US 20130218086A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0218086 A1

Wotton et al.

43) Pub. Date: Aug. 22,2013

tinuation ot application No. s , hled on Mar.
54) HAZARDOUS AGENT INJECTION SYSTEM i ion of application No. 13/257,555, filed on M.
6, 2012, filed as application No. PCT/US2010/028011
(71) Applicant: Antares Pharma, Inc., (US) on Mar. 19, 2010.
(72) Inventors: Paul K. Wotton, Newtown, PA (US); (60) Provisional application No. 61/162,114, filed on Mar.
Peter L. Sadowski, Woodbury, MN 20, 2009.
(US); John William Hayes, Chaska, MN
(US) Publication Classification
(73) Assignee: ANTARES PHARMA, INC., Ewing, (51) Int.ClL
NJ(US) A6IM 5/178 (2006.01)
(52) US.CL
(21) Appl. No.: 13/758,913 CPC oo A6IM 5/178 (2013.01)
(22) Filed: Feb. 4, 2013 USPC e 604/187
Related U.S. Application Data (57 ABSTRACT
(63) Continuation of application No. 13/607,659, filed on Injection systems comprising a powered injector and one or

Sep. 7, 2012, now Pat. No. 8,480,631, which is a con- more hazardous agents are disclosed.

[

dl

iR
i
o

N

SRy

\ A

AN x I,
¥
o
o

N
O

HAN

L%,

AR 54
NN /35
?’ S 33
Nl
N B 16
\~ L—18
J
28~ R ‘§
— 36
22—
— NN ~
51 Bl 20
72 — A VA 32
a4 Fo
66 /?\ < a 24
} o P
o=

110

74 26



Patent Application Publication  Aug. 22, 2013 Sheet 1 of 12 US 2013/0218086 A1

-!—»A 80
|
12\‘ (A==
|
|
|
|
|
|
|
14 < ‘
] il \%/“14a
|
|
! _—14b
|
+

110




Patent Application Publication  Aug. 22, 2013 Sheet 2 of 12 US 2013/0218086 A1

80
64
56
LLL 55
84 15
82
\ / )//
\ iEN .y { Y
52— 60 o] T 60
55 7 14a
N 54
\ 64— NI
35 S
o .4 g
S 33 SNNED
WUWENNER
\ \ \\<@:
: B —16 q; N
(\ L -H—18
28 ] J"& F I G. 3
gl
22 — et
51 —N L 20
72— 2 32
o 24
66 — | 1 7
110/ -

74 26

FI1G.2



Patent Application Publication  Aug. 22, 2013 Sheet 3 of 12 US 2013/0218086 A1

14a

FI1G. 4a FI1G.4b

/ 68

82
58
64 I
r/
™~
q 56
e ™—— 55
52 Sl Y
< “N——60
(@ /~j\/ 14a
N

54
FIG.5



Patent Application Publication  Aug. 22, 2013 Sheet 4 of 12 US 2013/0218086 A1

O
«©
0!
L
)
©
O]
’\ L
=
8 2
'\\) 7 ( o
«©
B @
\i —_
} LL.
o <t
Al ©
2
- <
o | @
NN LL
.
- ©




Patent Application Publication  Aug. 22, 2013 Sheet 5 of 12 US 2013/0218086 A1

71
77
71
74 | \70
73 | - FIG.7
RN
35 TN | 63
S|
L=
96 @é}/
v/66




Patent Application Publication  Aug. 22, 2013 Sheet 6 of 12 US 2013/0218086 A1

118

116

120
P —

110 ¢

% ? 112
112

114
114

FIG.9



Patent Application Publication  Aug. 22, 2013 Sheet 7 of 12 US 2013/0218086 A1

-
w
(o2}

PRESSURE

130/

132 134
TIME

FI1G. 10

FI1G. 11



Patent Application Publication  Aug. 22, 2013 Sheet 8 of 12 US 2013/0218086 A1

Pharmacokinetic Profiles of Methotrexate in Gottingen Minipig
Plasma Following Subcutaneous Injection of Methotrexate with
Autoinjector or Syringe
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Mean Pharmacokinetic Profiles of Methotrexate in Gottingen
Minipig Plasma Following Subcutaneous Injection of
Methotrexate with Autainjector or Syringe
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Mean Pharmacokinetic Profiles of Methotrexate in Gottingen
Minipig Plasma Following Subcutaneous Injection of
Methotrexate with Autoinjector or Syringe
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Comparison of Methotrexate Exposure (Cmax and AUC(0-t)) in
Gottingen Minipig Plasma Following Subcutaneous Injection of
Methotrexate with Autoinjector or Syringe
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HAZARDOUS AGENT INJECTION SYSTEM

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/162,114 filed Mar. 20, 2009,
which is incorporated by reference herein for all purposes.

FIELD
[0002] The disclosure relates to injection of hazardous
agents.
BACKGROUND
[0003] Since the late 1980’s hazardous agents, such as

cytotoxic agents have been useful in managing and treating a
number of diseases such as rheumatoid arthritis (and other
autoimmune diseases), juvenile rheumatoid arthritis, psori-
atic arthritis, systemic lupus erythematosus, steroid-resistant
polymyositis or dermatomyositis, Wegener’s granulomato-
sis, polyarteritis nodosa, and some forms of vasculitis. Haz-
ardous agents tend to exhibit side effects, however, that are
harmful or toxic to the subject. Many of these side effects
occur when hazardous agents are administered orally, but the
oral form is generally the preferred method of delivery of
these agents due to its ease of use.

[0004] In addition to increased toxicity, variable and
reduced bioavailability has been observed for some hazard-
ous agents, such as methotrexate, that are orally administered.
These limitations are particularly demonstrated when the oral
dosing is escalated beyond 15 mg per week. It has been
suggested that with parenteral administration, such as by
injection, more predictable, reproducible and complete bio-
availability along with better therapeutic results could be
achieved, particularly at higher dosages.

[0005] Only about 7% of the prescriptions for methotrexate
written by rheumatologists are for an injectable formulation.
Reasons for prescribing methotrexate injections are usually
to improve bioavailability or to alleviate side effects. Physi-
cians have expressed interest in increasing the number of
prescriptions for cytotoxic agent injections, and particularly
injections for home use and administration by a patient. This
is generally not considered feasible because it is not possible
to ensure that patients can reliably and repeatably draw an
accurate dose from vials and correctly administer the product
by subcutaneous (SC) injection, especially with agents used
to treat patients suffering from certain debilitating diseases.
Additionally, the toxicity of hazardous agents increases the
risk that non-users of the injections will come into contact
with the cytotoxic agents in a home setting. Insufficient data
exists on the effect of low dose, chronic exposure to hazard-
ous agents that are, or may be, candidates for home use or
self-injection. In the absence of such information, practice
guidelines direct one to assume a high degree risk for inject-
able hazardous agents such as methotrexate, with the recom-
mendation of formal directives and risk assessments, includ-
ing formal training and mitigation strategies, to minimize risk
(see Oliver, S., and Livermore, P., Administering subcutane-
ous methotrexate for inflammatory arthritis: RCN guidance
for nurses, 2004; Royal College of Nursing, Wyeth, Publica-
tion Code 002 269). Specific directives include: preparation
of syringes in dedicated pharmacies with aseptic preparation
areas; administration performed in specific locations and only
by adequately trained personnel; spillage kits located proxi-
mal to use areas; accounting for all who may be at risk in the
event of an accident; and audits to assess compliance and
execution of risk mitigation strategies. Because of the need
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for such directives, and thus the large number of precautions
that must be learned and followed in order to safely inject a
hazardous agent, it is presently thought that it is not practical
for hazardous agents, and particularly methotrexate, to be
self-injected by a patient outside of a clinical setting or with-
out the assistance of a health care provider.

SUMMARY

[0006] Thus, injector devices that allow for the safe self-
administration of hazardous agents are useful. In some
embodiments, hazardous agents can include, without limita-
tion, toxic agents, cytotoxic agents, highly potent agents,
agents that have profound physiological eftects at low doses,
analgesics, immunomodulating agents, I1.-1 receptor antago-
nists, I[.-2 alpha receptor antagonists, anti-rejection com-
pounds, hormonal agents, prostaglandins, sedatives, anticho-
linergic agents, Parkinsons disease drugs, expensive agents,
neuroleptic agents, tissue necrosis factor (TNF) blockers, and
other dangerous agents. Such injector devices would elimi-
nate the risk of inadvertent contact of such agents to the
subject and would also protect to non-users from exposure or
contact with the hazardous agent(s). Examples of cytotoxic
agents include, without limitation, 6-mercaptopurine,
6-thioinosinic acid, azathioprine, chlorambucil, cyclophos-
phamide, cytophosphane, cytarabine, fluorouracil, mel-
phalan, methotrexate, uramustine, anti-cytokine biologicals,
cell receptor antagonists, cell receptor analogues, and deriva-
tives thereof. Examples of highly potent agents include, with-
out limitation, steroids such as dexamethasone, progesterone,
somatostatin, and analogues thereof; biologically active pep-
tides such as teriparatide; and anticholinergics such as sco-
polamine. Examples of agents that have profound physiologi-
cal effects at low doses include, without limitation,
antihypertensives and/or blood pressure down regulators.
Examples of analgesics include, without limitation, fentanyl,
fentanyl citrate, morphine, meperidine, and other opioids.
Examples of immunomodulating agents include, without
limitation, adalimumab (anti-tissue necrosis factor mono-
clonal antibody or anti-TNF). Examples of IL-1 receptor
antagonists include, without limitation, anakinra. Examples
of IL.-2 alpha receptor antagonists include, without limitation,
daclizumab and basiliximab. Examples of anti-rejection com-
pounds include, without limitation, azathioprine, cyclospo-
rine, and tacrolimus. Examples of hormonal agents include,
without limitation, testosterone, estrogen, growth hormone,
insulin, thyroid hormone, follicle stimulating hormone
(FSH), epinephrine/adrenaline, progesterone, parathyroid
hormone, gonadotrophin releasing hormone (GHRH), leuti-
nizing hormone releasing hormone (LHRH), other hormones
such as those where contact with the hormone by members of
the opposite sex can lead to side effects, and derivatives
thereof. Examples of prostaglandins include, without limita-
tion, gamma-linolenic acid, docosahexanoic acid, arachi-
donic acid and eicosapentaenoic acid. Examples of sedatives
include, without limitation, barbiturates such as amobarbital,
pentobarbital, secobarbital, and phenobarbitol; benzodiaz-
epines such as clonazepam, diazepam, estazolam, fluni-
trazepam, lorazepam, midazolam, nitrazepam, oxazepam,
triazolam, temazepam, chlordiazepoxide, and alprazolam;
herbal sedatives such as ashwagandha, duboisia hopwoodi,
prosanthera striatiflora, kava (piper methysticum), man-
drake, valerian, and marijuana; non-benzodiazepine seda-
tives (a.k.a. “Z-drugs™) such as eszopiclone, zaleplon, zolpi-
dem, zopiclone; antihistamines such as diphenhydramine,
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dimenhydrinate, doxylamine, and promethazine; and other
sedatives such as chloral hydrate. Examples of anticholin-
ergic agents include, without limitation, dicyclomine, atro-
pine, ipratropium bromide, oxitropium bromide, and tiotro-
pium. Examples of Parkinson’s disease drugs include,
without limitation, levodopa, dopamine, carbidopa, benser-
azide, co-ceraldopa, co-beneldopa, tolcapone, entacapone,
bromocriptine, pergolide, pramipexole, ropinirole, piribedil,
cabergoline, apomorphine, and lisuride. Examples of expen-
sive agents include, without limitation, human growth hor-
mone and erythropoeitin. Examples of neuroleptic agents
includes, without limitation, antipsychotics; butyrophenones
such as haloperidol and droperidol; phenothiazines such as
chlorpromazine, fluphenazine, perphenazine, prochlorpera-
zine, thioridazine, trifluoperazine, mesoridazine, periciazine,
promazine, triflupromazine, levomepromazine, promethaz-
ine, and pimozide; thioxanthenes such as chlorprothixene,
clopenthixol, flupenthixol, thiothixene, and zuclopenthixol;
atypical antipsychotics such as clozapine, olanzapine, risperi-
done, quetiapine, ziprasidone, amisulpride, asenapine, pali-
peridone, iloperidone, zotepine, and sertindole; and third
generation antipsychotics such as aripiprazole and bife-
prunox. Examples of TNF blockers includes, without limita-
tion, etanercept.

[0007] In some embodiments, the hazardous agent can be
selected from botulinum toxin, injectable gold, 6-mercap-
topurine, 6-thioinosinic acid, azathioprine, chlorambucil,
cyclophosphamide, cytophosphane, cytarabine, fluorouracil,
melphalan, methotrexate, uramustine, anti-cytokine biologi-
cals, cell receptor antagonists, cell receptor analogues, dex-
amethasone, progesterone, somatostatin, analogues of dex-
amethasone, analogues of progesterone, analogues of
somatostatin, teriparatide, scopolamine, antihypertensives,
blood pressure down regulators, fentanyl, fentanyl citrate,
morphine, meperidine, other opioids, adalimumab (anti-tis-
sue necrosis factor monoclonal antibody or anti-TNF), anak-
inra, daclizumab, basiliximab, azathioprine, cyclosporine,
tacrolimus, testosterone, estrogen, growth hormone, insulin,
thyroid hormone, follicle stimulating hormone (FSH), epi-
nephrine/adrenaline, gamma-linolenic acid, docosahexanoic
acid, arachidonic acid, eicosapentaenoic acid, amobarbital,
pentobarbital, secobarbital, phenobarbitol, clonazepam,
diazepam, estazolam, flunitrazepam, lorazepam, midazolam,
nitrazepam, oxazepam, triazolam, temazepam, chlordiazep-
oxide, alprazolam, ashwagandha, duboisia hopwoodii, pro-
santhera striatiflora, kava (piper methysticum), mandrake,
valerian, marijuana, eszopiclone, zaleplon, zolpidem, zopi-
clone, diphenhydramine, dimenhydrinate, doxylamine,
promethazine, chloral hydrate, dicyclomine, atropine, iprat-
ropium bromide, oxitropium bromide, tiotropium, levodopa,
dopamine, carbidopa, benserazide, co-ceraldopa, co-benel-
dopa, tolcapone, entacapone, bromocriptine, pergolide,
pramipexole, ropinirole, piribedil, cabergoline, apomor-
phine, lisuride, human growth hormone, erythropoeitin, halo-
peridol, droperidol, chlorpromazine, fluphenazine, perphena-
zine, prochlorperazine, thioridazine, trifluoperazine,
mesoridazine, periciazine, promazine, triflupromazine,
levomepromazine, promethazine, pimozide, chlorprothix-
ene, clopenthixol, flupenthixol, thiothixene, zuclopenthixol,
clozapine, olanzapine, risperidone, quetiapine, ziprasidone,
amisulpride, asenapine, paliperidone, iloperidone, zotepine,
sertindole, aripiprazole, bifeprunox, etanercept, derivatives
of any of the foregoing, and combinations of any of the
foregoing.
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[0008] Thehazardousagent caninclude a pharmaceutically
acceptable salt, solvate, hydrate, oxide or N-oxide thereof. In
some embodiments, the hazardous agent is a hazardous agent
or a pharmaceutically acceptable salt, solvate, hydrate, oxide
or N-oxide thereof. In some embodiments the hazardous
agent is a compound of formula (I):

N NH,
Y
L N
H
N

oy
LN
N

A
R ¥ j)

¢}

o OR;

or a pharmaceutically acceptable salt, solvate, hydrate, oxide
or N-oxide thereof. In some embodiments, the hazardous
agent is methotrexate.

[0009] Inone aspect, the present disclosure relates to pow-
ered injectors for the safe self injection of one or more haz-
ardous agents in less than about 5 seconds. In various aspects,
the powered injectors may be utilized by patients to self-inject
hazardous agents. In certain embodiments, the powered
injectors are needle assisted. In certain embodiments, the
powered injectors are needle-free. In certain embodiments,
the powered injectors may utilize pressure sufficient to
deliver a therapeutically effective amount of one or more
hazardous agents completely and quickly, in less than about 5
seconds. In certain embodiments, the powered injectors may
comprise a pre-filled syringe for containing the one or more
hazardous agents. In certain embodiments, the powered
injectors may comprise a syringe sleeve to contain the pre-
filled syringe and to minimize syringe movement from injec-
tion force to decrease syringe shock. In certain embodiments,
the powered injectors may comprise a needle exposure con-
trol element. In certain embodiments, the powered injectors
may comprise a safe means to prevent hazards after injection
that may arise from the hazardous agents directly and/or from
body fluids contacted with hazardous agents. In certain
embodiments, the powered injectors may comprise a safe
means to prevent hazards after injection that may arise from
residual hazardous agents present in injector components that
contact the hazardous agents.

[0010] In another aspect, the present disclosure relates to
methods for safely injecting one or more hazardous agents
into a subject. In certain embodiments, the methods utilize a
powered injection system having a pre-filled syringe contain-
ing at least one hazardous agent that allows the subject to
safely self-administer the agent in less than about 5 seconds.
In certain embodiments, the methods include using a spring-
powered injection device comprising a needle with means to
control needle exposure during the injection such that the
exposure is sufficient to deliver one or more hazardous agents
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to the appropriate tissue site. In certain embodiments, the
injector may have a spring sufficiently powerful to deliver one
or more hazardous agents in less than about 2 seconds. In
certain embodiments, the injector may have a syringe sleeve
that minimizes syringe movement as a result of the injection
spring action. In certain embodiments, the injector may have
means for controlling needle exposure that locks following
injection to prevent needle re-exposure. In certain embodi-
ments, the injector may have a liquid tight cap that covers the
means for controlling needle exposure, that allows for
removal of the cap when preparing injector for injection, and
that locks to the injector when re-attached following injection
to provide a sealed container.

[0011] In several aspects, the present disclosure relates to
an injection system. In various aspects, the injection system
comprises a powered injector configured to inject one or more
medicaments in less than about 5 seconds, and one or more
medicaments. In various aspects, the powered injector com-
prises a container configured to contain a medicament, a
delivery member associated with the container for injecting
the medicament, a firing mechanism configured to expel the
medicament from the fluid chamber through the delivery
member for injecting the medicament, an energy source asso-
ciated with the firing mechanism to power the firing mecha-
nism for causing the injection, and a trigger mechanism asso-
ciated with the firing mechanism to activate the firing
mechanism. In some embodiments, the powered injector can
be an autoinjector configured to inject one or more medica-
ments in less than about 5 seconds. In some embodiments, the
powered injector can be a jet injector. In some embodiments,
the jet injector can be needle-assisted. In some embodiments,
the jet injector can be needle-free.

[0012] Inanotheraspect,the present disclosure relates to an
injection system, which can include a powered injector con-
figured to inject one or more hazardous agents in less than
about 5 seconds, and one or more hazardous agents. One
embodiment of a powered injector has a container configured
to contain a hazardous agent, a delivery member associated
with the container for injecting the hazardous agent, a firing
mechanism configured to expel the hazardous agent from the
container through the delivery member for injecting the medi-
cament, an energy source associated with the firing mecha-
nism to power the firing mechanism for causing the injection,
and a trigger mechanism associated with the firing mecha-
nism to activate the firing mechanism. The powered injector
can be a single-shot injector, and can be pre-filled with the
hazardous agent, or alternatively can be fillable or take car-
tridges that can be loaded into the injector for firing. Other
embodiments can have adjustable dosages.

[0013] In another embodiment, the present disclosure
relates to an injection system which can include a jet injector
and a compound of formula (I). One embodiment of a jet
injector has a container configured to contain a hazardous
agent comprising a compound of formula (I), a injection
outlet member associated with the container and defining an
injection outlet configured for injecting the hazardous agent,
a firing mechanism configured to expel the hazardous agent
from the fluid chamber through the injection outlet for inject-
ing the hazardous agent, an energy source associated with the
firing mechanism to power the firing mechanism jet injecting
the hazardous agent from the injection outlet, and a trigger
mechanism associated with the firing mechanism to activate
the firing mechanism. The jet injector can be a single-shot
injector, and can be pre-filled with the hazardous agent, or
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alternatively can be fillable or take cartridges that can be
loaded into the injector for firing. Other embodiments have
adjustable dosages. In some embodiments, the hazardous
agent is methotrexate or a pharmaceutically acceptable salt,
solvate, hydrate, oxide or N-oxide thereof.

[0014] In another embodiment the present disclosure
relates to an injection system for the treatment of inflamma-
tory diseases. In one embodiment, the injection system
includes a jet injector and a therapeutically effective amount
of a medicament, wherein the therapeutically effective
amount of medicament is sufficient to treat an inflammatory
disease. In one embodiment, the jet injector has a container
configured to contain the medicament; an injection outlet
member associated with the container for injecting the medi-
cament; a firing mechanism configured to expel the medica-
ment from the fluid chamber through the outlet member for
injecting the medicament; an energy source associated with
the firing mechanism to power the firing mechanism jet
injecting the medicament from the injection outlet; and a
trigger mechanism associated with the firing mechanism to
activate the firing mechanism. In some embodiments, the
medicament is a hazardous agent. In some embodiments, the
medicament is methotrexate or a pharmaceutically accept-
able salt, solvate, hydrate, oxide or N-oxide thereof.

[0015] In another embodiment the present disclosure
relates to kits. In one embodiment, the kits can comprise a jet
injector configured to inject a therapeutically effective
amount of one or more hazardous agents less than about 5
seconds, a therapeutically effective amount of a hazardous
agent, and instructions for using the jet injector and the haz-
ardous agent. In some embodiments, the jet injector com-
prises a container configured to contain the hazardous agent,
an injection outlet member associated with the container for
injecting the hazardous agent, a firing mechanism configured
to expel the hazardous agent from the fluid chamber through
the outlet member for injecting the hazardous agent, an
energy source associated with the firing mechanism to power
the firing mechanism jet injecting the hazardous agent from
the injection outlet, and a trigger mechanism associated with
the firing mechanism to activate the firing mechanism. In one
embodiment, the kits comprise a jet injector, a therapeutically
effective amount of methotrexate contained in the jet injector,
and instructions for using the jet injector to inject the meth-
otrexate into a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] 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:

[0017] FIG.1isasideview ofaninjection device according
to an embodiment of the present disclosure;

[0018] FIG. 2 is a cross-sectional view of the injection
device of FIG. 1 in a safety state taken along line A-A;
[0019] FIG. 3 is an enlarged view of a portion of the cross-
section shown in FIG. 2;

[0020] FIGS. 4A and 4B are perspective views of a safety
member used in connection with the injection device of FIG.
1

[0021] FIG. 5 is an additional cross-sectional view of the
device of FIG. 1 in the safety state;

[0022] FIG. 6A is a cross-sectional view of the injection
device of FIG. 1 in a ready state;
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[0023] FIG. 6B is a cross-sectional view of the injection
device of FIG. 1 at the start of an injection state;

[0024] FIG. 6C is a cross-sectional view of the injection
device of FIG. 1 at the end of an injection state;

[0025] FIG. 6D is a cross-sectional view of the injection
device of FIG. 1 in a locked state;

[0026] FIG.7isanexploded view of a portion of the trigger
mechanism associated with the injection device of FIG. 1;
[0027] FIG. 8 is a perspective view of a needle guard
according to an embodiment of the injector of FIG. 1;

[0028] FIG. 9 is a cross-sectional view of the cap shown in
FIG. 1;
[0029] 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;
[0030] FIG.11 is a cross-sectional view of a needle-free jet
injection nozzle;

[0031] FIG. 12 shows the pharmacokinetic profiles of
methotrexate in Gottingen minipig plasma following subcu-
taneous injection of methotrexate with an embodiment of an
autoinjector of the present disclosure as compared to a known
hypodermic syringe;

[0032] FIG. 13 shows the mean pharmacokinetic profiles of
methotrexate in Gottingen minipig plasma following subcu-
taneous injection of methotrexate with an embodiment of an
autoinjector of the present disclosure as compared to a known
hypodermic syringe;

[0033] FIG. 14 shows further mean pharmacokinetic pro-
files of methotrexate in Gottingen minipig plasma following
subcutaneous injection of methotrexate with an embodiment
of an autoinjector of the present disclosure as compared to a
known hypodermic syringe;

[0034] FIG. 15 shows a comparison of methotrexate expo-
sure (C,,,, and AUC(0-1)) in Gottingen minipig plasma fol-
lowing subcutaneous injection of methotrexate with an
embodiment of an autoinjector of the present disclosure as
compared to a known hypodermic syringe;

[0035] FIG. 16 shows a comparison of spring force during
injection between an embodiment of an autoinjector of the
present disclosure and a known autoinjector.

DETAILED DESCRIPTION

Definitions

[0036] “Acyl” refers to a radical —C(O)R, where R is
hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl as defined herein.
Representative examples include, but are not limited to
formyl, acetyl, cylcohexylcarbonyl, cyclohexylmethylcarbo-
nyl, benzoyl, benzylcarbonyl and the like.

[0037] “Acylamino” (or alternatively “acylamido™) refers
to a radical —NR'C(O)R, where R' and R are each indepen-
dently hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined
herein. Representative examples include, but are not limited
to, formylamino, acetylamino (i.e., acetamido), cyclohexyl-
carbonylamino, cyclohexylmethyl-carbonylamino, benzoy-
lamino (i.e., benzamido), benzylcarbonylamino and the like.
[0038] “Alkoxy” refers to a radical —OR where R repre-
sents an alkyl or cycloalkyl group as defined herein. Repre-
sentative examples include, but are not limited to, methoxy,
ethoxy, propoxy, butoxy, cyclohexyloxy and the like.

[0039] “Alkoxycarbonyl” refers to a radical —C(O)-
alkoxy, where alkoxy is as defined herein.
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[0040] “Alkyl” refers to a saturated or unsaturated,
branched, straight-chain or cyclic monovalent hydrocarbon
radical derived by the removal of one hydrogen atom from a
single carbon atom of a parent alkane, alkene or alkyne.
Typical alkyl groups include, but are not limited to, methyl;
ethyls such as ethanyl, ethenyl, ethynyl; propyls such as pro-
pan-1-yl, propan-2-yl, cyclopropan-1-yl, prop-1-en-1-yl,
prop-1-en-2-yl, prop-2-en-1-yl (allyl), cycloprop-1-en-1-yl;
cycloprop-2-en-1-yl, prop-1-yn-1-yl, prop-2-yn-1-yl, etc.;
butyls such as butan-1-yl, butan-2-yl, 2-methyl-propan-1-yl,
2-methyl-propan-2-yl, cyclobutan-1-yl, but-1-en-1-yl, but-1-
en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-2-en-2-
yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-
yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, but-1-yn-1-
yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like.

[0041] The term “alkyl” is specifically intended to include
groups having any degree or level of saturation, i.e., groups
having exclusively single carbon-carbon bonds, groups hav-
ing one or more double carbon-carbon bonds, groups having
one or more triple carbon-carbon bonds and groups having
mixtures of single, double and triple carbon-carbon bonds.
Where a specific level of saturation is intended, the expres-
sions “alkanyl,” “alkenyl,” and “alkynyl” are used. In some
embodiments, an alkyl group comprises from 1 to 20 carbon
atoms, in some embodiments, from 1 to 10 carbon atoms.
[0042] “Alkylamino” means a radical —NHR where R rep-
resents an alkyl or cycloalkyl group as defined herein. Rep-
resentative examples include, but are not limited to, methy-
lamino, ethylamino, 1-methylethylamino, cyclohexyl amino
and the like.

[0043] “Alkylsulfiny]” refers to aradical —S(O)R where R
is an alkyl or cycloalkyl group as defined herein. Represen-
tative examples include, but are not limited to, methylsulfinyl,
ethylsulfinyl, propylsulfinyl, butylsulfinyl and the like.
[0044] “Alkylsulfonyl” refers to a radical —S(O),R where
R is an alkyl or cycloalkyl group as defined herein. Represen-
tative examples include, but are not limited to, methylsulfo-
nyl, ethylsulfonyl, propylsulfonyl, butylsulfonyl and the like.
[0045] “Alkylthio” refers to a radical —SR where R is an
alkyl or cycloalkyl group as defined herein. Representative
examples include, but are not limited to methylthio, ethylthio,
propylthio, butylthio and the like.

[0046] “Amino” refers to the radical —NH2.

[0047] “Aryl” refers to a monovalent aromatic hydrocarbon
group derived by the removal of one hydrogen atom from a
single carbon atom of a parent aromatic ring system. Typical
aryl groups include, but are not limited to, groups derived
from aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene, azulene, benzene, chrysene, coronene, fluoran-
thene, fluorene, hexacene, hexaphene, hexalene, as-indacene,
s-indacene, indane, indene, naphthalene, octacene,
octaphene, octalene, ovalene, penta-2.4-diene, pentacene,
pentalene, pentaphene, perylene, phenalene, phenanthrene,
picene, pleiadene, pyrene, pyranthrene, rubicene, triph-
enylene, trinaphthalene and the like. In some embodiments,
an aryl group comprises from 6 to 20 carbon atoms, in some
embodiments between 6 to 12 carbon atoms.

[0048] “Arylalkyl” refers to an acyclic alkyl group in which
one of the hydrogen atoms bonded to a carbon atom, typically
a terminal or sp> carbon atom, is replaced with an aryl group.
Typical arylalkyl groups include, but are not limited to, ben-
zyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphthylm-
ethyl, 2-naphthylethan-1-yl, 2-naphthylethen-1-yl, naph-
thobenzyl, 2-naphthophenylethan-1-yl and the like. Where
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specific alkyl moieties are intended, the nomenclature aryla-
Ikanyl, arylalkenyl and/or arylalkynyl is used. In some
embodiments, an arylalkyl group is (C4-C;,) arylalkyl, e.g.,
the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group
is (C,-C,,) and the aryl moiety is (C4-C,), in some embodi-
ments, an arylalkyl group is (C4-C,,) arylalkyl, e.g., the alka-
nyl, alkenyl or alkynyl moiety of the arylalkyl group is (C,-
Cy) and the aryl moiety is (C4-C, ).

[0049] “Aryloxy” refers to a radical —OR where R repre-
sents an aryl group as defined herein.

[0050] “AUC” is the area under a curve representing the
concentration of a compound, such as a hazardous agent as
defined herein, or metabolite thereof in the blood or plasma of
apatient as a function of time following administration of the
compound to the patient. For example, the administered com-
pound can be a hazardous agent as defined herein. The AUC
may be determined by measuring the concentration of a com-
pound or metabolite thereof 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 or plasma concentration-versus-time curve. The
concentration versus time curve is also referred to as the
pharmacokinetic profile. Suitable methods for calculating the
AUC from a compound concentration-versus-time curve are
well known in the art. For example, an AUC for the hazardous
agent methotrexate may be determined by measuring the
concentration of methotrexate in the blood of a patient fol-
lowing administration of methotrexate to the patient. AUC,_
24 1s the area under the curve from administration (time 0) to
24 hours following administration. AUC, ,, is the area under
the curve over a 24 hour period following a dosing regimen
administered over a period of days (steady state).

[0051] “Bioavailability” refers to the amount of a com-
pound, such as, for example, a hazardous agent, 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. For example, the administered compound
can be a hazardous agent as defined herein.

[0052] “Compounds™ of the present disclosure include
compounds within the scope of formula (I). Compounds may
be identified either by their chemical structure and/or chemi-
cal name. When the chemical structure and chemical name
conflict, the chemical structure is determinative of the iden-
tity of the compound. The compounds described herein may
comprise one or more chiral centers and/or double bonds and
therefore may exist as stereoisomers such as double-bond
isomers (i.e., geometric isomers), enantiomers, or diastere-
omers. Accordingly, unless specifically indicated, any chemi-
cal structures within the scope of the specification depicted, in
whole or in part, with a relative configuration encompass all
possible enantiomers and stercoisomers of the illustrated
compounds including the stereoisomerically pure form (e.g.,
geometrically pure, enantiomerically pure, or diastereomeri-
cally pure) and enantiomeric and sterecoisomeric mixtures.
Enantiomeric and stereoisomeric mixtures may be resolved
into their component enantiomers or stereoisomers using
separation techniques or chiral synthesis techniques well
known to the skilled artisan. For example, resolution of the
enantiomers or diastereomers may be accomplished by con-
ventional methods such as crystallization in the presence of a
resolving agent, or chromatography, using a chiral high-pres-
sure liquid chromatography (HPLC) column.
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[0053] The compounds as disclosed herein may also exist
in several tautomeric forms including the enol form, the keto
form, and mixtures thereof. Accordingly, the chemical struc-
ture depicted herein encompasses all possible tautomeric
forms of the illustrated compounds. Compounds of the
present disclosure also include isotopically labeled com-
pounds where one or more atoms have an atomic mass dif-
ferent from the atomic mass conventionally found in nature.
Examples of isotopes that may be incorporated into the com-
pounds disclosed herein include, but are not limited to, *H,
*H, ''C, 14C, **0, 170, etc. Compounds may exist in unsol-
vated forms as well as solvated forms, including hydrated
forms and as oxides or N-oxides. In general, compounds may
be free acid, hydrated, solvated, oxides, or N-oxides. Com-
pounds may exist in multiple crystalline, co-crystalline, or
amorphous forms. Compounds include pharmaceutically
acceptable salts thereof, or pharmaceutically acceptable sol-
vates of the free acid form of any of the foregoing, as well as
crystalline forms of any of the foregoing. Compounds also
include solvates.

[0054] “Cycloalkyl” refers to a saturated or unsaturated
cyclic alkyl radical. Where a specific level of saturation is
intended, the nomenclature “cycloalkanyl” or “cycloalkenyl”
is used. Typical cycloalkyl groups include, but are not limited
to, groups derived from cyclopropane, cyclobutane, cyclo-
pentane, cyclohexane, and the like. In some embodiments, the
cycloalkyl group is (C5-C,,) cycloalkyl, in some embodi-
ments (C,-C,) cycloalkyl.

[0055] “Cycloheteroalkyl” refers to a saturated or unsatur-
ated cyclic alkyl radical in which one or more carbon atoms
(and any associated hydrogen atoms) are independently
replaced with the same or different heteroatom. Typical het-
eroatoms to replace the carbon atom(s) include, but are not
limited to, N, P, O, S, Si, etc. Where a specific level of
saturation is intended, the nomenclature “cycloheteroalka-
nyl” or “cycloheteroalkenyl” is used. Typical cyclohet-
eroalkyl groups include, but are not limited to, groups derived
from epoxides, imidazolidine, morpholine, piperazine, pip-
eridine, pyrazolidine, pyrrolidine, quinuclidine, and the like.
[0056] “Dialkylamino” means a radical —NRR' where R
and R' independently represent an alkyl or cycloalkyl group
as defined herein. Representative examples include, but are
not limited to, dimethylamino, methylethylamino, di-(1-me-
thylethyl)amino, (cyclohexyl)(methyl)amino, (cyclohexyl)
(ethyl)amino, (cyclohexyl)(propyl)amino and the like.
[0057] “Formula (I)” includes the methotrexate derivative
(D), pharmaceutically acceptable salts thereof, pharmaceuti-
cally acceptable solvates of any of the foregoing, pharmaceu-
tically acceptable hydrates of any of the foregoing, pharma-
ceutically acceptable oxides of any of the foregoing, and
crystalline forms of any of the foregoing. Formula (I) is used
interchangeably with a compound of formula (I). In certain
embodiments, a compound of formula (I) can be a free acid.
In certain embodiments, a compound of formula (I) can be a
pharmaceutically acceptable salt.

[0058] “Halo” means fluoro, chloro, bromo, or iodo.
[0059] “Hazardous Agent(s)” means any one or more medi-
cations that are toxic agents, cytotoxic agents and/or other
dangerous agents that may cause serious effects upon contact
with a subject as well as highly potent agents, agents that have
profound physiological effects at low doses, analgesics,
immunomodulating agents, IL.-1 receptor antagonists, 1[.-2
alpha receptor antagonists, anti-rejection compounds, hor-
monal agents, prostaglandins, sedatives, anticholinergic
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agents, Parkinsons disease drugs, expensive agents, neuro-
leptic agents, tissue necrosis factor (TNF) blockers, and other
dangerous agents. In this disclosure, the term “hazardous
agent(s)” is used interchangeably with “agent” and “medica-
ment”. Hazardous agents include, without limitation, antine-
oplastic cytotoxic medications, anesthetic agents, anti-viral
agents, potent peptide compounds, toxic agents, cytotoxic
agents, highly potent agents, agents that have profound physi-
ological effects at low doses, analgesics, immunomodulating
agents, IL-1 receptor antagonists, I[.-2 alpha receptor antago-
nists, anti-rejection compounds, hormonal agents, prostag-
landins, sedatives, anticholinergic agents, Parkinsons disease
drugs, expensive agents, neuroleptic agents, tissue necrosis
factor (TNF) blockers, and other dangerous agents. [text
missing or illegible when filed] toxic agents, cytotoxic
agents, highly potent agents, agents that have profound physi-
ological effects at low doses and other dangerous agents.

[0060] Examples of highly potent agents include, without
limitation, steroids such as dexamethasone, progesterone,
somatostatin, and analogues thereof; biologically active pep-
tides such as teriparatide; and anticholinergics such as sco-
polamine. Examples of agents that have profound physiologi-
cal effects at low doses include, without limitation,
antihypertensives and/or blood pressure down regulators.
Examples of analgesics include, without limitation, fentanyl,
fentanyl citrate, morphine, meperidine, and other opioids.
Examples of immunomodulating agents include, without
limitation, adalimumab (anti-tissue necrosis factor mono-
clonal antibody or anti-TNF). Examples of IL-1 receptor
antagonists include, without limitation, anakinra. Examples
of IL.-2 alpha receptor antagonists include, without limitation,
daclizumab and basiliximab. Examples of anti-rejection com-
pounds include, without limitation, azathioprine, cyclospo-
rine, and tacrolimus. Examples of hormonal agents include,
without limitation, testosterone, estrogen, growth hormone,
insulin, thyroid hormone, follicle stimulating hormone
(FSH), epinephrine/adrenaline, progesterone, parathyroid
hormone, gonadotrophin releasing hormone (GHRH), leuti-
nizing hormone releasing hormone (LHRH), other hormones
such as those where contact with the hormone by members of
the opposite sex can lead to side effects, and derivatives
thereof. Examples of prostaglandins include, without limita-
tion, gamma-linolenic acid, docosahexanoic acid, arachi-
donic acid and eicosapentaenoic acid. Examples of sedatives
include, without limitation, barbiturates such as amobarbital,
pentobarbital, secobarbital, and phenobarbitol; benzodiaz-
epines such as clonazepam, diazepam, estazolam, fluni-
trazepam, lorazepam, midazolam, nitrazepam, oxazepam,
triazolam, temazepam, chlordiazepoxide, and alprazolam;
herbal sedatives such as ashwagandha, duboisia hopwoodii,
prosanthera striatiflora, kava (piper methysticum), man-
drake, valerian, and marijuana; non-benzodiazepine seda-
tives (a.k.a. “Z-drugs”) such as eszopiclone, zaleplon, zolpi-
dem, zopiclone; antihistamines such as diphenhydramine,
dimenhydrinate, doxylamine, and promethazine; and other
sedatives such as chloral hydrate. Examples of anticholin-
ergic agents include, without limitation, dicyclomine, atro-
pine, ipratropium bromide, oxitropium bromide, and tiotro-
pium. Examples of Parkinson’s disease drugs include,
without limitation, levodopa, dopamine, carbidopa, benser-
azide, co-ceraldopa, co-beneldopa, tolcapone, entacapone,
bromocriptine, pergolide, pramipexole, ropinirole, piribedil,
cabergoline, apomorphine, and lisuride. Examples of expen-
sive agents include, without limitation, human growth hor-
mone and erythropoeitin. Examples of neuroleptic agents
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includes, without limitation, antipsychotics; butyrophenones
such as haloperidol and droperidol; phenothiazines such as
chlorpromazine, fluphenazine, perphenazine, prochlorpera-
zine, thioridazine, trifluoperazine, mesoridazine, periciazine,
promazine, triflupromazine, levomepromazine, promethaz-
ine, and pimozide; thioxanthenes such as chlorprothixene,
clopenthixol, flupenthixol, thiothixene, and zuclopenthixol;
atypical antipsychotics such as clozapine, olanzapine, risperi-
done, quetiapine, ziprasidone, amisulpride, asenapine, pali-
peridone, iloperidone, zotepine, and sertindole; and third
generation antipsychotics such as aripiprazole and bife-
prunox. Examples of TNF blockers includes, without limita-
tion, etanercept.

[0061] Hazardous agents include pharmaceutically accept-
able salts, solvates, hydrates, oxides or N-oxides. In some
embodiments the hazardous agent is a cytotoxic compound or
apharmaceutically acceptable salt, solvate, hydrate, oxide or
N-oxide thereof. In some embodiments the hazardous agent is
a compound of formula (I):
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[0062] or a pharmaceutically acceptable salt, solvate,
hydrate, oxide or N-oxide thereof. In some embodiments, the
medicament is methotrexate.

[0063] In some embodiments, the hazardous agent can be
selected from botulinum toxin, injectable gold, 6-mercap-
topurine, 6-thioinosinic acid, azathioprine, chlorambucil,
cyclophosphamide, cytophosphane, cytarabine, fluorouracil,
melphalan, methotrexate, uramustine, anti-cytokine biologi-
cals, cell receptor antagonists, cell receptor analogues, dex-
amethasone, progesterone, somatostatin, analogues of dex-
amethasone, analogues of progesterone, analogues of
somatostatin, teriparatide, scopolamine, antihypertensives,
blood pressure down regulators, fentanyl, fentanyl citrate,
morphine, meperidine, other opioids, adalimumab (anti-tis-
sue necrosis factor monoclonal antibody or anti-TNF), anak-
inra, daclizumab, basiliximab, azathioprine, cyclosporine,
tacrolimus, testosterone, estrogen, growth hormone, insulin,
thyroid hormone, follicle stimulating hormone (FSH), epi-
nephrine/adrenaline, gamma-linolenic acid, docosahexanoic
acid, arachidonic acid, eicosapentaenoic acid, amobarbital,
pentobarbital, secobarbital, phenobarbitol, clonazepam,
diazepam, estazolam, flunitrazepam, lorazepam, midazolam,
nitrazepam, oxazepam, triazolam, temazepam, chlordiazep-
oxide, alprazolam, ashwagandha, duboisia hopwoodii, pro-
santhera striatiflora, kava (piper methysticum), mandrake,
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valerian, marijuana, eszopiclone, zaleplon, zolpidem, zopi-
clone, diphenhydramine, dimenhydrinate, doxylamine,
promethazine, chloral hydrate, dicyclomine, atropine, iprat-
ropium bromide, oxitropium bromide, tiotropium, levodopa,
dopamine, carbidopa, benserazide, co-ceraldopa, co-benel-
dopa, tolcapone, entacapone, bromocriptine, pergolide,
pramipexole, ropinirole, piribedil, cabergoline, apomor-
phine, lisuride, human growth hormone, erythropoeitin, halo-
peridol, droperidol, chlorpromazine, fluphenazine, perphena-
zine, prochlorperazine, thioridazine, trifluoperazine,
mesoridazine, periciazine, promazine, triflupromazine,
levomepromazine, promethazine, pimozide, chlorprothix-
ene, clopenthixol, flupenthixol, thiothixene, zuclopenthixol,
clozapine, olanzapine, risperidone, quetiapine, ziprasidone,
amisulpride, asenapine, paliperidone, iloperidone, zotepine,
sertindole, aripiprazole, bifeprunox, etanercept, derivatives
of any of the foregoing, and combinations of any of the
foregoing.

[0064] Hazardous agents are capable of causing mortality
and/or serious effects including cancer, infections, organ tox-
icity, fertility problems, genetic damage, and birth defects.
Hazardous agents can also possess mechanisms of action that
are acutely less serious, but still potentially deleterious to the
patient, such as suppression of the immune system. The sup-
pression occurs by down regulation of a population or activity
of specific cells that participate in the immune response,
which increases susceptibility to infection. However, even
though suppression of the immune system is potentially del-
eterious, it can also act to reduce inflammation in a subject,
thereby providing a benefit to patients with autoimmune dis-
eases.

[0065] “Heteroalkyloxy” means an —O—heteroalkyl
group where heteroalkyl is as defined herein.

[0066] “Heteroalkyl” refers to alkyl, alkanyl, alkenyl and
alkynyl radical, respectively, in which one or more of the
carbon atoms (and any associated hydrogen atoms) are each
independently replaced with the same or different heteroat-
omic groups. Typical heteroatomic groups include, but are
not limited to, -0-, —S—, -0-0-, —S—S—, -0-S—, —NR'"—,
—N—N—, —N—N— —N—N—NR—, —PH—, —P(0)
»— —O—P(0),—, —S(0)—, —S(0),—, —SnH,—, and
the like, where R' is hydrogen, alkyl, cycloalkyl, or aryl.
[0067] “Heteroaryl” refers to a monovalent heteroaromatic
radical derived by the removal of one hydrogen atom from a
single atom of a parent heteroaromatic ring system. Typical
heteroaryl groups include, but are not limited to, groups
derived from acridine, arsindole, carbazole, P-carboline,
chromane, chromene, cinnoline, furan, imidazole, indazole,
indole, indoline, indolizine, isobenzofuran, isochromene,
isoindole, isoindoline, isoquinoline, isothiazole, isoxazole,
naphthyridine, oxadiazole, oxazole, perimidine, phenanthri-
dine, phenanthroline, phenazine, phthalazine, pteridine,
purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyri-
midine, pyrrole, pyrrolizine, quinazoline, quinoline, quino-
lizine, quinoxaline, tetrazole, thiadiazole, thiazole,
thiophene, triazole, xanthene, and the like. In some embodi-
ments, the heteroaryl group is between 5-20 membered het-
eroaryl, in some embodiments between 5-10 membered het-
eroaryl. In some embodiments heteroaryl groups can be those
derived from thiophene, pyrrole, benzothiophene, benzofu-
ran, indole, pyridine, quinoline, imidazole, oxazole and pyra-
Zine.

[0068] “Heteroarylalkyl” refers to an acyclic alkyl group in
which one of the hydrogen atoms bonded to a carbon atom,
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typically a terminal or sp> carbon atom, is replaced with a
heteroaryl group. Where specific alkyl moieties are intended,
the nomenclature heteroarylalkanyl, heteroarylalkenyl and/
or heterorylalkynyl is used. In some embodiments, the het-
eroarylalkyl group is a 6-30 membered heteroarylalkyl, e.g.,
the alkanyl, alkenyl or alkynyl moiety of the heteroarylalkyl
is 1-10 membered and the heteroaryl moiety is a 5-20 mem-
bered heteroaryl, in some embodiments, 6-20 membered het-
eroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of
the heteroarylalkyl is 1-8 membered and the heteroaryl moi-
ety is a 5-12-membered heteroaryl.

[0069] “Heteroaryloxy” means an —O—heteroaryl group
where heteroaryl is as defined herein.

[0070] “N-oxide” (also known as “amine oxide” and
“amine-N-oxide”) refers to a chemical compound that con-
tains the functional group R;N*—O~, where R is hydrogen,
alkyl, aryl, arylalkyl, cycloalkyl, cycloheteroalkyl, het-
eroalkyl, heteroaryl, or heteroarylalkyl.

[0071] “Oxide” refers to a chemical compound containing
at least one oxygen atom as well as at least one other element.
[0072] “Patient” and “Subject” both independently include
mammals, such as for example, humans.

[0073] “Pharmaceutically acceptable” refers to approved
or approvable by a regulatory agency of a federal or a state
government, listed in the U.S. Pharmacopeia, or listed in
other generally recognized pharmacopeia for use in mam-
mals, including humans.

[0074] “Pharmaceutically acceptable salt” refers to a salt of
a compound, such as a salt of a hazardous agent, that is
pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts
include: (1) acid addition salts that are formed with inorganic
acids such as hydrochloric acid, hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, and the like; or that are
formed with organic acids such as acetic acid, propionic acid,
hexanoic acid, cyclopentanepropionic acid, glycolic acid,
pyruvic acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric acid, ben-
zoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid,
1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid,
benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-naph-
thalenesulfonic acid, 4-toluenesulfonic acid, camphorsul-
fonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic
acid, glucoheptonic acid, 3-phenylpropionic acid, trimethy-
lacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, sali-
cylic acid, stearic acid, muconic acid, and the like; and (2)
salts formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an alkali
metal ion, an alkaline earth metal ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine,
diethanolamine, triethanolamine, N-methylglucamine, and
the like. In certain embodiments, a salt of a hazardous agent is
the hydrochloride salt, and in certain embodiments, the
sodium salt.

[0075] “Pharmaceutically acceptable vehicle” or “pharma-
ceutically acceptable excipient” refers to a pharmaceutically
acceptable diluent, a pharmaceutically acceptable adjuvant, a
pharmaceutically acceptable excipient, a pharmaceutically
acceptable carrier, or a combination of any of the foregoing
with which a compound, such as, for example, a hazardous
agent, may be administered to a patient, which does not
destroy the pharmacological activity thereof, and which is
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nontoxic when administered in doses sufficient to provide a
therapeutically effective amount of the compound.

[0076] “Pharmacokinetics” refers to the assessment of the
fate of an administered medication in the body. Parameters
useful in characterizing pharmacokinetics include a blood
concentration-versus-time curve include the area under the
curve (AUC), the time to peak concentration (T,,,.), and the
maximum compound concentration C,,,,, where C,,, is the
maximum concentration of a compound in the blood plasma
of a patient following administration of a dose of the com-
pound to the patient, and T, is the time to the maximum
concentration (C,,,,.) of a compound in the blood or plasma of
a patient following administration of a dose of the compound
to the patient.

[0077] “Powered injectors” are injection devices that have
an energy source that powers a mechanism to fire the injector.
Powered injectors of the present disclosure are configured to
deliver, or inject, one or more hazardous agents into a subject
in less than about 5 seconds.

[0078] “Solvate” refers to a molecular complex of a com-
pound with one or more solvent molecules in a stoichiometric
or non-stoichiometric amount. Such solvent molecules are
those commonly used in the pharmaceutical art, which are
known to be innocuous to a patient, e.g., water, ethanol, and
the like. A molecular complex of a compound or moiety of a
compound and a solvent can be stabilized by non-covalent
intra-molecular forces such as, for example, electrostatic
forces, van der Waals forces, or hydrogen bonds. The term
“hydrate” refers to a solvate in which the one or more solvent
molecules is water.

[0079] “Therapeutically effective amount” refers to the
amount of a hazardous agent that, when administered to a
subject for treating a disease or disorder, or at least one of the
clinical symptoms of a disease or disorder, is sufficient to
affect such treatment of the disease, disorder, or symptom.
The therapeutically effective amount may vary depending,
for example, on the compound, the disease, disorder, and/or
symptoms of the disease, severity of the disease or disorder,
and/or symptoms of the disease or disorder, the age, weight,
and/or health of the patient to be treated, and the judgment of
the prescribing physician. A therapeutically effective amount
may be ascertained by those skilled in the art or capable of
determination by routine experimentation.

[0080] “Treating” or “treatment” of any disease refers to
arresting or ameliorating a disease or disorder, or at least one
of'the clinical symptoms of a disease or disorder, reducing the
risk of acquiring a disease or disorder or at least one of the
clinical symptoms of a disease or disorder, reducing the
development of a disease or disorder, or at least one of the
clinical symptoms of the disease or disorder, or reducing the
risk of developing a disease or disorder, or at least one of the
clinical symptoms of a disease or disorder. “Treating” or
“treatment” also refers to inhibiting the disease or disorder,
either physically, (e.g., stabilization of a discernible symp-
tom), physiologically, (e.g., stabilization of a physical param-
eter), or both, and to inhibiting at least one physical parameter
that may or may not be discernible to the patient. In certain
embodiments, “treating” or “treatment” refers to delaying the
onset of the disease or at least one or more symptoms thereof
in a patient which may be exposed to or predisposed to a
disease or disorder even though that patient does not yet
experience or display symptoms of the disease.

[0081] Reference is now made in detail to certain embodi-
ments of the disclosure including, without limitation, hazard-
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ous agents, injectors and methods. The disclosed embodi-
ments are not intended to he limiting of the claims. To the
contrary, the claims are intended to cover all alternatives,
modifications, and equivalents.

Injection of Hazardous Agents

[0082] In various aspects, the present disclosure relates to
the injection of hazardous agents. In some embodiments, the
hazardous agents are cytotoxic agents. Examples of cytotoxic
agents that may be used according to the present disclosure
include, without limitation, 6-mercaptopurine, 6-thioinosinic
acid, azathioprine, chlorambucil, cyclophosphamide, cyto-
phosphane, cytarabine, melphalan, methotrexate, uramus-
tine, anti-tissue necrosis factor biologicals, anti-cytokine bio-
logicals, cell receptor antagonists, cell receptor analogues,
and derivatives of each of the foregoing. Some of these agents
are labeled “cytotoxic” because they act by directly killing
cells or by impeding cell metabolism. Cytotoxic agents acting
in this manner elicit their greatest effect against rapidly divid-
ing cells. In the case of rapidly dividing tumor cells, cytotoxic
agents are particularly effective because they act to kill these
cells. This activity can also suppress the cells involved in a
hyperactive immune response, resulting in a reduction in
disease activity, which enables cytotoxic agents to treat dis-
eases such as rheumatoid arthritis (and other autoimmune
diseases), lupus, vasculitis and related conditions. The base
mechanism of action is the suppression of a hyperactive
immune response, which results in anti-inflammatory effects.
For example, when used at low doses to treat such diseases,
the method of action of the cytotoxic agent methotrexate is
anti-inflammatory, not cytotoxic.

[0083] In some embodiments, one or more hazardous
agents and/or pharmaceutically acceptable salts, solvates,
hydrates, oxides and N-oxides thereof, can be injected in less
than about 5 seconds via the use of a powered injector. In
some embodiments, the present disclosure relates to the injec-
tion of one or more hazardous agents and one or more phar-
maceutically acceptable excipients. In some embodiments,
the present disclosure relates to the injection of a pharmaceu-
tically acceptable salt of one or more hazardous agents.

Injection of Methotrexate and its Derivatives

[0084] Insomeembodiments, the injected hazardous agent
is methotrexate and/or one or more derivatives of methotrex-
ate as given by formula (I), described further below. In one
aspect, the present disclosure relates to the injection of meth-
otrexate and/or derivatives of methotrexate via a powered
injector in less than about 5 seconds. In some embodiments,
methotrexate and/or derivatives of methotrexate and/or phar-
maceutically acceptable salts, solvates, hydrates, oxides and
N-oxides thereof, are injected. In some embodiments, the
present disclosure relates to the injection of methotrexate
and/or derivatives of methotrexate and one or more pharma-
ceutically acceptable excipients. In some embodiments, the
present disclosure relates to the injection of a pharmaceuti-
cally acceptable salt of methotrexate and/or derivatives of
methotrexate. In some embodiments, the present disclosure
relates to the injection of pharmaceutical compositions com-
prising methotrexate and a pharmaceutically acceptable
excipient.

Jet Injection of Hazardous Agents

[0085] Insomeembodiments, the present disclosure relates
to the injection of hazardous agents via a jet injector. In some
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embodiments, the jet injector is a needle-assisted jet injector.
In some embodiments, the jet injector is a needle-free jet
injector. In some embodiments, hazardous agents and/or
pharmaceutically acceptable salts, solvates, hydrates, oxides
and N-oxides thereof, are injected. In some embodiments,
pharmaceutical compositions comprising one or more haz-
ardous agents and one or more pharmaceutically acceptable
excipients are injected. In some embodiments, a pharmaceu-
tically acceptable salt of a hazardous agent is injected. In
some embodiments, the present disclosure relates to the injec-
tion of pharmaceutical compositions comprising methotrex-
ate and a pharmaceutically acceptable excipient.

Compounds

[0086] In various aspects, the present disclosure relates to
hazardous agents. In various embodiments, the present dis-
closure relates to compounds of formula (I):

N
Y
IKN
H'VN
H
N

¢}

@

LN NH,
N

OR,

OR;

and pharmaceutically acceptable salts, solvates, hydrates,
oxides and N-oxides thereof.

[0087] Invarious aspects, R, R,, and R, are independently
selected from the group hydrogen, alkyl, alkoxy, acyl, acy-
lamino, alkylamino, alklysulfinyl, alkylsulfonyl, alkylthio,
alkoxycarbonyl, aryl, arylalkyl, aryloxy, cycloalkyl, cyclo-
heteroalkyl, dialkylamino, halo, heteroalkyl, heteroaryl, het-
eroarylalkyl, heteroalkyloxy, and heteroaryloxy.

[0088] In certain embodiments, the compound of formula
(D is the cytotoxic agent methotrexate, wherein R, is methyl
and R, and R, are both hydrogen. Chemically, methotrexate is
known as L-(+)-N-[p-[[(2,4-Diamino-6-pteridinyl)methyl]
methylamino]-benzoyl|glutamic acid or by its systematic
(IUPAC) name (28)-2-[(4-{[(2,4-diamino-7, 8-dihydropteri-
din-6-yl)methyl](methyl)amino } phenyl)formamidoJpen-
tanedioic acid.

[0089] In certain embodiments, compounds of formula (I)
may be prepared using the methods described by U.S. Pat.
No. 4,374,987 to Singh et al. and/or U.S. Pat. No. 4,080,325
to Ellard.

[0090] The hazardous agents of the present disclosure can
comprise atherapeutically effective amount of one or more of
the hazardous agents disclosed herein, in some embodiments
in purified form, together with a suitable amount of a phar-
maceutically acceptable vehicle, so as to provide the form for
proper self administration by a patient. In some embodi-
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ments, when self administered by a patient, the hazardous
agents of the present disclosure and pharmaceutically accept-
able vehicles are sterile. In some embodiments, water can be
used as a vehicle when the hazardous agents of the present
disclosure are self injected. In some embodiments, saline
solutions and aqueous dextrose and glycerol solutions can
also be employed as liquid vehicles for injectable solutions.
Suitable pharmaceutical vehicles can also include excipients
such as sodium phosphate, sodium citrate, sodium acetate
trihydrate, citric acid, glacial acetic acid, mannitol, polysor-
bate 80, L-arginine hydrochloride, metacresol, phenol, zinc
oxide, and water. In some embodiments, hazardous agents of
the present disclosure can also contain minor amounts of
wetting or emulsifying agents, pH buffering agents, and/or
auxiliary, stabilizing, thickening, lubricating and/or coloring
agents.

[0091] In some embodiments, pharmaceutical composi-
tions provided by the present disclosure comprise the hazard-
ous agents disclosed herein together with one or more phar-
maceutically acceptable excipients.

[0092] The amount of the one or more pharmaceutically
acceptable excipients in a pharmaceutical composition can
be, for example: from about 0.005% w/v to about 10% w/v;
and from about 2% w/v to about 6% w/v; where % w/v is
based on the total weight of the excipient per unit volume.
[0093] In some embodiments, pharmaceutical composi-
tions provided by the present disclosure comprise a pharma-
ceutically acceptable salt of the hazardous agents disclosed
herein.

Pharmacokinetics

[0094] Typically, the bioavailability of a hazardous agent is
close to 100% when it is injected or administered intrave-
nously because the hazardous agent does not get destroyed in
the gastrointestinal tract and cleared from the subject’s body
or, if the hazardous agent is injected into a tissue, it does not
have any tissue architecture or constituents to traverse prior to
being systemically available. By changing the way the haz-
ardous agent is administered, the pharmacokinetics of that
hazardous agent may also be altered in order to maintain the
pharmacokinetics and/or bioavailability of the hazardous
agent in a particular manner suitable for a patient, dose or
other hazardous agent property.

[0095] In some embodiments, the bioavailability of a haz-
ardous agent can be maintained, or approximated to a known
or desired level, by selecting one or more factors in the con-
figuration of a powered injector, and in some embodiments
one or more factors in the configuration of a jet injector, to
maintain bioequivalence for the hazardous agent. Bioequiva-
lence can be measured using means known in the art to
measure plasma levels to determine the rate and extent of
absorption of the hazardous agent and determining the AUC
for the hazardous agent to determine the extent of absorption.
C,,.. concentrations may also be used to determine the rate of
hazardous agent absorption. Bioequivalence is established if
a hazardous agent injected via an injector of the present
disclosure reaches the site of absorption in similar times and
is absorbed to the same extent as if the hazardous agent had
been introduced to the subject via other known routes of
administration. Typically, bioequivalence of a hazardous
agent is reached if one or more confidence intervals of the
measured pharmacokinetic parameters fall between about
80% and about 125% of a known or desired level of the
hazardous agent (see: Approved Compound Products With
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Therapeutic Equivalence Evaluations, US Food and Com-
pound Administration Electronic Orange Book, 27th ed.
Washington, D.C.: US Department of Health & Human Ser-
vices (2007); and 21 C.F.R. §320.33 (Apr. 1, 2005)).

[0096] The rate of injection, or the speed at which a haz-
ardous agent is delivered to a subject, is a function of several
features of the injector used, and can include, without limita-
tion, the pressure utilized by the injector to make the injec-
tion, and/or the configuration and dimensions of the injection
outlet of an injection outlet member in an injector, such as the
needle used or the needle-free nozzle. In some embodiments,
the speed of injection of an injector can be selected to main-
tain the pharmacokinetics and/or bioavailability of a hazard-
ous agent at a level that is similar to other methods of
parenteral delivery including, without limitation, traditional
hypodermic-syringe injection, by altering the pressure used
in the injector to jet inject the hazardous agent.

[0097] Changes in one or more factors in the configuration
of'aninjector may be necessary because the interactions of the
hazardous agent, once ejected from an injector of the present
disclosure, can vary widely from subject to subject. It is
believed that the deposition pattern of the hazardous agent
resulting from injection is noteworthy as increased dispersion
from a powered injector, as compared to bolus deposition
from a manual syringe, may impact the hazardous agent’s
interaction with cells and either enhance or impede the migra-
tion of the hazardous agent to the systemic circulation. For
example, for the hazardous agent methotrexate, cell transport
mechanisms exist that result in methotrexate uptake by cells,
including the reduced folate carrier and membrane transport
proteins termed folate receptors. These mechanisms have
variable rates of action and variable degrees of expression
(see Kremer, J. M., Toward a better understanding of meth-
otrexate, Arthritis and Rheumatism 2004; 50: 1370-1382).
Since it s likely that methotrexate would encounter such cells
after injection but before reaching the systemic circulation,
the pharmacokinetics and/or bioavailability of methotrexate
resulting from the injection can vary greatly from individual
to individual, thereby necessitating a change in the manner in
which methotrexate is administered from subject to subject.
The amount of change to one or more factors in the configu-
ration of an injector will therefore depend, at least in part, on
the nature of the disease, the subject to be treated and the
discretion of the prescribing physician, and may be deter-
mined by standard techniques known in the art.

[0098] By using a powered injector of the present disclo-
sure, a hazardous agent may be injected into a subject more
precisely and completely than if it were injected via a manual
syringe, and in less than about 5 seconds. In a jet injector
embodiment, the configuration of the jet injector, and the
factors affecting the injection, can be selected to obtaina C,, .
for a hazardous agent that is the same or substantially the
same as that seen with other methods of parenteral delivery
including, without limitation, a typical hand-powered hypo-
dermic syringe. In another jet injector embodiment, the con-
figuration of the injector, and the factors affecting the injec-
tion, can be selected to obtain a T,,,, for a hazardous agent
that is the same or substantially the same as that seen with
other methods of parenteral delivery including, without limi-
tation, a typical hand-powered hypodermic syringe. In a fur-
ther jet injector embodiment, the configuration of the jet
injector, and the factors affecting the injection, can be
selected to obtain botha C, . and a T,,,, for a hazardous
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agent that is the same or substantially the same as that seen
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with other methods of parenteral delivery including, without
limitation, a typical hand-powered hypodermic syringe.
[0099] The pharmacokinetics of the cytotoxic agent meth-
otrexate will now be described as a specific example of the
pharmacokinetics of the disclosed hazardous agents.

[0100] The pharmacokinetics of injected methotrexate are
generally known (see, e.g., Aquerreta, 1., et al., Ped. Blood &
Cancer (2003); 42(1), 52-58; and Seideman, P., et al., Br. J.
Clin. Pharmacol. (1993) April; 35(4): 409-412). Methotrex-
ate is a weak dicarboxylic acid with an acid dissociation
constant of about 4.8 to about 5.5, and thus exists mostly in its
ionized state at physiologic pH. After intravenous adminis-
tration, the initial average distribution volume of methotrex-
ate is typically about 0.18 L/kg (or about 18% of the subject’s
body weight) and the average steady-state distribution vol-
ume typically ranges from about 0.4 L/kg to about 0.8 L/kg
(or about 40% to about 80% of the subject’s body weight).
Methotrexate is generally completely absorbed from
parenteral routes of injection. After intramuscular injection of
methotrexate, peak serum concentrations (C,,,.) occur in
about 30 to about 60 minutes (T,,,.) in most patients. How-
ever, individual plasma concentrations of injected methotrex-
ate have been reported to vary widely between individual
subjects. For example, in pediatric patients with juvenile
rheumatoid arthritis, the average mean serum concentrations
of'methotrexate were about 0.59 uM (averaged over arange of
about 0.03 uM to about 1.40 pM) at about 1 hour, an average
of'about 0.44 uM (averaged over a range of about 0.01 uM to
about 1.00 M) at about 2 hours, and an average of about 0.29
UM (averaged over a range of about 0.06 uM to about 0.58
uM) at about 3 hours. In pediatric patients receiving methotr-
exate injections for acute lymphocyctic leukemia (at doses of
about 6.3 mg/m? to about 30 mg/m?) or for juvenile rheuma-
toid arthritis (at doses of about 3.75 mg/m> to about 26.2
mg/m?), the terminal half-life of methotrexate has been
reported to range from about 0.7 hours to about 5.8 hours, or
from about 0.9 hours to about 2.3 hours, respectively.
[0101] Toxicity at Higher Doses

[0102] As shown by several prior studies, it is presently
unclear whether increasing a regular dose of methotrexate
results in an increase in compound efficacy. What is clear,
however, is that as the dose of methotrexate increases, toxic-
ity-associated side effects also increase. For example, Furst et
al. evaluated the effect of increasing oral doses of methotrex-
ate from 5 mg/m? (7.5 mg to 10 mg) per week to 10 mg/m?> (15
mg to 22 mg) per week in 46 patients (see Furst, D. E., etal.,
J. Rheumatol., 1989; 16: 313-320). In this study, the authors
noted that higher doses of methotrexate resulted in a dose-
related efficacy response together with a trend toward
increased toxicity. However, a separate study conducted by
Lambert et al. did not find improved efficacy with increasing
doses of methotrexate (see Lambert, C. M., et al., Arthritis
and Rheumatism, 2004; 50: 364-371). In this study, the effect
of escalating intramuscular methotrexate dosage from 15 mg
per week to 45 mg per week in 64 patients was evaluated. The
authors observed an improvement in disease activity scores
(DAS) in some patients following a switch from oral to intra-
muscular administration at 15 mg per week (average DAS28
reduced from 5.6 to 5.2). Fifty-four patients who did not
achieve a favorable DAS28 score (DAS28<3.2) also demon-
strated no difference in disease improvement when compared
to patients who were given placebo.

[0103] Visser and van der Heijde conducted a review of
several studies focused on the efficacy of varying dosages and
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modes of administration of methotrexate in subjects with
rheumatoid arthritis (see Visser, K., and van der Heijde, D.,
Annal. Rheum. Diseases, 2008; published online 25 Nov.
2008 as doi: 10.1136/ard.2008.092668). The authors con-
cluded that starting subjects on methotrexate at 15 mg/week
orally, then escalating the dose 5 mg/month until a peak
concentration of 25-30 mg/week (or the highest tolerable
dose per subject) is reached, followed by a subsequent switch
to subcutaneous administration in the event of an insufficient
response, seems to be the optimal means of dosing and rout-
ing for methotrexate in rheumatoid arthritis.

[0104] Varied Bioavailability with Oral Dosing

[0105] Several studies have also demonstrated that, when
taken orally, the bioavailability of methotrexate is highly
variable. There is evidence to suggest that oral bioavailability
of methotrexate declines as the dose is increased. For
example, Herman et al. characterized the bioavailability of
intravenously and orally administered methotrexate at a dose
of 10 mg/m? per week in 41 patients with rheumatoid arthritis
(see Herman, R. A, etal.,J. Pharm. Sci., 1989; 78: 165-171).
The authors found that absorption of methotrexate adminis-
tered orally was only about 70%zx27% of the total absorption
observed following intravenous administration of the same
amount. Additionally, Hamilton et al. compared the bioavail-
ability of intramuscularly administered methotrexate versus
oral administration at a starting dosage of 7.5 mg per week,
with an average maintenance dosage of 17 mg per week, in 21
patients with rheumatoid arthritis (see Hamilton, R. A., and
Kremer, J. M., Br. J. Rheum., 1997; 36: 86-90). The authors
found that the total absorption of methotrexate following oral
administration fell about 13.5% during maintenance dosage
relative to the total absorption seen at the starting dosage.

[0106] Kurnik et al. compared the bioavailability of an oral
dose of methotrexate, ranging from 15 mg to 25 mg, to the
same dose administered subcutaneously in patients with
Crohn’s disease (see Kurnik, D., et al., Alimentary Pharm.
Ther., 2003; 18: 57-63). The authors observed that oral bio-
availability varied widely among the patients given oral
doses, with an average bioavailability being approximately
73% of the total bioavailability of methotrexate seen in
patients given methotrexate subcutaneously.

[0107] Hoekstra et al. evaluated the bioavailability of 25
mg and higher doses of methotrexate, given orally and sub-
cutaneously, in patients with rheumatoid arthritis (see Hoek-
stra, M. et al., J. Rheum., 2004;31: 645-8). They reported that
oral bioavailability was, on average, only 64% of that seen for
methotrexate administered subcutaneously at a median dos-
age of 30 mg per week. The relative absorption varied from
21% to 96% in the tested patients.

[0108] Brooks et al. compared the pharmacokinetics and
bioavailability of methotrexate administered intramuscularly
versus administered subcutaneously at doses ranging from
12.5 mg to 25 mg per week (Brooks, P. J. et al., Arthritis and
Rheumatism, 1990; 33: 91-94). The authors found similar
peak serum concentrations and bioavailability for both
routes, however T, was observed to be faster after subcu-
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taneous administration in 4 out of 5 patients tested.

[0109] Oguey et al. evaluated the effect of food on the
bioavailability of oral methotrexate at a dose of 15 mg in 10
rheumatoid arthritis patients (see Oguey, D., et al., Arthritis
and Rheumatism, 1992;35:611-614). They reported that oral
bioavailability was unaffected by food, at 67% and 63%,
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respectively, following fasting and fed conditions, however
they also noted that the inter-patient variability was high,
ranging from 28% to 94%.

[0110] Hoekstra et al. evaluated the effect of splitting oral
doses of 25 mg to 35 mg methotrexate into 2 equal portions
given 8 hours apart in 10 patients with rheumatoid arthritis
(see Hoekstra, M., et al., J. Rheum., 2006; 33: 481-485). They
showed that bioavailability ofa split dose increased to 90% of
that achieved by parenteral administration, as compared to
76% bioavailability when the same amount was given as a
single oral dose.

[0111] Oral Versus Subcutaneous Administration

[0112] Recently, Braun et al. reported the results of a
6-month, double-blind, controlled trial comparing the clini-
cal efficacy and safety of orally administered methotrexate
versus subcutaneously administered methotrexate in 375
patients with active rheumatoid arthritis, at a starting dose of
15 mg per week (see Braun, J. et al., Arthritis and Rheuma-
tism, 2008; 58: 73-81). After 16 weeks, significantly more
patients who started on subcutaneous methotrexate success-
fully achieved the American College of Rheumatology crite-
ria for 20% improvement (ACR20) than those who started on
oral methotrexate. Specifically, 85% of patients started on
subcutaneous methotrexate achieved an ACR20 result versus
77% of those patients started on oral methotrexate.

[0113] A trend for greater ACR20 and greater American
College of Rheumatology criteria for 70% improvement
(ACR70) scores was also observed after 24 weeks. At 24
weeks, the percentage of patients with an ACR20 response
was significantly higher in a subcutaneously-administered
methotrexate group (78%) than in an orally-administered
methotrexate group (70%). The percentage of patients
achieving an ACR70 response at week 24 was also higher in
patients receiving subcutaneous methotrexate than in those
receiving oral methotrexate (41% versus 33%).

[0114] At24 weeks, the number of swollen joints was lower
in the group that received subcutaneous methotrexate than in
the group that received oral methotrexate (2 versus 3), as was
the number of tender joints (3.5 versus 6). The median Health
Assessment Questionnaire (HAQ) score, a comprehensive
measure of outcome in patients with a wide variety of rheu-
matic diseases, was lower in the group administered methotr-
exate subcutaneously as compared with the orally adminis-
tered group at week 24 (0.4 versus 0.5). The median Disease
Activity Score (DAS28), an index that measures the disease
activity in patients with rheumatoid arthritis, was also lower
in the group administered with methotrexate subcutaneously
than in the orally administered group (3.3 versus 3.7) after 24
weeks.

[0115] At 16 weeks, only 52 patients (14% of the total
tested) were classified as ACR20 non-responders. However,
when these patients were switched from a 15 mg oral dose of
methotrexate to a 15 mg dose administered subcutaneously,
30% of them demonstrated a positive ACR20 response, and
23% more of them demonstrated a positive ACR20 response
when the dosage of subcutaneously-administered methotrex-
ate was increased from 15 mg to 20 mg.

[0116] Ina subgroup of patients with a time between diag-
nosis and study entry of =1 year who had received prior
disease-modifying antirheumatic compounds or steroids
(n=98), the difference in the percentage of ACR20 responders
between the orally administered (63%) and subcutaneously-
administered (89%) methotrexate groups was even greater
than in the entire study population. Further, in this group of
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patients, the time to achieve an ACR20 response was approxi-
mately 2 weeks shorter with subcutaneous administration (4
weeks) of methotrexate than with oral administration (6
weeks).

[0117] The authors concluded that superior clinical effi-
cacy was demonstrated when methotrexate was administered
to subjects subcutaneously as compared to the same dose of
methotrexate given orally. Additionally, subcutaneous
administration was not accompanied by a significantly higher
rate of adverse events.

[0118] Oral Versus Intramuscular Administration

[0119] Wegrzyn et al. compared the efficacy and tolerabil-
ity of methotrexate administered orally versus intramuscu-
larly in a survey of 143 patients with rheumatoid arthritis (see
Wegrzyn, J. et al., Annal. Rheum. Diseas., 2004; 63: 1232-
1234). Patients in this study were initially given methotrexate
intramuscularly, but were subsequently switched to oral
administration following a supply shortage, approximately 3
months into the study. Subsequently, 47 patients were
switched back to intramuscular administration of methotrex-
ate and observed for 3 months.

[0120] After switching to orally administered methotrex-
ate, 49% to 71% of patients reported worsening of symptoms
(morning pain and joint pain) and 48% reported experiencing
nausea. In the group who were switched hack to intramuscu-
larly administered methotrexate, 40% to 70% of patients
reported improvement in symptoms (morning pain and joint
pain). Somewhat fewer patients (40%) reported nausea. Liver
transaminases increased in nearly 25% of patients after
switching to oral methotrexate with subsequent decreases
after switching back to intramuscular methotrexate.

[0121] Hoffmeister reported on 15 years of early experi-
ence with methotrexate in 78 rheumatoid arthritis patients.
Patients in this study were given 10 mg to 15 mg of intramus-
cular methotrexate once a week (see Hoffmeister, R. T., Amer:
J. Med., 1983; 75(6A):69-73). Eighty-two percent were
judged to have moderate or marked improvement following
treatment. Patients who achieved the expected maximal effect
were permitted to switch to oral methotrexate. Of the 48
patients who switched to oral methotrexate, 10 deteriorated
following the switch and subsequently improved after switch-
ing back to intramuscular administration.

[0122] Taken in aggregate, the foregoing pharmacokinetic
studies collectively suggest that parenteral methotrexate is
better absorbed, more efficacious and better tolerated versus
the same dose given orally.

[0123] Insomeembodiments, one or more of the hazardous
agents disclosed herein can be injected into a tissue of a
subject in less than about 5 seconds by a powered injector
according to the present disclosure to a depth of from about 2
mm to about 10 mm, in some embodiments from about 3 mm
to about 5 mm, and in some embodiments about 3.5 mm. In
some embodiments, the hazardous agents disclosed herein
can be injected into a tissue of a subject by a powered injector
at a pressure range of about 200 p.s.i. to about 500 p.s.i., in
some embodiments at a range of about 300 p.s.i., in some
embodiments at about 400 p.s.i., and in some embodiments at
about 500 p.s.i. In some embodiments, the powered injector is
needle-assisted; in some embodiments the powered injector
is needle-free; in some embodiments the powered injector is
a needle-assisted jet injector; and in some embodiments the
powered injector is a needle-free jet injector.

[0124] Insomeembodiments, a jetinjector is configured to
render the pharmacokinetics of a hazardous agent, for
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example methotrexate, unaffected or substantially unaffected
compared to other methods of parenteral delivery including,
without limitation, traditional, hand-powered, hypodermic-
syringe injection. In some embodiments, a jet injector is
configured, such as by selecting the factors that can affect the
pharmacokinetics, to maintain the speed at which the hazard-
ous agent is absorbed into the subject’s bloodstream, and to
cause the hazardous agent to be absorbed into the subject’s
bloodstream at the same rate or substantially the same rate as
with traditional, hand-powered hypodermic syringe injec-
tion, for maintaining the pharmacokinetics and/or bioavail-
ability for the hazardous agent.

[0125] In some embodiments, the depth of injection of a
hazardous agent can be altered in order to deliver that haz-
ardous agent to a subject in such a way so as to approximate
the known and/or desired pharmacokinetics of that hazardous
agent. In some embodiments, the depth of injection is
increased in order to maintain the known and/or desired phar-
macokinetics of a hazardous agent. In some embodiments,
the depth of injection is decreased in order to maintain the
known and/or desired pharmacokinetics of a hazardous agent.
In some embodiments, the pressure utilized by a jet injector
can be altered in order to deliver a hazardous agent from the
jet injector into a subject in such a way so as to approximate
the known and/or desired pharmacokinetics of that hazardous
agent. In some embodiments, the pressure is increased in
order to maintain the known and/or desired pharmacokinetics
of'a hazardous agent. In some embodiments, the pressure is
decreased in order to maintain the known and/or desired
pharmacokinetics of a hazardous agent. The injection char-
acteristics that will serve to maintain the known and/or
desired pharmacokinetics for a hazardous agent will depend,
at least in part, on the nature of the disease to be treated, the
individual subject, and the hazardous agent to be injected, and
may be determined by standard techniques known in the art.
[0126] In some embodiments, the depth of injection is
altered in order to deliver a dose of methotrexate from a jet
injector to a subject such that the pharmacokinetics of meth-
otrexate are the same, or substantially the same, as the phar-
macokinetics of methotrexate administered via other meth-
ods of parenteral delivery including, for example, traditional,
hand-powered, hypodermic-syringes. In some embodiments,
the pressure of injection is altered in order to deliver a dose of
methotrexate from a jet injector to a subject such that the
pharmacokinetics of methotrexate are the same, or substan-
tially the same, as the pharmacokinetics of methotrexate
administered via other methods of parenteral delivery includ-
ing, without limitation, traditional, hand-powered, hypoder-
mic-syringes. In some embodiments, the depth of injection
and the pressure of injection are altered in order to deliver a
dose of methotrexate from a jet injector to a subject such that
the pharmacokinetics of methotrexate are the same, or sub-
stantially the same, as the pharmacokinetics of methotrexate
administered via other methods of parenteral delivery includ-
ing, without limitation, traditional, hand-powered, hypoder-
mic-syringes.

Therapeutic Uses

[0127] Hazardous agents of the present disclosure can be
administered to a patient, which in some embodiments is a
human, suffering from any disease or disorder for which the
disclosed hazardous agents are known, believed to be, or
hereafter determined to be therapeutically effective includ-
ing, without limitation, cancer, rheumatoid arthritis, juvenile
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rheumatoid arthritis, psoriatic arthritis, systemic lupus
erythematosus, steroid-resistant polymyositis or dermato-
myositis, Wegener’s granulomatosis, polyarteritis nodosa,
and vasculitis. In certain embodiments, hazardous agents of
the present disclosure may be used to treat rheumatoid arthri-
tis.

[0128] The suitability of hazardous agents provided by the
present disclosure in treating the above-listed diseases may be
determined by methods described in the art.

Dosing

[0129] The amount of a hazardous agent that will be effec-
tive in the treatment of a particular disease disclosed herein
will depend, at least in part, on the nature of the disease, and
may be determined by standard techniques known in the art.
Inaddition, in vitro or in vivo assays may be employed to help
identify optimal dosing ranges. Dosing regimens and dosing
intervals may also be determined by methods known to those
skilled in the art. The amount of a hazardous agent adminis-
tered may depend on, among other factors, the subject being
treated, the weight of the subject, the severity of the disease,
the route of administration, and the judgment of the prescrib-
ing physician.

[0130] For systemic administration, a therapeutically
effective dose of a hazardous agent may be estimated initially
from in vitro assays. Initial doses may also be estimated from
in vivo data, e.g., animal models, using techniques that are
known in the art. Such information may be used to more
accurately determine useful doses in humans. One having
ordinary skill in the art may optimize administration to
humans based on animal data.

[0131] A dose of a hazardous agent, such as that typically
available in a pre-filled, single shot, preset-dosage injector,
for example, can be selected to provide an equivalent molar
quantity or mass equivalent dose of a specific hazardous
agent. A dose can comprise multiple dosage forms. For
example, therapeutically effective doses of methotrexate in
patients can range from about 7.5 mg to about 150 mg per
milliliter of injection. In certain embodiments, a therapeuti-
cally effective dose can comprise a concentration of methotr-
exate ranging from about 15 mg to about 75 mg per milliliter,
in certain embodiments, from about 15 mg to about 50 mg per
milliliter, and in certain embodiments, from about 15 mg to
about 25 mg per milliliter. In some embodiments, a therapeu-
tically effective dose of methotrexate is selected from about 5
mg/ml, about 10 mg/ml, about 15 mg/ml, about 20 mg/ml,
about 25 mg/ml, about 30 mg/ml, about 35 mg/ml, about 36
mg/ml, about 37 mg/ml, about 38 mg/ml, about 39 mg/ml,
about 40 mg/ml, about 41 mg/ml, about 42 mg/ml, about 43
mg/ml, about 44 mg/ml, about 45 mg/ml, about 46 mg/ml,
about 47 mg/ml, about 48 mg/ml, about 49 mg/ml, about 50
mg/ml, about 51 mg/ml, about 52 mg/ml, about 53 mg/ml,
about 54 mg/ml, about 55 mg/ml, about 56 mg/ml, about 57
mg/ml, about 58 mg/ml, about 59 mg/ml, about 60 mg/ml,
about 61 mg/ml, about 62 mg/ml, about 63 mg/ml, about 64
mg/ml, about 65 mg/ml, about 70 mg/ml, about 75 mg/ml,
about 80 mg/ml, about 85 mg/ml, about 90 mg/ml, about 95
mg/ml, about 100 mg/ml, about 105 mg/ml, about 110 mg/ml,
about 115 mg/ml, about 120 mg/ml, about 125 mg/ml, about
130 mg/ml, about 135 mg/ml, about 140 mg/ml, about 145
mg/ml, and about 150 mg/ml. The dose of a hazardous agent
and appropriate dosing intervals can be selected to maintain a
sustained therapeutically effective concentration of a hazard-
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ous agent in the blood of a patient, and in certain embodi-
ments, without exceeding a minimum adverse concentration.
[0132] In some embodiments, hazardous agents, inclusive
of compounds of formula (I), can be administered via an
injector in the management of severe, active rheumatoid
arthritis in selected adults and active polyarticular-course
juvenile rheumatoid arthritis in children who have insuffi-
cient response or cannot tolerate first line therapy, such as
nonsteroidal anti-inflammatory compounds (NSAIDs). In
some embodiments, dosage of hazardous agents in adult
rheumatoid arthritis can be 7.5 mg given as a single dose or
three divided doses of 2.5 mg at 12-hour intervals. In adult
rheumatoid arthritis, dosage can be adjusted gradually to
achieve optimal response. Hazardous agents, however, can be
used at doses up to 25 mg per by the injectable routes dis-
closed herein.

[0133] In certain embodiments, hazardous agents provided
by the present disclosure may be administered via injectors of
the present disclosure once per day, twice per day, and in
certain embodiments at intervals of more than once per day.
Dosing may be provided alone or in combination with other
hazardous agents and may continue as long as required for
effective treatment of the disease. Dosing includes adminis-
tering one or more of the hazardous agents disclosed herein to
a subject, in a fed or fasted state.

[0134] A dose may be administered in a single injection or
in multiple injections. When multiple injections are used the
amount of a hazardous agent(s) contained within each of the
multiple injections may be the same or different.

[0135] In certain embodiments, an administered dose is
less than a toxic dose. Toxicity of the hazardous agents
described herein is well known in the art and can also be
determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., by determining the
LD, (the dose lethal to 50% of the population) or the LD,
(the dose lethal to 100% of the population). The dose ratio
between toxic and therapeutic effect is the therapeutic index.
In certain embodiments, a hazardous agent may exhibit a high
therapeutic index. The data obtained from the art and from
these cell culture assays and animal studies may be used in
formulating a dosage range that is not toxic for use in humans.
A dose of a hazardous agent may be within a range of circu-
lating concentrations in, for example, the blood, plasma, or
central nervous system, that is therapeutically effective and
that exhibits little or no toxicity.

[0136] During treatment a dose and dosing schedule may
provide sufficient or steady state systemic concentration of
one or more hazardous agents to treat a disease. In certain
embodiments, an escalating dose may be administered.
[0137] Itis believed that the hazardous agents of the present
disclosure, when administered via a powered injector of the
present disclosure, will enhance patient compliance by allow-
ing for non-clinical administration of the hazardous agents
via self-administration, as compared to requiring the patient
to obtain injections from a medical professional, and as com-
pared to oral dosage forms which may require administration
up to several times per week, a regimen that is inconvenient
for patients and difficult for patients to remember. Compli-
ance may be further enhanced by the speed at which the
powered injectors of the present disclosure deliver the haz-
ardous agent(s) into an injection site which, is less than about
5 seconds. Additionally, it is believed that powered injectors
of'the present disclosure are capable of delivering a hazardous
agent more precisely, in a controlled manner of delivery,
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thereby reducing the exposure of the hazardous agents out-
side of the injection site and, in some embodiments, elimi-
nating that exposure completely. In some embodiments, the
injector is pre-filled with one or more hazardous agents so that
the user is not required to draw up the hazardous agent, as they
would otherwise be required to do when using a hand-driven,
or traditional, syringe. This facilitates operation and accurate
dosing in the administration of hazardous agents, especially
for those patients who have a disease or disorder that makes it
difficult for them to draw up medicine and self-inject. It is
therefore believed that administration of the hazardous agents
of'the present disclosure via powered injectors of the present
disclosure will provide a safer means of delivery and will
significantly reduce the risk of exposure to the hazardous
agents to non-users of the powered injectors and reduce the
risk of unnecessary toxicity to the patient utilizing the pow-
ered injectors.

[0138] Administration of hazardous agents as disclosed
herein presents a new option for patients who could benefit
from converting from oral dosage forms of a hazardous agent
to injection dosage forms of such hazardous agents, but for
whom their physicians believe that the current product
options are not practical for self-injection. The foregoing
includes, without limitation, compounds of formula (I). It is
also believed that administration of hazardous agents via
powered injectors of the present disclosure will increase sim-
plicity and ease-of-use for patients who may have some
degree of physical impairment as may be the case in, for
example, rheumatoid arthritis. Additionally, it is believed that
administration of hazardous agents via injectors of the
present disclosure will decrease the overall health care costs
for subjects by reducing the total number of visits to a health
care provider to receive injections.

[0139] Insome embodiments, hazardous agents can be self
administered by a subject in less than about 5 seconds via a
needle-assisted powered injector of the present disclosure. It
is believed that the use of a powered injector will make
self-administration by subjects easier, increase the consis-
tency of delivery of the hazardous agents by the subject,
reduce the risk of toxicity associated with the hazardous
agents, and will therefore enable greater use of hazardous
agents to treat maladies such as, for example, rheumatoid
arthritis. Further, it is expected that such an injector will
extend the clinical utility of hazardous agents for patients by
increasing the consistency of delivering a complete dose to
the patient, reducing the risk of loss of the hazardous agents
outside of the injection site, and reducing the toxicity risk
associated with injecting hazardous agents, thereby increas-
ing overall patient compliance and prolonging the therapeutic
dosing potential of hazardous agents prior to switching to
biologics, which is the normal clinical practice.

Injectors

[0140] 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 disclo-
sure are configured to help a subject repeatably and accu-
rately administer one or more hazardous agents to a preset
depth at each injection in less than about 5 seconds without
the need to utilize such pushing force.

[0141] 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,
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similar to the pressure and speed from a finger-driven syringe.
In contrast, autoinjector embodiments of the powered injec-
tors of the present disclosure use an energy source that pro-
duces 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 5 seconds. Other embodiments of the pow-
ered 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 medi-
cament 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 autoin-
jector or hypodermic syringe is delivered in a bolus near the
needle tip, 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. Needle-free jet injectors use suf-
ficient 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 pres-
sures 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.

[0142] Someembodiments ofthe injectors disclosed herein
are single-shot 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.

[0143] Injectors provided by the present disclosure may be
utilized by patients to self-inject one or more hazardous
agents. Various aspects of the present disclosure relate to
self-injection of one or more hazardous agents by a subject
without the aid of a health care provider. In certain embodi-
ments, the injectors use a needle to inject hazardous agents
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 hazardous agents into a target tissue of a subject. In
certain embodiments, the injectors may utilize pressure suf-
ficient to deliver one or more hazardous agents completely
and quickly. In certain embodiments, the injectors may utilize
sufficiently high pressure to deliver one or more hazardous
agents completely and quickly in a fluid jet.

[0144] In some embodiments, powered injectors provided
by the present disclosure do not require any priming or pre-
paratory step in order to place them in condition to deliver an
injection, thereby reducing or eliminating exposure of the
hazardous agent to the air and/or premature expulsion of the
hazardous agent from a needle of the injector prior to the
delivery shot. Therefore, the risk of contact with the a haz-
ardous agent contained in the injector, by the subject or by a
non-user of the injectors, is reduced or eliminated.
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[0145] Referring to FIGS. 1-5, an embodiment of an injec-
tor according to 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 auto-
injector 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 embodi-
ments, outer housing 14 is formed from two mating portions
14a, 145 that 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 fluid chamber 22 therein that is con-
figured for storing and dispensing one or more liquid medi-
caments, such as, for example, one or more hazardous agents.
In the embodiment shown in FIG. 2, fluid 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, fluid chamber 22 can
be integrally formed within housing 14.

[0146] In the embodiment shown, a safety member 80 is
located on the proximal end of outer housing 14 and is remov-
ably 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 mem-
ber 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.

[0147] 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 con-
figured 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 and is sold prefilled with medi-
cament, 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 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 fluid chamber 22, which is prefilled
with an injectable medicament such as, for example, one or
more hazardous agents. In other embodiments, the medica-
ment 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. Needle 24 has an inject-
ing tip 26 configured as known in the art to penetrate the tissue
of'apatient 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
fluid chamber 22 and is open at the needle tip 26 to inject the
medicament.
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[0148] Ata proximal end of the fluid chamber 22, opposite
from the needle 24, is a plunger 28 that seals the medicament
in the fluid 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
fluid 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 fluid 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 fluid 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, 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.

[0149] Inthe 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.

[0150] 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. This is especially beneficial when the needle
is inserted into the patient’s skin. The narrowed bore portion
51 canbe 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. Addi-
tionally, 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 radially, 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 fluid chamber 22 or
container 20.

[0151] 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 resil-
iently 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.

[0152] 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,



US 2013/0218086 Al

in some embodiments in an axial direction, and in some
embodiments latch 64 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 embodi-
ments 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 acti-
vated 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.
[0153] The housing 14 can have a needle guard 66 that is
moveable with respect to the outer housing 14. In the embodi-
ment 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 hous-
ing 14, in a proximal direction to an injecting position, in
which the needle tip 26 and an end portion ofthe 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.

[0154] 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 protru-
sions 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 flexes the trigger protrusions 56 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 fire the injector 12.

[0155] Insomeembodiments,acap 110 canbe 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 press-fit, screw fit or the like.
In certain embodiments, cap 110 can include a pair of pro-
jections 112 extending inwardly (FI1G. 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 (F1G. 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
110 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 pro-
tecting position to help prevent accidental firing of the injec-
tion mechanism.

[0156] In some embodiments, cap 110 can be removed
from injector 12 by twisting cap 110 relative to housing 14
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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 thereof
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.

[0157] 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. Alterna-
tively, cap 110 can be resiliently deformable to allow cap 110
to be pressed onto needle guard 66 such that projections 112
pass over flanges 67.

[0158] Insomeembodiments, needle guard 66 can be resil-
iently biased distally towards the protecting position by com-
pression 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 injec-
tor 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.

[0159] 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 less than about 4 mm, and in some embodiments less than
about 3 mm. In some embodiments, the insertion depth is at
least about 0.5 mm and in some embodiments at least about 1
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 up to about 4 mm, and in
some embodiments up to about 3 mm. In some embodiments,
extension distance is at least about 0.5 mm, in some embodi-
ments at least about 1 mm, and in some embodiments at least
about 2 mm. In some embodiments, needle tip 26 extends past
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the needle guard 66 by a distance of at least about 2.5 mm
beyond the portion of the needle guard 66 that contacts the
skin in the injecting position.

[0160] 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
ofupto about 15 mm. In some embodiments, this distance can
be between about 10 mm and about 14 mm. In some embodi-
ments, penetration depth of the needle tip 26 or distance
beyond the needle guard 66 can be between about 12 mm and
about 13.5 mm, and in some embodiments about 12.7 mm.
Other exposed needle 24 lengths can be selected for jet injec-
tion to different depths below the skin, with an overall pen-
etration 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.
[0161] 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 there-
from (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
thereofto 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, how-
ever, legs 82 prevent safety member 80 from becoming acci-
dentally or unintentionally dislodged from its attachment to
outer housing 14.

[0162] 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 ofthe 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 posi-
tion due to vibration during shipping or from acute shock
during shipping or handling caused by dropping of injector
12. Alternative safety members can he used to prevent inad-
vertent firing of the injector 12.

[0163] In an embodiment in which the injector 12 is con-
figured as a needle-assisted jet injector, the spring 72 and the
prefilled syringe 18 can be configured to jet inject a medica-
ment such as a hazardous agent. Thus, the spring 72 applies a
force on the plunger 28 that can be sufficient to elevate the
pressure within the fluid 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 medica-
ment 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.

[0164] 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
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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.

[0165] 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 near the needle tip of the autoinjec-
tor. This is because an autoinjector requires additional injec-
tion time to deliver an injection into resistive media, such as
tissue, as opposed to delivery into air. In contrast, embodi-
ments of a powered injector disclosed herein, and in particu-
lar embodiments of a disclosed jet injector, display no difter-
ence in injection time when injecting into resistive media
versus air. Because the medicament delivered by a jet injector
is essentially sprayed rapidly into the subject’s tissue,
remotely from the needle tip, the medicament does not leave
the jet injector as a single drop or bolus and is thus not
delivered to a subject as a bolus local to a needle tip. There-
fore, by using the jet injectors disclosed herein, a medicament
can be dispersed into a subject’s tissue more efficiently. Addi-
tionally, 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, one or more hazard-
ous agents, jet injectors significantly reduce the risk of expo-
sure 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. This not only improves the effectiveness of the deliv-
ery, but also avoids migration of medicaments from the injec-
tion site to other tissues, layers of tissue, and/or outside of the
injection site. Preventing or reducing leak-back can also be
beneficial to keeping medicaments such as hazardous agents
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 expo-
sure can include, for example, direct contact with the medi-
cament on the subject’s skin or from atomized medicament
that may reach the subject or nearby individuals through the
air, or though another medium. Additionally, in many cases,
patients who use the slow injection of a hand-powered hypo-
dermic syringe or autoinjector risk removing the hand-pow-
ered injector from the injection site prematurely, before the
shot is completed, leading to exposure of the medicament
outside the patient’s tissue, and in some instances leading to
aerosolizing of the harmful medicament. This is often due to
the long injection time required for injections via hand-pow-
ered hypodermic syringes or autoinjectors, which can be on
the order of 5, 10 or 15 seconds or sometimes longer.

[0166] Insomeembodiments, the injector 12 is configured,
and the injection conducted, to deliver a medicament such as,
for example, a hazardous agent, that is harmful to the patient
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or other individuals, by jet injection 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.

[0167] Table 1 shows the results of a trial comparing medi-
cament 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 pro-
fessional.

TABLE 1

Medicament leak-back to the surface of the skin of a subject post
injection. % = percent of the total 126 injections administered.

Injection site assessment post- Needle-assisted jet ~ Syringe and
injection injector needle
Site completely dry 89 (71%) 76 (60%)
Slight wetness on site 36 (29%) 50 (40%)
Measurable wetness, but slight 1 (0%) 0 (0%)

(a drop)

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

[0168] 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 deliv-
ered 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. Addition-
ally, 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.

[0169] 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.

[0170] In some embodiments of needle-assisted jet injec-
tors, 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 embodi-
ments less than 850 p.s.i., in some embodiments less than 800
p-sd., in some embodiments less than 750 p.s.i., in some
embodiments less than 700 p.s.i., in some embodiments less
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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 embodi-
ments, at the end 1080 of the injection, the pressure 130
applied to the medicament in the fluid 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 embodi-
ments 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 110 p.s.i. at the end 134 of the
injection. Other injection rates are used for other embodi-
ments discussed herein. For example, needle-free jet injectors
can exert an injection pressure in the range of about 4,000
p-s.d. 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.

[0171] The needles used in some embodiments of both
autoinjectors and needle-assisted jet injectors are between 26
and 28 gage, and in some embodiments are around 27 gage.
Other needle gages can also be used where the other compo-
nents are cooperatively configured to produce the desired
injection including, for example, mini-needles. In some
embodiments, the components of the injector 12 can be con-
figured to jet inject one or more medicaments to a subcuta-
neous injection site.

[0172] The amount of medicament contained in and
injected from fluid chamber 22 can be between about 0.02 mL
and about 4 mL, in some embodiments less than about 3 mL,
and in some embodiments is about 1 mL.. Larger volumes may
also be selected depending on the particular medicament(s)
utilized and dosage required. In some embodiments, a pre-
filled syringe 18 containing the desired amount of medica-
ment is assembled into the remaining parts of ajet injector 12.
In some embodiments, the pre-filled syringe 18 contains from
about 0.02 mL to about 4.00 mL of one or more medicaments.
In some embodiments, the pre-filled syringe 18 contains
about 1 mL of one or more medicaments.

[0173] 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 embodi-
ments at least about 0.2 ml/sec., in 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 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. In some embodiments,
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the injection of the entire amount of medicament is completed
in less than about 5 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 embodi-
ments, the medicament injection takes at least about 1 second,
in some embodiments at least about 1.5 seconds, in some
embodiments at least about 1.75 seconds, in some embodi-
ments at least about 2 seconds, in some embodiments at least
about 2.5 seconds, in some embodiments at least about 3
seconds, in some embodiments at least about 3.5 seconds, in
some embodiments at least about 4 seconds, and in some
embodiments at least about 4.5 seconds. In some embodi-
ments, injection of the medicament occurs at about 0.5
ml./sec., completing an injection of 1 mL in about 1 second.
In some embodiments, injection of 0.5 ml of medicament
occurs in less than about 1 second. In some embodiments,
injection of 1.0 ml of medicament occurs in less than about 2
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 con-
figured to deliver a typical flow rate for needle-free jet injec-
tion, which can be about 1.5 mL per second, and in some
embodiments injector 12 can be configured to deliver a typi-
cal flow rate for an autoinjector, which can be about 0.5mlL in
0.3 seconds.

[0174] Injection rates can be affected by a number of fac-
tors 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, and the
temperature of the medicament to be injected, as temperature
can have a direct effect on viscosity. In various embodiments,
tissue resistance does not impact the rate of injection embodi-
ments 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 injec-
tion in a desired manner. Such selection and optimization can
be readily performed by a person having ordinary skill in the
art without undue experimentation.

[0175] 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 72 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
oftime 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 embodi-
ments, a 72 gauge needle can be utilized with one or more
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embodiments of the injectors of the present disclosure to
deliver 1.0 ml of an aqueous solution into tissue in a duration
oftime 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
72 gauge needle can be utilized with one or more embodi-
ments of the injectors of the present 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
72 gauge needle can be utilized with one or more embodi-
ments 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.

[0176] 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 con-
figured 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 pro-
duce a flow rate, or a rate of injection, into skin of 0.5 ml/sec-
ond for aqueous solutions having a cP of] or close to, 1.0,
through a 27 gauge needle.

[0177] U.S. Pat. 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 gage
needles. Table 2 illustrates exemplary injections with differ-
ent peak pressures that can be used with a needle-assisted jet
injector, especially when using a glass, prefilled syringe:

TABLE 2

exemplary injections that may be delivered
by a needle-assisted jet injector.
Pressure and Time (sec.) to Inject 1 cc

Pressure 26 Gauge needle 27 Gauge needle
150 p.s.i. 2.1 4.2
200 p.s.i. 1.9 3.9
240 p.s.i. 1.7 3.3
375 p.s.i. 1.4 3.1
[0178] A person having ordinary skill in the art will recog-

nize that higher pressures and flow rates will typically, though
not always, be used with shorter needle penetration into a
patient’s skin, to achieve jet injections with the appropriate
dispersion to achieve the desired depth substantially without
medicament leak-back. Alternative embodiments can use
higher or lower injection pressures. For instance, needle-free
injectors may use higher pressures to penetrate the skin with-
out a needle, and autoinjectors will typically use lower pres-
sures to simulate a hand-powered syringe injection.

[0179] In some embodiments of needle-assisted jet injec-
tors, short needles can be used to inject medicaments to
different parts of the skin, in some embodiments subcutane-
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ously, 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 fluid 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 medi-
cament can be successfully be injected without significant
leak-back in about 100% of'the tested injections as shown, for
example, in Table 1 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.

[0180] 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 reduc-
tion in the amount of time required to deliver a complete
injection into a subject, a significant reduction in the spring
force required to deliver the injection, and a longer shelf-life.
For example, the spring present in many known autoinjectors
is configured so that atypical injection, in the volume range of
about 0.8-1.5 ml, is completely delivered into a subject in
10-15 seconds. In contrast, 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 in time will
increase patient compliance when embodiments of the auto-
injectors of the present disclosure are used, as less time is
required to deliver a complete injection and, thus, the patient
will experience less pain.

[0181] 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, for example,
in FIG. 16. 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 injec-
tors of the present disclosure can be configured so that their
spring force decreases by at least about 25% over the course
of'asingle 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.

[0182] 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 pack-
aged 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 disclo-
sure 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%
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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.

[0183] 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 associ-
ated 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) 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.

[0184] 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. Lock-
ing 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 slide-
able 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 posi-
tion 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.
[0185] As needle guard 66 returns to the protecting posi-
tion, 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 inject-
ing position as needle guard 66 moves distally toward the
protecting position over sleeve 16, which remains stationary.
[0186] When needle guard 66 reaches the protecting posi-
tion, upper arms 71 move over distal notches 93 formed in
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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 hous-
ing 14, and is prevented from being moved back into the
injecting position. This prevents needle 24 from being acci-
dentally exposed after use of injector 12. Alternative embodi-
ments 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.
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Example 1

[0189] A pharmacokinetic (PK) analysis was undertaken to
describe and compare the systemic exposure of the hazardous
agent methotrexate achieved in male and female Gottingen
minipigs after subcutaneous administration, either with an
autoinjector of the present disclosure or with a known hypo-
dermic needle/syringe combination.

[0190] Both methotrexate and a control article were admin-
istered. Administration of the test and control articles, blood
collection and processing for this study were performed at
Charles River Preclinical Services (Spencerville, Ohio) under
non-FDA compliant GLP (Good Laboratory Practice) condi-
tions. The plasma concentration data presented were pro-
duced a Research Grade Level 3 liquid chromatography tan-
dem mass spectroscopy (LC-MS/MS) method.

[0191] Methotrexate was administered via subcutaneous
injection to minipigs, alternatively to the same set of animals
with an autoinjector or needle/syringe. Injections were per-
formed on Day 1 and Day 8. Table 3 illustrates the experi-
mental design of the PK portion of the study.

TABLE 3
Dose Dose Dose

Injection Number of Dose Level Volume Concentration
Device animals Sex Day® Material (mg/day)  (mL) (mg/mL)
Autoinjector 3 Males 1 Methotrexate 12.5 0.5 25

3 Females 8 Injection USP
Needle/Syringe 3 Males 8  Methotrexate 12.5 0.5 25

3 Females 1 Injection USP

“The same 3 animals/sex were used on Day 1 and Day 8

[0187] Referringto 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

[0192] Blood samples (approximately 1 ml) were col-
lected from all animals, into K,EDTA-containing tubes,
according to the schedule in Table 4. All samples were pro-
cessed to plasma prior to being analyzed for Methotrexate and
the 7-OH metabolite concentrations. Plasma concentration
results for the 7-OH metabolite were not subjected to PK
analysis.

TABLE 4
Number of Pharmacokinetic Time Points (Hours Post Dose) -
Animal Day 1 and Day 8
Males Females 0¢ 025 05 075 1 15 2 4 6 8 12 24
3 3 X X X X X X X X X X X X

“Sample collected prior to dosing.
X Sample collected.

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.

EXAMPLES

[0188] The following examples describe in detail the injec-
tion and pharmacokinetics of one or more hazardous agents
injected into one or more subjects using embodiments of the
injectors disclosed herein. It will be apparent to those skilled
in the art that many modifications, both to materials and
methods, may be practiced without departing from the scope
of the disclosure.

[0193] The PK profile of each animal was characterized by
non-compartmental analysis of Methotrexate plasma concen-
tration data with targeted sampling time points using vali-
dated computer software (WinNonlin, Version 5.2.1, Phar-
sight Corp., Mountain View, Calif., U.S.A.). A model was
selected based on the extravascular route of administration
and the plasma matrix. Predose concentrations were assumed
to be zero for the purpose of PK parameter estimation.

[0194] The area under the Methotrexate plasma concentra-
tion vs. time curves (AUC) was calculated using the linear
trapezoidal method (linear interpolation). When practical, the
terminal elimination phase of the PK profiles was identified
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based on the line of best fit using at least the final three
observed concentration values. The slope of the terminal
elimination phase was calculated using log-linear regression
using the unweighted concentration data. PK parameters
describing the systemic exposure of the test article in the test
system were estimated from observed (rather than predicted)
plasma concentration values, the dosing regimen, the AUC,
and the terminal elimination phase rate constant (K _,) for each
animal. Parameters relying on the determination of K, were
not reported if the coefficient of determination of the line of
best fit (R,) was less than 0.800, or the extrapolation of the
AUC to infinity represented more than 20% of the total area.

[0195] Where appropriate, numerical data obtained during
the conduct of the study were subjected to calculation of
descriptive statistics (mean and standard deviation) in
Microsoft Excel, 2000/2003.

[0196] Asshownin Tables 5 and 6, Methotrexate was above
the lower limit of quantitation (LLOQ=0.2 ng/ml) in a few
samples collected prior to dosing on Day 1 and Day 8: Male
No. S5196559 (needle/syringe, Day 8, 0.558 ng/mL.); Male
No. S5196206 (needle/syringe, Day 8, 0.222 ng/ml.); and
Female No. 85195684 (autoinjector, Day 8, 3.19 ng/mL).
These results were attributed to carryover of the instrument,
from a previous sample containing a high concentration of
Methotrexate. Methotrexate was quantifiable in all post dose
samples, with the exception of the 24 h sample from Male
Nos. S5196273 and S5196206, after administration with
autoinjector (Day 1).

TABLE §

Concentrations of Methotrexate in Gottingen Minipig Plasma Following
Subcutaneous Injection of Methotrexate with Autoinjector or Syringe
Dose Level: (12.5 mg/day) - Concentration (ng/mL)

Nom-
Injec- inal Males
tion Time Animal Animal Animal
Device (h) S5196273  S5196559 85196206  Mean = SD
Auto- Predose BQL BQL BQL BQL=na
injector 0.25 1230 1560 1660 1483 = 225
0.5 828 1070 1120 1006 = 156
0.75 585 762 668 672 =88.6
1 402 664 457 508 =138
1.5 232 461 228 307=133
2 121 288 146 185=90.1
4 26.7 66.1 25.6 39.5=23.1
6 7.67 19.4 7.12 11.4=16.94
8 4.30 7.83 2.73 4.95=2.61
12 0.937 1.80 0.692 1.14=0.582
24 BQL 0.696 BQL 0.232=0.402
Syringe Predose BQL 0.558 0.222  0.260=10.281
0.25 1260 1920 1390 1523 =350
0.5 999 1510 1470 1326 = 284
0.75 705 1110 1240 1018 = 279
1 539 887 860 762 =194
1.5 245 637 490 457 = 198
2 148 367 243 253 =110
4 25.0 67.9 36.0 43.0=223
6 6.09 25.5 14.1 15.2=9.75
8 1.91 5.82 2.54 3.42=2.10
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TABLE 5-continued

Concentrations of Methotrexate in Gottingen Minipig Plasma Following
Subcutaneous Injection of Methotrexate with Autoinjector or Syringe

Dose Level: (12.5 mg/day) - Concentration (ng/mL)

Nom-
Injec- inal Males
tion Time Animal Animal Animal
Device (h) S5196273 S5196559 S5196206  Mean = SD
12 0.501 1.30 0.764 0.855 = 0.407
24 0.269 0.780 0.894 0.648 = 0.333

BQL = Below the quantitation limit (BQL - 0.200 ng mL). The BQL concentrations were
assigned a value of zero for mean calculation.

n a = Not applicable.

TABLE 6

Concentrations of Methotrexate in Gottingen Minipig Plasma Following
Subcutaneous Injection of Methotrexate with Autoinjector or Syringe
Dose Level: (12.5 mg/day) - Concentration (ng/ml.)

Nom-
Injec- inal Female;
tion Time Animal Animal Animal
Device (h) S5196028 S5195684 S5195757 Mean = SD
Auto- Predose BQL 3.19 BQL 1.06=1.84
injector 0.25 1530 2240 1720 1830 =368
0.5 1380 1640 1300 1440 =178
0.75 1180 1290 863 1111 =222
1 996 1040 627 878 =220
1.5 635 885 393 638 =246
2 410 549 217 392 =167
4 75.1 123 49.8 82.6 =37.2
6 25.1 29.3 20.4 24.9 =4.45
8 9.79 10.1 8.35 9.41 =0.934
12 6.20 243 1.77 3.47=2.39
24 0.617 0.495 0.569 0.560 =0.0615
Syringe Predose BQL BQL BQL BQL=na
0.25 1350 1890 1180 1473 =371
0.5 1280 1520 1250 1350 =148
0.75 1010 1200 891 1034 =156
1 842 940 726 836 =107
1.5 667 681 398 582 =160
2 449 434 208 364 =135
4 66.0 84.3 62.3 709 =118
6 20.3 24.6 19.8 21.6 =2.64
8 14.0 10.0 18.7 14.2 =435
12 5.12 3.47 6.03 4.87=1.30
24 0.244 0.905 0.230 0.460 = 0.386

BQL = Below the quantitation limit (BQL - 0.200 ng mL) The BQL concentrations were
assigned a value of zero for mean calculation.
n a = Not applicable.

[0197] As shown in Table 7, FIG. 12, FIG. 13 and FIG. 14,
maximal plasma concentrations of Methotrexate were gener-
ally observed at the first collection time point (0.25 h) with
both devices, indicating rapid absorption from the injection
site. After T,,,,, Methotrexate concentrations declined in an
apparently bi-exponential fashion. Where it could be esti-
mated, the terminal elimination half-life of Methotrexate
ranged from 1.81 to 4.90 hours.
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TABLE 7

Aug. 22,2013

Pharmacokinetic Parameters of Methotrexate in Gottingen Minipig Plasma Following
Subcutaneous Injection of Methotrexate with Autoinjector or Syringe

Injection Dose Level Animal Cmax Tmax AUC (0-t) AUC (0-inf) TI®2 Cmax AUC (0-t)
Device (mg day) Sex No. (ngmL) ((h) (ng-hmL) (ng-hmL) (h) Dose Dose
Autoinjector 12.5 Female  $5196028 1530  0.25 2498 2501 391 122 200
$5195684 2240  0.25 3169 3172 395 179 254
§5195757 1720 0.25 1857 1859 326 138 149
Mean® 1830 0.25 2508 2511 371 146 201
SD 368 656 656 0.387 294 52.5
Male $5196273 1230 0.25 1162 1165 195 984 93.0
$5196559 1560  0.25 1901 1903 2.00 12438 152
$5196206 1660  0.25 1405 1407 1.81 132.8 112
Mean® 1483 0.25 1489 1491 192 119 119
SD 225 376 376 0.098 18.0 30.1
Syringe 12.5 Female  $5196028 1350  0.25 2378 2378 2.74 108 190
$5195684 1890  0.25 2669 2675 490 151 214
§$5195757 1250 0.50 1831 1832 2.53 100 147
Mean® 1497  0.25 2293 2295 339 120 183
SD 344 425 428 1316 275 34.0
Male §$5196273 1260  0.25 1324 b b 101 106
$5196559 1920  0.25 2464 2466 191 154 197
$5196206 1470  0.50 2016 b b 118 161
Mean® 1550 0.25 1935 — — 124 155
SD 337 574 — — 270 45.9

“Median value reported for Tmax.

b Values are not reported because the AUC (0-inf) was extrapolated by more than 20% or Rsq was 0.800.

— Not calculated.

@ indicates text missing or illegible when filed

[0198] As shown in Table 7, Table 8, FIG. 14 and FIG. 15,
exposures obtained with either the autoinjector or needle/
syringe were very similar.

TABLE 8
Route of Administration
Animal Methotrexate Needle/ Auto-
Sex D PK Parameters Syringe injector
Male S5196273 Day 8 Day 1
Cmax (ng/mL) 1260 1230
AUC(0-t) (hr*ng/mL) 1324 1162
Male S5196559 Day 8 Day 1
Cmax (ng/mL) 1920 1560
AUC(0-t) (hr*ng/mL) 2464 1901
Male $5196206 Day 8 Day 1
Cmax (ng/mL) 1470 1660
AUC(0-t) (hr*ng/mL) 2016 1405
Female S5196028 Day 1 Day 8
Cmax (ng/mL) 1350 1530
AUC(0-t) (hr*ng/mL) 2378 2498
Female S5195684 Day 1 Day 8
Cmax (ng/mL) 1890 2240
AUC(0-t) (hr*ng/mL) 2669 3169
Female S5195757 Day 1 Day 8
Cmax (ng/mL) 1250 1720
AUC(0-t) (hr*ng/mL) 1831 1857
[0199] AsshowninTable 7, FIG. 13 and FIG. 14, there was

no marked difference in exposure between males and
females, although a very slight trend towards greater expo-
sure in females, especially through needle/syringe adminis-
tration, was observed.

[0200] In summary, the pharmacokinetics of methotrexate
in plasma was characterized in male and female Gottingen
minipigs after subcutaneous administration of 12.5 mg, either
with an autoinjector device or needle/syringe. Maximal con-
centrations of Methotrexate were generally observed shortly

(0.25 h) after dose administration, and declined thereafter, in
an apparent bi-exponential manner. The terminal elimination
half-life of Methotrexate ranged from 1.81 to 4.90 hours.
Exposure achieved with either the autoinjector or needle/
syringe was comparable. There were no marked sex-related
differences in PK parameters.

Example 2

[0201] A comparison of an injection between an autoinjec-
tor of the present disclosure and both the Enbrel® Sure-
Click™ Autoinjector (Immunex Corporation, Thousand
Oaks, Calif., U.S.A.) and the HUMIRA® pen (Abbott Labo-
ratories, Abbott Park, I1l., U.S.A.), two known traditional
autoinjectors, was undertaken to describe and compare both
the spring force and the time required to deliver a complete
injection of a solution in the range of 0.8-1.0 ml.

[0202] A control article was administered for this test. The
results for the two known autoinjectors was averaged. The
results of the comparison are shown in FIG. 16. As shown in
FIG. 6, the time required to deliver a complete injection is 10
seconds for the known autoinjectors, whereas the time
required to deliver a complete injection from the autoinjector
of'the present disclosure is only 3 seconds. Therefore, users of
the known autoinjectors must retain those autoinjectors at the
site of injection for a full 10 seconds in order to receive the full
injection. In contrast, a user of the autoinjector of the present
disclosure need only retain the autoinjector at the injection
site for 3 seconds.

[0203] Additionally, as shown in FIG. 16, the spring force
required to deliver a full injection decreases by approximately
50% in 3 seconds for the autoinjector of the present disclo-
sure. This is in contrast with a decrease in spring force of less
than approximately 20% in 10 seconds seen for the known
autoinjectors.
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[0204] The term “about,” as used herein, should generally
be understood to refer to both the corresponding number and
a range of numbers. Moreover, all numerical ranges herein
should be understood to include each whole integer within the
range.

[0205] Whileillustrative embodiments of the disclosure are
disclosed herein, it will be appreciated that numerous modi-
fications and other embodiments may be devised by those
skilled in the art. For example, the features for the various
embodiments can be used in other embodiments. Therefore, it
will be understood that the appended claims are intended to
cover all such modifications and embodiments that come
within the spirit and scope of the present disclosure.

1-21. (canceled)

22. A prefilled syringe, comprising a container including a
pharmaceutical solution formulation of a medicament with a
concentration between about 5 mg/ml and about 25 mg/ml in
a pharmaceutically acceptable solvent.

23. The prefilled syringe according to claim 22, including
a dosage of between about 2.5 mg and about 5 mg of medi-
cament.

24. The prefilled syringe according to claim 22, including
between about 0.02 ml to about 4.0 m1 of medicament.

25. The prefilled syringe according to claim 24, including
less than about 3 ml of medicament.

26. The prefilled syringe according to claim 24, including
about 4 ml of medicament.

27. The prefilled syringe according to any of claim 22
through 26, wherein the medicament is methotrexate.

28. The prefilled syringe according to any of claim 22
through 26, wherein the medicament is a hazardous agent.

29. The prefilled syringe according to any of claim 22
through 26, wherein the pharmaceutically acceptable solvent
is selected from water or ethanol.
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30. The prefilled syringe according to any of claim 22
through 26 for subcutaneous administration.

31. The prefilled syringe according to any of claim 22
through 26, including between about 0.02 ml to about 4.0 ml
of the pharmaceutical solution formulation.

32. A prefilled syringe, comprising a container including a
pharmaceutical solution formulation of between about 0.02
ml to about 4.0 ml of a medicament in a pharmaceutically
acceptable solvent.

33. The prefilled syringe according to claim 32, including
less than about 3 ml of medicament.

34. The prefilled syringe according to claim 32, including
about 4 ml of medicament.

35. The prefilled syringe according to claim 32, wherein
the pharmaceutical solution formulation includes a concen-
tration of between about 5 mg/ml and about 25 mg/ml of the
medicament.

36. The prefilled syringe according to claim 35, including
a dosage of between about 2.5 mg and about 5 mg of medi-
cament.

37. The prefilled syringe according to any of claim 32
through 36, wherein the medicament is methotrexate.

38. The prefilled syringe according to any of claim 32
through 34, wherein the medicament is testosterone.

39. The prefilled syringe according to any of claim 32
through 36, wherein the medicament is a hazardous agent.

40. The prefilled syringe according to any of claim 32
through 36, wherein the pharmaceutically acceptable solvent
is selected from water or ethanol.

41. The prefilled syringe according to any of claim 32
through 36 for subcutaneous administration.

42. The prefilled syringe according to any of claim 32
through 36, including between about 0.02 ml to about 4.0 ml
of the pharmaceutical solution formulation.

#* #* #* #* #*



