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DELAYED SUSTAINED-RELEASE ORAL BRUG DOSAGE FORMS OF A JANUS
KINASE (JAK) INHIBITOR AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001} This apphication claims the priority benefit of International Application No.
PCT/CN2Z020/134653, filed on December 8, 2020, which is incorporated heremn by reference in its

entirety.

TECHNICAL FIELD
{66062} The present disclosure, in some aspects, 15 directed to delayed sustained-release oral
drug dosage forms comprising a Janus kinase (JAK) mhibrtor, such as tofacitinib. In other aspects,
the present disclosure is directed to methods of designing, methods of making, such as using three-
dimensional printing, and methods of treatment and/or prevention associated with the oral drug

dosage forms described herein.

BACKGROUND
10063) The Janus kinase-signal transducer and activator of transcription proteins (JAK-STAT)
signaling pathway comprises many members, inchuding those of the Janus kinase family of enzymes,
and 1s involved with many fundamental biological processing such as apoptosis, inflammation, and
autotmmunity. Members associated with the JAK-STAT signaling pathway have been described,
e.g., see, Rawlings et al. | J Cell Sci, 117, 2004; and Schwartz er al., Nat Rev Drug Discov, 17, 2017
Dystunction of the JAK-STAT signaling pathway has been implicated in many human diseases,
ncluding cancers and immune system-related diseases such as rheumatoid arthritis, psoriatic
arthritis, ulcerative colitis, and psoriasis. Many of these disease are not curable, and treatment
merely consists of approaches that try to lessen the impact of associated symptoms. For example,
patients with rheumatoid arthritis and psoriatic arthritis often suffer from morning stiffness caused
by a period of nactivity during sleep. Simtlarly, patients with vicerative colitis often suffer from

more severe symptoms early in the morning.
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{0604] All references cited herein, including patent applications and publications, are

meorporated by reference m their entirety.

BRIEF SUMMARY
|0005] In some aspects, provided herein 13 a delaved sustained-release oral drug dosage form of
a Janus kinase (JAK)} imhibitor, the delayed sustained-release oral drug dosage form comprising: a
sustained-release drug component comprising a first erodible material admixed with the JAK
mhibitor; and a delay component, wherein the delay component prevents the release of the JAK
mhibitor from the delayed sustained-release oral drug dosage form for about 2 hours to about 6
hours atter administration of the delayed sustained-release oral drug dosage form to a human

individual.

[6006] In some embodiments, the delay component comprises: a delay member comprising a
second erodible material not admixed with the JAK inhibitor; and a shell, wherein the delay
componeni completely surrounds the sustained-release drug component. In some embodiments, the
sustained-release drug component is a layer having a top surface and a bottom surface. In some
embodiments, the top surface of the sustained-release drug component is not flat. In some
embodiments, the thickness as measured between the top surface and the bottom surface is

substantially consistent.

[8667] In some embodiments, the sustained-release drug component s embedded in the shell
such that the bottom surface and a side surface of the sustained-release drug component are in direct

contact with the shell.

[6608] In some embodiments, the top surface of the sustained-release drug component is not in

direct contact with the shell

[00069] In some embodiments, the delay member is a layer having a top surface and a bottom
surface. In some embodiments, the top surface of the delay member 1s not flat. In some
embaodiments, the thickness as measured between the top surface and the bottom surface is

substantially consistent.
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{0616} In some embodiments, the bottom surface of the delay member, or a portion thereof, s n

dwect contact with the top layer of the sustained-release drug component.
[6611] In some embodiments, a side of the delay member is in direct contact with the shell

[8612] In some embodiments, a portion of the bottom surface of the delay muember 15 in direct
contact with the shell. In some embodiments, the portion of the bottom surface of the delay merber
that 1s in direct contact with the shell forms a perimeter extending beyond the top surface of the

sustained-release drug component.

[6013] In some embodiments, the delay member and the shell are configured such that the JAK
mhibitor 18 prevented from bemng released from the delayed sustained-release oral drug dosage form

untif after the delay member 15 eroded.

[0614] In some embodiments, the shell comprises an msulating material that s mopermeable to
bodily fluids. In some embodiments, the insulating material i a non-erodible material In some
embodiments, the insulating material is an erodible material having a pH-sensitive erosion and/or an
erosion rate that allows for the complete release of the JAK inhibitor from the delayed sustained-
release oral drug dosage form prior to exposure of the sustained-release drug component to bodily

fluids due to erosion of the shell.

{60615] In some embodiments, the delayed sustained-release oral drug dosage form has a
substantially planar top surface. In some embodiments, the top surface is formed by the delay
member and the shell. In some embodiments, the shell comprises an inset having a depth, wherein
the delay member is configured to fit in the inset of the shell. In some embodiments, the thickness
of the delay member is the same as the depth of the inset of the shell In some embodimenits, the top

surface is a capsule shape.

{6016} In some embodiments, the top surface of the sustained-release drug component is a

capsule shape.

16617} In some embodiments, the top surface of the delay member is a capsule shape.
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{00618} In some embodiments, the delay componeunt prevents the release of the JAK mnhibitor
from the delayed sustained-release oral drug dosage form for about 2 hours to about 4 hours after

administration of the delayed sustained-release oral drug dosage form to a human mdividual.

[8619] In some embodiments, the delay component prevents the release of the JAK inhibitor
from the delayed sustained-release oral drug dosage form for about 2 hours to about 3 hours after

admmistration of the delayed sustained-release oral drug dosage form to a human mdividual

{0026} In some embodiments, the sustained-release drug component is configured to release the
JAK mhibttor from the delayed sustamed-release oral drug dosage form according to the following:
(1) not more than 30% of the total JAK mhibitor is released at 1 hour after complete erosion of the
delay component or a portion thereof; (i1} not less than 35% and not more than 75% of the total JAK
mhibitor 1s released at 2.5 hours after complete erosion of the delay component or a portion thereof]
and {11) not less than 75% of the total JAK inhibitor is released at 5 hours afier complete erosion of

the delay component or a portion thereof.
{6021 In some embodiments, the release of the JAK inhibitor s based on an in vitro release rate.

10022} In some embodiments, when administered to the human individual, the mean area under
the plasma concentration versus time curve after complete erosion of the delay component or a
portion thereof 1s about 17 ng-hr/mL per mg JAK inhibitor dosed to about 42 ng-hr/mL per mg of
JAK inhibitor dosed.

[6623] In some embodimenis, the Ty« occurs within about 6 hours afier complete erosion of the

delay component or a portion thereof.

16624} In some embodiments, when administered to the human individual, the ratio of

geometric mean plasma Cygx 10 Cpin 15 about 10 to about 100,

[0025] In some embodiments, the release of the JAK mbhibitor is based on an in vitro dissolution
technique comprising use of a USP rotating paddle apparatus rotated at about 50 RPM and a test
medm comprising 900 mL of 0.05 M potassium phosphate buffer at pH 6.8 and 37 °C.

[8026] In some embodiments, the top surface of the sustained-release drug component has a

2 , 2
surface area of about 20 mm” to about 400 mm”.
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[6627] In some embodiments, the top surface of the sustamed-release drug component has a

fargest crossing dimension of about 5 mm to about 20 mm,

[6628] In some embodiments, the top surface of the sustained-release drug component has a

crossing dimension perpendicular to a largest crossing dimension of about 2 mym to about 20 mm.

[0629] In some embodiments, the sustained-release drug component has a thickness of about 0.2

mun 1o about 5 mm.

{0636} In some embodiments, the sustained-release drug component has a drug mass fraction

{mmr) of the JAK mhibitor of about 0.2 to about 0.6,

[06031] In some embodiments, the sustained-release drug layer has an i vitro dissolution rate of
about 2% per hour to about 40% per hour based on an in vifre dissolution technique comprising use
of a USP rotating paddle apparatus rotated at about 50 RPM and 3 test medium comprising 900 ml
of 0.05 M potassium phosphate buffer at pH 6.8 and 37 °C.

[06032] In some embodiments, the first erodible material of the sustained-release drug
component comprises one or more of hydroxypropyl celiulose (HPC EF), vinylpyrrolidone-vinyl
acetate copolymer (VAS4), triethyl citrate (TEC), and glycerin.

[6033] In some embodiments, the first erodible material of the sustained-release drug
component comprises HPC EF at about 35 w/w% to about 45 w/w%, VAG4 at about 5 w/w to

about 15 w/w%, and glycerin at about 10 w/w% to about 20 w/w%e.

{0034 In some embodiments, the top surface of the delay member has a surface area of about

20 mm” to about 400 mm’.

|0035] In some embodiments, the top surface of the delay member has a largest crossing

dimmension of about § mm to about 20 mm.

{0036} In some embodiments, the top surface of the delay member has a crossing dimension
perpendicular to a largest crossing dimension of about 2 mm to about 20 mm.

{6037} In some embodiments, the delay member has a thickness of about 0.2 mm to about 5 mm.
{6038 In some embodiments, the delay completely dissolves with in about 6 hours after

administration of the delayed sustained-release oral drug dosage form to the human individual.
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[6639] In some embodiments, the second erodible material of the delay layer comprises one or

more of hydroxypropyl cellulose (HPC EF), triethy] citrate (TEC), and titaniom dioxide.

[6646] In some embodiments, the delay layer comprises HPC EF at about 80 w/w% to about 90
w/wYe, TEC at about 10 w/w%e to about 20 w/w%, and titantum dioxide at about 0.1 w/w¥ to about
0.3 w/w%.

0041} In some embodmments, the shell has a Iargest crossing dimension of about 5 mm to about
20 mm.

[6042] In some embodiments, the shell has a crossing dimension perpendicular to a largest
crossing dimension of about 5 mm to about 20 mm.

[0043] In some embodiments, the delayed sustained-release oral drug dosage form has a
thickness of about 0.2 mm to about 15 mm.

[8044] In some embodiments, the shell has a minimum thickness of at least about 0.4 mm.
{0045] In some embodiments, the shell comprises one or more of ammonio methacrylate
copolymer type B, ethylcellulose, stearic acid, and titanium dioxide.

|0046] In some embodiments, the shell comprises ammonio methacrylate copolymer type B at
about 60 w/w% to about 70 w/w®, ethylceliulose at about 10 w/w% to about 20 w/w?%, stearic acid
at about 15 w/w% to about 25 w/w%, and titanium dioxide at about 0.1 w/w/% to about 0.3 w/w%.
{6047] In some embodiments, the JAK inhubitor interferes with the JAK-STAT signaling
pathway. In some embodiments, wherein the JAK inhibitor is an inhibitor of any one or more of

JAKT, JAKZ, JAKS, or TYKZ.

|0048] In some embodiments, the JAK mhibitor is tofacitinib or a pharmaceutically acceptable

salt thereof In some embodiments, the JAK inhibitor is tofacitinib citrate.

|0049] In some embodiments, the amount of the JAK inhibitor in the delayed sustained-release

oral drug dosage form 1s about 11 mg.

{0056] In some embodiments, the amount of the JAK inhibitor in the delayed sustained-release

oral drug dosage form 1s about 22 mg.
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{0051} In some embodiments, the delayed-sustamed-release oral drug dosage form 1s not an

osmotic-controlied release oral drug dosage form.

[8052] In other aspects, provided herein is a commercial batch of any delayed sustained-release
oral drug dosage form described herein, wherein the commercial batch has a standard deviation of
about 0.05 or less for each of the following: an amount of a JAK mhibttor i the delayed sustamed-
release oral drug dosage form; weight of the delayed sustained-release oral drug dosage form; a
largest crossing dimension of the delayed sustained-release oral drug dosage form; and a crossing
dimension perpendicular to the largest crossing dimension of the delayed sustained-release oral drug

dosage form.

[6653] in some embodiments, the commercial batch comprises at least about 1000 of the

delayed sustained-release oral drug dosage forms.

[6054] In other aspects, provided herein is a method of three-dimensional (3D) printing of any
delayed sustained-release oral drug dosage form described herein, the method comprising: (a}
dispensing the delay component or a portion thereof, and {b) dispensing the sustained-release drug

component comprising the first erodible material admixed with the JAK inhibitor.

[6055] In some embodiments, dispensing the delay component comprises: (i) dispensing the
shell; and (11} dispensing the delay member comprising the second erodible material not admixed

with the JAK mhibitor.
{0036} In some embodiments, the dispensing is via melt extrusion deposition (MED).

[6057] In some embodiments, the dispensing of the delay component, dispensing of the shell,

and dispensing of the delay member are performed by a different printing head.

[0058] In other aspects, provided herein is a method for preparing a delayed sustained-release
tofacitinib oral drug dosage form by three-dimensional (3D) printing, wherein the delayed
sustained-release tofacitinib oral drug dosage form comprises a shell containing an msoluble
material, a pharmaceutical core containing tofacitinib, and a delay member without tofacitinib, the
method comprising: {a) dispensing the insoluble matenal to form the shell; (b} dispensing the core

material containing tofacitinib; and (¢} dispensing the delay member without tofacitinib.

~
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[06059] In some embodiments, the dispensing is via melt extrusion deposition (MED).

8060 In some embodiments, the dispensing of each material 1s performed by a different

printing head.

6061 In other aspects, provided herein 15 a method of miection molding any oral drug dosage
form described herein, the method comprising: {a} injecting a hot melt of the shell material into a
mold cavity to form the shell; (b} injecting a hot welt of the first erodible material admixed with a
JAK mhubitor mto the shell to form the sustained-release drug component; and {c¢} injecting a hot
melt of the second erodible material not admixed with the JAK inhibitor into the shell to form the

delay member,

{6662} In other aspects, provided herein 13 a method of injection molding any delayed sustained-
release oral drug dosage form described herem, the method comprising: (a) hot melting a shell
material, a first erodible material admixed with a JAK mhibitor, and a second erodible material not
admixed with the JAK mhibitor; (b} delivering each material to the respective injection vnit; (c)
injecting a hot melt of the shell material into a mold cavity to form the shell; {d) allowing the shell
to cool and opening the mold to release the shell; (e} transferring the shell to a male mold to inject
the first erodible material admixed with the JAK inhibitor to form the sustained-release drug
component; (f) injection a hot melt of the first erodible material admixed with the JAK mnhibitor to
form the sustained-release drug component; (g} allowing the sustained-released drug component to
cool and opening the mold to release the shell and the sustained-release drug component; (h)
transferring the shell and the sustained-release drug component to a male mold to inject the second
erodible material not admixed with the JAK inhibitor to form the delay member; (1) injection a holt
melt of the second erodible material not admixed with the JAK inhibitor; and (§) ejecting the

delaved sustained-release oral drug dosage form.

[8063] In some embodiments, the mjection untt is selected from the group consisting of a single
screw injection uni, a plunger injection unit, and a gear pump njection unit. In some embodiments,
step (¢) to step (j) are performed 1n series. In some embodiments, step (¢}, step (£}, and step (1) are
performed at the same time. In some embodiments, step (e), step (h), and step (3} are performed at

the same tune.
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[06064] In other aspects, provided herein is a method for preventing morning stiffness caused by
rheumatoid arthritis, the method comprising administering to a human individual a delayed
sustained-release oral drug dosage form described herem, wherein the delayed sustained-release oral

drug dosage form s administered within about 1 hour of going to bed.

[06665] In other aspects, provided herein is a method for preventing morning stiffness caused by
psoriatic arthritis, the method comprising administering to a human individual a delayed sustained-
release oral drug dosage form described herem, wherein the delayed sustammed-release oral drug
dosage form is administered within about 1 hour of gomg to bed.

|0066] In other aspects, provided herein is a method for treating ulcerative colitis, the method

comprising administering to a human individual a defayed sustained-release oral drug dosage form

described herein.

[6667] It will also be understood by those skilled in the art that changes i the form and details
of the implementations described herein may be made without departing from the scope of this
disclosure. In addition, although various advantages, aspects, and objecis have been described with
reference to various implementations, the scope of this disclosure should not be limited by reference

to such advantages, aspects, and objects.

BRIEF DESCRIPTION OF THE DRAWINGS
6068} FIGS, 1A-1H show cross-sectional diagrams of exemplary delayed sustained-release

oral drug dosage forms.

6069} FIGS, 2A-2D show diagrams of exemplary delayed sustained-release oral drug dosage

forms.

[6670] FiG. 3 shows a dissolution plot for a delayed sustained-release oral drug dosage form

and a commercially available extended release dosage form.

{6671} FiG. 4 shows a dissolution plot for a delayed sustained-release oral drug dosage form

and a commercially available extended release dosage form.
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[6672] FIG. 8 shows a mean plasma concentration-time curve following admunistration of
delayed sustained-release oral drug dosage form and a commercially available extended release

dosage form,

[8673] FI(. 6 shows a mean plasma concentration-time curve following administration of
delayed sustained-release oral drug dosage form and a commercially available extended release
dosage form.

[6074] FIG. 7 shows a dissolution plot for three oral drug dosage forms described herem and a
commercially available extended release dosage form.

{0075] FIG. 8 shows a mean plasma concentration-time curve following admunistration of
delayed sustained-release oral drug dosage forms and a commercially available extended release
dosage form.

[8676] FI(. 9 shows a mean plasma concentration-time curve following administration of
delayed sustained-release oral drug dosage form, a commercially available extended release dosage

form, and a target delfayed sustained-release plasma concentration-time curve.

{6677] F1G. 16 shows a dissolution plot for a delayed sustained-release oral drug dosage form.
[6078] FIGS. 11A-11F show schematics of dosage forms D-1, respectively.

{00679] FiG. 12 shows a dissolution plot for a delayed sustained-release oral drug dosage form.

[0080] FiG. 13 shows a mean plasma concentration-time curve following administration of
delayed sustained-release oral drug dosage form and a commercially available extended release

dosage form.

{0081} FiG. 14 shows a dissolution plot for two delayed sustained-release oral drug dosage

forms.

j0082] FIG. 15 shows a mean plasma concentration-time curve following administration of two
delayed sustained-release oral drug dosage forms and a commercially available extended release

dosage form.

{6083 1. 16 shows a dissolution plot for two delayed sustained-release oral drug dosage
forms.

10
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[6084] FIG. 17 shows a mean plasma concentration-time curve following administration of two
delayed sustained-release oral drug dosage forms and a commercially available extended release

dosage form,

[8085] FIG. 18 shows a dissolution plot for three delayed sustained-release oral drug dosage

forms.

{6686} FIG. 19 shows a mean plasma concentration-time curve following administration of
three delayed sustammed-release oral drug dosage forms and a commercially available extended

release dosage form

{0687} FIG. 26 shows a dissolution plot for three delayed sustamed-release oral drug dosage

forms.

[{06088] FIG. 21 shows a mean plasma concentration-time curve following administration of two
delayved sustained-release oral drug dosage forms and a commercially available extended release

dosage form.

[6689] Fi(. 22 shows a mean plasma concentration-time curve following admmistration of a
delayed sustained-release oral drug dosage form and a commercially avatlable extended release

dosage form.

{00906] FIG. 23 shows a dissolution plot for a delayed sustained-release oral drug dosage form.

DETAILED DESCRIPTION
{6091} Provided herein, in some aspects, 15 a delayed sustained-release oral drug dosage form of
a Janus kinase (JAK) inhibitor. In some embodiments, the delayed sustained-release oral drug
dosage form comprises a sustained-release drug component comprising the JAK mhibitor, and a
delay component, wherein the delay component is configured to prevent the release of the JAK
nhibitor from the oral drug dosage form for a desired amount of time after administration of the
delayed sustained-release oral drug dosage form to a human individual In some embodiments, the
sustained-release drug component is configured to release the JAK inhibitor according to a desired

release profile. In some embodiments, the sustained-release drug component comprises a first

i1



WO 2022/121927 PCT/CN2021/136353

erodible material admixed with the JAK mhubitor, wherein release of the JAK mhibitor is based on

erosion of the first erodible material.

[6692] The delayed sustained-release oral drug dosage forms described herein are based, at least
m part, on the mventors” unique insights and findings about the design of such oral drug dosage
forms for mmproving JAK mnhibitor treatments via precision drug release. As discussed above,
patients with certain dysfunctional JAK-STAT signaling pathway-associated diseases experience
severe morning symptoms {or symptoms when awakmng from sleep depending on the individual’s
sleep schedule). The delayed sustained-release oral drug dosage forms described herein are designed
and configured such that a human individual can take the oral drug dosage form near bedtime {such
as in the evening hours) and awake with reduced symptoms as the oral drug dosage form has
released the JAK inhibitor during sleep and the drug level necessary to effectively reduce symptoms
is obtamned and mainiained during this time of need. The delayed sustained-release oral drug dosage
forms described herein provide a convenient way to improve treatment compliance with a once-

datly administration and improve quality of ife during the individual’s wakmg hours.

6093} Thus, in some aspects, provided herein is a delayed sustained-release oral drug dosage
form of a Janus kinase (JAK) mhibitor, the delayed sustained-release oral drug dosage form
comprising: a sustained-release drug component comprising a first erodible material admixed with
the JAK inhibitor; and a delay component, wherein the delay component prevents the release of the
JAK inhibitor from the delayed sustained-release oral drug dosage form for about 2 hours to about 6
hours after administration of the delayed sustained-release oral drug dosage form to a human

mndividual

[8094] In other aspects, provided herein is a commercial batch of a delaved sustained-release
oral drug dosage form of any one of the delayed sustained-release oral drug dosage forms described
herein. In some embodiments, the conumercial batch has a standard deviation of about 0.05 or less
for any one or more of the following: an amount of a JAK inhibitor in the delayed sustained-release
oral drug dosage form; weight of the delayed sustamed-release oral drug dosage form; a largest
crossing dimension of the delayed sustained-release oral drug dosage form; and a crossing
dimension perpendicular to the largest crossing dimension of the delayed sustained-release oral drug

dosage form.
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[0095] In other aspects, provided herein is a method for preparing any one of the delaved
sustained-release tofacitinib oral drug dosage forms described herein, the method comprising three-
dimensional (3D} printing the delayed sustained-release tofacitinib oral drug dosage. In some
embodiments, the delayed sustained-release tofactinib oral drug dosage form comprises: a
sustained-release drug component comprising a first erodible material admixed with the JAK
mhibitor; a delay member comprising a second erodible material not admixed with the JAK
mhibitor; and a shell comprising an insulating material that is impermeable to bodily fluids, wherein
the method comprises: {(a) dispensing the sustained-release drug component; {b) dispensing the
delay member; and {c} dispensing the shell, to form the delayed sustamed-release tofacitinib oral

drug dosage.

{6096 In other aspects, provided herein is a method for preventing morning stiffness caused by
rheumatoid arthritis, the method comprising administering to a human mndividual a delayed
sustained-release oral drug dosage form described herein, wherein the delayed sustained-release oral
drug dosage form is administered the evening prior to when the effects are desired to prevent

morning stiffness, such as within about 1 hour of going to bed.

[8097] In other aspects, provided herein is a method for preventing morning stiffness caused by
psoriatic arthritis, the method comprising administering to a human individual a delayed sustained-
release oral drug dosage form described herein, wherein the delayed sustained-release oral drug
dosage form is administered the evening prior to when the effects are desired to prevent morning
stiffness, such as within about 1 hour of gomng to bed {(or an adjusted schedule based on the waking

and sleeping hours observed by the mdividual).

[8098] In other aspects, provided herein is a method for treating ulcerative colitis, the method
comprising administering to a human individual a delayed sustained-release oral drug dosage form
described herein. In some embodiments, the delayed sustained-release oral drug dosage form is

admimistered during the evening hours to provide a reduction of symptoms the following morning.
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£ Delinitions

[8999] For purposes of mterpreting this specification, the following definitions will apply and
whenever appropriate, terms used i the singular will also include the plural and vice versa. In the
event that any definition set forth below conflicts with any document incorporated heremn by

reference, the definition set forth shall control.

[8160] As used herein, the term “tofacitimib” includes, unless otherwise indicated,

any pharmaceutically acceptable form and salts thereof. In some embodiments, tofacitinib may be
present in crystalline form. In some embodiments, tofacitinib may be present m amorphous form. In
some embodiments, the pharmaceutically acceptable form is any pharmaceutically acceptable form,
mehuding, solvaies, hydrates, isomorphs, polymorphs, co-crystals, pseudomorphs, neutral forms,
acid addition salt forms, and prodrugs. In some embodiments, the pharmaceutically acceptable form
is & pharmaceutically acceptable salt. Conventional concentration and recrystallization techniques
may be emploved in generating and isolating pharmaceutically acceptable salts of a JAK inhibitor,
inchiding use of acids such as acetic acid, lactic acid, succinic acid, maleic acid, tartaric acid, citric
acid, gluconic acid, ascorbic acid, mesylic acid, tosvlic acid, benzoic acid, cinnamic acid, fumaric
actd, sulfuric acid, phosphoric acid, hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfamic
acid, suifonic acid, such as methanesulfonic, benzenesulfonic, and related acids. In some

embodiments, tofacitinib is tofacitinib citrate.

29 <k, 9% 4C

{6161} As used herein, use of the terms “treat,” “treatment,” “treating,” or equivalents thereof,
refer to an approach for obtaining beneficial or desired results including a reduction of symptoms of,
e.g., a disease. For purposes of this disclosure, beneficial or desired clinical results mclude, but are
not imited to, one or more of the following: alleviating one or more symptoms resulting from the
disease, reducing the severity of one or more symptoms resulting from the disease, preventing the
mcrease in the severity of one or more symptoms resuliing from the disease, decreasing the dose of
one or more other medications required to treat and/or manage the disease, and increasing the

quality of hife.

[8102] As used heren, use of the terms “prevent,” “prevention,” or “preventing,” or equivalents
thereof, refer to an approach for obtaining beneficial or desired results mcluding a reduction in
future expected symptoms of, e.g., a disease. For purposes of this disclosure, beneficial or desired

14
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chimical results include, but are not hmited to, one or more of the following: preventing the
occurrence and/or merease 1n the severity of one or more symptoms resulting from the disease,
alleviating one or more symptoms resulting from the disease, reducing the severity of one or more
symptoms resulting from the disease, decreasing the dose of one or more other mwedications required

to treat and/or manage the disease, and increasing the quality of life.

{6163] As used herein, the term “mdividual” refers to a mammal and includes, but is not limited
to, human, bovine, horse, feline, canine, rodent, rat, mouse, dog, or primate. In some embodiments,
the individual is a human individual.

93 4

{0104} The terms “comprising,” “having,” “containing,” and “including,” and other similar
forms, and grammatical equivalents thereof, as used herein, are intended to be equivalent in
meaning and to be open ended m that an tem or tems following any one of these words i3 not
meant to be an exhaustive listing of such item or items, or meant to be limited to only the listed stem
or items. For example, an article “comprising” components A, B, and C can consist of (7.e., contain
only) components A, B, and C, or can contain not only components A, B, and C but also one or
more other components. As such, it is intended and understood that “comprises” and similar forms

thereof, and grammatical equivalents thereof, include disclosure of embodiments of “consisting

essentially of” or “consisting of”

[8165] Where a range of values s provided, it is understood that each intervening value, to the
tenth of the unit of the lower himit, unless the context clearly dictate otherwise, between the upper
and lower limit of that range and any other stated or intervening value in that stated range, is
encompassed within the disclosure, subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits, ranges excluding either or both of those

included limits are also included in the disclosure.

[0106] Reference to “about” a value or parameter herein includes (and describes) variations that
are directed to that value or parameter per se. For example, description referring to “about X7

includes description of “X.”

8107 As used herein, including in the appended claims, the singular forms “a,” “or,” and “the”
o > <

include plural referents unless the context clearly dictates otherwise.
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L. Delayed sustained-refease oral drug dosage forms

[6108§] Provided herein, in some aspects, 8 a delaved sustained-release oral drug dosage form of
a Janus kinase (JAK) inhibitor. In some embodiments, the delaved sustained-release oral drug
dosage forms described herein comprise: a sustamed-release drug component comprising the JAK
mhibitor; and a delay component, wherein the delay component 1s configured to prevent the release
of the JAK mhibitor from the oral drag dosage form for a desired amount of time after
admmistration of the delayed sustamed-release oral drug dosage form to a human mdividual In
some embodiments, the sustained-release drug component, in conjunction with the oral drug dosage
form or a portion thereof, is configured to release the JAK inhibitor according to a desired release
profile. In some aspects, the oral drug dosage form further comprises an immediate-release drug

component comprising the JAK inhibitor.

[0109] The oral drug dosage forms disclosed herein may comprise a variety of combinations of
the components described herein, and may be arranged in a diverse array of configurations. Such
components, and configurations thereof, for forming a delayed sustained-release oral drug dosage
form are configured to achieve the desired delayed sustained-release profile of a JAK mnhibitor. In
some instances, such components and configurations are described m a modular fashion, and such

description is not mtended to limit the scope of the oral drug dosage forms encompassed herein.

A. Components and configurations of delayed sustained-release oral drug dosage forms

{6110} In some embodiments, the components of the delayed sustained-release oral drug dosage
forms described herein include a sustained-release drug component comprising the JAK mhibitor,
and a delay component. In some embodiments, the delay component comprises a delay member and

a shell.

0111} For purposes of illustration and to facilitate the understanding of certain components,
and configurations thereof, cross-sectional diagrams of exemplary delayed sustaned-release oral
drug dosage forms described herein are provided in FIGS. 1A-1H. In some aspects of the present

disclosure, as illustrated in FIGS. 1A-1H, the exemplary delayed sustained-release oral drug dosage

16
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forms comprise: a sustained-release drug component comprising an erodible matenal admixed with
a JAK mhibitor; and a delay component comprising: a delay member comprising an erodible
material not admixed with the JAK inhibitor; and a shell. The dashed lines mn FIGS., 14-1H,
represent a portion of one or more components of the delayed sustained-release oral drug dosage
forms having an undefined shape in the schematic; such portions of the one or more components
may be configured to facilitate release of the JAK mhibitor from the delayed sustained-release oral
drug dosage form e.g., by reducing adherence of a portion of the oral drug dosage form to an
mternal body part of the human individual that may prevent or inhibit, to any degree, the release of
the JAK mhibitor from the oral drug dosage form. In some embodiments, such portion of the one or

more components is not flat.

{6112] A cross-sectional diagram of an exemplary delaved sustained-release oral drug dosage
form of a Janus kinase (JAK) mhibitor 100 15 provided in FIG. 1A, wherein the delayed sustained-
release oral drug dosage form 106 comprises: a sustained-release drug component comprising a first
erodible material admixed with the JAK mhibitor 165; and a delay component, wherein the delay
component comprises: a delay member comprising a second erodible material not admixed with the
JAK mhibitor 118; and a shell 115, As shown in FIG. 1A the sustained-release drug component
105 has a top surface 106, a side surface 107, and a bottom surface 108, and the delay member 110
has a top surface 111, a side surface 112, and a bottom surface 113, In some embodiments, the delay
component {e.g, the delay member 118 and the shell 115), surrounds the sustained-release drug
component 188 The delayed sustained-release oral drug dosage form 100 of FEG. 1A 15 configured
such that when administered to a buman mdwvidual, and subjected 1o a bodily fluid, a top surface
111 of the delay member 118 is first exposed to the bodily fluid and erodes away from the oral drug
dosage form in the direction of the arrow 128. As shown in FiG. 1B, at a certain tuue following
adnnistration to the human individual, the top surface 106 of the sustamed-release drug component
105 15 exposed to the bodily fhuid and erodes away from the oral drug dosage form 166 in the
direction of the arrow 121, In some embodiments, the thickness of the sustained-release drug
component 188 1 measured from the top surface 106 to the bottom surface 108 in a direction

substantially parallel with the direction of erosion 121 of the sustained-release drug component. For
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example, as shown in FIG. 1B, the thickness of the sustamed-release drug component 183 1g

mdicated by the marker 125

9113] As disclosed herein, the components of the delayed sustained-release oral drug dosage
forms may be configured in numerous shapes and sizes. Unless otherwise specified, reference to
certamn shapes, sizes, and measurements are reflective of the delaved sustained-release oral drug
dosage form prior to administration to a human individual, e.g., prior {o erosion of any components

thereof

i. Sustained-release drug components

[6114] The delayed sustained-release oral drug dosage forms disclosed herein comprise a
sustained-release drug component comprising a JAK mhibitor. In some embodiments, the sustained
release drug component comprises an erodible material comprising the JAK mhibitor. The
sustained-release drug components may be formed using numerous materials (including materials

having a range of JAK inhibitor drug mass fractions) having varying shapes and sizes.

{0115) In some embodiments, the sustained-release drug component is a layer. In some

embodiments, the sustamed-release drug component comprises a plurality of beads.

18116] In some embodiments, the sustained-release drug components are configured having
surfaces, such as a surface exposed to a bodily fluid during administration of the oral drug dosage
form to a human individual, having a pre-determined shape and surface area. For example, in some
embodiments, the sustamed-release drug component has a top surface and a botiom surface, wherein
the top surface is exposed to a bodily fluid prior to the bottom surface. In some embodiments, the
sustained-release drug component is a laver having a top surface and a bottom surface. In some
embodiments, the top surface of the sustained-release drug component is not flat, e.g., comprises
certain features that extend beyond a top surface plane or surface tolerance threshold {as measured
between two parallel planes), such as to reduce adherence of the sustamed-release drug layer, or a
portion thereof, to an internal body part of the human individual In some embodiments, the top
surface of the sustained-release drug component, or at least a portion thereof, 1s flat or within a

surface tolerance threshold.
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{6117} The top surface of the sustained-release drug component, as based on the surface
exposed to a bodily fluid, can have any shape. In some embodiments, the top surface of the
sustained-release drug component, as based on the surface exposed to a bodily fluid, has the shape
of a capsule, circle, oval, bullet shape, arrow head shape, triangle, arced triangle, square, arced
square, rectangle, arced rectangle, diamond, pentagon, hexagon, octagon, half moon, almond, or a

combination thereof

0118} In some embodiments, the top surface of the sustained-release drug component, suchas a
sustained-release drug layer, has a surface area of about 10 mm” to about 400 mm’, such as any of
about 20 mm’ to about 200 mm’, about 20 mm’ to about 100 mm’, about 20 mm’” to about 60 mny’,
about 30 mm’ to about 50 mm”. In some embodiments, the top surface of the sustained-release drug
component has a surface area of at least about 20 mm’, such as at least about any of 22 mm’, 24
mmz, 26 mmZ, 28 mmﬁ‘) 30 mm/"‘, 32 mmg‘, 33 mmz, 34 mm2, 36 mm?', 38 1nm2, 40 mmz, 42 mm?, 44
mm’, 46 mm’, 48 mm’, 50 mm’, 52 mm’, 54 mm’, 56 mm’, 58 mm’, 60 mm’, 65 mm’, 70 mm’, 80
mm 85 mm 90 mm 95 mm?‘, 100 mm? 110 mm 120 mm 130 mm 140 mm 150 mm 160
mm"”_, 170 mnf, 180 mm2 190 mm 200 mm 225 mm , 250 mm“, 275 mm"“, 300 mm;, 325 mmz,
350 mm?, 375 mm?, or 400 mm”. In some embodiments, the top surface of the sustained-release
drug component has a surface area of less than about 400 mm’, such as less than about any of 400
mz, 375 mm2, 350 1nm2, 325 mmz, 300 mmz, 275 mm 250 mm 225 mny’ , 200 mm‘ 190 mm’,
180 mm2 170 mm®, 160 mm?, 150 mm 140 mmz, 130 mm2 120 mm 110 mm 100 mm’ , 95

90 mm 85 mm’ , 80 mm .75 mm’, 70 mmz, 65 mmz, 60 mmz, 58 mn12

56 mm 54 mm 52
mm" 50 mnt, , 48 mm , 46 mnY , 44 mm 42 mm’ , 40 mm? , 38 mm’ .36 mm 34 mm{ 32 mmz, 30
mot, 28 mo’, 26 mm’, 24 mm’, 22 nun’, or 20 mm’. In some embodiments, the top surface of the

sustained-release drug component has a surface area of about any of 20 mm?%, 21 mm?%, 22 mun?, 23

mmz, 24 mmz, 25 mmz, 26 mmzﬁ 27 mmzu, 23 mmz, 29 mmz, 30 mmz, 31 mmz, 32 mmz, 33 mmZ, 34
mmzﬁ 35 mmz, 36 mmz, 37 mmz, 38 mmz, 39 mmz, 40 mmz, 41 mm2, 42 mmz, 43 mmz, 44 mmz, 45
mny’, 46 i’ 47 mam’, 48 mun’, 49 me’, 50 me’, S1omnd, 52 mm, 53 mov’, 54 oy, 55 mw’, 56
mmzﬁ 57 mm’, S8 mnt’, 59 mmz, &0 mm?‘, 65 mmz, 70 mmz, 80 mmz, 85 mmz, 90 mirﬂ 95 mm’,

100 mw”, 110 s, 120 ront’, 130 rom?, 140 mm?, 150 mm?, 160 nun’, 170 mm’, 180 mn’, 190

mm{ 200 mm’, 225 mm’, 250 mot’, , 275 mm’ , 300 mm?‘, 325 mmz, 350 mnt’, 375 mm’, or 400 mm’.
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[6119] In some embodiments, the surface area of the top surface of the sustained-release drug
component exposed to a bodily fluid 15 consistent throughout the thickness of the sustained-release
drug component, e.g., as the sustained-release drug component erodes the surface exposed to the
bodily fluid has the same surface area. In some embodiments, the surface area of the top surface of
the sustained-release drug component exposed to a bodily fluid is different at two or more poinis,
e.g., as the sustained-release drug component erodes the surface exposed to the bodily fluid changes
such as increases and/or decreases m surface area during erosion of the sustained-release drug
component. In some embodiments, the shape of the surface of the sustained-release drug component
exposed to a bodily fluid 1s consistent throughout the thickness of the sustammed-release drug
component, e.g., as the sustained-released drug component erodes the surface exposed to the bodily
fluid 1s the same shape. In some embodiments, the shape of the surface of the sustained-release drug
component exposed to a bodily fluid is different at two or more points. In some embodiments, the
bottom surface of the sustained-release drug component has a surface area that is the same as that of
the top surface of the sustained-release drug component. In some embodiments, the bottom surface
of the sustained-release drug component has a surface area that is different than that of the top

surface of the sustained-release drug component.

[6120] In some embodiments, the top surface of the sustained-release drug component, suchas a
sustained-release drug layer, has a largest crossing dimension of about 5 mm to about 20 mm, such
as any of about S nun to about 15 mm, about 6 mm to about 13 mm, or about 7 to about 11 mm. In
some embodiments, the top surface of the sustained-release drug component has a largest crossing
dimension of at least about 5 mam, such as at least about any of 6 mum, 7 mm, 8 mym, 9 mm, 10 mom,
Wown, 12 mm, 13 mmy, 14 oy, 15 mm, 16 rom, 17 rom, 18 mam, 19 mum, or 20 rom. In some
embodiments, the top surface of the sustained-release drug component has a largest crossing
dimension of less than about 20 mm, such as less than about any of 19 mum, 18 num, 17 mm, 16 mm,
15 mm, 14 mm, 13 mn, 12 nwn, 11 mn, 10 ovwy, O mum, 8 ouy, 7 mmy, 6 ouw, or 5 mun. In some
embodiments, the top surface of the sustamed-release drug component has a largest crossing
dimension of about any of 3 mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, 11 mm, 12 mm, 13 mm, 14

i, 15 mm, 16 mam, 17 mun, 18 min, 19 mm, or 20 mom.
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{6121} In some embodiments, the top surface of the sustamned-release drug component, suchas a
sustamned-release drug layer, has a crossing dimension perpendicular to the largest crossing
dimension of about 1 mm to about 15 mm, such as any of about 2 mm to about 15 mm, about 2 mm
to about 6 mm, or about 1 to about S mm. In some embodiments, the top surface of the sustamed-
release drug component has a crossing dimension perpendicular to the largest crossing dimension of
at least about 1 mm, such as at least about any of 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 mm, 8 mm, 9
mm, 10 mm, 17 mm, 12, mm, 13 mm, 14 mm, or 15 mm. In some embodiments, the top surface of
the sustained-release drug component has a crossing dimension perpendicular to the largest crossing
dimension of less than about 15 mm, such as less than about any of 14 mm, 13 mm, 12 mm, 11 mm,
10mm, 9 mm, 8 mm, 7 mm, 6 mm, S mm, 4 mm, 3 mm, 2 mm, or | mm. In some embodiments, the
top surface of the sustained-release drug component has a crossing dimension perpendicular o the
largest crossing dimension of about any of 1 mun, 2 mm, 3 mm, 4 mm, 5 mm, 6 mm, 7 num, § mm, 9

mim, 10 mm, 11 mm, 12 mm, 13 mm, 14 mm, or 15 mm.

[0122] In some embodiments, the sustained-release drug component, such as a sustained-release
drug component layer, has a thickness of about 0.1 mm to about 5 mm, such as any of about 0.2 mm
to about 2 mm, about 0.5 mm to about 1.5 mm, or about 0.8 mm to about 1.4 mm. In some
embodiments, the sustained-release drug component has a thickness of at least about 0.1 mum, such
as at least about any of 0.2 mam, 0.3 mm, 0.4 mm, 0.5 mm, 0.6 mm, 0.7 mm, G.8 mun, 0.9 mm, 1.1
nun, 1.2 o, 1.3 ovm, Ldmm, 1.5 mm, Lomun, 1.7 mom, 1.8 mum, 1.9 om, 2.0 mum, 2.2 mm, 2.4
mm, 2.6 nun, 2.8 mom, 3.0 mmy, 3.2 num, 3.4 mny, 3.6 nuo, 3.8 ram, 4.0 mum, 4.2 rom, 4.4 mm, 4.6
mim, 4.8 mm, or S mm. In some emboduments, the sustained-release drug component has a thickness
of less than about 5 mm, such as less than about any of 4.8 ram, 4.6 mm, 4.4 ram, 4.2 mm, 4.0 mm,
3.8 mum, 3.6 mim, 3.4 mm, 3.2 mn, 3.0 mm, 2.8 mm, 2.6 mm, 2.4 mum, 2.2 mm, 2.0 mm, 1.9 mm,
1L8mm, 1.7mmy, 1.6 mm, 1.5 mm, 1.4 mm, 1.3 oo, 1.2 oum, 1.1 mm, 1.0 oy, 0.9 mm, 0.8 mm,
0.7 mum, 0.6 mm, 0.5 mm, 0.4 mup, 0.3 mm, 6.2 mm, or C.1 mm. In some embodiments, the
sustained-release drug component has a thickness of about any of 0.1 mm, 0.2 mm, 0.3 mym, 0.4 mm,
0.5mm, 0.6 mm, 0.7 mm, 0.8 mmy, 0% mm, 1.1 mm, 1.2 mm, 1.3 mm, L4 mm, 1.5 mm, 1.6 mm,
L7 mm, 1.8 mm, 1.9 mm, 2.0 mm, 2.2 mim, 2.4 rom, 2.6 mm, 2.8 mm, 3.0 mim, 3.2 mm, 3.4 mm,

3.6 mm, 3.8 mm, 4.0 mm, 4.2 mm, 4.4 mam, 4.6 num, 4.8 mem, or 5 mm.
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[6123] In some embodiments, the sustained-release drug component, such as a sustained-release
drug layer, comprises a top surface and a bottom surface, wherein the thickness, as measured
between the top surface and the bottom surface, 13 substantially consistent, such as within a 20%

range of an average thickness.

{6124] In some embodiments, the sustained-release drug component, such as a sustained-release

drug layer, comprises a side surface.

[0125] In some embodiments, the sustained-release drug component has a drug mass fraction
{mr) of the JAK mhibitor of about G.1 to about 0.6, such as any of about 0.2 to about 0.5, or about
0.3 to about 0.4. in some embodiments, the sustained-release drug component has a drug mass
fraction {my} of the JAK mhibitor of at least about 0.1, such as at least about any of 0.15, 0.2, 0.25,
0.3, 0.35, 0.4, 0.45, 0.5, 0.55 or 0.6. In some embodiments, the sustained-release drug component
has a drug mass fraction {(my) of the JAK inhibitor of less than about 0.6, such as less than about any
of 0.55, 0.5, 0.45, 0.4, 0.35,0.3, 0.25, 0.2, 0.15, or 0.1. In some embodiments, the sustained-release
drug component has a drug mass fraction {myg} of the JAK inhibttor of about any of 0.1, 0.15, 0.2,

0.25,0.3, 0.35, 0.4, 0.45, 0.5, 0.55, or 0.6.

{8126] In some embodiments, the sustained-release drug component comprises an erodible
material comprising the JAK inhibiior. In some embodiments, the release of the JAK inhibitor from
the delayed sustained-release oral drug dosage form 1s based on the erosion of the sustained-release
drug component. In some embodiments, the sustained-release drug component completely erodes,
once contacted by bodily fluid in the human individual, over a period of about 3 hours to about 12
hours, such as about 4 hours to about 8 hours, or about 6 hour to about 10 hours. In some
embodiments, the sustamed-release drug compounent completely erodes, once contacted by bodily
fluid in the human mdividual, over a period of at least about 3 hours, such as at least about any of 4
hours, 5 hours, 6 hours, 7 hours, 8 hours, © hours, 10 hours, 11 hours, or 12 hours. Insome
embodiments, the sustained-release drug component corapletely erodes, once contacted by bodily
flid mn the human individual, over a period of at less than about 12 hours, such as less than about
any of 11 hours, 10 hours, 9 hours, 8 hours, 7 hours, 6 hours, 5 howrs, 4 hours, or 3 hours. In some

embodiments, the sustamed-release drug component completely erodes, once contacted by bodily
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flurd 1n the human mdividual, over a period of about any of 3 hours, 4 hours, § hours, 6 hours, 7

hours, 8 hours, 9 hours, 10 hours, 11 hours, or 12 hours.

[6127] In some embodiments, the amount of the JAK inhibitor 1n the sustained-release drug
component 1s about 1 mg to about 50 mg, such as any of about I mg to about 25 mg, about 10 mg to

about 40 mg

R

about 10 mg to about 30 mg, about 9 mg to about 12 mg, about 10 mg to about 12 mg,
about 19 mg to about 23 mg, or about 21 mg to about 23 mg. In some embodiments, the amount of
the JAK mhubitor in the sustained-release drug component 18 about I mg or more, such as about any
of 3 mg or more, 4 mg or more, 5 mg or more, & myg or more, 7 mg of more, & mg or more, 9 mg or
more, 10 mg or more, 11 mg or more, 12 mg or more, 13 mg or more, 14 mg or more, 15 mg or
more, 16 mg or more, 17 mg or more, 18 mg or more, 19 mg or more, 20 mg or more, 21 mg or
more, 22 mg or more, 23 mg or more, 24 mg or more, or 25 mg or more. In some embodiments, the
amount of the JAK mhibitor in the sustained-release drug component is about 25 mg or less, such as
about any of 24 mg or less, 23 mg or less, 22 mg or less, 21 mg or less, 20 mg or less, 19 mg or less,
18 mg or less, 17 mg or less, 16 mg or less, 15 mg or less, 14 mg or less, 13 mg or less, 12 mg or
less, 11 mg or less, 10 mg or less, 9 mg or less, 8 mg or less, 7 mg or less, 6 mg or less, 5 mg or less,
4 mg or less, or 3 mg or less. In some embodiments, the amount of the JAK inhibitor in the
sustained-release drug component 15 about any of 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8§ mg, 9 mg, 10 mg,
1Zmg, 13 mg, 1dmg, 1Smg, 16 mg, 17 mg, 18 mg, 19 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, or

25 mg.

{0128] In some embodiments, the amount of the JAK mhibitor in the sustamed-release drug

component is about 11 mg.

[6129] In some embodiments, the amount of the JAK mhibitor in the sustained-release drug

component is about 22 mg.

[0130] In some embodiments, the sustained-release drug component comprises a thermoplastic
material, for example a thermoplastic polvmer. In some embodiments, the sustamed-release drug
component comprises a material mcluding any one or more of an erodible thermoplastic material,
such as a sustamed-release erodible material or an immediate-release erodible matenal, a drug-
diffusion material, a plasticizer, and another additive, e.g., a filler, a binder, a lubricant, a ghidant,

and a disintegrant,
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[6131] In some embodiments, the erodible thermoplastic material comprises any one or more of
polyvinyipyrrolidone-co-vinyl-acetate (PVP-V A), polyvinyipyrrohidone-polyvinyi acetate
copolymer (PVP-VA) 60/40, polyvinylpyrrolidone (PVP), polyethylene oxide {PEG), polyethylene
glycol (PEG), polyvinyl alecohol (PV A), polyvinyl caprolactam-polyvinyl acetate-polyethviene
glycol graft copolymer 57/30/13, aminoalkyl methacrylate copolymer E, hydroxypropyl
methylcellulose acetate succinate or hypromellose acetate succinate (HPMCAS), hydroxypropyl
methyleellulose phthalate (HPMCP}, copolyvidone, hydroxypropyt celiulose (HPC),
hydroxylpropyl methylcellulose or Hypromellose (HPM), methyl cellulose (MC), methacrylic acid
copolymer, poly{dimethylaminoethylmethacrylate-co-methacrylic esters), poly{ethyl acrylate-co-
methyl methacrylate-co-trimethylammonioethyl methacrylate chloride), poly(methyi acrylate-co-
methy! methacrylate-co-methacrylic acid) 7:3:1, poly{methacrylic acid-co-methylmethacrylate} 1:2,
poly(methacylic acid-co-ethyl acrylate) 1:1, poly(methacylic acid-co-methyl methacrylate} 1.1,
polyethylene glvcol-polyvinyl alecohol graft copolymer 25/75, Kollicoat IR-polyvinyl alcchel 60/40,

methacrylic ester copolymer, and ammonioalkyl methacrylate copolymer.

0132} In some embodiments, the sustained-release erodible material comprises any one or
more of copolyvidone, polyvinylpyrrolidone-co-vinyl-acetate (PVP-VA), polyvinylpyrrolidone-
polyvinyl acetate copslymer (PYP-VA) 60/40, polyvinylpyrrolidone (PVP), hydroxypropy!
celinlose (HPC), hydroxylpropyi methylcellulose or Hypromellose (HPMC), hydroxypropyt
methyleellulose phthalate (HPMCP), methyl cellulose (MC), methacrylic acid copolymer,
polv(dimethylamwmoethylmethacrylate-co-methacrylic esters), poly{ethyl acrylate-co~-methyl
methacrylate-co-trimethylammonioethyl methacrylate chloride), poly(methy! acryvlate-co-methyl
methacrylate-co-methacrylic acid) 7.3:1, poly(methacrvlic acid-co-methylmethacrylate) 1.2,
poly(methacylic acid-co-ethyl acrylate} 1.1, poly(methacylic acid-co-methyl methacryiate} 1.1,
polvethylene oxide (PEQ), polyethylene glycol (PEG), polyviny! caprolactam-polyvinyl acetate-
polyethylene glycol graft copolymer 57/30/13, polyethylene glycol-polyvinyl aleohol graft
copolymer 25/75, Kollicoat IR~-polyviny] aicohol 60/40, polyviny! alcohol (PVA), amino alky]
methacrylate copolymer E, hydroxypropyl methylceliulose acetate succinate or hypromellose
acetate succinate {HPMUAS), methacrylic ester copolymer, glycerol, and ammomnioalkyl

methacrylate copolymer.
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[6133] In some embodiments, the immediate release erodible thermoplastic material comprises
any one or more of copolyvidone, polyvinyipyrrolidone-co-vinyl-acetate (PVP-VA),
polyvinylpyrrolidone-polyvinyl acetate copolymer (PVP-V A} 60/40, polyvinylpyrrolidone (PVP),
hydroxypropyl cellulose (HPC), hydroxylpropyl methylcelluiose or Hypromellose (HPMC),
hydroxypropyl methylcetiulose phthaiate (HPMCP), methyi cellulose (MC), methacrylic acid
copolymer, poly(butyl methacrylate-co-{2-dimethylaminoethyl} methacrylate-co-methyl
methacrylate} 1:2:1, poly(dimethylaminoethylmethacrylate-co-methacrylic esters), poly(ethyl
acrylate-co-methyl methacrylate-co-trimethylammonioethyl methacrylate chioride), poly(methyl
acrylate-co-methyl methacrylate-co-methacrylic acid) 7:.3:1, poly{methacrylic acid-co-
methylmethacrylate) 1.2, polv{methacylic acid-co-ethyl acrylate) 1:1, polv{methacylic acid-co-
methyl methacrylate) 1.1, polyethylene oxide (PEQ), polyethylene glycol (PEG), polyvinyl
caprolactam-polyviny! acetate-polyethylene glycol graft copolymer 57/30/13, polyethylene glycol-
polyviny! alcohol graft copolymer 25/75, Kollicoat IR-polyvinyl alcohel 60/40, polyvinyl alcohol
(PVA), amincalkyl methacrylate copolymer E, hydroxypropyl methyleellulose acetate succinate or
hypromellose acetate succinate (HPMCAS), methacrylic ester copolymer, ammonioalky]
methacrylate copolymer, ethyl cellulose (EC), polyvinyl acetate (PV Ac) and polyvinylpyvirolidone
(PVP) B0/20, polyvinyl acetal diethyl anmunolactate, and polyvinyl acetal diethyl amino lactate

(AEA).

[8134] In some embodiments, the drug-diffusion material comprises a swellable polymer
impregnated with a drug, e.g., such that upon swelling the drug is release from the drug-diffusion
material. In some embodiments, the drug-diffusion material comprises any one or more of cellulose
acetate phthalate {CAP), ammonio methacrylate copolymer, poly(lactide-co-glycolide) (PLGA),
ethylene-vinyl acetate copolymer, polyethylene (PE), polycaprolactone (PCL), polvlactic acid
(PLA), ellulose acetate butyrate {CAB), cellulose acetate (CA), polyvinyl acetate (PV Ac), polyvinyl
acetal diethyl amuno lactate (AEA), poly{butyl methacrylate-co-(2-dimethylaminoethyl)
methacrylate-co-methyl methacrylate} 1:2:1, ethyl cellulose (EC), polyvinyl acetate (PV Ac),

polyvinyipyrrolidone (PVP) 80/20, and crospovidone.

{6135] In some embodiments, the plasticizer comprises any one or more of triethyi citrate

(TEC), vitamun e polyethylene glycol succinate (TPGS), acetin, acetylated triethyl citrate, tributyl
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citrate, tributyl o-acetylcitrate, polyoxyl 15 hydroxystearate, peg-40 hydrogenated castor oil,
polyoxyl 35 castor oil, dibutyl sebacate, diethylphthalate, glvcerine, methyl 4-hydroxybenzoate,

castor o1l, oleic acid, triacetin, polvalkyiene glycol.

{0136 In some embodiments, the other additive comprises any one or more of acacia, alginate,
alginic acid, alumimum acetate, butylparaben, butylated hydroxytoluene, citric acid, calcium
carbonate, candelilla wax, croscarmellose sodium, confectioner sugar, colloidal silicone dioxide,
cellulose, plain or anhydrous caleum phosphate, carnuba wax, corn starch, carboxymethyicellulose
calcium, calcium disodium ethylenediaminetetraacetic acid (EDTA), calcium hydrogen phosphate
dehydrate, cetylpyridine chloride, calcium phosphate dibasic, calcium phosphate tribasic, dibasic
calcium phosphate, disodium hydrogen phosphate, dimethicone, erythrosine sodmm,
ethylenediaminetetraacetic acid (EDTA), gelatin, glyceryl monooleate, ron oxide, ferric oxide, ron
oxide vellow, iron oxide red, lactose thydrous, anhydrous, monohydrate, or spray dried},
microcrystaliine cellulose, magnesium carbonate, magnesium oxide, methyl paraben, polysorbate 80,
propvlene paraben, potassium bicarbonate, potassium sorbate, potato starch, phosphoric acid,
polvoxvethylene (40} stearate, sodium starch glycolate, starch pregelatinized, sodium crossmellose,
sodium lauryl sulfate, starch, silicon dioxide, sodium benzoate, sucrose, sorbic acid, sodium
carbonate, saccharin sodium, sodium alginate, silica gel, sorbitan monooleate, sodium chloride,
sodum metabisulfite, sodum citrate dehydrate, sodum starch, sodum carboxy methyl cellulose,

succinic acid, sodum propionate, titarium dioxade, tale,

{8137} In some embodiments, the sustained-release oral drug dosage form comprises one or
more of hydroxypropyl cellulose (HPC EF), vinvipvrrolidone-vinyl acetate copolymer (e.g., VAG4
or copovidone), triethvl citrate (TEC), and glycerin. In some emnbodiments, the sustained-release

A

oral drug dosage form comprises HPC EF at about 35 w/w% to about 45 w/w%, VAG4 at about §

w/w% to about 15 w/w%, and glycenin at about 10 w/w% to about 20 w/w%%.

ii. Delay components
{6138 The delayed sustamed-release oral drug dosage forms described herein comprise a delay

component configured to prevent and/or mhubit the release of a JAK whibttor from the oral drug
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dosage form for a desired amount of time after admunistration of the delayed sustaimed-release oral

drug dosage form to a human mdividual
[6139] In some embodiments, the delay component does not contain a JAK nhibttor.

{0140 In some embodiments, the delay component surrounds the sustained-release drug
component. In some embodiments, the delay component completely surrounds the sustained-release

drug component.

{0141} In some embodiments, the delay component comprises an erodible material. In some
embodiments, the erodible material of the delay component 1s different than the erodible material of
the sustained-release drug component. In some embodiments, the delay component comprises: &
delay member comprising a second erodible material not admixed with a JAK mhibitor; and a shell.
In some embodiments, the delay member and the shell surround, such as completely surround, the

sustained-release drug component.

iii. Delay members
j0142] The delay members described herein comprise an erodible material not admixed with a
JAK mhibitor. The delay members may be formed using numerous matenials having varying shapes

and sizes. In some embodimenis, the delay member is a layer.

{6143] In some embodiments, the delay members are configured having surfaces, such as a
surface exposed to a bodily fluid during adnunistration of the oral drug dosage form to a human
mdividual, having a pre-determined shape and surface area. For example, in some embodiments, the
delay member has a top surface and a bottom surface, wherein the top surface is exposed to a bodily
fluid prior o the bottom surface. In some embodiments, the delay member is a layer having a top
surface and a bottom surface. In some embodiments, the top surface of the delay member is not flat,
e.g., comprises certain features that extend beyond a top surface plane or surface tolerance threshold
(as measured between two parallel planes), such as to reduce adherence of the delay member, ora
portion thereof, to an nternal body part of the human indwvidual. In some embodiments, the top
surface of the delay member, or at least a portion thereof, is flat or within a surface tolerance

threshold.



WO 2022/121927 PCT/CN2021/136353

[6144] The top surface of the delay member, as based on the surface exposed to a bodily fhud,
can have any shape. In some embodiments, the top surface of the delay member, as based on the
surface exposed to a bodily fluid, has the shape of a capsule, circle, oval, bullet shape, arrow head
shape, triangle, arced triangle, square, arced square, rectangle, arced rectangle, diamond, pentagon,

hexagon, octagon, half moon, almond, or a combination thereof

[6145] In some embodiments, the top surface of the delay member, such as a delay member
laver, has a surface area of about 10 mm” to about 400 mm’, such as any of about 20 mnt” to about
200 mm’, about 20 mm’ to about 100 mm’, about 20 mm” to about 60 mm’, about 30 mm” to about
50 mmt’. In some embodiments, the top surface of the delay member has a surface area of at least
about 20 mm’, such as at least about any of 22 mm’, 24 mm’, 26 mm’, 28 mm’, 30 mm’, 32 mm’,

33 mm’, 34 mm’, 36 mm’, 38 mm’, 40 mm’, 42 mm?, 44 mm’, 46 mm’, 48 mm’, 50 mm’, 52 mny,
54 mmz, 56 1nm2, 58 mmz, 60 mm’ 65 mm?‘, 70 mmz, 80 mm{ 85 mm?‘, 90 mmz, g5 mmz, 100 mmz,
110 mm’, 120 mm’, 130 nun’, 140 mm’, 150 mm?, 160 mm?, 170 mm’, 180 mnt’, 190 mm?, 200
mmz, 225 mm{ 250 mm?', 275 mm{ 300 mm’ 325 mn127 350 mmz, 375 mmz, or 400 mm”. In some
embodiments, the top surface of the delay member has a surface area of less than about 400 mm”,
such as less than about any of 400 mm”, 375 mm”, 350 mm?, 325 mm’, 300 mm?%, 275 mm’, 250
mmz, 225 mmz, 200 mmz, 190 mmg, 180 mm2, 170 mmz, 160 mmz, 150 mmz, 140 mmz, 130 mmz,
120 mmz, 110 mmz, 100 mm2, 95 mmz, 90 mmz, 83 mm”, 80 mmz, 75 mm{ 70 mm,z, &5 mmz, 60
mnt’, 58 mmz, 56 mmz, 54 mmz, 52 mm2, 50 mmz, 48 mmz, 46 mmzﬁ 44 mmz, 42 mm’, 40 mmz, 38
mmz, 36 1n1112, 34 mmz, 32 mmz, 30 mm’, 28 mmz, 26 mmz, 24 mmz, 22 m’mz, or 20 mm’. In sorme
embodiments, the top surface of the delay member has a surface area of about any of 20 mm’, 21
mmz, 22 1nn12, 23 mm2, 24 mmzﬁ 23 mm{ 26 mmz, 27 mmz, 28 mmz, 29 mmz, 30 m,mz, 31 mm2, 32
mmz,, 33 mmz, 34 mmz, 35 mmz, 36 mmz, 37 mmz, 38 mmz, 39 mmz, 40 mmz, 4] mmz,, 42 mmz, 43
mmz, 44 mmz, 45 mmz, 46 mmzﬁ 47 mmzu, 48 mmz, 49 mmz, 50 mmz, 51 mmz, 52 mmz, 53 mmZ, 54
mmzﬁ 55 mmz, 56 mmz, 57 mmz, 58 mmz, 59 mmz, 60 mmz, 65 mm2, 70 mmz, 30 mmz, 35 mmz, G
mmz, 95 1'r1rt12, 100 mmz, 110 mmz, 120 mmz, 130 mmz, 140 mmz, 150 mmz, 160 mmz, 170 mmz,
180 mmz, 190 mmz, 200 mmz, 225 mm’, 250 mm’, 275 mmz, 300 mm‘?’, 325 mm?‘, 350 mmz, 375

2 2
mm’, or 400 mm
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[B146] In some embodiments, the surface area of the top surface of the delay member exposed
to a bodily fluid is consistent throughout the thickness of the delay member, e.g., as the delay
member erodes the surface exposed to the bodiy fluid has the same surface area. In some
embodiments, the surface area of the top surface of the delay member exposed to a bodily flnd 15
different at two or more points, e.g., as the delay member erodes the surface exposed to the bodily
fluid changes such as mcreases and/or decreases in surface area during erosion of the delay member.
in some embodiments, the shape of the surface of the delay member exposed to a bodily flud s
consistent throughout the thickness of the delay member, e.g., as the delay member erodes the
surface exposed to the bodily fluid is the same shape. In some embodiments, the shape of the
surface of the delay member exposed to a bodily fluid 15 different at two or more poinis. In some
embodiments, the bottom surface of the delay member has a surface area that is the same as that of
the top surface of the delay member. In some embodiments, the bottom surface of the delay member

has a surface area that is different than that of the top surface of the delay member.

[0147] In some embodiments, the top surface of the delay member, such as a delay member
layer, has a largest crossing dimension of about 5 mm to about 20 mm, such as any of about 5 mm
to about 15 mm, about 6 mm to about 13 mmy, or about 7 to about 11 mm. In some embodiments,
the top surface of the delay member has a largest crossing dimension of at least about 5 mm, such as
at least about any of 6 mam, 7 ram, 8 mm, 9 mam, 10 mm, 11 mm, 12 mm, 13 mm, 14 mm, 15 mm,
16 ram, 17 mm, 18 mm, 19 mm, or 20 mm. In some embodiments, the top surface of the delay
member has a largest crossing dimension of less than about 20 mm, such as less than about any of
19 mm, 18 mm, 17 mm, 16 mun, 15 num, 14 oum, 13 ovm, 12 mm, 11 mmy, 10 mm, O mm, 8 mm, 7
mm, & mm, or S mm. In some embodiments, the top surface of the delay member has a largest
crossing dimension of about any of S mm, 6 mm, 7 mm, 8 mm, 9 mm, 10 mm, 11 oup, 12 mm, 13

mny, 14 rom, 15 ram, 16 nun, 17 muw, 18 nun, 19 mum, or 20 mm.

[0148] In some embodiments, the top surface of the delay rmember, such as a delay member
fayer, has a crossing dimension perpendicular to the largest crossing dimension of about 1 mm to
about 15 mm, such as any of about 2 mm to about 10 mm, about 2 mm to about 6 mm, or about 1 to
about 5 mm. In some embodiments, the top surface of the delay member has a crossing dimension

perpendicular to the largest crossing dimension of at least about 1 mm, such as at least about any of
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2mm, 3 mum, 4 oy, S oun, 6 mus, 7 own, 3 mimy, 9 ouwy, 10 mmy, 11 vomy, 12 mmy, 13 mmy, 14 mm, or
15 mm. In some embodiments, the top surface of the delay member has a crossing dimension
perpendicular to the largest crossing dimension of less than about 15 mm, such as less than about
any of 14 mm, 13 mm, 12 mm, 11 mm, 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm, 2
mm, or I mm. In some embodiments, the top surface of the delay member has a crossing dimension
perpendicular to the largest crossing dimension of about any of 1 mm, 2 mm, 3 mm, 4 mm, 5 mm, 6

mm, 7 mom, & mm, 9 mm, 10 mim, 11 mm, 12 mun, 13 mm, 14 mm, or 15 mm.

[6149] In some embodiments, the delay member, such as a delay member layer, has a thickness
ot about 0.1 mm to about 5 mm, such as any of about 0.2 mm to about 2 mm, about 0.5 mm to about
1.5 mm, or about 0.8 mm to about 1.4 mm. In some embodiments, the delay member has a thickness
of at least about 0.1 mm, such as at least about any of 0.2 mm, 0.3 mm, 0.4 mm, 0.5 mm, 0.6 mm,
0.7mm 08 mm, 09mm, 1.1mm, I 2mm, 13 mm 1 4mm 1.5 mm, 1.6 mm, 1.7 mm, 1.8 mm,
1.9mm, 2.0 mm, 2.2 mm, 2.4 mm, 2.6 mm, 2.8 mm, 3.0 mm, 3.2 mm, 3.4 mm, 3.6 mm, 3.8 mm,
4.0 mm, 4.2 mm, 4.4 mm, 4.6 mm, 4.8 mm, or 3 mm. In some embodiments, the delay member has
a thickness of less than about 5 mum, such as less than about any of 4.8 mm, 4.6 mm, 4.4 mm, 4.2
mm, 4.0 mm, 3.8 mm, 3.6 mm, 3.4 num, 3.2 mm, 3.0mm, 2.8 mm, 2.6 mm, 2.4 mm, 2.2 mm, 2.0
mim, 19mm, 1.8mm, 1.7mm, 1 6mnm, 1.5mm, 1 4mm, 13 mm, 1.2 mm, 1.1 mm, 1.0mm, 0.9
mm, 0.8 nun, 0.7 mm, 0.6 mm, 0.5 mum, 0.4 mm, 0.3 nun, 0.2 mm, or ¢.1 mm. Insome
embodiments, the delay member has a thickness of about any of 0.1 mm, 0.2 mum, 0.3 mm, 0.4 mm,
053 mom, 0.6 mm, 0.7 mm, 08 vam, 0.9 mum, 1.1 ooy, 1.2 ovm, 1.3 mom, 1.4 mvm, 1.5 mm, 1.6 mm,
1.7 0um, 1.8 mm, 1.9 mmy, 2.0 nun, 2.2 ram, 2.4 oy, 2.6 mam, 2.8 mm, 3.0 mm, 3.2 mm, 3.4 num,

3.6 om, 3.8 mm, 4.0 mm, 42 mm, 4.4 mun, 4.6 om, 4.8 mm, or 5 mm.

[6138] In some embodiments, the delay member, such as a delay member layer, comprises a top
surface and a bottom surface, wherein the thickness, as measured between the top surface and the
bottor surface, 1s substantially consistent, such as within a 20% range of an average thickness.
[B151] In some emboduments, the delay member, such as a delay member layer, comprises a
stde surface.

[6152] In some embodiments, the delay member comprises an erodible material not admixed
with the JAK inhibttor. In some embodiments, the delay member, such as the erodible material of
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the delay member, comprises a thermoplastic material, for example a thermoplastic polymer. In
some embodiments, the delay member comprises a material, such as any one or more of an erodible
thermoplastic materal, a plasticizer, and another additive, e.g., a filler, a binder, a lubricant, a

glidant, and a disintegrant.

[6153] In some embodiments, the erodible thermoplastic material comprises any one or more of
copolyvidone, polyvinyipyrrolidone-co-vinyl-acetate (PVP-VA), polyvinylpyrrolidone-polyvinyi
acetate copolymer (PVYP-V A} 60/40, polyvinylpyrrolidone (PVP), hydroxypropy! cellulose (HPC),
hydroxylpropyl methyicellulose or Hypromellose (HPMUC), hydroxypropyl methylcellulose
phthalate (HPMCP), methyl cellelose (MC}), methacrylic acid copolymer, poly{butyl methacrylate-
co-{2-dimethylaminoethyl) methacrylate-co-methyl methacrylate) 1:2:1,
poly{dimethylaminoethylmethacrylate-co-methacrylic esters), poly{ethyl acrylate-co-methyl
methacrylate-co-trimethylammonioethyl methacrylate chloride}, poly{methy! acrylate-co-methyl
methacrylate-co-methacrylic acid) 7:3:1, poly{methacryvlic acid-co-methylmethacrviate) 1.2,
poly(methacylic acid-co-ethyl acrylate) 1:1, poly(methacylic acid-co-methyl methacrylate} 1.1,
polyethylene oxide (PEQ), polyethylene glyvcol (PEG), polyvinyl caprolactam-polyvinyl acetate-
polyethylene glycol graft copolymer 57/30/13, polyethylene glyeol-polyvinyl alcohol graft

copolymer 25/75, Kollicoat IR-polyvinyl alcohol 60/40, polyvinyl alcohol (PVA), aminoalkyl
methacrylate copolymer E, hydroxypropyl methylcellulose acetate succinate or hypromellose
acetate succinate (HPMCAS), methacrylic ester copolymer, ammonioalkyl methacrylate copolymer,
ethyl cellulose (EC), polyvinyl acetal diethy] aminolactate, and polyvinyl acetal diethyl amino

lactate (AEA).

[6154] In some embodiments, the plasticizer comprises any one or more of triethyl citrate
(TEC), vitamn E polyethylene glycol succinate (TPGS), aacetin, acetylated triethy] citrate, tributyl
citrate, tributyl o~acetylcitrate, polyoxyl 15 hydroxystearate, peg-40 hydrogenated castor ot
polvoxyl 35 castor oil, dibuty! sebacate, diethyiphthalate, glycerine, methyl 4-hydroxybenzoate,

castor o1l, oleic acid, triacetin, and polyalkylene glyeol

[6155] In some embodiments, the other additive comprises any one or more of acacia, alginate,
alginic acid, aluminum acetate, barium sulfate, butylparaben, butylated hydroxytoluene, citric acid,

calcium carbonate, calcium perphosphate, candelilla wax, croscarmellose sodium, confectioner
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sugar, colloidal sihicone dioxide, cellulose, plam or anhydrous calcium phosphate, carnuba wax,
corn starch, carboxymethyicellulose calcium, calcium disodium ethylenediaminetetraacetic acid
(EDTA}, calcium hydrogen phosphate dehydrate, cetylpyridine chloride, calcium phosphate dibasic,
calcium phosphate tribasic, dibasic calcium phosphate, disodium hydrogen phosphate, dimethicone,

glyceryi monooleate,

s &

erythrosine soduim, ethylenediaminetetraacetic acid (EDTA), gelatin, glycerol
wron oxide, ferric oxide, iron oxide yeliow, iron oxide red, 1.100-55, lactose (hydrous, anhydrous,
monchydrate, or spray dried), microcrystaline cellulose, magnesium carbonate, magnesium oxide,
methyl paraben, polysorbate 80, propylene paraben, potassium bicarbonate, potassium sorbate,
potato starch, phosphoric acid, polyoxyethylene (40) stearate, sodiuim starch glycolate, starch
pregelatinized, sodium crossmellose, sodmm lauryl sulfate, starch, silicon dioxide, sodium benzoate,
sucrose, sorbic acid, sodmum carbonate, saccharin sodium, sodium alginate, silica gel, sorbitan
monooleate, sodium chloride, sodium metabisulfite, sodium citrate dehydrate, sodium starch,

sodiim carboxy methyl cellulose, succinic acid, sodium propionate, titanium dioxide, and talc.

{0156] In some embodiments, the delay member comprises one or more of hydroxypropy!
cellulose (HPC EF), triethyl citrate (TEC), and titanium dioxide. In some embodiments, the delay
member comprises HPC EF at about 80 w/w% to about 90 w/w%, TEC at about 10 w/w% to about

20 w/w%, and tiianium dioxide at about 0.1 w/w% to about 0.3 w/w%.

iv. Shells

{8157} In some embodiments, the delay component comprises a shell. In some embodiments,
the shells are configured having surfaces, such as an exterior facing surface exposed to a bodily
fluid during administration of the oral drug dosage form to a human individual In some
embodiments, the exterior surface of the shell is not flat, e.g., comprises certain features that extend
beyond a surface plane or surface tolerance threshold {as measured between two parallel planes),
such as to reduce adherence of the shell, or a portion thereof, to an internal body part of the human
mdividual. In some embodiments, the exterior surface of the shell, or at least a portion thereof, is

fiat or within a surface tolerance threshold.

[0158] The surfaces of the shell, as based on the surfaces exposed to a bodily fluid, can have

any shape. In some embodiments, the surface of a shell, as based on the surface exposed to a bodily
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fluid, has the shape of a capsule, circle, oval, bullet shape, arrow head shape, triangle, arced triangle,
square, arced square, rectangle, arced rectangle, diamond, pentagon, hexagon, octagon, half moon,

almond, or a combination thereof,

[8159] In some embodiments, the shell has a largest crossing dimension of about 5 mm to about
20 mm, such as any of about S mm to about 15 mm, about 6 mm to about 13 mm, or about 7 to
about 11 mm. In some embodiments, the shell has a largest crossing dimension of at least about 5
mm, such as at least about any of 6 mm, 7 vom, 8 mum, 3 mm, 10 oy, 11 mm, 12 mm, 13 mm, 14
mm, 15 mm, 16 mm, 17 num, I8 mm, 19 mum, or 20 mm. In some embodiments, the shell has a
largest crossing dimension of less than about 20 mm, such as less than about any of 19 mm, 18 mum,
17 mm, 16 mm, 15 mmy, 14 mm, 13 mm, 12 mm, 11 mm, 10 mm, 9 num, 8 mm, 7 mm, 6 mm, or §
mm. In some embodiments, the shell has a largest crossing dimension of about any of 5 mm, 6 mm,
7mm, & mm, 9mm, 10 mm, 11 mmy, 12 mm, 13 mm, 14 mm, 15 mum, 16 mm, 17 oum, 18 mm, 19
mim, or 20 mm. In some embodiments, the largest crossing dimension is measured across a surface

of the delayed sustained-release oral drug dosage form.

[6160] In some embodiments, the shell has a crossing dimension perpendicular to a largest
crossing dimension of about 5 mm to about 20 mum, such as any of about 5 mm to about 15 mum,
about 6 mm to about 13 mm, or about 7 to about 11 mun. In some embodiments, the shell has a
crossing dimension perpendicular to a largest crossing dimension of at least about 5 mm, such as at
least about any of 6 mm, 7 mun, 8 num, 9 mm, 10 mm, 11 mam, 12 mim, 13 mm, 14 mm, 1S mm, 16
mm, 17 mm, 18 mm, 19 mm, or 20 mm. In some embodiments, the shell has a crossing dimension
perpendicular to a largest crossing dimension of less than about 20 mim, such as less than about any
of 19 mm, 18 mm, 17 mm, 16 mum, 15 nun, 14 nuo, 13 nun, 12 ovm, 11 oum, 10 mm, 9 mm, 8 mmy, 7
mm, 6 mum, or 3 mm. In some embodiments, the shell has a crossing dimension perpendicular to a
largest crossing dimension of about any of 5 mm, 6 mm, 7 mm, 8 mm, 2 mm, 10 mum, 11 ;mm, 12
mun, 13 mum, 14 mm, 15 mamy, 16 mmy, 17 mmy, 18 mm, 19 mm, or 20 mm. In some emboduments, the
crossing dimension perpendicular to a largest crossing dimension is measured across a surface of

the delayed sustained-release oral drug dosage form,

[Bi61] In some embodiments, the shell 1s configured to have a thickness to prevent and/or

mhibit exposure of components of the delayed sustained-release oral drug dosage form, or a portion
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thereof, to a bodily fluid. In some embodiments, the shell has a thickness, as measured from an
exterior surface of the delayed sustained-release oral drug dosage form to another component
thereof, of about 0.4 mm to about 3 mm, such as any of about 0.4 mum to about 2 mm, or about 0.5
min to about 1.5 mm. In some embodiments, the shell has a thickness of at least about 0.4 mm, such
as at least about any of 0.5 mm, 0.6 mm, 0.7 mm, 0.8 mm, 0.9 mm, 1.1 mm, 1.2 mm, 1.3 mm, 1.4
mm, 1.5 mm, 1.6 mm, 1.7 mm, 1.8 mm, 1.9 mm, 2.0 mm, 2.2 mm, 2.4 mm, 2.6 mm, 2.8 mm, 3.0
mm. In some embodiments, the shell has a thickness of less than about 3 mm, such as less than
aboutany of 2.8 mm, 2.6 mm, 24 mm, 2.2 mm, 2.0 mm, 1 9mm, 1.8 mm, 1.7 mm, 1 6 mm, 1.5
mm, 14dmm 13mm 1.2mm, 1.1 mm 1.0mm, 0.9 mm, 0.8 mm, 0.7 mm, 8.6 mm, 0.5 mm, or 0.4
mm. In some embodiments, the shell has a thickness of about any of 0.4 mum, 0.5 mm, 0.6 mm, 0.7
mm, 0.8 mm, 0.9mm, 1.1 mm, 1 2mm, 1 3mm, I 4dmm 1. 5mm 1.6mm, 1.7mm, 1. 8mm, 1.9

mm, 2.0 mm, 2.2 mm, 2.4 mm, 2.6 mum, 2.8 mm, 3.0 mm.
[6162] In some embodiments, the shell comprises a side surface.

[0163] In some embodiments, the shell comprises an insulating material that is impermeable to
bodily fluids, such as gastrointestinal fluid. In some embodiments, the shell comprises an insulating
material that is impermeable to certain bodily fluids, such as stomach fluid. In some embodiments,
the shell comprises an msulating material that 15 impermeable to bodily fluids at a certain pH, e.g,

an insulating material that s impermeable to bodily fluids at a pH of less than about 6.

[8164] In some embodiments, the shell comprises an insulating material that is a non-erodible
material In some embodiments, the shell comprises an insulating material that is non-ercdible in
certain bodily fluids, such as stomach fluid. In some embodiments, the shell comprises an insulating
material that is non-erodible in bodily fluids at a certain pH, e.g., an insulating material that 1s
impermeable to bodily fluids at a pH of less than about 6. In some embodiments, the msulating

material is an enteric material,

[8165] In some embodiments, the shell corprises an insulating material that is an erodible
material having a pH-sensitive erosion and/or an erosion rate that allows for the complete release of
a JAK mhibutor from a delayed sustamed-release oral drug dosage form prior to exposure of a

sustaimed-release drug component to bodily fluids due to erosion of the shell.
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[6166] In some embodiments, the shell comprises an msulating material that 1s selectively
permeable. For example, m some embodiments, the shell 13 permeable to a bodily fhud, and 1s

mpermeable to a compound, such as a JAK mhubitor.

[8167] In some embodiments, the shell comprises a thermoplastic material, sachas a
thermoplastic polymer. In some embodiments, the shell comprises a material, such as any one or
more of an msoluble material, a swelling material, a plasticizer, and another additive, e.g., a filler, a
binder, a lubricant, a glidant, and a disintegrant.

[6168] In some embodiments, the msoluble material 13 any one or more of celiulose acetate
phthalate (CAP), ammonio methacrylate copolymer, poly(lactide-co-glycolide} (PLGA), ethylene-
vinyl acetate copolymer, polyethviene (PE), polycaprolactone (PCL), polylactic acid (PLA),
eliulose acetate butyrate (CAB), cellulose acetate (CA), polyvinyl acetate (PV Ac), polyvinyl acetal
diethy! amino lactate (AEA), poly(buty! methacrylate-co-{2-dimethylaminoethyl} methacrylate-co-

methyl methacrylate) 1:2:1, and ethyl cellulose (EC).

{6169] In some embodiments, the swelling material is any one or more of high molecule weight
hydroxypropyl cellulose (HPC) such as HPC of about 700 kDa or greater, high molecular weight
hydroxylpropyl methylcellulose or Hypromellose (HPMC) such as HPMC of about 500 kDa or
greater, methyl cellulose (MC), high molecular weight polyethylene oxide (PEQ) such as PEG of
about 700 kDa or greater, high molecular polyvinyi alcohol (PYVA) such as PVA of about 150 kDa
or greater, polyvinyl acetate (PV Ac) and polyvinylpyrrohdone (PVP) 80/20, methacrylic ester
copolymer, ammonioalky! methacrylate copolymer, ammno alkyl methacrylate copolymer E,
hydroxypropyl methylcellulose acetate succinate or hypromellose acetate succinate (HPMCAS),

hydroxypropyl methvlcellulose phthalate (HPMCP), and crospovidone.,

[8176] In some embodiments, the plasticizer 1s any one or more of triethyl citrate (TEC),

vitamin E polyethylene glycol succinate (TPGS), aacetin, acetvlated triethy] citrate, tributyl citrate,
tributyl o-acetyleitrate, polyoxyl 15 hydroxystearate, PEG-40 hydrogenated castor otl, polyoxyl 35
castor o1, dibutyl sebacate, diethylphthalate, glycerine, methyl 4-hydroxybenzoate, castor oil, oleic

acid, triacetin, and polyalkylene glycol
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{6171} In some embodiments, the other additive is any one or more of acacia, alginate, alginic
acid, aluminum acetate, butylparaben, butylated hydroxytoluene, citric acid, caleum carbonate,
candelilla wax, croscarmellose sodum, confectioner sugar, collowdal sihicone dioxide, cellulose,
plam or anhydrous calcium phosphate, carnuba wax, corn starch, carboxymethylceliulose calcium,
calciom disodium ethylenediaminetetraacetic acid (EDTA), calcium hydrogen phosphate dehydrate,
cetylpyridine chloride, calcium phosphate dibasic, calciom phosphate tribasic, dibasic calcium
phosphate, disodiom hydrogen phosphate, dimethicone, erythrosine sodium,
ethylenediaminetetraacetic actd (EDTA), gelatin, glyceryl monooleate, won oxide, ferric oxide, won
oxide yellow, iron oxide red, lactose (hydrous, anhydrous, monohydrate, or spray dried),
microerystalline cellulose, magnesium carbonate, magnesium oxide, methyl paraben, polysorbate 80,
propylene paraben, potassium bicarbonate, potassium sorbate, potato starch, phosphoric acid,
polyoxvethylene {40) stearate, sodium starch glycolate, starch pregelatinized, and sodium
crossmellose, sodium lauryl sulfate, starch, silicon dioxide, sodium benzoate, sucrose, sorbic acid,
sodium carbonate, saccharin sodium, sodium alginate, silica gel, sorbitan monooleate, sodium
chloride, sodium metabisulfite, sodium citrate dehydrate, sodmm starch, sodium carboxy methytl

cellulose, succinic acid, sodium propionate, titanium dioxide, talc.

10172} In some embodiments, the shell comprises one or more of ammonio methacrylate
copolymer type B, ethylcellulose, stearic acid, and titanium dioxide. In some embodiments, the shell
comprises amumonio methacrylate copolymer type B at about 60 w/w% to about 70 w/w%,
ethyicellulose at about 10 w/w% to about 20 w/w%e, stearic acid at about 15 w/w% to about 25

wiw%e, and titanium dioxide at about 8.1 w/w/% to about 8.3 w/w%.

v. Janus kinase (JAK} inhibitors

[6173] In some embodiments, the JAK inhibitor is an agent that mterferes with the JAK-STAT
signaling pathway, such an inhibitor of one or more members associated with the JAK-STAT
signaling pathway {e.g., a JAKmib). Members associated with the JAK-STAT signaling pathway,
and inhibitors thereof, are known in the art. See, e.g., Rawlings ef al., J Cell Sci, 117, 2004, and

Schwartz er al., Nat Rev Drug Discov, 17, 2017,
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{0174} In some embodiments, the JAK inhubitor 15 an inhibitor of any one or more of Janus
kinase 1 (JAK1), Janus kinase 2 (JAKZ), Janus kinase 3 (JAK3), or tyrosine kinase 2 (TYK2). In
some embodiments, the JAK mhibitor is an inhibitor of JAKI and JAK 3. In some embodiments,
the JAK inhibitor 15 an inhibitor of JAKI, JAK3, and JAKZ. In some embodiments, the JAK
mhibitor is an inhibitor of JAKI, JAK3, JAKZ, and TYKZ. In some embodiments, the JAK mhibitor
is an inhibitor of JAKT and JAK?2. In some embodiments, the JAK inhibitor is an mhibitor of JAKI,
JAKZ, and TYKZ2. In some embodiments, the JAK inhibitor 1 an mbubitor of all JAKs (a pan-JAK
mhibitor).

{0175] In some embodiments, the JAK mhibitor is selected from the group consisting of
tofacitinib, abrocitinb, baricitinib, cerdulatinib, cucurbitacin I, decernotinib, fedratinib, filgotinib,
gandotinib, tacitimib, lestaurtinib, momelotinib, oclacitinib, pacritinib, peficitinib, ruxolitintb,
solcitinib, upadacitinib, BMS-986165, CHZ868, and SHRO302, or a pharmaceutically acceptable
salt thereof In some embodiments, the delaved sustained-release oral drug dosage form comprises a
plurality of JAK inhibitors, wherein each JAK mhibitor is selected from the group consisting of
tofacitinib, abrocitinb, baricitinib, cerdulatinib, cucurbitacin I, decernotinib, fedratinib, filgotinib,
eandotinib, nacitinib, lestaurtinib, momelotinib, oclacitinib, pacritinib, peficitinib, ruxolitinib,
solcitinib, upadacitinib, BMS-98616S, CHZR868, and SHRO302, or a pharmaceutically acceptable

salt thereof

[8176] In some embodiments, the JAK inhibitor 1 tofacitinib or a pharmaceutically acceptable
salt thereof In some embodiments, the JAK inhibior is tofacitinib citrate, such as tofacitinib mono-
citrate. In some embodiments, the TAK inhibitor is tofacitinib tartrate, such as tofacitinib mono-
tartrate. In some embodiments, the JAK inhibitor is tofacitinib malate, such as tofacitinib mono-
malate. In some embodiments, the JAK inhibitor is tofacitinib oxalate such as tofacitinib mono-

oxalate.
8177} In some embodiments, the JAK inhibitor 15 a pharmaceutically acceptable salt inan

amorphous form. In some embodiments, the JAK inhibitor 1s a pharmaceutically acceptable salt ma

crystalline form

[6178] In some embodiments, the amount of the JAK mhibitor in the delayed sustained-release
oral drug dosage form is about 1 mg to about 50 mg, such as any of about 1 mg to about 25 mg,

37



WO 2022/121927 PCT/CN2021/136353

about 10 mg to about 40 mg, about 10 mg to about 30 mg, about 9 mg to about 12 mg, about 10 mg
to about 12 mg, about 19 mg to about 23 mg, or about 21 mg to about 23 mg. In some embodiments,
the amount of the JAK mnhibitor m the delayed sustained-release oral drug dosage form is about 1
mg or more, such as about any of 3 mg or more, 4 mg or more, 5 mg or more, 6 mg or more, 7 mg
or more, 8 mg or more, 9 mg or more, 10 mg or more, 11 mg or more, 12 mg or more, 13 mg or
more, 14 mg or more, 15 mg or more, 16 mg or more, 17 mg or more, 18 mg or more, 19 mg or
more, 20 mg or more, 21 mg or more, 22 mg or more, 23 mg or more, 24 mg or more, or 25 mg or
more. In some embodiments, the amount of the JAK mhibitor in the delayed sustamed-release oral
drug dosage form is about 25 mg or less, such as about any of 24 myg or less, 23 mg or less, 22 mg
or less, 21 mg or less, 20 mg or less, 19 mg or less, 18 mg or less, 17 mg or less, 16 mg or less, 15
mg or less, 14 mg or less, 13 mg or less, 12 mg or less, 11 mg or less, 10 mg or less, 9 myg or less, &
mg or less, 7 mg or less, 6 mg or less, S mg or less, 4 mg or less, or 3 mg or less. In some
embodiments, the amount of the JAK inhibitor in the delayed sustained-release oral drug dosage
form is about any of 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg, 10 mg, 12 mg, 13 mg, 14 mg, 15

mg, 1o mg, 17 mg, 18 mg, 19 mg, 20 mg, 21 mg, 22 mg, 23 mg, 24 mg, or 25 mg.

[8179] In some embodiments, the amount of the JAK mhibitor in the delayed sustained-release

oral drug dosage form 1s about 11 mg.

[6180] In some embodiments, the amount of the JAK mhibitor in the delaved sustained-release

oral drug dosage form 1s about 22 mg.

vi. Configurations of components of the sustained-release drug components and delay components

[0181] The components described herein can be configured in various fashions to form the

disclosed delayed sustained-release oral drug dosage forms.

[6182] In some embodiments, wherem the delaved sustained-release oral drug dosage form
comprises a sustained-release drug component (such as a sustained-release drug layer) and a delay
component comprising a delay member (such as a delay member layer) and a shell, the sustained-
release drug component and the delay component are embedded in the shell. In some embodiments,

at least a portion of the sustamed-release drug component 13 in direct contact with the shell. In some
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embodiments, the sustamed-release drug component comprises a bottom surface, wherein at least a
portion of the bottom surface of the sustained-release drug component 1s in direct contact with the
shell. In some embodiments, the sustained-release drug component comprises a side surface,
wherein at least a portion of the side surface 1s m direct contact with the shell. In some embodiments,
the sustained-release drug component comprises a bottom surface and a side surface, wherein at
least a portion of the botiom surface and the side surface of the sustained-release drug component
are in direct contact with the shell. In some embodiments, the sustained-release drug component
comprises a top surface, wherein at least a portion of the top surface is not in direct contact with the
shell. In some embodiments, at least a portion of the delay member is in direct contact with the shell.
In some embodiments, the delay member comprises a bottom surface, wherem at least a portion of
the bottom surface of the delay member is in direct contact with the shell In some embodiments, the
delay member comprises a bottom surface, wherein the bottom surface of the delay member is not
in direct contact with the shell. In some embodiments, the delay member comprises a side surface,
wherein at least a portion of the side surface of the delay member 15 in direct contact with the shell.
In some emnbodiments, the delay member comprises a side surface, wherein the side surface of the
delay member is not in direct contact with the shell. In some embodiments, the delay member
comprises a bottom surface and a side surface, wherein at least a portion of the bottom surface and
the side surface of the delay member are in direct contact with the shell. In some embodiments, the
delay member comprises a top surface, wheremn at least a portion of the top surface of the delay
member is not i direct contact with the shell. In some embodiments, at least a portion of the top
surface of the sustained-release drug component is m direct contact with at least a portion of the
bottom surface of the delay member. In some embodiments, the surface area of the top surface of
the sustained-release drug component 13 the same as the surface area of the bottom surface of the
delay member. In some embodiments, the surface area of the top surface of the sustained-release

drug component 15 less than the surface area of the bottom surface of the delay member.

[6183] In some embodiments, the delay member and the shell are configured such that the JAK
mhibitor is prevented from being released from the delayed sustained-release oral drug dosage form
until after the delay member s eroded. In some embodiments, less than about 5%, such as less than

about any of 4%, 3%, 2%, or 1%, of the JAK mhubitor in the oral drug dosage form 1s release from
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the oral drug dosage form within about 2 hours after admunistration of the oral drug dosage form to

a human individual

[8184] For purposes of iflustration, exemplary configurations of delayed sustained-release oral
drug dosage forms comprising: a sustained-release drug component comprising an erodible matenal
admixed with a JAK mhibitor; and a delay component comprising: a delay member comprising an

erodible material not admixed with the JAK inhibitor; and a shell, are described below.

[0185] As shown in FEG. 14, m some embodiments, the sustained-release drug component, the
delay member, and the shell are configured such that: the sustained-release drug component is
embedded in the shell; the delay member is embedded in the shell; the bottom surface of the
sustamed-release drug component 18 in direct contact with the shell; the side surface of the
sustained-release drug component is in direct contact with the shell; the top surface of the sustained-
release drug component is i direct contact with the bottom surface of the delay member; a portion
of the bottom surface of the delay member 15 in direct contact with the shell; and the side surface of
the delay member is in direct contact with the shell. The portion of the bottom surface of the delay
member that is in direct contact with the shell forms a perimeter extending beyond the top surface of
the sustained-release drug component. The shell has an inset for both the sustained-release drug
component and the delay member such that the components are embedded in the shell. The top
surface of the delayed sustained-release oral drug dosage form (the surface from which the JAK
inhibitor will be released from the oral drug dosage form) 1s formed from the shell and the delay
member. In some embodiments, the shell and the delay member are configured to facilitate release
of the JAK. inhibitor from the delayed sustained-release oral drug dosage form e.g., by reducing
adherence of a portion of the oral drug dosage form to an nternal body part of the human individual

that may prevent or inhibit, to anv degree, the release of the JAK wnhibitor from the oral drug dosage.

8186} As shown 1n FIG, 1C, in some embodiments, the sustained-release drug component, the
delay member, and the shell are configured such that: the sustamed-release drug component is
embedded in the shell; the delay member i1s embedded in the shell; the bottom surface of the
sustained-release drug component 18 m direct contact with the shell; the side surface of the
sustained-release drug component is in direct contact with the shell; the top surface of the sustained-

release drug component is in direct contact with the bottom surface of the delay member; and the
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side surface of the delay member s in direct contact with the shell. Optionally, a portion of the
bottom surface of the delay member may be m direct contact with the shell In such embodiments,
the portion of the bottom surface of the delay member that is n direct contact with the shell forms a
perimeter extending beyond the top surface of the sustaimed-release drug component. The shell has
an inset for both the sustained-release drug component and the delay member such that the
components are embedded in the shell The top surface of the delayed sustained-release oral drug
dosage form {the surface from which the JAK inhibitor will be released from the oral drug dosage
form} 1s formed from the shell and the delay member. In some embodiments, the shell and the delay
member are configured to facilitate release of the JAK mhibitor from the delayed sustained-release
oral drug dosage form e.g., by reducing adherence of a portion of the oral drug dosage form to an
miernal body part of the human individual that may prevent or mhibit, to any degree, the release of

the JAK inhibitor from the oral drug dosage.

{6187} As shown in FIG. 1}, in some embodiments, the sustained-release drug component, the
delay member, and the shell are configured such that: the sustained-release drug component is
embedded in the shell; the delay member 15 embedded in the shell; the botiom surface of the
sustained-release drug component is in direct contact with the shell; the side surface of the
sustained-release drug component is in direct contact with the shell; the top surface of the sustained-
release drug component is 1n direct contact with the bottom surface of the delay member; a portion
of the bottom surface of the delay member 13 1n direct contact with the shell; and the side surface of
the delay member is in direct contact with the shell. The portion of the bottom surface of the delay
member that 15 in direct contact with the shell forms a perimeter extending beyond the top surface of
the sustaned-release drug component. The shell has an inset for both the sustained-release drug
component and the delay member such that the components are embedded in the shell. The top
surface of the delayed sustained-release oral drug dosage form (the surface from which the JAK
mhibitor will be released from the oral drug dosage formy) is formed from the shell. In some
embodiments, the shell 15 configured to facilitate release of the JAK mhibitor from the delaved
sustained-release oral drug dosage form e.g., by reducing adherence of a portion of the oral drug
dosage form to an mternal body part of the human mdividual that may prevent or mmhibit, to any

degree, the release of the JAK inhibitor from the oral drug dosage.
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[6188] As shown in FIG. 1E, in some embodiments, the sustammed-release drug component, the
delay member, and the shell are configured such that: the sustammed-release drug component is
embedded m the shell; the delay member 1s embedded, m part, m the shell; the bottom surface of the
sustamned-release drug component s 1m direct contact with the shell; the side surface of the
sustained-release drug component is in direct contact with the shell; the top surface of the sustained-
release drug component is 1n direct contact with the bottom surface of the delay member; a portion
of the bottom surface of the delay member 18 1n direct contact with the shell; a portion of the side
surface of the delay member is in direct contact with the shell; a portion of the side surface of the
delay member is not in direct contact with the shell. The portion of the bottom surface of the delay
member that is in direct contact with the shell forms a perimeter extending beyond the top surface of
the sustained-release drug component. The shell has an inset for both the sustained-release drug
component and the delay member such that the sustained-release drug component is embedded in
the shell and the delay member is, in part, embedded in the shell. The top surface of the delayed
sustained-release oral drug dosage form {the surface from which the JAK inhibitor will be released
from the oral drug dosage form) is formed from the delay member. In some embodiments, the shell
and the delay member are configured to facilitate release of the JAK inlubitor from the delayed
sustamned-release oral drug dosage form e.g., by reducing adherence of a portion of the oral drug
dosage form to an internal body part of the human mdividual that may prevent or inhibit, to any

degree, the release of the JAK inhibitor from the oral drug dosage.

[06189] As shown 1n FIG. 1F, m some emnbodiments, the sustaimed-release drug component, the
delay member, and the shell are configured such that: the sustamed-release drug component is
embedded in the shell; the bottom surface of the sustained-release drug component is in direct
contact with the shell; the side surface of the sustamed-release drug component 13 in direct contact
with the shell; the top surface of the sustained-release drug component is in direct contact with the
bottom surface of the delay member; a portion of the bottom surface of the delay member 15
direct contact with the shell; and the side surface of the delay member 1s not 1n direct contact with
the shell. The portion of the bottorn surface of the delay member that s n direct contact with the
shell forms a perimeter extending beyond the top surface of the sustained-release drug component.

The shell has an mset for the sustained-release drug component such that the sustamed-release drug
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component 18 embedded in the shell. The top surface of the delayed sustamed-release oral drug
dosage form (the surface from which the JAK mhibitor will be released from the oral drug dosage
form) is formed from the delay member. In some embodiments, the shell and the delay member are
configured to facilitate release of the JAK mhibitor from the delaved sustained-release oral drug
dosage form e.g., by reducing adherence of a portion of the oral drug dosage form to an internal
body part of the human individual that may prevent or mhibit, to any degree, the release of the JAK

mhibitor from the oral drug dosage.

[6156] As shown in FIG. 16, in some embodiments, the sustained-release drug component, the
delay member, and the shell are configured such that: the sustamed-release drug component 1s
embedded in the shell; the delay member is embedded in the shell; the bottom surface of the
sustained-release drug component is in direct contact with the shell; the side surface of the
sustained-release drug component 18 in direct contact with the shell; the top surface of the sustained-
release drug component is in direct contact with the bottom surface of the delay member; and the
side surface of the delay member s in direct contact with the shell. The top surface of the sustained-
release drug component has the same surface area as the surface area of the bottom surface of the
delay member. The shell has an inset for both the sustained-release drug component and the delay
member such that the components are embedded in the shell The top surface of the delayed
sustained-release oral drug dosage form (the surface from which the JAK miubitor will be released
from the oral drug dosage form) is formed from the shell. In some embodiments, the shell is
configured to facilitate release of the JAK mhibitor from the delayed sustained-release oral drug
dosage form e.g., by reducing adherence of a portion of the oral drug dosage form to an internal
body part of the human ndividual that may prevent or mhibit, to any degree, the release of the JAK

mhibitor from the oral drug dosage.

{8191} As shown 1n FIG, 1H, in some emnbodiments, the sustained-release drug component, the
delay member, and the shell are configured such that: the sustamed-release drug component is
embedded m the shell; the delay member 1s embedded n the shell; the bottom surface of the
sustained-release drug component 1 m direct contact with the shell; the side surface of the
sustamed-release drug component 1s i direct contact with the shell; the top surface of the sustained-

release drug component is m direct contact with the bottom surface of the delay member; and the
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side surface of the delay member 15 i direct contact with the shell. The top surface of the sustained-
release drug component has the same surface area as the surface area of the bottom surface of the
delay member. The shell has an mset for both the sustaimed-release drug component and the delay
member such that the components are embedded 1n the shell The top surface of the delayed
sustained-release oral drug dosage form (the surface from which the JAK nhibitor will be released
from the oral drug dosage form} is formed from the shell and the delay member. In some
embodiments, the shell and the delay member are configured to facilitate release of the JAK
mhibitor from the delayed sustamed-release oral drug dosage form e.g., by reducing adherence of a
portion of the oral drug dosage form to an mternal body part of the human individual that may

prevent or inhibit, to any degree, the release of the JAK inhibitor from the oral drug dosage.

16192} The delayed sustained-release oral drug dosage forms described herein are suitable for
oral administration to a human individual. The drug dosage forms of the present mvention can be,
for example, any size, shape, or weight that is suitable for oral administration to specific human
ndividuals, such as children and adults. In some embodiments, the drug dosage form is suitable for
oral administration to an individual, wherein selection of size, shape, or weight of the drug dosage

form is based on an atiribute of the individual, e.g., one or more of height, weight, or age.

[8193] In some embodiments, a surface of the delaved sustained-release oral drug dosage form
has the shape of a capsule, circle, oval, bullet shape, arrow head shape, triangle, arced triangle,
square, arced square, rectangle, arced rectangle, diamond, pentagon, hexagon, octagon, half moon,

almond, or a combination thereof

16194} In some embodiments, the delayed sustained-release oral drug dosage form has a largest
crossing dimension of about 5 mm to about 20 mm, such as any of about S mm to about 15 mum,
about 6 mm to about 13 mm, or about 7 to about 11 mm. In some embodiments, the delayed
sustained-release oral drug dosage form has a largest crossing dimension of at least about 5 mm,
such as at least about any of 6 mmy, 7 mm, 8 mm, 9 mm, 10 mmy, 11 mam, 12 mm, 13 mom, 14 mm, 15
mm, 16 mm, 17 mm, 18 mm, 19 mm, or 20 mm. In some embodiments, the delaved sustained-
release oral drug dosage form has a largest crossing dimension of less than about 20 am, such as
less than about any of 19 mm, 18 mm, 17 mm, 16 mam, 15 mm, 14 num, 13 mm, 12 mm, 11 mm, 10

mm, 9 mm, 8 mm, 7 mm, 6 oum, or 5 om. In some embodiments, the delaved sustained-release oral
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drug dosage form has a largest crossing dimension of about any of 5 mun, 6 mwn, 7 muy, 8 mm, 9
mrn, 10 mm, 11 oo, 12 jom, 13 mm, 14 mim, 15 mamy, 16 vom, 17 om, 18 mm, 19 mam, or 20 mm.
In some embodments, the largest crossing dimension 1s measured across a surface of the delayed

sustamned-release oral drug dosage form.

j0195] In some embodiments, the delayed sustamed-release oral drug dosage formhas a
crossing dimension perpendicular to the largest crossing dimension of about 5 mm to about 20 mm,
such as any of about S mm to about 15 mum, about 6 mm to about 13 mm, or about 7 to about 11 mm.
Inn some embodiments, the delayed sustained-release oral drug dosage form has a crossing
dimension perpendicular to the largest crossing dimension of at least about 5 mm, such as at least
about any of 6 mm, 7 mum, 8 mum, 9 mm, 10 mm, 11 mm, 12 mm, 13 mm, 14 mm, 15 mm, 16 mm,
17 mm, 18 mm, 19 mm, or 20 mm. In some embodiments, the delayed sustained-release oral drug
dosage form has a crossing dimension perpendicular to the largest crossing dimension of less than
about 20 mm, such as less than about any of 19 mmy, 18 mm, 17 mm, 16 mm, 15 mm, 14 mm, 13
mm, 12 mm, 11 mm, 10 mm, 9 mm, 8 mm, 7 mm, 6 mm, or 5 mm. In some embodiments, the
delayed sustained-release oral drug dosage form has a crossing dimension perpendicular to the
largest crossing dimension of about any of 3 mun, 6 mm, 7 mm, 8§ mm, 9 mm, 10 mm, 11 mum, 12
mm, 13 mm, 14 mm, 15 mm, 16 mm, 17 mm, 18 mm, 19 mm, or 20 mm. In some embodiments, the
crossing dimension perpendicular to a largest crossing dimension is measured across a surface of

the delayed sustamed-release oral drug dosage form.

{6196} In some embodiments, the delayed sustained-release oral drug dosage form has a
thickness of about S mm to about 20 mm, such as any of about S mm to about 15 mun, about 6 num
to about 13 mm, or about 7 to about 11 mm. In some embodiments, the delaved sustained-release
oral drug dosage form has a thickness of at least about § mm, such as at least about any of 6 am, 7
mm, 8 mn, 9 mm, 10 mm, 11 mm, 12 num, 13 mum, 14 mum, 15 nmum, 16 mum, 17 mam, 18 mm, 19 mm,
or 20 mm. In some embodiments, the delayed sustained-release oral drug dosage form has a
thickness of less than about 20 mm, such as less than about any of 19 mm, 18 mm, 17 mm, 16 mm,
15 mm, 14 mm, 13 mm, 12 mm, 11 mm, 10 mm, 9 mun, 8 mm, 7 mm, 6 mm, or 5 mm. In some

embodiments, the delayed sustamed-release oral drug dosage form has a thickness of about any of 5
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mm, & rom, 7 mm, 8 mm, 9 rmm, 10 mm, 11 mm, 12 mm, 13 mum, 14 mn, 15 mm, 16 mum, 17 mum,

18 mm, 19 mun, or 20 mmy,

[6197] In some embodiments, the delayed sustained-release oral drug dosage form has a total
weight of about 50 mg to about 1,000 mg, such as any of about 50 mg to about 100 mg, about 100
to about 200 myg, about 200 mg to about 300 mg, about 300 mg to about 400 mg, about 400 mg to
about 500 mg, about 500 mg to about 600 mg, about 600 mg to about 700 mg, about 700 mg to
about 800 mg, about 800 mg to about 900 mg, or about 200 mg to about 1,000 mg. In some
embodiments, the delayed sustained-release oral drug dosage form has a total weight of at least

about 50 mg, such as at least about any of 75 mg, 100 mg

p=t]

125 mg, 150 mg, 175 mg, 200 mg, 225

mg, 250 mg

p=t]

275 mg, 300 mg

0

325 mg, 350 mg, 375 mg, 400 mg, 425 mg, 450 mg, 475 mg, 500 mg,
550 mg, 600 mg, 650 mg, 700 mg, 750 mg, 8G0 mg, 850 mg, 900 mg, 950 mg, or 1,000 mg. In

some embodiments, the delaved sustained-release oral drug dosage form has a total weight of less
than about 1,000 mg, such as less than about an of 950 mg, 900 mg, 850 mg, 800 mg, 750 mg, 700
mg, 650 mg, 600 mg, 550 mg, 500 mg, 475 mg, 450 mg, 425 mg, 400 mg, 375 mg, 350 mg, 325 mg,
300 mg, 275 mg, 250 mg, 225 mg, 200 mg, 175 mg, 150 mg, 125 mg, 100 mg, 75 mg, or 50 mg. In
some embodiments, the delayed sustained-release oral drug dosage form has a total weight of about
any of 50 mg, 75 mg, 100 mg, 125 mg, 150 mg, 175 mg, 200 mg, 225 mg, 250 mg, 275 mg, 300 mg,
325 mg, 350 mg, 375 mg, 400 mg, 425 mg, 450 mg, 475 mg, 500 mg, 550 mg, 600 mg, 650 myg,

700 mg, 750 mg, 800 mg, 850 mg, 900 mg, 950 mg, or 1,000 mg.

[0198] In some embodiments, the surface of the delay sustained-release oral drug dosage form
from which at least a portion of the JAK nhibitor is configured to be released from is configured to
reduce adherence of the oral drug dosage form, or a portion thereof, to an internal body part of the
human individual. In some embodiments, the surface, or at least a portion thereof, from which at
least a portion of the JAK inhibitor 15 configured to be released from is not flat, e.g., exceeds a
surface tolerance threshold. In some embodiments, the surface, or at least a portion thereof, from
which at least a portion of the JAK mhibitor 15 configured to be released from 1s flat, e.g, falls

within a surface tolerance threshold,

[6199] In some embodiments, the delayed sustamed-release oral drug dosage form 15 not an

osmotic dosage form, such as an osmotic-controlled release oral drug dosage form.
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{6206} In some embodiments, the delayed sustained-release oral drug dosage form comprises
two or more dosage units, each dosage unit comprising a sustained-release drug component and a
delay component, at least in part. For example, in some embodiments, the delayed sustained-release
oral drug form comprises a shell comprising a first sustained-release drug component and a second
sustained-release drug component embedded therem, and a first delay member and a second delay
member, wherein the first delay member prevents the release of the JAK inhibitor from the first
sustained-release drug component for about 2 hours to about 6 hours after administration of the
delaved sustained-release oral drug dosage form to a human mdividual, and wherein the second
delay member prevents the release of the JAK mhibiior from the first sustained-release drug
component for about 2 hours to about 6 hours after administration of the delayed sustamed-release
oral drug dosage form to a human individual. In some embodunents, the two dosage units are the
same. In some embodiments, the two dosage units are different. In some embodiments, the two
dosage units are stacked back-to-back. In some embodiments, the two dosage units are separated by

the shell

vii. Additional components

[8261] In some embodiments, the delaved sustained-release dosage form comprises an
additional component, such as an outer coating. In some embodiments, the outer coating is a flavor
coating. In some embodiments, the outer coating is a sugar coating. In some emnbodiments, the outer
coating s a cosmetic coating. In some embodiments, the outer coating is a color coating. In some
embodiments, the outer coating is a film coating. In some embodiments, the outer coating s a
polvmer coating. In some embodiments, the additional component is a label, such as a company
name, abbreviation, or logo, a medication label or drug name, such as a drug brand name and/or
drug chernical name or abbreviation, a drug amount or strength, an wdentification barcode, or any

combination thereof
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B. Release profiles of delayed sustained-release oral drug dosage forms

[8262] The delayed sustained-release oral drug dosage form described herein are formulated and
configured to delay the release of a JAK mhibitor from the oral drug dosage form for a deswed
amount of time after administration of the oral drog dosage form to a human individual, and
following that delay to then release the JAK inhibitor from the oral drug dosage form according to a
desired release profile. In some embodiments, the delayed sustamed-release oral drug dosage form
comprises an immediate release component, such as an immediate release component comprising
the JAK mhibitor. In some embodiments, immediate release component releases the JAK mhibitor
after an mitial delay (ie., the oral drug dosage form is configured to delay the immediate release
component from releasing the drug contained therein from the oral drug dosage form for a desired
period of time).

{0263] In some embodiments, the JAK inhibitor is prevented and/or inhibited from being release
from a delayed sustained-release oral drug dosage form for about 1 hour to about 7 hours, such as
any of about 1 hour to about 6 hours, about 2 hours to about 6 hours, about 2 hours to about 4 hours,
about 2 hours to about 3 hours, or about 1.5 hours to about 3 hours, after adnunistration of the
delayed sustained-release oral drug dosage form to a human individual In some embodiments, the
JAK mhibitor is prevented and/or inhibited from bemg release from a delayed sustained-release oral
drug dosage form for at least about 1 hour, such as at least about any of 1.5 hours, 2 hours, 2.5 hours,
3 hours, 3.5 hours, 4 hours, 4.5 hours, 5 hours, 5.5 hours, 6 hours, or 6.5 hours, but no longer than
about 7 hours, after administration of the delayed sustained-release oral drug dosage formto a
human individual. In some embodiments, the JAK mhibitor 18 prevented and/or inhibited from being
release from a delayed sustained-release oral drug dosage form for no greater than about 7 hours,
such as no great than about any of 6.5 hours, 6 hours, 5.5 hours, 5 hours, 4.5 hours, 4 hours, 3.5
hours, 3 hours, 2.5 hours, 2 hours, 1.5 hours, or 1 hour, after administration of the delayed
sustained-release oral drug dosage form to a buman individual. In some embodiments, the JAK
mhibitor is prevented and/or inhibited from being release from a delaved sustained-release oral drug
dosage form for at least about any of 1 hour, 1.5 hours, 2 hours, 2.5 hours, 3 hours, 3.5 hours, 4
hours, 4.5 hours, 5 hours, 5.5 hours, 6 hours, 6.5 hours, or 7 hours, after administration of the

delayed sustained-release oral drug dosage form to a human individual

48



WO 2022/121927 PCT/CN2021/136353

[6264] Following the delay in release of the JAK inhibitor, the oral drug dosage forms described
heremn are configured to then release the JAK inhibitor according to a desired release profile. As
known 1o the art, efficacy of tofacitinib 18 observed at plasma concentrations of about 17 ng/ml. and
above. See, e.g., Mever ef of., J Inflammation, 7, 2010, In some embodiments, when the delayved
sustained-release oral drug dosage form is administered {o the human individual, the mean area
under the plasma concentration versus time curve after complete erosion of the delay component or
a portion thereof, such as the delay member, s about 17 ng-hr/mL per mg JAK mhibitor dosed to
about 42 ng-hr/mL per mg of JAK inhibitor dosed. In some embodiments, when the delayed
sustained-release oral drug dosage form is administered to the human individual, the mean area
under the plasma concentration versus time curve afier complete erosion of the delay component or
a portion thereof, such as the delay member, s above about 17 ng-ht/mb per mg JAK mhibitor
dosed for about 6 hours to about 15 hours over a 24 hour period. In some embodiments, when the
delayed sustained-release oral drug dosage form is administered to the human individual, the mean
area under the plasma concentration versus time curve after complete erosion of the delay
component or a portion thereof, such as the delay member, 15 below about 17 ng-hr/mL per mg JAK
mhibitor dosed for about © hours to about 18 hours over a 24 hour period. In some embodiments,
the delayed sustaimed-release oral drug dosage form comprises an adequate drug holiday to avoid a

decrease in efficacy.

[8265] In some embodiments, the delayed sustained-release oral drug dosage form is configured
to release the JAK inhibitor according to the following: (1) not more than about 20-40% of the total
JAK mhibitor is released at 1 hour after complete erosion of the delay component or g portion
thereof, such as the delay member; (11} not less than about 25-45% and not more than about 63-83%
of the total JAK inhibitor 18 released at 2.5 hours after complete erosion of the delay component or a
portion thereof, such as the delay member; and (1i1) not less than about 65-85% of the total JAK
mhibitor is released at 5 hours after complete erosion of the delay component or a portion thereof,
such as the delay member. In some embodiments, the delayed sustained-release oral drug dosage
form s configured to release the JAK mhibitor according to the following: (1) not more than about
30% of the total JAK inhibitor 13 released at 1 hour after complete erosion of the delay component

or a portion thereof, such as the delay member; {11} not less than about 35% and not more than 75%
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of the total JAK inhibitor s released at 2.5 hours after complete erosion of the delay component or a
portion thereof, such as the delay member; and (111} not less than about 70% of the total JAK
mhibitor 18 released at 5 hours after complete erosion of the delay component or a portion thereof,

such as the delay member.

[0266] In some embodiments, release of the JAK mhubitor from the delayed sustained-release
oral drug dosage form comprises a zero-order release profile, a first-order release profile, a delayed

release profile, a pulsed release profile, an erative pulsed release profile, or 3 combimation thereof.

[8267] In some embodiments, the release of the JAK inhibitor from the delayed sustained-
release oral drug dosage form 1s based on an in vivo release rate. In some embodiments, the release
of the JAK inhibitor from the delayed sustained-release oral drug dosage form is based on an in
vitro release rate. In some embodiments, the release of the JAK inhibitor is based on an in vifro
dissolution technique comprising use of a USP rotating paddle apparatus rotated at about 50 RPM
and a test medium comprising 900 mb of 0.05 M potassium phosphate buffer at pH 6.8 and 37 °C.
In some embodiments, the delay member has an in vitro dissolution rate of about 2% per hour to
about 40% per hour based on an in vitro dissolution technique comprising use of a USP rotating
paddle apparatus rotated at about 50 RPM and a test medium comprising 900 mL of .05 M

potassium phosphate buffer at pH 6.8 and 37 °C.

[0208] In some embodiments, the Ty,,: occurs within about 6 hours, such as within about any of
5.5 hours, S hours, 4.5 hours, or 4 hours, after complete erosion of the delay component or a portion

thereof, such as the delay member.

[6269] In some embodiments, when administered to the human individual the ratio of geometric
mean plasma Cuyy to Cun 15 about 10 to about 100, such as any of about 20 to about 40 or about 20

te about 30,

[0210] In some embodiments, when the delayed sustained-release oral drug dosage form is
administered the human individual, the release of the JAK inhibitor following complete erosion of
the delay component or a portion thereof, such as the delay member, s bicequivalent to XELJANZ
IR (immediate release) admunistered to the human individual twice daily. In some embodiments,

when the delayed sustained-release oral drug dosage form is administered the human individual, the
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release of the JAK nhibitor following complete erosion of the delay component or a portion thereof,
such as the delay member, 1s bioequivalent to XELJANZ XR (extended release) adminisiered to the
human individual once daily. In some embodiments, the range of values of a pharmacokinetic
parameter of the JAK mhibitor of the delayed sustamed-release oral drug dosage form described
herein 18 about 60% to abowt 145%, such as any of about 65% to about 140%, about 70% to about
135%, about 75% o about 130%, about 80% to about 125%, about 85% to about 120%, or about 90%
to about 115%, of the pharmacokimetic parameter of a reference PK curve of the JAK inhibitor of a
reference oral drug dosage form. In some embodiments, each of the pharmacokinetic parameters of
a desired composite PK profile may have the same or a different acceptable threshold. For example,
m some embodiments, the desired composite profile comprises more than one pharmacokinetic
parameter, wherein one pharmacokinetic parameter has a larger acceptable threshold than another

pharmacokinetic parameter.

D. Exemplary delayed sustained-release oval drug dosage forms

{8211} In some aspects, provided is a delayed sustained-release oral drug dosage form of a
Janus kinase (JAK) inhibitor, the delayed sustained-release oral drug dosage form comprising: a
sustained-release drug component layer comprising a first erodible material admixed with the JAK
whibitor; and a delay component comprising a delay member layer comprising a second erodible
material not admixed with the JAK nhibitor; and a shell, wherein the deley component layer
surrounds the sustained-release drug component laver, and wherein the delay component layer
prevents the release of the JAK inhibitor from the delayed sustained-release oral drug dosage form
for about 2 hours to about 6 hours after administration of the delayed sustained-release oral drug
dosage form to a human individual The sustained-release drug component layer, the delay member
layer, and the shell are configured such that: the sustained-release drug component layer s
embedded in the shell; the delay member layer is embedded in the shell; the bottom surface of the
sustamed-release drug component layer is in direct contact with the shell; the side surface of the
sustained-release drug component laver is in direct contact with the shell; the top surface of the
sustamed-release drug component layer is in direct contact with the bottom surface of the delay

member layer; a portion of the bottom surface of the delay member layer 18 in divect contact with
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the shell; and the side surface of the delay member layer 1 1n direct contact with the shell The
portion of the bottom surface of the delay member layer that 15 11 direct contact with the shell forms
a perimeter extending beyond the top surface of the sustained-release drug component layer. The
shell has an nset for both the sustamed-release drug component layer and the delay member layer
such that the components are embedded in the shell The top surface of the delayed sustained-
release oral drug dosage form (the surface from which the JAK inhibitor will be released from the
oral drug dosage form) is formed from the shell and the delay member layer. The top surface of the
delay member layer and the top surface of the sustained-release drug component are in the shape of

a capsule.

[6212] In some embodiments, provided is an oral drug dosage form representing a poriion of a
delayed sustained-release oral drug dosage form of a Janus kinase (JAK) inhibitor described herem,
wherein the oral drug dosage form comprises: a sustained-release drug component layer comprising
a first erodible material admixed with the JAK inhibitor; and a shell, wherein the sustained-release
drug component has a length of about 9 mm to about 9.8 mm, such as about 2. 4 mm, a width of
about 4.8 mm to about 5.6 mm, such as about 3.2 mm, and a height (thickness) of about 0.7 mm to
about 1.5 mm, such as about 1.1 mm, and wherein the shell has a length of about 11.4 mm to about
12.2 mm, such as about 11.8 mm, a width of about 7.2 mm to about 8.0 mm, such as about 7.6 mm,
and a height {thickness) of about 1.9 mam to about 3.0 nun, such as about 2.3 mm or about 2.6 mm.
In some embodiments, the oral drug dosage form representing a portion of a delayed sustained-
release oral drug dosage form of a Janus kinase (JAK) inhibitor described herein does not comprise

a delay member.

[8213] In some embodiments, the delayed sustained-release oral drug dosage form of a Janus
kinase (JAK) inhibitor comprises: a sustained-release drug component layer comprising a first
erodible material admixed with the JAK mhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK inhibitor; and a
shell, wherem the delay component layer surrounds the sustained-release drug component layer,
wherein the delay component layer prevents the release of the JAK mhibitor from the delayed
sustained-release oral drug dosage form for about 2 hours to about 6 hours after administration of

the delaved sustained-release oral drug dosage form to a human individual, wherein the sustained-



WO 2022/121927 PCT/CN2021/136353

release drug component has a length of about 9 mm to about 9.8 mun, such as about 9.4 mm, a width
of about 4.8 mm to about 5.6 mum, such as about 5.2 mam, and a height (thickness} of about 0.7 mm
to about 1.5 mun, such as about 1.1 mm, wherein the delay member has a length of about 9.8 mm to
about 10.6 mm, such as about 10.2 mum, a width of about 5.6 mm to about 6.4 muy, such as about 6.0
mm, and a height (thickness) of about 0.1 mm to about 1.1 mm, such as about 0.4 mm or about 0.7
mm, and wherein the shell has a length of about 11.4 mm to about 12.2 mm, such as about 11.8 mm,
a width of about 7.2 mm to about 8.0 mum, such as about 7.6 mm, and a height (thickness) of about
1.9 mm to about 3.0 mm, such as about 2.3 mm or about 2.6 mm. In some embodiments, the

delayed sustained-release oral drug dosage form is in the form represented in FIGS. 2A-2B.

[6214] In some embodiments, the sustained-release drug component comprises tofacitinib
citrate, such as at about 25 wi% to about 45 wi% (e.g., about 35 wi%]) relative to the weight of the
sustained-release drug component, hydroxypropyl cellulose, such as at about 30 wi% to about 50 wt%
(e.g., about 40 wit%) relative to the weight of the sustained-release drug component,
vinylpyrrolidone-vinyl acetate copolymer, such as at about 5 wi% to about 15 wt% (e.g., about 10
wit%) relative to the weight of the sustained-release drug component, and glycerin, such as at about
S wt% to about 25 wit% (e.g., about 15 wi%) relative to the weight of the sustained-release drug
component. In some embodiments, the delay member comprises hydroxypropyl cellulose, such as at
about 75 wt% to about 95 wi% (e.g., about 85 wi%) relative to the weight of the delay member,
triethyl citrate, such as at about 5§ wt® to about 25 wi% (e.g, about 15 wi%) relative to the weight
of the delay member, and titanium dioxide, such as at about 0.5 wt%s to about 0.05 wt % (e. &, about
0.2 wt%;) relative to the weight of the delay member.

[8215] In some embodiments, the shell comprises ammonio methacrylate copolymer type B,
such as at about 55 wi% to about 75 wt% (e.g., about 65 wit%) relative to the shell, ethylceliulose,
such as at about 5 wt% to about 25 wi% (e.g., about 15 wi%) relative to the weight of the shell,
stearic acid, such as at about 10 wt% to about 30 wit% (e.g., about 20 wi%) relative to the weight of
the shell, and titantuim dioxide, such as at about 0.5 wi% to about 0.05 wt % (e.g., about 0.2 wi¥%)

relative to the weight of the shell

[6216] In some embodiments, the sustained-release drug component comprises tofacitinib

citrate, such as at about 25 wit% to about 45 wi% {e.g., about 25 wi%]) relative to the weight of the
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sustamed-release drug component, hvdroxypropyl cellulose, such as at about 30 wt% to about 50 wt%
{e.g., about 40 wi%) relative to the weight of the sustamed-release drug component,
vinylpyrrolidone-vinyl acetate copolymer, such as at about 5 wi%o to about 15 wit% (e.g., about 20
wt%s) relative to the weight of the sustamned-release drug component, and triethyl citrate (TEC), such
as at about 5 wit% to about 25 wit% (e.g., about 15 wt%) relative to the weight of the sustained-

release drug component.

{8217] In some embodiments, the delay member comprises hydroxypropyl cellulose, such as at
about 75 wt% to about 95 wt% (e.g., about 90 wi%) relative to the weight of the delay member,
triethyl citrate, such as at about 5 wi% to about 25 wi% {e.g., about 9.8 wt%) relative to the weight
of the delay member, and titanium dioxide, such as at about 0.5 wt% to about 0.05 wt % (e.g., about

0.2 wt%) relative to the weight of the delay member.

{0218 In some embodiments, the shell comprises Ethylcellulose, USP/NF, such as at about 75
wit% to about 85 wi% {e.g., about 80 wit%) relative to the shell, Dibutyl Sebacate(DBS), such as at
about S wt% to about 25 wi% (e.g., about 198 wit%) relative to the weight of the shell, and titanium
dioxide, such as at about 0.5 wit% to about 0.05 wt % {e.g., about 0.2 wit%s) relative to the weight of

the shell

16219} In some embodiments, the delayed sustained-release oral drug dosage form of a Janus
kinase {JAK) inhibitor comprises: a sustained-release drug component layer comprising a first
erodible material admixed with the JAK mhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK mhibitor; and a
shell, wheremn the delay component layer surrounds the sustained-release drug component layer,
wherein the delay component layer prevents the release of the JAK inhibitor from the delayed
sustamned-release oral drug dosage form for about 2 hours to about 6 hours after administration of
the delayed sustained-release oral drug dosage form to a huran individual, wherein the sustamed-
release drug component has a diameter of about 7.0 ram to about 10.0 mm, such as about 7.4 mm,
and a height (thickness) of about 0.2 ram to about 1.6 nun, such as about 1.4 mm, wherein the delay
member has a diameter of about 7.0 mam to about 11.0 mm, such as about 8.2 mm, and a height

(thickness) of about 0.2 mm to about 1.2 rom, such as about 0.4 mm, wherein the shell has a
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diameter of about 9.0 mm to about 11.0 mum, such as about 9.8 mm, and a height (thickness) of

about 1.0 mm to about 3.0 mm, such as about 2.2 mm.

[6226] In some embodiments, the sustained-release drug component comprises tofacitinib
citrate, such as at about 25 wit% to about 45 wi% {e.g., about 35 wi%]) relative to the weight of the
sustamed-release drug component, hydroxypropy! cellulose, such as about 30 wit% to about 50 wit%
{e.g., about 40 wt%;) relative to the weight of the sustained-release drug component, glycerol, such
as about 10 wi% to 20 wt% (e.g., about 15 wt%) relative to the weight of the sustained-release drug
component, and vinylpyrrolidone-vinyl acetate copolymer, such as at about 5 wt% to about 15 wit%

(e.g., about 10 wit%) relative to the weight of the sustained-release drug component.

[6221] In some embodiments, the delay member comprises hydroxypropyl cellulose, such as at
about 75 wt% to about 95 wit% {e.g., about 85 wi%) relative to the weight of the delay member, and
triethyl citrate, such as at about 5 wt% to about 25 wt% {e.g., about 15 wt%) relative to the weight

of the delay member.

[0222] In some embodiments, the shell comprises ammonium methacrylate copolymer, such as
at about 50 wi% to about 80 wt% (e.g., about 65 wt%) relative to the shell, ethylcellulose (EC-N10),
such as at about 10 wit% to about 20 wt% (e.g., about 15 wt%;) relative to the weight of the shell,
stearic acid {SA, 95%; SA9S}Y, such as at about 10 wt% to about 30 wi% (e.g., about 20 wit%)
relative to the weight of the shell, and titanium dioxide, such as at about 0.5 wt% to about 0.05 wt %

(e.g., about 0.2 wt%) relative to the weight of the shell

[6223] In some embodiments, the delayed sustained-release oral drug dosage form of a Janus
kinase (JAK) inhibitor comprises: a sustained-release drug component layver comprising a first
erodible material admixed with the JAK mbhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK inhibitor; and a
shell, wherein the delay component layer surrounds the sustamed-release drug component layer,
wherein the delay component layer prevents the release of the JAK inhibitor from the delayed
sustained-release oral drug dosage form for about 2 hours to about 6 hours after administration of
the delayed sustained-release oral drug dosage form to a human individual, wherein the sustaimed-
release drug component has a length of about 3.0 mm to about 5.0 mm, such as about 4.0 mm, a

width of about 4.0 mun to about 5.6 mm, such as about 4 ¢ mm, and a height {thickness) of about 0.8
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mm to about 2.0 mun, such as about 1.35 mim, wherein the delay member has a length of about 3.0
mn 1o about 5.0 mmy, such as about 4.0 mm, a width of about 5.0 mm to about 6.4 mm, such as
about 5.4 mm, and a height (thickness} of about 0.2 mm to about 1.2 mm, such as about 0.5 mm,
and wherein the shell has a length of about 3.0 mm to about 5.0 mm, such as about 4.0 mm, a width
of about 6.4 mm to about 8.0 mm, such as about 7.0 mm, and a height (thickness) of about 1.5 mm

to about 3.5 mm, such as about 2.55 mm.

[0224] In some embodiments, the sustaimed-release drug component comprises tofacitiub
citrate, such as at about 25 wit% to about 45 wi% {e.g., about 35 wit%) relative to the weight of the
sustained-release drug component, hydroxypropyl cellulose, such as about 30 wt% to about 50 wi%
{e.g., about 40 wit%) relative to the weight of the sustained-release drug component, glycerol, such
as about 10 wi% to 20 wt% {e.g., about 15 wt%) relative to the weight of the sustained-release drug
component, and vinylpyrrolidone-vinyl acetate copolymer, such as at about 5 wit% to about 15 wi%

(e.g., about 10 wt%) relative to the weight of the sustained-release drug component.

[0225] In some embodiments, the delay member comprises hydroxypropyl cellulose, such as at
about 75 wit% to about 95 wt% {e.g., about 85 wi%) relative to the weight of the delay member, and
triethyl ciirate, such as at about 5 wit% to about 25 wt% (e.g., about 15 wt%) relative to the weight

of the delay member.

[0226] In some embodiments, the shell comprises ammonium methacrylate copolymer, such as
at about 50 wi% to about 80 wit% (e.g, about 65 wt%) relative to the shell, ethylcellulose (EC-N10),
such as at about 10 wt% to about 20 wi% (e.g., about 15 wt%) relative to the weight of the shell,
stearic acid {SA, 95%; SA9S), such as at about 10 wt% to about 30 wi% (e.g., about 20 wt%)
relative to the weight of the shell, and titanium dioxade, such as at about 0.5 wt% to about 0.05 wt %

{e.g., about 0.2 wt%) relative to the weight of the shell.

{0227} In some embodiments, the delayed sustained-release oral drug dosage form of a Janus
kinase {JAK) inhibitor comprises: a sustained-release drug component layer comprising a first
erodible material admixed with the JAK inhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK ibubitor; and a
shell, wherein the delay component layer surrounds the sustamed-release drug component layer,
wherein the delay component layer prevents the release of the JAK inhibitor from the delayed
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sustamed-release oral drug dosage form for about 2 hours to about 6 hours after admimistration of
the delayed sustained-release oral drug dosage form to a human individual, wherein the sustamed-
release drug component has a diameter of about 5.0 mm to about 9.0 mm, such as about 8.6 mm,
and a height (thickness) of about 0.2 mm to about 1.6 mim, such as about 0.6 mm, wheremn the delay
member has a diameter of about 7.0 mm to about 11.0 mm, such as about 10.4 mm, and a height
{thickness}) of about 0.2 mm to about 1.2 mm, such as about G.8 mm or about 1.2 mm, wherein the
shell has a diameter of about 9.0 mm to about 13.0 nun, such as about 11.6 mm, and a height

{thickness}) of about 1.0 mm to about 3.0 mm, such as about 2.2 mm or about 2.6 mm.

{0228] In some embodiments, the sustained-release drug component comprises tofacitinib
citrate, such as at about 30 wit% to about 50 wi% {e.g., about 40 wt%) relative to the weight of the
sustained-release drug component, hvdroxypropy! cellulose, such as about 20 wit% to about 40 wi%s
{e.g., about 30 wit%) relative to the weight of the sustained-release drug component, PEG400, such
as about 10 wi% to 30 wt% (e.g., about 20 wt%) relative to the weight of the sustained-release drug
component, and vinylpyrrolidone-vinyl acetate copolymer, such as at about 5 wt% to about 15 wit%

(e.g., about 10 wt%) relative to the weight of the sustained-release drug component.

[0229] In some embodiments, the delay member comprises hydroxypropyl cetlulose, such as at
about 75 wi% to about 95 wt% {e.g., about 85 wi%) relative to the weight of the delay member, and
PEG400, such as at about 5 wt% to about 25 wi% {e.g., about 15 wi%) relative to the weight of the

delay member,

[0230] In some embodiments, the shell comprises ammonium methacrylate copolymer, such as
at about 30 wit% to about 80 wit% (e.g, about 65 wt%) relative to the shell, ethylcellulose (EC-N10),
such as at about 10 wt% to about 20 wi% (e.g., about 15 wt%) relative to the weight of the shell,
stearic acid {SA, 95%; SASS), such as at about 10 wt% to about 30 wi% (e.g., about 20 wit%)
relative 1o the weight of the shell, and titanmum dioxade, such as at about 0.5 wt% to about 0.05 wt %

{e.g., about 0.2 wt%) relative to the weight of the shell

[8231] In some embodiments, the delayed sustained-release oral drug dosage form of a Janus
kinase {JAK) inhibitor comprises: a sustained-release drug component layer comprising a first
erodible material admixed with the JAK mhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK inhibitor; and a
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shell, wherem the delay component layer surrounds the sustained-release drug component layer,
wherein the delay component layer prevents the release of the JAK mhibitor from the delayed
sustained-release oral drug dosage form for about 2 hours to about 6 hours after administration of
the delayed sustained-release oral drug dosage form to a human individual, wherein the sustamed-
release drug component has a diameter of about 5.0 mm to about 9.0 mm, such as about 6.0 mm,
about 6.8 mm or about 7.4 mm, and a height (thickness) of about 0.4 mim to about 1.6 mm, such as
about 0.8 mm or about 1.4 mm, wherein the delay member has a diameter of about 7.0 mm to about
11.0 mm, such as about 8.4 mm or about 9.4 mm, and a height {thickness} of about 6.2 mm to about

1.2 mm, such as about 0.4 mm or about 1.0 mm.

[6232] In some embodiments, the sustained-release drug component comprises tofacitinib
citrate, such as at about 25 wt% to about 50 wi% {e.g., about 30 wi% or about 40 wi%) relative to
the weight of the sustained-release drug component, hyvdroxypropy! cellulose, such as about 20 wit%
to about 60 wit% {(e.g., about 30 wit% or about 55 wi%) relative to the weight of the sustained-release
drug component, glycerol, such as about 10 wt% to 25 wi% {e.g., about 15 wit% or about 20 wt%)
relative to the weight of the sustained-release drug component, and vinylpyrrolidone-vinyl acetate
copolymer, such as at about O wi% to about 30 wi% (e.g, about 10 wt% or about 0 wit%) relative to

the weight of the sustained-release drug component.

[0233] In some embodiments, the delay member comprises hydroxypropyl cellulose, such as at
about 75 wi% to about 95 wt% {e.g., about 85 wt%) relative to the weight of the delay member, and
triethyl citrate, such as at about 5 wt% to about 25 wt% (e.g., about 15 wt%) relative to the weight

of the delay member.

[68234] In some embodiments, the delayed sustained-release oral drug dosage form of a Janus
kinase {JAK) inhibitor comprises: a sustained-release drug component layer comprising a first
erodible material admixed with the JAK inhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK ihibitor; and a
shell, wherein the delay component layer surrounds the sustamed-release drug component layer,
wherein the delay component layer prevents the release of the JAK mhibitor from the delayed
sustained-release oral drug dosage form for about 2 hours to about 6 hours after administration of

the delayed sustained-release oral drug dosage form to a human individual, wherein the sustamed-
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release drug component has a length of about 3.0 mm to about 11.0 rom, such as about 5.4 mm,
about 8.4 mm or about 11.0 mm, a width of about 4.0 mam to about 5.6 mum, such as about 5.2 mm,
and a height (thickness) of about 0.8 rom to about 2.0 mm, such as about 1.2 mm, about 1.35 mmor
about 1.8 mm, wherein the delay mermber has a length of about 5.0 m to about 11.0 mm, such as
about 5.4 mm, about 8.4 mm or about 11.0 mm, a width of about 5.0 mm to about 6.4 mm, such as
about 6.0 mm, and a height (thickness) of about 0.2 mm to about 1.2 mm, such as about 0.6 mm or
about 0.7 mm, and wherein the shell has a length of about 5.0 mm to about 11.0 nun, such as about
5.4 mm, about 8.4 mm or about 11.0 mm, a width of about 6.4 mm to about 8.0 mm, such as about
7.6 mm, and a height (thickness} of about 2.2 mm to about 3.4 mm, such as about 2.4 mm, abowt 2.7

mm, or about 2.8 mm.

{6235] In some embodiments, the sustained-release drug component comprises tofacitinib
citrate, such as at about 15 wi% to about 35 wi% {e.g., about 25 wit%) relative to the weight of the
sustained-release drug component, hvdroxypropyl cellulose, such as about 30 wi% to about 50 wi%
{e.g., about 40 wt%) relative to the weight of the sustained-release drug component, triethyi citrate,
such as about 10 wit% to 20 wt% (e.g., about 15 wi%) relative to the weight of the sustained-release
drug component, and vinylpyrrolidone-vinyl acetate copolymer, such as at about 10 wi% to about

30 wi% {e.g., about 20 wt%) relative to the weight of the sustained-release drug component.

[0236] In some embodiments, the delay member comprises hydroxypropyl cellulose, such as at
about 75 wit% to about 95 wt% (e.g., about 90 wt%) relative to the weight of the delay member,
triethyl citrate, such as at about 5 wt% to about 25 wt% (e.g., about 10 wt%) relative to the weight
of the delay member, and titanium dioxide, such as at about 0.5 wi% to about 0.05 wt % (e.g., about

0.2 wi%) relative to the weight of the delay member.

18237} In some embodiments, the shell comprises ethylcellulose (EC-N10), such as at about 70
wi% to about 90 wit% {e.g., about 80 wt%) relative to the weight of the shell, dibutyl sebacate, such
as at about 10 wt% to about 30 wt% (e.g., about 20 wi%) relative to the weight of the shell, and
ttantom dioxide, such as at about 0.5 wi% to about 0.05 wit % {e.g., about 0.2 wt%) relative to the
weight of the shell.

[6238] In some emboduments, the delayed sustained-release oral drug dosage form of a Janus
kinase (JAK) inhibitor comprises: two sustained-release drug component layers each comprising a
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first erodible material admixed with the JAK mhibitor; and two delay components each comprising
a delay member layer comprising a second erodible material not admixed with the JAK miubitor;
and a shell, whereimn the delay component layer surrounds the sustained-release drug component
layer, wherein the delay component layer prevents the release of the JAK inhubitor from the delayed
sustained-release oral drug dosage form for about 2 hours to about 6 hours after administration of
the delayed sustained-release oral drug dosage form to a human individual, wherein the sustained-
release drug component has a length of about 2.0 mm to about 2.8 mm, such as about 2.4 mam, a
width of about 4.0 mm to about 5.6 mm, such as about 4.8 mm, and a height {thickness) of about 0.2
mm to about 1.2 mm, such as about 0.8 mm, wherein the delay member has a length of about 2.0
mm to about 2.8 mm, such as about 2.4 mm, a width of about 5.0 mm to about 6.4 mm, such as
about 5.6 mm, and a height (thickness} of about 0.1 mm to about 1.1 mum, such as about 0.4 mm,
and wherein the shell has a length of about 2.0 mm to about 2.8 mm, such as about 2.4 mm, a width
of about 6.4 mm to about 8.0 mum, such as about 7.2 mm, and a height (thickness) of about 2.2 mm

to about 3.4 mm, such as about 2.8 mm.

16239] In some embodiments, the sustained-release drug component comprises tofacitinib
citrate, such as at about 15 wi% to about 35 wt% {e.g., about 25 wt%) relative to the weight of the
sustained-release drug component, hydroxypropyl cellulose, such as about 30 w6 to about S0 wt%s
{e.g., about 40 wt%) relative to the weight of the sustained-release drug component, triethyi citrate,
such as about 10 wit% to 20 wi% (e.g., about 15 wi%) relative to the weight of the sustamed-release
drug component, and vinylpyrrolidone-vinyl acetate copolymer, such as at about 10 wi% to about

30 wi%e {e.g., about 20 wi%) relative to the weight of the sustained-release drug component.

(0246} In some embodiments, the delay member comprises hydroxypropyl! cellulose, such as at
about 75 wi% to about 95 wt% (e.g., about 90 wi%) relative to the weight of the delay member, and
triethyl citrate, such as at about 5 wi% to about 25 wt% {e.g., about 10 wt%6) relative to the weight
of the delay member.

[6241] In some emboduments, the shell comprises ammonium methacrylate copolymer, such as
at about 50 wi% to about 80 wt% (e.gz, about 65 wt%) relative to the shell, ethylcellulose (EC-N10j,
such as at about 10 wt% to about 20 wi% (e.g., about 15 wt%) relative to the weight of the shell,

stearic acid {SA, 95%; SA95}, such as at about 10 wi% to about 30 wi% {e.g., about 20 wit%)
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relative 1o the weight of the shell, and titanium dioxade, such as at about 0.5 wt% to about 0.05 wt %

{e.g., about 0.2 wt%) refative to the weight of the shell.

[6242] In some aspects, provided is a delayed sustained-release oral drug dosage form of a
Janus kinase (JAK) mhibitor, the delayed sustained-release oral drug dosage form comprising: a
sustaimed-release drug component layer comprising a first erodible material admixed with the JAK
mhibitor; and a delay component comprising a delay member layer comprising a second erodible
material not admixed with the JAK inhibitor; and a shell, wherein the delay component layer
surrounds the sustained-release drug component layer, and wherein the delay component layer
prevents the release of the JAK mhibitor from the delayed sustained-release oral drug dosage form
for about 2 hours to about 6 hours atter administration of the delayed sustained-release oral drug
dosage form to a human individual The sustained-release drug component layer, the delay member
laver, and the shell are configured such that: the sustained-release drug component layer is
embedded in the shell; the delay member layer is embedded in the shell; the bottom surface of the
sustained-release drug component layer is in direct contact with the shell; the side surface of the
sustained-release drug component layer is in direct contact with the shell; the top surface of the
sustained-release drug component layer is in direct contact with the bottom surface of the delay
member layer; a portion of the bottom surface of the delay member layer is in direct contact with
the shell; and the side surface of the delay member layer is in direct contact with the shell. The
portion of the bottom surface of the delay member layer that s in direct contact with the shell forms
a perimeter extending beyond the top surface of the sustained-release drug component layer. The
shell has an inset for both the sustained-release drug component layer and the delay member layer
such that the components are embedded in the shell. The top surface of the delayed sustained-
release oral drug dosage form (the surface from which the JAK inhubitor will be released from the
oral drug dosage form) i formed from the shell and the delay member layer. The top surface of the
delay member layer and the top surface of the sustained-release drug component are in the shape of
a circle. The delayed-sustained release oral drug dosage form m in the shape of a cvlinderSee, e.g,,

FIGK, 2C-2D.

{0243} In some embodiments, the delayed sustained-release oral drug dosage form of a Janus

kinase {JAK) mhibitor comprises: a sustained-release drug component layer comprising a first
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erodible material admixed with the JAK mhibitor; and a delay component comprising a delay
member layer comprising a second erodible material not admixed with the JAK ibubitor; and a
shell, wherem the delay component layer surrounds the sustained-release drug component layer,
wherein the delay component layer prevents the release of the JAK mhubitor from the delayed
sustained-release oral drug dosage form for about 2 hours to about 6 hours after administration of
the delayed sustained-release oral drug dosage form to a human individual, wherein the sustained-
release drug component has a diameter of about 8.2 mm to about 9.0 mam, such as about 8.6 mm,
and a height {thickness} of about 0.2 mm to about 1.6 mm, such as about 0.6 mm, wherem the delay
member has a diameter of about 10.0 mm to about 10.8 mm, such as about 10.4 mm, and a height
{thickness} of about 0.8 mm to about 1.6 mm, such as about 1.2 mm, and wherein the shell has a
diameter of about 11.2 mm to about 12.0 mm, such as about 11.6 mm, and a height (thickness) of
about 2.2 mm to about 3.0 num, such as about 2.6 mm. In some embodiments, the delayed sustained-

release oral drug dosage form is in the form represented in FIGS., 2C-2D.

[0244] In some embodiments, the sustained-release drug component comprises tofacitinib

citrate, such as at about 30 wt% to about 50 wit% (e.g., about 40 wit%}) relative to the weight of the
sustained-release drug component, hydroxypropyl cellulose, such as at about 20 wt% to about 40 wt%
(e.g., about 30 wt%) relative to the weight of the sustained-release drug component,
vinylpyrrolidone-vinyl acetate copolymer, such as at about 5 wi% to about 15 wt% (e.g., about 10
wit%) relative to the weight of the sustained-release drug component, and polvethylene glycol 400,
such as at about 10 wi% to about 30 wi% (e.g., about 20 wt%) relative to the weight of the

sustained-release drug component.

[0245] In some embodiments, the delay member comprises hydroxypropyl! cellulose, such as at
about 75 wi% to about 95 wt% {e.g., about 85 wi%) relative to the weight of the delay member, and
polvethylene glycol 400, such as at about 5 wt% to about 25 wi % (e.g., about 15 wt%) relative to
the weight of the delay member.

[8246] In some embodiments, the shell comprises ammonio methacrylate copolymer type B,
such as at about 50 wi% to about 80 wt% {e.g., about 60 wi%) relative to the shell, ethylcellulose,

such as at about 10 wi% to about 30 wi% (e.g., about 20 wt%s) relative to the weight of the shell,
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and stearic acid, such as at about 10 wt% to about 30 wi% {e.g., about 20 wi%}) relative to the

weight of the shell.

[9247] In some embodiments, provided herem 15 a delayed sustaived-release oral drug dosage
form comprising a delay component housing a sustained-release drug component comprising a
plurality of sustamed-release beads comprising the JAK mbubtitor. In some embodiments, the delay
component comprises at least a portion thereof, such as a delay member, configured to release the
JAK mhubitor from the delayed sustained-release oral drug dosage form at a desired tume following
admmistration. In some embodiments, the sustained-release beads comprise a homogenous mixture
comprising tofacitinib, or a pharmaceutical sali thereof, and one or more agents to control the

release of tofacitinib therefrom.

{0248] In some embodiments, provided herein 1s a delayed sustained-release oral drug dosage
form comprising a delay component housing a sustained-release drug component comprising a
plurality of sustained-release beads comprising the JAK mhibitor, wherein the sustained-release
beads are coated with an agent to control release of the JAK inhibitor thereform. In some
embodiments, the delay component comprises at least a portion thereof, such as a delay member,
configured to release the JAK inhibitor from the delayed sustained-release oral drug dosage form at
a desired time following administration. In some embodiments, the sustained-release beads
comprise a homogenous mixture comprising tofacitinib, or a pharmaceutical salt thereof, and one or

more agents to control the release of tofacitinib therefrom.

[0249] In some embodiments, provided herein is a delayed sustained-release oral drug dosage
form comprising a delay component coating a sustained-release drug component comprising the
JAK mhibitor. In some embodiments, the delay component is a coating that dissolves after a desired
amount of time following administration to the human mdividual. In some embodiments, the
sustained-release drug component is a core comprising tofacitinib, or a pharmaceutical salt thereof,

wherein the tofacitinib is homogenously dispersed throughout the core,

[02506] In some embodiments, provided herein 15 a delayed sustained-release oral drug dosage
comprising a delay component, a sustained-release drug component, and a gastric retention feature,
such as a void space. In some embodiments, the delay component comprises at least a portion
thereof, such as a delay member, configured to release the JAK wnhibitor from the delayed
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sustamed-release oral drug dosage form at a deswred time following admimistration. In some
embodiments, the delay component forms the gastric retention feature and houses the sustained-
release drug component. In some embodiments, the portion of the delay component configured to

release the JAK mhibitor, such as the delay member, 1s a plug, such as an erodible plug.

[0251] In some embodiments, provided heremn is a delayed sustained-release oral drug dosage
form comprising a delay component housing a sustained-release drug component comprising the
JAK mhubitor. In some embodiments, the delayed sustamed-release oral drug dosage form s an
osmotic dosage form. In some embodiments, the delay component, or a portion thereof, comprises a
material that is permeable to a bodily fluid. In some embodiments, the delay component, or a
portion thereof, comprises a material that is selectively permeable. In some embodiments, the
sustained-release drug component comprises a plurality of sustained-release beads comprising the
JAK inhibitor. In some embodiments, the delay component comprises at least a portion thereof,
such as a delay member, configured to release the JAK inhibitor from the delaved sustained-release
oral drug dosage form at a desired time following administration. In some embodiments, the
sustained-release beads comprise a homogenous mixture comprising tofacitinib, or a pharmaceutical
salt thereof, and one or more agents to control the release of tofacitinib therefrom. In some
embodiments, the sustained-release beads are coated, such as coated with an agent that controls the

release of the JAK inhibrior.

£EE Commercial baich

{8252} In some aspects, provided herein is a commercial batch of at least about 100 delayed
sustained-release oral drug dosage forms described herein. In some embodiments, the commercial
batch comprises at least about any of 250, 500, 750, 1,000, 2,500, 5,000, 7,500, 10,000, 20,000,
30,000, 40,000, 50,000, 66,000, 70,000, 80,000, 90,000 or 100,000 delayed sustained-release oral

drug dosage forms described herein.

[6253] In some embodiments, the commercial batch has a standard deviation of about 0.1 or less,
such as 0.03 or less, for one or more of the following: an amount of a JAK inhibitor m the delayed

sustamed-release oral drug dosage form; weight of the delayed sustained-release oral drug dosage
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form; a largest crossmg dimension of the delayed sustamed-release oral drug dosage form; and a
crossing dimension perpendicular to the largest crossing dimension of the delayed sustaimed-release

oral drug dosage form.

IV, Methods of making delayed sustained-refease oval drog dosage forms

[8254] In some aspects, provided herein are methods of making a delayed sustained-release oral
drug dosage form described herem. In some embodiments, the method of making comprises a three-
dimensional (3D} printing techunique to form at least one of the components, or a portion thereof, of
the delayed sustained-release oral drug dosage forms described herein. In some embodiments, the

method of making comprises an mjection molding technique to form at least one of the components,

or a portion thereof, of the delayed sustained-release oral drug dosage forms described herein

[8255] In some embodiments, provided is a method of three-dimensional (3D) printing of a
delayed sustained-release oral drug dosage form described herein, the method comprising
dispensing materials according o a layer-by-layer model of the delayed sustained-release oral drug
dosage form to print the delayed sustamed-release oral drug dosage form, wherem each layver of the
layer-by-laver model is printed by dispensing, as necessary, for a layer: (8} a sustained-release drug
componeni comprising a first erodible material admixed with a JAK mhibitor; (b) a delay member
comprising a second erodible material not admixed with the JAK inhibitor; and (c) a shell. In some
embodiments, the method further comprises generating the layer-by-laver model of the oral drug
dosage form. In some embodiments, the dispensing is via melt extrusion deposition (MED). In some

embodiments, dispensing of each material is performed by a different printing head.

10256} In some embodiments, provided is a method for preparing a delayed sustained-release
tofacitinib oral drug dosage form by three-dimensional (3D) printing, wherein the delayed
sustained-release tofacitinib oral drug dosage form comprises a shell containing an msoluble
material, a pharmaceutical core contaming tofacitinib, and a delay member without tofacitinib, the
method comprising dispensing materials according to a layer-by-layer model of the delaved
sustained-release oral drug dosage form to print the delayed sustained-release oral drug dosage form,

wherein each layer of the layver-by-layer model is printed by dispensing, as necessary, for a layer: (a)
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a pharmaceutical core containing tofacttinib; (b) the delay member without tofacitinib; and (¢} the

shell comprising an msoluble material

{0257] As used herein, “printing,” “three-dimensional printing,” “3D printing,” “additive
manufacturing,” or equivalents thereof, refers to a process that produces three-dimensional objects,
such as delayed sustained-release oral drug dosage forms, layer-by-layer using digital designs. The
basic process of three-dimensional printing has been described in U8, Patent Nos. 5,204,055
5,260,009, 5,340,656, 5,387,380, 5,503,785, and 5,633,021, Additional UJ.S. patents and patent
applications that related to three-dimensional printing mclude: U.S. Patent Nos. 5,490,962,
5,518,650; 5,869,170, 6,530,958; 6,280,771, 6,514,518; 6,471,992, 8,828 411; U.8. Publication Nos.
2002/0015728; 2002/0106412; 2003/0143268; 2003/0198677; 2004/0005360. The contents of the
above U.8. patents and patent applications are hereby incorporated herein by reference in their
entirety. In some embodiments, an additive manufacturing technique is used to produce the oral
drug dosage forms described herein. In some embodiments, a layer-by-layer technique is used to
produce the oral drug dosage forms described herein. Because 3D printing may handle a range of
pharmaceutical materials and control both composition and architecture locally, 3D printing i1s well
sutted to the fabrication of oral drug dosage forms with complex geometry and composttions m

accordance with the present invention.

[0258] In some embodiments, layer, when used in reference to, e.g., a sustained-release drug
component laver or a delay member layer, refers to the configuration of a component of the oral
drug dosage form and may comprise a plurality of printed layers of the same material. In some
embodiments, the laver has a pre-determined fill density, such a three-dimensional printed fill
density. In some embodmments, the layer, such as the sustained-release drug component layer or the
delay member layer, comprises a plurality of printed layers between about S printed layers to about
2500 printed layers, such as between any of about 10 printed layers to about 2500 printed layers,
about 25 printed layers to about 100 printed layers, about 50 printed layers to about 200 printed
layers, about 100 printed layers to about 200 printed layers, about 150 printed layers to about 250
printed layers, about 200 printed layers to about 250 printed layers, about 500 printed layers to
about 1000 printed layers, or about 2000 printed layers to about 2400 printed layers. In some

embodiments, the thickness of a printed layer 13 no more than about 5 mm, such as no more than

66



WO 2022/121927 PCT/CN2021/136353

about any of 4 mm, 3 mm, 2 mun, 1 mm, 0.9 mm, 0.8 mm, 0.7 mm, 0.6 mm, 0.5 mm, 0.4 mm, 0.3
mry, 0.2 mm, 0.1 nun, 0.09 mm, 0.08 sam, G.07 muy, 0,06 mm, 0.05 mmy, 0.04 mum, 0.63 mam, 0.02
mm, or G.01 mm. In some embodiments, the thickness of a printed layer 1s about any of 5 mum, 4
mrn, 3 mm, 2 mm, 1 omg, 0.9 mam, 8.8 mm, 0.7 mm, 0.6 mum, 8.5 mmy, 0.4 vom, 0.3 mm, 0.2 mm, 0.1

mm, 0.09 mm, 0.08 mm, 0.67 mum, 6.06 mm, 0.05 mm, 0.04 mm, 0.03 mm, 0.62 mm, or 0.01 mm.

{6259] Bifferent 3D printing methods have been developed for manufacturing in terms of raw
materials, equupment, and solidification. These 3D printing methods inchide binder deposition (see
Gibson ef al., Additive Manufacturing Technologies: 3D Printing, Rapid Prototyping, and Direct
Digital Manufacturing., 2 ed. Springer, New York, 2015; Katstra ef al., Oral dosage forms

fabricated by three dimensional printing, J Control Release, 66, 2000; Katstra ez al., Fabrication of

complex oral delivery forms by three dimensional printing, Dissertation in Materials Science and
Engineering, Massachusetts Institute of Technology, 2001 Lipson ez ol Fabricated: The New
World of 3D printing, John Wiley & Sons, Inc., 2013; Jonathan, Karim 3D printing in
pharmaceutics: a new tool for designing customized drug delivery systems, InrJ Pharm, 499, 2016},
material jetting (see Jonathan, Karim, 3D printing in pharmaceutics: a new tool for designing
customized drug delivery systems, /nr J Pharm, 499, 2016), extrusion {see Gibson ef af., Additive
Manufacturing Technologies: 3D Printing, Rapid Prototyping, and Direct Digital Manufacturing. 2
ed. Springer, New York, 20135}, and photopolymerization {see Melchels ef al., A review on

stereolithography and its application in biomedical engineering. Biomaterials, 31, 2010).

[0260] In some embodiments, the oral drug dosage forms described herein are 3D printed using
an extrusion method. In some embodiments, the method of 3D printing comprises using a double
screw extrusion method. In an extrusion process, material s extruded from robotically-actuated
printing heads through printing nozzles. Unlike binder deposition, which requires a powder bed,
extrusion methods can print on any substrate. A variety of materials can be extruded for three-
dunensional printing, including thermoplastic materials disclosed herein, pastes and colloidal
suspensions, silicones, and other semisolids. One extrusion printing method 13 melt extrusion
deposition (MED), which used extroded material from a printing head to print layers of material to
form the components of the oral drug dosage form. Another common type of extrusion printing is

fused deposition modeling, which uses solid polymeric filaments for printing. In fused deposition
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modeling, a gear system drives the filament into a heated nozzle assembly for extrusion (see Gibson
ef al., Additive Manufacturing Technologies: 3D Printing, Rapid Prototyping, and Direct Dignal

Manufacturing, 2 ed. Springer, New York, 2015).

[8261] In some embodiments, the 3D printing is carried out by melt extrusion deposition (MED).
In some embodments, the melt extrusion deposition technique comprises preparing a material to be
dispensed, such as preparing a powder in a hot melt extruder, and then feeding the material mto a
MED printing head. The MED printing head then dispenses the materal to form the delaved
sustained-release oral drug dosage form in an additive manner (layer-by-layer deposition}. In some
embodiments, each material of the oral drug dosage form, such as the sustained-releass drug
componeni, the delay member, and the shell, 15 dispensed from a different MED printing head. In
some embodiments, the MED printing head dispenses the material according to instructions
complied in one or more geode files. Exemplary MED techniques are disclosed i, e.g.,
WO2Z018/210183, W0O2019/137333, W02018137686, and U.S. Pat. No. 10,201,303, each of which

is incorporated herein by reference in its entirety.

16262] In some embodiments, the melt extrusion deposition 3D printing technique comprises: {a)
preparing each component material by melting and extrusion of the component material, wherein

the components comprise a sustained-release drug component, a delay member, and a shell; and (b)
printing a delayed sustained-release oral drug dosage form. In some embodiments, the mek

extrusion deposttion 3D printing technique further comprises preparing a printer head for printing,

In some embodiments, preparing the sustained-release drug component comprises melting and
extrusion of the component material In some embodiments, preparing the sustained-release drug
component comprises mixing the ingredients of the component material. In some embodiments,
preparing the sustaimed-release drug component comprises weighing each mgredient of the
component. In sorne embodiments, the ingredients of the sustained-release drug corpounent
comprise tofacitinib citrate, hydroxypropyl cellulose, vinyipyrrolidone-vinyl acetate copolymer (e.g.,
copovidone}, and glycerin. In some embodiments, preparing the delay member comprises weighing
each mgredient of the delay member, mixing the mgredients, and melting and extrusion of the
formed delay member material In some embodiments, the mgredients of the delay member

comprise hydroxypropyl cellulose, triethy! citrate, and titanum dioxide. In some embodiments,

68



WO 2022/121927 PCT/CN2021/136353

preparing the shell comprises weighing each ingredient of the shell, mixing the mgredients, and
melting and extrusion of the formed shell material In some embodiments, the ingredients of the
shell comprise ammonio methacrylate copolymer type B, ethylcellulose, stearic acid, and titanium
dioxide. In some embodiments, preparing the printer head for printing comprises loading the formed
component material into the printer head. In some embodiments, preparing the printer head for
printing comprises setting the printer head temperature. In some embodiments, preparing the printer
head for printing comprises setting and applying the feeding pressure to the printer head. In some
embodiments, applying the feeding pressure is completed after the printer head temperature ;s at a
pre-determined level In some embodiments, printing of the delayed sustained-release oral drug
dosage form is performed laver-by-layer {e.g., additive manufacturing). In some embodiments, the
method comprises using a separate printer head for each component material {e.g., a first printer
head to dispense the sustained-release drug component, a second printer head to dispense the delay

member, and a third printer head to dispense the shell).

[0263] In some embodiments, the method of making is designed and performed based ona
desired total number of delayed-sustained-release oral drug dosage form to be produced ina
production run. For example, in some embodiments, a smaller production run (such as less than
1,000 delayed sustained-release oral drug dosage forms for product development or a clinical trial)
1s desired and the method of making comprises preparing each component material (such as by
weighing the ingredients of a component material and forming the component material by mixing
the mgredients and hot melt extrusion), and then printing each delaved sustamed-release drug
dosage form layer-by-laver {e.g., additive manufacturing). In some embodiments, a larger
production run (such as a commercial mass production run of more than 1,000 delayed sustamed-
release oral drug dosage form) is desired and the method of making comprises preparing each
component material {such as by weighing the mgredients of a component material and forming the
component material by mixing the ingredients and hot melt extrusion, wherem the hot melt
extrusion 1s performed using a twin-screw extruder), and then printing each delayed sustaned-
release drug dosage form laver-by-layer (e.g., additive manufacturing). In some ernbodiments, the
component material 1s formed using, at least n part, a twin-screw extruder. In some embodiments,

the larger production run comprises distributing the component material from the twin-screw
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extruder to each printer head via a flow distribution module. Tn some embodiments, the larger
production run is performed via the cooperation of multiple modules. For example, in some
embodiments, the method of making comprises use of a system comprising a material supply
module for receiving a set of component materials for printing; a flow distribution module
comprising a flow distribution plate, wherein the material supply module is configured to transport a
single flow corresponding to the set of component materials for printing to the flow distribution
plate; wheremn the flow distribution plate comprises a plurality of channels for dividing the single
flow into a plurality of flows; a plurality of nozzles; and one or more controliers for controlling the
plurality of nozzles to dispense the plurality of flows based on a plurality of nozzle-specific
parameters. In some embodiments, the system further comprises a printing platform configured to
receive the dispensed plurality of flows, wherein the printing platform is configured to move to
form a batch of the pharmaceutical product. In some embodiments, the system comprises a plurality

of printing platforms.

[0264] In some embodiments, the 3D printing 1s carried out by fused deposition modeling
(FDM}. In some embodiments, the three-dimensional printing is carried out by melt extrusion
deposition or hot melt extrusion coupled with a 3D printing technigue, such as FDM. In some
embodiments, the 31 printing is carried out by non-filament FDM. In some embodiments, the 3D
printing 1s carried out by mkjet printing. In some emboduments, the 3D printing is carried out by
selective laser sintering {SLS). In some ermnbodiments, the 3D printing 1s carried out by
stereolithography (SLA or SL). In some embodiments, the 3D printing 1s carried out by Polylet,
Mukti-Jet Printing System (MIP), Perfactory, Solid Object Ultraviolet-Laser Printer, Bioplotter, 3D
Bioprinting, Rapid Freeze Prototyping, Benchtop System, Selective Deposition Lamination {(SDL),
Laminated Objet Manufacutring (1L.OM), Ultrasonic Consolidation, ColorJet Printing (CIP),
EOSINT Systems, Laser Engineered Net Shaping (LENS) and Aerosol Jet System, Electron Beam
Melting (EBM), Laser CUSING®, Selective Laser Melting (SLM), Phenix PXTM Series,
Microsiutering, Digital Part Materialization (DPM), or VX System.

[8265] In some embodiments, the 3D printing methods described herein comprise a continuous
feed method. In some embodiments, the 3D printing methods deseribed herein comprise a batch

feed method.



WO 2022/121927 PCT/CN2021/136353

[8266] In some embodiments, the methods for producing the oral drug dosage forms described
herein comprise a 3D printing technigue, such as 3D printing in combination with another method,
e.g., a combmation of mjection molding and 3D printing. In some embodiments, the shell 1s
produced using mection molding and one or more modulated-release portions 13 produced usimg a
3D printing technique.

{6267] The method mstructions for 3D printing a drug dosage form disclosed herein may be
generated a variety of ways, mcluding direct coding, derivation from a solid CAD model, or other
means specific to the 3D printing machine’s computer interface and application software. These
mstructions may include information on the number and spatial placement of droplets, and on
general 3D print parameters such as the drop spacing in each linear dimension (X, Y, 7}, and
volume or mass of fluid per droplet. For a given set of materials, these parameters may be adjusted
in order to refine the quality of structure created. The overall reschution of the structure created is a
function of the powder particle size, the fluid droplet size, the print parameters, and the material

properties.

10268] In some embodiments, one or more components of the delayed sustained-release oral
drug dosage form are created separately, such as printed separately, and later assembled to form the
oral drug dosage form. In some embodiments, all components of the delayed sustained-release oral
drug dosage form are created in a single method, such as printed in a single method, without

requiring later assembly.

[0269] The delaved sustained-release oral drug dosage forms and components thereof described
i the present application can be printed on a commercial scale. For example, m some embodiments,
the methods disclosed herem may be used to 3D print 10,000 to 100,000 units of a delayed
sustained-release oral drug dosage form per hour. In some embodiments, the methods disclosed
herein may be used to 3D print 10,000 to 100,000 oral drug dosage forms per hour. In some
embodiments, the methods disclosed heremn may be used to 3D print 10,000 to 100,000 units of a
dosage unit per hour. In some embodiments, the methods disclosed herein may be used to 3D print

10,000 to 100,000 dosage units per hour.

[6276] In some embodiments, the matenials used to print the oral drug dosage forms and dosage
units, or components thereof, e.g., precursor drug dosage forms, are each dispensed by a different
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printing head. For example, in some embodiments, the IR material and the ER material, and
optionally if present, the mtermediate raterial and the shell material, are each dispensed by a

different printing head.

{8271} The 3D printing methods described herein encompass printing the materials i any order
that will alfow for production of the oral drug dosage form and dosage units, or components thereof,

e.g., precursor drug dosage forms, disclosed herein.

[0272] In some embodiments, the mwethod for 3D printing comprises designing the oral drug
dosage form or dosage unit, or component thereot, 2.2, a precursor drug dosage form, m whele or
n part, on a computer system. In some embodiments, the method comprises inputiing parameters of
the desired drug release profile and/or the oral drug dosage form and/or the dosage unit and/or a
precursor drug dosage form into the computer system. In some embodiments, the method comprises
providing one or more parameters to be printed, e.g., layer surface area, thickness, drug mass
fraction, erosion rate. In some embodiments, the method comprises providing the desired drug
release profile. In some embodiments, the methods comprise creating a virtual image of the tem to
be printed. In some embodiments, the method comprises creating a computer model that contains
the pre-determined parameters. In some embodiments, the method comprises feeding the pre-
determined parameters to a 3D printer and printing the item according to such pre-determined
parameters. In some embodiments, the method comprises creating a 3D drawing of the item to be
printed based on the pre-determined parameters, wherein the 3D drawing 1s created on a computer
system. In some embodiments, the method comprises converting, such as slicing, a 3D drawing into
3D printing code, e.g., G code. In some embodiments, the method comprises using the computer

system to execute 3D printing code, thereby printing according to the methods described herem.

[8273] In some embodiments, provided herein is a method of three-dimensional (313} printing of
a delayed sustamed-release oral drug dosage form described herein, the method comprising: {a)
dispensing the delay component or a portion thereof, and (b) dispensing the sustained-release drug
component comprising the first erodible material admixed with the JAK inhibitor. In some
embodiments, the delay component, or a portion thereof, such as the delay member or the shell, 1s
dispensed prior to the dispensing of the sustained-release drug component. In some embodiments,

the delay component, or a portion thereof, such as the delay member or the shell, 18 dispensed after
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the dispensing of the sustained-release drug component. In some embodiments, dispensing the
delay component comprises: {1) dispensing the shell; and (i1} dispensing the delay member
comprising the second erodible material not admixed with the JAK mhibitor. In some embodiments,
dispensing 1s via melt extrusion deposition {MED). In some embodiments, dispensing of the delay
component, such as dispensing of the shell and dispensing of the delay member are performed by a

different printing head.

[8274] In some embodiments, provided herem 15 a method for preparing a delayed sustained-
release tofacitinib oral drug dosage form by three-dimensional (313} printing, wherein the delaved
sustained-release tofacitinib oral drug dosage form comprises a shell, a sustained-release dug
component comprising tofacitinib, and a delay member without tofacitinib, the method comprising:
(a) dispensing the shell; (b} dispensing the sustained-release component comprising tofacitinib; and
{c) dispensing the delay member without tofacitinib. Using the method, the components of the
delayed sustained-release oral drug dosage forms, or portions thereof, may be dispensed n any
order. In some embodimenis, each component is dispensed, to completion, in sequence in a
specified order. In some embodiments, layers of the delayed sustained-release oral drug dosage
form is formed in layers, wherein each layer comprises one or more components of the oral drug
dosage form. In some embodiments, the method comprises dispensing, in the following order, the
shell, the sustained-release component, and the delay member. In some emboduments, the method
comprises dispensing, in the following order, the delay member, the sustained-release component,
and the shell In some embodiments, the dispensing 1s via melf extrusion deposition (MED). In

some embaodiments, dispensing of each material s performed by a different printing head.

[8275] In some embodiments, provided herein 15 a method of forming a delayed sustained-
release oral drug dosage form via injection molding, In some embodiments, provided s a method of
injection molding an oral drug dosage form of any one of claims 1-57, the method comprising: (a)
injecting a hot melt of the shell material into a roold cavity to form the shell; (b) injecting a hot melt
of the first erodible material admixed with a JAK inlubitor into the shell to form the sustained-
release drug component; and {¢) injecting a hot melt of the second erodible material not admixed

with the JAK mhibitor mto the shell to form the delay member.

3
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[6276] In some embodiments, provided herein 1s a method of injection molding a delayed
sustamned-release oral drug dosage form described herem, the method comprising: (a) hot melting a
shell material, a first erodible material admixed with a JAK inhibitor, and a second erodible material
not admixed with the JAK mhibitor; (b} delivering each matenal to the respective mjection unit; {¢)
imnjecting a hot melt of the shell material mto a mold cavity to form the shell; {d} allowing the shell
to cool and opening the mold to release the shell; (e) transferring the shell to a male mold to inject
the first erodible material admixed with the JAK mhubitor to form the sustained-release drog
component; {f) mjection a hot melt of the first erodible matenal admixed with the JAK mhibitor to
form the sustained-release drug component; (g} allowing the sustained-released drug component {o
cool and opening the mold to release the shell and the sustamned-release drug component; (h)
transferring the shell and the sustained-release drug component to a male mold to inject the second
erodible material not admixed with the JAK inhibtor to form the delay member; (i) injection a holt
melt of the second erodible material not adnuxed with the JAK inhibitor; and (j} ejecting the
delayed sustained-release oral drug dosage form. In some embodiments, the njection unit is
selected from the group consisting of a single screw injection unit, a plunger wyjection unit, and a
gear pump injection unit. In some embodiments, step (¢} to step () are performed n series. In some
embodiments, step (¢), step (), and step (1) are performed at the same time. In some embodiments,

step (e}, step (h), and step (§) are performed at the same time.

18277} In some aspects, the methods provided comprise preparing the material of the dosage
form {e.g., the material for each of the sustained-release drug component, the delay member, and the
shell}, making the dosage form (such as via printing, e.g., 3D printing), and one or more packaging
steps. In some emboduments, preparing the material of the dosage form comprises weighing each of
the ingredients for the material. In some embodiments, the packaging step comprises packaging
each mdividual dosage form mto a discrete container, such as lammnated film and pouches for
pharmaceutical packaging. In some emboduments, the packaging step comprises packaging a
number of packaged dosage forms into a carton. In some embodiments, the method further
comprises one or more m-process quality control steps. For example, n some embodiments, after
making the dosage form, the mn-process quality control step comprises one or more of assessing a

dosage form for appearance or a feature thereof, assessing the dosage form for weight, and assessing



WO 2022/121927 PCT/CN2021/136353

the dosage form for dimensions. In some embodiments, to pass the in-process quality control step,
the evaluated characteristic must be within a pre~-determined threshold. In some emboduments, after
each dosage for s packaged, the in-process quality control step comprises assess the seal of each
dosage form, e.g., for tightness, and/or filing quantity. In some embodiments, after packaging in the

carton, the in-process quality conirol step comprises confirming the filing quantity of the carton.

V. Methods of treating and/or preventing

{6278] In some aspects, provided herein are methods of freating and/or preventing conditions
comprising administering a delayed sustained-release oral drug dosage forms described herein. In
some embodiments, the methods comprise a once daily administration of a delayed sustained-

release oral drug dosage form described herein

[8279] In some embodiments, provided is a method for preventing morming stiffness, the
method comprising administering to a human mdividual a delaved sustained-release oral drug
dosage form described herem, wherein the delayed sustained-release oral drug dosage form is
adnmunistered the evening prior to the morning for which prevention of moming stiffness is desired.
in some embodiments, the delaved sustamed-release oral drug dosage form is admimistered at least
about 6 hours, such as at least about any of 7 hours, 8 hours, 9 hours, or 10 hours, prior to the
morning for which benefit is desired. In some embodiments, the delayed sustained-release oral drug
dosage form is administered within about 4 hours, such as with about any of 3 hours, 2 hours, 1
hour, or 30 minutes, of going to bed to sleep for the evening. In some embodiments, the method
comprises a once daily adnunistration of a delayed sustamed-release oral drug dosage form

described herein.

[6280] In some embodiments, provided is a method for preventing morming stiffness caused by
rheumatoid arthritis, the method comprising administering to a human individual a delayed
sustained-release oral drug dosage form described herein, wherein the delayed sustained-release oral
drug dosage form is administered the evening prior to the morning for which prevention of moming
stiffness is desired. In some embodiments, the delayed sustained-release oral drug dosage form is

administered at least about 6 hours, such as at least about any of 7 hours, 8 hours, 9 hours, or 10

1
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hours, prior to the moraning for which benefit 1s desired. In some ermabodiments, the delayed
sustained-release oral drug dosage form is admimistered within about 4 hours, such as with about
any of 3 hours, 2 hours, 1 hour, or 30 minutes, of going to bed to sleep for the evening. In some
embodiments, the method comprises a once daily administration of a delayed sustained-release oral

drug dosage form described herem.

{6281} In some embodiments, provided is a method for preventing morning stiffness caused by
psoriatic arthritis, the method comprising admumstering to a human mdividual a delayed sustained-
release oral drug dosage form described herein, wherein the delayed sustained-release oral drug
dosage form is administered the evening prior to the moming for which prevention of moring
stiffness is desired. In some embodiments, the delayed sustained-release oral drug dosage form 1
administered at least about 6 hours, such as at least about any of 7 hours, 8 hours, 9 hours, or 10
hours, prior to the morning for which benefit 1s desired. In some embodiments, the delayed
sustained-release oral drug dosage form is administered within about 4 hours, such as with about
any of 3 hours, 2 hours, 1 hour, or 30 minutes, of going to bed to sleep for the evening. In some
embodiments, the method comprises a once daily administration of a delaved sustained-release oral

drug dosage form described herein.

[0282] In some embodiments, provided is a method for treating ulcerative colitis, the method
comprising administering to a human individual a delayed sustained-release oral drug dosage form
described herein. In some embodiments, provided is a method for preventing and/or reducing
symptoms associated with ulcerative colitis, such as symptoms that occur in the morning, the
method comprising administering to a human imdividual a delayed sustained-release oral drug
dosage form described herein. In some embodiments, the delayed sustained-release oral drug dosage
form 1s administered the evening prior to the morning for which the benefit s desired. Tn some
embodiments, the delayed sustaimed-release oral drug dosage form is administered at least about 6
hours, such as at least about any of 7 hours, § hours, 9 hours, or 10 hours, prior to the morning for
which benefit s desired. In some embodiments, the delayed sustained-release oral drug dosage form
13 administered within about 4 hours, such as with about any of 3 hours, 2 hours, 1 hour, or 30
minstes, of going to bed to sleep for the evening. In some embodiments, the method comprises a

once daily admmistration of a delaved sustained-release oral drug dosage form described heremn.
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{6283} In some embodiments, the dosage form provided herein 1s admmnistered when the subject
13 1n the fed state. In some embodiments, the dosage form provided herein 15 admmistered when the
subject 15 in the fasted state. In some embodiments, the dosage form provided herein show no
significant difference in drug dissolution and/or absorption i the fed state compared 1o the fasted

state.

[6284] Those skilled in the art wiil recognize that several embodiments are possible within the
scope and spirtt of the disclosure of this application. The disclosure 1s Hustrated further by the
examples below, which are not to be construed as limiting the disclosure in scope or spirtt to the

specific procedures described therein.

EXAMPLES
Example I
[6285] This example demonstrates the design and testing of two delayed sustained-release oral

drug dosage forms comprising a fixed amount of a JAK inhibitor, namely, tofacitinib, having a

desired drug release profile.

{0286] The two oral drug dosage forms were produced and denoted as caplets A and B n the
following. The 3D structures of the caplet oral drug dosage forms were designed using Solidworks
2014, The schematic drawing of the caplets A and B are shown in FIGS. 24 and 2B. The
dimensions and component compositions of the prepared dosage forms was as described in the
Specification. Caplets A and B were 3D printed using a MED 3D printing system. Both caplet A
and B contained 17.77 mg of tofacitinub citrate (equivalent to 11 mg tofacitinib}. The delay member

was composed of an erodible polymer matrix. The shell was composed of a water-insoluble polymer.

{0287} The in vitro dissolution rates of caplets A and B were tested and compared to a marketed
tofacitinib containing drug, XELJANZ XR (Pfizer). XELJANZ XR also contains 17.77 mg of
totacitinib citrate {equivalent to 11 mg tofacitiub}. Pissolution rates were measured using the same
method as that of tofacitinib citrate ER tablet 1 the current FDA Dissolution Methods Database.
Briefly, caplets A and B were dissolved in 900 mL of phosphate buffer at pH 6.8 in drug dissolution

apparatus USP 11 (paddle) at 50 rpm, with the delay member facing downwards in the phosphate

4
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buffer. Accumulative percentage of dissolution was measured at one-hour miervals untif dissolution
of the erodible materials was complete. The dissolution profile of XELJANZ XR was obtamed

using the same method. The dissolution experiment on each dosage form was repeated six times,

[6288] The dissolution profiles of caplets A and B in comparison with XELJANZ XR are
shown in FIGS, 3 and 4, respectively. Due to the delayed release feature, both caplets A and B had
prolonged dissolution profiles compared to that of XELJIANZ XR. XELIANZ XR was 50%
dissolved m 2-3 hours, and reached 90% dissolution m 7 hours. Caplet A reached 50% dissolution
between 6-7 hours, and 90% between 9-10 hours. Caplet B showed longer delay in dissolution, with
50% dissolution m 8-9 hours and 90% dissolution in 12-13 hours. The results are consistent with the
thicker delay member on caplet B (0.7 mm) as compared to the thickness of the delay member on

caplet A (0.4 mm).

[6289] Caplet A, caplet B, and XELJANZ XR (RLD tablet) were subjected to in vive
pharmacokinetic studies in non-GLP fed male beagle dogs. After a single oral administration of the
respective drug dosage forms, blood samples were collected from the jugular vein at predetermined
times {one-hour intervals up to 24 hours after administration). The plasma concentrations of the
drug were determined by LC-MS/MS analysis (n=5 male beagle dogs). The curves of mean plasma

concentration for the tested formulations are shown in FIGS. 5 and 6.

[6296] Both caplet A and caplet B showed effective delay in plasma Cyux 7 vive. As shown in
FIG. §, caplet A achieved a deswrable, rapid utial increase in plasma drug concentration afier a
delay. The T of caplet A is delayed by approximately 2 hours compared to XELJANZ XR, with
minimal change of AUC between the two dosage forms. As shown in FIG. 6, caplet B had a
delayed release of tofacitinib of about 3 hours, followed by a prolonged phase of drug delivery.
Caplet B reached Chayx between 8-9 hours after administration, over 3 hours later than XELJANZ

xR

Example 2

[8291] This example demonstrates the design and testing of a portion of a delayed sustained-

release oral drug dosage form comprising a fixed amount of a JAK mhibitor, namely, tofacitinib.

78



WO 2022/121927 PCT/CN2021/136353

The portion of the oral drug dosage form contains a shell and the sustained-release drug component
comprising the first erodible matenal admixed with the JAK mhibitor as used m caplets Aand B in
Example 1, and was designed without the delay member comprising a second erodible material not
admixed with the JAK inhibitor. Such a portion of an oral drug dosage form 1s usefol for studymg
the release of the JAK mhibitor from the oral drug dosage form without the delay provided by the

delay member.

{6292] The oral drug dosage form was produced and denoted as caplet C in the followmng. The
3D structures of the caplet oral drug dosage form was designed using Solidworks 2014, The
dimensions and component compositions of the prepared dosage form were as described in the
Specification. Caplet C was 3D printed using a MED 3D printing system. Dosage form C contained
17.77 mg of tofacitinib citrate (equivalent to 11 mg tofacitinib). The shell was composed of a water-

msoluble polymer.

16293] The in vitre dissolution rates of caplet € were tested and compared to a marketed
tofacitinib containing drug, XELIANZ XR (Pfizer), as well as caplets A and B from Example 1.
XELJANZ XR and caplets A and B all contained 17.77 mg of tofacitinib citrate (equivalent to 11
mg tofacitinib). Dissolution rates were measured using the same method as that of tofacitinib citrate
ER tablet in the current FDA Dissolution Methods Database. Briefly, caplets A, B, and C were
dissolved 1 900 mL of phosphate buffer at pH 6.8 in drug dissolution apparatus USP I (paddle) at
50 rpm, with the delay member side facing downwards m the phosphate buffer. Accumulative
percentage of dissolution was measured at one-hour intervals until dissolution of the erodible
materials was complete. The dissolution profile of XELJANZ XR was obtained using the same

method. The dissolution experiment on each dosage form was repeated six fimes.

[6294] The dissolution profiles of caplets A, B, and C, 11 comparison with XELJANZ XR, are
shown in FEG. 7. Caplet C reached 50% dissolution in 3-4 hours, and was 90% dissolved in 7 hours,
similar to XELJANZ XR, which was 50% dissolved in 2-3 hours, and reached 90% dissolution m 7
hours. Adjustments to the sustained-release drug component comprising the first erodible material
comprising the JAK inhibitor can be made such that the dissolution profile of caplet C becomes

more similar to the dissolution profile of Xelianz XR. Due to the presence of a delay member
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comprising a second erodible material not admixed with the JAK inhibitor, caplets A and B have

prolonged dissolution profiles compared to that of XELJANZ XR and caplet C.

Example 3

[6285] This example demonstrates studies the pharmacokinetics (PK) profiles of caplets A and

B (from Example 1) as compared to Xeljanz XR i human subjects.

[0296] 16 healthy subjects participated in the PK studies. The subjects were divided into 4
groups of 4 o partake in an open, single-dose crossover experiment {4 cycles for each group). The
experimental design 1s shown in Table 1. X represented a version of a simulated “real world”
sttuation wheremn the subjects had dinner at 18:00 and a simple meal at 21:30 prior to administration
of caplet A. Caplet A was then admmnistered immediately before bed (22:00). Y represented a
version of a simulated “real world” situation wherein the subjects had dinner at 18:00 and a simple
meal at 21:30 prior to administration of caplet B. Caplet B was then administered immediately
before bed (22:00). Z represented a version of a simulated “real world” situation wheremn the
subjects had dimner at 18:00, and then caplet B was administered immediately before bed (22:00).
W represented the control group wherem subjects took XELJANZ XR at 8:00 in the morning atter
fasting for at least 10 hours. Each group was subjected to a different experimental condition (X, Y,

Z, or W) during each cycle of the experiment.

Table 1. Experimental design of the PK study using caplets A and B.

(Total n_umbg"(‘;fubjec 5= 16 | CyeleT | Cyde T | Cycle 1| Cycle TV
1 (4 subjects) X Y 7 W
2 (4 subjects) Y Z W X
3 (4 subjects) Z W X Y
4 (4 subjects) W X Y V4

[6297] The PK parameters are shown in Table 2 and the resulting PK curves are shown i FIG.
& FIG. 9 shows the PK curves of Xeljanz XR, the dashed line overlay of the target PK curve {that
of Xeljanz XR delayed by 14 hours), and caplet A with light meal at 21:30.

Table 2. PK parameters obtained from hurman subjects.
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PY parameters X ¥ 7 W
(u=16, Enit Caplet A with Caplet B with Caplet B withowt Xeljane XR
meantSH) jight meal 21:39 fight meal 21:30 fight meal 21:30 fasting
Cinx ng/mlL 68.9+:19 8 43.5+18.0 51.0:20.0 68.5+23.2
T ) 581139 B16:2.44 7.5051.65 3.92+0.80
AUCq4 ng*h/mb 561+164 430+155 449147 495+£106
AUC pamt ng*h/mL 574170 1834161 369147 ST4+111
Tin h 38440462 3434209 4.74+1 .44 4544111
Tlag h 2.81+0.403 42240 875 3.88+0.806 1.00+0.000
Fat Yo 110+213 91.7+29.4 9294283 ~
{6298] The average Crax atd Troa 11 Table 2 were calculated from the Cpax and Tog of ach of the

16 subjects, while the plasma concentration-time curves showed the average at each time point,

therefore the fitted C,,, and To. values from the curve mught vary from the average Cp and T

From the results above, the delay member comprising an erodible material not admixed with the

JAK mhibitor i caplets A and B effectively delayed Tye and T As the thickness of the delay

member increased (comparison of caplet A and caplet B), the Ty, and T, increased accordingly.

The AUC,. and Cyx of caplet A were 86.1% (90% confidence interval: 74.9%-98.9%) and 60.7%

{90% confidence mterval: 49.5%-74.4%) of Xeljanz XR, respectively. The AUC of dosage forms A

and B was similar to that of Xeljanz XR. The light meal at 21:30 had no significant impact on

absorbance of tofacitinib.

Example 4

16299

This example demonstrates the design and testing of a delaved sustained-release oral

drug dosage forms comprising a fixed amount of a JAK mhibitor, namely, tofacitinib, having a

desired drug release and PK profile.

{0300]

The oral drug dosage form was produced and denoted as caplet 2A m the following. The

3D structures of the caplet oral drug dosage form was designed using Solidworks 2014, The

schematic drawing of the caplet 2A is shown in FIGS. 2A and 2B. The dimensions and component

compositions of the prepared dosage forms was as described in the Specification. Caplet 2A was

3D printed using 3 MED 3D printing system, containing 17.77 mg of tofacitinib citrate (equivalent
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to 11 mg tofacitinib). The delay merber was composed of an erodible polymer matrix not

comprising the JAK inhibitor. The shell was composed of a water-insoluble polymer.

[9361] The in vitro dissolution profile of caplet 2A was measured as described in Example 1.
The dissolution profile of caplet 2A 1s shown m FEG. 10. Caplet 2A reached 50% dissolution
between 7-8 hours, which was Jonger than the time 1o reach 50% dissohution for caplet A {6-7

hours). Caplet 2A reached 90% dissolution between 9-10 hours.

[0362] The PK profile of caplet 2ZA will be obtained on human subjects according to the
experimental design as follows. A smgle-center, randomized, open, single-dose, 2-cycle crossover
early pharmacokinetic {PK} clinical trial will be conducted with the experimental design shown in
Table 3 below. The sulyects will be given dinner at 18:00 followed by administration of a single
dose of caplet 2A orally at 22:00, or a single dose of the Xeljanz XR orally in the morning after

overnight fasting of at least 10 hours.

TFable 3. Experimental design of the PK study using dosage form 2A

Group(n=12) Cycle 1 Cycle 2
1 (n=6) 2A Xeljanz XR
2 (n=6) Kelianz XR 2A
Example 5
{8303] This example demonstrates the design and testing of a delayed sustamed-release oral

drug dosage forms comprising a fixed amount of a JAK inhibitor, namely, tofacitinib, having a

desired drug release profile.

[6304] The delayed sustained-release oral drug dosage forms -0 as shown 1in FIGSK, 11A-11F
were produced. The dimensions and component compositions of the prepared dosage forms was as
described in the Specification. The 3D structures of the oral drug dosage forms was designed using
Solidworks 2014. The oral drug dosage forms were 3D printed using a MED 3D printing system.

Each oral drug dosage form contained about 17.77 mg of tofacttinib citrate (equivalent to 11 mg

(=]
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tofacitinib). The delay member was composed of an erodibie polymer matrix. The shell was

composed of a water-insoluble polymer.

[0365] The in vitro dissolution rate of dosage form D was tested and compared to a marketed
tofacitinib containing drug, XELJANZ XR (Pfizer). XELJANZ XR contains 17.77 mg of tofacitinib
citrate (also equavalent to 11 mg tofacitimb). Dissolution rates were measured using the same

method as described i Example 1.

[{0366] The dissolution profile of dosage form D m comparison with XELJANZ XR 1s shown i
FIG. 12, Due to the delayed release feature, dosage form D had a prolonged dissolution profile
compared to that of XELJANZ XR. XELJANZ XR was 50% dissolved in 2-3 hours, and reached 0%
dissolution in 7 hours. Dosage form D reached 50% dissolution between 6-7 hours, and 90% around

10 hours.

[6307] Dosage form B and XELJIANZ XR (RLD tablet) were subjected to in vivo
pharmacokinetic studies in non-GLP fed male beagle dogs as described i Example 1. The curves of

mean plasma concentration for the tested formulations are shown in FiG. 13

10308] Dosage form D showed effective delay in plasma Cix 72 vivo. As shown in FIG. 13,
caplet E achieved a desirable, rapid initial increase in plasma drug concentration after a delay. The
Tuax of caplet E was delayed by approximately 2 hours compared to XELJANZ XR, with minimal

change of AUC between the two dosage forms.

[0309] The in vitro dissolution rates of dosage forms E and F were tested. Dissolution rates

were measured using the same method as described in Example 1.

{0310} The dissolution profiles of dosage forms E and F are shown in FIG. 14, Dosage form E
reached 50% dissolution in around 6 hours, and 90% between 9-10 hours. Dosage form F reached

50% dissolution between 7-8 hours, and 90% around 13 hours.

{8311} Dosage forms E and F and XELJANZ XR (RLD tablet) were subjected to in vivo
pharmacokinetic studies in non-GLP fed male beagle dogs as described in Example 1. The curves of

mean plasma concentration for the tested formulations are shown in FIG, 158

@0
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[8312] Dosage forms E and I showed effective delay in plasma Cray 2 vivo, As shown i FIG.
15, both dosage forms E and F achieved deswable, rapid mutial increase in plasma drug
concentration after a delay. The T, of dosage form E was delaved by approximately 1 houwr
compared to XELJANZ XR, the Ty of dosage form F was delayed by approximately 2 hours

compared to XELJANZ XR with minimal change of AUC between the two dosage forms.

{6313] The in vitro dissolution rates of dosage forms G and H were tested and compared to a
marketed tofacitinib containing drug, XELJANZ XR (Pfizer). XELIANZ XR contains 17.77 mg of
tofacitimb citrate {also equivalent to 11 mg tofacitinib). Dissolution rates were measured using the

same method as described in Example 1.

{6314] The dissolution profiles of dosage forms & and H in comparison with XELJANZ XR is
shown in FIG., 16. Due to the delayed release feature, dosage forms G and H had prolonged
dissolution profiles compared to that of XELJANZ XR. XELJANZ XR was 50% dissolved in 2-3
hours, and reached 90% dissolution in 7 hours. Dosage form (G reached 50% dissolution in around 6
hours, and 90% between 6-7 hours. Dosage form H reached 50% dissolution between 7-8 hours, and
90% between 8-9 hours. The results are consistent with the thicker delay member on dosage form H

(1.2 mm} as compared to the thickness of the delay member on dosage form G (0.8 mm)

10315) Dosage forms G and H and XELJANZ XR (RLD tablet) were subjected to in vivo
pharmacokinetic studies in non-GLP fed male beagle dogs as described in Example 1. The curves of

mean plasma concentration for the tested formulations are shown in FIG, 17.

[8316] Dosage forms G and H showed effective delay i plasma Cpx i vivo. As shown mn FIG,
17, both dosage forms G and H achieved desirable, rapid initial increase in plasma drug
concentration after a delay. The T of dosage torm G was delaved by approximately 2 hours
compared to XELJANZ XR, the Ty, of dosage form H was delayed by approximately 4 hours
compared to XELJANZ XR with minimal change of AUC between the two dosage forns.

{0317} The in vitro dissolution rates of dosage forms 1, J, and K were tested and compared to a
marketed tofacitinib contaning drug, XELJANZ XR (Pfizer). XELJANZ XR contains 17.77 mg of
tofacitinib citrate {also equivalent to 11 mg tofacitinib). Dissolution rates were measured using the

same method as described o Example 1.
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{0318] The dissolution profiles of dosage forms 1, J, and K n comparison with XELJANZ XR 15
shown i FEG. 18, Due to the delayed release feature, dosage forms 1, J, and K had prolonged
dissolution profiles compared to that of XELJANZ XR. XELJANZ XR was 50% dissolved in 2-3
hours, and reached 90% dissolution in 7 hours. Dosage form I reached 50% dissolution around 8
hours, and 90% between 9-10 hours. Dosage form J reached 50% dissolution around 5 hours, and 90%
around 8 hours. Dosage form K reached 56% dissolution around 7 hours, and 90% between 9-10

hours.

{6319} Posage forms L J, K, and XELJANZ XR (RLD tablet) were subjected to i1 vivo
pharmacokinetic studies in non-GLP fed male beagle dogs as described i Example 1. The curves of

mean plasma concentration for the tested formulations are shown m K16, 19.

{0326} Dosage forms 1, J, and K showed effective delay in plasma Cyaq i vivo. As shown in
FIG. 19, dosage forms [, J, K, achieved desirable, rapid mitial increase in plasma drug
concentration after a delay. The Ty of dosage forms J and K was delayed by approximately 2
hours compared to XELJANZ XR, the Ty« of dosage form I was delaved by approximately 4 hours

compared to XELJANZ XR with minimal change of AUC between the two dosage forms.

{8321} The in vitro dissolution rates of dosage forms L, M, and N were tested and compared to a
marketed tofacitintb containing drug, XELIANY XR (Pfizer). XELJANZ XR contains 17.77 mg of
tofacitinib citrate {also equivalent to 11 mg tofacitinib}. Dissolution rates were measured using the

same method as described in Exarople 1.

[8322] The dissolution profiles of dosage forms £, M, and N in comparison with XELJANZ XR
is shown in FEG. 20. Due to the delayed release feature, dosage forms L, M, and N had prolonged
dissolution profiles compared to that of XELJANZ XR. XELJANZ XR was 50% dissolved in 2-3
hours, and reached 90% dissolution in 7 hours. Dosage form L reached 50% dissolution between 7-
8 hours, and 90% between 8-9 hours. Dosage form M reached 50% dissolution between 7-8 hours,
and 90% between 9-10 hours. Dosage form N reached 50% dissolution around 8 hours, and 90%

between 10-11 hours.

[8323] Dosage forms L, M, and N and XELJANZ XR (RLD tablet) were subjected to in vivo

pharmacokinetic studies in non-GLP fed male beagle dogs as described in Example 1. The
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pharmacokinetic curves of dosage forms L and M and Xeljanz XR are shown in FiG. 21. The

pharmacokinetic curve for dosage form O and Xeljanz XR are shown in FIG. 22.

[0324] Dosage forms L, M, and N showed effective delay in plasma Crux i1 vivo. As shown in
FEGS, 21 and 22, dosage forms L, M, and N achieved desirable, rapid mitial increase n plasma
drug concentration after a delay. The Tuax of dosage forms L, M, and N was delayed by
approximately 4 howrs compared to XELJANZ XR with nunimal change of AUC between dosage

forms L, M, and N.

[8325] The in vitro dissolution rate of dosage form O was tested. Dissolution rates were

measured using the same method as described in Example 1.

{0326] The dissolution profile of dosage form O in comparison with XELJANZ XR is shown

FIG. 23. Dosage form O reached 50% dissolution between 5-6 hours, and 90% between 8-9 hours.
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CLAIMS
What 1s claimed 15

1. A delayed sustained-release oral drug dosage form of a Janus kinase (JAK) mhibitor, the
delayed sustained-release oral drug dosage form comprising:
a sustained-release drug component comprising a first erodible material admixed with
the JAK inhibitor; and
a delay component,
wherein the delay component prevents the release of the JAK whibitor from the

delayed sustained-release oral drug dosage form for about 2 hours to about 6
hours after administration of the delayed sustained-release oral drug dosage

form to a human mdividual.

o

The delayed sustained-release oral drug dosage form of claim 1, wherein the delay
component comprises:
a delay member comprising a second erodible material not admixed with the JAK
inhibitor; and
a shell,

wherein the delay component completely surrounds the sustained-release drug component.

The delayed sustained-release oral drug dosage form of claim 2, wherein the sustained-

(%]

release drug component is a layer having a top surface and a bottom surface.

4 The delayed sustained-release oral drug dosage form of claim 3, wherein the thickness as

measured between the top surface and the bottom surface s substantially consistent.

A

The delayed sustamned-release oral drug dosage form of claim 3 or 4, wherem the sustamed-
release drug component is embedded in the shell such that the bottom surface and a side

surface of the sustained-release drug component are in direct contact with the shell

6. The delayed sustained-release oral drug dosage form of any one of claims 3-5, wherem the

top surface of the sustained-release drug component is not in direct contact with the shell.

@
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The delayed sustained-release oral drug dosage form of any one of claims 2-6, wherein the

delay member 15 a layer having a top surface and a bottom surface.

The delayed sustained-release oral drug dosage form of claim 7, wherein the thickness as

measured between the top surface and the bottom surface 1s substantially consistent.

The delayed sustained-release oral drug dosage form of claim 7 or 8, wheremn the bottom
surface of the delay member, or a portion thereof, 15 in direct contact with the top layer of

the sustained-release drug component.

The delayed sustained-release oral drug dosage form of any one of claims 7-9, wherein a

side of the delay member 1s in direct contact with the shell.

The delayed sustained release oral drug dosage form of any one of ¢claims 7-10, wherein a

portion of the bottom surface of the delay member is in direct contact with the shell.

The delayed sustained-release oral drug dosage form of claim 11, wherein the portion of the
bottom surface of the delay member that is mn direct contact with the shell forms a perimeter

extending beyond the top surface of the sustained-release drug component.

The delayed sustained-release oral drug dosage form of any one of claims 2-12, wherein the
delay member and the shell are configured such that the JAK inhubitor 1s prevented from
being released from the delayed sustained-release oral drug dosage form until after the delay

mermber is eroded.

The delayed sustained-release oral drug dosage form of any one of claims 2-13, wherein the

shell comprises an insulating material that 1s impermeable to bodily fluids.

The delayed sustained-release oral drug dosage form of claim 14, wherein the insulating

material is a non-erodible material

The delayed sustained-release oral drug dosage form of claimn 14, wherein the insulating
material is an erodible material having a pH-sensitive erosion and/or an erosion rate that
allows for the complete release of the JAK inhubttor from the delayed sustained-release oral
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drug dosage form prior to exposure of the sustamed-release drug component to bodily fluids

due to erosion of the shell.

The delayed sustained-release oral drug dosage form of any one of claims 2-16, wherein the

delayed sustamed-release oral drug dosage form has a substantially planar top surface.

The delayed sustained-release oral drug dosage form of claim 17, wherein the top surface is

formed by the delay member and the shell.

The delayed sustained-release oral drug dosage form of claim 18, wherein the shell
comprises an inset having a depth, wherein the delay member is configured to fit in the inset

of the shell.

The delayed sustained-release oral drug dosage form of claim 19, wherein the thickness of

the delay mermber is the same as the depth of the inset of the shell.

The delayed sustained-release oral drug dosage form of any one of claims 17-20, wherein

the top surface 15 a capsule shape.

The delayed sustained-release oral drug dosage form of any one of claims 3-21, wherein the

top surface of the sustained-release drug component is a capsule shape.

The delayed sustained-release oral drug dosage form of any one of claims 7-22, wherein the

top surface of the delay member is a capsule shape.

The delayed sustained-release oral drug dosage form of any one of claims 1-23, wherein the
delay component prevents the release of the JAK inhibitor from the delaved sustained-
release oral drug dosage form for about 2 hours to about 4 hours after administration of the

delaved sustained-release oral drug dosage form to a human individual.

The delayed sustained-release oral drug dosage form of any one of claims 1-23, wherein the
delay component prevents the release of the JAK inhibitor from the delaved sustained-
release oral drug dosage form for about 2 hours to about 3 hours after administration of the
delaved sustained-release oral drug dosage form to a human individual.
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The delayed sustained-release oral drug dosage form of any one of claims 1-25, wherein the
sustained-release drug component 1s configured to release the JAK mhibitor from the
delayed sustained-release oral drug dosage form according to the followmg:
{1} notmore than 30% of the total JAK inhibitor is released at T hour after
complete erosion of the delay component or a portion thereof;
(i1} not less than 35% and not more than 75% of the total JAK mhibitor is released
at 2.5 hours after complete erosion of the delay component or a portion thereof;
and

{11} not less than 75% of the total JAK inhibitor is released at 5 hours after

complete erosion of the delay component or a portion thereof,

The delayed sustained-release oral drug dosage form of any one of claims 1-26, wherein the

release of the JTAK mhibitor is based on an in virro release rate.

The delayed sustained-release oral drug dosage form of any one of claims 1-27, wherein the
Tuax occurs within about 6 hours after complete erosion of the delay component or a portion

thereof

The delayed sustained-release oral drug dosage form of any one of claims 1-28, wherein
when administered to the human individual the ratio of geometric mean plasma Cipgy to Crin

15 about 10 to about 100,

The delayed sustaimned-release oral drug dosage form of any one of claims 1-29, wherein the
release of the JAK mhibitor s based on an in visro dissolution techmique comprising use of 3
USP rotating paddle apparatus rotated at about 50 RPM and a test medium comprising 900

mL of 0.05 M potassium phosphate buffer at pH 6.8 and 37 °C.

The delayed sustained-release oral drug dosage form of any one of claims 3-30, wherein the
top surface of the sustained-release drug component has a surface area of about 20 mm” to

about 400 mm’.
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The delayed sustaned-release oral drug dosage form of any one of claims 3-31, wherein the
top surface of the sustamed-release drug component has a largest crossing dimension of

about 5 mm to about 20 mm.

The delayed sustained-release oral drug dosage form of any one of claims 3-32, wherein the
top surface of the sustained-release drug component has a crossing dimension perpendicular

to a largest crossing dimension of about 2 mm to about 20 mm,

The delayed sustained-release oral drug dosage form of any one of claimus 3-33, wherein the

sustained-release drug component has a thickness of about 0.2 mm to about 5 om.

The delayed sustained-release oral drug dosage form of any one of claims §-34, wherein the
sustained-release drug component has a drug mass fraction (myp} of the JAK inhibitor of

about 0.2 to about 0.6

The delayed sustained-release oral drug dosage form of any one of claims 1-35, wherein the
sustained-release drug layer has an in virre dissolution rate of about 2% per hour to about 40%
per hour based on an ir viro dissolution technigue comprising use of a USP rotating paddle
apparatus rotated at about 50 RPM and a test medium comprising 900 mL of 0.05 M

potassium phosphate buffer at pH 6.8 and 37 °C.

The delayed sustained oral drug dosage form of any one of claims 1-36, wherein the first
erodible material of the sustained-release drug component comprises one or more of
hydroxypropyl celiulose (HPC EF), vinylpyrrolidone-viny! acetate copolymer (VA64),

triethyl citrate {TEC), and glycerin

The delayed sustained oral drug dosage form of any one of claims 1-37, wherein the first
erodible material of the sustaimed-release drug component comprises HPC EF at about 35
w/w% to about 45 w/w%s, VAS4 at about S w/w% to about 15 w/w9%, and glycerin at about

10 w/w% to about 20 w/w%s.

The delayed sustaned-release oral drug dosage form of any one of claims 7-38, wherein the

top surface of the delay member has a surface area of about 20 mun’ to about 400 mm’,
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The delayed sustamned-release oral drug dosage form of any one of claims 7-39, wherein the
top surface of the delay member has a largest crossing dimension of about 5 mum to about 20

mm.

The delayed sustained-release oral drug dosage form of any one of claims 7-40, wherein the
top surface of the delay member has a crossing dimension perpendicular to a largest crossing

dimension of about 2 mm to about 20 mm.

The delayed sustained-release oral drug dosage form of any one of claimus 7-41, wherein the

delay member has a thickuess of about 0.2 mm to about 5 mm.

The delayed sustained-release oral drug dosage form of any one of claims 2-42, wherein the
delay completely dissolves with 1n about 6 hours after adminisiration of the delayed

sustained-release oral drug dosage form to the human individual

The delayed sustained-release oral drug dosage form of any one of claims 2-43, wherein the
second erodible matenal of the delay layer comprises one or more of hydroxypropyi

cellulose (HPC EF), triethy! ciirate (TEC), and titaniom dioxide.

The delayed sustained-release oral drug dosage form of any one of claims 2-44, wherein the
delay layer comprises HPC EF at about 80 w/w% to about 90 w/w%, TEC at about 10 w/w%

to about 20 w/w%, and titaniom dioxide at about 0.1 w/w% to about 0.3 w/w%.

The delayed sustained-release oral drug dosage form of any one of claims 2-45, wherein the

shell has a largest crossing dumension of about 5 mun to about 20 mm.

The delayed sustained-release oral drug dosage form of any one of claims 2-46, wherein the
shell has a crossing dimension perpendicular to a largest crossing dimension of about 5 mm

to about 20 nmum.

The delayed sustained-release oral drug dosage form of any one of claims 2-47, wherein the
delayed sustained-release oral drug dosage form has a thickness of about 0.2 rom to about 15

mm.
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The delayed sustained-release oral drug dosage form of any one of claims 2-48, wherein the

shell has a munimum thickness of at least about 0.4 mom.

The delayed sustained release oral drug dosage form of any one of claims 2-49, wherein the
shell comprises one or more of ammonic methacrylate copolymer type B, ethylcellulose,

stearic acid, and titaniom dioxide.

The delayed sustained-release oral drug dosage form of any one of claims 2-50, wherein the
shell comprises ammonic methacrylate copolymer type B at about 60 w/w% to about 70
wiwYe, ethylceliulose at about 10 w/w% to about 20 w/iws, stearic acid at about 15 w/w® to

about 25 w/w%, and titaniurmn dioxide at about 0.1 w/w/% to about 0.3 w/w%.

The delayed sustained-release oral drug dosage form of any one of claims 1-51, wherein the

JAK mhibitor interferes with the JAK-STAT signaling pathway.

The delayed sustained-release oral drug dosage form of any one of claims 1-532, wherein the

JAXK wnhibitor s an inlubitor of any one or more of JAKL, JAK2, JAK3, or TYKZ.

The delayed sustained-release oral drug dosage form of any one of claims 1-33, wherein the

JAK iphibitor is tofacitinib or a pharmaceutically acceptable salt thereof

The delayed sustained-release oral drug dosage form of any one of claims 1-34, wherein the

JAK mbhibitor is tofacitinib ciirate.

The delayed sustained-release oral drug dosage form of any one of claims 1-33, wherein the
amount of the JAK inhibitor in the delayed sustained-release oral drug dosage form 1s about

11 mg.

The delayed sustained-release oral drug dosage form of any one of claims 1-56, wherein the
amount of the JAK inhibitor in the delayed sustamned-release oral drug dosage form 1s about

22 mg.



WO 2022/121927 PCT/CN2021/136353

58, The delayed sustaned-release oral drug dosage form of any one of claims 1-57, wherein the
delayed-sustamed-release oral drug dosage form is not an osmotic-controlled release oral

drug dosage form,

39. A commercial batch of a delayed sustained-release oral drug dosage form of any one of
claims 1-58, wherein the comercial batch has a standard deviation of about 0.05 or less for
each of the following:

an amount of 3 JAK mhibitor m the delayed sustained-release oral drug dosage form;
weight of the delayed sustained-release oral drug dosage form;

a largest crossing dimension of the delayed sustained-release oral drug dosage form; and
a crossing dimension perpendicular to the largest crossing dimension of the delayed

sustained-release oral drug dosage form.

60. The commercial batch of claim 59, wherein the commercial batch comprises at least about

1060 of the delayed sustained-release oral drug dosage forms.

61. A method of three-dimensional (3D) printing of a delayed sustained-release oral drog dosage
form of any one of claims 1-58, the method comprising dispensing materials according to a
layer-by-layer model of the delaved sustained-release oral drug dosage form to print the
delayed sustamed-release oral drug dosage form, wherein each layer of the layer-by-layer
model is printed by dispensing, as necessary, for a layer:

(a) a sustained-release drug component comprising a first erodible material admixed
with a JAK inhibitor;

(b} a delay member comprising a second erodible material not admixed with the JAK
inhibitor; and

(c} a shell.

62. The method of claim 61, further comprising generating the layer-by-layer model of the

delayed sustained-release oral drug dosage form.

63. The method of claim 61 or 62, wherein the dispensing is via melt extrusion deposition

(MED).
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The method of one of claims 61-63, wheremn dispensing of each material is performed by a

different printing head.

A method for preparing a delaved sustained-release tofacitinib oral drug dosage form by
three-dimensional (33} printing,
wherem the delayed sustained-release tofactimb oral drug dosage form comprises a shell
containing an insoluble material, a pharmaceutical core containing tofacitinib, and a
delay member without tofacitinib,
the method comprising dispensing materials according to a layer-by-layer model of the
delayed sustained-release oral drug dosage form to print the delayed sustained-release
oral drug dosage form, wherein each laver of the layer-by-layer model is printed by
dispensing, as necessary, for a layer:
{a) a pharmaceutical core containing tofacitinib;
(b} the delay member without tofacitinib; and

{c) the shell comprising an insoluble material.
The method of claim 65, wherein the dispensing is via melt extrusion deposition (MED).

The method of claim 65 or 66, wherein the dispensing of each material s performed by a

different printing head.

A method of mnjection molding an oral drug dosage form of any one of claims 1-58, the
method comprising:
(a) mjecting a hot melt of the shell matenal into a mold cavity to form the shell;
(b} injecting a hot melt of the first erodible material admixed with a JAK inhibitor into
the shell to form the sustained-release drug component; and
(¢} mjecting a hot melt of the second erodible material not admixed with the JAK

mhibitor into the shell to form the delay member.

A method for preventing morning stiffness caused by rheumatoid arthritis, the method

comprising administering to a human mdividual a delayed sustained-release oral drug
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dosage form of any one of claims 1-58, wherein the delayed sustamed-release oral drug

dosage form is administered within about 1 hour of going to bed.

70. A method for preventing morning stiffness caused by psonatic arthritis, the method
comprising adninistering to a human mdividual a delayed sustained-release oral drug
dosage form of any one of claims 1-58, wherein the delayed sustamned-release oral drug

dosage form s administered within about 1 hour of going to bed.

71. A method for treating ulcerative colitis, the method comprising administering to a human

mndividual a delayed sustained-release oral drug dosage form of any one of ¢laims 1-58.
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