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METHODS FOR CONTINUQUS MANUFACTURE OF LIPOSOMAL DRUG
PRODUCTS

CROSS REFERENCE TO RELATED APPLICATION

0001} This application claims priority from U.S. Provisional Apphication Senial No.
62/650,372, filed March 30, 2018, the disclosure of which 13 incorporated by reference

herein in #s entirety for all purposes.

BACKGROUND OF THE INVENTION

[8002] Continuous manufacturing is a process whereby raw matenals constantly tlow
into a process and intermediates or final product constantly flow out. Such processing
has been emploved in non-pharmaceutical mdustries and has recently been adopted in
some types of pharmaceutical processes such as the synthesis of active pharmaccutical
ingredients (APIs) and generation of sohid oral dosage forms {(tablets, etc.) (Kleinebudde
et al. (Eds.), Continuous Monufocturing of Pharmacenticals, Wiley-VCH, Hoboken
2017, Subramanian, G. (Ed.), Continuous Process in Pharmaceutical Manufacturing,

Wiley-VCH, Weinheim 2015},

[0003] In recent history, continuous manufacturing has been used for the production of
biologics. The manufacture of biologics has continued to develop the requirements and
aspects to consider surrounding unit operations such as cell culture, chromatography,
viral mactivation and various methods for tangential flow filtration (TFF), such ag
alternating tangential filtration (ATF) and single pass tangential flow filtration (SPTFF)
{(Subramanian, G. (Ed.), Continuous Process in Pharmaceutical Marufacturing, Wiley-
YCH, Weinheim 2015}, ATE, for example, i a means of performing buffer/medium
exchange with lower shear forces as compared to TFF. Continuous perfusive cell culture
has used ATF to support continuous medivm exchange with highly concentration
saspensions {Castitho, Continuous Animal Cell Perfusion Processes: The First Step
Toward Itegrated Continuous Manufachuring, i Subramanian, G, (Ed)), Continnous
Process in Pharmaceutical Manufacturing, Wiley-VCH, Weinheun 2015, pp. 115-153;

Whitford, Single-Use Systems Support Continuous Bioprocessing by Pertusion Culture,
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uv Subramamian, G. (Ed), Continuous Process in Pharmaceutical Manufacturing,

Wiley-VCH, Weinheim 2015, pp. 183-226).

concentrating protein, allowing this process step to happen in a continuous fashion mstead
of the batch mode required by traditional TFF (Brower et al. Monoclonal Auntibody
Continuous Processing Enabled by Single Use, in: Subramaman, G. (Ed.), Confinnous
Frocess in Pharmaceutical Manufacturing, Wiley-VCH, Weinheim 2015, pp. 235-296;
hungbauer, Continuous downstream processing of biopharmaceunticals. Tremds in
Biotechnolgy. 2013, 8, 479492, Dizon-Maspat ¢t al., Single pass tangential flow
filtration to debottieneck downstream processing for therapeutic antibody production.

Riotecimol Biveng. 2012, 4, 962-70).

[0065] Other aspects for commercial implementation of continuous manufacturing such
as a process analytical technology {(PAT) requirement and use of single-use or disposable
componentry have been explored. The mmplementation of single-use or disposable
technology provides the same conceptual benctits as i would for a batch process, but

increased in magnitude as more product is generated per single-use/disposable tem.

{30086} The present mvention addresses the need for a continuous manufacturing process
for liposomal active pharmaceutical ingredients (Hiposomal APls), such as liposomal drog

products.

SUMMARY OF THE INVENTION

0007} In one aspect of the mmvention, a method for manufacturing a liposomal AP

foromdation in a continucus manner is provided.

[06638] One embodiment of the method for manufacturing the bposomal API formulation
comprises mixing a lipid solution comprising a lipid dissolved in an organic solvent with
an aqueous API solution, wherein the lipid solution and agueous API solution are nuxed
from two separate streams in an in-line fashion, and wherein a Iiposomal encapsulated
APY s formed at the mtersection of the two streams. The method further comprises
mtroducing the liposomal encapsulated APY into a central vessel comprising a first miet,

a second mlet, a first outlet and a second outlet, through the first inlet. The first outlet of
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the ceniral vessel is in fluid comnuwnication with an inlet of a first tangential flow
filtration {(TFF} umt. The first TFF umit comprises the aforementioned inlet and a first
and second outlet. The first outlet of the first TFF unit 13 in fluid communication with
the sccond inlet of the central vessel and the second sutlet of the first TFF unit 1s a waste
outlet. The second outlet of the central vessel is in fluid communication with an inlet of
a second TFF unit comprising the mlet and a first and second outlet. The first outlet of
the second TFF unit is a retentate outlet and the second outlet of the second TFF vnitis a
waste {permeate) outlet.  The method further comprises continuously flowing the
liposomal encapsulated API into the first TFF umit for a first period of time. The
liposomal encapsulated API enters the first TFF umit throogh the TFF mlet and exits
through the first outlet. The method further cormprises flowing the liposomal
encapsulated APE from the central vessel through the mnlet of the second TFF unit for a
second period of time and collecting the liposomal AP formulation from the first outlet

of the second TFF unit.

{3009} In one embodiment, the method comprises flowing the liposomal encapsulated
APY from the central vessel into one or more additional TFF anits prior to flowing the

{iposomal AP1 formulation into the second TFF wnit.
10018 In onc embodiment, the second TFF unit is a single pass TFF unit (SPTFF).

{0611} In a sccond embodiment, the method for manufacturing the liposomal AP
formulation comprises mixing a lipid solution comprising a lipid dissolved in an organic
solvent with an aqueous API solution, wherein the bipid solution and aguecus API
solation are mixed from two separate streams in an n-line fashion, and wherein a
{iposomal encapsulated AP is formed at the intersection of the two streams. The method
further comprises introducing the biposomal encapsulated API mto a central vessel
comprising an inlet and an outlet, throagh the inlet. The outlet is tn fluid communication
with an inlet of a first tangential flow filtration (TFF) unit. The first TFF unit comprises
the aforementioned nlet and a tirst and second outlet. The first outlet of the first TFF unit
is in thitd commumication with the et of a second TFF and the sceond cutlet of the first
TFF unit 15 a waste (permeate} outlet. The second TFF comprises the aforementioned
inlet and a first and second outlet. The first outict of the second TFF umnit 1s a retontate

outlet and the second outlet of the second TFF unit is a waste {permeate} outlet. The

(98]
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method further comprises continuously flowing the liposomal encapsulated APl into the
first TFF umit for a first period of time. The liposomal encapsulated API enters the first
TFF unit through the TFF inlet and exits through the first outlet. The method farther
comprises flowing the liposomal encapsulated AP from the first outlet of the first TFF
through the inlet of the sccond TFF unit for a second period of time and collecting the

Liposomal API formuiation from the first outlet of the second TFF onit.

[0012] In a further embodiment, the method comprises flowmg the liposomal
encapsulated API from the central vessel into one or more additional TFY units prior to

flowing the liposomal AP formulation into the second TFF unit.
1081 3] In onc embodiment, the second TFF unit is a single pass TFF unit (SPTFF).

[0614] In a thid embodiment, the method for manufacturmg a liposomal API
formulation comprises mixing a lipid sohution comprising a lipid dissolved in an organic
solvent with an agueous API solution, wherein the lipid solution and agueous AP
solution are mixed from two separate streams in an in-line fashion, and wherein liposomal
encapsulated AP 1s formed at the intersection of the two streams. The method further
comprises introducing the liposomal encapsulated APY into a central vessel comprising a
first inlet, a second nlet, a first outlet and a second outlet, through the first inlet. The first
outlet 15 in fhud commuonication with an mlet of a first tangential flow filtration (TFF)
unit comprising the inlet and a first and second outlet. The first outlet of the first TFF
unit 15 in fuid communication with the second inlet of the first central vessel and the
second outlet of the first TFF unit is a waste outlet. The sccond outlet of the first central
vessel 18 1n fluid communication with a first inlet of a second central vessel. The second
central vessel comprises the first inlet, a second inlet, a first outlet and a second outlet,
and the first cutlet of the second central vessel 18 in fluid communication with an inlet of
a second tangential flow filtration (TFF) unit comprising the inlet and a first and second
outlet. The first outlet of the second TFF unit 1s in fluid communication with the second
inlet of the sccond central vessel, the second outlet of the second TFF unit 15 a waste
outlet. The sccond outlet of the second central vessel 1s in fluid communication with an
et of a third TFF unit comprising the inlet and a first and second outlet, the first outlet
of the third TFF unit i1s a retentate outlet and the second outlet of the third TFF unit is a

waste {permeate) outlet.  The method further comprises continucusly flowing the
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liposomal encapsulated API o the first TFF unit for a first period of time, wherein the
liposomal encapsulated AP enters the first TFF unit through the TFF nlet and exits
through the first cutlet.  The method further comprises flowing the liposomal
encapsulated AP from the first central vessel into the second central vessel for a second
period of time and continuously flowing the liposomal encapsulated API into the second
TFF unit from the second central vessel for a third period of time. The liposomal
encapsulated AP enters the second TFF unit through the TFF inlet and exits through the
first outlet. The method further comprises flowing the liposomal encapsulated APT from
the second central vessel through the inlet of the third TFF unit for a fourth period of
time; and collecting the liposomal encapsulated AP formudation from the first outlet of

the third TFF unit.

[0015] In one aspect of the third embodiment, the method comprises flowing the
liposomal encapsulated API from the sccond central vessel into onc or more additional

TFF units prior to flowing the liposomal API formulation into the third TFF unit.

10616} In another aspect of the third embodiment, the third TFF unit 15 a single pass TFF
umit (SPTEF).

{8817} In one embodiment of the methods provided herein, mixing the hpid solution and
the agueous AP] solution results in the formation of a API coacervate. In a further
embodiment, the API coacervate mitiates lipid bilaver formation arcund the API

coacervaie.

1001 8] In one embodiment of the methods provided herein, the API is an aminoglycoside.
In a further embodiment, the anunoglycoside is amikacin, or a pharmaceutically

acceptable salt thereof. In ¢ven a further embodiment, the amikacin is amikacin sulfaie.

0019} In one embodiment of the methods provided herein, a buffer is introduced mto the
first central vessel through a third nlet prior to the first period of time or dering the first

pericd of time.

10028} In another aspect of the invention, a liposomal APl formulation made by a

contimuous method described herein, is provided.

W
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BRIEF DESCRIPTION OF THE FIGURES

10021} Kigure 1 is a liposomal API manufacturing process flow diagram. Ethanol/ether
mjection batch design method: hipid/solvent solution is directly fod into the central vessel.
Formulations are refined m multi-step buffer exchange diafiltration and concentration

steps.

[0022] Figure 2 15 a liposomal API manufacturing process flow diagram. Crossflow
method: solvent/anti-solvent mix in-ling at an imtersection point.  Formulations are

refined in multi-step buffer exchange diafiltration and concentration steps.

0023} Figure 3 is a process design for continuous liposome APl manufacturing. Single
tank buffer exchange tangential flow filtration (TFF) and single stage concurrent

concentrating single-pass tangential flow filtration (SPTFF).

[0024] Figure 4 is a process design for contmuous hiposome APT manufactunng,
Continuous multistage (multi-vessel) buffer exchange TFF and simgle stage concurrent

concentrating SPTFF.

13025} Kigure 5 is a process design for continuous Hiposome AP manufactunng. Single

tank buffer exchange TFF and multistage concurrent concentrating SPTFF.

[0026] Figure 6 is a provess design for continuous Hposome AP manufactunng.
Multistage buffer exchange (in-hne diafiltration (ILDF)) with concurrent concentrating

SPTFE.

{0027} Figure 7 compares batch vs. contimuous processing steps/times for a liposomal

API product.

BETAILED DESCRIPTION OF THE INVENTION

[0028] The present mvention, mm one aspect, relates to the use of continuous
mamifactaring processes for the manufacture of liposomal APY products. The potential
benehits of implementing a continuous manuvfacturing process without wishing to be

bound by theorv, mclude economic advantages (lower capital cxpenditurcs, smaller



WO 2019/191627 PCT/US2019/024901

facility footprint, lower overall cost of goods sold (COGS)), as well as mproved

consistency and quality of product.

{0029} In another aspect, a liposomal API formulation manufactured by a process

provided herein is provided.

{0036} One aspect of the method for manufacturing the liposomal API formulation
provided herein comprises an itial liposomal API encapsulation step. The liposomal
APY encapsulation, in one embodiment, comprises mixing a lipid solution comprising a
{ipid dissolved in an organic solvent with an aqueous APY solution, whercin the lipid
solution and agucous API sohution are mixed from two scparate streams in an in-line
fashion, and wherein a liposomal encapsulated AP is formed at the mtersection of the
two streams. In another embodiment, the liposomal API encapsulation takes place in a

central vessel via an alcohol injection method.

{0031} The method, mm a first embodiment, comprises ntroducing a liposomal
encapsulated AP info a central vessel or forming a hiposomal encapsulated APY i the
central vessel. The central vessel compnises a first inlet, a second inlet, a first outlet and
a second outlet. The liposomal encapsulated APL in one embodiment, is introduced

through the first miet of the central vessel.

{0032} The first outlet of the central vessel is in fluid communication with an indet of a

first tangential flow filtration (TFF) umit.

{0033} The terms “tangential flow filtration unit” or “TFF unit” are ari-known and mean
a device that mcludes at least one housing (such as a cylinder or cartridge) and at least
one crogs-flow (tangential} filter positioned in the housing such that a large portion of the
filter’s surface is positioned parallcl to the flow of a fluid {¢.g., a liposomal suspension)
through the vnit. In one embodiment, a TFF vnit ncludes one filter. In another
embodiment, a TFF unit includes two filters. In yet another embodiment, the TFF unit
includes three filters. TFF units are well-known in the art and are commercially available,
e.g., from Pall Life Sciences. The housing can include a first inlet/outlet and a sccond
nlet/outlet positioned, ¢.g., to allow fluid to pass through the first inlet/outlet, cross the

at least one cross-flow filter, and through the second mlet/outlet. In some examples, a

-
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circuit system can include multiple THY units, ¢.g., connected m series and/or in paraliel.
In the methods provided heremn, TFF units can be connected m series and/or parallel to
provide a fluid path of desired length. For example, 4, 5, 6, 7, 8, 9 or 10 TFF anits can
be connected in parallel and/or series in the methods provided herein. In one
cmbodiment, 6,7, 8,9, 10, 11, 12, 13, 14 or |5 TFF units arc connected in paralle! and/or
series in the methods provided herein. In another embodiment, from about 3 to about 20
or from about 5 to about 15 TFF umits are connected in series in one of the methods

provided herein.

10034} In onc embodiment, a circoit system that includes two or more TFF units can
mchude fluid conduits fluidly connecting neighboring pairs of TFF units in the systen
In other examples, a circuit system can mcelude two or more TFF umits fluidly comected
by fhud conduits. The TFF umit, in one embodiment, 1s a single pass TFF (SPTFF) unit,
In ancther embodiment, the two or more TFF units comprise a TFF unit and a SPTFF

unit.

{0035} The first TFF umit comprises the aforementioned nlet and a first and second
outlet. The first outlet of the first TEFF umt 15 the retentate outlet, and i3 n flud
communication with the second mlet of the central vessel and the second outlet of the
first TFF unit {s 3 waste {permeate) outlet. The second cutlet of the central vessel is in
thud communication with an inlet of a second TFF umit comprising the inlet and a first
and second cutlet. The first outlet of the second TEFF unit 18 a retentate outlet and the

second cutlet of the second TFF unit is a waste (permeate) outlet.

0636} The method further comprises continvously flowing the liposomal encapsulated
APY into the first TFF unit for a first period of time. The liposomal encapsulated API
enters the first TFF unit through the TFF inlet and exits through the first ouwtlet. The
method further comprises flowing the liposomal encapsulated API from the central vessel
through the inlet of the second TFF unit for a second period of time and collecting the

{iposomal API formulation from the first outlet of the sccond TFF unit.

[0037] “Fluid commumnication” as used heremn, means direet or indirect fluid
communication, ¢.g., directly through a connection port or indirectly through a process

unit such as a TFF unit, central vessel, ete.

o
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{0038} In onc embodiment, the method comprises flowing the liposomal encapsulated
API from the central vessel into one or more additional TFF umits prior to flowing the

liposomal API formalation into the second TFF unit.
0039} In onc embodiment, the second TFF unit is a single pass TFF unit (SPTFF).

[0046] The method, in a second embodiment, comprises miroducing a liposomal
encapsulated AP mio a central vessel or forming a liposomal encapsulated API in the
ceniral vessel. The central vessel comprises an mlet and an outlet. The liposomal

encapsulated APl in one embodiment, 1s introduced through the inlet of the central vessel.

{0041} The outlet of the central vessel is in fluid communication with an mlet of a first
tangential flow filtration (TFF) unit. The first TFF unit comprises the atorementioned
inlet and a first and second ocutlet. The first outlet of the first TFF unit i3 in fluid
commmunication with the inlet of a second TFF unit comprising the inlet and a first and
second outlet. The first outlet of the second TFF unit is a retentate outlet and the sccond

outlet of the second TFF unit 1s a waste (permeate) outlet.

{8042 The method further comprises continuously flowing the hiposomal encapsulated
AP into the first TFF unit for a first period of time. The liposomal encapsulated AP
cuters the first TFF unit through the TFY inlet and exiis through the first outlet. The
method further comprises flowing the liposomal encapsulated APE from the first outlet of
the first TFF through the mlet of the sccond TFF unit for a second period of time and

collecting the liposomal AP formulation from the first outlet of the second TFF unit.

{8043} In onec embodiment, the method comprises flowing the liposomal encapsulated
APY from the central vessel into one or more additional TFF anits prior to flowing the

{iposomal AP1 formulation into the second TFF wnit.
10844} In onc embodiment, the second TFF unit is a single pass TFF unit (SPTFF).

3845} In a third embodiment of a continuous liposomal AP formulation manufacturing
method, the method comprises introducing the liposomal encapsulated AP imto a first
central vessel or forming the hiposomal encapsulated API in the first contral vessel. The

first central vessel comprises a first inlet, a second inlet, a first outlet and a second outlet,
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The liposomal encapsulated API in one embodiment is introduced into the central vessel
through the first inlet. The first outlet of the first central vessel is in fluid communication
with an inlet of a first tangential flow filtration {(TFF) umit comprising the nlet and a first
and second outlet. The first outlet of the first TFF unit is in fluid communication with
the second inlet of the first contral vessel and the second outlet of the first TFF unit s a
waste {permeate) outlet. The second outlet of the first central vessel 13 in flud

communication with a first inlet of a second central vessel.

[0046] The second central vessel comprises the first inlet, a second mlet, a first cutlet and
a second outlet. The first cutlet of the second central vessel is 1n fluid communication
with an inlet of a second tangential flow filiration (TFF) vott comprising the inlet and a
first and second outlet. The first outlet {retentate outlet) of the second TFF unit 1s 1 flud
communication with the second inlet of the second central vessel, the second outlet of the
sccond TFF unit is a waste (permeate) outlet. The second outlet of the second central
vessel 1s in fluid communication with an inlet of a third TFF unit comprising the inlet and
a first and second outlet. The first outlet of the third TFF unit 1s a retentate outlet and the

second cutlet of the third TFF unit 1s a waste (permeate) outlet.

(0047} In this embodiment, the method further comprises continuously flowmg the
liposomal encapsulated API tnto the first TFF unit for a first period of time, wherein the
liposomal encapsulated API enters the first TFF umt through the TFF nlet and exits
through the first cutlet.  The method further comprises flowing the liposomal
encapsulated AP from the first central vessel into the second central vessel for a second
period of time and continuously flowing the liposomal encapsulated API into the second
TFF unit from the second central vessel for a third period of time. The liposomal
encapsulated API enters the second TFF unit through the TFF inlet and exats through the
first outlet. The method further comprises flowing the liposomal encapsulated AP from
the second central vessel through the inlet of the third TFF unif for a fourth period of
time; and collecting the liposomal encapsulated API formulation from the first outlet of

the third TFF unit.

0048} The “first period of time”, “second period of time”, “third period of time” and
“fourth pericd of time™ can cach be selected by the user of the method, depending in part

on the selection of materials used to formulate the liposomal APIL and/or the desired

10
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concentration of the liposomal AP formulation. In one embodiment, the first period of
time”, “second period of time”, “third period of tme” and/or “fourth penod of time™ are
cach mdependently Th, 2h, 3h, 4h 5h,6h 8h, 12h, 18h,24h, 36h, 48h, 60 h, 72 h,

84 h 9% hor 108 h.

10849} In cach of the methods provided herein, an mitial liposome formation step is
eraployed. A vanety of liposomal encapsulation methods are available to those of
ordinary skill in the art, and can be employed herein. The liposomal encapsulation step,
in one embodiment, is carried out upstream of an nitial filtration step. The liposomal
encapsulation, in one embodiment, takes place in a first central vessel In another
embodiment, the iposomal encapsulation takes place upstream of the first central vessel,

and 1s provided to the first central vessel.

{8056} Liposomes were first discovered the early~1960s and a number of strategies have
been demonstrated for their manufacture since {Mozafari. Liposomes: an overview of
manufacturing techniques. Cell Mol Biol Left. 2005, 10(4), 711-719; Maheram et al,
Liposomes: A Review of Manufacturing Techniques and Targeting Strategies. Current
Nanoscience. 2011, 7(3), 436-445; each of which 1s mcorporated by reference herein in

ity entirety for all purposes).

{0651} Frequently, liposomal prodacts are reformalations of compendial APEs meant to
alleviate adverse chinical side effects and/or provide a more targeted delivery as compared
to systemic dosages (Maurer et al. Fxpert Opinion on Biological Therapy. 2001, 6, 923-
947 Lian and Ho. Fxperr J Pharm Sci. 2001, 6, 667-680; cach of which is incorporated

by reference herein in ifs entirety for all purposes).

[8052] However, unul recently, the application of liposomal products in pharmaceutical
development has suffered from a lack of reliable manufactonng methods with sufficient
throughput to enable commercial scalc-up. Table 1 provides a summary of various
liposome formation methods. In embodiments described herein, a hiposomal APl can be
provided to the first central vessel or in the first central vessel via a supercritical fluid

method, dense gas method, alcohol injection or crossflow method.

i1
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Table 1. Liposome formation methods

Method Rechanism Reference
Bangham et al,, The action of steroids and
streptolysin S on the perneability of phospholipid
struciures to cations. J. Aol Biol 1965, 13, 253-259.
Rehydration of Bangham et al,, Diffusion of univalent tons across the
Banghan thin lisid film lameliae of swollen phospholipids. /. Mol Biol. 1965,
b 13, 238-252.
Deamerand Bangham, Large volume liposomes by an
ether vaporization method. Biochimica et Biophysica
Acta. 1976, 443, 629-634.
S Perrett ot al. A simple method for the preparation of
T Sonicationofan | .. - . Lok
Sonication acneous linid liposomes for pharmaceutical applications:
method Aqueous up characterization of the liposomes. J Pharm
SUSpension

Pharmacel. 1991, 43(3), 154-161.

Reverse phase

Agueous phasc
added to organic
phase and

Meure et al., Conventional and dense gas technology
for the production of liposomes: A roview. 44PS
Pharma. Sci. Tech. 2008, 9(3), 798-309.

Szoka Jr. and Papahadjopoulos, Procedure for

pressure mixing

evaporation )

evapmfated io preparation of liposomes with large intemal aqueous

formliposomes | gpace and high capture by reverse-phase evaporation.,
Proc. Natl. Acad. Sci., US4, 1978, 75(9), 4194-4198.
Brunner ¢t al., Single bilaver vesicles prepared

) without sonication. Physico-chemical propertics,
Liposomes Biochim Biophys Acta. 1976, 455(2), 322-331.
Detergent formed through
depletion detergent lipid Lasch et al., Preparaton of liposomes, in: Torchilin,

interaction V., Wessig, V. (Ed.), Liposomes: 4 practical
approach, Oxford University Press, New York, 2003,
p3-29.

Intersection of | Jahn et al., Microfluidic directed formation of

Microfluidic | lipid/AP] liposomes of controlled size. Langmuir. 2007, 23(11),
channel sohyiions in 6289-6203

micro~-channels
Bamadas-Rodriguez and Sabes, Factors involved in

Liposome the production of liposomes with a high-pressure

High pressure | formation homogenizer. Inf. J. Pharma. 2001, 213, 175-186.
homogenization | through high Camgo et al., Liposome production by microfluidics:

potential and omiting factors. Scientific Reports.
2016, 6, DOL10.1038/51ep2 3876,

Heating method

Heating of a
fipid
agueous/glveerol

Muozafar. Liposomes: ag overview of mannfacturing
techniques. Jell Mol Biol Lett. 2005, 16(4), 711-719.

Mortazavi et al. Preparation of liposomal gene
therapy vectors by a scalable method without using
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Table 1. Liposome formation methods

Method Mechanism Reference

solution to form | volatile solvents or detergenis. J. Biotechnol 2007,
liposames 1294}y, 604-613.

Muozafar et al., Development of non-toxic liposomal
forpulations for gene and drug delivery to the hung,
Technol, Health Care., 2002, 16{3-4), 342-344.

Meure et al. Conventional and dease gas technology
for the production of iposomes: A eview. 4A4PS
Pharma. Sci. Tech. 2008, 9(3), 798-8G9.

Santo ¢t al. Liposomes Size Engincering by
Combimation of Ethaoo] Injection and Supercritical
Processing. J Pharm Sci. 2013, 104(11), 3842-3830,

Santo ot al. Liposomes prepration using a

Use of supercritical flnid assisted continuous process,
supercritical Chemical Engineering Journal 2014, 249, 153-139.

Supercritical | fluids as solvent | Campardelli et al., Efficient encapsulation of proteins
fluid methods | for lipids instead | i submicro liposomes using a supercritical finid

OF oTgame assisted continuous process. 7he Journal of
solvents Supercritical Fluids. 2016, 107, 163-169.

Frederiksen et al. Preparation of Liposomes
Encapsulating Water-Soluble Compounds Using
Supercritical Carbon Dioxide. Journal of
Pharmaceutical Sciences. 1997, 86(8), 921-928,
Otake et al., Development of a new preparation
method of liposomes using supercritical carbon
dioxide. Langmuir. 2001, 17(13), 3898-3901.

Meure et al., Conventional and dense gas technology
for the production of liposomes: A review. 44PS
Pharma. Sci. Tech. 2008, 9(3), 798-309.

se of 8 as - .
Use of dense gas Otake et al., Development of a new preparation

Denss Gas as solvent for method of liposomes using supercritical carbon
o . (s B L A o5 L S
methods lipids instead of p v & Sup N

S | dioxide. Langmuir. 2001, 17(13), 3898-3901.
organic solvents

Amnton ¢t al., Preparation of o liposome dispersion
containing an active agent by compression-
decompression. EF616801, 1994.

Jaafar-Maalej et al. Ethano! injection method for
hydrophilic and lipophilic drug-loaded liposome

) , Precipitation of | nreparation. Journal of Liposome Research. 2010,
Fthanol/ether liposome from 2013, 228-243.

injection orgamic phase . o o .
into agueous Sanio et al. Llpors_omes Size Engineering by
Cornbination of Ethanol Injection and Supercritical
Processing. J Pharm Sci. 2015, 104(11), 3842-3850.

st
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Table 1. Liposome formation methods

Method Mechanism Reference

Batzri and Korn. Single bilayer vesicles prepared
without sonmcation. Biochim Riophys Acta. 1973, 298,
1015-1019.

Deamer and Bangham. Large volume liposooes by
an ether vaporization method. Biochim Biophys Acta-
Biomembyr, 1976, 4433}, 629-634.

Wagger et al. GMP Production of Liposomes — A
New Todustrial Approach. Jowrnal of Liposome
Research. 2006, 16:3, 311-319.

Wagner ¢t al. Liposomes produced in a pilot scale:
production, purification and efficiency aspects.
European Journal of Pharmaceuntics and
Biopharmaceufics, 2002, 34, 213-219.

In-fine
Crossflow Precipiiaiion of Wagner etal The ca‘ossﬂmvjaﬁecﬁon techoique: An
method hposqme from iraproverent of the ethanol igjection method. ]
organic phase Journal of Liposome Research. 2002, 12:3, 259-270.

100 aguecus ; , . ‘ .
aue Wagner and Vorauer-Uhl Liposome Technology for

Industrial Purposes. Jowrnal of Drug Delivery. 2011,
2011, DOL 10.1155/2011/591325.

Wagner et al. Enhanced protein loading into
liposonies by the multiple crossflow injection
technique. Journal of Liposome Research. 2002, 12:3,
271~283.

{0053} Generally, strategies for liposome synthesis focus on addressing and optimizing
one or several of the kev driving forces of vesicle assembly including the component
solubilities, concentrations, and process thermodynamic parameters {€.g., temperature,
pressure, ¢tc.) (Mozafan (2005). Cell Mol Biol Leti., 10(4), pp. 711-719; Maherant et al.
(2011). Current Nanoscience. T(3), pp. 436-445, ecach of which 1s incorporated by
reference heremn n ifs entirety for all purposes). Manufacture methods can be designed
to fime-tune liposomes with various properties and, o doing so, can lend both advantages
and disadvantages amenable to large-scale processing.  In addition, selection of the
mamifactaring method often depends on the end product requirements for climcally
efficacy including liposome size and size distribution. lipid composition, and the API
release characteristics, together, which dictate the pharmacokinetic demoustration of

adsorption, disinibution, metabolism, and ehimination (ADME).
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{0054} The carliest methods for liposome formation began with multistep synthetic
strategies mvolving the rehydration of thin phospholipid films in agueous media which
resulted 1n the spontancous formation of hipid structures of varying sizes, shapes, and
lamella (Bangham ct al. The action of steroids and streptolysin § on the permeability of
phospholipid structures to cations. J Mol Biol 1965, 13, 253-239; Bangbam ot al.
Diffusion of enivalent ions across the lamellac of swollen phospholipids. J Aol Biol
1965, 13, 238-252; Deamer and Bangham. Large volume liposomes by an ether
vaporization method. Biochimica ef Biophysica Acta. 1976, 443, 629-634 ). For uniform
product generation, these suspensions required post-formation mechanical size
manipulations strategics (Bamadas-Rodrigucz and Sabes. Factors involved i the
production of liposomes with a high-pressure homogenizer. fnr. J Pharma, 2001, 213,
175-186; Carugo ot al. Liposome production by microfiuidics: potential and limiting
factors. Scfentific Reports. 2016, 6, DOL 10.1038/srep25876). More recently, efforts have
been dedicated towards investigating the possibility for single-step scalable techniques
that involve programmable onling flow-based strategics to arrive at the controlled
precipitation and subsequent self-assembly of phospholipids mto wniform structures,
which can be mmplemented in a regulated pharmaceutical environment (Wagner et al.
Production of Liposomes — A Mew Industrial Approach. Journal of Liposome Research.

2006, 16:3,311-319).

[0055] In one embodiment, an alcohol injection or crossflow technique is emploved in
oneg of the manufactuning methods provided herem. The liposomes are formed n the first
central vessel, ¢.g., via alcohol injection, or provided to the first central vessel after
liposome formulation at an upstream in-line formation step. ln one embodiment, one of
the liposome formation methods set forth in International patent application publication
nos. WO 2007/117550 (crossflow), WO 2007/411940 (crossflow) and/or WO
2004/110346 (aleohol injection), each of which is imcorporated by reference herein in it

entirety for all purposes, is emploved herein in an nitial liposome formation step.

10056} In alcohol injection and/or crossflow hiposomal formation embodiments,
dissolved lipids are procipitated from an organic solvent into an aqueous solution (anti~
solvent) by means of reciprocal diffusion of the aleohol and agueous phases (Figures 1-

2}y (Jaafar-Maale; et al. Ethanol mjection method for hydrophilic and lipophilic drug-
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loaded hiposome preparation. Journal of Liposome Research. 2010, 20:3, 228-243;
Wagner et al. Liposomes produced in a pilot scale: production, purification and etticiency
aspects. Luropean Journal of Pharmaceutics and Biopharmaceutics. 2002, 54, 213-219;
Wagner et al. The crossflow injection technique: An improvement of the ethanol injection
method. Journal of Liposome Research. 2002, 12:3, 259-270; Wagner and Vorauer-Uhl
Liposome Technology for Industrial Purposes. Jowrna! of Drug Delivery. 2011, 2011,
DOI 10.1135/2011/591325; Wagner et al. Enhanced protein loading into liposomes by
the multiple crossflow injection technigque. Journal of Liposome Research. 2002, 12:3,
271-283). A change m the local solubility of the lipids during this process ulimately
leads to the spontaneous formation of hiposomes that encapsulate a small volume of the
aqueous solution. Depending on the chemical nature of the APL it can be encapsulated
10 the agqueous core or cntbedded in the lipid bilayer of the liposome. Parameters for the
formation of liposomes by this method are residence time and geometry of the
mixing/intersection of organic-solvated hipid and the antisolvent, which are dictated by
programmed flow conditions.  After liposome formation, the wnuxture confaining
undesired orgamic solvent and unencapsulated API can then be refined to the desired

formulation strength and composition using TFF or sinmlar methods, as set forth herem.

{00571 It should be noted that the supercritical fhud and dense gas methods use their
namesakes as the solvent for the liptd sclution while the imection and erossflow method
use orgamic solvents. Without wishing to be bound by theory, it is thought that
supercritical and dense gas feed solutions require high pressure that would be difficult
adapt to a continuous design {Meure et al. Conventional and dense gas technology for the
production of liposomes: A review. AAPS Pharma. Sci. Tech. 2008, 9(3), 798-209; Santo
ct al. Liposomes Size Engineering by Combination of Ethanol Injection and Supercritical
Processing. J Pharm Sci. 2015, 104(1 1), 3842-3850; Santo et al. Liposomes preparation
using a supercritical fluid assisted continuous process. Chemical Engineering Journal.
2014, 249, 153-159; Campardelli et al. Efficient encapsulation of proteins in submicro
liposomes using a supercrtical fluid assisted continuous process. The Jouwrnal of
Supercritical Fiuids. 2016, 107, 163-169; Frederiksen et al. Preparation of Liposomes
Encapsulating Water-Soluble Compounds Using Supercritical Carbon Dioxide. Journal
of Pharmaceutical Sciences. 1997, 86(8), 921-928; Otake et al. Development of a new

preparation method of liposomes using supercritical carbon dioxade. Langmuir. 2001,
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17(13), 3898-3901; Anton ot al. Preparation of a liposome dispersion containing an
aclive agent by compression-decompression. EPG16801, 1994). With continuous
formulation of the feed sclutions, the hposome formation step can proceced mdefinitely.
By adding continuous steps, continuous manufacturing of liposomal API products can be

carried out.

[0058] In onc aspect, the present invention provides a method for continuous
manufacture of a hiposomal product comprising an active pharmaceutical ingredient
{API}) encapsulated by a liposome, or complexed with a liposome. In some embodiments,
the AP is an aminoglveoside. In a further embodiment. the aminoglveoside is amikacin,
or a pharmaceutically acceptable sat thereof,

[0059] A “pharmaccutically acceptable salt” includes both acid and base addition salts,
A pharmaceutically acceptable addition salt refers to those salts which retain the
biological effectiveness and properties of the free bases, which are not biologically or
otherwise undesirable, and which are formed with inorganic acids such as, but are not
fimited to, hydrochloric acid (HCI), hydrobromic acid, sulfuric acid, mitric acid,
phosphoric acid and the like, and organic acids such as, but not imited to, acetic acid,
2 2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, aspartic acid,
benzencsulfonic acid, benzoic acid, 4-acetamidobenzoic acid, camphoric acid, camphor-
10-sulfonic acid, capric acid, caproic acid, caprylic acid, carbonic acid, cinnamic acid,
citric acid, cyclamic actd, dodecyvisulfuric acid, ethane-1,2-disulfonic acid, ethanesulfonic
acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid, galactaric acid, gentisic
acid, glucoheptonic acid, gluconic acid, glucuronic acid, glutamic acid, glutaric acid, 2~
oxo-glutaric acid, glveerophosphoric acid, glveolic acid, happuric acid, isobutvric acid,
lactic acid {e.g., as lactate), lactobionic acid, laarie acid, maleic acid, malic acid, malonic
acid, mandelic acid, methanesulfonic acid, mucic acid, naphthalene-1,5-disulfonic acid,
naphthalene-Z-sulfonic acid, [-hvdroxy-2-naphthoic acid, nicotinic acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, propionic acid, pyroglutamic acid,
pyravic acid, salicylic acid, 4-aminosalicylic acid, sebacic acid, stearic acid, succinic
acid, acetic acid {(e.£., as acetate), tartaric acid, thiocyanic acid, p-toluenesulfonic acid,
trifluoroacetic acid (TFA), undecvienic acid, and the bke. Tn one embodiment, the

pharmaceatically acceptable salt 1s HCl, TFA, lactate or acetate.
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0060} A pharmaceutically acceptable base addition salt retains the biological
effectiveness and properties of the free acids, which are not biologically or otherwise
undesirable. These salts are prepared from addition of an inorganic base or an organic
base to the free acid. Salts derived from inorganic bases include, but are not himited to,
the sodium, potassium, ltthtum, ammontum, calcium, magnesium, iron, ZiNG, copper,
mangancse, aluminum salts and the like. Inorganic salts include the ammoniam, sodium,
potassium, calcium, and magnesium salts. Salts derived from organic bases include, but
are not himited to, salis of primary, sccondary, and tertiary amines, substituted amines
mcluding naturally occurring substituted amines, cyclic amines and basic ion exchange
resing, such as ammonia, 1sopropylamine, trimethylamine, diethyvlamine, tricthylamine,
tripropylamine, dicthanolamine, cthanolamine, deanol, 2-dimethviaminoethanol, 2-
dicthylanunoethanol, dicyclochexylanine, lysine, arginine, histidine, caffeine, procaine,
hydrabamine, choline, betaine, benethamine, benzathine, ethyvlenediamine, glucosamine,
methyiglucamine, theobroming, tnethanolamine, tromethamine, purines, piperazine,
pipendine, N-ethylpiperidine, polvamine resins and the like. Organic bases that can be
used to form a pharmaceutically acceptable salt include isopropylamine, dicthylamine,

cthanolamme, trimethylamine, dicyclohexylamine, choline and caffeine.

{0061} The term “unit operation” 1s a term of art and means a functional step that can be
performed i a process of manuafacturing a liposomal encapsulated APL For example, a
umit of operation can be mixing a lipid and API to form a hposomal encapsulated APE,
filtering (¢.g., romoval of contaminant bacteria, removal of free API, removal of free
lipd, et from a fluid containing a liposomal encapsulated APY), adjosting the iomic
concentration and/or pH of a fluid contaiming the liposomal encapsulated AP, removing

unwanted salis.

[0062] The unit operations downstream of liposome formation in the continuous
manufacturing processes provided hercin are used to refine the liposomal API
formulation to the desired specification. Frequently, unit operations such as TFF are used
to remove undesired clements, such as non-encapsulated API or organic solvent, and
concentrate the liposomal API formulation to a final desired strength. In this case, the

retentate contains the iposomal API formulation and the permeate acts as a waste stream.



WO 2019/191627 PCT/US2019/024901

See, ¢.g.. Figures 3-6 for Examples of processes that can be cmploved in the methods

provided herein.

10063} In embodiments provided herein, TFF for the buffer exchange and concentration
in liposomal APT formulation manufacturing is balanced to support continuous operation.
A batch mode design for this operation entails a TFF step where the liposome-containing
retentate is returned to the central vessel and the permeate/waste streant 1s made up with
a feed of fresh buffer {constant~-weight diafiltvation), facilutating the butfer exchange.
Onee buffer exchange is complete, the product is concentrated to the desired strength by
ceasing buffer addition (Figures 1, 2}, In contrast, in particular embodiments provided

herein, continuous buffer exchange and/or a concurrent concentration step are emploved.

[0064] Depending on the composition of the incoming feeds and specification of the
desired end formulation, various arrangements for a continuous operation can be
emploved. A single vessel buffer exchange TFF system with single stage concarrent
concentrating SPTFF serves as one embodiment for a continuous design (Figure 3). If
stcady state diafiltration or single pass concentration are not able to achieve the required
rate of buffer exchange or concentration with a single stage, additional stages may be
added (Figures 4, 5}, Additionally, more compact designs for continuous baffer exchange,
sach as the Cadence™ In-line Dhafiltration Module (ILDF), are becoming available and
can be emploved n a continuous liposomal manufacturing process provided herein {see,
e.g., Gjoka et al. (2017} Platform for Integrated Continuons Bioprocessing. BioPharm
International. 30.7, pp. 26-32, incorporated by reference herein in its entirety for all
purposes). An ILDF design concluding with SPTFF, withouwt wishing to be bound by
theory, is thought to ehnunate the need for multiple vessels to support continuous buffer
exchange (Figure 63, Moreover, the ILDF design in Figure 6 can be modified, eg., to
include additional TFF units 1o s¢ries and/or parallel, for example, an additional, 1, 2, 3,
4, 5 or 6 'TFF Units in series and/or parallel. Other ILDF svstem architectures amenable
for use with the methods provided herein are found in U.S. Patent Application Publication
No. 2017/0225123, the disclosure of which is incorporated by reference herein in its

entirety for all purposes.

[0065] During manufacturing of liposomal formulations, there is allowable and expecied

variability in capture efficiency of the APL In a baich process, this 1s compensated for
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by offline in-process measurement of active mgredient concentration prior to the
concentration step. Mcasurements such as flow rates, mass, and density provide a level
of control that can be implemented in a contimuous operation provided herein. In ancther
embodiment, real-time concentration measurement such as in-line high performance
figuid chromatography (HPLCY is emploved. In ancther embodiment, rapid HPLC,
which reduces off-line testing time from 60 mimites to 4 minutes is employved to measure
concentration of liposomal API product during the maoufacturing process (Kumar, V
Joshi, V., A Rapid HPLC Method for Enabling PAT Application for Processing of GCSF.
LOGC North America. 2013, 31:11, 948-9533, incorporated by reference herein in s
entirety for all purposes). Other m-line measurements, such as particle size, n one
embodiment, arc employed. Particle size measurements, in one embodiment, are used to

correlate size to concentration of the liposomal API product.

0066} In onc embodiment provided herein, the continuous manufacturing process is set
up using pre-steribized componentry and/or steam-in-place (8IP) equipment, and the feed
solutions (API containing aqueous solution, bipid in organic solvent, or buffer) must enter
the system through sterilizing filters containing a pore size of typically 0.2 ym or less. In
one embodiment, the capability (ability of the filter to remove given concentrations of
organism} and/or duration (time of use before grow-through of an organism compromises
the filter) of the sterile filtration step 1 validated prior to implementing one or both in the
continuous manufacturing methods provided herein. In one embodiment of the methods
provided herein, a massively redundant filtration design or a sequential use of a parallel
filtration pathways is emploved. Without wishing to be bound by theory, it is thought
that sequential use of parallel pathways is a viable sohution since multiple redundant

pathways can cause significant pressurce drop issues.

[0067] In one embodiment, the AP encapsulated by the liposomal manufacturing
processes provided hercin 1s an antiinfective.  Antunfectives are agents that act against
infections, such as bacterial, mycobactenial, fungal, viral or protozoal mfections.
Antanfectives that can be liposomally encapsulated by the methods provided herein
mclude but are not lumited to aminoglveosides (c.g., streptomycim, gentamicin,
tobramycin, amikacin, netilmucin, kanamycin, and the hike), tetracvchines (such as

chlortetracycling, oxyietracyeline, methacyeline, doxycyceling, minocveline and the like},
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sulfonamides {(c.z., sulfanilanmide, sulfadiazine, sulfamecthaoxazole, sulfisoxazole,
sulfacetamide, and the hike), paraaminobenzoic acid, diaminopyrimidines (such as
trimethoprim, often used n comjunction with sulfamethoxazole, pyrazinamide, and the
like}, quinolones (such as nalidixic acid, cinoxacin, ciprofloxacin and norfloxacin and the
fike), pemicillins (such as pemcibin G, peonicilin V., ampicillin, amoxicilling
bacampicillin, carbenicillin, carbenicillin indanyl, ticarcillin, azlocillin, mezlocillin,
piperaciilin, and the like), penicillinase resistant penicitiin (such as methicillin, oxaciilin,
cloxacillin, dicloxacillin, nafciliin and the like), first gencration cephalosporins (such as
cefadroxil, cephalexin, cephradine, cephalothin, cephapinn, cefazolin, and the hke).
second generation cephalosporing (such as cefaclor, cefamandole, cefonicid, cefoxitin,
cefotetan, cefuroxime, cefuroxime axetil; cefimetazole, cefprozil, loracarbef, ceforanide,
and the like), third gencration cephalosporins (such as cefepime, cefoperazone,
cefotaxime, ceftizoxime, cefinaxone, ceftazidime, cefixime, cefpodoxime, ceftibuien,
and the like), other beta-lactams (such as imipenem, meropenem, aztreonam, clavulanic
acid, sulbactam, tazobactam, and the like), betalactamase mhibitors (such as clavulanic
acid), chloramphenicol, macrolides {such as ervthromyein, azithromycen, clarthromyein,
and the hke), incomyem, chindamycin, spectinomyein, polymyxin B, polymixins (such
as polymyxin A, B, C, B, El{colistin A}, or E2, colistin B or €, and the like) colistin,
vancomycin, bacitracin, isoniazid, nfampin, cthambutol, cthionamide, anunosalicylic
acid, cycloserine, capreomyvein, sulfones (such as dapsone, sulfoxone sodium, and the
like), clofazimine, thalidomide, or any other antibacterial agent that can be lipid
encapsulated. Antinfectives can include antifungal agents, including polyene antifungals
(such as amphotericin B, nystatin, natamycin, and the hike), flucvtosine, imidazoles (such
as n-ticonazole, clotrimazole, econazole, ketoconazole, and the Tike), tnazoles (such as
itraconazole, fluconazcle, and the like), grisecfulvin, terconazole, butoconazole
ciclopirax, ciclopirox olamine, haloprogin, tolnaftate, naftifine, terbinafine, or any other
antifungal that can be lipid encapsulated or complexed. Discussion and the examples are
directed primaridy toward amikacin but the scope of the application is not intended to be

limited to this antunfective. Combinations of APIs can be used.

10068] In one embodiment, the APl i5 an aminoglycoside, quinolone, a polyene

antifungal or a polvmyxins.
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0069} Tn onc embodiment, the API 1s an aminoglveoside. In a further embodiment, the
aminoglveoside is an aminoglycoside free base, or its salt, solvate, or other non-covalent
derivative. In a further embodiment, the aminoglycoside is amikacin. Included as suitable
aminoglycosides used in the APl formulations of the present invention are
pharmaceutically acceptable addition salts and complexes of APls. In cases where the
compounds may have one or more chiral centers, unless specified, the present invention
comprises cach unique racemic compound, as well as each unique nonracemic compound.
In cases in which the active agents have unsaturated carboun-carbon double bonds, both
the cis (£) and trans (F)) isomers are within the scope of this mvention. In cases where the
active agents exist in tautomeric forms, such as keto-enol tavtomers, each tavtomeric form
is contemplated as being included within the invention. Amikacin, in one embodiment, is
present in the pharmaccutical formulation as anukacin base, or amikacm salt, for
example, amikacin sulfate or amikacin disulfate. In one embodiment, a combination of
one or more of the above aminoglycosides is used in the formulations, systems and

methods described herein. In a further embodiment, the combination comprises amikacin,

10076 In onc embodiment, the APl is amikacin, or a pharmaceutically acceptable salt

thereof. In a further embodiment, the amikacin is amikacin sulfate.

10871} In yet another embodiment, the APY is an aminoglycoside selected from amikacin,
apramyvcin, arbekacin, astromucin, capreomyein, dibekacin, framveetin, gentanmucin,
hygromyetn B, iscpamicin, kapamycein, neomycein, netilmicin, paromomyein,
rhodestreptomycin, ribostamycin, sisomicin, spectinomycin, streptomycin, tobramyein,

verdamicin, or a combination thereof,

10672} In vet another embodiment, the AP is an aminoglycoside selected from AC4437,
amikacin, apramycin, arbekacin, astromicin, bekanamycin, boholmycin, brulamvcein,
capreomyeimn, dibekacin, dactimicin, etimicin, framycetin, gentamicin, HIO7,
hygromycin, hygromyein B, mosamyein, K-4619, isepamicin, KA-5685, kanamvein,
ncomvcein, netilmicin,  paromomycm, plazomicin,  rnibostamycin,  sisomicm,
rhodestreptomycin, sorbistin, spectmomycein, sporaricin, streptomyein, tobramycin,

verdamicin, vertilmicin, or a combination thereof.

22



WO 2019/191627 PCT/US2019/024901

{0073} In onc embodiment, the API comprises a glycopeptide antibiotic. Glycopeptide
antibiotics, including vancomyem and teicoplanin, are large, ngid molecules that mhibit
a late stage mn bacterial cell wall peptidoglycan synthesis.  Glycopeptides are
characterized by a multi-ring peptide core containing six peptide linkages, an unusual
triphenvl cther moicty, and sugars attached at various sites.  Over 30 antibiotics
designated as belonging to the glvcopeptide class have been reported. Among the
glycopeptides, vancomycin and teicoplanin arc used widely and are recommended for
treatment of scvere infections, especially those caused bv multiple-drug-resistant Gram-
positive pathogens.  The glveopeptide avoparcin has been introduced as a growth
promoter in animal husbandry in the past, and represents the main reservoir for the VanA
type of vancomyein resistance in enterococet. Semisynthetic derivatives of vancomycin
and teicoplanin, lipoglycopeptides, showed an extended spectrum of activity against
multi-resistant and partly vancomycin-resistant bactenia (Reynolds (1989). Eur. I Clin
Microbiol Infect Dis 8, pp. 943-950; Nordmann et al. (2007}, Curr. Opin. Microbiol. 16,
pp. 436-440). Each of the publications referenced in this paragraph are incorporated by

reference herein n their entireties.

{0074} Glycopeptide antibiotics are active against Gram-positive organisms and a fow
anaerobes. The main ndications tor glvcopeptide antibiotics are infections caused by
beta-lactamase-producing  Staphviococens aureus (for which beta-lactamasc-resistant
penicillins, cephalosporins, and combinations of penicillins with inhibitors of beta-
lactamases proved safer alternatives), and colitis caused by Colstridium difficile. The
emergence and rapid spread of methicillin-resistant S, qurens (MRSA) straing, which
were registant not only 1o all beta-lactams but also to the main antibiotic classes, rengwed
the nterest in vancomycin and pushed teicophalnin, another natural glvcopeptide, onto
the market. Teicoplanin 1s comparable to vancomycen in terms of activity, but presents
pharmacokingtic advantages, such as prolonged half-life, allowing for a once-daily

administration {(van Bambeke F.| Cusr. Opin. Pharm., 4{51:471-478).

13075] A representative number of glycopeptides that can be used in the compositions of
the present invention are provided in Table 2. The antibiotic complexes are listed in
alphabetical order along with the structure type producing organism. These metabolites

are claborated by a diverse group of actinomycetes ranging from the more prevalent

]
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Streptomyces  species to the relatively rare genera of Swrepfosporangium  and
Saccharomonospora. The less common Actionplanes and Amycolatopsis account for
D /: 3% ]

almost half of the producimg organisms (Nagarajan, R, Glycopeptide Antibiotics, CRC

Press, 1994, incorporated by reference herein in its entirety ).

Table 2. Glycopeptide Antibiotics and Producing Organisms

Antibiotic Type | Producing Organism

A477 ND Actinoplanes sp. NRRL 3884

A35512 I Streptomyces candidus NRRL 8156

A40926 v Actinomadura sp. ATTC39727

A41030 It Streptomyces virginice NRRL 15156

A42867 I Nocardia sp. ATTC 53492

A47934 1 Strepiomyces foyocaensis NERL 15009

AB0407 IE Kibdelosporangium philippinensis NRRL
18198 or NRRL 18199

A82846 i Amycolaiopsis orientalis NRRL 18100

AB3850 I Amycolatopsis albus NRRL 18522

AR457S i Streptosporangium carneun NRRL 18437,
18503

AB-65 ND Saccharomonospora viride T-80 FERM-P 2389

Actaplanin il Actinoplanes missouriensis ATCC 23342

Actinoidin II Proactinomyces actinoides

Ardacin v Kibdelosporangium aridum ATCC 39323

Avoparcin i Streptomyces candidus NRRL 3218

Azurcomycin ND Pseudonocardia azureq NRRL11412

Chloroorienticin i Amyclolatopsis orientalis PA-45052

Chloropolysporin i1 Micropolvspora sp. FERM BP-338

Decaplanin I Kibdelosporangium deccaensis DSM 4763

N-demethylvancomycin i Amyveolatopsis orientalis NRRL 15252

Eremomycin i Actinomycetes sp. INA 238

Galacardin I Actinomycetes stram SANK 64289 FERM P-
10940

Helvecardin it FPseudonocardia compacia subsp. helvetica

{zapeptin ND Norcardic AM-5289 FERM P-8636
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Table 2. Glycopeptide Antibiotics and Producing Organisms

Antibietic Type | Producing Organism

Kibdelin v Kibdelosporangium aridum ATCC 39922

LL-AM374 ND Streptomyces eburosporeus NRRL 3582

Mannopeptin ND Strepiomyces platenis FS-351

MMA5289 i Amycolatapsis orientalis NCIB12531

MM47761 i Amyeolaiopsis orientalis NCIB 12608

MM47766 I Amvcolatopsis orientalis NCBI 40011

MM35266 v Amycolatopsis sp. NCIB 40089

MM55270 ND Amyeolatopsis sp. NCIB 40086

(OA-7653 I Strepiomvees hygromscopicus ATCC 31613

Orienticin I Nocardia orientalis FERM BP-1230

Parvodicin Y Actinomadura parvosata ATCC 532463

Ristocetin i Amveolatopsis orientalis subsp. lurida NRRL
2430

Ristomyvein 11 Proactinomyces fructiferi

Synmonicin II Synnemomyces mamnoorii ATCC 53296

Teicoplanin 1AY Actinoplanes teichomyceticus ATCC 31121

UK-68397 11 Actinoplanes ATCC 53533

UK-69542 11 Saccharotiiix aerocolonigenes

UK-72051 I Amycolatapsis orientalis

Vancomycin i Amycolaioposis orientalis NRRL 2450

{0076} According to another embodiment, the glyvcopeptide antibiotic used n the
composition of the present invention includes, but is not himited to, A477, A35512,
A40926, A41030, A42867, A47934, ABG40G7. AB2B846, AB3850, ARB4575, AB-65,
Actaplanin, Actinoidin, Ardacin, Avoparcin, Azuwrcomycin, Chloroorienticin
Chloropolysporin, Decaplanin, N-demethylvancomyvein, Eremomyem, Galacardin,
Helvecardin Izupeptin, Kibdelin, LE-AM374, Mannopeptin, MM45289, MM47761,
MM47766, MMS3266, MMS3S270, OA-7653, Onenticin, Parvodicin, Ristocetin,
Ristomycin, Svomonicin, Teicoplanin, UK-68597, UK-69542, UK-72051, vancomycin,

and a mixture thereof,
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0077} According to one cmbodiment, the API is vancomvein. Vancomycin is a water
soluble amphoteric glvcopeptide bactericidal antibiotic that inhabits gram-positive
bacterial mucopeptide biosynthesis. [kt consists of a tricychic nonribosomal heptapeptide
core structure to which is attached a disaccharide unit consisting of the aminodeoxy sugar,
vancosamine, and D-glucose. This natural antibiotic of ~1450 Daltons is obtained from
Streptomyces orientciis (also known as; Nocardic orientalis, or Amycolatopsis
orientalisy. Vancomycin has one carboxyl group with pKa 2,18, and two aming groups:
primary amine with pKa 7.75 and the secondarv amine with pKa 889, At sub-

hvsiological pH vancomyein has a net positive charge.
. fae J S

{0078} In another embodiment, the APIL s ortavancin {LY333328). Onitavancin is
obtamed by reductive alkviation with 4 chloro-biphenvicarboxaldehvde of the natural
glveopeptide chloroeremomycin, which differs from vancomycin by the addition of a 4-
epi-vancosaming sugar and the replacement of the vancosanine by a 4-epivancosamine
(Cooper, R. el J Antibiot (Tokvo) 1996, 49:575-581, mcorporated by reference herein
in ifs entirety). Although oritavancin presents a general spectrum of activity comparable
to that of vancomycin, it offers considerable advantages in terms of ntnnsic activity
(cspecially agamnst streptococct), and remains insensitive to the resistance mechanisms
developed by staphviococei and enterococci. Becanse the binding affinity of vancomycein
and ortavancin to free D-Ala-D-Ala and D-Ala-B-Lac are of the same order of
magnitude, the difference in their activity has been attributed to the cooperative
interactions that can occur between the drug and both types of precursors i situ. The
previous study suggested that the effect 13 caused possibly by a much stronger ability {o
dimerize and the anchoring in the cviosolic membrane of the chlorobiphenyi side chain

(Allen, eral., FEMS Microbiol Rev, 2003, 26:511-332, incorporated by reference herein).

10879} In ancther embodiment, the API is telavancin (TD-6424). Telavancin is a semi-
syothetic derivative of vancomyein, posscssing a hydrophobic side chain on the
vancosamine sugar {decviaminoethyi) and a (phosphonomethyl) anunomethvl substituant
on the cyelic peptidic core {van Bambceke, F., Curr. Opin. Pharm., 4(5}: 471-478; Judice,
I et al, Bioorg Med Chern Lett 2003, 13: 4165-4168, incorporated by reference herein
m its entirety). The length of the hydrophobic side cham was chosen to reach a

compromise between optimnzed activity against MRSA (8-10 carbons) and VanA
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enterococct (12-16 carbons). Pharmacological studics suggest that the enhanced activity
of telavancin on S prewmoniae, S. aurens (to a lesser extent), and staphvlococci or
enterococet harboring the vanA gene cluster results from a complex mechanism of action
which, on the basis of data obtained with close analogs, involves a perturbation of lipid

svnthesis and possibly membrane disruption.

{0086} In cven another embodiment, the API is dalbavancin (Bl 397). Dalbavancinis a
semi~synthetic derivative of A40926, a glycopeptide with a siructure related to that of
teicoplanin.  As with ortavancin and telavancin, dalbavanein i1s more active against 8.
preumoniae than are conventional glycopeptides, and its activity against 5. aureus is also
substantially mproved. which was not observed with the semi-synthetic derivatives of
vancomyein. However, studies have shown that it 1s not more active than teicoplanin

against enterococel harboring the VanA phenotype of resistance to glycopentides.

{0081} The lipid component used in the continuous manufacturing process described
herein in one embodiment, comprises a net nevtral lipid. or a combination of net neutral
fipids.  In one embodiment, the lipid componcunt is free of anionic lipids. fn one
embodiment, the hpid 1s a phospholipid, mcluding but not Imited to, a
phosphatidylcholine such as dipalmitoylphosphatidylcholine or
dioleoviphosphatidyicholine; a sterol, including, but not limiied to, cholesterol: or a

combination of a phosphatidyicholine and a sterol {e.g., cholesterol).

10082] Examples of the lipid component that can be used i preparning the stabilized lipid-
based glveopeptide antibiotic composition of the present invention inchudes, but 1s himited
to, phosphatidylcholine (PC), phosphatidviglycerol (P(G), phosphatidylinositol (PI},
phosphatidylserine (PS), phosphatidvicthanolamine (PE), phosphatidic acid (PA}, egg
phosphatidvicholine (EPC), cgg phosphatidviglveeral (EPG), cgg phosphatidviinositol
(EPI}, egg phosphatidylserine (EPS), phosphatidvlethanolamine (HPE), phosphatidic acid
{(EPA), soy phosphatidylcholine (8PC), soy phosphatidyiglveerol (8PG), soy
phosphatidyviscrine {$P8), soy phosphatidvlinositol (SP1}, soy phosphatidviethanolamine
{5PE), soy phosphatidic acid (SPA), hvdrogenated egg phosphatidyicholine (HEPC),
hydrogenated egg phosphatidyviglyeerol (HEPG), hvdrogenated cgg phosphatidylinositol
(HEPI), hydrogenated  egg  phosphatidviserine  (HEPS),  hydrogenated
phosphatidvicthanolamine (HEPE), hydrogenated phosphatidic  acid  (HEPA),
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hydrogenated sov phosphatidylcholine (HSPC), hydrogenated soy phosphatidvliglveerol
(HSPG),  hvdrogenated  sov  phosphatidvisenine (HSPS), hvdrogenated  soy
phosphatidylmositol  (HSPD, hyvdrogenated soy phosphatidviethanolamine (HSPE),
hydrogenated soy phosphatidic acid (HSPA), dipaloutoyiphosphatidyicholine (BPPC),
dimyrnistoyviphosphatidyichohine (DMPC), dimyristoviphosphatidylglveerol (DMPG),
dipalmitoyiphosphatidvigiyeerol  (BPPG),  distearoviphosphatidylcholing (DSPC),
distearoylphosphatidviglycerol  (BSPG),  dioleoviphosphatidyicholine  (DOPC),
dioleyiphosphatidylethanolanmine  (DOPE),  paloutovistearoviphosphatidyl-choline
{(PSPC), palmitovistearolphosphatidylgtveerol {(PSPG), mono-oleoyi-
phosphatidylethanolamine (MOPE}, tocopherol, tocopherol hemisuceinate, cholesterol
sulfate, cholesteryl hemisuccinate, cholesterol derivatives, ammonium salts of fatty acids,
ammonium salts of phospholipids, ammonium salts of glycerides, mynstylamine,
palmitvlamine, lavrviamune, stearviamine, dilawroyl cthyiphosphocholine (DLEP),
dimyristoy! ethylphosphocholine (DMEP), dipalmitovl ethviphosphocholine (DPEP} and
distearovl ethvlphosphocholine (DSEP), N~(2, 3-di-(9-(Z)-octadecenvloxy}-prop-1-vi-
NN N-trimethylammonium chlonde (DOTMA), L 2-bis{oleovioxy}-3-
(trimgthylammonioypropane  (DOTAP),  distearoviphosphatidylglyeerol  {(DSPG),
dimyristoviphosphatidylacid ~ (DMPA),  dipalmitoviphosphatidylacid ~ {DPPA},
distearoyiphosphatidviacid  (DSPA),  dimyristoyiphosphatidvhinositol  (DMP1),
dipalnutoyiphosphatidvhinositol ~ {(DBPPI),  distearoviphospatidyinositol  {(D5PI},
dimyristoyiphosphatidylserine  (BMPS),  dipalmitoylphosphatidylserine  (DPPS),

distearoylphosphatidviserine {DSPS), or a mixture thereof.

10083} In another ombodiment, the lpid component vsed in the continucus
manufacturing PIocess of the present mvention COMPrises
palmitovistearoylphosphatidyicholine  (PSPC), palmitoyistearoyiphosphatidviglyeerol
(PSPG), triacylglycerol, diacylglycerol, seranide, sphingosine, sphingomyelin, a single
acylated phospholipid, such as mono-oleoyi-phosphatidvicthanol amine (MOPE), or a

combination thereof.

[0084] In another cmbodiment, the lipid componecnt used in the continuous
manufacturing process compriges an ammonium salt of a faity acid, a phospholipid,

sterol, a phosphatidylglycercls (PG), a phosphatidic acid {(PA), a phosphotidylcholing
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(PC), phosphatidylinositol (PI) or a phosphatidyiserine (PS}). The fatty acid can be a fatty
acids of carbon chain lengths of 12 to 26 carbon atoms that is etther saturated or
unsaturated.  Some specific examples include, but are not imited to, myrstylamine,
palmitylamine, lavrvlamine and stearvlamine, dilaurovi cthyiphosphocholine (BLEP),
dimyristoyi cthviphosphocholine (DMEP), dipalmitovl ethviphosphocholine (DPEP) and
distearoyl ethviphosphocholing (DSEP), N-(2, 3~ di-(9 {Z)-octadecenyloxy}-prop-1-yl-
N N N-tnmethylammonium  chlonde  (DOTMA}Y  and 1, Z-bis{cleovioxy}-3-
(trimethylammonio)propane (DOTAP).

10085] According to anocther embodiment, the lpid component comprises a
phosphatidyicholine. In a further embodiment, the phosphatidyicholine is
dipalmitoyiphosphatidylcholine (DPPC) or palmitovioleoyiphosphatidvicholine (POPC).

In even a further embodiment, the phosphatidvicholing comprises DPPC.

[0086] According to another embodiment, the lipid component comprises a
phosphatidyigiveerol. In a further embodiment, the phosphatidviglyvcerol is T-palmitovi-

2-oleovl-sn-glycero-3-phosphoglveerol (POPG).

{0087} According to another embodiment, the lipid component comprises a sierol,
including, but not limited to, cholesterol and ergosterol.  In one embodiment, the lipid
component comprises a phospholipid and a sterol. In a further embodiment, the sterol is

cholesterol.

[0088] The lipid-to-API weight ratio of the liposomal encapsulated APY provided herein,
none embodiment. 1s3to lorless. 25t lorless, 2to Lorless, 1.5t0 L orless.or 1 to
I or less. The lipid to API ratio of the liposomal encapsulated API provided herein, in
another embodiment, 1s less than 3to 1, lessthan 2.5 o 1, less than 2 to 1, less than 1.5
to 1, orless than 1 to 1. In a further embodiment, the lipid to AP ratic is about 0.7 to 1
or less or about 0.7 to 1. In even a further embodument, the APY is an aminoglycoside,

¢.g., amikacin or a pharmaceutically acceptable salt thereof

[0089] The lipid-to-APl weight ratio (hipid: API} of the liposomal encapsulated APE
provided herein, m one embodiment, is from about 3:1 to about 0.5:1, from about 2.5:1

to about 0.5:1, from about 2:1 to about 0.5:1, from about 1.53:1 to about 0.5:1, or from
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about 1:1 to about 0.5:1. In a further cmbodiment, the API is an ammnoglycoside, e.g.,

amikacin or a pharmaceutically acceptable salt thereof,
EXAMPLES

[0096G] The present invention is further illustrated by reference to the following
Examples. However, it should be noted that the Examples, hike the embodiments
described above, are illustrative and not to be construed as restricting the scope of the

invention in any way.

Example 1 — Case Studv of Batch and Continuous Liposome Manufacturing

Processes

10021} Forthe purposes of the case study, the following options are compared; (1} a batch
process design producing 2500 filled units from a 1 hr. liposome formation step with
supporting baich process steps and (2} a continuous process design aliowing for a 24 hr.
liposome formation step with concurrent continuous wunit operations. The batch process
is based on a process used for early phase clinical production. it is assumed that the batch
and continuous designs are using similar scale equipment with similar processing rates.

A sammary of the unit operations and processing times 18 in Figure 7.

{06152} The batch process is able to produce 2500 filled units in 20 hr. of total processing
time mchuding preparation {assembly, CIP/SIP, ete)). This calculates to 125 units/hr. The
continuous process with a 24 hr. liposome formation step produces 18,750 filled units in
34 hr. of total process time or 551 units/br. This translates to a 4.4-fold merease in output
for the same overhead costs and a 7.5-fold output increase for the same process
preparation costs and single-use componentry costs {(sterilizing filters, TFF cartridges).
This 1gnores the additional capital expenses needed to achieve one of the continuous

designs previously mentioned {¢.g., set torth at Figures 3-6).

0093} Another way to compare the processes is by their ability to fulfill a given
production forecast. For a forecast of | nullion units per year, the continuous design
requuires the 34-hr. process 1o be nun approximately once per week. For the batch design,
the 20-hr. process would have to be run more than once per dav, necessitating multiple

lines running at a higher rate to fulfill the forecast.
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[0094] By converting the carly phase clinical scale production line to a continuous
operation, not only are cost savings and higher throughput achieved, but the need for
scaling up the process is alleviated, which eliminates the need for supporting process

development work and large-scale capital equipment purchases.

Example 2 —Continuous Liposome Manufacturine

[0095] This example outhines a continuous inhine dialfiltration (ILDF)/concentration of a
liposomal amikacin formudation having a lipid component consisting of DPPC and
cholesterol. This Example i1s concomed with understanding the operating

conditions/parameters for the continuous in-line diafiltration module.
Equipment and Components

10056} The cquipment and components in Table 3 below was used for both experniments
executed under this Example. The ILDF setup utilized two standard penistaltic pumps for
operations — the first to control the feed and retentate, and the second to control the buffer
mjection. The ILDF included six fluid treatment modules. A fluid treatment module
comprises a filtration membrane, feed channel and permeate channel (1.¢., the diagram

shown in Figure 6 with one additional flaid treatment module).

Table 3

Eguipment

Manufacturer

Vendor Part No.

Cadence Inline Diafiltration

Module Pall Corporation DFOS030T120612
1351, 88 Jacketed Vessel Sharpsville 1303

100L S8 Jacketed Vessel Lee Industries B8783-A
gz‘f’l;;‘f: lowpaths with Pall Corporation DFOS030T120612
1000L PVDF Vessel Terracon Custom

Infusion Peristaltic Pumps Watson Marlow 520U

Mastertlex L/S Puraps for
Saline (DF control) and
Feed/Retentate

Cole-Parmer

EW-07522-20

Masterflox Easv Load 11
Pump Heads

Cole-Parmer

EW-77201-60
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Table 3
Fouinment Manufacturer Yendor Part No.

Mastedlex L/S cartridge
pump head {6 channel, 6
roler)

Cole-Parmer

EW-07519-15

Mastertlex L/5 pump head

Cole-Parmer

EW-07519-73

Weighing

cartridges
Pressure Monitor (Feed, PendoTECH PMATAA-BAR
Retentate)
Balance for Raw Material . —
Sartorius Signom 1

Flow Meters

Endress Hauser

Solution Preparation

{0057} Prior to beginning each experiment, all product contact surfaces m the process

train were either cleaned using 01N NaOH or replaced with new components where

appropriate. Post cleaning rinsing with RODI water was completed until neutral pH was

achicved. Following cleaning, the amikacin solution and saline was prepared, followed

by hipid solution. All raw materials weighed were within expected accuracy from the

target.  All raw materials weights and additional processing information related to

infusion, diafiltration and concentration was recorded during processing. Raw materials

for solution preparation are provided in Table 4 below.

Table 4.
Solution Raw Materials Yendor
Water RODI
Amikacin Arikacin ACS Dobfar
NaOH §T. Baker
Ethanol PharmcoAaper
Lipid Cholesterol Dishman
DPPC Lipoid
Water RODI
Saline
Naf’l }.'T. Baker
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Awnikacin-Lapid Infusion

{0698} During processing, the Melfi system records flow rates, pressure, temperature,
vessel weight and time. Amikacin and lipid infusion was carried out via an in-line method
to create 2L of a liposomal amikacin sospension, as described in US. Patent No.

7.718,189, the disclosure of which is incorporated by reference herein in ifs entirety.
Inhine Diafiltration

[06199] The 2L of infused material was collected under the skid and processed by ILDF,
PendoTECH s custom data acquisition scftware was used to record and log all process
data for the duration of the diafiliration. Aficr ~200mL of product was diafilicred at one
set of flowrates {Trial 1), the purp settings were changed and ~200mL of product was
collected at another set of flowrates (Trial 2}, Se¢ Table 5 for a summary of process data

collected throughout the experiments.

PCT/US2019/024901

Table 5, Process data snmmary.

Enfusion Buffer Average | Average Average Average Avg, Avg,
Samplie | Flow rate | Flow rate Feed TMP Feed Retentate Feed Retentate
(mi/min) | (mi/min} | Pressure (psi) Conductivity | Conductivity | Temp (O} Temap
{psh {m8) Sy {©
1 30 250 0.88 89 454 253 23.6
2 25 24.4 0.87 83 304 247 23.7
Analvtical Results
(01608} Table 6 provides the imitial analytical results from the experiments.
Table 6. Analytival Results Summary
Sample | Infusion Buffer Amikacin | Cholestersl | DPPC Lipid-to-
Flowrate | Flowrate Cong, Cong. Conc. | AP weight
ratio
i 10 30 5 mg/ak 2 mg/ml 3 0.83
mb/min ml/min mg/ml.
2 5 mL/min 25 14 mg/mb 4 mg/mlL 8 (.86
mbL/min mg/mL

wa
(O8]
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RN I I I

10101} AH publications, protocols, patents and patent applications cited herein are

mcorporated herein by reference in their entircties for all purposcs.

[0102] While the described invention has been described with reference to the specific
embodiments thereof it should be understood by those skilled i the art that various
changes may be made and equivalents may be substituted without departing from the true
spirit and scope of the invention. In addition, many modifications may be made to adopt
a particular situation, material, composition of matter, process, process step or steps, to
the objective spirit and scope of the invention. All such modifications are intended to be

within the scope of the claims appended hereto.
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CLAIMS

1. A method for making a liposomal API formulation, comprising,

mixing a lipid solution comprising a lipid dissolved in an organic solvent with an
aqueous API solution, wherein the lipid solution and agueous AP solution are mixed
from two separate streams i an in-line fashion, and wherein a liposomal encapsulated
AP s formed at the mtersection of the two streams,

wntroducing the Hiposomal encapsuiated API into a first central vessel compnising
a first inlet, a second inlet, a first outlet and a second cutlet, through the first inlet, wherein
the first outlet is i fluid communication with an inlet of a first tangential flow filtration
(TFF) unit comprising the inlet and a first and second outlet, wherein the first outlet of
the first TFF unit 1s in thud communication with the second mlet of the first central vessel
and the second outlet of the first TEFF unit is a waste {permeate) outlet; and the second
outlet of the first central vessel is in fluid communication with an inlet of a second TFF
unit comprising the nlet and a first and second outlet, wherein the first outlet of the
second TFF unit 1s a retentate outlet and the second outlet of the second TFF umit 1s a
waste {permeate) outlet;

continuously flowing the liposomal encapsulated API into the first TFF unit fora
first period of time, wherein the liposomal encapsulated API enters the first TFF unit
through the TFF mlet and exits through the first outlet;

flowing the hposomal cncapsulated API from the first central vessel through the
inlet of the second TFF unit for a second period of time; and

collecting the liposomal APY formulation from the first outlet of the second TFF

uiit.

2. A method for making a liposomal API formulation, comprising,

mixing a lipid sclution comprising a lipid dissolved in an organic solvent with an
aqueous AP sohution, wherein the lipid solution and aqueous AP solution are nuxed
from two separate streams in an in-line fashion, and wherein a Iiposomal encapsulated
API is formed at the intersection of the two streams,

mtroducing the liposomal encapsulated AP{ 1nto a first contral vessel comprising
an inlet and an outlet, through the inlet, wherein the outlet is in fhud communication with

an inlet of a first tangential flow filtration (TFF} umit comprising the inlet and a first and
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sccond outlet, wherein the first outlet of the first TFF unit 1s in fluid communication with
the mlet of a second THF comprising the inlet and a fivst and second outlet, and the second
outlet of the first TFF umt is a waste (permeate) outlet; and wherein the first ocutlet of the
second THFF unit 1s 3 retentate outlet and the second outlet of the second THFF unitis a
waste (permeaic) outlet;

flowing the liposomal encapsulated AP into the first TFF unit for a first period
of time, wherein the Hposomal encapsulated APY enters the first TFF unif through the TFF
inlet and exits through the first outlet;

flowing the hposomal encapsulated API from the first outlet of the first TFF
through the mlet of the second TFF umit for a second period of time; and

collecting the liposomal API formulation from the first cutlet of the second TFF

unit.

3. A method for making a liposomal API formulation, comprising,
mixing a hipid solution comprising a lipid dissolved 1n an organic solvent with an
aqueous APl solution, wherein the lipid solation and aqueous API sohution are mixed
from two separate streams in an in-line fashion, and wherein liposomal encapsulated AP
is formed at the intersection of the two streams,
ntroducing the liposomal encapsuiated API into a first central vessel comprising
a first inlet, a second inlet, a first outlet and a second cutlet, through the first inlet, wherein
the first outlet 1s in fluid communication with an inlet of a first tangential flow filtration
(TFF) unit comprising the miet and a first and second outlet, wherein the first outlet of
the first TFF amt 15 in fluid communication with the second inlet of the first central vessel
and the second outlet of the first TFF unit 1s a waste outlet; and the second outlet of the
first central vessel 1s in fluid communication with a first inlet of a second central vessel,
wherein the second central vessel comprises the first inlet, a second miet,
a first outlet and a sceond outlet, and the first outlet of the second central vessel
is in fluid communication with an inlet of a second tangential {low filtration (TFF)
unit comprising the indet and a first and second outlet,
wherein the first outlet of the second TFF unit 15 in fluid communication
with the second inlet of the second central vessel. the second outlet of the second
TFF unit is a waste outlet; the sccond outlet of the second central vessel is 1n fhud

communication with an inlet of a third TFF unit compnsing the mnlet and a first
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and second outlet, wherein the first outlet of the third TFF unut 15 a retentate outlet

and the second outlet of the third TFF unit 15 a waste (permeate) outlet;

continuousty flowing the hposomal encapsulated AP into the first TFF umit fora
first period of time, wherein the liposomal encapsulated API enders the first TFF onit
through the TFF miet and exits through the first outlet;

flowing the liposomal encapsulated API from the first central vessel nto the
second central vessel for a second period of time;

contimuously flowing the hiposomal cncapsulated AP into the second TFF umit
from the second central vessel for a third period of time, wherein the liposomal
encapsulated API enters the second TFF unit through the TFF inlet and exuts through the
first outlet;

flowing the liposomal encapsulated API from the sccond central vessel through
the inlet of the third TFF unit for a fourth period of time; and

collecting the liposomal encapsulated AP formulation from the first outlet of the
third TFF umit.
4. The method of any one of claims 1-3, wherein the mixing results in the formation of

an API coacervate.

5. The method of claim 4, wherein the API coacervaie mitiates lipid bilaver formation

around the APl coacervate.

6. The method of anv one of claims 1-5, wherein the concentration of the APl inside the

liposome is higher than the external API concentration.

7. The method of any one of claims 1-6, wherein a buffer is introduced mto the first
central vessel through a third inlet prior to the first period of time or during the first period

of time.

8. The method of any one of claims 1, 2 and 4-7, wherein the second TFF unit is a single

pass TFF unit (SPTFF).

9. The method of any one of claims 3-7, wherein the third TFF unit 1s a single pass TFF
, bl £ p

unit (SPTFF).
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10. The method of any one of claims 1, 2 and 4-8, further compnsing flowing the
liposomal encapsulated AP from the first central vessel into one or more additional TFF
units, prior to flowing the liposomal AP formudation from the one or more additional
TFF units into the second TFF unit, and collecting the liposomal APl formulation from

the first outlet of the second TFF unat.

11, The method of any one of claims 3-9, further comprising flowing the hiposomal
encapsulated API from the second central vessel into one or more additional TFF units,
prior to flowing the liposomal AP formusdation from the one or more additional TFF units
into the third TFF unit, and collecting the liposomal API formulation from the first outlet

of the third TFF unit.

12. The method of clamm 10 or 11, wherein the one or more additional TFF unus

comprises one or more SPTEFF units.

13. The method of any one of claims 10-12, wherein the one or more additional TFF

units comprise two or more TFF units connected n series.

14, The method of any one of claims 10-12, wherein the one or more additional TFF

units comprise two or more TFF units comnected in parallcl.

15, The method of any one of claims 10-13, wherein the one or more additional TFF

untts comprises four TFF units connected in series.

16. The method of any one of claims 10-12, wherein the one or more additional TFF

units comprises a single TFF unit.
17. The method of any one of claims 6-16, whercin the baffer is a sodium chloride buffer.
18. The method of any one of claims 1-17, wheren the hpid comprises a phospholipid.

19, The method of any one of claims 1-18, wherein the lipid comprises a
phosphatidylcholing  (PC), phosphandylglycerol (P(G), phosphatidvbinositol (P13},
phosphatidylserime (PS), phosphatidyvicthanolamine (PE} or phosphatidic acid (PA).

20. The method of claim 18, wherein the phospholipid is a phosphatdylcholine.
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21. The method of any one of claimas 1-20, wherein the lipid comprises one or more net

neutral lipids.

22, The method of claim 20, wherein the phosphatidvicholine 15 dipalmitoyl

phosphatidylcholine (BPPC).
23. The method of any one of claims 1-22, wherein the hipid comprises cholesterol.

24, The method of any one of claims 1-17, wherein the lipid comprises egg
phosphatidylcholine (EPC), egg phosphatidylglveerol (EPG), egg phosphatidylinositol
(EPI}, egg phosphatidyiserine (EPS), phosphatidvlethanolamine (EPE), phosphatidic acid
(EPA), soy phosphatidyicholine (8PC), sov phosphatidylglycerol  (8PG), soy
phosphatidvisernine (8PS), sov phosphatidvlinositol (SPI), soy phosphatidyiethanolamine
(SPE), soy phosphatidic acid (SPA), hydrogenated egg phosphatidyicholing (HEPC),
hyvdrogenated egg phosphatidviglveerol (HEPG), hvdrogenated egg phosphatidyhinositol
(HEPY),  hvdrogenated cgg  phosphatidviserine  (HEPS),  hvdrogenated
phosphatidylethanolamine (HEPE), hvdrogenated phosphatidic acid (HEPA},
hydrogenated soy phosphatidylcholine (HSPC), hydrogenated sov phosphatidylglycerol
(HSPG), hyvdrogenated  sov  phosphatidviserine  (HSPS),  hvdrogenated  soy
phosphatidyvlinositol {(HSPI), hvdrogenated soy phosphatidyiethanclamine (HSPE),
hydrogenated sov phosphatidic actd (HSPA), dipalmitoviphosphatidylcholine (DPPC),
dimyristoyiphosphatidyicholineg (BMPC), dimyristoyiphosphatidylelyeerol (BMPG),
dipalmitoviphosphatidviglveerel  (DPPG),  distearoylphosphatidvicholine  (DSPC),
distearoviphosphatidviglveerol  (DSPG),  dioleoviphosphatidvicholine  (BOPC),
dioleviphosphatidylethanolamime  (BOPE),  palmitovistearoviphosphatidyi-choling
(PSP, palmitoylstearolphosphatidylglycers! {PSPG), mono-oleoyl-
phosphatidvicthanolamine (MOPE), tocopherol, tocopherol hemisuccinate, cholesterol
sulfate, cholesteryl hemisuccinate, cholesterol derivatives, ammonium salts of fatty acids,
ammoniom salts of phosphohipids, ammonium salts of glyecerides, myristylamine,
palmitylanune, laurylamine, stearviamine, dilauroyl cthviphosphocholine (DLEP),
dimynistoy! ethylphosphocholine (DMEP), dipalmitovl ethviphosphocholine (DPEP) and
distearoyl ethylphosphocholine (BSEP), N-(2, 3-di«(9-(Z)-octadecenyloxy}-prop-1-yl-
N N N-trimethyiammonium chloride (DOTMA), i, 2-bis{cleoyloxy}-3-
(trimethylammonio)propane (DOTAP),  distcaroviphosphatidviglyeerol  (DSPG),
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dimyristoviphosphatidylacid (BMPA), dipalmitoviphosphatidylacid (DPPA),
distearoviphosphatidylacid  (DSPA),  dimyristoviphosphatidyvimoesitol  (DMPI),
dipalmitoviphosphatidylinositol  (DPPI},  distearovlphospatidylinositol  (DSPI},
dimyristoyiphosphatidyiserine (BMPS),  dipalmitoyiphosphatidylserine  {(DPPS),
distearoviphosphatidviserine (DSPS), or a mixture thereof,

25 The method of any one of claims 1-24, wherein the lipid comprses
palmitoyistearoviphosphatidvichoiine  (PSPC), palmutovistearoviphosphatidyviglveerol
{PSPG), triacylglyeerol, diacylglyveerol, seramide, sphingosine, sphingomyelin, or a single

acviated phospholipid.
26. The method of claim 25, wherein the lipid comprises a single acylated phospholipid.

27. The method of claim 26, wherein the single acvlated phospholipid is mono-cleoyl-

phosphatidvicthanol amine (MOPE).

28. The method of any one of claims 1-17, whergin the hipid comprises myristylamine,
palmitylamine, lavrvlamine and stearvliamine, dilaurovi ethyviphosphocholine (DLEP),
dimyristovi cthylphosphocholine (DMEP), dipalmitoy] ethyiphosphocholine (DPEP) and
distearoyl ethylphosphocholine (DSEP), N-(2, 3- di-(Y (Z)-octadecenyvioxy)-prop-1-vi-
NN N-trimethylammoniom chlonde {(BOTMA), i, 2-bis{oleovioxy)-3-

(trimethviammonio)propane (DOTAP), or a combination thercof

29, The method of any ong of claims 1-17, wherein the lipid comprises DPPC and

cholesterod.

30. The method of any one of clans 1-17, wherein the bipid consists of DPPC and

cholesterol.

31, The method of any one of claims 1-29, wherein the lipid comprises

palmitoyloleoviphosphatidyicholine (POPC).

32, The method of any one of claims 1-29, wherein the ipid compnses 2-oleoyi-sn-

glyeero-3-phosphoglyeerol (POPG).

33. The method of any one of claims 1-32, wherem the AP 1s an antiinfective.
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34, The method of claim 33, wherein the antiinfoctive 153 an aminoglycoside, or a

pharmaceutically acceptable salt thereof.

35. The method of claim 34, wherein the aminoglveoside is amikacin, or a

pharmaceutically acceptable salt thereof.
36. The method of claim 35, wherein the amikacin 1s amikacin sulfate.
37, The method of claim 33, wherein the antimfective is a tetracycline.

38, The method of claim 37, wherein the tetracvchine is chloretracycline,

oxvietracyvehing, methacyeline, doxyeycline or mimocyeling,
39, The method of claim 33, wherein the antimfective is a sulfonamide.

40. The method of claim 39, wherein the sulfonamide is sulfanilamide, sulfadiazine.

sulfamethaoxazole, sulfisoxazole or sulfacetamude.
41. The method of claim 33, wherein the antiinfective is a quinolone,

42, The method of claim 41, wherem the quinclone is nalidixic acid, cinoxacin,

ciprofloxacin or norfloxacin.
43. The method of claim 42, wherein the quinolone 1s ciprotioxaicin.

44 The method of claim 33, wherein the antiinfective a glycopeptide.

o
W

. The method of claim 44, wherein the glvcopeptide is a glveopeptide recited in Table

N2

46. The method of claim 45, wherein the glveopeptide 1s vancomycin, or a deavative

thereof.
47. The method of any one of claims 1-32, wherein the API is an antifungal drug.

48, The method of claim 47, wherein the antifungal drug is a polvene antifongal,
flucvtosine, an imidazole, a triazole, griscofulvin, terconazole, butoconazole ciclopirax,

ciclopirox olamine, haloprogin, tolnafiate, naftifine or terbinafine.
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49, The method of claim 34, wherein the aminoglycoside is amikacin, apramvcin,
arbekacin, astromicin, capreomycin, dibekacin, framyceetin, gentamicin, hyvgromycin B,
isepamicin, kanamvein, neomycin, nctilmicmn, paromomyvein, rhodestreptomyein,
ribostamycin, sisomicin, spectinomycein, streptomycin, iobramyein, verdamicin, a

pharmaccutically acceptable salt thereof, or a combination thereof,

50, The method of claim 34, wherein the ammnoglycoside is AC4437, amikacin,
apramycin, arbekacin, astromicin, bekanamycin, boholmyvcin, brulamycein, capreomyein,
dibekacin, dactimicin, etimicin, framyceetin, gentamicin, H107, hvgromyein, hygromycin
B, mnosamycin, K-4619, isepamicin, KA-5683, kanamycin, neomycin, netilmicin,
paromomycm, plazomicin, rnibostamycin, sisomicm, thodestreptomycin, sorbistin,
spectinomycin, sporaricin, streptomycin, tobramyvein, verdanucin, vertilmicin, a

pharmaceutically acceptable salt thereof, or a combination thereof.
51. The method of claim 47, wherein the antifumgal drug 18 a polvene antifungal.

52, The method of claim 51, wherem the polyene antitfungal is amphotericin B, nystatin

or natamycin.
53. The method of claim 47, wherein the antifungal drug s an imidazole.

54. The method of claim 33, wherein the mmidazole 15 n-ticonazole, clotrimazole,

econazole or ketoconazole.

]
W

. The method of claim 47, wherein the antifungal drug 15 a tnazole.

n
~

6. The method of claim 35, wheren the tniazole 1s itraconazole or fluconazole.

57. The method of any one of claims 1-56, wherem the lipid-to-AP weight ratio of the
collected liposomal AP formulationis 3 to [ orless, 2.5t0  orless, 210 1 orless, 1.5 10

1 orless, or 1to 1 orless.

38, The method of any one of claims 1-56, wherein the lipid-to-APE weight ratio of the

collected liposomal AP formulation is less than 3 to 1, lessthan 2.5 t0 1, less than 2 to

I,lessthan [ 510 1, orlessthan 1 1o 1.
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59, The method of any one of claims 1-56, wherem the lipid-to-A P weight ratio of the

collected liposomal API formulation is about 0.7 to 1.

60. The method of any one of claims 1-56, wherein the lipid-to-APl weight ratio of the
collected liposomal API formulation is from about 3:1 to about 0.5:1, from about 2.5:1 to
about 0.3:1, from about 2:1 1o about 0.5:1, from about 1.53:1 to about 0.5:1, or from about

I:1toc about 0.5:1.

61, The method of any ong of claims 1-56, wherein the lipid-to-APE weight ratio of the

collected liposomal API formulation is from about 3:1 to about 0.5:1

62. The method of any one of claims 1-56, wherem the lipid-to-AP weight ratio of the

collected liposomal API formulation is from about 2.5:1 to about 0.5:1.

63. The method of any one of claims 1-56, wherem the lipid-to-APE weight ratio of the

coliected hiposomal APY formulation is from about 2:1 to about 0.5:1.

64. The method of any one of claims 1-56, wherein the lipid-to-API weight ratio of the

collected liposomal APY formalation is from about 1:1 to about 0.5:1.

o
[
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