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Disclosures and Disclaimers NIST |55

These opinions, recommendations, findings,
and conclusions do not necessarily reflect the views or policies of NIST or the
United States Government.

Certain commercial equipment, instruments, software, or
materials are identified in this presentation in order to specify the experimental

procedure adequately. Such identification is not intended to imply recommendation
or endorsement by NIST, nor is it intended to imply that the materials or equipment
Identified are necessarily the best available for the purpose.

The authors declare no competing financial interests.




National Institute of Standards & Technology

« Originally founded in 1901 as the National Bureau of Standards

(NBS), NIST is a non-regulatory federal agency within the U.S.
Commerce Department

 NIST is the U.S. national measurement (or metrology) institute

NIST Mission

« To promote U.S. innovation and industrial competitiveness by /¥
advancing measurement science, standards, and technology
In ways that enhance economic security and improve our
guality of life.
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» Aiding development and adoption of technologies critical today and those yet to be imagined
» Working across the continuum from basic and applied research to manufacturing to standards



Point-of-Care Medicine NIST | #sker
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Credit: NASEM

* Improve quality # Credit: FDA
« Address shortages
* Improve time-to-market



https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/cders-framework-regulatory-advanced-manufacturing-evaluation-frame-initiative
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/cders-framework-regulatory-advanced-manufacturing-evaluation-frame-initiative
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POC Medicine

(=) U.S. FOOD & DRUG

Distributed Manufacturing of Drugs:
Stakeholder Feedback and Action Plan

o)

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE



POC Medicine Production

Centralized Manufacturing Point-of-Care Manufacturing

Centralized Mass
Ink Production

Pharmacy

Drop-on-Demand Personalized Tablet
(Inkjet) Printing Doses
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1. API Ink Production 2. API Deposition 3. Delivery Vehicle

Forbes, T.P., Gillen, G., Feeney, W., Ho, J. (2024) Molecular Pharmaceutics, 21(7) 3268-3280. https://doi.org/10.1021/acs.molpharmaceut.4c00032 8
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1. Active Pharmaceutical Ingredients (APIs)
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2. API Deposition

Semisolid extrusion (SSE) blank tablets
« Drop-on-demand API deposition and dosing

Pressure Heads —,

—
API Ink Source Plate

API Deposition \

*\\quumed
Tablets

' Semisolid Final Tablet
Dehvery Vehicle Target Plate Tablet Product

Certain commercial equipment, instruments, software, or materials are identified in this presentation in order to specify the experimental procedure adequately. Such identification is not
intended to imply recommendation or endorsement by NIST, nor is it intended to imply that the materials or equipment identified are necessarily the best available for the purpose. 10



3. Delivery Vehicles

3. Delivery Vehicle
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Quality by Design (QbD)

MATERIAL
MEASUREMENT
LABORATORY

* Product and process design and understanding

 Risk assessment

CPPs
CMAs 1 1 1 1 l 1 CQAs
\ Pharmaceutical N
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Materials Materials

CMA: Critical Material Attribute
CPP: Critical Process Parameter
CQA: Critical Quality Attributes
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QbD: Processes

1. API Ink Production 2. API Deposition 3. Delivery Vehicle

CPPs CPPs CPPs
ons PP EY cone AL cou VEEEE oo
Input Output Output Output
Materials Materials Input Materials Input Materials
Materials Materials
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APl Deposition CPPs & CQAs NIST |8
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Tablet Production CPPs & CQAs  NIST 8k
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QbD: Control Strategies

Centralized Manufacturing Point-of-Care Manufacturing

Centralized Mass
Ink Production
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QbD: Control Strategies - QA

API Formulation  Additve Manuf. g Personalized Doses

API Ink
POC Manufacture
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QbD: Control Strategies — QA/QC  NIST [#Ee-

API| Formulation N Additive Manuf. | Personalized Doses

POC Manufacture

N\

Inline Drop

Counting o Traceable Dispense Record

Liquid Source Target Drop Miss Target Time Stamp

Volume

Water c9 Waste 3 0 12:37:47:455

Source Water C9 Waste 3 0] 12:37:47:675

Water c9 Waste 3 0 12:37:47:906

NOZZIG Water C9 A12 110 0 5000 nL  12:37:50:088

Water C9 B12 110 0 5000 nL  12:37:51:648

Water c9 c12 110 0 5000 nL  12:37:53:196

Water C9 D12 110 0 5000 nL  12:37:54:744

Water C9 E12 110 0 5000 nL  12:37:56:293

Water c9 F12 110 0 5000 nL  12:37:57:886

Adapted from Water C9 G12 110 0 5000 nL  12:37:59:446
www.dispendix.com Water C9 H12 110 0 5000 nL  12:38:01:028

Forbes, T.P,, Gillen, G., Feeney, W., Ho, J. (2024) Molecular Pharmaceutics, 21(7) 3268-3280. https://doi.org/10.1021/acs.molpharmaceut.4c00032 18
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. Control Strategies - QC

API Formulation  Additive Manuf. |  Personalized Doses
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Forbes, T.P,, Gillen, G., Feeney, W., Ho, J. (2024) Molecular Pharmaceutics, 21(7) 3268-3280. https://doi.org/10.1021/acs.molpharmaceut.4c00032 19
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QbD: Control Strategles QC

 APIFormulaton  gm  AdditiveManuf. g  Personalized Doses |

API Ink
POC Manufacture

Traceable Production Record
Warfarin Sodium Ink: 200 mg/mL

Label | Customization API Deposition Product CQAs
Target Dose| Preloaded Added Target Print Drop Miss # Tablets Average Dose Range C_onten't
(mg) Dose (mg) Dose (mg)|Volume (nL) Energy (mg) (% Label Dose) Uniformity
1.00 0.00 1.00 5000 298 110 0 10 1.04+0.04 946-1076 AV:11.4%
2.00 0.00 2.00 10000 299 219 0 10 1.99+0.07 946-1055 AV:82%
3.00 2.00 1.00 5000 298 110 O 10 3.02+0.04 976-1024 AV:3.6%
5.00 2.00 3.00 15000 300 328 0 10 5.12+0.16  96.6-107.9 AV:87%

Forbes, T.P., Gillen, G., Feeney, W., Ho, J. (2024) Molecular Pharmaceutics, 21(7) 3268-3280. 20
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Standards NIST |5k

Promote research, manufacturing innovation, and translation
Expand technology adoption and manufacturing capacity

Secure supply chain, cyber, and related infrastructure

Streamline regulatory review, reduce cost and time to market

Stakeholder community <—

Health Care Orgs
|ldentify needed measurement science and standards (¢ >< Patients >
Engage stakeholders through NIST-led consortia, partnerships, and public workshops

22



Related Standards (& Potential Avenues)

Designation: F3659 - 24 ’

Standard Guide for ﬁ.ﬂ;!ﬁi PUBLIC

Bioinks Used in Bioprinting NHTDATA REPOSITORY
NIST NIR-SORT Database

Near Infrared Spectra of Origin-defined and Real-world Textiles (NIR-
SORT): A spectroscopic and materials characterization dataset for

known provenance and post-consumer fabrics

« Terminology
« Material properties

* Printing modalities
(Committee FO4 on Medical and
Surgical Materials and Devices)

Reference
Data & Tools NIST DART-MS Forensics Database

An evaluated collection of in-source collisionally-induced
dissociation (is-CID) mass spectra of compounds of interest to
the forensics community (e.g. seized drugs, cutting agents, etc.).
» NIST/NIJ DART-MS Data Interpretation Tool

‘@@

NIST Additive Manufacturing
Program Interlaboratory Studies

Interlab studies to assess the quality of test materials
and formulations. These studies also verify and ensure
accurate, reliable, and repeatable measurements and

AM research.
Ceramic AM ()
6 laboratory study of flexural strength in additively NIST Monoclonal . P Y @& & @0
manufactured alumina Antibody RM 8671? ? @ 2
Polymer AM
24 laboratory study on the working curve in vat w
Monodisperse Irregularly Shaped N

photopolymerization AM
“ I" I" I'I Epoxy-Based Particles SRM 1989w o
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