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Pharmaceutical Quality

A quality product of any kind consistently meets the expectations of the
user — Drugs are no different.

] e @

Patients expect safe and effective medicine with every dose they take.

Pharmaceutical quality is assuring every dose is safe and effective, free of
contamination and defects.

It is what gives patients confidence in their next dose of medicine.



Outline

* Regulatory considerations of nanotechnology
* Opportunities with continous manufacturing
* Research example



Considering Whether an FDA Regulated Product Involves FUA

the Application of Nanotechnology

Points to Consider:

1. Whether a material or end product is engineered to have at least one external dimension, or an internal or
Surface structure, in the nanoscale range (approximately 1 nm to 100 nm);

2. Whether a material or end product is engineered to exhibit properties or phenomena, including physical or

chemical properties or biological effects, that are attributable to its dimension(s), even if these dimensions
fall outside the nanoscale range, up to one micrometer (1,000 nm).

Particle sizes within
drug products
containing
nanomaterials from 1973
to 2015.
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» Guidance for Industry: Considering Whether an FDA-Regulated Product Involves the Application

of Nanotechnology (2014)

+ S. D’Mello, et al. The evolving landscape of drug products containing nanomaterials in the United

States, Nature Nanotechnology, 2017, 12, p.523-529



FOUA

CDER/CBER Nanotechnology Guidance

* Focuses on identifying and managing new

risks, Drug Products,

— FDA does not categorically judge Including Biological
nanomaterial products as intrinsically benign Products, that Contain
or harmful Nanomaterials

— Same standards of safety, efficacy, and Guidance for Industry
quality

— No new regulatory requirements

— Risk-based approach

— Characterization is key

— Intent of nanomaterials

— Bridging physical/chemical properties to

Center for Biolagics Evaluation and Research (CBER)

clinical outcome

Pharmaceutical Quality/CMC
Drug Products, |nchI%M&L@rﬁQQFQ@QQ Nanomaterials - Guidance for Industry (2022)

https://www.fda.gov/media/157812/download



Innovation in Manufacturing
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Another Example...




Pharmaceutical industry is also
evolving...



FOUA

What is Continuous Manufacturing (CM)?

A typical batch manufacturing process
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Advantage: \ G T e ,

* Reduce processing time o

* Reduce manufacturing footprint

* Increase efficiency, flexibility, agility, and To date, CDER has approved 15 drug products utilizing
robustness in manufacturing CM technology (all small molecules drugs). No

e Enable rapid response to drug Shor[‘ages} approved application UtlllZIﬂg CM of nanomaterials yet
emergencies, and patient demand

S. Lee, et al. Modernizing Pharmaceutical Manufacturing: from Batch to Continuous Production, J Pharm Innov (2015) 10: 191-199



Why Continuous Manufacturing

Intemational Journal of Pharmaceutics 622 (2022) 121778

e — e CM applicants had shorter times to
15 ] International Journal of Pharmaceutics approval and marketing com pared to

FI SEVIER journal homepage: www elsevier.com/locatalijpharm batch appl icants

_ _ L) « 3 months faster to approval (median)
An audit of pharmaceutical continuous manufacturing regulatory oy .
submissions and outcomes in the US ¢ 4 monthS faSteI’ tO mal’ketlng
B e + ~$171-537M in early revenue benefit
Michael Kop

Food and Drug Admintszration, Genter for Drug Fvaluation and Research, Silver Spring, MD 20993, Undted States

* No substantial regulatory barriers for

ARTICLE INFO ABSTRACT

Keywords: Continuous manufacturing (CM) sends materials directly and continuously to the next step of a process, elimi- CM related to:

(};t::;“:::knufnmmns maqhnunml;::m%;umcamgm?%bminmﬁcw:ﬂmmﬂm?mn

= el s, ovs o, s e ndcrin Gy sl S pcmsceil s « Manufacturi h

e e o B e e e anutracturing process changes
An FDA celf-audit of regulstory submisions in the US. inad the at approval and during the ] ]
o Moy of o eiog o e ool b Vs i, T * Pre-approval inspections
orpn-:ppmvalm:pecnmn.cﬂapphmmhalrelanvelv:hmmmappmnlmdm:kﬂa.cm:dm
similar batch applications, b::a]ondummwme\hmum to ap 1(8oc3 ho facter) and mark
(12 or 4 months faster) from zub ing to an estd Sl 1-537 M in exrly revenue benefic.

https://doi.org/10.1016/j.ijpharm.2022.121778 10



Opportunities in CM of Nanomaterials

(1973-2015)

Liposome

S

Emulsion

£ Nanocrystal

S

Type of
Formulation

(1973-2015)
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Route of Administration
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Injection /
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|

|
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~ Oral
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Route of Administration

for All Approved Products
(data from Drugs@FDA)

S. D'Mello et al. The evolving landscape of drug products containing nanomaterials in the United States, Nature Nanotechnology, 2017, 12, p.523-529



FOUA

CM for Nanomaterials: Two Sides of the Coin

Quality issues were the most common reason
for disruptions that became shortages

Percentage of Drugs Newly in Shortage by Reason, Calendar Years 2013-2017

Quality Issues 62%
Unknown

Increase in Demand

Natural Disaster

Production Discontinuation

Most drugs in shortage were experiencing supply disruptions, specifically quality issues.
Source: Internal FDA Data

63 % were

Drug Shortages: Root CaIAIe] . e:&tlanlﬁs

https://www.fda.gov/drugs/drud-shortages/report-drug-shortages-root-causes-an
d-potential-solutions




Drug Products Containing Nanomaterials -
Research

 CDER maintains a robust research profile in the area of drug products
containing nanomaterials
— Internal projects
— Extramural projects
— Collaborations

« Research may focus on a product, class, or general questions surrounding
nanomaterials in drug products
— Quality considerations (e.g., characterization)
— Emerging technologies
— Pharmacology/Toxicology
— Equivalence of complex drug products

13



] Several research grants (e.g., via Broad Agency Announcement, BAA) were awarded
to understand the technical challenges associated with continous manufacturing of
nanomaterials, which also facilitates the responsible development and adoption of
iInnovative technologies.

RESEARC H A Continuous Manufacturing Platform for
EXAM PLE Complex Dosage Forms

Extramural

Research

BAA and UO1 grant# Dr. Diane Burgess (Pl)

1) HHSF223201310117C Dr. Antonio Costa

2) HHSF223201610105 Dr. Chaudhuri Bodhisattwa
C

Dr. Raman Bahal

3) 75F40120C00201
4) 1UO1FDO005773
5) 1UO01FDO006975



Liposomes and Lipid Nanoparticles
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FUA
Typical Batch Process of Liposome Manufacturing .

1. Liposome (empty) formation (e.g., film hydration, ethanol
injection, reverse phase evaporation)

2. Down-sizing (e.g., sonication, extrusion, microfluidization)

3. Drug encapsulation (e.g., passive-, active- loading)

4. Purification (diafiltration, dialysis)

5. Fill-finish

16



CM Enables One-step Unilamellar Liposome Formation

Ethanol + Lipid
Input ,ﬁ

Turbulent Jet

Water Input Aqueous Phase

Liposome Formation Process

A.P. Costa, X. Xu, M. Khan, D.J. Burgess. Liposome Formation using a Coaxial Turbulent Jet in Co-Flow. Pharmaceutical Research. (2015), 33 (2), pp. 404-416.

17



High-Speed Camera: Jet Formation

Entire 30 second video takes place in less than 1

FOUA
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A.P. Costa, X. Xu, M. Khan, D.J. Burgess. Liposome Formation using a Coaxial Turbulent Jet in
Co-Flow. Pharmaceutical Research. (2015), 33 (2), pp. 404-416.



Improved Precision and Robustness

100 dnmPa rticles

50 d.nm Particles

SN ED,
3 "

Sample ID Z-Average (d.nm) % PDI +
50 nm 50.1 0.3 0.029 0.015
100 nm 97.6 0.7 0.047 0.019

* Measured by Dynamic Light Scattering

Yenduri, G., et al. "Impact of critical process parameters and critical material attributes on the critical quality attributes of liposomal formulations prepared using continuous processing."
International Journal of Pharmaceutics, 619 (2022): 121700. 19



Concept to Production: CM Development Journey

FOUA

Image credit: UConn team (D. Burgess, A. Costa)

20



FOUA

One CM System, Multiple Nanoparticles

Liposomes Lipid Nanoparticles Polymeric Micelles

Bilayer Structure Outer Lipid Layer Block copolymer
Aqueous Core Aqueous/Lipid/Nucleic Acid Core Hydrophobic Core

* Yenduri, G., et al. "Impact of critical process parameters and critical material attributes on the critical quality attributes of liposomal formulations prepared using continuous processing."
International Journal of Pharmaceutics, 619 (2022): 121700.
« Gupta, A, et al. “Continuous processing of paclitaxel polymeric micelles” International Journal of Pharmaceutics, 607 (2021): 120946. 21



Enables Automated Process Control

NanoFlowSizer
Spatially-Resolved DLS

Started flow s

(away from SP)
A150-
E
T 100-
()
[o)]
S
o0 50+
>
g
N

0 ~—r—r—T—
3 150-
5
£ 100- ~6 minutes to
E R — —ee — —_ achieve a
® 50+ - controlled state.
3
o
TR r—r—r—r—r—r—r—r—r—r—r—r—T —r—Tr—Tr—r—r—r—r—r—T —r—r—r—r—r—r—r—r—T 1

12:00:00 12:06:00 12:12:00 12:18:00
Time (HH:MM:SS)

“Product output change” is time dependent. Consistent quality can be

maintained via appropriate process analytical tools.

Example 20 Liters of Liposomes at
20 mM lipid conc. (about 3 hrs run) 22




Does Shape Matter?

. UCONN - Linear DOX Crystal | &

' UCONN - Circular DOX Crystal |

Two types:
» Liposome (spherical vs. elongated)
» Crystal (linear vs. circular)




Modeling and Simulation to Enhance Process Understanding FOUA

Coarse-Grained Molecular Dynamics Simulation $piait o B o @l 8 AL
(a) O : e 3 A. * % % A &
O O%Ol :. § : i 4:’ ": E \ ’\ p "t'- A.:' “ ‘L.
Hl e .CHs . Sl 7 Modeling and simulation tools

like discrete element method

(a) 10 ns

© gogg'" o agt’ SN0 SNU SNO (DEM), computational fluid
' | W sy dynamics (CFD), molecular
% PEC R Tl dynamics (MD), artificial
o i cam R ¢ intelligence and machine
5«2‘% E e R b learning (Al/ML), and digital
® % e it - twins can enhance the product
Sagee, oo -y and process understanding,

Figure 1. (a) Chemical structure of PEG—PLA and (b) $t 2 ‘ AP ‘ b 3 enabllng the deSIQn Of advanced

correspondence between the AA and CG (MARTINI) models of

PEG-PLA. process controls

Figure 2. CG-MD simulation results of loading of the drug
(paclitaxel) into PEG-PLA polymeric micelles over the course of
2000 nanoseconds

S. Sansare, et al. Artificial Neural Networks in Tandem with Molecular Descriptors as Predictive Tools for Continuous Liposome Manufacturing. International Journal of Pharmaceutics (2021), 603, 120713,
https://doi.org/10.1016/j.ijpharm.2021.120713

T. Duran, et al. Coarse-grained Molecular Dynamics Simulations of Paclitaxel-loaded Polymeric Micelle in Continuous Manufacturing. Molecular Pharmaceutics (2022),
https://doi.org/10.1021/acs.molpharmaceut.1c00800
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https://doi.org/10.1016/j.ijpharm.2021.120713
https://doi.org/10.1021/acs.molpharmaceut.1c00800

Closing thoughts

« FDA and CDER continue to foster innovation and the responsible
development of drug products containing nanomaterials.

 Research to better understand product quality is crucial.
* |nnovation in manufacturing and characterization is needed.

« Further development and utilization of continuous manufacturing in
nanomaterials can be valuable to enhance the agility and quality of
the products, benefiting the patient and society.

25
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