
PCMM and Beyond  –
Next Gen Innovation for Solid 
Oral Dosage Forms

Daniel Blackwood, Research Fellow
Pharmaceutical Sciences – Small Molecule



2

Presentation Outline
Innovation Themes for Small Molecule Solid-Oral Drug Products

•Facility and Process Innovation Drivers 

• Current Landscape for Drug Product

• Technology Implementation Challenges and Incremental 
Innovation Cycle

• Future Innovation 



Decade(s) of Facility & Process Evolution

<1980s 1990s 2000s 2010s

Traditional Drug Product Facility
High Volume
Continuous
Facility 

Integrated
Development & 
Manufacture Facility

Blockbuster Medicines Era
Low Organizational Risk Tolerance

Capacity-driven, “Like-for-Like” replication of existing 
DP trains

Loss of Exclusivity/ 
Loss of Revenue/
Excess Capacity

Personalized Medicine Era
Opportunity - Need for 

speed to market

2020s
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Continuous Manufacturing Initiates a Cascade of Transformational 
Technology Advances
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High

Low
Future/EmergingCurrent State-of-the-Art

Technology & Strategies

Established

Modularity

Portable
Skid-mounted equipment 
Small autonomous POD’s
Rapid deployment & Re-deployment

Multi-company POD Farms

Multiple configurations
Rapid process/product changeover
Accept ‘next-gen’ technologies

Enable portable design
Continuous Manufacturing

Variable lot size for demand-based supply
Process Intensification
Same equipment at multiple scales

Miniature
Small footprint
Reduced energy consumption

Enable modularity

Enable miniaturization

Transformational 
Development, Manufacturing 

& Distribution Model

Batch Manufacturing

Although continuous manufacturing has been available 
for decades, current business needs are dramatically 
accelerating the Pharmaceutical Industry’s transition 

away from batch manufacturing

Phillip Nixon, Arden House 2015

4

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=UG5gIDYU4EXnHM&tbnid=kgFiQeg_pTS8SM:&ved=0CAUQjRw&url=http://www.themigraineblueprint.com/&ei=cvJ7U-iNE7jfsASPioCoAw&bvm=bv.67229260,d.aWw&psig=AFQjCNFCueVaYACdnq96FVV0yjvPTMxAYQ&ust=1400718276693230
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=UG5gIDYU4EXnHM&tbnid=kgFiQeg_pTS8SM:&ved=0CAUQjRw&url=http://www.themigraineblueprint.com/&ei=cvJ7U-iNE7jfsASPioCoAw&bvm=bv.67229260,d.aWw&psig=AFQjCNFCueVaYACdnq96FVV0yjvPTMxAYQ&ust=1400718276693230
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=UG5gIDYU4EXnHM&tbnid=kgFiQeg_pTS8SM:&ved=0CAUQjRw&url=http://www.themigraineblueprint.com/&ei=cvJ7U-iNE7jfsASPioCoAw&bvm=bv.67229260,d.aWw&psig=AFQjCNFCueVaYACdnq96FVV0yjvPTMxAYQ&ust=1400718276693230
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=UG5gIDYU4EXnHM&tbnid=kgFiQeg_pTS8SM:&ved=0CAUQjRw&url=http://www.themigraineblueprint.com/&ei=cvJ7U-iNE7jfsASPioCoAw&bvm=bv.67229260,d.aWw&psig=AFQjCNFCueVaYACdnq96FVV0yjvPTMxAYQ&ust=1400718276693230
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=UG5gIDYU4EXnHM&tbnid=kgFiQeg_pTS8SM:&ved=0CAUQjRw&url=http://www.themigraineblueprint.com/&ei=cvJ7U-iNE7jfsASPioCoAw&bvm=bv.67229260,d.aWw&psig=AFQjCNFCueVaYACdnq96FVV0yjvPTMxAYQ&ust=1400718276693230


Some Emerging Opportunities – Portability (Rapid Deployment)
POD Based Facility Designs



Some Emerging Opportunities – Portability (Rapid Deployment)
POD Based Facility Designs



Some Emerging Opportunities – Portability (Rapid Deployment)
POD Based Facility Design

POD-base Manufacturing Technologies

Warehouse  & Laboratory support

Admin



Shared Facility (e.g. Joint venture, CDMO, 3rd Party)

Some Emerging Opportunities – Portability (Rapid Deployment)
POD Based Shared Facility Designs

Pharma “A” Pharma “B”Shared



Some Emerging Opportunities – Portability (Rapid Deployment)
POD Based Shared Facility Designs

Pharma “B”Pharma “C”

Shared Facility (e.g. Joint venture, CDMO, 3rd Party)



10

Presentation Outline
Innovation Themes for Small Molecule Solid-Oral Drug Products

•Facility and Process Innovation Drivers 

• Current Landscape for Solid-Oral Drug Product

• Technology Implementation Challenges and Incremental 
Innovation Cycle

• Future Innovation 



11

Pfizer Small Molecule Formulation Development
Late Stage, New Chemical Entities, by dosage form type

~One-third are PCMM IR 
Direct Compression1

1as of January 2020

~One-third are other Solid Oral 
Dosage forms

Late stage (Phase IIB+) Formulations 
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Applicability of Continuous DC to the broader NCE portfolio
First generation programs

Challenges with Blend Properties 
(e.g. poor flow, compressibility, density)

API PSD
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Feeding
Concerns
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Phased
Adoption of Technology to 

NCE Portfolio

Getting off the ground:  Two 
compound “A” and “B” 
selected.  “Sweet spot” 
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Key Capital Investments (1)
R&D and Manufacturing Investments Enable Portfolio Acceleration

Compound “A”
First cGMP clinical batch

2015 2016 2017 2018

Groton, USA
cGMP clinical and commercial

Sandwich, England
development

Freiburg, Germany
commercial

Compound “B”
First cGMP clinical batch

Compound “A”
NDA submitted

Compound “A”
Inclusion into ETT program
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2018 2019

Groton, USA
cGMP clinical and commercial

Sandwich, England
development

Freiburg, Germany
commercial

Reference

Key Capital Investments (2)
R&D and Manufacturing Investments Enable Portfolio Acceleration

https://investors.pfizer.com/investor-news/press-release-details/2018/US-FDA-Approves-DAURISMO-glasdegib-for-Adult-Patients-with-Newly-Diagnosed-Acute-Myeloid-Leukemia-AML-for-Whom-Intensive-Chemotherapy-is-Not-an-Option/default.aspx
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2018 2019

Groton, USA
cGMP clinical and commercial

Sandwich, England
development

Freiburg, Germany
commercial

Compound “B”
Inclusion into ETT program

Key Capital Investments (3)
R&D and Manufacturing Investments Enable Portfolio Acceleration
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Key Capital Investments (4)
R&D and Manufacturing Investments Enable Portfolio Acceleration

Powders to Film Coated Tablets* in minutes

* Continuous film-coating technology currently in development
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Applicability of Continuous DC to the broader NCE portfolio
Second-wave compound.  

Challenges with Blend Properties 
(e.g. poor flow, compressibility, density)

API PSD
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Sensor Limitations

Content 
Uniformity
Concerns

Feeding
Concerns

Compound “A”

Compound “B”
Compound “C”

New

Phased
Adoption of Technology to 

NCE Portfolio

Compound “D”

Compound “E”

Getting off the ground:  Two 
compound “A” and “B” 
selected.  “Sweet spot” 

Ramp up:  Compounds “C”, “D”, 
and “E”
Opportunity to probe 
formulation and process 
boundaries.    Org. learning 
curve

Steady state:  up to 80% of solid 
oral IR tablets amenable to 
Continuous DC
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Breakthrough therapies that change patients lives
Compound “B” - Normal Timeline

POC

0

Ph 3 tablet dev & 
manufacture Comm Tablet Dev

Ph 3 start

Scale-
up Registration Stability

Ongoing Ph 3 Clinical Programs

Time (months)
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Breakthrough therapies that change patients lives
Compound “B” - Normal Timeline

POC

Time (months)
0

Ph 3 tablet dev & 
manufacture Comm Tablet Dev

Ph 3 start

Scale-
up Registration Stability

Ongoing Ph 3 Clinical Programs

Compound “B” - PCMM Timeline

POC

0 6 12 18 24

Ph 3 tablet 
dev & mfg

Comm Tablet Dev

Ph 3 start

Registration Stability

30 36

Ongoing Ph 3 Clinical Programs

Time (months)

PCMM accelerates:

 Ph 3 by 6 months

 Filing by at least an 
additional 3 months 
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PCMM Technology – Incremental Innovation

Batch Processing/
Technology Transfer Paradigm

Ideation/
Prototyping/

Learning



A Decade of Technology Evolution
Prototyping, Iteration, Learning

2007 2008 2009 2010 2011 2012 2013 2014

Feed Frame
NIR

Dormant Idea

PCMM PAT 
Applications
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PCMM Technology – Incremental Innovation
Driving Innovative and Incremental Changes

Innovative Technologies
• Vertical Powder Mixer
• NIR Feed Frame probe
• Integrated Control w Real-time 

decision making
• POD-based facilities 

Existing Technologies
• Formulation components
• Material Transfer Systems
• Rotary Tablet Press
• Gravimetric Feeders
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PCMM Technology – Incremental Innovation

Innovation 
Step Change

Batch Processing/
Technology Transfer Paradigm

Incremental Innovation

Technology leaders supporting implementation
• Global regulatory engagement
• Completing global installations 
• Prototyping adjacent technologies
• Workforce planning
• Process Efficiencies
• Change over and cleaning efficiencies

Integrated Development
And Manufacture

Accrue Knowledge over time

Ideation/
Prototyping/

Learning
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PCMM Technology Incremental Innovation (1)
Improving Process Efficiencies - Change-over and Cleaning / Cycle Time Reduction

Batch 
Blending
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# of Components (-)

100

101

102

103

Continuous 
Feeding
& Mixing

Desired 
Future
State

2.5 to 5L scale



PCMM Technology Incremental Innovation (2)
Process Modularity – Continuous BlendingEncapsulation

Conceptual Design
Continuous Blending  Encapsulation
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Next Generation Technology Innovation

Innovation 
Step Change

Batch Processing/
Technology Transfer Paradigm

Next Generation Innovation
• Computational Process Modelling
• Digital Design and Big-Data
• Dose flexibility for diverse patient populations
• Pre-competitive, open Innovation

Integrated Development
And Manufacture

Accrue Knowledge over time



Process Intensification Yields DEM Model of a Direct 
Compression Line

Continuous Mixing Technology:
Design Optimization with Discrete Element Simulations
AIChE 2019 / P. Doshi, P. Toson



Process control 
/ monitoring

Virtual PCMM DC 
process

Feeder 1
API

Feeder 2
MCC

Feeder 3
DCP

Feeder 4
SSG

Feeder 5
MgSt

CMT

Feed 
chute

Feed frame

NIR 
probe

Tablet 
press

CMT dynamics 
(HUM, RPM)

Tablet thickness

Tablet geometry 
and depth of die

CMT input 
composition

Formulation 
and process 
parameters

Tablet 
hardness

Tablet 
composition

Blend 
composition

Blend bulk density

Critical Quality 
Attributes 

CQAs

Feeder low freq. 
disturbances

Feeder noise

Solid 
fraction

CUSTOM 
MODELLING

Digital Twin PharmaMV – gFP
allows new functionalities 

thanks to the connection with 
data of the physical system.

DIGITAL TWIN

Groton
cGMP clinical 
& commercial

Sandwich
development
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The creation of a Digital Twin for PCMM DC

Version for 
each location, 

project and 
formulation

Digital Design of Continuous Direct Compression Line in the Pharmaceutical Industry using a System-Based Approach
25 February 2020, IFPAC Annual Meeting, North Bethesda, MD
Marta Moreno-Benito et al



Latent Variable Model
(ONLINE)

e.g.: PCA/PCR
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Transforming Data into Insight and Knowledge
Process Health Condition Monitoring

• Simple process health indicators
• Diagnostic information in the 

event when a fault occurs

Tags
Feeder 5  Mass Flw PV
Feeder 5  Mass Flw SP
Feeder 6  Mass Flw PV
Feeder 6  Mass Flw SP
Feeder 7  Mass Flw PV
Feeder 7  Mass Flw SP
Feeder 8  Mass Flw PV
Feeder 8  Mass Flw SP
Feeder 9  Mass Flw PV
Feeder 9  Mass Flw SP
Impeller 1 Speed PV
Impeller 1 Speed SP
Impeller 2 Speed SP
Impeller 1 Torque PV
Impeller 2 Torque PV
Impeller 2 Speed PV
Exit Valve Ext CTL  P
Delta EV
Exit Valve Ext CTL SP
Hold up Mass- PV
Delta HUM
Hold up Mass - SP
Displacement pre-comp
Dwell time pre-compre
Dwell time final comp
Press On/Off
Press Level Sensor
Combi Teste weight
Combi Tester Thicknes
Combi Tester Hardness
Feeder 1 Speed PV
Feeder 1 Speed SP
Feeder 2 Speed PV
Feeder 2 Speed SP
Nominal main compress
Nominal main compress
Turret Speed SP
Depth Fill PV
Displacement final co
Feeder 5 Mass Flw PV
Feeder 6 Mass Flw PV
Feeder 7 Mass Flw PV
Feeder 8 Mass Flw PV
Feeder 9 Mass Flw PV
Hold Up Mass PV
Press Level Sensor
Turret Speed SP
Turret Speed OP
Press On/Off
Fall-feeder
Fin
Fout
Delta F
Delta M
Measured Delta M
M
Exit Valve Position PV
Exit Valve Position SP
Displacement pre-compression
Displacement final compression
Dwell time pre-compression
Dwell time final compression
Press On/Off
Press Level Sensor
Wavelength 1662
Wavelength 1899
Wavelength 1666
Wavelength 1730
PLS Prediction
Exit Valve Position PV
Exit Valve Position SP

Real-time process trending
Feeder CMT Feed-Frame/

Tablet press 

Slide courtesy of G. Cogoni
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Multiparticulates Dosage Form– beyond pediatrics

Drug Delivery Versatility
• Taste Masking
• Pulsatile
• Enteric (regional targeting)
• Controlled Release
• Immediate Release
• Multi-drug combination
• Multi-release profile combo

Drug Development Versatility
• Can be used for both adult and pediatric 

patients 
• Flexibility in dose options
• Acceleration of programs that show early 

signs of efficacy
• Rapid translation from Phase I to 

Commercial

32Slides courtesy of J. Bartlett
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Overview of pediatric multiparticulate platform manufacturing flow train
Melt Spray Congeal 
(MSC) production SievingPowder Feed / 

Melt & ConveyBlending / Delumping

AP

K-tron feeder; twin 
screw extruder

Freund Turbo ScreenerSpinning Disk 
Atomization

Continuous processing

Additional
post-processing
steps

Slides courtesy of J. Bartlett

http://www.freund-turbo.co.jp/en/product/product/classifiers/post-3.html
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System for Dosing and Dispensing 
Multiparticulate Formulations of Pediatric Drugs 

- Request for Proposals

Institute of Pediatric Innovation and Pfizer collaborate on 
open innovation pediatric device challenge - 2016

• The Institute of Pediatric Innovation (IPI) and Pfizer 
collaborated on an open innovation global grand 
challenge 

• Seek innovative ideas for a system consisting of a 
package and dispensing device that will be used to 
deliver oral solid multiparticulate (MP) medicines to 
children.

• Measure and Administer
• Child Friendly, but misuse resistant
• Economical – intended for developing nations 

• Parties entering the competition including the 
winning entity will retain ownership of related 
intellectual property

• The organization who submits the winning design 
will be awarded a $50K seed grant to fund ‘proof of 
concept’ steps toward development of the device

Slides courtesy of J. Bartlett

http://www.pediatricinnovation.org/
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Public Press Release of the winners from the grand challenge 
announced Dec 15, 2016

• Two companies (two different devices) were chosen as winners
• HS Design and Rochling
• Balda a Stevanato Group Brand

• Seed Grants were awarded of $50,000 to each winner

IPI/Pfizer Public Press Release Dec 15,2016 http://www.prweb.com/releases/2016/12/prweb13

&

http://www.prweb.com/releases/2016/12/prweb13889068.htm
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Final Comments

• Technology innovation is transforming development approaches for Pfizer NCE
portfolio of compounds

• Up to ~70-80% of IR solid, oral portfolio anticipated to utilize PCMM platform technology 
• For some programs, technology investments are opening opportunities for speed to 

markets/patients
• Regulatory engagement continues worldwide

• Challenges are emerging …. Internal technology innovators are balancing 
• Implementation needs   Incremental innovation Next Gen innovation

• Organizational learnings from first generation technology innovation are paving 
the way for the adoption of tomorrow’s technologies
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