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Pharmacokinetic Profiles of Methotrexate in Gottingen Minipig
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1
HAZARDOUS AGENT INJECTION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation o f U .S. patent applica-
tion Ser. No. l3!257,555, filed 6 Mar. 2012. which in turn is a

U.S. National Stage Entry of the International Patent Appli-
cation No. PCTt'US20l 01280} 1. filed 19 Mar. 2010. which in

turn claims benefit of priority from 1J.S. Provisional Patent
Application No. 6lfl62.l 14. filed 20 Mar. 2009. all ofwhich
are incorporated by reference herein by in their entirety.

FIELD

The disclosure relates to injection of hazardous agents.

BACKGROUND

Since the late l98()’s hazardous agents. such as cytotoxic
agents have been useful in managing and treating a nutnber of
diseases such as rheumatoid arthritis (and other autoimmune
diseases), juvenile rheumatoid arthritis. psoriatic arthritis,
systemic lupus erytltematosus. steroid-resistant polymyositis
or dennatomyositis, Wegener‘s granulomatosis. polyarteritis
nodosa. and some forms ofvasculitis. I-lazardous agents tend
to exhibit side effects. however. that are harmful or toxic to the

subject. Many of these side eflects occur when hazardous
agents are administered orally. but the oral form is generally
the preferred method ofdelivery ofthese agents due to its ease
of use.

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

Only about 7% ofthe prescriptions for methotrexate writ-
ten by rheumatologists are for an injectable fomtulation. Rea-
sons for prescribing methotrexate injections are usually to
improve bioavailability or to alleviate side effects. Physicians
have expressed interest in increasing the number of prescrip-
tions for cytotoxic agent injections. and particularly injec-
tions 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 aceti-
rate dose from vials and correctly administer the product by
subcutaneous (SC) injection. especially with agents used to
treat patients suffering front certain debilitating diseases.
Additionally. the toxicity of harardous agents increases the
risk that non-users of the injections will come into contact
with the cytotoxic agents in a home setting. lnsullicient 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. 111 the absence of such 'Lnformation. practice
guidelines direct one to assume a high degree risk for inject-
able hazardous agents such as methouexate. with the recom-
mendation of formal directives and risk assessments. includ-

ing formal trainiug and mitigation strategies, to minimize risk
(see Oliver. S.. and Livermore. P.. Adiirirristering subcutane-
ous me!.u'2o!re.t'atef0r inflanrriratarj‘ arthritis.‘ RCN grridarice
for mrrses. 2004: Royal College ofNursing, Wyeth, Publica-
tion Code 002 269). Specific directives include: preparation
of syringes in dedicated pltarmacies with aseptic preparation

ll]

30

3h

35

4t":

45

50

55

60

2

areas; administration performed i11 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
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 widt-
out the assistance of a health care provider.

SUMMARY

Thus. injector devices that allow for the safe self-adminis-
tration ofhamrdous agents are useful. In some embodiments,
hazardous agents can include. without limitation. toxic
agents, cytotoxic agents, highly potent agents, agents that
have profound physiological effects at low doses. analgesics.
irnmunornodulating agents. IL-1 receptor antagonists. II.-2
alpha receptor antagonists. anti—rejection compounds, hor-
monal agents. prostaglandins. sedatives. anticholinergic
agents, Pat-kinsons disease drugs, expensive agents, neuro-
leptic agents. tissue necrosis factor ('l'Nl“) blockers. and other
dangerous agents. Such injector devices would eliminate 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—rnercaptopurine. 6—thioinosinic
acid, azathioprine, chloranibucil, cyclophosphamide, cyto-
phosphane. cytarabine. lluorouracil. melphalan. methotrex-
ate. uramustine. anti-cytoltine biologicals. cell receptor
antagonists, cell receptor analogues, and derivatives thereof.
lixatitples o fhighly potent agents include. without limitation.
steroids such as dexamethasone, progesterone, somatostatin,
and analogues thereof: biologically active peptides such as
teriparatide: and anticholinergics such as scopolamine.
Examples of agents that have profound physiological effects
at low doses include. without limitation. antihypertensives
andfor blood pressure down regulators. Examples ofanalge-
sics include. without litnitation. fentanyl. fentanyl citrate.
morphine, meperidine, and other opioids. Examples of
imntunornodulating agents include. without limitation. adali—
mumab (anti-tissue necrosis factor monoclonal antibody or
anti-'f'l\ll7). Examples of IL-1 receptor antagonists include.
without limitation. anakinra. Examples ofIL-2 alpha receptor
antagonists include, without limitation, daclizumab and
basilixiniab. Examples ofanti-rejection compounds include.
without limitation, azathioprine. cyclosporine. and tacroli-
mus. Examples of hormonal agents include, without limita-
tion. testosterone, estrogen. growth honnone, insulin. thyroid
homtone, follicle stimulating hormone ('1'-‘SI-I), epinephrine!
adrenaline, progesterone. parathyroid hormone_. gonadotro-
phi n releasing hormone (GHRHJ. leutinizing hormone
releasing hormone (l.HRli). 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 prostaglandius include. without limitation. gamma—lino-
lenic acid, docosahexanoic acid. arachjdonic acid and eicosa-
pentaenoic acid. Exainples ofsedatives include, without limi-
tation. barbiturates such as amobarbital. pentobarbital.
secobarbital. and plienobarbitol: benaodiazepines such as
clonazepam. diazepam. estazolam, flunitrazepam.
lorazeparn, midazolam, nitrazepam. oxazepam, triazolam.
temazepazn, chlordiazepoxide. and alprazolam: herbal seda-
tives such as asltwagandlta, duboisia hopwoodii. prosantltera
striatillora. kava (piper metltysticum), mandrake, valerian.
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and marijuana: non-benzodiazepine sedatives {a,k.a.
“Z-drugs") such as eszopielone. zaleplon. zolpideni. zopi-
clone: antihistamines such as diphenhydramine, dime11hydri-
nate, doxylarnine, and promethazine; and other sedatives
such as chloral hydrate. Examples ofanticltolinergic agents
include, without limitation, dicyclomine. atropine, ipratro-
pium bromide. oxitropiuin bromide. and tiotropiunt.
Examples of Parkinson’s disease drugs include. without iimi-
tation. levodopa. dopamine, carbidopa. bettserazidc. co-cer-
aldopa. co-beneldc-pa. tolcapone. entacapone. bnomocriptine.
pergolide. pratnipexole. ropinirole. piribedil. cabergoline,
apomorphine. and lisuride. Examples of expensive agents
it1cludc_. without limitation. human growth hormone and
erythropoietin. Examples of neuroleptic agents includes,
without limitation. antipsychotics: butyrophenones such as
haloperidol and droperidol: phenothiazines such as ch.lorpro-
mazine. fluphenazine. pcrphenazine. prochlorpcrazine. t.l1ior-
idazine, trifiuoperazine, mesoridazine, periciazinc, pro-
mazine. triflupromazitie. levomepromazine. promethazine.
and pirnozide: thioxanthenes such as chlorprotltixerte. clo-
penthixol. flupenthixol, thiothixene. and zuclopenthixol;
atypical antipsychotics such as clozapine. olanzapine. risperi-
done, qttetiapinc, ziprasidone, amisulpride, ascnapine, pali-
peridone. iloperidone, zotepine. and sertindole: and third
generation antipsychotics such as aripiprazole and bifo-
prunox. I-Examples ofTNF blockers includes. without limita-
tion. etanercept.

In some en1b-odiments, the hazardous agent can be selected
from botulinum toxin. injectable gold. 6—n1ercaptopurine_.
6-thioinosinic acid, azatliioprine. chlorambucil, cyclophos-
phamidc. cytophosphane, cytarabine. Iluorouracil. mel-
phalan. tnethotrexate. uramustine. anti-cytokine biologicals.
cell receptor antagonists, cell receptor analogues, dexametha-
sone. progesterone. somatostatiu. analogues of dexatnetha-
sone. analogues of progesterone, analogues of sonzatostatin,
teriparatide. soopolamine. antihypertensives. blood pressure
down regulators. fentanyl. fentanyl citrate. inorpltine. rnep-
eridine. other opioids. adalimumab (anti-tissue necrosis fac-
tor monoclonal antibody or anti-TNF ). anakinra. daclizumab.
basiliximab. azathioprine, cyclosporine, tacrolimus. test-
osterone. estrogen. growth hormone. insulin. thyroid hor-
mone. follicle stimulating hormone (FSH), epinephrine!
adrenaline. gatmna—linolenic acid. docosahexanoic acid,
aracllidonic acid. eicosapentaenoic acid. amobarbital. pento-
barbital. secobarbital, phenobarbitol, clonazepam, diazepam,
estazolam. flunitrazepam. lorazepain. midazolam.
nitrazepam. oxazepam. triazolam. temazepam. cl1lordiazep-
oxide. al [.'!!'87.it.1l€ll]], ashwagandha, duboisia hopwoodii, pro-
santhera striatifiora, 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. earbidopa. benserazide. co-ceraldopa. co-benel-
dopa. tolcapone, entacapone, bromocriptine. pergolide.
pramipexole. ropinirole. piribedil. cabergoline. apomor—
phine. lisuride, human growth hormone, erythropoietin, halo-
peridol. droperidol, chlorpromazine. fluphenazine. perphena—
zine. proclilorperazitte, thioridazine. trifluoperazine.
mesoridazine, periciazine. promazine. triflupromazine.
levomepromazine. prometllazine. pimozide. chlorprotl1ix-
enc, clopenthixol. llupenthixol. thiothixene, zuclopenthixol.
clozapine. oianzapine, risperidone. quetiapine. ziprasidone.
amisulpride. asenapine. paliperidone. iloperidone, zotepine,
sertindole, aripiprazole. bifeprttnox. etanercept. derivatives
of any of the foregoing, and combinations of any of the
foregoing.
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The hazardous agent can include 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 11a;/ardous

agent is :1 compound of forrrulla (I):

ll}
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or a pharmaceutically acceptable salt. solvate, hydrate, oxide
or N—oxide thereof. In some embodiments. the hazardous

agent is methotrexate.
In one aspect. the present disclosure relates to powered

injectors for the safe selfinjection ofone or more hazardous
agents in less than about 5 seconds. In various aspects. the
powered injectors may be utilized by patients to seif-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-
fllled 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 andfor 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.

In another aspect. the present disclosure relates to methods
for safely injecting one or more hazardous agents into a
subject. ln certain embodiments. the methods utilize a pow-
ered injection system having a pre-filled syringe containing at
least one hazardous agent that allows the subject to safely
sell’-adnlinister 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 sulficient to deliver one or more hazardous agents
to the appropriate tissue site. I11 certain embodiments. the
injector may have a spring sulliciently powerful to dc] ivcr one
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or more hazardous agems 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. [11 certain cn1bodi-
ments. the injector may have a liquid tight cap that covers the
means for controlling needle exposure. that allows for
removal ofthe cap when preparing injector for injection. and
that locks to the injector when re-attached following injection
to provide a sealed container.

In several aspects. the present disclosure relates to an injec-
tion system. In various aspects. the injection system com-
prises a powered injector configured to inject one or more
medicanrents in less than about 5 seconds. and one or more

medicaments. In various aspects. the powered injector corn-
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 mcclianisrn 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.
thejet injector can be needle-free.

In another aspect, the present disclosure relates to an injec-
tion system. which cart includea powered injector configured
to inject one or more hazardous agents in less than about 5
seconds. and one or more hazardous agents. One embodiment
ofa powered injector has a container configured to contain a
hazardous agent. a delivery member associated with the con-
tainer for injecting the hazardous agent. a firing mechanism
configured to expel the hazardous agent from the container
through the delivery member for injecting the medicament.
an energy source associated with the firing mechanistn to
power the firing mechanism for causing the injection. and a
trigger mechanism associated with the firing mechanism 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 ftllable or take cartridges that
can be loaded into the injector for firing. Other embodirnents
can have adjustable dosages.

In another embodiment. the present disclosure relates to an
injection system which can include a jet injector and a com-
pound of formula (1). One embodiment ofa jet injector has a
container configured to contain a hazardous agent comprising
a compound of fomiula (I). a injection outlet member asso-
ciated with the container and defining an injection outlet
configured for injecting the hazardous agent. a firing Inecha-
nism configured to expel the hazardous agent from the fluid
chamber through the injection outlet for injecting the hazard-
ous agent, an energy source associated with the firing mecha-
nism to power the firing mechanisrnjet injecting the hazard-
ous agent from the injection outlet. and a trigger niechanism
associated with the firing mechanism to activate the firing
mechanism. Thejet injector can be a single-shot injector. and
can be pre-filled with the hazardous agent. or alternatively can
be fillable or take cartridges that can be loaded into the injec-
tor for firing. Other embodiments have adjustable dosages. In
sortie embodiments. the hazardous agent is methotrexate or a
pharmaeeutically acceptable salt. solvate. hydrate. oxide or
N-oxide thereof.
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I11 another embodiment the present disclosure relates to an
injection system for the treatment of inflammatory diseases.
In one embodiment. the injection system includes ajet injec-
tor and a therapeutically efiective amount of a medicament.
wherein the therapeutically ellizctivc amount of medicament
is suilicient to treat an inflartunatory disease. I11 one en1bodi-
merit. thejet injector has a container configured to contain the
medicament: an injection outlet member associated with the
container for injecting the medicament: a firing mechanism
configured to expel the medicament ii'on1 the fluid chamber
through the outlet member for injecting the medicament: an
energy source associated with the firing mechani sm to power
the firing mechanism jet injecting the medicament from the
injection outlet: and a trigger mechanism associated with the
firing niecharrism to activate the firing mechauiism. In some
embodiments. the medicament is a hazardous agent. In some
embodiments. the medicament is rnethotrcxate or a pl1an11a-
ceutically acceptable salt. solvate. hydrate. oxide or N-oxide
thereof.

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 ofone
or more hazardous agents less than about 5 seconds. a thera-
peutically effective amount ofa hazardous agent. and instmc-
lions for using the jet injector and the hazardous agent. In
some embodiments. the jet injector comprises a container
configured to contain the hazardous agent. an injection outlet
member associated with the container for injecting the haz-
ardous agent. a firing mechanism configured to expel the
hazardous agent from the fiuid chamber through the outlet
member for injecting the hazardous agent. an energy source
associated with the firing mechanism to power the firing
ntcchanism jet injecting the hazardous agent from the injec-
tion outlet. and a triggpr mechanism associated with the firing
mechanism to activate the firing mechanism. In one embodi-
ment. the kits comprise a jet injector. a therapeutically effec-
tive amount of methotrexate contained in the jet injector. and
instructions for using the jet injector to inject the methotrex-
ate into a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects. features and advantages of the
disclosure will be apparent from a consideration of the fol-
lowing. non-limiting detailed description considered in con-
junction with the drawing figures, in which:

FIG. I is a side view ofan injection device according to an
embodiment of the present disclosure:

FIG. 2 is a cross—sectional view of the injection device of
FIG. 1 in a safety state taken along line A-A:

FIG. 3 is an enlarged view ofa portion of the cross-section
shown in FIG. 2:

FIGS. 4A and 4B are perspective views ofa sa fety member
used in connection with the injection device of FIG. 1:

FIG. 5 is an additional cross-sectional view ofthe device of

FIG. 1 in the safety state;
FIG. 6A is a cross-sectional view ofthe injection device of

FIG. I in a ready state:
I-'IG. 613 is a cross-sectional view ofthe injection device of

FIG. I at the start of an injection state:
FIG. 6C is a cross-sectional view ofthe injection device of

FIG. I at the end of an injection state;
FIG. 6D is a cross-sectional view ofthe injection device of

FIG. 1 in a locked state:

FIG. 7 is an exploded view of a por1ion of the trigger
meclianism associated with the injection device of 1-‘ 1G. 1;
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FIG. 8 is a perspective view ofa needle gttard according to
an embodiment of the injector of FIG. 1;

FIG. 9 is a cross-sectional view ofthe cap shown in FIG. 1;
FIG. 10 is a graph showing the pressure within the liquid

chamber o fan embodiment of an injection device according
to die present disclosure, as a function of time:

FIG. 11 is a cross—sectional view ofa needle—free jet injec-
tion nozzle:

FIG. 12 shows the phanuacokinetic profiles of rnethotrex-
ate in Gottingen rninipig plasma following subcutaneous
injection of methotrexate with an embodiment of an autoin-
jector of the present disclosure as compared to a known
hypodermic syringe:

FIG. 13 shows the mean pharmacokinetic profiles ofmeth-
otrexate in Gottingen minipig plasma following subcutane-
ous injection of metholrexate with an entbodiment of an
autoinjector of the present disclosure as compared to a known
hypodermic syringe:

FIG. 14 shows further mean pharmacokinetic profiles of
methotrexate in Gottingen minipig plasma following subcu-
taneous injection ofmethotrexate with an embodiment ofan
autoinjector ofthe present disclosure as compared to a known
hypodermic syringe:

FIG. 15 shows a comparison of methotrexate exposure
(Cam and AUC‘(0—t)) in Gottingen minipig plasma following
subcutaneous injection of methotrexate with an embodiment
ofan autoinjector ofthe present disclosttre as compared to a
known hypodermic syringe;

FIG. 16 shows a comparison of spring force during injec-
tion between an embodiment ofan autoinjector ofthe present
disclosure and a known autoinjector.

[)ETAlI.ED DESCRIPTION

Definitions

“Acyl“ refers to a radical —C(O)R. where R is hydrogen.
alkyl. cycloalkyl. cycloheteroalkyl. aryl. arylalkyl. het-
eroalkyl. heteroaryl. heteroarylalkyl as defined herein. Rep-
resentative examples include. but are not limited to formyl.
acetyl. cylcohexylcarbonyl. cyciohexylmethylcarbonyl. ben-
zoyl, benzylcarbonyl and the like.

“Acylamino“ (or alten1atively “acylamido“) refers to a
radical —NR'C(O)R. where R‘ and R are each independently
ltydrogen. alkyl, cycloalkyl. eycloheteroalkyl, aryl. arylalkyl,
heteroalkyl. heteroaryl. heterioarylalkyl. as defined herein.
Representative examples include. but are not lituited to,
fonttylamino. acetylantino (i.e.. acetamido). cyclohexylcar-
bonylamino. cyclohexylntethyl-carbonylamino. benzoy-
lamino (i.e.. benzamido). betlzylcarbonylamino and the like.

“Alkoxy" refers to a radical —OR where R represents an
alkyl or cyeloalkyl group as defined herein. Representative
examples include, bill are not limited to. methoxy. ethoxy.
propoxy. buloxy. cyclohexyloxy and the like.

“Alkoxycarbonyl" refers to a radical —(‘(O)-alkoxy.
where alkoxy is as defined herein.

“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
all-cyl groups include. but are not limited to. methyl: ethyls
such as ethanyl, ethenyl. ethynylz propyls such as propan-l -
yl. propan-2-yl. cyclopropan-1-yl. prop-1-en-J-yl, prop-l-
en—2—yl. prop—2-en—1-yl (allyl}, cycloprop-l—en—l—yl: cyclo-
prop—2—en—l—yl. prop-1—yn—l—yl_. prop—2-yn—l-yl. etc.: butyls
such as butan-l -yl. hutan-2-yl. 2-methyl-propan-I -yl. 2-mo-
thyl-propan-2-yl, cyclobtttan-l -yl. but- l-en- 1 -yl. but-I -en-2-
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yl. 2-methyl-prop—l-en-1-yl. but-2-en—1-yl. but-2-en-2-yl_.
buta-1.3-dien-l-yl. buta-1.3-dien-2-yl. cyclobut-1-en-l-yl.
cyclobut-l -en-3-yl_. cyc1obuta- l.3-dien- l-yl. but- I -yn- l-yl.
but-1-yn-3-yl. but-3-yn-1-yl. ete.; and the like.

The term “alkyl” is specifically intended to include groups
having any degree or level ofsaturation, i.e., groups having
exclttsively single carbon—carbon bonds. groups having 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 expressions “alka-
nyl." “alkenyl." attd “alkynyl" are used. In some embodi-
tttettts. an alkyl group comprises from 1 to 20 carbon atoms,
in some embodiments, from I to 10 carbon atoms.

“Alkylamino" means a radical —N[-IR where R represents
an alkyl or cycloallqrl group as defined herein. Representative
examples include. but are not limited to. metliylamino. ethy-
lamino. 1-methyletltylamino. cyclohexyl amino and the like.

“Alkylsulfinyl” refers to a radical -— S(O)R where R is an
alley] or cycloalkyl group as defined herein. Representative
examples inclttde. but are not limited to, methylsulfinyl. eth-
ylsulfinyl. propylsulfinyl. butylsulfinyl and the like.

“Alkylsulfortyl“ refers to a radical -S(O)2R where R is an
alkyl or cycloalkyl group as defined herein. Representative
examples include, but are not limited to, methylsulfonyl.
ethylsulfonyl. propylsulfonyl. butylsulfonyl and the like.

“Alkylthio" refers to a radical - -«SR where R is an alkyl or
cycloalkyl grottp as defined herein. Representative examples
include. but are not limited to methylthio. ethylthio, propy-
lthio. butylthio and the like.

“An1ino“ refers to the radical —NH2.

“Aryl" refers to a monovalent aromatic hydrocarbon group
derived by the removal of one hydrogen atom from a single
carbon atom ofa parent aromatic ring system. Typical aryl
groups include_. bttt are not limited to. groups derived from
aceanthrylene. acenaplithylene. acephenantlirylene.
antliracene. azulene. benzene. cltrysene. coronene. l‘luoran-
thene. fluorene. hexaeene. hexapliene. hexylene. as-indacene.
s-indaeene. 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.

“Arylalkyl" refers to an acyclic alkyl group in which one of
the hydrogen atoms bonded to a carbon atom. typically a
tenninal or spa‘: 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_. naphthylrn—
ethyl. 2-naphthylethan—l-yl. 2—napl1thylethen—l -yl. naph-
dtobenzyl. 2-naphthophenylethan-l-yl and the like. Where
specific alkyl moieties are intended. the nomenclatilre aryla-
lkanyl, arylalkenyl andfor arylalkynyl is used. In some
embodiments, an arylalkyl group is (C6-C3o)arylaIkyl.
the alkanyl. alkenyl or alkynyl moiety of the arylalkyl group
is (C,—Cm) and the aryl moiety is (C6-C30), in some embodi-
ments. an arylalkyl group is (C5—C‘30)arylall\yl. e.g.. the alka-
nyl. alkenyl or alkynyl moiety of the arylalkyl group is ((7.-
(T3) and the aryl moiety is [C6-C12).

“Aryloxy" refers to a radical —OR where R represents an
aryl group as defined herein.

“AUC“ is the area under a curve representing the concen-
tration of a compound. such as a hazardous agent as defined
herein. or metabolite thereof in the blood or plasma of a
patient as a function of time following ad.minisLratiort of the
compound to the patient. I"-‘or example, the administered com-
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pound can be a hazardous agent as defined herein. The AUC
may be determined by measuring the concentration ofa com-
pound or metabolite thereof in blood using methods such as
liqttid chromatograpliy-tzmdern mass spectrometry (LCIMSI
MS), at various time intervals. and calculating the area under
Lhe blood or plasma concentration—versus-tiinc curve. The
concentration versus time curve is also referred to as the

pliarntacokinetic profile. Suitable methods for calculating the
AUC from a compound coneentration-versus-time curve are
well known in the art. For example. an AUC forthe hazardous
agent methotrexate may be determined by measuring the
concentration of methotrexate in the blood of a patient fol-
lowing adntiiiistratiolt of methotrcxate to the patient.
AUC[,_3_, is the area under the curve from administration (time
0] to 24 hours following administration. .AUCs,.3_, is the area
under tl1e curve over a 24 hour period following a dosing
regimen administered over a period ofdays (steady state).

“Bioavailability“ refers to the amount ofa compound, such
as. for example. a hazardous agent. that reaches the systemic
circulation of a patient following administration of the com-
pound to the patient and can be determined by evaluating, for
example. the blood or plasma concentration for the com-
pound. I-' or example, the administered compound can be a
hazardous agent as defined herein.

“Co1npounds" of the present disclosure include com-
pounds within the scope of formula (1). Compounds may be
identified either by their chemical structure audfor cliemical
name. When the chemical structure and chemical name con-

flict. tl1e chemical structure is detertninative ofthe identity of
the compound. ‘the compounds described herein n1ay com-
prise one or more chiral centers andfor double bonds and
therefore may exist as stercoisomers such as double-bond
isotners (i.e.. geometric isomers). enantiotners. or diastere-
omers.!\ccordingly. unless specifically indicated. any chemi-
cal structures within the scope ofthe specification depicted. in
whole or iii part. with a relative configuration encompass all
possible enantiomers and stereoisomers of the illustrated
compounds including the stereoisomerically pttre form {e.g._.
geometrically pure. enantiomerically pure. or diastereorneri-
cally pure) and euantiomeric and stereoisomeric mixtures.
Iinantiomeric and stereoisomeric mixtures may be resolved
into their component enantiomers or stereoisoniers using
separation teclmiques 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 sttch as crystallization in the presence ofa
resolving agent, or chromatography, using a chiral high-pres-
sure liquid chromatography (I--IPLC) column.

The compounds as disclosed herein may also exist in sev-
eral tautomeric forms including the enol form, the keto form.
and mixtures thereof. Accordingly. the chemical structure
depicted herein encompasses all possible tautomerie forms of
the illustrated compounds. Compounds of the present disclo-
sure also include isotopically labeled compounds where one
or tnore atoms have an atomic mass different front the atomic

mass conventionally found in nature. Examples of isotopes
that may be incorporated into the compounds disclosed
herein include, but are not limited to. 3H, 3 H. “C. "C. “C.
“N, 130. “O, etc. Compounds may exist in unsolvated forms
as well as solvatod forms, including hydrated forms and as
oxides or N-oxides. In general. compounds may be free acid.
hydrated. solvated. oxides. or N-oxides. Compounds Inay
exist in multiple crystalline, co-crystalline. or amorphous
for111s. Compounds include phannaceutically acceptable salts
thereof. or phannaceutically acceptable solvates of the free
acid form ofany of the foregoing. as well as crystalline forms
of any of the foregoing. Compounds also include solvates.
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“C‘ycloalkyl" 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, bttt are not limited to.
groups derived from cyclopropane. cyclobutane. cyclopen-
lane, cyclohexane. and the like. in some enlbodirnerils. the

cycloalkyl group is ((?_,,-(T,,,)cycloalkyl. in some embodi-
ments (C_,-C , )cycloalkyl.

“(‘ycloheteroalkyl" refers to a saturated or unsaturated
cyclic allq/l radical in which one or more carbon atoms (and
any associated hydrogen atoms} are independently replaced
with the same or different heteroatom. Typical lieteroatoms to
replace the carbon atom(s] include. but are not limited to. N.
1-’. O, S. Si. etc. “fherea specific level ofsaturation is intended.
the nomenclature “cycloheteroa1kanyl” or “cycloheteroalk-
enyl" is used. Typical cycloheteroalkyl groups include. but
are not limited to. groups derived from epoxides. imidazoli-
dine. morpholine. piperazine. piperidine. pyrazolidine. pyr-
rolidine. quinuclidine. and the like.

“Dialkylamino" means a radical —NRR' where R and R‘
independently represent an alkyl or cycloallgtl group as
defined herein. Representative examples include. but are not
limited to. dimethylamino. methylethylamino. di-( l-methyl-
ethyllamino. (cyclohexyl )(methyl )atnino, (cyclohexyl )(ethy-
l)amino. (cyclohexyl)(propyl}arnino and the like.

“Formula (I)" includes the methotrexate derivative (1),
pharmaceutically acceptable salts thereof. pharntaceutically
acceptable solvatcs ofany ofthe foregoing, pharmaccutically
acceptable hydrates ofany ofthe foregoing, phamiaceutically
acceptable oxides of any of the foregoing, and crystalline
forms of any of the foregoing. Fonnula (I) is used inter-
changeably with a compound of formula (I). In cenain
embodiments. a compound of fonnula (I) can be a free acid.
In certain embodiments. a compound of formula (I) can be a
pliarniaceutically acceptable salt.

“I halo" means lluoro. chloro, bromo, or iodo.

“I-Iazardous Agent(s)“ means any one or more medications
that are toxic agents. cytotoxic agents andfor 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. IL-2
alpha receptor antagonists. anti-rejection compounds. hor-
monal agents. prostaglandins. sedatives. anticholinergic
agents. Parkinsons disease drugs. expensive agents. neuno-

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-
nlent". lIa?B.rti0t.ts agents include. without limitation. amine-
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. IL-2 alpha receptor antago-
nists. anti-rejection 001'J1p0‘tJI1dS_. hormonal agents. prostag—

landins, sedatives. anticholinergic agents. Parkinsons disease
drugs. expensive agents. neuroleptic agents. tissue necrosis
factor (TNF) blockers. and other dangerous agents. toxic
agents. cytotoxic agents. highly potent agents. agents that
have profound physiological effects at low doses and other
dangerous agents.

Examples of highly potent agents include. without limit‘ —
lion. steroids sttch as dexamethasone. progesterone. soma-
tostatin, and analogues thereof; biologically active peptides
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such as teriparatide; and anticholinergics such as scopola-
mine. Examples ol‘ agents that have profound physiological
effects at low doses include. without limitation. antihyperten-
sives andfor blood pressure down regulators. Examples of
analgesics include, without limitation. fentanyl. fcntanyl cit-
rate. morphine. meperidinc. and othet' opioids. ll-Examples oi‘
imnlunomoduiating agents include. without linlitation. adali-
mumab (anti-tissue necrosis lactor monoclonal antibody or
anti-TNF). Examples o1'IL-l receptor antagonists include.
without limitation. anakiura. Examples ofIL-2 alpha receptor
antagonists include, without limitation, daclizumab and
basiliximab. Examples of anti-rejection compounds include,
without limitation. azathjoprine, cyclosporine. and tacroli—
mus. liixamples of hormonal agents include. without limita-
tion. testosterone. estrogen. growth hormone. insulin. thyroid
hormone. follicle stimulating hormone (FSH). epinephrine!
adrenaline. progesterone. parathyroid hormone. gonadotro-
pliin releasing honnone (GI--IRI-I). leutinizing hormone
releasing. hormone (l..IlRl-l)._ other hormones such as those
where contact with the hormone by members of the opposite
sex can lead to side eflects. and derivatives thereof. Examples
of prostaglandins include. without limitation. gamma-lino-
lenic acid. docosahexanoic acid. arachjdonic acid and eicosa-

pentaenoic acid. Examples ofsedatives include. without limi-
tation. barbiturates such as amobarhital. pentobarbital.
secobarbital, and plicnobarbitol; beitaodiazcpines such as
clona'z..epa1n. diazepam, cstazolam. Ilunitrazepam.
lorazepani. midazolam. nitrazepam. oxazepam. triazolam.
temazepam. clilordiazepoxide. and alprazolam; l1erbal seda-
tives such as ashwagandha. duboisia hopwoodii. prosauthera
striatifiora, kava (piper methystictun]. mandrake. Valerian,
and marijuana: non-benzodiazepine sedatives {a.k.a.
“Z~drugs") such as eszopiclone. zaleplon, zolpidem, zopi-
clonc:antil'1istat11ines such as diplienllydranlitlc. dimenhy‘(lri-
nate. doxylarrtine. and proiltethaziilez and other sedatives
sucl1 as chloral hydrate. Examples ofaitticliolinergic agents
include. witliout limitation. dicyclomine. atropine. ipratro-
pium bromide. oxitropium broiuide. and tiotropium.
ilxatnples of Parkinson‘s disease drugs include. without limi-

tation. levodopa. dopamine, carbidopa. benserazide. co—cer-
aldopa, co—beneldopa_. tolcapoue. entacapone, bromocriptine.
pergolide. pramipexole. ropinirole. piribedil. cabergoline,
apomorphine, and lisuride. Examples of expensive agents
include. without limitation. linman growth hormone and
erythropoietin. Examples of nearoleptic agents includes.
without limitation. antipsychotics: butyrophenones such as
haloperidol and dropcridol; phcnotliiazincs suclt as ch1orpro-
rnazine. fluphenazine. pcrphenazine. proclllorperazine. l.hior-
idaziue. trifittoperazine. mesoridazine. periciazine. pro-
tnazine. trifiupromazine. levomepromazine. promethazine.
and pimozide: tliioxanthenes such as chlorprothixene. clo-
penthixol. flupenthixol. thiothixene. and zuclopenthixol:
atypical antipsychotics such as clozapine. olanzapine. risperi-
done. quctiapine. ziprasidone. amisulpridc. asenapinc, pali-
peridone, iloperidonc, zotepine. and sertindole; and third
generation antipsycliotics such as aripiprazole and bite-
prunox. Examples ofTNF blockers includes. without limita-
tion. etanercept.

Ilazardous agents include pltannaceutically acceptable
salts. solvates. hydrates. oxides or N-oxides. In some embodi-
ments the hazardous agent is a cytotoxic compound or a
pharmaceutically acceptable salt. solvate, hydrate. oxide or
N-oxide thereof. I11 some entbodinlelits [l1e liamrdtitls agent is
a compound of formula (1):
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or a pharmaceutically acceptable salt, solvate. hydrate.
oxide or N-oxide tlicreof. In some embodirnerits. the
medicament is methotrexate.

In some embodiments. the liazardous agent can be selected
from botulinum toxin. injectable gold. 6-ntercaptopurine.
6-thioinosinic acid. azalhioprinc. chlorambucil. cyclopl1os-
phantide. cytophosphane. cytarabine. fluorouracil. inel-
phalau, methotrexate, ttramustine, anti-cytokine biologicals.
cell receptor antagonists. cell receptor analogues. dexametha—
sone. progesterone, soniatostatin, analogues of dexametha-
sone. analogues of progesterone. analogues of somatostatin.
teriparatide. scopolarnine. antihypertensives. blood pressure
down regulators. fentanyl. fentanyl citrate, morphine. mep-
eridine. other opioids. adalimumab (anti-tissue necrosis Fac-
tor monoclonal antibody or anti—TNF), anakinra. daclizumab.
basiliximab. azathioprine. cyclosporine. tacrolinuis. test-
osterone, estrogen. growth liomtone. insulin. thyroid hor-
mone. follicle stimulating hormone (I-‘SI-I), epinephrine!
adrenaline. gamma-linolenic acid. docosahexanoic acid.
arachidonic acid. eicosapentaenoic acid. aniobarbital. ponto-
barbital. secobarbital. phenobarhitol. clonariepam. diazcpani.
estazolam, flunitrazepam. lorazepam. niidazolam.
nitrazepam, oxazepam. triazolam, temazepam. ch1ordiazep—
oxide. alprazolam. ashwagandha. dttboisia hopwoodii. pro-
santhera striatillora. kava [piper methysticum), mandrake.
valerian. marijuana. eszopicione. zaleplon. zolpidem. zopi-
clone. diplienhydrantine. dimenhydrinate, doxylamine.
prometliazine. chloral hydrate. dicyclominc, 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. lisuricie. human growth hormone. erythropoietin. halo-
peridol. droperidol. chlorpromazine. lluphenazine. perphena-
zine. prochlorpcrazine. thioridazinc, trifluoperazine.
mesoridazine. periciazine. promazine. triflupromazine.
levomepromazine. promethazine, pimozide, chlorprothjx—
ene. clopenthixol. flupenthixol. thiothixene. zuclopenthjxol,
clompine. olanzapine. risperidone. quetiapine. ziprasidone.
amisulpride. asenapine. paliperidone, ilopcridone. zotepine.
sertindole. aripiprazole. bifeprunox. etanercept. derivatives
of any of the foregoing, and combinations of any of the
foregoing.

Hazardous agents are capable of causing mortality andfor
serious eifects including cancer. injections. organ toxicity.
fertility problems. genetic damage. and birth defects. Hazard-
ous agents can also possess mechanisms of action that are
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acutely less serious_. but still potentially deleterious to the
patient, such as sttppression of the immune system. The sup-
pression occurs by down regulation ofa population or activity
of specific cells that participate in the immtuie response.
which increases susceptibility to infection. Ilowever. even
though suppression of the itntiiunc syste111 is potentially del-
eterious. it can also act to reduce ililiammation in a subject.
thereby providing a benefit to patients with autoimmtuie dis-
eases.

“I-leteroallcyloxy" means an —O-heteroalkyl group where
heteroalkyl is as defined herein.

“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 inde-
pendently replaced with the same or different heteroatornic
groups. Typical heteroatomic groups inclttde. but are not lim-
ited to. -0-. —S—. -0-0-. —S-—S—. -0-S—. —NR'—-.
=N-—-N=. — N=N-—, —-N-_—-N--—-NR‘ —-. —- PH —-.

.p(())2. ._. . .0. _P.[Q]2. _.S(()).. .1 5(0):.
—Snl-I2—. and the like, where R‘ is hydrogen. alkyl_.
cycloalkyl. or aryl.

“I-ieteroaryl" 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 het-
eroaryl groups include. but are not limited to. groups derived
from acridine. arsindolc. carbanole. P-carboline. chromane.

chromene. cinnoline. fitrao. imidazole. indazole, indole.
indoline. indolizine. isobenzofuran. isochromene. isoindole,
isoindoline, isoquinoline. isothiazole, isoxazole. naphthyri-
dine. oxadiazole. oxazole, perimidine. phenanthridine.
phenanthroline. phenazine. phthalazine. pteridine. purine.
pyran. pyrazine. pyrazole, pyridazine, pyridine. pyrimidine.
pyrrole. pyrrolizine. quina'/oline. quinoline. quinolizine. qui-
noxaline. tetrazole, thiadiazole. thiazole. thiophene. triazole.
xanthene. and the like. In some embodiments. the heteroaryl
group is between 5-20 membered heteroaryl. in some
embodiments between 5-10 membered heteroaryl. In some
embodiments lteteroaryl groups can be those derived from
thiophene, pyrrole, benzothiophene. benzaofuran. indole_.
pyridine. quirioline. imidazole. oxazole and pyraritte.

“Heteroarylalkyl" refers to an acyclic alkyl group in which
one ofthe hydrogen atoms bonded to a carbon atom. typically
a terminal or spa carbon atom. is replaced with a heteroaryl
group. Where specific alkyl moieties are intended. the
nomenclature lietenoarylalkanyl. lietenoarylalkenyl andfor
hcterorylalkynyl is used. In some embodiments. the het-
eroarylall-tyl group is a 6-30mcn1bered heteroarylall-tyl. 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 [-8 membered and the heteroaryl moi-
ety is a 5-12-membered heteroaryl.

“I-leleroaryloxy” means an ——O-heteroaryl group where
heteroaryl is as defined herein.

“N—oxide" (also known as “amine oxide” and “amine—N—

oxide") refers to a chemical compound that contains the func-
tional group R_.N* 0'. where R is hydrogen. alkyl, aryl.
arylalkyl. cycloalkyl. cycloheteroalkyl. heteroalkyl, het-
eroaryi. or heteroarylalkyl.

“Oxide" refers to a chemical compound containing at least
one oxygen atom as well as at least one other element.

“Patient” and “Subject“ both independently include mam-
mals. such as for example. htunans.

“l’harmaccu1ically acceptable" refers to approved or
approvable by a regulatory agency of a federal or a state
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govenunent. listed in the U.S. Pl1€l.t'lJ12'lC0pel£l_. or listed in
other generally recognized pharmacopeia for use in mant-
mals. including humans.

“Pharmaceutically acceptable salt" refers to a salt of a
compound. such as a salt ofa hazardous agent. that is phar-
maceutically acceptable and that possesses the desired phar-
macological 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. malouic acid. succinic acid. malic
acid. msleic acid. fumaric acid, tartaric acid, citric acid. ben-
zoic acid. 3-{4-hydroxybenzoyl)bcnmic acid. cinnamic acid.
mandelic acid. methanesulfonic acid. ethanesulfonic acid.

1.2-ethane-disulfonic acid. 2-hydroxyetlianesulfonic acid.
benzcnesulfonic acid. 4-clilorobenzenesulfonjc acid, 2-napl1-
thalenesulfonic acid. 4-toluenesulfonic acid. camphorsul-
fonic acid. 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic
acid. glucoltcptonic acid. 3-phenylpropionic acid. trimet11y-
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 fomied when an acidic proton present in the parent
compound either is replaced by a metal ion. c.g.. an alkali
tnetal ion. an alkaline earth metal ion. or an aluminum ion: or

coordinates with an organic base such as ethanolamiue.
diethanolanijne, triethanolamine. N—methylglucamine_. and
the like. in certain embodiments. a salt ofa hazardous agent is
the hydrochloride salt, and in certain embodinicnts, the
sodium salt.

“Pharmaceutically acceptable vehicle“ or “pharmaceuti-
cally acceptable excipient" refers to a pharmaceutically
acceptable diluent. a pharmaceutically acceptable adjuvant. a
pharmaceulically acceptable excipient. a phannaceutically
acceptable carrier. or a cornbinatioll 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 phamtacological activity thereof. and which is
nontoxic when administered in doses sulficient to provide a
therapeutically effective amount of the compound.

“Pharmacokinetics" refers to the assessment of the fate of

an administered medication in the body. Parameters useful in
characterizing pharmacokinetics include a blood concentra-
tion-versus-timc curve include the area under the curve

[AU(.”). the time to peak concentration ('l‘,,m.). and the maxi-
mum compound concentration CNJ. where Cm‘. is the maxi-
mum concentration ofa compound in the blood plasma of a
patient following administration ofa dose ofthe compound to
the patient, and Tm‘ is the time to the maximum concentra-
tion ((7m_\.) ofa compound in the blood or plasma ofa patient
following adrninistration of a dose of the compound to the
patient.

“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.

“Solvate" refers to a molecular complex of a compound
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 cont-
pound and a solvent can be stabilized by non-covalent intra-
molecuiar forces such as. for example. electrostatic forces,
van der Waals forces. or hydrogen bonds. The term “hydrate”
re fers to a solvate in which the one or more solvent molecules
is water.
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“'l"herapetttically effective aniottnt" refers to the amount of
a hazardous agent tI1at_. when administered to a subject for
treating a disease or disorder, or at least one of the clinical
symptoms ofa disease or disorder. is sufficient to affect such
treatment of the disease, disorder, or symptom. The therapeu-
tically eifective amount may vary depending, for example. on
tile compound, tl1e disease. disorder. artdfor symptoms of the
disease. severity of the disease or disorder. andfor symptoms
ofthe disease ordisorder, the age, weight, andfor health of the
patient to be treated. and the judgment of the prescribing
physician. A therapeutically effective amount may be ascer-
tained by those skilled in the art or capable of determination
by routine experimentation.

“Treating” or ‘‘treatment‘‘ ofany disease refers to arresting
or ameliorating a disease or disorder, or at least one of the
clinical symptoms ofa disease or disorder. reducing the risk
ofacquiring a disease or disorder or at least one ofthe clinical
symptoms ofa disease or disorder. reducing the development
of a disease or disorder. or at least one of the clinical symp-
toms of the disease or disorder, or reducing the risk ofdevel-
oping a disease or disorder, or at least one of the clinical
symptoms of a disease or disorder. “Treati1ig" or “treatment"
also refers to inhibiting the disease or disorder, either physi-
cally. (c.g.. stabilization of a discernible symptom). physi-
ologically. {e.g.. stabilization of a physical parameter). 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 ofthe 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.

Reference is now made in detail to certain embodiments of

the disclosure including. without limitation. hazardous
agents. injectors and methods. The disclosed embodiments
are not intended to be limiting of the claims. To the contrary.
the claims are intended to cover all alternatives. modifica-

tions. and equivalents.

Injection of I--Iazarrlous Agents

In various aspects. the present disclosure relates to the
injection of hazardous agents. In some embodiments. the
hazardous agents are cytotoxic agents. Examples ofcytotoxic
agents that may be used according to the present disclosure
include. without limitation. 6-mcrcaptopurine. (3-tliioinosinjc
acid. azathioprine, chlorambucil. cyclopliosphamidc. cyto-
phosphane. cytarabine. melphalan. methotrexate. uramus-
tine. anti-tissue necrosis factor biologicals. anti-cytolcine bio-
logicals, cell receptor antagonists, cell receptor analogues,
and derivatives ofeach ofthe foregoing. Some ofthese 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 clfect against rapidly divid-
ing cells. In the case ofrapidly 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.

In some ernhodiments. one or more hazardous agents andi’
or pharnlaceutically acceptable salts. solvates. liydrates.
oxides and N-oxides thereof. can be injected in less than
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about 5 seconds via the use of a powered injector. In some
embodiments. the present disclosure relates to the injection of
one or more hazardous agents and one or more pharmaceuti-
cal ly acceptable excipients. In some embodiments. the
present disclosure relates to the injection of a pl1annaceuti-
cally acceptable salt of one or more hazardous agents.

Injection of Methotrexate and its Derivatives

In some embodiments. the injected hazardous agent is
methotrexate andfor one or more derivatives ofmethotrexate

as given by formula [I]. described further below. I11 one
aspect. the present disclosure relates to the injection of meth-
otrexate andfor derivatives of methotrexate via a powered
injector in less than about 5 seconds. In some cmbodirncnts,
nictliotrexate andfor derivatives o frncthotrexale andfor phar-
macentically acceptable salts. solvates, hydrates, oxides and
N-oxides thereof. are injected. In some embodiments, the
present disclosure relates to the injection of methotrexate
andfor derivatives of methotrexatc and one or more pharma-
ceutically acceptable excipients. In some embodiments. the
present disclosure relates to the injection ofa pharmaceuti-
cally acceptable salt of methotrexate andfor derivatives of
methotrexate. In some embodiments, the present disclosure
relates to the injection ofpharmaceutical compositions com-
prising methotrexate and a pharmaceutically acceptable
excipient.

Jet Injection of Hazardous Agents

Iti some embodintents, the present disclosure relates to the
injection of hazardous agents via a jet injector. In some
embodiments. the jet injector is a 11eedle—assisted jet injector.
In some embodiments. the jet injector is a needle-free jet
injector. In some enibodiments. hazardous agents andfor
phamiacentieally acceptable salts. solvates, hydrates, oxides
and N-oxides thereof. are injected. In some embodiments.
phanuaceulical compositions comprising one or more haz-
ardous agents and one or more pharmaceutically acceptable
excipients are injected. In some embodiments. a phannaceu—
tically acceptable salt of a haxardotts agent is injected. In
some embodiments, the present disclosure relates to the injec-
tion of pltarmaceutical compositions comprising methotrex-
ate and a pharmaceutically acceptable excipient.

Compounds

In various aspects, the present disclosure relates to hazard-
ous agcnts. In various embodiments. the present disclosure
relates to compounds of formula (I):

ll}

 
OR;

and pharmaceutically acceptable salts. solvates. hydrates.
oxides and N-oxides tlierteof.
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I11 various aspects, R,_. R3. and R3 are independently
selected from the gmup hydrogen. alkyl. alkoxy, acyl. acy-
lamino. alkylamino. alklysulfinyl. alkylsnlfonyl. alkylthio.
alkoxycarbonyl, aryl. arylalkyl. aryloxy. cycloalkyl. cyclo-
heteroall-tyl. dialkylamino. halo, heteroalkyl. heteroaryl. het-
eroarylalkyl. heteroalkyloxy. and heteroaryloxy.

[11 certain embodiments. the compottnd of'fon'nula (I) is the
cytotoxic agent methotrexate. wherein R1 is methyl and R2
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 (2S)—2-[(4-{[(2.4—diamino-7.8—dihydropteri-
din—6—yl)methyl](n1etl1yl)amino}phenyl]formamido]pen~
tancdioic acid.

In certain embodiments, compounds offormula (I) may be
prepared using the methods described by US. Pat. No. 4.374.
987 to Singh et al. andfor U.S. Pat. No. 4.080.325 to Ellard.

The hazardous agents of the present disclosure can com-
prise a therapeutically effective amount ofone or more of the
hazardous agents disclosed herein. in some embodiments in
purified fomt. together with a suitable amount of a pharrna-
eeutieally acceptable vehicle. so as to provide the term for
proper self administration by a patient. In some embodi-
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. 111 some embodiments. saline
soltttions and aqueous dextrose and glycerol solutions can
also be employed as liquid vehicles for injectable solutions.
Suitable pltarmaceutical vehicles can also include excipients
such as sodium phosphate, sodium citrate, sodium acetate
trihydrate. citric acid. glacial acetic acid. mannitol. polysor-
bate 80. I.-argininc 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. andfor
auxiliary. stabilizing. thickening. lubricating andfor coloring
agents.

In some embodiments. pharnlaceutical compositions pro-
vided by l.l1e present disclosure comprise the hazardous
agents disclosed herein together with one or more pham1a—
ceutically acceptable excipients.

The amount of the one or more pharmaceutically accept-
able excipients in a phannaceutical composition can be. for
example: from about 0.005% wfv to about l 0% wfv: and from
about 2% wiv to about 6% wiv: where % wfv is based on the

total weight of the excipient per unit volume.
in some embodiments, pharmaceutical compositions pro-

vided by the present disclosure comprise a pharmaceutically
acceptable salt of tl1c l'l&l?1lI‘(.lt.‘)l.lS agents disclosed herein.

Pharmacokinetics

Typically. the bioavailability of a hazardous agent is close
to 100% when it is injected or administered intravenously
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 andfor bioavailability of the hazardous
agent in a particular lnanncr suitable for a patient. dose or
other ltazardous agent property.
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In some embodiments. the bioavailability ofa ltazardous
agent can be maintained, or approximated to a known or
desired level. by selecting one or more factors in the configu-
ration ofa powered injector. and in some embodiments one or
tnore factors in the configuration of a_iet injector. to maintain
bioeqnivalcnce for the hazardous agent. Bioequivalcnce can
be tlleasured using nlcans known in the art to measure plasma
levels to detertnine the rate and extent ofabsorption ofthe
hazardous agent and determining the AUC for the ltazardous
agent to determine the extent of absorption. Cm‘. concentra-
tions may also be used to detennine the rate of hazardous
agent absorption. Bioequivalence is established if a hazard-
ous agent injected via an injector of the present disclosure
reaches the site ol‘ahsorplion in similar times and is absorbed
to the same extent as if the hazardous agent had been intro-
duced to the subject via other known routes ofadministration.
Typically. bioequivalence ofa hazardous agent is reached if
one or more confidence intervals ofthe measured pharmaco-
kinetie parameters fall between about 80% and about 1 25% of
a known or desired level of the hazardous agent (see:
Approved Compound Products With Therapeutic Equiva-
lence Iivalttations. US {bad and Compotmd .Ildrt.=irH'5rratr'on
Lflectronic Orrmge Book. 27th ed. Washington. i).C.: US
Department of Health & Human Services (200?):_ and 21
(.‘.F.R. §320.33 (Apr. 1, 2005)).

The rate of injection. or the speed at which a hazardous
agent is delivered to a subject. is a function ofseveral features
of the injector used. a11d can include. without limitation. the
pressure utilized by the injector to make the injection. andfor
the configuration and dimensions ofthe injection outlet ofan
injection outlet member in an injector. such as the needle used
or the needle- free nozzle. ln some embodiments. the speed of
injection of an injector can be selected to maintain the phar-
macokinetics andfor bioavailability ofa hazardous agent at a
level that is similar to other methods ofparenteral delivery
including. without limitation. traditional hypodennic-syringe
injection. by altering the pressure used in the injector to jet
inject the hazardous agent.

Changes in one or more factors in the configuration ofan
injector may be necessary because the interactions of the
hazardous agent. once ejected from an injector of the present
disclosure, can vary widely front subject to subject. It is
believed that the deposition pattem 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 n1igra-
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. .4rfJ'rrJ'.'r's arm’ Rheumatfmr 2004: 50: l370-1382].
Since it is likely that methotrexate would encounter such cells
after injection bttt before reaching the systemic circulation.
the pharmacokinetics andfor bioavailability of metltotrexate
resulting from the injection can vary greatly from individual
to individual. thereby necessitating a change in the matuter in
which methotrexate is administered from subject to subject.
The amotutt of change to one or more factors in the configu-
ration ofan 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 an.
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By using a powered injector of the present disclosure. a
hazardous agent may be injected into a subject more precisely
and cotnpletely titan ifit were injected via a manual syringe.
and in less than about 5 seconds. In a jet injector embodiment_.
the configuration of thejet injector. and the factors affecting
the injection. can be selected to obtain a (Tm, 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 hypodermic syringe. In
another jet injector embodintent, the configuration of the
injector, and the factors affecting the injection. can be
selected to obtain a 'l”,,m_, for a hazardous agent that is the same
or substantially the same as that seen with other tnethods of
parenteral delivery including. without limitation. a typical
hand»powered hypodermic syringe. In a further jet injector
embodiment. the configuration of the jet injector. and the
factors affecting the injection. can be selected to obtain both
a CW, and a Tm. 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 hypodermic syringe.

The pharmacokinetics of the cytotoxic agent methotrexate
will now be described as a specific example of the pham1a-
cokinetics of the disclosed hazardous agents.

The pltarmacokinetics of injected methotrexate are gener-
ally known (see, eg. Aquerreta. I.. et al.. Fed. Blood 8:
Cart(.'er (2003): 42(1), 52-58; and Seidetnan. P.. et al.. Br: J.
CH». Phar'rrtac'0I. (1993) April; 35(4): 409-412). Metliotre-x-
ate is a weak dicarboxylic acid with an acid dissociation
constant ofabout 4 .8 to about 5.5. and thtts exists mostly in its
ionized state at physiologic pl-1. Alter intravenous adrninis-
tration. the initial average distribution volume of inethotrex-
ate is typically about 0.18 I..i'l<.g {or about 18% ofthe subject ‘s
body weight) and the average steady-state distribution vol-
time typically ranges from about 0.4 Lfkg to about 0.8 Ukg
(or about 40% to about 80% of the subject’s body weight).
Methotrexate is generally completely absorbed from
parenteral routes ofinjection. Alter intramuscular injection of
methotrexate. peak serum concentrations (C,,m) occur in
about 30 to about 60 tnimttes ('l",_m) in tnost patients. How-
ever. individual plasma concentrations ofinjected tnethotrex-
ate have been reported to vary widely between individual
subjects. For example, in pediatric patients with juvenile
rheumatoid arthritis. the average mean serutn concentrations
ofmethotrexate were about 0. 59 uM (averaged over a range of
about 0.03 M to about 1.40 M) at about 1 hour. an average of
about 0.44 }.J.M (averaged over a range of about 0.01 ;tM to
about I .00 ;tM) at about 2 hours. and an average ofabout 0.29
ttM (averaged over a range of about 0.06 ttM to about 0.58
ttM) at about 3 hours. In pediatric patients receiving tnethotr—
exate injections for acute lymphocytic leukemia (at doses of
about 6.3 mgfmz to about 30 1‘t'1g)"It‘l2] or for juvenile rheuma-
toid arthritis (at doses of about 3.75 mgfmg to about 26.2
mg/ma). the terminal hall’-life of methotrexate has been
reported to range frotn about 0.? hours to about 5.8 hours. or
from about 0.9 hours to about 2.3 hours. respectively.

Toxicity at Higher Doses
As shown by several prior studies, it is presently unclear

whether increasing a regular close of methotrexate results in
an increase in compound efficacy. What is clear, however. is
that as the dose ofniethotrcxate increases. toxicity-associated
side eliects also increase. For example. Furst et al. evaluated
the effect of increasing oral doses of methotrexate front 5
mgfmz (15 mg to 10 mg) per week to 10 mgfmz (15 mg to 22
mg) per week in 46 patients (see Furst. D. E._. et al.. J. Rheu-
mrn'o.r'.. 1989: I6: 313-320). In this study. the authors noted
that higher doses of methotrexatc resulted in a dose-related
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eflicacy response together with a trend toward increased tox-
icity. However. a separate study conducted by Lambert et al.
did not find improved efficacy with increasing (loses of meth-
otrexate [see Lambert, C. M.. et al.. Arthritis and Rheuma-
tism. 2004: 50: 364-3':'l ). In this study. theeffect ofcscalating
intramusettlaf tnetholrcxate dosage frflttt [5 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 intramuscular
administration at 15 mg per week (average DAS28 reduced
frotn 5.6 to 5.2). Fifty-fottr patients who did not achieve a
favorable DAS28 score (DAS28<3.2) also demonstrated no
difference in disease improvement when compared to
patients who were given placebo.

Visser and van der Heijde conducted a review of several
studies focused on the efficacy o fvarying dosages and modes
of administration of methotrexate in subjects with rheuma-
toid arthritis (see Visser. I(.. and van der Heijde, D.. Antmf.
Rbeurii. Dt'.tea.t'e.c, 2008; published online 25 Nov. 2008 as
doi: 10.1 l36fard.2008.092668). The authors concluded that
starting subjects on tnethotrexate at 15 mg/week orally. then
escalating the dose 5 mgfntonth until a peak concentration of
25-30 mgfweek (or the highest tolerable dose per subject) is
reached. followed by a subsequent switch to subcutaneous
administration in the event of an insttfficiettt response, seems
to be the optimal means ofdosing and routing for methotrex-
ate in rhcutnatoid arthritis.

Varied Bioavailability with Oral Dosing
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 meth-
otrexate declines as the dose is increased. For example. Her-
man et :11. characterized the bioavailability of intravenously
and orally administered tnethotrexate at a dose of 10 Itlgflllz
per week in 41 patients with rheumatoid arthritis (see Her-
man. R. A.. et al.. J. P.«’:arm. Sc.-t'.. 1989: 78: 165-171). The
authors found that absorption of methotrexate administered
orally was only about 'i'0%:i.-27% of the total absorption
observed following intravenous administration of the same
atnount. Additionally. Hamilton et al. compared the bioavail-
ability of inttamuscularly administered metltotrexate versus
oral administration at a starting dosage of 7.5 mg per week.
with an average tnaintenance dosage of 17 mg per week, in 21
patients with rheumatoid arthritis (see Hamilton. R. A.. and
Kremer. .l. M.. Br: J. RtI?e.i'.t‘i'H.. 1997; 36: 86-90). The authors
found that the total absorption ofmethotrexate following oral
administration fell about 13.5% during maintenance dosage
relative to the total absorption seen at the starting dosage.

Kurttik et al. compared the bioavailability ofan oral dose of
methotrexate, ranging liont l5 mg to 25 nmg. to the same
dose administered subcutaneously in patients with Crohn‘s
disease (see Kuntik, D.. et 31., At’ittremarj' Phantt. Wren.
2003; I 8: 57-63 ). The authors observed that oral bioavailabil-

ity varied widely among the patients given oral doses. with an
average bioavailability being approximately 73% of the total
bioavailability of tnethotrexate seen in patients given meth-
otrexate subcutaneously.

Hoekstra et al. evaluated the bioavailability of 25 mg and
higher doses of methotrexate, given orally and subcutane-
ously. in patients with rheumatoid arthritis (see I-Ioekstra. M.
et al.. J. Rhemn.. 2004: 3]: 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.

Brooks et al. coinpared the pharmaookinctics and bioavail-
ability of methotrexate administered intramuscularly versus
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administered subcutaneously at doses ranging frotn 12.5 mg
to 25 mg per week (Brooks, P. J. et al.. Arthritis and Rheu-
lttaffsrtt. 1990; 33: 91-94). The authors found similar peak
sertun concentrations and bioavailability for both routes.
however 'I',_m was observed to be faster after subcutaneous
atzlrninistratiolt ill 4 out ol'5 patients tested.

Ogticy ct al. evaluated ll1e effect of food on the bioavail-
ability of oral methotrexate at a dose of 15 mg in 10 rheuma-
toid arthritis patients (see Oguey. D., et al.. Arthritis and
Rberrriiattsrii. 1992: 35:61 l-614). They reported that oral bio-
availability was unaffected by food, at 67% and 63%, respec-
tively, following fasting and fed conditions, however they
also noted that the inter—patiem variability was high, ranging
from 28% to 94%.

I-loekstra et al. evaluated the effect ofsplitting, oral doses of
25 mg to 35 mg niethotrexate into 2 eqttal portions given 8
hours apart in 10 patients with rheumatoid arthritis (see
I-loekslra. M.. et al., .2’. Rizeum. 2006: 33: 481-485). They

showed that bioavailability ofa spiit 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.

Oral Versus Subcutaneous Administration

Recently, Braun et al. reported the results of a 6-month,
double-bl ind. controlled trial comparing the clinical efficacy
and safety oforal ly administered incthotrexate versus subcu-
taneously administered methotrexate in 375 patients with
active rheumatoid arthritis. at a starting dose of ]5 mg per
Week [see Brattn. J. et al., .4rtIm'tr'5 and Rlreuriratisrit. 2008:
58: 73-81). After 16 weeks, significantly more patients who
started on subcutaneous methotrexate successfully achieved
the American College of Rheuntatology criteria for 20%
improvement (ACR20) than those who started on oral meth-
otrexate. Specifically, 85% of patients started on subcutane-
ous methotrexate achieved an ACR20 result versus 77% of

those patients started on oral ntethotrexate.
A trend for greater ACR20 and greater American College

of Rheumatoiogy criteria fiir 70% improvement (ACR70)
scores was also observed after 24 weeks. At 24 weeks. the

percentage of patients with an ACR20 response was signifi-
cantly higher in a subcutaneottsly—administered methotrexate
group (78%) than in an orally—administered methotrexate
group (70%). The percentage ofpatients achieving an ACR70
response at week 24 was also higher in patients receiving
subcutaneous methotrexate than in those receiving oral meth-
otrexate (41% versus 33%).

At 24 weeks, the number of twvollen 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
Assessntent Questionnaire (I--IAQ) 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) alter 24
weeks.

At 16 weeks. only 52 patients (14% ofthe total tested) were
classified as ACR20 non-responders. However, when these
patients were switched from a 15 mg oral dose of n1ethotrex-
ate to a 15 mg dose administered subcutaneously, 30% of
thent demonstrated a positive ACR20 response. and 23%
more of them demonstrated a positive ACR20 response when
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the dosage ofsubcutaneously-administered methotrexate was
increased from 15 mg to 20 mg.

in a subgroup ofpatients with a time between diagnosis and
study entry of :1 year who had received prior disease-modi-
fying antirheumatic compounds or steroids (n=98). the dif-
ference in the percentage ofA(.‘R20 responders between the
orally administered (63%) and subcutaneottsly—'idministered
(89%) methotrexate groups was even greater than in the entire
study population. Further. in this grottp ofpaticnts, the time to
achieve an ACR20 response was approximately 2 weeks
shorter with subcutaneous administration (4 weeks) ofmeth-
otrexate than with oral administration (6 weeks}.

The authors concluded that superior clinical efficacy was
demonstrated when methotrexate was administered to sttb—

jects subcutaneously as compared to the same dose of meth-
otrexate given orally. Additionally. subcutaneous administra-
tion was not accompanied by a significantly h.igl1er rate of
adverse events.

Oral Versus Intramuscular Adntinistration

Wcgrzyn et al. compared the efficacy and tolerability of
methotrexate administered orally versus intramuscularly in a
survey of 14-3 patients with rheumatoid arthritis (see
Wegrzyn. J. et al.. Arman’. Rherrttr. f)isea5'.. 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 inethotrex—
ate and observed for 3 months.

After switching to orally administered ntethotrexate. 49%
to 7 1% ofpatients reported worsening ofsymptoms (morning
pain andjoint pain ) and 48% reported experiencing nausea. ill
the group who were switched back to intrainuseularly admin-
istered Iuethotrexate. 40% to 70% of patients reported
improvement in symptoms (morning pain and joint pain).
Somewhat fewer patients (40%) reported nausea. Liver tran-
saminases increased in nearly 25% ofpatients after switching
to oral methotrcxate with subsequent decreases aiter switch-
ing back to intramuscular methotrexate.

I--Ioffmeister reported on 15 years ofearly experience with
metltotrexate in 78 rheumatoid arthritis patients. Patients in
this study were given 10 mg to 15 mg ofintramuscular meth-
otrexate 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 per-
mitted to switch to oral tnethotrexate. Of the 48 patients who
switched to oral methotrexate. 10 deteriorated following the
switch and subsequently improved after switching back to
intrarnuscuiar administration.

Taken in aggregate, the foregoing pharmacokinetic studies
collectively suggest that parenteral methotrexate is better
absorbed. more eilicacious and better tolerated versus the

same dose given orally.
In some embodiments. one or more ofthe liazardous 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 offrom 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 ca11 be
injected into a tissue of a subject by a powered injector at a
pressure range ofabout 200 p.s.i. to about 500 p.s.i.. in some
ernbodiments at a range of about 300 p.s.i.. in some etnbodi—
ments at about 400 psi. and in some embodiments at about
500 p.s.i. I11 some embodiments. the powered injector is
needle-assisted: in some embodiments the powered injector
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is needle-free: i11 some embodiments the powered injector is
a needle-assisted jet injector: and in some embodiments the
powered injector is a needle-freejet injector.

In some embodiments. ajet injector is configured to render
the pharrnacokineties of a hazardous agent, for example
rnethotrexate. uria [tested or substantially unaffected com-
pared to other methods ofparenteral delivery including. with-
out liinitation. traditional. hand-powered. hypodem1ic—sy-
ringe 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 andfor bioavail-
ability for the hazardous agent.

In some embodiments. the depth of injection of a hazard-
ous agent can be altered in order to deliver that hazardous
agent to a subject in such a way so as to approximate the
known andfor desired pharmacokinetics of that hazardous
agent. 111 some embodiments. the depth of injection is
increased in order to maintain the known andfor desired phar-
macokinctics of a hazardous agent. In some embodiments.
the depth of injection is decreased in order to maintain the
known andfor desired pharmacokinetics o fa liaaardous agent.
In some ernbodimettts. 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 andfor desired pharmacokinetics ofthat 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 andfor desired

pharmacokinctics of a hazardous agent. The injection char-
acteristics that will serve to maintain the known andfor

desired pharmacokinetics for a liazardous 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.

In some embodiments, the depth of injection is altered in
order to delivera dose ofmethotrexate from ajet injector to a
subject such that the pharmacokinetics of methotrexate are
the same. or substantially the same. as the pltarmacokinetics
ofmethotrexate administered via other methods 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 ntethotrexate
front ajet injector to a subject such that the pharmacokinetics
ofmethotrexate are the same. or substantially the same. as the
pharmacokinetics of methotrexate administered via other
methods of parenteral delivery including. without limitation.
traditional, hand-powered. hypodermic-syringes. In some
embodiments. the depth of injection and the pressure of i njec-
tion are altered in order to deliver a dose o ftnethotrexate from

ajet injector to a subject such that the pharmacokinetics of
methotrexate are the same. or substantially the same. as the
pharmacokinetics of methotrexate administered via other
methods of parenteral delivery including. without limitation.
traditional. hand-powered, hypodermic-syringes.

Therapeutic Uses

Hazardous agents of the present disclosure can be admin-
istered to a patient, which in some embodiments is a human_.
sulfering from any disease or disorder for which the disclosed
ltazardous agents are known_. believed to be. or hereafter
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determined to be therapeutically ellective including, without
limitation. cancer. rhetunatoid arthritis. juvenile rheumatoid
arthritis. psoriatic arthritis. systemic lupus erythematosus.
steroid-resistant polymyositis or derntatotnyositis, Wegen-
er's granulomatosis. polyarteritis nodosa. and vasculitis. In
certain embodiments. hazardous agents of tlie present disclo-
sure may be used to treat rheumatoid arthritis.

The stiitabi lity ofhazardous agents provided by the present
disclosure in treating the above-listed diseases may be deter-
mined by methods described in the art.

Dosing

The amount of a hazardous agent that will be eifective in
the treatment of a particular disease disclosed herein will
depend. at least in part, on the nature of tlie disease. and may
be determined by standard techniques known in the art. In
addition. in vitro or in vivo assays may be employed to help
identify optimal dosing ranges. Dosing regimens and closing
intervals may also be determined by methods known to those
skilled in the art. The amount ofa 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 rotttc ofadministration. and thejudgment ofthe prescrib-
ing physician.

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. eg. animal models, using techniques that are known in
the art. Such infonnation 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.

A dose ofa hazardous agent. such as that typically avail-
able in a pre—filled_. single sl1ot_. 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 I50 mg per
milliliter of injection. In certain embodiments, a therapeuti-
cally efl'ective dose can comprise a concentration ofmethotrw
exate ranging from about 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 ofmetliotrexate is selected from about 5
mg/ml. about 10 mgfml. about 15 mgtml, about 20 mg/ml.
about 25 rughnl, about 30 mgfiul, about 35 mgfml. about 36
mglml. about 37 mgfml, about 38 mgfml. about 39 mgfml.
about 40 mgfml. about 41 ntgfml, about 42 mgfml. about 43
mglml, about 44 mgfml. about 45 rngfnil, about 46 mgfml.
about 4'? mgfml. about 481113/inl. about 49 mgfml. about 50
mgfml. about 5] mg/ml. about 52 mgfml. about 53 mg/ml.
about 54 mg/ml. about 55 mg/ml. about 56 mgiml. about 57
mgfml. about 58 mgfml. about 59 mgfml. about 60 rugftnl.
about 61 mgfml. about 62 1ngt’u1l_. about 63 mgfml. about 64-
mgfml. about 65 mgrmt. about 70 mg!ml. about "F5 mgfrnl,
about 80 mgfrnl. about 85 ntgglml, about 90 mgfml. about 95
mgfml. about 100 mgfml. about 105 mgfml. about 1 I0 mgfml.
about I15 mg/ml. about 120 mgfml. about 125 mgfml. about
I30 mgfnil. about I35 mgfml. about 140 mgfml. about 145
mgfml, and about 150 mgfmi. The dose of a hazardous agent
and appropriate dosing intervals can be selected to maintain a
sustained therapeutically effective concentration ofa hazard-
ous agent i11 the blood ofa patient. and in certain embodi-
ments. without exceeding a minimtun adverse concentration.
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111 some etnbodiments_. hazardous agents. inclusive ofcom-
potuids of formula (I), can be administered via an injector in
the tnanagement of severe. active rheumatoid arthritis in
selected adults and active polyarticular-coursejuvenile rheu-
matoid arthritis in children who have insutlicieiit response or
cannot tolerate first line therapy, such as nonsteroidal anti-
inflanimatory 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 I2-hour intervals. In adult rheumatoid arthritis. dosage
can be adjusted gradually to achieve optimal response. Haz-
ardous agents. however. can be used at doses up to 25 mg per
by l.he injectable routes disclosed herein.

I.l1 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 l1azard-
ous agents and may cont inue as long as required for effective
treatment of the disease. Dosing includes administering one
or more of the hazardous agents disclosed herein to a subject_.
in a fed or fasted state.

A dose may be administered in a single injection or in
multiple injections. When tnultiple injections are used the
amount of a hazardous age-nt(s) contained within each of the
multiple injections may be the same or dillierent.

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 experi-
mental animals, e.g., by determining the LD50 (the dose lethal
to 50% of the population) or the LDIUU (the dose lethal to
100% of the population). The dose ratio between toxic and
therapeutic elfoct is the therapeutic index. In certain embodi-
ments. a hazardous agent may exhibit a high therapeutic
index. The data obtained front 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 circulating con-
centrations in. for example. the blood. plasma. or central
nervous system. that is therapeutically effective and that
exhibits little or no toxicity.

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 embodi-
ments. an escalating dose may be administered.

It is believed that the ltazardous agents of the present dis-
closure. 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-adniinistration. as cotnpared to requiring the patient
to obtain injections from a medical professional. and as com-
pared to oral dosage fomts which may require administration
up to several times per week. a regimen that is inconvenient
for patients and dilficult for patients to retnember. 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
ofthe present disclosure are capable ofdelivering a hazardous
agent more precisely. in a controlled mamter of delivery,
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 embodinients. 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.
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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
difiicult for them to draw tip medicine and self-inject. It is
therefore believed that administration ofthe hazardous agents
oftlle present disclosure via powered injectors ofthe 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.

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 sell‘-injection. The foregoing
includes. without limitation. compounds of fon:nula (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 anhritis. Additionally. it is believed that
administration of hazardous agents via injectors of the
present disclosure will decrease the overall health care costs
[or subjects by reducing the total number ofvisits to a health
care provider to receive injections.

In some etnbodiments. hazardous agents can be selfadrnin—
istered 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 consistency of
delivery of the hazardous agents by the subject, reduce the
risk oftoxicity associated with the hazardous agents. and will
therefore enable greater use ofliazardous agents to treat mala-
dies such as. for example, rheumatoid arthritis. Further. it is
expected that such an injector will extend the clinical utility of
hazardous agents forpatients 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 increasing overall patient compliance and
prolonging the therapeutic dosing potential of hazardous
agents prior to switching to biologics. which is the nonnal
clinical practice.

Injectors

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 aceti-
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.

Known autoinjector embodiments of powered injectors
use an energy source that produces moderate to low pressure
in the medicament chamber so that a medicament contained

in the medicament chamber is fired at a slow speed. similar to
the pressure and speed from a finger-driven syringe. In con-
trast. autoinjector embodiments of tl1e powered injectors of
the present disclosure use all energy source that produces
moderate to high pressure in the medicament chamber so that
a medicament contained in the medicament chamber is fired

at a fast speed and is completely injected into a subject in less
than about 5 seconds. Other embodiments of the powered
injectors are jet injectors. which can be needle-assisted or
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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 fiuid jet. As described in greater detail below.
whereas a medicament injected i11to 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 li-om the
needle tip. and typically does not deposit the medicament in a
bolus locai to a needle tip. Needle-free jet injectors use suf-
ficient pressure and injection speed so that the fluidjet breaks
through the outer layerof the sl~:in_. depositing the medicament
thereunder. Needle—assisted jet injectors can use lower pres-
sures than needle fi'ee—jet injectors because they employ a
needle to break through the outer part of the skin, but have
pressums and speeds that are sufficiently high so that the
medicament exits the needle tip as a flttid jet.

Some embodiments of the 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 orwithin 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 volumeofinjection 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 ofmedicament. Alternative embodiments are con-
figttred to be ftllable as known in the art.

Injectors provided by the present disclosure may be uti-
lized by patients to self-inject one or more hazardous agents.
Vatious aspects of the present disclosure relate to seIf-injec-
tion ofone or more hazardous agents by a subject without the
aid of a health care provider. I11 certain embodiments. the
injectors use a needle to inject hazardotts agents i11to a target
tissue ofa 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 haz-
ardous agents into a target tissue of a subject. In certain
embodiments. the injectors may utilize pressure sufficient to
deliver one ormore hazardous agents completely and quickly.
In certain embodiments. the injectors may utilize sufficiently
l1igl1 pressure to deliver one or more hazardous agents com-
pletely and quickly in a fluid jet.

In some ernbodiments. powered injectors provided by the
present disclosure do not require any priming or preparatory
step in order to place them in condition to deliver an injection.
thereby reducing or eliminating exposure of the hazardous
agent to the air andfor premature expulsion of tlie hazardous
agent from a needle of the injector prior to the delivery shot.
'l‘herefore. the risk of contact with the a hazardous agent
contained in the injector. by the subject or by a non-userofthe
injectors. is reduced or eliminated.

Referring to FIGS. 1-5. an embodiment of an injector
according to the present disclosure is presented. The e1nbodi—
ment shown in these figures is a needle injector. and depend-
ing on the spring used and delivery conduit. including the
needle and injection outlet. can be configured as an autoim-
jector 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 oomponents shown in FIG. 2. In some e1nbodi—
ments. outer housing 14 is formed from two mating portions
14:}. 14:’) that can be configured to attach to one another by a
snap or press fit or by using adhesives, welding or the like.
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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 ina prefilled syringe 18 that [its withinhousing 14. but
other types of fluid chambers can be used, including known
types of cartridges that can be prefil led. refillable. or the like
with the medicament(s). Additionally, fluid chamber 22 can
be integrally formed within housing 14.

In the embodiment shown. a safety member 8!} is located
on the proximal end of outer housing 14 and is removably
allixed 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. Sa fety mem-
ber 80 can be removed by a user of injector 12 to allow tor
unrestricted use of injector 12. Alternative embodiments of
the injectors can be constructed without safety member 88.

I11 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 1 6 is configured to
hold and position a prefilled syringe 18, carpule or other
container of the type known in the art. such as. for example. 21
BD llypakm prefilled syringe (Becton. Dickinson and Com-
pany). One example ofa suitable preiilled syringe for use in
the depicted embodiments is one which is available in various
sizes and volumes and is sold prefilled with medicament, such
as the Becton Dickinson I-lypakm. In some embodiments, the
glass ofthe 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
ofknowlcdge ofhow the medicarnents keep and behave in a
prefilled syringe. In some embodiments. sleeve 16 is substan-
tially fixed to the housing 12. such as by snaps. an adhesive. a
weld. or another known attaclunent. 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 medi-
cament such as. for example. one or more hazardous agents.
In other embodiments. the medicament container and cham-

ber 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 tl1e injector. for example. At
the distal end of the preftlled syringe 18 is an injection-
assisting needle 24. Needle 24 has an injecting tip 26 config-
ured as known in the art to penetrate the tissue ofa patient
which. in some embodiments, is the skin. A needle bore
extends through the needle 24. as known in the art. The bore
is in fluid communication with the medicament in the fluid

chamber 22 and is open at the needle tip 26 to inject the
medicament.

At a proximal end of the fluid chztmber 22. opposite from
the needle 24. is at plunger 28 that seals the medicament in the
fluid chamber 22. In some embodiments. a syringe wall com-
prises 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 i11 the
tubular portion. The prefillcd 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 ofthe 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 ilijector cntbodimcnts that use cartridges.
carpules or other containers that define a chamber to contain
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the medicament, the needle cart be fluidly connected with the
chamber in a di lferent 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.

In the embodiment depicted in FIG. 2, the prelilled syringe
18 has a syringe body 36 wherein the flange 35. syringe wall,
and hub portion 32 is of unitary construction. In some
embodiments. the material comprising the syringe body 36 is
glass. but other materials such as. for example. plastic or
metal, can be used in other embodiments.

To radially position the distal end o t‘ 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
insened into the patient‘ s skin. 'l‘he narrowed bore portion 5]
can be made ofa 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-llexible fingers. Addi-
tionally. the proximal portion ofthe 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 6|), such as in jet-injector embodiments.
which produce elevated pressures in the fluid chamber 22 or
container 20.

A trigger mechanism can also be housed within housing
14. l.I1 some en1bodi1nents_. 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 attach-
ment. Trigger protrusions 56 extend inwardly from the proxi-
mal end of the inner housing 54 and are resiliently biased
outwardly. Trigger protrusions 56 are received in a recess 58
of ram 60 in blocking association therewith to prevent distal
movement ofthe ram 60 prior to the firing of the device. The
ram 60 is moved toward the distal end ofthe 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 ofa compression
spring 52 suitable for use with injectors of the present disclo-
sure is a coil spring. Alternative embodiments can also use
other suitable trigger mechanisms as known in the art.

A latch housing 64 can be provided exterior to the inner
housing 54 to retain the trigger protrusions 56 in the blocking
association in the recess 58 to hold ram 60 in the proximal
position until firing is actuated. Latch 64 is slideable inside
outer housing 14 with respect to the inner housing 54. in some
embodiments in an axial direction. and in some embodiments

latch 64 surrounds the inner housing 54. In sortie embodi-
ments 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 o liouter housing 14. including
springs or the like. Alternative embodiments can use a medi-
cament container that is shuttled forward when the device is

activated to pierce the skin with the needle. and some embodi-
ments use trigger mechanisms that are activated by a button
on another part of the injector, such as at the proximal end or
on a side of the housing as known in the art.

The housing I4 can have a needle guard 66 that is moveable
with respect to the outerhousing 14. In the embodiment ofthe
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 (l--‘IG. 8) abuts an interior surface of
outer housing 14 so as to maintain needle guard 66 within
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housing 14 when needle guard 66 is fully extended into the
protecting position. The needle guard 66 can be retractable, in
some embodiments into the outer housing 14. in a proximal
direction to an injecting position. in which the needle tip 26
and an end portion of the needle 24 are exposed as shown in
FIGS. 613 and 6(.‘ for insertion into a patient. In some embodi-
ments. the proximal movement ofthe guard 66 is prevented at
the injecting position.

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 rant
60 prior to the firing ofthe 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 tire the injector 12.

In some embodiments, a cap 110 can be allixable on the
distal end o lithe 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 aflix to the
distal end ofouterhousing 14 by press—fit. screw fit or the like.
In certain embodiments, cap 110 can include a pair of pro-
jections 112 extending inwardly (FIG. 9). that form a distally-
facing ridge 114. In such embodiments. needle guard 66 can
be formed with a pair of radially-extending flanges 67 (FIG.
8) that are configured to abut the distal ridge l 14 o [projection
112 to secure cap 110 to injector 12. In some embodiments.
the upper edge 116 (FIG. 9) ofcap 110 can abut the distal end
of outer housing 14 such that distal ridges 114 ofprojection
112 are held against llanges 67. This arrangement of the cap
110 prevents compression ofthe 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.

In some embodiments. cap 110 can be removed front injec-
tor l2 by twisting cap 110 relative to housing 14 such that
projections 1 12 are moved out ofaligmnent with flanges 67.
which allows the cap llt} to be moved distally away from
needle guard 66. To prevent accidental removal of cap ll0
from injector 12 due to inadvertent twisting of cap 110. hi
S0l'l'le embodiments the cap 110 engages the housing 14 ands’
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
I10. For example. upper edge 116 ofcap I10 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 12!). In sortie embodinients, the
distal end ofouter housing 14 can have a profile that matches
that of upper edge 118 ofcap 110. This arrangement requires
deflection of cap 1 ] I} to allow for twisting thereof and
increases the force necessary to cause cap 110 to twist relative
to needle guard 66. In an altemative embodiment. the cap 1 [0
can have a threaded or camnied association with the flanges
67. or can have another arrangement therewith so that the cap
110 is removed by rotating.

Cap 116 can be attached to injector 12 during assembly
thereof. This can be done by properly aligning cap 110 and
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twisting it relative to needle guard 66 while applying a proxi-
mally-directed force thereto such that projections 112 move
behind flanges 67. Altematively. flanges 6'? can be structured
to be deflectable inwardly by disposing them on a correspond-
ing tab 69 formed on needle guard 66. In such an embodi-
ment. 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. Altematively. 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.

In some embodiments. needle guard 66 can be resiliently
biased distally towards the protecting position by compres-
sion coil spring 72. Also. the needle guard 66 can have an
axial opening 74 to allow the needle 24 pass theretlirough. 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 ofthe 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.

In some embodiments. such as for subcutaneous injection
using a needle-assistedjet injector. the needle guard 66 can be
configured to allow insertion ofthe 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
min. In some embodiments, the insertion depth is at least
about 0.5 mm and in some embodiments at least about 1 mm.

In another emboditnent. the distance by which the needle tip
26 extends past the needle guard 66 or the distal surface ofthe
needle guard 66 that contacts the skin is up to about 5 mm, in
some embodiments up to about 4 mm. and in some en1bodi—
ments up to about 3 mm. In some embodiments. extension
distance is at least about 0.5 mm. in some embodiments at
least about 1 mm. and in some embodiments at least about 2

mm. In sotne embodiments. needle tip 26 extends past the
needle guard 66 by a distance ofat least about 2.5 mm beyond
the portion of the needle guard 66 that contacts the skin in the
injecting position.

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 ofthe needle guard 66. by a distance
ofup to about 15 rmn. In some embodiments. this distance can
be between about 10 tmn 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.’? t'!.‘!.l'l'l.

Other exposed needle 24 lengths can be selected forj ct injec-
tion to dillcrcnt depths below the skin. with an overall pen-
etration length ofbetween about 0.5 mm and about 20 mm. In
these embodiments. the needle guard 66 can be configured for
retracting front at 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.

Safety member 80 can be removably allixed to the distal
end ofouter housing 14 and can include a body portion 84 and
a pair of resiliently-flexible legs 82 extending therefrom
(FIGS. 4A and 4B). Legs 82 are configured to extend into
corresponding holes or slots 15 fonned in the proximal sur-
face of ottter housing 14 and can be shaped to provide a
pressure fil within slots 15 to retain safety member 88 on
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housing 14. The legs 82 can be biased outwardly and can
further include tabs 86 disposed on the outside surfaces
thereof to engage the inside o fouter housing 14 at the location
of slots 15 to further the retention of safety member 80 onto
outer housing 14. In some cmbodirnents. legs 82 are shaped to
allow a user to remove safety member 80 from Littler 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.

Legs 82 abut (FIG. 3) the proximal-most surface of latch-
ing 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
mechanistn to fire. In some embodiments, legs 82 are contig-
ured in relationship to the housing 14 and the trigger mecha-
nism of the injector 12 such that the force necessary for
latching portion 64 to move legs 82 out ofslots is sufiicient to
prevent latching portion 64 from beingjost led out of position
due to vibration during shipping or from acute shock during
shipping or handling caused by dropping ofinjector 12. Alter-
native safety members can be used to prevent inadvertent
firing of the injector 12.

In an embodiment in which the injector 12 is configured as
a needle-assisted jet injector. the spring 72 and the prefilled
syringe 18 can be configured tojet inject a medicament such
as a ha’/.ardous 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 lluid jet. In several
embodiments. jet injection is an injection of medicament
from the needle tip 26 ofthe injector 12 with sufficient veloc-
ity and force to drive the medicament to locations remote
from the needle tip 26.

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

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 ofthe autoinjector. This is because
an autoinjector requires additional injection time to deliver an
injection into resistive media. such as tissue. as opposed to
delivery into air. In contrast. embodiments ofa powered injec-
tor disclosed herein. and in particular embodiments ofa dis-
closed jet injector, display no difference in injection time
when injecting into resistive media versus air. Because the
medicament delivered by ajet injector is essentially sprayed
rapidly into the subject’s tissue. remotely from the needle tip.
the medicament does not leave thejet injector as a single drop
or bolus and is thus not delivered to a subject as a bolus local
to a needle tip. ’['herefore. by using the jet injectors disclosed
herein. a medicament can be dispersed into a subject‘s tissue
tnore efficiently. Additionally. because jet injectors deliver
tuedicatnents via high pressure and speed. the delivered
medicaments have a far lower tendency to leak back out ofthe
injection site around the needle or injection track. Therefore,
leak—back from the depth the medicament is delivered back
toward the injection site. andfor back to the surface of the
subject‘s skin, can be significantly reduced by use of a jet
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irtjector. Therefore, when used to deliver one or more medi-
carnents according to tlte present disclosure. such as. for
example. one or more hazardous agents. jet injectors signifi-
cantly reduce the risk ofexposure to tire rnedicamertts outside
of the injection site. thereby reducing tlte risk of exposure to
tlte rttedicantents to nort-ttsers artd to the subject hintself. in
aclditiort to reliably delivering tlte erttire dose to tile desired
depth. Preventing or reducing leak-back is beneficial irt
improving compliance by ensuring that the medicament
remains at the inject ion site at the desired depth. This rtot only
improves the effectiveness of the delivery. but also avoids
migration of utedicatnents from the injection site to other
tissues. layers of tissue. and!or outside of tlte injectiort site.
Preventing or reducing leak-back cart also be bertelicial to
keeping utedicaments such as hazardous agents corttairted to
a single area. thereby preventing inadvertent exposure to the
subject andlor to other individuals in his vicinity from leak-
back to tire surface oftlte skirt. Such exposure can inclttdc. for
example, direct Contact with the tttcdicatuettt on the subject's
skin or front atonti'z.ed medicarnent that may reach the subject
or nearby individuals through the air. or thottgh anot.her
medium. Additionally. irt many cases, patients who use the
slow injection of a ltartd-powered hypodermic syringe or
autoinjector risk removing the hand-powered injector front
tlte injection site prematurely. before the sltot is contpleted.
leading to exposure of the medicament outside tlte patient's
tissue, and in some instances leading to aerosolizing of the
ltarrttful medicantettt. This is often due to the long injection
tirtte required for injections via hand-powered ltypoderntic
syringes or autoinjectors. which can be on the order of 5. 10
or 15 seconds or sometimes longer.

Irt sortte erttbodintertts. the injector 12 is configured. and
the injection cortducted. to deliver a medicament sttch as. for
example, a hazardous agent. that is ltarntful to the patient or
other individuals. by jet injection in a manner to prevent or
significantly redttce leak—back and the risk and incidence of
ttndtte exposure ofthe medicament to the air or to the outside
surface of the patient‘s skirt.

Table I shows the resttlts of a trial comparing rnedicament
leak-back that reached the surface oftlte skin ofa subject after
injection: data for needle-assistedjet injectors as compared to
ltand—d1-Even ltypoderntic syringes is presented. The total
number of injections for each group irt the trial was 126. and
all were administered by a trained health care professional.

TABLE 1

Mctlicnltient teak-back to the sur1i-ice of the skin of :1 subject post injection.
% = percent of die total 126 ituections adntinistered.

Injectiort site assessntent post- Needle-assisted jet
injection injector Syringe and needle

Site conrplctcly dry 89 t? l%J ‘it: tot)"/at
Slight wetness on site 35 {39%] 50 144'!“/nl
Meastlrnhle wetness. htu 1 (“Vol 0 ill‘?/ol
sligltt ta drop]
(L‘onsidI:r-able wetness at it t:1%1 n tom
injection site

Becausejet injectors deliver rttedicarttents rapidly. in some
embodirttertts in less than about 2 seconds. the amount o ftime

patients must hold the injector irt their tissue is dramatically
decreased as compared to an injection delivered by a typical
syringe or autoinjector. It is therefore believed that utilizing
jet injectors according to the present disclosure will result irt
increased patient compliance and adherence to instructions
and will therefore resttll in art increase in correctly adminis-
tered injected doses. Additionally. the speed at which jet
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injectors deliver ntedicainents can further enhance patient
compliance with regular injections as the amount of pain
experienced by a patient self injecting a rttedicantent will be
minimized artd. irt many cases. may ttot exist.

Referring to the graph shown in FIG. 10. numeral 132
represents the point itt time when an entbodintent ofinjector
12 is tired. and nunteral 134 represents the poirtt of comple-
tion of injection. In some embodiments. injection is com-
pleted when the plunger 28 hits the distal wall of the medi-
cament container 20. Numeral 136 represents the initial and
peak pressure during the injection. and numeral 130 repre-
sents the futal pressure during the injection. In some embodi-
lttettts. the spring 72 ltas a linear spring constant and an
injectiort—assisting needle 24 is used to ptutcture the skirt
before commencing the injection. The pressure of injection
tlterefore drops substantially linearly from the start of the
injection 132 until the injection is contpleted 134. The final
pressure 130 at the end 134 of the injection is sulficiently
elevated so that even at the end of the firing stroke of ram 60.
the tnedicarncnt is still jet injected. and a very small amount
or none of the medicament is deposited in a bolus around the
needle tip 26.

In st‘t1‘t1I.‘ embodiments of needle-assisted jet injectors. the
peak pressure 136 during the injection is less than about 1.000
p.s.i.. in some embodiments less them 950 p.s.i.. in sortte
etnboditttents less than 900 p.s.i.. in some entbodintents less
tltan 850 psi. in some embodiments less than 800 p.s.i.. in
some embodiments less than 750 p.s.i.. in sortte embodiments
less than 700 psi, in some embodiments less than 650 p.s.i..
itt some embodiments less than 600 psi, it1 some embodi-
ments less than 5 50 p.s.i.. in some erttbodirttertts less than 500
p.s.i.. in some embodiments less than 450 p.s.i.. in some
eniboditttents less than 400 p.s.i.. attd in some embodiments
less than about 350 p.s.i. Itt sottte ernbodituents. at the end
1080 of the iniectiort. the pressure 130 applied to the medi-
cament irt the fluid chamber 22 cart be at least about 80 p.s.i..
in some ernbodintents at least about 90 p.s.i.. irt sonte embodi-
ments at least about 100 p.s.i.. in some erttbodirttents at least
about I50 p.s.i.. in some embodiments at least about 200
p.s.i.. itt some entboditnents at least about 250 p.s.i.. itt some
etubodintents at least about 300 p.s.i.. in some etnbodiments
at least about 350 p.s.i.. irt some embodiments at least about
400 p.s.i.. irt sortte entbodirueuts at least about 450 p.s.i.. and
in some embodiments at least about 500 p.s.i. In sonte
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 embodi-
ments. the initial pressure 136 is about 300 p.s.i.. dropping to
around 1 10 p.s.i. at the end I34 of the injection. Other injec-
tion rates are used for other erttbodirnertts discussed herein.

For example, needle—freejet injectors can exert an injection
pressure in the range of about 4.000 p.s.i. or greater. Other
ernbodirttcnts ofjet 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 atttoittjectors typically use pressures lower
than 60 psi.

The needles used in sonte ernbodirttertts ofbotlt autoinjec—
tors and needle~assisted jet injectors are between 26 and 28
gage. attd in sonte embodiruertts are around 27 gage. Other
needle gages can also be used where the other components are
cooperatively conligured to produce the desired injection
includi ttg. for example. tnini-rteedles. 111 some embodiments.
the contpottents of the injector 12 can be conligured to jet
inject one or more ntedicaments to a subcutaneotts irtj ectiort
site.

The amount ofntedicanztent contained irt and injected from
fluid chamber 22 cart be between about 0.02 ml. and about 4

rttL. in some embodiments less than about 3 ml.._. and in some
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embodiments is about 1 1nL. Larger volumes may also be
selected depending on tl1e particular medicament(s) utilized
and dosage required. In some embodiments. a prte-filled
syringe 18 containing the desired al'l'1t)1J.I'1l ofmedicament is
assembled into the remaining parts of a jet injector 12. In
some embodiments. the pre-filled syringe 18 contains from
about 0.02 mL to about 4.00 ml. ofone ormore medicaments.

In some embodiments. the pre—filled syringe 18 contains
about 1 mL of one or more medicaments.

In embodiments of needle-assisted _iet injectors. injection
rates are below about 0.75 mL;’sec.. in some embodirnents
below about 0.6 m[.i'sec.. in some embodiments at least about

0.2 l11IJ'sec.. in some embodiments at least about 0.3 Inl..r‘si..-c,
and in some embodiments at least about 0.4- ml_Jsec. In some

embodiments. the injection rate is selected from below about
0.75 mllsec. below about0.ir' mlfsec. below about 0.65 mlfsec.
below about 0.6 rnlfsec. below about 0.55 ml/sec. below about

0.5 mlfsec. below about 0.45 rnlfsec. below about 0.4 mlfsec.
below about 0.35 mlfsec. below about 0.3 mlfsec. and below

about 0.25 mlfsec. In some embodiments. the injection rate is
selected from at least about 0.2 mllsec. at least about 0.25
mlfsec. at least about 0.3 mlfsec. at least about 0.35 mllsec. at
least about 0.4 mlfsce, at least about 0.45 mh'sec. at least about
0.5 mllsec. at least about 0.55 mlfsec. at least about 0.6
mlfsec. at least about 0.65 mlfsec. and at least about 0.’?

mlfsec. In some embodiments. 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

ernbodinients in less than about 3.5 seconds, in some embodi-
ments 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

I .5 seconds. In seine embodiments. 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 embodiments 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 sec-

onds. In some embodiments. injection of the medicament
occurs at about 0.5 mLlsec.. completing an injection of 1 1nL
in about 1 second. In so111e embodiments. injection of0.5 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 altemative embodiments of the injectors I2
disclosed herein. For example. in some embodiments injector
12 can be configured to delivera typical flow rate for 11eedle—
freejet injection. which can be about 1 .5 mL per second. and
in some embodiments injector 12 can be configured to deliver
a typical flow rate for an autoinjector. which can be about 0. 5
ml. in 0.3 seconds.

Injection rates can be affected by a number offactors such
as. for example. the gauge of the needle used to inject the
medicament, the viscosity ofthe medicament itself. the glide
force of the plunger 28 in the syringe barrel. and the tempera-
ture ofthe medicament to be injected. as temperature can have
a direct eiTcct on viscosity. In various en1bodin1ents_. tissue
resistance does not impact the rate ofinjection embodiments
of the injectors of the present disclosure are capable of
acliieving. In various aspects. these parzuneters can be
selected and optimized in order to deliver a voltune of injec-
tion iii a desired mamter. Such selection and optimization can
be readily performed by a person having ordinary skill i11 the
art without undue experimentation.
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111 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 varyingthe gauge

of the needle. For example. in some embodiments a 26 gauge

needle can be utilized with the needle-assisted injectors oftlie

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 ofthe

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
ofthe 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 ofan 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 I .7 seconds. In some embodi-

ments. a 72 gauge needle can be utilized with one or more

embodiments of the injectors of the present disclosure to
deliver I .0 ml ofan aqueous solution into tissue in a duration
oftime from between about I .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

T2 gauge needle can be utilized with one or more embodi-

ments ofthe injectors of the present disclosure to deliver 1.0

ml ofa viscous solution. having a viscosity equivalent to 10%
wlw polyethylene glycol 20.000 in water. into air in a duration
oftime from between about 1.0 to about 5.0 seconds. in some

embodiments between about 2.5 €I1'1d 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-
111c11ts of the injectors of the present disclosure to deliver 1.0

ml ofa viscous solution. having a viscosity equivalent to 20%
wfw polyethylene glycol 20.000 i11 water. into air in a duration
oftime 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.

The cgs physical unit for dynamic viscosity is the poise (P),
which is 111ore conunonly expressed in ASTM standards as
centipoise {cP). Typically. aqueous solutions at 20° C. have a
viscosity of approximately 1 cl’ In several embodiments.
injectors of the present disclosure can be configured to pro-
duce a liow rate. or a rate ofinjection. of 0.5 tttlfsecond for
aqueous solutions having a cP of. orclose to. 1.0. through a 27
gauge needle. In several embodiments. injectors of the
present disclosure can be configured to produce a flow rate. or
a rate of injection. into skin of 0.5 mlfsecond for aqueous
solutions having a cP of. or close to. 1 .0. through a 27 gauge
needle.

US. Pat. No. 6.391.003. discloses the experimental results
ofpressures that can be successfully applied to a medicament
in a glass cartridge. using 26 and 2? gage needles. Table 2
illustrates exemplary injections with different peak pressures
that can be used with a needle-assistedjet injector. especially
when using a glass, prefilled syringe:
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TABLE 2

exeinpiary injections that may be delivered by a ueeti|c—sssEsted
‘let injector.

Pressure and Time {seat to Litiect 1 cc

Pressure 26 Ciaugt: needle 3? Gauge needle

150 p.s.i. 2.] 4.2
Etiti p.s.l. 1.9 3.9
240 p.s.l. 1.? 3.3
3'.-'5 p.s.i. 1.4 3.1

A person having ordinary skill in the art will recognize that
lligher pressures and [low rates will typically. tltottgll not
always. be used with sltorlcr needle penetration into a
paticnt’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 l1and—powered syringe injection.

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

In some embodiments. selection of the type of spring as a
power source, adjustment ofthe force delivered by the spring,
andfor the manner in which the spring is packaged within the
assembled injector can lead to a significant reduction in the
amount of time required to deliver a complete injection into a
subject. a significant reduction in the spring force required to
deliver the injection, and a longer shell"-life. For example, the
spring present in many known autoinjcctors is configured so
that a typical injection. in the volume range of about 0.8-1.5
ml. is completely delivered into a subject in 10-15 seconds. In
contrast. embodiments of the injectors of the present disclov
sure can have their spring configured so as to deliver a com-
plete injection ofabout 0.8—about l .0111] in volume in about 1
to about 5 seconds, in some embodiments in about 2 to about
4 seconds. and in sotne embodiments in about 3 seconds. It is

believed that this decrease in time will increase patient com-
pliance when embodiments o [the autoinjectors ofthe present
disclosure are used. as less time is required to deliver a com-
plete injection and. thus, the patient will experience less pain.

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. Matty known autoinjectors show a decrease in spring
force over the course ofa single injection of less than approxi-
mately 20%. In contrast. embodiments ofthe injectors of the
present disclosure can be configured so that their spring force
decreases by at least about 25% over the course of a single
injection. in some embodiments from about 25% to about
50% over the course of a single injection, in some embodi-
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ments 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.

Spring material can also be selected. andforthe 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 offorce over time.

For example. many known autoinjectors are packaged such
that they spend most of their shelf-life with their springs
compressed. When packaged in this manner. such known
autoinjectors experience a decrease in spring force over time
as the autoinjector sits on a shelf awaiting use. In contrast,
embodiments of the injectors of the present disclosure can
have springs that are made ofa material that is suliiciontly
resilient so as to lose less force over time as it is compressed.
andfor can have a spring configured in a fully assembled
ii1_iector such that it is not in a fully compressed state until the
time of injection. In this manner. embodiments of the injec-
tors of the present disclosure lose from about 0% to about
15% of their spring force over a typical shelf life. In some
embodiments, the injectors of the present disclosure lose
from about 10’-'/o to about 12% of their spring force over a
three year shelf life.

In some embodiments of single-shot injectors. injector 12
includes a disabling mechanism. such as a locking element.
which can be provided as a locking ring 70 associated with the
injection mechanism. As shown in FIGS. 6A-6D. locking ring
1'0 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 7|} only permits needle guard 66 to move
relative to outer housing 14 through a single injection cycle.
This includes movement from the protecting position (I"I(‘r.
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 liirther making injections and
retaining the needle 24 safely within the housing 14 of the
injector 12.

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 anus 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 ofsleeve 16. The engagement of
upper anns 71 within proximal notches 92 releasably main-
tains Iocking ring 70 in the injecting position. As shown in
FIG. 7. locking ring 70 can be generally annular i n shape so as
to surround the medicament chamber 22. either directly or
indirectly. such as by surrounding sleeve 16. Locking ring 70
litrther includes a pair of lower arms 73, each having a tab 74
formed on the end thereof. When locking ring '70 is in the
injecting position. tabs 74 are received in slot 95 formed in
needle guard 66 such that needle guard 66 is slideable through
a predetennined distance over locking ring 70. As needle
guard 66 is moved into the injecting position with respect to
outer housing 14. needle guard 66 slides over locking ring 70
such that tabs 74 reach the end of slot 95 and are depressed
inwardly. allowing needle guard 66 to continue to move into
the injecting position. When the injecting position is reat:hed.
tabs 74 align with holes 96 ofneedle guard 66, allowing lower
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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.

As needle guard 66 returns to the protecting position.
needle guard 66 pulls distally on locking ring 71!}. 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 ittciined
surfaces of upper arms 7| 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 thercvvitlt and out ofthe inject-

1U
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instead of a needle, a jet nozzle 202 is used to inject the
medicament into the subject. Nozzle 202 defines a jet outlet
204 having a diameter selected for causing the medicament
200 to exit the nozzle 202 as a fluid jet that is sufficiently
strong to pierce the outer skin layers and to continue to the
desired depth ofinjection.

EXAMPLES

The following examples describe in detail the injection and
pharmacokinetics of one or more hazardous agents injected
into one or tnore subjects using embodiments ofthe injectors
disclosed herein It will be apparent to those skilled in the art
that many modifications. both to materials and 111et.hods. may15 . I. . . .

mg position as nm_,d1'__. guard 66 moves distally [award lhc be practiced without departing trom the scope of the disclo-
protecting position over sleeve 16. which remains stationary. 51'"e‘

When needle guard 66 reaches the protecting position.
. _. . Example 1

upper arms 71 move over distal notches 93 lormed in sleeve

I6 such that the upper surfaces of upper arms 7] engage the an A pham]aCukim,tic (PK) analysis was undcmkm to
uppjef surface 94 of $115131 _u0tc_hes 93' Further-' _m Such a_ describe andcomparethe systemic exposure ofthe hazardous
P°51“°11- flange 77 01 1°Ck1n3 1-1113 70 abuts Sudace 67 01 agent niethotrexate achieved in male and female Gottirigen
1199913 3113151 10 b10C1\' 1133915‘ E11319 56 1.10111 91931 11199011 minipigs after subcutaneous administration. either with an
P131311“? 1? 10°1\'11'1S 9118 79- 1111155 '3111Ei1t£—‘31'11"31'11P1“5"'51115 10‘31‘1r18 autoinjector of tlte present disclosure or with a known hypo-
ring 70 trom moving proxinially with respect to sleeve 16. 25 den-ni,_; needlefsyfingg c0n}|3i_11a1'_ign_
Iiccause locking ring 70 is coupled to needle guard 66 in this Both tnethotrexate and a control article were administered.
‘-‘011fiE111'31i0T1- and 110931159 5lt‘~0V€! 15 i5 3113011053 10 Ollltlf Administration of the test and control articles. blood collec-

housing 14, needle guard 66 is locked relative to otiter hous- tion and processing for this study were perfonned at Charles
ittg 14. and is prevented front being moved back into the River Preclinical Services (Spencerville. Ohio) under non-
injecting position. This prevents needle 24 front being acci- 3“ FDA compliant GLP (Good Laboratory Practice) conditions.
dentally exposed after use of i11_iector l2.Alternative embodi- The plasma concentration data presented were produced a
ments can Lise other mechanisms to prevent re-use of the Research Grade Level 3 liquid chromatograplty tandem mass
injector orportion thereof. Some embodiments do not employ spectroscopy (LC-MSIMS) method.
such a mecllanisnt so that the injector can be reused. In some Methotrexate was administered via subcutaneous injtxtion
embodintcnts. after injection of the medicament, subsequent 35 to minipigs, alternatively to the same set of animals with an
injection can be prevented automatically and exposure to or autoinjector or needletsyritige. Injections were performed on
contact with remnants ofthe medicament that may remain on Day 1 and Day 8. Table 3 illustrates the experimental design
portions ofthe injector after the injection. such as on a needle ofthe PK portion of the study.

"I‘Al-3l..F 3

Number Dose Dose Dose
Iujeetiort of Dose Level Volimlt: (.'ot1cenT.mtion
Device animals Sex Day‘ Material ting.-‘day! tmLJ [mg-'mL]

.=\utoirijector 3 Males 1 Methotrexate 12.5 0.5 25
3 11::-iurrlr-s 8 Injection USP

l‘\"eedle"SyrirIge 3 Males 8 Metliolrexate 12.5 0.5 25
3 Fetnsles 1 Injection t.'=Sl’

‘The same 3 anllmls-‘sex were used on Dayl and Day 8

tip orjet injection nozzle, can also be prevented or avoided by
the construction of the injector 12.

Referring to FIG. 11, a distal end of an embodiment of a
needle-freejet injector is shown. The depicted injector can

50

Blood samples (approximately 1 mL) were collected front
all animals. into [(3l3D’l'A-containing tubes. according to the
schedule in Table 4. All samples were processed to plasma
prior to being analyzed for Methotrexate and the 7-OH

use the systems disclosed herein to tire the injection as 55 metabolite concentrations. Plasma concentration results for
described above for the needle injector entbodimerits. but the 7-011 metabolite were not subjected to PK analysis.

'1‘Al3I.l5i 4

.‘luruber of Animals Pliarntacokinetic Time Points {Hours Post Dose! - Dav 1 and Dav S

Mates

3

I-'eInrtles 0'’ (L35 0.5 ‘I35 l [.5 3 4 6 3 ll 24

SXXXXXXXXXXXX

“Sample collected prior to dosing.
X Sample collected.
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The PK profile of each animal was characterized by non-
compartmental analysis of Methotrexate plasma concentra-
tion data with targeted sampling time points using validated
computer sofiware (Winhlonlin. Version 5.2.1, Pharsight
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.

The area under the Methotrexate plasma concentration vs.
time curves (AUC‘] was calculated using tl1e linear trapezoidal
method (linear interpolation). When practical, the terminal
elimination phase of the PK proliles was identified based on
the line of best fit using at least tl1e final three observed
concentration values. The slope of the terminal elimination
phase was calculated using log~linear regression using the
unweiglited concentration data. PK parameters describing the
systemic exposure of the test article in the test system were
estimated from observed (rather than predicted) plasma con-
centration values. the dosing regimen. the AUC. and the ter-
minal elimination phase rate constant [K,;) for each animal.
Parameters relying on the determination of K,_,_. were not
reponed ifthe ooeflicient of determination ofthe line of best

fit (Rm) was less than 0.800, or the extrapolation of the AUC
to ini"n1ity represented more than 20% of the total area.

Where appropriate. numerical data obtained during the
conduct of the study were subjected to calculation o1‘descrip-
tivc statistics (mean and standard deviation) in Microsoft
Excel, 200012003.

As shown in Tables 5 and 6. Methotrexate was above the

lower limit of quantitation [I..LOQ=0.2 ng/ml-) in a few
samples collected prior to dosing on Day 1 and Day 8: Male
No. S5196559 (needlefsyringe. Day 8. 0.558 11g.tmL): Male
No. S5l9fi206 (needlefsyringe. Day 8. 0.222 ngJ'mI..-): and
Female No. S5l95684 (autoinjector. Day 8. 3.19 rig/1111.].
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 close
samples. with the exception of the 24 h sample from Male
Nos. S5I962?3 and S5l96206. after administration with

autoinjector (Day I).

TAl3l.i-7. 5

Conccnlmliotts o|'McLl1tJtrt:x:1tt.: in Gotlingen Mirtipig 1’|.'1sn1al‘o1iowing
Subcutaneous injection of Metltotrexnte with Atltoinjector or Syringe

Dose Level: 12.5 m -’c|av -Coneentratiolt 11 .'mL

Nom-
inal Males

Injection "lime r\rIirn.~al Anitnal .r\t1in'I.sl
Device (111 S519-S273 S5196559 55196206 Mean = SD

.~\uto— Predose BQL BQI_ BQL BQ1. = n s
injector £1.25 1230 156:1 16611 I483 = 225

0.5 828 lti1‘:'t 1120 Intro - 156
0.23 585 ‘£62 663 612 = 88.6
I 402 664 45 1' S011 - 138
LS 232 461 228 30? - I33
2 121 288 146 l85=§|0.l
4 26.? 66.1 25.6 39.5=2.'i.|
6 2.6? 19.4 7.12 11.4 = 6.94
8 4.30 1.83 2.23 4.95 as 2.61

12 0.93? 1.81": 0.692 1.14: 0.382
24 BQL I.t.t’:96 BQL 0.232 - 0.4-02

Syringe Preclose BQ1. 0.558 0.222 0.260 - :1. 2310.25 1260 1920 I390 1523 = 330
0.5 9'99 151:1 1470 1336-284
tIJ.'.-'5 705 1110 1240 1018 = 219
1 539 88?-' 860 ‘I62 =19!-I
1.5 245 632 4911 451' = 195
2 148 36? 243 253 - 110
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TABLE 5-continued

(foncentral ions ol‘-.\'Iethotresate in Gottingetl Minipig Plasrnzt Following

Stihcutctneotls Injection ofML’tho1rexate with Alttoiltjeelcar or Syringe

l'}ost.‘1.e'\’t;'1: (13.5 1't'tgt'rln)‘]-Concentration l11g)'I11l.1

Nom-

inal Males

Injection Tirnc .‘\J11|TL"1l ."'t!!1FFl:l1 .‘\Tl1|'l'|.l'li
Device 1111 135196223 $519655‘) S5l962tJ6 Mean = 51)

4 25.0 62.9 36.0 43.0 - 22.3

6 6.09 25.5 14.1 15.2 = 9.25

8 1.91 5.82 2.54 3.42 = 2.10

12 0.501 1.30 0.764 0.855 = 0.40?

24 0.269 0.280 0.894 0.648 = 0.333

BQ1. - 13e1i.\\\-' the q_u.1nIiI.1Iion |:mit(11t',}l. - 0.200113 mL} ‘I11: I301. co11ceI1tI':!liutt5 were
assigned :1 vain: ofzcro for mean calculation.
11 :3 - Not applicable.

TABLE 6

Concenlmt ions of1\r1eI11o1.rcxa1r: in Gottingcn Minipig PIa.sn'1a Following
:1 of Metltotrexate with Autoinjc-elor or SyringeSttlJt:tl1:!.I'tI:DIJs lrljt: ‘ '
 

Nont-

Injcc- 1l't:'|.l lierrtnles

tion Time Anilnal .‘\TI1lT!.'1l .-\nim2lI
Device ill) 35196028 S5195684 S519575? Mean = SD

AtIto- Predose BQL 3.19 BQL 1.06 =t 1.84
injector 0.25 1530 2241.: 1?2I.I 13311 = 368

0.5 1380 1640 1300 1440 - 123
0.15 1180 I290 863 1111 = 222
1 ‘.196 I040 621' 8'18 = 220
1.5 635 335 393 633 I 246
2 410 549 217 392 = 16?
-1 25.1 123 49.8 33.6 H 32.2
6 25.1 29.3 20.4 24.9 = 4.45
8 9.29 10.1 8.35 9.41 =1 0.934

12 6.20 2.43 1.21’ 3.4? = 2.39
24 0.61? 0.495 0.569 0.560 = 0.116 15

Syringe Predose BQL BQI. BQL BQ1. - rt :1
0.25 1350 1890 1 180 1473 = 321
0.5 1230 1520 1250 1350 I 14-8
0.25 111111 1200 891 1034 I156
1 842 940 1'26 836 = 10?
1.5 66? 631 398 533 = 160
2 449 4% 208 364 H 1 35
4 66.0 84.3 62.3 70.9 - 11.8
6 20.3 24.6 19.8 21.6: 2.64
3 14.0 10.0 18.? 14.2 - 4.35

12 5.12 3.4? 6.03 4.8? = 1.30
24 0.244 0.905 0.230 0.460 = 0.386

BQ1. = Below the q'u:n1lil:IliIJrI lilrlit (15Q1.' 0.2013 rig m1.) The I1-Q1. concentrations were
assigned a value of zero for mean caleulatie :3.
rl :3 2: Not applicable.

As shown in Table 7. FIG. 12. FIG. 13 and FIG. 14. maxi-

mal plasma concentrations of Methotrexate were generally
observed at the first collection time point (0.25 h) with both
devices, indicating rapid absorption from the injection site.
Afier 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.

Nm.x"
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TABLE 7

44

Pharmaookinelie Parnrnetcm ol"MeI1|otrex:1te in Gottingen Minipig Plasma 1'-'-allowing
Subcutaneous injection of Metliotrexatc with .-\utoin'ector or Svringc

Injection Dose Level .A\rn'rn:1| (.'Ina.x Time: N..'(‘tU-ll .J\UCtf.t-inil T1 2 CI'tL1.’( .1\1..‘-(‘til-I i
Device trng day] Sex No. trig rul-} E11! trtg- l'Il1lizl tI1g- h rn1.} (hi Dost: Dose

Autoinj E42101’ 12.5 Female S5 196028 1530 0.35 2493 250] 3.91 122 30!]
55195684 2340 (1.25 3169 31?} 3.95 1319 254
SSISFSTS? |'.I'2l'l 11.25 185? 1859 3.26 138 14‘)
Mean“ 1830 0.25 2503 3511 3.71 145 201
SD 363 636 656 tJ.33':" 29.4 52.5

Male $519537-'3 1230 0.25 1163 116.5 1.9.5 93.4 93.0
55195559 I 560 U25 1901 1903 2.00 124.3 153
55196206 1660 0.25 1405 140? 1.81 132.3 112
Minn“ I433 [125 1439 1491 [.92 119 119
SD 225 3?6 3?6 0.093 18.0 30.1

Syringe 12.5 Female 35196028 1350 0.35 33313 2373 2.74 108 19055195684 1890 U25 2669 3615 4.90 151 214
55195157 1250 0.."\|'t 1.831 1332 3.53 100 I47
Mc.'I.I1" I 49? 0.2.5 3293 2295 3.39 120 133
SD 344 425 428 1.316 27.5 34.0

Male 55195273 I260 0,25 1324 ’“ ” 101 106
55196559 1920 0.35 2464 3466 1.91 154 197
S51962(I6 I470 0.50 2016 5 *’-' us 151
M13311” 1551.1 [L25 1933 124 135
SD 337 5314 — — 27.0 45.9

" Median: value rcput1l:d For Tmmc.
1' Values are not reported because the AL'=('(D-tni'] was exlrapolutcd by more tlum 20% or Rsq was 0.800.— Not -Jnlcu latcd.

As shown in Table 7, Table 8, FIG. 14 and FIG. 15, expo-
sures obtained with either the autoinjector or needlefsyriiige
were very similar.

TABLE 8

Route oi'.3\dnti::istraI ion

Animal Methotrexate Needle.-"
Sex 11.) PK Parsunelers Syringe _»’suro'tnju.-ctor

Day 8 Day I

Male S5196-2'.I'3 Crnax tng»'1nL,1 1260 1230
.=tUCtt‘t—t! tlu “ rig-"rnL] 1324 1162

Male S:ii965S9 (_'rrI.a.x t11g;'rni.l 1920 1560
.A\UCtI’.t-ti t hr “ rig-"n1L] 2464 1901

Male S5l‘J5206 Crnax (ng.-'n1L,t 1470 1660
_1\UC[l.I-{J thr “ ng."mL} 2016 1405

Day 1 Day 3

1'-‘elnale 5:‘-196028 Cmax trig.-'n1L; 1350 1530
.A\UC(|'|-ti thr ‘ up-"rn[.]I 23".F8 3498

I:0I1lt1llt.' 55195684 Crnax tug.-'rnI.l 1890 3240
AUCtt‘t—tJ thr "‘ rig-"mLl 2669 3169

I-'cn1a.1c S5195?S‘.I' Crnax (rIg»'rn.i.,) 12511 ITZL1
:\U(.‘[I.'I-tJ 111.1’ ‘ rig-"n1I_} 1831 183?

As shown in Table 7. FIG. 13 and FIG. 14. there was no

marked difference in exposure between males and females.
although a very slight trend towards greater exposure in
females. especially through needletsyringe adnu'nistration_.
was observed.

111 sutrunary. the pllannacokinetics 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 needlefsyringe. Maximal con-
centrations of Methotrexate were generally observed shortly
(0.25 h) after dose adminislralioii. and declined Lliereaflcr. in
an apparent bi-exponential manner. The terminal elimination
ltalf-life of Methotrexate ranged from 1.81 to 4.90 hours.
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lixposure achieved with either the autoitljector or needles’
syringe was comparable. There were no marked sex-related
differences in PK parameters.

Example 2

A comparison of an injection between an autoinjector of
the present disclosure and both the l"-.7.nl:Ire1® SuI't‘CliC1\'TM
Autoinjt:c1or{1rrnntuiex Corporation. 'l'l'iottsand Oaks. (Tali1'..
lJ.S.A.) and the EIUMIRA-IE! pen (Abbott Laboratories,
Abbott Park. 111.. U.S.A.). two known traditional autoinjec-
tors. 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 of0.8-1.0 ml.

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 ofthe autoinjector of the present
disclosure need only retain the autoinjoctor at the injection
site for 3 seconds.

Additionally. as shown in FIG. 16. the spring. force
required to delivera fiill 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 seconds seen for the known auto-
injectors.

The term “about." as used herein. should generally be
understood to refer to both the corresponding number and a
range of numbers. Moreover, all nttmerical ranges herein
should be understood to include each whole integer within the
range.

While illustrative embodiments of the disclosure are dis-

closed lierein. it will be appreciated that ntuncrous modifica-
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tions and other etnbodiments may be devised by those skilled
in tlie art. For example, the features for the various embodi-
ments can be used in other embodiments. Tlierefore. it will be

understood that the appended claims are intended to cover all
such ttioditicatiolis and embodiments that come within the

spirit and scope of the present disclosure.
What is claimed is:

l. A hazardous agent injection system. the hazardous agent
injection system comprising:

methotrexate in an amotuit of from about 0.02 ml to about

4.0 ml and at a concentration of from about 7.5 mgfrnl to
about I50 mgfml:

a needle-assisted jet injector. the needle-assisted jet injec-
tor comprising:

a container configured to contain the methotrexate:
an injection outlet member associated with the container.

the injection outlet member including an injection-asp
sisting needle configured to pierce the skin of a patient
and deliver a jet of methotrexate to the patient subcuta-
neousiy:

a firing mechanism associated with the container and con-
figured to expel the methotrexate front the container
through the outlet member for injecting the methotrex-
ate; an energy source associated with the firing mecha-
nism and configured to power the firing mechanism and
to jet inject the methotrexate from the injection outlet
member as a tluidjet; and

a trigger mechanism associated with the firing mechanism
and configured to activate the firing meclianism,

wherein the needle-assisted jet injector is configured to
eject the methotrexate from the injection outlet member
such that one or more of confidence intervals of (a) the
maximum concentration of methotrexale in blood

plasma ofa patient lbllow'ing administration o |‘a dose of
the methotrexate to the patient (“C‘.,,m_,“) with the haz-
ardous agent injection system, (b) the time to reach the
maximum concentration of methotrexate in blood

plasma ol‘a patient following aclministrat ion ofa dose of
the methotrexate to the patient with the hazardous agent
injection system (“T,,m“} and (c) area under the curve of
the concentration oltitethotrexate in blood plasma of a
patient following administration of a dose of the meth-
otrexate to the patient with the hazardous agent injection
system of the needle-assisted jet injected methotrexate
(“AUC“} falls between about 80"/o and about 125% of a
corresponding measured confidence interval of the same
dose of methotrexate delivered subcutaneously or intra-
muscularly by a ltand-powered syringe, and wlierein the
needle-assisted jet injector is configured to subcutane-
ously inject the methotrexate in less than 5 seconds.

5
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2. The hazardous agent injection system of claim 1.
wherein the gauge ofthe injection-assisting needle is selected
from 26 gauge and a higher gauge number.

3. The hazardous agent injection system of claim 1.
whcrei n the needle-assistedjet injector is configured to inject
the tnethotrexate such that the methotrexate is tleedie-assisted

jet injected at a flow rate of at least about 0.5 mlfsec.
4. The hazardous agent inj ection system of claim 1.

wherein the energy source comprises a spring.
5. The ltazardous agent injection systetn of claim 1.

wherein the energy source is configured for generating a
pressure of at least about 80 p.s.i. in the container.

6. The hazardous agent injection system of claim 1_.
wherein t.l1e needle-assisted jet injector further comprises an
outer housing member configured for allowing a user to
handle the injector.

7. The hazardous agent injection system of claim 6. the
needle-assisted jet injector further comprises a safety mem-
ber located at the proximal end of the outer housing.

8. The hazardous agent injection system of claim 7.
wherein the safety tnetnber is removably affixed to the proxi-
mal end of the outer housing.

9. The hazardous agent injection system of claim 8.
wherein the safety member is neruovably affixed to the proxi-
mal end of the outer housing by a plurality of tabs that extend
through matching openings formed in the outer housing to
lbnll a press-lit between the Safety member and the outer
housing.

1!}. The hazardous agent injection system of claim 1.
wherein the container and the injection outlet member asso-
ciated with the container comprise a syringe.

11. The hazardous agent injection system of claim 10.
wherein the needle-assisted injector fitrther comprises a
syringe sleeve. the syringe sleeve having bore portion config-
ured to abut the outside of the syringe wall so as to minimize
syringe movement resulting from of the firing mechanism
action.

12. A method of treating a patient having an autoimmune
disease, the method comprising administering methotrexate
to the patient using the hazardous agent injection system of
claim 1.

13. The t11et.l1od of claim 12. wherein the attloitlimttne

disease is selected from the group consisting of rlieumatoid
arthriti s. _iuve11i le rheumatoid arthritis. psoriatic arthritis. sys-
temic lupus erythematosus. steroid-resistant polymyositis or
dermatornyositis. Wegener‘s granulomatosis, polyarteritis
nodosa. and vasculitis.
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