volume of fluid (e.g., a suitable carrier or oil), based
on the method of administration and/or the device used for administration, desired testosterone
concentration, etc., among other things. In an embodiment, the amount of medicament contained
in and injected from medicament chamber 22 can be between about 0.02 mL and about 4 mL, in
some embodiments less than about 3 mL. In other embodiments, the amount of medicament
contained in and injected from medicament chamber 22 can be about 0.02 mL, about 0.04 mL,
about 0.06 mL, about 0.08 ml, about 1.00 mL, about 1.02 mL, about 1.04 mL, about 1.06 mL,
about 1.08 mL, about 2.00 mL, about 2.02 mL, about 2.04 mL, about 2.06 mL, about 2.08 mL,
about 3.00 mL, about 3.02 mL, about 3.04 mL, about 3.06 mL, about 3.08 mL, about 4.00 mL,
about 4.02 mL, about 4.04 mL, about 4.06 mL, about 4.08 mL, about 5.00 mL, or any range
determinable from the preceding volumes (for example, about 0.04 mL to about 5.00 mL or
about 1.04 mL to about 3.02 mL). Larger volumes may also be selected depending on the
particular medicament(s) utilized and dosage required. In some embodiments, e.g., in reference
figure 6A, a pre-filled syringe 18 containing the desired amount of medicament is assembled into
the remaining parts of an injector 12. In some embodiments, the pre-filled syringe 18 contains
from about 0.02 mL to about 4.00 mL of medicament-containing fluid. In some embodiments,
the pre-filled syringe 18 contains about 0.02 mL, about 0.04 mL, about 0.06 mL, about 0.08 mL,
about 1.00 mL, about 1.02 mL, about 1.04 mL, about 1.06 mL, about 1.08 ml., about 2.00 mL,
about 2.02 mL, about 2.04 ml., about 2.06 mL, about 2.08 mL, about 3.00 mL, about 3.02 mlL,
about 3.04 mL, about 3.06 mL, about 3.08 mL, about 4.00 mL, about 4.02 ml, about 4.04 mL,
about 4.06 mL, about 4.08 mL, about 5.00 mL, or any range determinable from the preceding
volumes (for example, about 0.04 mL to about 5.00 mL or about 1.04 mL to about 3.02 mL.) of
one or more medicaments.

[00125] In one embodiment, an ester form of testosterone is used. In one embodiment, a

testosterone formulation encompassed herein comprises testosterone enanthate and/or
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testosterone cypionate, collectively referred to herein as “testosterone”. It is understood that
alternative compounds that include the testosterone moiety are within the scope of the term
“testosterone”, including active metabolites of testosterone.

[00126] In an embodiment, a testosterone formulation encompassed herein is such that it can
be administered through a fine-gauge needle, the methods of administration and the devices for
administration encompassed and/or described in detail elsewhere herein. A non-limiting
example of a fine gauge needle is a 27 gauge needle. However, other examples of fine gauge
needles are described in detail elsewhere herein. In an embodiment, a testosterone formulation
encompassed herein, when administered in combination with device encompassed herein, a dose
can be administered using a force sufficient to smoothly overcome resistance to flow through the
syringe body or needle. Methods of determining and optimizing flow rate for injection of a

medicament are also described in detail elsewhere herein.

[00127] IV.Methods of Treatment

[00128] The present disclosure provides, in part, a method, device, and composition for
treating hypogonadism, reduced infertility, lack of libido or erectile dysfunction, osteoporosis
and anemia, a method for encouraging penile enlargement and height growth, and method of
stimulating bone marrow and appetite.

[00129] The concentration of testosterone in the blood stream of a subject will depend on the
amount of testosterone in the composition administered to the subject as well as the route of
administration and the specific formulation used.

[00130] In an embodiment, a subject is treated with a single dose of a composition as
encompassed herein. In an embodiment, a subject is treated with two or more doses of a
composition as encompassed herein. In an embodiment, a subject is treated with multiple doses
of a composition as encompassed herein. In an embodiment, a subject treated with multiple
doses is treated for at least one day. In an embodiment, a subject treated with multiple doses is
treated for at least one week. In an embodiment, a subject treated with multiple doses is treated
for at least one month. In some embodiments, a patient is injected weekly or bi-weekly with one
or more testosterone doses. The patient is preferably, but not limited to, being injected in the
abdomen or thigh.

[00131] V. Pharmacokinetics
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[00132] In an embodiment, a composition comprising testosterone (e.g., a preservative-free
testosterone composition) administered to a subject as encompassed herein provides
pharmacokinetics, including systemic bioavailability, that has substantially the same (or similar)
pharmacokinetics, including systemic bioavailability, of testosterone when the same dose of
testosterone is administered to said subject using needle and syringe, intramuscularly or
subcutaneously. In another embodiment, the method of treating hypogonadism as encompassed
herein comprises introducing into the subcutaneous, intradermal, or intramuscular tissue of a
subject, from a needle assisted jet injection device, a composition comprising testosterone (e.g.,
preservative-free) in a dose ranging from about 5 mg to about 400 mg, wherein the
pharmacokinetic profile of said testosterone delivered by said needle assisted jet injection device
is substantially the same as the pharmacokinetic profile of the same dose of said testosterone
when administered to said subject via needle and syringe, intramuscularly or subcutaneously.
[00133]  As used herein, the values obtained or calculated for measured testosterone can be in
reference to total testosterone, free testosterone, bio-available testosterone or serum testosterone.
[00134] In an embodiment, testosterone administered in accordance with the disclosure
encompassed herein achieves comparable, e.g., bioequivalence, pharmacokinetic profile by
generating Cpax and Tiax for the same period of time as compared to when the same dose of
testosterone is delivered via a needle and syringe, intramuscularly, intradermally, or
subcutaneously. In an embodiment, testosterone administered in accordance with the disclosure
encompassed herein achieves a pharmacokinetic profile that is superior to that obtained by
generating Cpax and Tiax for the same period of time as compared to when the same dose of
testosterone is delivered via a needle and syringe, intramuscularly, intradermally, or
subcutaneously.

[00135] In an embodiment, a composition comprising testosterone (e.g., a preservative-free
composition) administered to a subject in accordance with the methods disclosed herein provides
enhanced pharmacokinetics, including systemic bioavailability, of testosterone when the same
dose of testosterone is administered to said subject using one of a transdermal cream, gel or
patch or needle and syringe, intramuscularly, intradermally, or subcutaneously. In an
embodiment, a method of administering testosterone in accordance with the disclosure
encompassed herein comprises introducing into the subcutaneous, intradermal, or intramuscular

tissue of a subject, from an injector device as encompassed herein and described elsewhere
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herein, a composition comprising testosterone (e.g., preservative-free) in a dose ranging from
about 5 mg to about 400 mg, wherein the pharmacokinetic profile of testosterone delivered by
the injector device is enhanced relative to the pharmacokinetic profile of the same dose of said
testosterone when administered to said subject via one of a transdermal cream, gel or patch or
needle and syringe, intramuscularly, intradermally, or subcutaneously. In an embodiment, a
method of administering testosterone in accordance with the disclosure encompassed herein
comprises introducing into the subcutaneous, intradermal, or intramuscular tissue of a subject,
from a needle assisted jet injection device as encompassed herein and described elsewhere
herein, a composition comprising testosterone (e.g., preservative-free) in a dose ranging from
about 5 mg to about 400 mg, wherein the pharmacokinetic profile of testosterone delivered by
the needle assisted jet injection device is bioequivalent to the reference-listed drug when
administered via needle and syringe, intramuscularly, intradermally, or subcutaneously. In
another embodiment, bioequivalent pharmacokinetic profile of testosterone delivered by the
needle assisted jet injection device is enhanced as compared to the reference-listed drug when
administered via needle and syringe, intramuscularly, intradermally, or subcutaneously.

[00136] In an embodiment of a 5 mg to 400 mg dose of the present disclosure, the
pharmacokinetic profile provides a linear increase in testosterone exposure with increases in dose
of testosterone administered. In an embodiment, the pharmacokinetic profile provides dose
proportional increases in testosterone exposure (AUC and/or Cp,y). In another embodiment, the
pharmacokinetic profile provides a linear or nonlinear relationship between AUC (ng*h/ml) of
testosterone and dose of testosterone when the AUC (ng*h/ml) values are plotted against the
corresponding dose values in a Cartesian Plane. In another embodiment, the pharmacokinetic
profile provides a linear or nonlinear relationship between Cax of testosterone and dose of
testosterone when the Cp,x values are plotted against the corresponding dose values in a
Cartesian Plane. Pharmacokinetic information concerning testosterone and a needle assisted jet
injector can also be found in co-pending provisional application serial no. 61/621298, the content
of which is hereby incorporated by reference in its entirety.

[00137]  Accordingly, one embodiment of the present invention provides a method of treating
hypogonadism in a subject in need of treatment, said method comprising introducing into the
subcutaneous or intramuscular tissue of a patient in need of testosterone, from a needle assisted

jet injection device, a composition comprising testosterone (e.g., preservative-free) in a dose
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ranging from about 5 mg to about 400 mg, wherein said method provides a pharmacokinetic
profile whereby testosterone exposure increases linearly in proportion to increases in the dose
strength (or level) of testosterone. In an embodiment, the pharmacokinetic profile provides an
AUC that increases linearly in proportion to increases in the dose strength (or level) of
testosterone administered. In another embodiment, the pharmacokinetic profile provides a Cpax
that increases linearly in proportion to increases in testosterone dose level administered.

[00138] For comparison purposes, commercially available testosterone and the associated
medication guides and package insert labels of Androgel 1% (NDA No. 021015), Androgel
1.62% (NDA No. 022309), Testim (NDA No. 021454) and Axiron (NDA No. 022504) can be
used, and the package insert labels of each of the foregoing are hereby incorporated by reference
in their entirety.

[00139] A. Effective Plasma Levels of Testosterone

[00140] In one embodiment, a method of administering testosterone comprises administering
a composition comprising a unit dose of testosterone (e.g., preservative-free) or pharmaceutically
acceptable ester or salt thereof in a pharmaceutically acceptable carrier subcutaneously to a
mammal, wherein after administration the plasma level of testosterone is maintained at a
therapeutically effective level for a period of time. In one embodiment, a Z1 time period is the
time period for which the plasma level of testosterone is maintained at a therapeutically effective
level.

[00141] In another embodiment, a composition encompassed herein, when administered
according to the methods and the devices encompassed herein, maintains the plasma level of
testosterone at a therapeutically effective level starting at about 1 minute after administration and
ending at about 1 month after administration. In such an embodiment, a composition
encompassed herein, when administered according to the methods and the devices encompassed
herein, maintains the plasma level of testosterone at a therapeutically effective level starting at
about 2 minutes after administration, or at about 3 minutes, about 4 minutes, about 5 minutes,
about 10 minutes, about 20 minutes, about 30 minutes, about 45 minutes, about 60 minutes,
about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours about 7 hours about 8
hours about 9 hours, about 10 hours, about 11 hours, or about 12 hours after administration, up to
about 1 month after administration. In an embodiment, a composition encompassed herein,

when administered according to the methods and the devices encompassed herein, maintains the
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plasma level of testosterone at a therapeutically effective level starting at about 1 minute after
administration and ending at about 25 days after administration, about 20 days after
administration, about 15 days after administration, about 14 days after administration, about 13
days after administration, about 12 days after administration, about 11 days after administration,
about 10 days after administration, about 9 days after administration, about 8 days after
administration, about 7 days after administration, about 6 days after administration, about 5 days
after administration, about 4 days after administration, about 3 days after administration, about 2
days after administration, about 1 day after administration, or about 0.5 days after administration.
[00142] In one embodiment, a first dose has a first profile and subsequent doses (which may
be the same as or different from the first dose) impart different profiles. Depending upon patient
response, dose, dose volume and timing of subsequent dosings, the pharmacokinetic profile of a
patient can be customized to meet a particular patient’s needs through the use of the present
invention. In some embodiments, the present invention can be used to maintain therapeutic
levels of testosterone during and/or across a prescribed dosing cycle (e.g., once weekly dosing
for: 2 weeks, 3 weeks, 4 weeks, 5 weeks, two months, five months, a year, or more).

[00143] Inan embodiment, a method of administering testosterone comprises administering a
composition comprising a unit dose of a testosterone (e.g., preservative-free) or pharmaceutically
acceptable ester or salt thereof in a pharmaceutically acceptable carrier subcutaneously to a
mammal, wherein after administration, the plasma level of testosterone is maintained between
about 300 ng/dl and about 1100 ng/dl for a time period, “Z1”

[00144] In one embodiment, a composition encompassed herein, when administered
according to the methods and the devices encompassed herein, maintains the plasma level of
testosterone between, e.g., about 300 ng/dl and about 1100 ng/dl starting at about 1 minute after
administration and ending at about 1 month after administration. In yet another embodiment, a
composition encompassed herein, when administered according to the methods and the devices
encompassed herein, maintains the plasma level of testosterone between, e.g., about 300 ng/dl
and about 1100 ng/dlstarting at about 2 minutes after administration, or at about 3 minutes, about
4 minutes, about 5 minutes, about 10 minutes, about 20 minutes, about 30 minutes, about 45
minutes, about 60 minutes, about 2 hours, about 3 hours, about 4 hours, about 5 hours, about 6
hours about 7 hours about 8 hours about 9 hours, about 10 hours, about 11 hours, or starting at

about 12 hours after administration, up to about 1 month after administration. In an embodiment,
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a composition encompassed herein, when administered according to the methods and the devices
encompassed herein, maintains the plasma level of testosterone between, e.g., about 300 ng/dl
and about 1100 ng/dl starting at about 1 minute after administration and ending at about 25 days
after administration, about 20 days after administration, about 15 days after administration, about
14 days after administration, about 13 days after administration, about 12 days after
administration, about 11 days after administration, about 10 days after administration, about 9
days after administration, about 8 days after administration, about 7 days after administration,
about 6 days after administration, about 5 days after administration, about 4 days after
administration, about 3 days after administration, about 2 days after administration, about 1 day
after administration, or ending about 0.5 days after administration.

[00145] In an embodiment, the plasma level of testosterone is maintained at a value selected
from the group consisting of about 300 ng/dl to about 1100 ng/dl, about 350 ng/dl to about 1050
ng/dl, about 400 ng/dl to about 1000 ng/dl, about 450 ng/dl to about 950 ng/dl, about 500 ng/dl
to about 900 ng/dl, about 550 ng/dl to about 850 ng/dl, about 600 ng/dl to about 800 ng/dl, about
650 ng/dl to about 750 ng/dl, and about 675 ng/dl to about 725 ng/dl. In an embodiment, the
plasma level of testosterone is maintained at a value selected from the group consisting of about
300 ng/dl, about 350 ng/dl, about 400 ng/dl, about 450 ng/dl, about 500 ng/dl, about 550 ng/dl,
about 600 ng/dl, about 650 ng/dl, about 700 ng/dl, about 750 ng/dl, about 800 ng/dl, about 8§50
ng/dl, about 900 ng/dl, about 950 ng/dl, about 1000 ng/dl, about 1050 ng/dl, and about 1100
ng/dl. In an embodiment, the plasma level of testosterone is maintained at a value selected from
the group consisting of at least about 300 ng/dI, at least about 350 ng/dl, at least about 400 ng/dl,
at least about 450 ng/dl, at least about 500 ng/dl, at least about 550 ng/dl, at least about 600
ng/dl, at least about 650 ng/dl, at least about 700 ng/dl, at least about 750 ng/dl, at least about
800 ng/dl, at least about 850 ng/dl, at least about 900 ng/dl, at least about 950 ng/dl, at least
about 1000 ng/dl, at least about 1050 ng/dl, and at least about 1100 ng/dl. In an embodiment, the
plasma level of testosterone is maintained at a value selected from the group consisting of about
300 ng/dl or less, about 350 ng/dl or less, about 400 ng/dl or less, about 450 ng/dl or less, about
500 ng/dl or less, about 550 ng/dl or less, about 600 ng/dl or less, about 650 ng/dl or less, about
700 ng/dl or less, about 750 ng/dl or less, about 800 ng/dl or less, about 850 ng/dl or less, about
900 ng/dl or less, about 950 ng/dl or less, about 1000 ng/dl or less, about 1050 ng/dl or less, and
about 1100 ng/dl or less.
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[00146] In some embodiments, the level of testosterone is maintained as illustrated in Figure
12. In an embodiment, the level of testosterone maintained as illustrated in Figure 12 isina
mammal. In an embodiment, the level of testosterone maintained as illustrated in Figure 12 is in
the serum of a mammal. In an embodiment, the mammal is a human.

[00147] B. Maintenance of Plasma Testosterone at Elevated Levels or Within Effective
Levels

[00148] In another embodiment, a method is provided herein for maintaining elevated plasma
levels of testosterone in a mammal in need thereof. In certain embodiments, this entails
maintaining plasma levels from a subcutaneous dose at or above therapeutic levels (e.g., about
400 ng/dl, about 500 ng/dl, about 600 ng/dl, about 700 ng/dl, about 800 ng./ml, about 900 ng/dl)
for an extended period of time. In some embodiments the level is maintained for a period of
time that is longer than an intramuscular dose of the same volume and concentration. In an
embodiment, the method comprises administering a composition comprising a unit dose of
testosterone (e.g., preservative-free) or pharmaceutically acceptable ester or salt thereof in a
pharmaceutically acceptable carrier subcutaneously to a mammal, wherein after administration
the plasma level of testosterone is maintained at an elevated level of up to about 1800 ng/dl for a
period of time. In an embodiment, the time period for which plasma levels of testosterone are
maintained at an elevated level is referred to as a “Z2 time period”.

[00149] In some embodiments, the plasma level of testosterone is maintained at an elevated
value selected from the group consisting of about 300 ng/dl to about 1800 ng/dl, about 400 ng/dl
to about 1800 ng/dl, about 500 ng/dl to about 1800 ng/dl, about 600 ng/dI to about 1800 ng/dl,
about 700 ng/dl to about 1800 ng/dl, about 800 ng/dl to about 1800 ng/dl, about 900 ng/dl to
about 1800 ng/dl, about 1000 ng/dl to about 1800 ng/dl, about 300 ng/dl to about 1100 ng/dl,
about 400 ng/dl to about 1100 ng/dl, about 500 ng/dI to about 1100 ng/dl, about 600 ng/dl to
about 1100 ng/dl, about 700 ng/dl to about 1100 ng/dl, about 800 ng/dl to about 1100 ng/dl,
about 300 ng/dl to about 1800 ng/dl, about 300 ng/dl to about 1700 ng/dl, about 300 ng/dl to
about 1600 ng/dl, about 300 ng/dl to about 1500 ng/dl, about 300 ng/dl to about 1400 ng/dl,
about 300 ng/dl to about 1300 ng/dl, about 300 ng/dl to about 1200 ng/dl, about 300 ng/dl to
about 1100 ng/dl, about 300 ng/dl to about 1000 ng/dl, about 300 ng/dl to about 900 ng/dl, about
300 ng/dl to about 800 ng/dl, about 300 ng/dl to about 700 ng/dl, about 300 ng/dl to about 600
ng/dl, about 300 ng/dl to about 500 ng/dl, or about 300 ng/dl to about 400 ng/dl.
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[00150] In certain embodiments, the blood plasma levels of testosterone are maintained
primarily between 400 and 1100 ng/dl, more typically between 400 and 900 ng/dl, during the
course of a treatment regimen. In certain embodiments, blood plasma levels at a value between
about 400 and about 1000 ng/dl is considered “therapeutically effective,” particularly for steady
state maintenance of testosterone levels during a treatment regimen.

[00151] In an embodiment, a composition encompassed herein, when administered according
to the methods and the devices encompassed herein, maintains the plasma level of testosterone at
an elevated level starting at about 1 minute after administration and ending at about 1 month
after administration. In an embodiment, a composition encompassed herein, when administered
according to the methods and the devices encompassed herein, maintains the plasma level of
testosterone at an elevated level starting at about 2 minutes after administration, or at about 3
minutes, about 4 minutes, about 5 minutes, about 10 minutes, about 20 minutes, about 30
minutes, about 45 minutes, about 60 minutes, about 2 hours, about 3 hours, about 4 hours, about
5 hours, about 6 hours about 7 hours about 8 hours about 9 hours, about 10 hours, about 11
hours, or about 12 hours after administration, up to about 1 month after administration. In an
embodiment, a composition encompassed herein, when administered according to the methods
and the devices encompassed herein, maintains the plasma level of testosterone at an elevated
level starting at about 1 minute after administration and ending at about 25 days after
administration, about 20 days after administration, about 15 days after administration, about 14
days after administration, about 13 days after administration, about 12 days after administration,
about 11 days after administration, about 10 days after administration, about 9 days after
administration, about 8 days after administration, about 7 days after administration, about 6 days
after administration, about 5 days after administration, about 4 days after administration, about 3
days after administration, about 2 days after administration, about 1 day after administration, or
about 0.5 days after administration.

[00152] C. Peak Plasma Concentration

[00153] In another embodiment, a method is provided herein for obtaining a peak plasma
levels of testosterone in a mammal in need thereof. In an embodiment, a method is provided
herein, using the compositions and devices encompassed herein, to obtain a peak plasma
concentration of testosterone, after which the plasma concentration of testosterone decreases to a

therapeutically effective level for a period of time. In another embodiment, a method is provided
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herein, using the compositions and devices encompassed herein, to obtain a peak plasma
concentration of testosterone, after which the plasma concentration of testosterone decreases to
an elevated level for a period of time.

[00154] In some embodiments, a peak level of testosterone is in the range of about 400 ng/dl
to 2400 ng/dl, 500 ng/dl to 2400 ng/dl, 600 ng/dl to 2400 ng/dl, 700 ng/dl to 2400 ng/dl, 800
ng/dl to 2400 ng/dl, 900 ng/dl to 2400 ng/dl, 1000 ng/dl to 2400 ng/dl, 1100 ng/dl to 2400 ng/dl,
1200 ng/dl to 2400 ng/dl, 1300 ng/dl to 2400 ng/dl, 1400 ng/dl to 2400 ng/dl, 1500 ng/dl to 2400
ng/dl, 1600 ng/dl to 2400 ng/dl, 1700 ng/dl to 2400 ng/dl, 1800 ng/dl to 2400 ng/dl, 1900 ng/dl
to 2400 ng/dl, 2000 ng/dl to 2400 ng/dl, 2100 ng/dl to 2400 ng/dl, 2200 ng/dl to 2400 ng/dl, or
about 2300 ng/dl to 2400 ng/dl.

[00155] In another embodiment, a method is provided herein, using the compositions and
devices encompassed herein, to obtain a peak plasma concentration of testosterone, after which
the plasma concentration of testosterone decreases to lower-than-peak level for a period of time,
the lower-than-peak level selected from about 300 ng/dl to about 1800 ng/dl, about 400 ng/dl to
about 1800 ng/dl, about 500 ng/dl to about 1800 ng/dl, about 600 ng/dl to about 1800 ng/dl,
about 700 ng/dl to about 1800 ng/dl, about 800 ng/dl to about 1800 ng/dl, about 900 ng/dl to
about 1800 ng/dl, about 1000 ng/dl to about 1800 ng/dl, about 300 ng/dl to about 1100 ng/dl,
about 400 ng/dl to about 1100 ng/dl, about 500 ng/dl to about 1100 ng/dl, about 600 ng/dl to
about 1100 ng/dl, about 700 ng/dl to about 1100 ng/dl, about 800 ng/dl to about 1100 ng/dl,
about 300 ng/dl to about 1800 ng/dl, about 300 ng/dl to about 1700 ng/dl, about 300 ng/dl to
about 1600 ng/dl, about 300 ng/dl to about 1500 ng/dl, about 300 ng/dl to about 1400 ng/dl,
about 300 ng/dl to about 1300 ng/dl, about 300 ng/dl to about 1200 ng/dl, about 300 ng/dl to
about 1100 ng/dl, about 300 ng/dl to about 1000 ng/dl, about 300 ng/dl to about 900 ng/dl, about
300 ng/dl to about 800 ng/dl, about 300 ng/dl to about 700 ng/dl, about 300 ng/dl to about 600
ng/dl, about 300 ng/dl to about 500 ng/dl, or about 300 ng/dl to about 400 ng/dl.

[00156] In an embodiment, a method is provided herein, using the compositions and devices
encompassed herein, to obtain a peak plasma concentration of testosterone, in which the peak
plasma concentration of testosterone is achieved in about 48 hours, about 36 hours, about 24
hours, about 18 hours, about 12 hours, about 11 hours, about 10 hours, about 9 hours, about 8
hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, about 3 hours about 2 hours,

about 1 hours, or about 0.5 hours. In an embodiment, the peak plasma concentration of
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testosterone is achieved in less than 48 hours, less than 36 hours, less than 24 hours, less than 18
hours, less than 12 hours, less than 11 hours, less than 10 hours, less than 9 hours, less than §
hours, less than 7 hours, less than 6 hours, less than 5 hours, less than 4 hours, less than 3 hours
less than 2 hours, less than 1 hours, or less than 0.5 hours.

[00157] D. Maintenance of Effective Levels of Testosterone After Comparative Dose
Decreases Below Effective Levels

[00158] In an embodiment, it was surprisingly found that administration of a testosterone
composition as encompassed herein provides a plasma level of testosterone that is maintained at
a therapeutically-effective level for a longer period of time than an equivalent dose of
testosterone when administered to the same subject via one of a transdermal cream, gel or patch
or needle and syringe, intramuscularly, intradermally, or subcutaneously. In an embodiment, at a
time post-injection, a testosterone composition as encompassed herein (e.g., preservative-free)
maintains a higher plasma concentration of testosterone than would a equivalent testosterone
administered to the same subject via one of a transdermal cream, gel or patch or intramuscular
injection by needle and syringe over the same time period.

[00159] With reference to the figures and in particular Figure 12, in one embodiment, a
method of administering testosterone comprises administering a composition comprising a unit
dose of testosterone in a pharmaceutically acceptable carrier subcutaneously to a mammal,
wherein after administration the plasma level of testosterone is maintained between about 700
ng/dl and about 1800 ng/dl for a time period, “Z2”, wherein the plasma level of testosterone is
also maintained between about 300 ng/dl and about 1100 ng/dl for a time period, “Z3”, which is
the time after the plasma level of an equivalent intramuscularly administered dose drops below
the plasma level of the subcutaneously administered dose at the same time point post-
administration.

[00160] In an embodiment, the plasma level of an equivalent intramuscularly administered
dose drops below the plasma level of the subcutancously administered dose at about 1 day post-
administration, at about 2 days post-administration, at about 3 days post-administration, at about
4 days post-administration, at about 5 days post-administration, at about 6 days post-
administration, at about 7 days post-administration, at about 8 days post-administration, at about

9 days post-administration, at about 10 days post-administration, at about 11 days post-
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administration, at about 12 days post-administration, at about 13 days post-administration, or at
about 14 days post-administration.

[00161] In an embodiment, and with reference to Figure 12, post administration, the plasma
level of testosterone is maintained, for a Z2 time period, at or between a level selected from:
about 700 ng/dl and about 1800 ng/dl, about 750 ng/dl and about 1750 ng/dl, about 800 ng/dl and
about 1700 ng/dl, about 850 ng/dl and about 1650 ng/dl, about 900 ng/dl and about 1600 ng/dl,
about 950 ng/dl and about 1550 ng/dl, about 1000 ng/dl and about 1500 ng/dl, about 1050 ng/dl
and about 1450 ng/dl, about 1100 ng/dl and about 1400 ng/dl, about 1150 ng/dl and about 1350
ng/dl, and about 1200 ng/dl and about 1300 ng/dl.

[00162] In an embodiment, after administration, the plasma level of testosterone is
maintained, for a Z2 time period, at a level selected from the group consisting of about 700 ng/dl,
about 750 ng/dl, about 800 ng/dl, about 850 ng/dl, about 900 ng/dl, about 950 ng/dl, about 1000
ng/dl, about 1050 ng/dl, about 1100 ng/dl, about 1150 ng/dl, about 1200 ng/dl, about 1250 ng/dl,
about 1300 ng/dl, about 1350 ng/dl, about 1400 ng/dl, about 1450 ng/dl, about 1500 ng/dl, about
1550 ng/dl, about 1600 ng/dl, about 1650 ng/dl, about 1700 mg/ml, about 1750 mg/ml, and about
1800 ng/dl.

[00163] Inan embodiment, a Z2 time period is at least 1 hour, at least 2 hours, at least 3
hours, at least 4 hours, at least 5 hours, at least 6 hours, at least 12 hours, at least 18 hours, at
least 24 hours, at least 36 hours, at least 48 hours, or at least 72 hours.

[00164] In an embodiment, the plasma level of testosterone is maintained above the plasma
level for testosterone administered via an equivalent intramuscularly administered dose at the
same point in time, for a Z3 time period. In another embodiment, the plasma level of
testosterone is maintained above therapeutic levels of testosterone for a Z3 time period.

[00165] In yet another embodiment, and with reference to Figure 12, after administration, the
plasma level of testosterone is maintained for a Z3 time period after the plasma level of an
equivalent intramuscularly administered dose drops below the plasma level of the
subcutaneously administered dose at the same time point post-administration, at a value selected
from the group consisting of about 300 ng/dl to about 1100 ng/dl, about 350 ng/dl to about 1050
ng/dl, about 400 ng/dl to about 1000 ng/dl, about 450 ng/dl to about 950 ng/dl, about 500 ng/dl
to about 900 ng/dl, about 550 ng/dl to about 850 ng/dl, about 600 ng/dl to about 800 ng/dl, about
650 ng/dl to about 750 ng/dl, about 675 ng/dl to about 725 ng/dl and above about 300 ng/dl.
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[00166] In an embodiment, after administration, the plasma level of testosterone is
maintained, for a Z3 time period after the plasma level of an equivalent intramuscularly
administered dose drops below the plasma level of the subcutaneously administered dose at the
same time point post-administration, at a value selected from the group consisting of about 300
ng/dl, about 350 ng/dl, about 400 ng/dl, about 450 ng/dl, about 500 ng/dl, about 550 ng/dl, about
600 ng/dl, about 650 ng/dl, about 700 ng/dl, about 750 ng/dl, about 800 ng/dl, about 850 ng/dl,
about 900 ng/dl, about 950 ng/dl, about 1000 ng/dl, about 1050 ng/dl, and about 1100 ng/dl.
[00167] In an embodiment, a Z3 time period is at least 1 hour, at least 2 hours, at least 3
hours, at least 4 hours, at least 5 hours, at least 6 hours, at least 12 hours, at least 18 hours, at
least 24 hours, at least 36 hours, at least 48 hours, or at least 72 hours.

[00168] E. Maintenance of Effective Levels Over Multiple Treatments

[00169] Multiple treatments may include administration of two or more doses of testosterone
(e.g., preservative-free) according to a combination of compositions, devices, and methods
encompassed herein. In an embodiment, the plasma level of testosterone in the Z3 time period is
maintained at theraputically effective levels (e.g, a steady state at or above 300 ng/dl or at or
above about 400 ng/dl or other potential values as described hereinabove). In an embodiment,
the plasma level of testosterone in the Z3 time period is maintained at or above a therapeutically
effective level while a second dose is administered. In an embodiment, the plasma level of
testosterone in the Z3 time period is maintained above a therapeutically effective level until a
second dose is administered. In an embodiment, the plasma level of testosterone in the Z3 time
period is maintained at an elevated level. In an embodiment, the plasma level of testosterone in
the Z3 time period is maintained at a level between 300 ng/dl and 700 ng/dl, between 300 ng/dl
and 1100 ng/dl, between 300 ng/dl and 1800 ng/dl, between 700 ng/dl and 1100 ng/dl, between
700 ng/dl and 1800 ng/dl, or between 1100 ng/dl and 1800 ng/dl, and/or above about 300 ng/dl,
until a second dose is administered, whenafter the blood levels of testosterone will likely
increase again in accordance with well understood pharmacokinetics.

[00176] In an embodiment, administration of a testosterone composition as encompassed
herein provides a stimulatory effect immediately after injection, such that the plasma level of
testosterone is above a plasma therapeutic level of testosterone for a period of time, but not so
high as to be toxic to the subject. In an embodiment, stimulatory levels of plasma testosterone

can be detected by measuring the plasma levels of testosterone. In another embodiment,

46



WO 2013/152323 PCT/US2013/035509

stimulatory levels of testosterone can be detected by measuring a surrogate for plasma
testosterone levels, such as, but not limited to, one or more endocrinology profiles of the subject
to which the testosterone was administered. In an embodiment, endocrinology markers include,
but are not limited to, red blood cell proliferation and/or other markers indicative of hormonal
function.

[00171] F. Stimulatory Effect

[00172] In another embodiment, administration of a testosterone composition as encompassed
herein provides a stimulatory effect immediately after injection, such that the plasma level of
testosterone is above a plasma therapeutic level of testosterone for a period of time, but not so
high as to be toxic to the subject. After the plasma levels of testosterone fall from the
stimulatory levels, the plasma levels of testosterone are within the therapeutically effective levels
as discussed herein. In an embodiment, administration of a testosterone composition as
encompassed herein provides a minimal stimulatory effect immediately after injection, such that
the plasma level of testosterone is above a plasma therapeutic level of testosterone for a period of
time, but not so high as to be toxic to the subject, after which the plasma levels of testosterone
are within the therapeutically effective levels as discussed herein. In an embodiment,
administration of a testosterone composition as encompassed herein provides no stimulatory
effect immediately after injection, and the plasma level of testosterone is maintained at a
therapeutically effective level as discussed herein.

[00173] In an embodiment, testosterone administered to a subject in accordance with the
methods of the invention provides pharmacokinetics, including systemic bioavailability, that has
diminished pharmacokinetics, including systemic bioavailability, of testosterone when the same
dose of testosterone is administered to said subject using needle and syringe, intramuscularly or

subcutaneously.

[00174] EXAMPLES

[00175] Example 1: Injection of viscous fluid compositions.

[00176] A formulation was prepared including arachis oil and 10% benzyl alcohol and an
active pharmaceutical ingredient based on testosterone. This formulation had a viscosity of

1000cps. An MJ -7 needlefree injection device made by Antares Pharma was used to administer
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0.5 ml of the formulation. The study used the following device power and needle-free syringe
orifice settings to achieve needle-free injection of and arachis 0il-10% benzyl alcohol solution.
[00177] For achieving intramuscular injections, the injection device was powered with a
spring having a spring force of 100 Ibs and was equipped with a needle-free syringe having an
orifice of 0.36mm (0.014") diameter.

[00178] For achieving subcutaneous injections, the injection device was powered with a
spring having a spring force of 85 Ibs and was equipped with a needle-free syringe having an
orifice of 0.28mm (0.011 ") diameter.

[00179] Results are as follows:

[00180] Table 3: Intramuscular injections.

Intramuscular injections Complete Incomplete, or wet, injections
Needle free 40 83% 8 17%
Needle and syringe with IM 47 98% 1 2%
needle

Table 4: Subcutaneous injections

Subcutancous injections Complete Incomplete, or wet, injections
Needle free 23 48% 25 52%
Needle and syringe with SC 22 46% 26 54%
needle

[00181] In an embodiment, it will be understood that when mini-needle devices are used
instead of needless injection devices, the needle bores would be on the same order as the orifices

of the needle-free devices.

[00182] Example 2: Comparison of Cavg and Cmax for various testosterone formulations and

methods of delivery.

[00183] Experimental protocols and references for available data on the Cavg — Cmax can be
found in package insert labels of Androgel 1% (NDA No. 021015), Androgel 1.62% (NDA No.
022309), Testim (NDA No. 021454) and Axiron (NDA No. 022504).
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[00184] Table 5: Comparison of Cavg and Cmax calculated for Androgel and Testim at

various concentrations.

Agel Agel Agel Testim Testim
20.25 40.5 60.75 Agel 81 50 100
Cav 386 474 513 432 365 612
Cmax 562 715 839 649 538 897

Cmax/Cav 1.455959 1.508439 1.635478 1.502315 1.473973 1.465686

[00185] Table 6: Comparison of Cavg and Cmax calculated for Axiron and testosterone

enanthate at various concentrations.
AX 60 AX 90 AX 120 TE100 TE?200

Cav 506 415 390 1021 924
Cmax 839 664 658 1299 1315
Cmax/Ca 1.65810 1.6 1.68717 1.27228 1.4231
\% 3 9 2 6

[00186] Example 3: Pharmacokinetic study of testosterone by injection in castrated minipigs.

[00187] The objective of this study was to evaluate the pharmacokinetics of testosterone
(Antares QS Autoinjector Device with 10 mm injection depth) when administered via injection
to castrated minipigs on Days | and 15.

[00188]  The test system included minipigs of the Yucatan strain. Castrated male minipigs
were obtained from Sinclair Research Center, Inc., Windham, ME. Minipigs were 15 to 20
weeks old, and the target Weight at the initiation of dosing was 20 to 25 kg. The Yucatan
minipig was chosen as the animal model for this study as it is a preferred non-rodent species for
preclinical toxicity testing by regulatory agencies. Housing and care was as specified in the
USDA Animal Welfare Act (9 CFR, Parts 1, 2, and 3) and as described in the Guide for the Care
and Use of Laboratory Animals from the National Research Council. The animals were
individually housed in swine pens/cages.

[00189] The experiment was designed as follows:

Group No. No. of male Test material Dose volume
animals
1 3 testosterone, 0.5 ml
100mg
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2 3 testosterone, 0.5ml
200mg

[00190] Test articles used for injection of animals included: test article 1, testosterone
enanthate at 100 mg/ml in pre-filled syringes; test article 2, testosterone enanthate at 200 mg/ml
in pre-filled syringes; test article 3, testosterone enanthate at 100 mg/ml in vials; and test article
4, testosterone enanthate at 200 mg/ml in vials.

[00191]  On Day 1, dose material was delivered by a pre-loaded Antares QS Autoinjector
Device (see. e.g., co-pending application serial number 61/763,395, which is incorporated by
reference). On Day 15, dose material was delivered by needle and syringe. Test Articles 1 and 2
were administered to the appropriate animals via injection using a mini-needle auto-injector into
the scapular region on Day 1 to Test Site 1. The animal’s dorsal surface area was clipped free of
hair with a small animal clipper before the first dose and as often as necessary thereafter to allow
for clear visualization of the test site. Care was taken during the clipping procedure to avoid
abrasion of the skin. The injection site (approximately 2 cm x 2 cm) was delineated with an
indelible marker and remarked as necessary thereafter. Test Articles 3 and 4 were administered
to the appropriate animals via intramuscular injection using a 1 mL syringe with a 27 gauge x 1
inch needle into the proximal portion of the hindlimb to an approximate depth of % inch on Day
15 to Test Site 2. The animal’s proximal hindlimb was clipped free of hair with a small animal
clipper before the first dose and as often as necessary thereafter to allow for clear visualization of
the test site. Care was taken during the clipping procedure to avoid abrasion of the skin. The
injection site (approximately 2 cm x 2 cm) was delineated with an indelible marker and remarked
as necessary thereafter. Following all Day 22 study observations and bioanalytical sample
collection, the animals (including the alternate male pig) were assigned to the exploratory trial
phase of this study. The animal’s dorsal surface area was clipped free of hair with a small animal
clipper before the first dose and as often as necessary thereafter to allow for clear visualization of
the test site. The QS Autoinjector Device was used to deliver a 0.5 mL dose of dye via injection,
into naive scapular area. The naive proximal portion of the hindlimb was injected with a 0.5 mL
dose of dye via intramuscular injection using a 27 gauge x 1 inch needle and syringe. The

injection sites (approximately 2 cm x 2 cm) were delineated with an indelible marker.
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Following dose administration, the animals (including the alternate animal) were subjected to
euthanasia and examination. The first day of dosing was designated as Study Day 1.

[00192] An injectable route of exposure was selected because this is the intended route of
human exposure. An injection depth of 10 mm was investigated as part of this study. Dose
levels of 100 mg and 200 mg were determined to provide comparison of the intramuscular route
of administration via autoinjector and needle and syringe, for toxicokinetic purposes. The
intramuscular route was selected for further investigation, as this route resulted in less material
loss post injection than subcutaneous administration based on macroscopic observations. Doses
lower than 100 mg may not have provided necessary circulating concentrations, while doses over
200 mg were not required. Dose levels and weekly dose regimen were based on the following
supplied reference document “Daily Testosterone and Gonadotropin Levels Are Similar in
Azoospermic and Nonazoospermic Normal Men Administered Weekly Testosterone:
Implications for Male contraceptive Development” Journal of Andrology Vol. 22, No. 6
November/December 2001.

[00193] The injection sites of each animal were observed on the day of randomization and
daily from Days 1 to 22 (at approximately 1 and 4 hours postdose on the days of dosing and once
daily on non-dosing days). Particular attention was paid to the injection sites regarding erythema,
edema, and any other additional adverse findings.

[00194] Blood was collected by venipuncture of the vena cava. Samples were collected

according to the following table:

TK Sample Collection Schedule Group No. Sample Collection Time Points
(Time Post Dose) on Days 1 and 15
0 hr 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr 96 hr 168 hr
1 X X X X X X X X X
2 X X X X X X X X X

x = sample to be collected; - = not applicable. (zero hour sample collected before dosing)

Target Volume: 3.0 mL
Anticoagulant: None
Processing: To serum

[00195] Blood was collected by venipuncture of the vena cava. Samples were collected
according to the following table: Samples were allowed to clot at room temperature for at least

30 minutes before centrifugation.
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[00196] The samples were centrifuged at ambient temperature at 1800 x g. The resulting
serum was separated into 3 aliquots of approximately 0.5 mL each for analysis. One aliquot was
designated for testosterone and DHT analysis, 1 aliquot for analysis of Sex Hormone Binding
Globulin (SHBG), and 1 aliquot for determination of total serum albumin, The serum samples
were transferred into uniquely labeled polypropylene tubes and stored frozen in a freezer set to
maintain -70°C. Samples to be analyzed were shipped overnight on dry ice to the bioanalytical
laboratory for analysis.

[00197]  One set of serum samples was analyzed for concentration of total testosterone using a
validated analytical procedure. The samples collected for sex hormone binding globulin (SHBG)
and serum albumin will not be analyzed at this time. DHT was not analyzed for this study.
Testosterone analysis was performed by LCMS using a method validated under Charles River
Study 20027106. Data collection was performed using Analyst from MDS Sciex. Statistical
analyses including regression analysis and descriptive statistics including arithmetic means and
standard deviations, accuracy and precision were performed using Watson Laboratory
Information Management System (LIMS) and Microsoft Excel.

[00198] Toxicokinetic parameters were estimated using Watson Laboratory Information
Management System (LIMS) and Microsoft Excel. A non-compartmental approach consistent
with the subcutaneous and intramuscular route of administration was used for parameter
estimation. Individual and mean PK parameters were reported and included Cmax, Tmax, and
AUCO-last. When data permitted, the slope of the terminal elimination phase of each
concentration versus time curve was determined by log-linear regression, and the following
additional parameters were also estimated: AUCO-inf, terminal elimination half-life. All
parameters were generated from testosterone (total) concentrations in serum from Days 1 and 15
unless otherwise stated. Parameters were estimated using sampling times relative to the start of
each dose administration.

[00199] Figures 13-19 illustrate, in part, the results of the studies described in Example 3, for
various testosterone enanthate concentrations delivered by either auto-injector or traditional
needle and syringe methods.

[00200] No animals died during the course of the study. There were no test article-related
clinical signs during the study. Sporadic occurrences of scabs, reddened areas, or mechanical

injury were noted during the study. These were considered background findings associated with
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the animal rubbing against the cage or areas that were irritated during dosing procedures while
the animals were in the sling. One animal was noted as struggling during dosing on Day 15;
however, this did not appear to affect dose administration.

[00201] A small amount of material injected at each test site leaked from the injection site
once the device or needle was removed. The amount of leakage was comparable across the sites
and animals. Additionally, redness was noted at the injection site after injection across the test
sites. There were no additional dermal changes noted during the study interval.

[00202] No test article-related effects on body weight occurred during the study. All animals
showed an increase in weight from their starting weight during the study.

The results of the trial with the injection of dye in sesame oil resulted in verification of
subcutaneous delivery in all animals that received a dose from the QS Autoinjector Device.
Conventional administration via needle and syringe administration resulted in intramuscular
delivery of the dye, except in 1 animal that had subcutaneous delivery with a dark area in the
muscle.

[00203] Each and every reference herein is incorporated by reference in its entirety. The
entire disclosure of U.S. Pat. Nos. 8,021,335, 7,776,015, and 6,391,003 and PCT application
publication WO 2010/108116 are also hereby incorporated herein by reference thereto as if fully
set forth herein.

[00204] It will be appreciated by those skilled in the art that changes could be made to the
exemplary embodiments described above without departing from the broad inventive concept
thereof. It is understood, therefore, that this invention is not limited to the exemplary
embodiments described, but it is intended to cover modifications within the spirit and scope of
the present invention as defined by the claims. For example, specific features of the exemplary
embodiments may or may not be part of the claimed invention and features of the disclosed
embodiments may be combined.

[00205] It is to be understood that at least some of the figures and descriptions of the
invention have been simplified to focus on elements that are relevant for a clear understanding of
the invention, while eliminating, for purposes of clarity, other elements that those of ordinary
skill in the art will appreciate may also comprise a portion of the invention. However, because
such elements are well known in the art, and because they do not necessarily facilitate a better

understanding of the invention, a description of such elements is not provided herein.
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[00206]  Further, to the extent that the method does not rely on the particular order of steps set
forth herein, the particular order of the steps should not be construed as limitation on the claims.
The claims directed to the method of the present invention should not be limited to the
performance of their steps in the order written, and one skilled in the art can readily appreciate

that the steps may be varied and still remain within the spirit and scope of the present invention.
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CLAIMS
What is claimed:

1. A injection device, comprising:

a housing member having a distal end and a proximal end,

a chamber disposed within the housing member configured to hold an amount of a
preservative-free medicament comprising testosterone;

a needle operatively associated with the chamber and having a length sufficient to deliver
the medicament to an injection site at a depth below a patient’s skin sufficient to minimize leak-
back;

a plunger movable within the chamber; and

a force generating source capable of providing sufficient force on the plunger to eject at
least a portion of the medicament from the chamber through the needle in less than about 20

seconds.

2. The injection device of claim 1, wherein the injection site is subcutaneous.

3. The injection device of claim 1, wherein the force on the plunger is configured to eject at least

a portion of the medicament from the chamber through the needle in less than about 15 seconds

4. The injection device of claim 1, wherein the force on the plunger is configured to eject all of

the medicament from the chamber through the needle in less than about 15 seconds.

5. The injection device of claim 1, wherein the force on the plunger is configured to eject all of

the medicament from the chamber through the needle in less than about 10 seconds.

6. The injection device of claim 1, wherein the needle length is greater than about 5 mm.

7. The injection device of claim 1, wherein the needle length is less than about 20 mm.

8. The injection device of claim 1, wherein the needle length is between about 5 and 12 mm.
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9. The injection device of claim 1, wherein the needle gauge is 27 gauge.

10. The injection device of claim 1, wherein the needle gauge is 25 gauge to 30 gauge.

11. The injection device of claim 1, wherein the needle is a thin-walled needle.

12. The injection device of claim 1, wherein when used, there is substantially no leak-back.

13. The injection device of claim 1, wherein when used, there is no leak-back.

14. The injection device of claim 1, wherein when used, there is no leak-back in about 95% of

the injections.

15. The injection device of claim 1, wherein when used, the amount of leak back is less than

about 15% of the total injected volume of medicament.

16. The injection device of claim 1, wherein when used, the amount of leak back is no more than
the amount of leak back selected from the group consisting of about 0.05% to about 15% of the
total injected volume of medicament, about 0.1% to about 12.5% of the total injected volume of
medicament, about 0.2% to about 10% of the total injected volume of medicament, about 0.3%
to about 7.5% of the total injected volume of medicament, about 0.4% to about 5% of the total
injected volume of medicament, about 0.5% to about 3% of the total injected volume of
medicament, about 0.6% to about 2% of the total injected volume of medicament, about 0.7% to

about 1% of the total injected volume of medicament.

17. The injection device of claim 1, wherein when used, the amount of leak back is less than

about 15% of the total weight of the injected medicament.

18. The injection device of claim 1, wherein when used, the amount of leak back is no more than

the amount of leak back selected from the group consisting of about 0.1% to about 15% of the
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total weight of the injected medicament, about 0.5% to about 12.5% of the total weight of the
injected medicament, about 1% to about 10% of the total weight of the injected medicament,
about 2% to about 7.5% of the total weight of the injected medicament, and about 3% to about

5% of the total weight of the injected medicament.

19. The injection device of claim 1, further comprising a collar surrounding the needle and
defining a collar cavity, the collar having a peripheral and forward skin-contacting surface that
surrounds, is discontinuous, and is radially spaced from the needle and injection site by an area
that is sufficiently large to allow a patient's skin to move into the collar cavity to properly
position the needle to penetrate the patient for intradermal delivery of the substance to the
injection site to allow spread of the injected substance under the skin while inhibiting or

preventing backpressure within the skin from forcing the substance out through the injection site.

20. An injection device comprising:

a housing;

a cartridge container disposed within the housing;

a cartridge received within the cartridge container, the cartridge having at least one
opening therein and containing a medicament comprising testosterone, the medicament
rearwardly confined by a plunger, wherein the cartridge includes a needle assembly to dispense
the medicament there through, the needle assembly comprising a needle and a non-removable
protective needle sheath, the needle having a length sufficient to deliver the medicament to an
injection site at a depth below a patient’s skin sufficient to minimize leak-back;

an actuation assembly providing a stored energy source capable of being released to drive
the needle through the protective needle sheath and to drive the plunger within the cartridge to
dispense the medicament through the needle assembly, the stored energy source providing a
force sufficient to eject at least a portion of the medicament from the chamber through the needle
in less than about 20 seconds;

a needle cover received within the housing, the needle cover having an opening formed
therein to permit the passage of the needle assembly there through during a medicament
dispensing operation, the needle cover having a first locked position whereby the needle cover is

in a locked retracted position prior to activation of the auto-injector, the needle cover having a
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second locked position whereby the needle cover is in a locked extended position after operation
of the auto-injector;
a first locking assembly that holds the needle cover in the first locked position; and

a second locking assembly that holds the needle cover in the second locked position.

21. A preservative free unit dose of testosterone or a pharmaceutically acceptable ester or salt

thereof in a pharmaceutically acceptable carrier.

22. The preservative free unit dose of claim 21 wherein the unit dose is contained in a prefilled

syringe.

23. The preservative free unit dose of claim 21 wherein the unit dose is suitable for

subcutaneous administration.

24. The preservative free unit dose of claim 21 wherein the unit dose comprises testosterone

enanthate and sesame oil.

25. The preservative free unit dose of claim 21, wherein the unit dose comprises testosterone

cypionate and sesame oil.

26. The preservative free unit dose of claim 21 wherein the unit dose consists essentially of

testosterone enanthate and sesame oil.

27. A composition comprising testosterone enanthate and sesame oil, the testosterone enanthate

being present at a concentration of about 50 mg/ml.

28. A composition comprising testosterone enanthate and sesame oil, the testosterone enanthate

being present at a concentration between about 5 mg/ml and about 400 mg/ml.

29. The composition of claim 28, wherein the testosterone enanthate is present at a

concentration between about 50 mg/m! and about 250 mg/ml.
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30. A composition comprising testosterone enanthate and sesame oil, the testosterone enanthate
being present at a concentration selected from the group consisting of about 50 mg/ml, about 75
mg/ml, about 100 mg/ml, about 125 mg/ml, about 150 mg/ml, about 175 mg/ml, about 200
mg/ml, about 225 mg/ml, and about 250 mg/ml.

31. The composition of any one of claims 27-30, wherein the composition is a pharmaceutical

preparation.

32. The composition of any one of claims 27-30, wherein the composition further comprises at

least one pharmaceutically-acceptable carrier.

33. The composition of any one of claims 27-30, wherein the composition is substantially free of

testosterone enanthate precipitate.

34. The composition of any one of claims 27-30, wherein the amount of testosterone enanthate
precipitate in the composition is less than an amount that would obstruct the needle of an injector

device having a 27 gauge needle.

35. A method of administering testosterone comprising administering preservative-free
composition comprising a unit dose of a testosterone or pharmaceutically acceptable ester or salt
thereof in a pharmaceutically acceptable carrier subcutaneously to a mammal, wherein after
administration, the plasma level of testosterone is maintained between about 200 ng/dl and about

1800 ng/dl for a Z1 time period

36. The method of claim 35, wherein the plasma level of testosterone is maintained at a value
selected from the group consisting of about 300 ng/dl and about 1100 ng/dl, about 350 ng/dl to
about 1050 ng/dl, about 400 ng/dl to about 1000 ng/dl, about 450 ng/dl to about 950 ng/dl, about
500 ng/dl to about 900 ng/dl, about 550 ng/dl to about 850 ng/dl, about 600 ng/dl to about 800
ng/dl, about 650 ng/dl to about 750 ng/dl, and about 675 ng/dl to about 725 ng/dl.
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37. The method of claim 36, wherein the plasma level of testosterone is maintained at a value
selected from the group consisting of about 300 ng/dl, about 350 ng/dl, about 400 ng/dl, about
450 ng/dl, about 500 ng/dl, about 550 ng/dl, about 600 ng/dl, about 650 ng/dl, about 700 ng/dl,
about 750 ng/dl, about 800 ng/dl, about 850 ng/dl, about 900 ng/dl, about 950 ng/dl, about 1000
ng/dl, about 1050 ng/dl, and about 1100 ng/dl.

38. The method of claim 36, wherein the plasma level of testosterone is maintained at a value
selected from the group consisting of at least about 300 ng/dl, at least about 350 ng/dl, at least
about 400 ng/dl, at least about 450 ng/dl, at least about 500 ng/dl, at least about 550 ng/dl, at
least about 600 ng/dl, at least about 650 ng/dl, at least about 700 ng/dl, at least about 750 ng/dl,
at least about 800 ng/dl, at least about 850 ng/dl, at least about 900 ng/dl, at least about 950
ng/dl, at least about 1000 ng/dl, at least about 1050 ng/dl, and at least about 1100 ng/dl.

39. The method of claim 35, wherein Z1 is at least 6 days.

40. The method of claim 35, wherein Z1 is at least 6.5 days.

41. The method of claim 35, wherein Z1 is at least 7 days.

42. A method of administering testosterone comprising administering a preservative-free
composition comprising a unit dose of testosterone or pharmaceutically acceptable ester or salt
thereof in a pharmaceutically acceptable carrier subcutaneously to a mammal, wherein after
administration the plasma level of testosterone is maintained at a therapeutically effective level

for a Z2 time period.

43. A method of maintaining elevated plasma levels of testosterone in a mammal in need thereof
comprising administering a preservative-free composition comprising a unit dose of testosterone
or pharmaceutically acceptable ester or salt thereof in a pharmaceutically acceptable carrier
subcutaneously to a mammal, wherein after administration the plasma level of testosterone is

maintained at a therapeutically effective level of up to about 1800 ng/dl for a Z2 time period.
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44, A method of administering testosterone comprising administering a preservative-free
composition comprising a unit dose of testosterone or pharmaceutically acceptable ester or salt
thereof in a pharmaceutically acceptable carrier subcutaneously to a mammal, wherein after
administration the plasma level of testosterone is maintained between about 700 ng/dl and about
1800 ng/dl for a Z2 time period, wherein the plasma level of testosterone is also maintained
between about 300 ng/dl and about 1100 ng/dl for Z3 time period, after the plasma level of an
equivalent intramuscularly administered dose drops below the plasma level of the

subcutaneously administered dose at the same time point post-administration.

45. The method of claim 44, wherein after administration, the plasma level of testosterone is
maintained, for a Z2 time period, at a level selected from the group consisting of about 750 ng/dl
and about 1750 ng/dl, about 800 ng/dl and about 1700 ng/dl, about 850 ng/dl and about 1650
ng/dl, about 900 ng/dl and about 1600 ng/dl, about 950 ng/dl and about 1550 ng/dl, about 1000
ng/dl and about 1500 ng/dl, about 1050 ng/dl and about 1450 ng/dl, about 1100 ng/dl and about
1400 ng/dl, about 1150 ng/dl and about 1350 ng/dl, and about 1200 ng/dl and about 1300 ng/dl.

44, The method of claim 44, wherein after administration, the plasma level of testosterone is
maintained, for a Z2 time period, at a level selected from the group consisting of about 700 ng/dl,
about 750 ng/dl, about 800 ng/dl, about 850 ng/dl, about 900 ng/dl, about 950 ng/dl, about 1000
ng/dl, about 1050 ng/dl, about 1100 ng/dl, about 1150 ng/dl, about 1200 ng/dl, about 1250 ng/dl,
about 1300 ng/dl, about 1350 ng/dl, about 1400 ng/dl, about 1450 ng/dl, about 1500 ng/dl, about
1550 ng/dl, about 1600 ng/dl, about 1650 ng/dl, about 1700 mg/ml, about 1750 mg/ml, and about
1800 ng/dl.

45. The method of claim 44, wherein the plasma level of testosterone is maintained for a Z3
time period after the plasma level of an equivalent intramuscularly administered dose drops
below the plasma level of the subcutaneously administered dose at the same time point post-
administration, at a value selected from the group consisting of about 350 ng/dl to about 1050
ng/dl, about 400 ng/dl to about 1000 ng/dl, about 450 ng/dl to about 950 ng/dl, about 500 ng/dl
to about 900 ng/dl, about 550 ng/dl to about 850 ng/dl, about 600 ng/dl to about 800 ng/dl, about
650 ng/dl to about 750 ng/dl, and about 675 ng/dl to about 725 ng/dl.

61



WO 2013/152323 PCT/US2013/035509

46. The method of claim 44, wherein the plasma level of testosterone is maintained, for Z3 time
period after the plasma level of an equivalent intramuscularly administered dose drops below the
plasma level of the subcutaneously administered dose at the same time point post-administration,
at a value selected from the group consisting of about 300 ng/dl, about 350 ng/dl, about 400
ng/dl, about 450 ng/dl, about 500 ng/dl, about 550 ng/dl, about 600 ng/dl, about 650 ng/dl, about
700 ng/dl, about 750 ng/dl, about 800 ng/dl, about 850 ng/dl, about 900 ng/dl, about 950 ng/d],
about 1000 ng/dl, about 1050 ng/dl, and about 1100 ng/dl.

47. A therapeutic package comprising:

a) a preservative-free composition comprising a unit dose of testosterone or a
pharmaceutically acceptable ester or salt thereof in a pharmaceutically acceptable carrier, at a
concentration of X mg/ml such that, when the unit dose is administered to a subject by
subcutaneous injection, the plasma level of testosterone is maintained between about 300 ng/dl
and about 1100 ng/dl for a Z1 time period; and

b) the injection device of claim 1,
wherein the injection device of part b) contains the unit dose of part a) prior to administration of

all or part of the unit dose.

48. A therapeutic package comprising:

a) a preservative-free pharmaceutical composition comprising testosterone or a
pharmaceutically acceptable ester or salt thereof in a pharmaceutically acceptable carrier, at a
concentration of about 50 mg/ml such that, when a unit dose of the pharmaceutical composition
is administered to a subject by subcutaneous injection, the plasma level of testosterone is
maintained between about 300 ng/dl and about 1100 ng/dl for a Z1 time period; and

b) the injection device of claim 1,
wherein the injection device of part b) contains the pharmaceutical composition of part a) prior

to administration of all or part of a unit dose of the pharmaceutical composition.
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INTERNATIONAL SEARCH REPORT

“Intemationar applicatioh” No.
PCT/US13/35509

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AB1M 5/20, 32, 42; 37/00 (2013.01)

USPC -- 604/48, 506, 70, 30, 27, 19, 131

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): A61M 5/20, 32, 42; 37/00 (2013.01)
USPC: 604/48, 506, 70, 30, 27, 19, 131

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A); Google/Goegle Scholar;
Pubmed/Medline; DialogPro; inject*, syring*, needle*, plunger*, testos*, hormone*, androgen*, hous*, cover*, piston, gauge*, "25-30",

thin-wall*, plasma®*, serum, level*, intramusc*, cartridge*, coliar*

C. DOCUMENTS CONSIDERED TO BE RELEVANT

" Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2010/108116 A1 (HAYES, JW et al.) September 23, 2010; paragraphs [0077], [00145], - 1-9, 12-14, 20
- [00147], [00148], [00151], [00153], [00154], [00158], [00160], [00166], [00171], [00173], {00175), | —-——————
Y {00178]), {00179); claim 2; figure 1 10-11, 15-19, 47-48
X US 2008/0275013 A1 (GYURIK, RJ) November 6, 2008; paragraphs [0041], [0048], [0076], 35-43, 44A-B, 45A-B, 46
[0083), [0092]; claim 2
Y 47-48
X US 7138389 B2 (AMORY, JK et al.) Novemeber 21, 2006, figure 6; column 4, lines 44-47, 21-30, 31-33/27-30
——- column 7, lines 7-11; column 18, lines 36-38; column 21, lines 32-55; column 25, lines 65-67; B R
Y 34/27-30
Y US 2012/0010529 A1 (CHICKERING, Ili, DE et al.) January 12, 2012; paragraphs [0046], 10-11
[0072], [0111], {0181]
Y US 2004/0191225 A1 (DINSMORE, JH et al.) September 30, 2004; paragraphs [0005], [0029] 15-18
Y : us 2005//0053234 A1 (SADOWSKI, PL et al.) February 10, 2005; abstract; claim 29 19
Y US 2007/0077286 A1 (ISHIHARA, T et al.) Aprit 5, 2007; claim 14 34/27-30

D Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other

mecans

“P” document published prior to the international filing date but tater than
the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
~ the principle or theory underlying tﬁc invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

16 August 2013 (16.08.2013)

Date of mailing of the international search report

2 7AUG 2013

Nafne and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 5§71-273-3201
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Box No. [I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.: .

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

- Group |: Claims 1-20, 35-43, 44A, 44B, 45A, 45B and 46-48 are directed toward an injection device and a method of admihistering
testosterone.

Group lI: Claims 21-34 are directed toward a preservative free unit dose of testosterone or a pharmaceutically acceptable ester or salt
thereof in a pharmaceutically acceptable carrier.

wxE

-***- Please See Supplemental Page -

l. |Z As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. .

2. I:] As all seérchablc claims could be searched without effort justifying additional fees, this Authority did not invite payment of -
’ additional fees. :

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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-***- Continued from Box No. lil: Observations where unity of invention is lacking -***-

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of .
Group | include an injection device comprising: a housing; a cartridge container disposed within the housing; a cartridge received within
the cartridge container, the cartridge having at least one opening therein and containing a medicament comprising testosterone, the
medicament rearwardly confined by a plunger, wherein the cartridge includes a needle assembly to dispense the medicament there
through, the needle assembly comprising a needle and a non-removable protective needle sheath, the needle having a length sufficient
to deliver the medicament to an injection site at a depth below a patient’s skin sufficient to minimize leak-back; an actuation assembly
providing a stored energy source capable of being released to drive the needle through the protective needle sheath and to drive the
plunger within the cartridge to dispense the medicament through the needle assembly, the stored energy source providing a force
sufficient to eject at least a portion of the medicament from the chamber through the needle in less than about 20 seconds; a needle
cover received within the housing, the needle cover having an opening formed therein to permit the passage of the needle assembly
there through during 2 medicament dispensing operation, the needle cover having a first locked position whereby the needle cover is in
a locked retracted position prior to activation of the auto-injector, the needle cover having a second locked position whereby the needle
cover is in a locked extended position after operation of the auto-injector; a first locking assembly that holds the needle cover in the first
locked position; and a second locking assembly that holds the needle cover in the second locked position; and a method of
administering testosterone comprising administering a preservative-free composition comprising a unit dose of testosterone or
pharmaceutically acceptable ester or salt thereof in a pharmaceutically acceptable carrier subcutaneously to a mammal, wherein after
administration, the plasma level of testosterone is maintained between about 200 ng/dl and about 1800 ng/ dl for a Z1 time period
wherein after administration the plasma level of testosterone is maintained between about 700 ng/dl and about 1800 ng/ dl for a Z2 time
period, wherein the plasma level of testosterone is also maintained between about 300 ng/dl and about 1100 ng/d! for Z3 time period,
after the plasma level of an equivalent intramuscularly administered dose drops below the plasma level of the subcutaneously
administered dose at the same time point post-administration, which are not present in Group |I; the special technical features of Group
Ilinclude a composition comprising testosterone enanthate and sesame oil, the testosterone enanthate being present at a concentration
selected from the group consisting of about 50 mg/ml, about 75 mg/ml, about 100 mg/ml, about 125 mg/ml, about 150 mg/ml, about 175
mg/mi, about 200 mg/ml, about 225 mg/ml, and about 250 mg/ml, which are not presentin Group |.

The common technical feature of Groups | and Hl is testosterone.

This common technical feature is disclosed by US 7,718,640 B2 to Hubler, et al. Hubler discloses testosterone (injectable administration
of testosterone ester; abstract) .

Since the common technica! feature is previously disclosed by the Hubler reference, the common feature is not special and so Groups |
and Il lack unity.
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