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NIST Product Disclaimer: 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.

Disclosures and Disclaimers

NIST "Official Position" Disclaimer: These opinions, recommendations, findings, 

and conclusions do not necessarily reflect the views or policies of NIST or the 

United States Government.

Financial Disclosures: The authors declare no competing financial interests.
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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 
quality of life.
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National Institute of Standards & Technology

Reference 
Materials & 
Calibration 
Services

Documentary 
Standards

Disaster & 
Failure Studies

Critical & 
Emerging 

Technologies

Internal & 
Extramural 

Manufacturing 
Programs

Credit: NIST

Credit: NBC

Credit: NIST

➢ 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



Credit: FDA

Point-of-Care Medicine

Advanced Manufacturing 

Technologies

Credit: NASEM

➢ Continuous manufacturing

➢ 3D printing

➢ Additive manufacturing

• Improve quality

• Address shortages

• Improve time-to-market

Manufacturing Paradigm Shift

Distributed & point-of-care (POC) 

pharmaceutical manufacturing
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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
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

Develop measurement science, 

control strategies, and 

uncertainty analysis

Support production equipment 

& process analytical technology 

industries & regulatory agency stakeholders

✓ Prioritized distributed 

& POC manuf.

✓ Science- & risk-based 

regulatory framework
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POC Medicine Production 

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

Active Pharmaceutical 

Ingredient (API) Ink

Drop-on-Demand 

(Inkjet) Printing

Personalized Tablet 

Doses

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

https://doi.org/10.1021/acs.molpharmaceut.4c00032


Narrow 

Therapeutic Index 

Drugs (NTI)

• Levothyroxine- 
hypothyroidism

• Warfarin-anticoagulant

Medical 

Countermeasures 

(MCM)

• Doxycycline-antibiotic

• Oxycodone-opioid

9

Selective Serotonin 

Reuptake Inhibitors 

(SSRI)

• Citalopram HBr- 
antidepressant

• Fluoxetine- 
antidepressant

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

Delivery Vehicle Target Plate

API Deposition

Liquified 

Tablets

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.

60 µm, 100 µm, or 

200 µm orifice

10 nl to 50 nl each
LED Photodiode

Semisolid 

Tablet

Final Tablet 

Product
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3. Delivery Vehicles

API may determine appropriate delivery
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Quality by Design (QbD)

• Product and process design and understanding

• Risk assessment
•Processes with high risk or increased variability

•Control strategies for these processes

•Ensure a safe and effective clinical outcome 

for the patient

Pharmaceutical 

Unit Operation

CMAs

CPPs

CQAs

Input 

Materials
Output 

Materials

CMA: Critical Material Attribute

CPP: Critical Process Parameter

CQA: Critical Quality Attributes

Tablet 

Production/Dosing

CMAs
API solvent

Volume of tablet

Viscoelasticity

Semisolid tablet material

Drop point temperature

CPPs
Temperature

Tablet state: liquid vs solid

Solidification time

Template geometry

Nozzle size

Nozzle pressure

# Drops (total volume)

CQAs
API quantity

Content Uniformity

Dissolution 

Tablet weight

Tablet appearance

Breaking force

Input 

Materials
Output 

Materials
Bulk Material: Gelucire(s)

API Ink: Solvent, stabilizers, etc.

Excipients: flavoring, stabilizers, etc.

Dosed Tablet
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QbD: Processes

1.API Pharma 

Ink Production

CMAs

CPPs

CQAs

Input 

Materials
Output 

Materials

2.API Deposition 

(DoD)

CMAs

CPPs

CQAs

Input 

Materials

Output 

Materials

3.Delivery 

Vehicle

CMAs

CPPs

CQAs

Input 

Materials

Output 

Materials
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API Deposition CPPs & CQAs

CQAs

UV-Vis: Warfarin

CPPs

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

y = 0.1086x – 0.0004

- - 99% Confidence Intervals

P
e
a

k
 A

re
a
 R

a
ti
o

Concentration (µg/mL)

Dispensed Quantification

LC-MS/MS

Gravimetry: Water

● Manual Calibration Curve

■ DoD Validation Samples

https://doi.org/10.1021/acs.molpharmaceut.4c00032


15

Tablet Production CPPs & CQAs

Forbes, T.P., Agolini, O., Altamimi, Z., Lawrence, J. (2025) RSC Pharmaceutics, https://doi.org/10.1039/D5PM00041F. 

Citalopram Tablets (SSRI)

10 tablets 

2.03mg ± 0.05 mg

- - 95% Confidence Intervals

● Manual Calibration Curve

■ DoD Validation Tablets

CQA: Assay Quantity

Concentration (mg/mL)

A
b
s
o
rb

a
n
c
e

y = 28.95x + 0.31

■ First 10 Tablets

2 mg dose tablets

𝑨𝑽 = 𝑴− ഥ𝑿 + 𝒌𝒔

Acceptance Value

𝑨𝑽 = 5.7 %

USP Standard: 𝑨𝑽 < 15% 

for first 10 tablets

P
e

rc
e

n
t 
L

a
b

e
l 
D

o
s
a

g
e

 (
%

)

CQA: Content Uniformity

https://doi.org/10.1039/D5PM00041F


16

QbD: Control Strategies

Atline Verification Atline/Online Confirmation

API Formulation
Additive 

Manufacturing
Personalized Doses

Inline Monitoring 
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QbD: Control Strategies - QA

***

ns

ns

Warfarin Sodium

A
b
s
o
rb

a
n
c
e

Atline Stock Ink 

Verification

Adapted from 

www.implen.de

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

https://doi.org/10.1021/acs.molpharmaceut.4c00032
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QbD: Control Strategies – QA/QC

Inline Drop 

Counting

Adapted from 

www.dispendix.com

LED Photodiode

Source 

Nozzle

Traceable Dispense Record

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

https://doi.org/10.1021/acs.molpharmaceut.4c00032
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QbD: Control Strategies - QC

Atline, Online, or Offline 

Batch Confirmation
Analytical Technologies

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

Raman

NIR / UV-VisGravimetry

Microscopy

HRMS (TOF)

MS/MS

https://doi.org/10.1021/acs.molpharmaceut.4c00032
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QbD: Control Strategies - QC

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

Warfarin Sodium Ink: 200 mg/mL

Label Customization API Deposition Product CQAs
Target Dose 

(mg)

Preloaded 

Dose (mg)

Added 

Dose (mg)
Target 

Volume (nL)

Print 

Energy 
Drop Miss # Tablets

Average Dose 

(mg)

Range 

(% Label Dose)

Content

Uniformity

1.00 0.00 1.00 5000 298 110 0 10 1.04 ± 0.04 94.6 – 107.6 AV: 11.4 %

2.00 0.00 2.00 10000 299 219 0 10 1.99 ± 0.07 94.6 – 105.5 AV: 8.2 %

3.00 2.00 1.00 5000 298 110 0 10 3.02 ± 0.04 97.6 – 102.4 AV: 3.6 %

5.00 2.00 3.00 15000 300 328 0 10 5.12 ± 0.16 96.6 – 107.9 AV: 8.7 %

Traceable Production Record

https://doi.org/10.1021/acs.molpharmaceut.4c00032
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National Institute of Standards & Technology

Reference 
Materials & 
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Services

Documentary 
Standards

Disaster & 
Failure Studies

Critical & 
Emerging 

Technologies

Internal & 
Extramural 

Manufacturing 
Programs

Credit: NIST

Credit: NBC

Credit: NIST

➢ 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

Beyond Measurement Science
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Standards

Enabling comparison, ensuring interoperability, supporting emerging technology

Expand technology adoption and manufacturing capacity

Promote research, manufacturing innovation, and translation

Secure supply chain, cyber, and related infrastructure

Streamline regulatory review, reduce cost and time to market

Stakeholder community

Identify needed measurement science and standards

Engage stakeholders through NIST-led consortia, partnerships, and public workshops

Pharma Industry

Pharmacies

Hospitals

Patients

Health Care Orgs

Public Health Orgs

Instrumentation Industry
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• Terminology

• Material properties

• Printing modalities
(Committee F04 on Medical and 

Surgical Materials and Devices)

Documentary 
Standards

Related Standards (& Potential Avenues) 

Interlaboratory 
Studies

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 

manufactured alumina

Polymer AM

24 laboratory study on the working curve in vat 

photopolymerization AM

Reference 
Data & Tools

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

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

Reference 
Materials

NIST Monoclonal 

Antibody RM 8671

Monodisperse Irregularly Shaped 

Epoxy-Based Particles SRM 1989
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Correspondence: thomas.forbes@nist.gov
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