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Learning Objectives

e |Integration is key in continuous manufacturing!

* Integration provides higher degree of control over product quality

* New technologies facilitate integration in continuous
manufacturing



Continuous Manufacturing Solutions: EONT'N

Matching Risk Tolerance with Reward

End-to-end Integrated
Continuous Manufacturing

B Integrated continuous DS and/or
integrated continuous DP

Reward (S, efficiency, quality)

A Continuous unit operations

Risk (time, S, regulatory hurdles)



Integrated Continuous Manufacturing (ICM) CONTINUUS"
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Continuous Flow - End to End Integration - System Approach - Integrated Control Strategy
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ICM: How it works CONTINUUS"
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SEPARATE UNIT OPERATIONS

FILTER/DRYER
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ICM Facility Floor Plan
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Unit Operations and PATs — Overview CONTINUUS"
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RTD Overview: ~30 hrs end-to-end EQHNTlhll Jus-
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Control Architecture for ICM CONTINUUS"
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Manufacturing
Execution System
1 Dynamic Process Modeling

Integrated Control System v’ « PAT Interface
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ICM Pilot Plant is Operational CONTINUUS"
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CONTINUUS ICM Pilot Plant
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https://www.youtube.com/watch?v=zTL0t5tIsjg

ICM Pilot Plant is Operational CONTINUUS"
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CONTINUUS ICM Pilot Plant
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https://www.youtube.com/watch?v=zTL0t5tIsjg

Feeding & Dissolution of Raw Materials CONTINUUS"
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Two Solid feeds: Reactants A & B 4
One Liquid feed: Solvent 1 '
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Raw Material Feeds: Example of CMA CONTINUUS"
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Reactant A-Reactant B-Solvent Ratio Controller

e = Dissolution vessel
‘é DT ﬂ = mixture level
B i i) l
D Reactant A feeder
— —= setpoint
Instantaneous
= Reactant A
eactant B-to-Reactant A | .- feed rate
ratio controller
\ »
Reactant B '
feeder setpoint \
Instantaneous Instantaneous
Reactant B Solvent 1
feed rate feed rate
10/14/2019
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Solvent 1-to-Reactant A

ratio controller

|

Solvent 1
/ pump setpoint
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Continuous Filtration CONTINU US"™
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o ke 'l
Filter plate side view Front view with resuspension and
high-shear mixer vessel
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Continuous Filtration: Operations EQNT".“
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Pre-Filtration PATs: In-line Quality with ReactIR CONTINUUS"

[Impurity A] prediction in crystallizer vs HPLC results
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» Constant [Imp A] from 17 hto 30 h

» Increase of [Imp A] from 30 h to 42 h due to lower Reactant B feed to the process

10/14/2019 CONFIDENTIAL 17



Post-Filtration PATs: In-line Quality with ReactIR EQNT",“ us-

[Impurity A] prediction in resuspension vessel vs HPLC results in dry API
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Extrusion-Molding-Coating (EMC) CONTINUUS"
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Three-in-one drug product
manufacturing
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EMC: Schematic

Gravimetric
feeder
(Excipient)
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Pneumatic

Cravimaa Melt temperature
feeder (API) probe, melt 320 - 4,800
Pressure probe tablets/hr

Twin-screw extruder

"RPr% Molding Coating
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EMC: Products CONTIN
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 We processed and obtained tablets of 3 different dosage strengths v

50% drug load  80% drug load 50% drug load 80% drug load 80% drug load

Ve - ap

13.2 x 5.9 mm 11.5 X 5.5 mm 156 x7.2mm 189x9.9x6.2 mm

19.2x 9.7 x 7.0 mm

S ™

EMC based tablets with different dosage strengths
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Integration Results from End-to-End Runs

10/14/2019

¥ | ' I ’ I v I v I v | Y I ¥
-~ |mpurity A Post-filtration material
= 040 - @& Impur?ty F
= = | -+~ Impurity B a
15 o~ .9 Impurity C [Imp A] < 0.02% [Imp F] < 0.05%
g— E 0.05 + ... Impurity D \ =yl o w e o e e e i e
i @ ... o N g
= =10y = S el A e 1
~-m Water % in Reactant A
f 6-. \'g 6 - @ Water % in Reactant B
H (=] . .
3_:? E Pre-reaction Mixture
3 -
< b ‘.‘ @®-...
s ®.. e L g e
-.é O T l .|_. l '-;.l.n-* - IM T .‘1_.— T l T
0 1.2 - Pre-reaction Mixture :
o i Mass ratio of 1.08
c © - ¢9-0-9-0-00-—00 0000 0= 9=~ — — -
8 010-
3]
(4] -
(O]
o 0.8. 9. Adjusted Reactant B-to-A ratio based on water content
J TR ' T | ' T T T T 1 '
- {---m- Impurity A Reaction Slurry
P 2 6 -4 Impurity B .
=T TYImpUY C T T
2 E 4 @ Impurity D g st it R d
S5 — {0 Unknow (RT=5.5 tinjm--"""" e, -
g— % 2 ~...4- Unknow (RT=6.9 min)
=, = Unknow (RT=ﬁ.1 minaI " .
T I T
0 10 20 30 40 50 60 70 80
Time (h)

CONFIDENTIAL

CONTINUUS"

pharmaceuticals

).3
).2
)1

[Impurity] (%)

?mg)

o
o
Weight

22



Integration Results from End-to-End Runs
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Conclusion CONTINUUS™
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Advantages of ICM _ am o2 |
s Lljm'squ"API of s &

« Fully automated process with built-in quality o000

(higher quality assurance)

wﬂ; d"“”pv ﬂ;fﬁs ''''''''''''
* Very fast production lead time: RT ~ 30 h, with ! _________________________
throughput up to 4,800 tablets/h @«
A |J ¥ %

« Miniaturized plant with modular unit operations

Learnings

» End-to-end integrated continuous manufacturing
is advantageous and with product “on-demand”

* Integration = higher degree of control over
guality

* New process technologies capture full benefits of
continuous manufacturing
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Thank you!
The CONTINUUS Pharmaceuticals Team

WWW.continuuspharma.com
Info@continuuspharma.com

10/14/2019 CONFIDENTIAL 25



