Presented By:
B2 — Manufacturing of the Future with Submissions Gordon Muirhead, PhD

I;_?f(\)iltq'er In - Tablets Out; x== P=
Continuous Manufacture g8
Gprdon T Mu i:r:ﬁead , '
Vice President -
GlaxoSmithKline

L3y (e i 3
\d 1 i
@ $£$~ 7 - . :
; {“GI SSmlthKlne P
[ E‘.‘~‘ :: g 2

l The Olympics:
L' performance of the aggregation of marginal gains”

e - - -

2014 PDA/FDA Joint Regulatory Conference



Presented By:
B2 — Manufacturing of the Future with Submissions Gordon Muirhead, PhD

Traditional OSD Secondary manufacturing
process...
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Gran/ Drying Blending Compression . Coating Packing Testing

End Product Testing alone is insufficient to
understand the complex interaction of product and
process

Where Are We Going Wrong ?
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Granulation/ Drying Blending Compression' Coating Packing

Actual processing time + release + packing = 2 days

...but Total Elapsed Time is 30 - 72 days
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Result is high inventory including “work in progress”, long
lead times, disconnected processes, long changeovers, high
process losses off line analysis, low utilisation etc
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V Blenders: [ab and pilot plant scale

L_...and Commercial Scale !!!
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Current Situation - Key Measures

Key Measure Typical

‘Material waste (mass balance) | 5%upwards
Manufacturing lead time 6 weeks
‘Manufacturing stock (including work in progress) | 2months
‘Manufacturing complexity & potential for errors | high
Overall equipment effectiveness | 30%
Total transit distance miles

Labour utilisation on added value tasks 15%

Continuous Processing programs at GSK

Continuous Blending — Direct Compression (DC)
Continuous Hot Melt Extrusion — Blending — Compression
Continuous Roller Compaction — Blending — Compression
Continuous HSWG / FBD — Blending — Compression

Also create a “Continuous” version for R&D of the same
“Plug Flow” representative Scale

Continuous Development: 80 — 90% reduction in API
requirement from PoC through to completion of Phase Il
studies

“DoE in a day”
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Design Space

“...the multidimensional combination and
interaction of input variables (e.g. material
attributes) and process parameters that have
been demonstrated to provide assurance of
quality”

Working within the design space is not
considered as a change

(Itis GTM's view is that determining new areas outside of
the registered Design Space is really Continual
Improvement)

Multivariate Analysis (MVA)

Quality is Multivariate

— owil

— @ T. Kourti
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PROCESS SIGNATURE:
T2 + Squared Prediction Error (SPE)

Combination of all the variables affecting

the process and product and their correlations

both at each time interval but also their time correlations
for the duration of the process

(auto and cross correlations for the entire batch or as a
continuous operation)

Process At a Glance

They are therefore a more

observations \ | powerful tool to describe
B the “overall process signature”
SPEx Variable Contribution
= T. Kourti

observations

Design Space

MSPC indices can be directly related to the
concept of the Design Space

Maintaining the T2 and SPE within their good
operation limits (obtained by relating process and
raw material variability to acceptable product
quality) is nothing more (or less) than ensuring
that the operation (raw materials and process) is
within the design space

continuously... in real time!

T. Kourti
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Why do we granulate...?

GSK12345: Moving Block Standard
Deviation

x 10 °GSK12345: R310401 Moving Block (5) Standard Deviation
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GSK12345 Blending End Point

GSK12345: R310401 End-point detection
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GSK101010: 3D and 2D Slice

k. Visualisation

Inputs: Volume % and MPS for each constituent

Macropac Simulation Settings:
Monodisperse constituents
Box Size 2400 x 1200 x 750 (arbitrary units)
Maximum Packing, maintaining volume fractions

Constituent Particle colour

Avicel PH102

filled tablet Z = axis cross section (20 -48 %)

P. Trusty
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GSK101010: Sequential settling to
A investigate Segregation Susceptibility

Inputs: Volume % and MPS for each constituent

Macropac Simulation Settings: ig'iséi:{%em Rarticlelcoliu
Monodisperse constituents vicel PH102
Box Size 4800 x 2400 x 1500 (arbitrary units) S5SG

10000 particles packed, maintaining volume
fractions

Segregation with increasing number of “shakes” due to large particle size differential within blend

\ PAT use within the Control Strategy

50 10Bghp 200 %50

~— Granulation Blending Compression
= End;)omt Dissolution Homogenelty NIR Content&ID
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Drylng

Compressmn
Main compression force for
UbU

Thickness for dissolution \n

Moisture content

Compression Force
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Potential Answer...

Integrated Manufacturing
Integrated batch or continuous manufacture
applied to conventional granulated products

Drive to reduce variability, achieve 6 sigma
High yield, increased productivity

Lower operating, inventory and capital costs
...Increased competitiveness

Small, fully enclosed processes, high level
of automation, reduced manual intervention

In-Process controls are “in-line” or “at line”
Real Time Control
Real Time Assurance of Quality

What we had to change...(for C HSWG)

Change the Method of wet densification
Change the Method of blending
Change the Method of coating (still WIP)

What we could keep...
Method of drying (but with some modification)
Method of compression

What we removed...
“Inertia” from the manufacturing system
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A\ Concept: 100 Kg / hr installation

Continuous Granulation and
drying: Pilot Scale

Continuous Granulation and drying:
Production Scale
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Equivalent kg / day equipment
Batch Process qﬂ |ﬁ_
|

ROOM REQUIREMENTS

710 sq. &
14,800 cu_ f.

Confinuous Process
ROOM REQUIREMENTS

64 sq. it
815cu. ft.

LEGEND
1 1BC
21 2 IBCUFT

~ 6~ 3 GRANULATOR

4 DRYER
5 MILL

'«hat we think we can achieve...

Reduce the Size of Core Manufacturing Facilities by ~ 70%
Reduce Direct Manufacturing Costs by ~ 50%

Reduce Indirect Manufacturing Costs by ~ 50%

Reduce the Cost of Building New Capacity by ~ 30%
Reduce the time taken to build new capacity by ~ 33%
Make Manufacturing Capacity Modular and Mobile
Eliminate Scale Up to Full Capacity

Significantly reduce development costs: ~ 85% reduction in API
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