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Use of Applied Modelling: Approaches to
Improve product performance in design
and setting meaningful specifications

A combined pharmaceutical science, materials science and chemical
process engineering approach

16 October , Heidelberg, Germany

ir Sander van den Ban, CEng
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Drug Product Development : Commercial View
proactively include context of Product Lifecycle & Commercial Drivers
product & product quality €.g.

design criteria efficacy, safety

“batch” size

manufacturability (technical) processing route
& commercial design criteria supply chain
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The Economics o'-f ualiy — the Quality Maturity Mode |

MATURITY LEVEL ANSI/ISO/ASQ Q9004-2000
1 reactive approach 3 cont. improvement emphasized 5
no formal approach 2 stable formal system approach 4 best in - class
LESS LIKE < > MORE LIKE

reactive/corrective proactive/preventative
Quality Management

Quality Management System
System used to comply

drives quality/cost

ol quelity related costs (and competitive advantage)

produce

duct A/B/C produce “medicines”
“product A/B/C”

€——— COST of
NON — CONFORMANCE
(CoPQ)

COST
—_—
OF

CONFORMANCE
QUALITY AWARENESS AND IMPROVEMENT (DESIGN COST)

BS6143 Guide to the Economics of Quality part 1 process cost model, part 2 prevention, appraisal and failure model

QUALITY RELATED COSTS
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m U.S. Food and Drug Administration www.fda.gov
Protecting and Promoting Public Health

Leadership and the Corporate Quality Culture

Strong Corporate Quality Culture

. .. & Manufacturing Consistency
Daily Decisions ...

Quality/Compliance Richard L. Friedman, M.S.

Associate Director
Unreliable Systems &Office of Manufacturing and Product
Manufacturing Problems Quality
Office of Compliance

Choices

1
1
1
Path 1
1
1
... influence your direction
Defects, Regulatory
Actions, Business Failures
IFPAC Annual Meeting (Baltimore, MD)
January, 22-25, 2013
Adapted from Richard Davis (2004)
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Process

Assessment  Product

Control
Strategy &
Batch
Document;

Continued Process
Process e
e ualification
~ Verification e
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Typical Shift in Risk Assessment & Management
from “design” to “development” to “daily”
Technical Quality Risk Assessment

Early Phase Late Phase Commercial
Development E i Development E 5 Manufacture/Supply

(product design) (its process development) (daily)

area of most focus

e.g. specification

specific product & specific
“generic* process » - product & process(ing)

understanding understanding
e.g. scale — up/down

© European Compliance Academy (ECA) e.g. peOpIe, instructions
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Typical Shift in Product Lifecycle & Management
from “design” to “development” to “daily”
Technical Quality Risk

Early Phase Late Phase Commercial
Development E E Development E 5 Manufacture/Supply

(product design) (its process development) (daily)

area of most focus

e.g. specification

experienced

anticipated .
L variation
variation
e.g. scale — up/down
© European Compliance Academy (ECA) e.g. people, inStrUCtionS
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typical technical risk associated with tabletting

5.1| powder flow | | [5.2| filimetering 5_3Fm»camm€ss~or‘ 5.4] compression | [5.5| ejection 5_6|mewa\/derdust

5.7| discharge
transfer ensure cortect weight air, compression remove from check for  meta, move to container
tablts made remove dust belore for foth
powder from compression machine ing or further
bin to machine processing
Variable flow,
variable flow lowinigh weioht,
. N variable weight .. o
eight, weight control, breaking, chipping, content (NIR)
variable bulk inhomogeneous capping, lamination core tablets
density ver il aronule

variable/low/high
air entrainment hardness and/or
(description) thickness, porosity
porosity under/over
lubrication

breaking, capping,

breaking, chipping
lamination, stress Ol

compre:
F oper dedusting

core relaxation

58] IPC

veriy intemediate
aually

weight
content
NIR content

breaking force,
(thickness)
disintegration

tooling, crack, picking, ! appearance
shape, image sticking, friabilty, e Srpansion (logo/shape)
filming 9 coal
form change (MR
(with pressure) core tablet
pin  iDishage, frame i e| mechinename  |ae or Manufacturing Batch
lhopper  ID/shape| distributior s osiiion F |de-duster type, set| |discharge, chute| control & D it
lirop _height,  feed| 1D e - . 5“(5 e | up, metal check [collection method documentation ocumen
coating, ocation e
prrangement fooling maintenance (MaCC)

reject challenge

© European Compliance Academy (ECA)

powder flow, potential
segregation

low/high/variable
weight

appearance from
compression and/or
handling

low/high/variable
hardness, DT,
dissolution

lubrication impacting
hardness, dissolution
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tablet manufacture
how do we make sure a tablet is fit for purpose?
. Strong enough to be handled
 Adequate Tensile strength (Hardness)

. Weak enough to disintegrate in the body
* Low Disintegration time (Typically < 15mins)

. Manufacturable and Elegant
e High throughput
»  Defect free

. Safe and efficacious
e Quality by Design and PAT
 End testing

© European Compliance Academy (ECA)
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tablet assessment

evaluation of commercial scale performance in devel opment
= |nitial tablet assessment on 3 areas:
» Tensile Strength (USP <1217>)
» Solid Fraction (tablet density (m/vol)/true granule density)
= Compaction Pressure (force / die area)
= (Ejection Stress) (ejection force / tablet belly band area)

= all of the above can be obtained from at — line measurements

© European Compliance Academy (ECA)




*

* *

* *

~ECA ~

* *
* , *

Eurorean CoMPLIANCE
AcapEmy

solid fraction
transformation during processing

AN kgi’
-

00 01 02 03 04 05 06 07 08 09 10
Solid Fraction

Afterogimcprkeienet 200y (ECA)
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Tensile strength
* Flat faced disc tablet ,

0 o = tensile strength (MPa)
P= fractureload (N)
t= thickness (mm)
D = diameter (mm)

_ 2P
7Dt

g

= Shaped round tablet (USP nomograph 1217)

10P o84t —0126- L +315W +0.01)
D W D

UZIDZ

= Shaped oval tablet*

o=2/32F 284t 0126 L +3.15% +001)Y
D D W D

© European Compliance Academy (ECA)
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Tabletability

ey
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Tabletability - marketed and in development products
Tabletability

4,0

w0
&

w
[}

N
&)

n
[=}

Tensile Strength [MPa]
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© Compaction pressure [MPa]
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summary of a control strategy
AWV LUNRES SV N PNOEE oo

B3 =
| 0 | input | | 1 | blending | | D | compression

®
| 3 ] coating

MCF
Press speed
weight
DS particle size

MCF
breaking force

DS impurities

DS identity

X
0

- X
000
O O
XIX

. The DP-CQA is not impacted by parameters or attributes in the unit operation
The DP-CQA is impacted by parameters or attributes in the unit operation but primary control occurs in a different unit operation

. Primary control of the DP-CQA is implemented through input materials specifications or parameters/attributes in the unit operation

Blue text: CPP Red text: CQAs
© European Compliance Academy (ECA)
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Process Validation
= Direct Compression Process — Content Uniformity

© European Compliance Academy (ECA)
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The Compaction Triangle

typical
Size, deNnsity | . employed
(homogenous blend) product
performance

frelationship\

breaking force
(hardness)

L ELEELEET T LT
]
]
]
]
]
]
]
1
]
1
]

weight T
(mass)
]" thickness
determined by: T
fill depth, determined by:
powder bulk density punch separation
powder flow (cylindrical height)

weight (mass)

© European Compliance Academy (ECA)
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Direct Blendin - Low dose products

Ordered Mixing Particle Size Limits
(Mechanism) to Meet Content Uniformity Criteria
Step 1: Deagglomeration of fines !

E
= 1000 | g doof
° o =
() o i0 10
?}.“ % :.o.o. + g 1517
H °s° % 20 24
Fine powder Coarse powder E '
(1 - 10 mlcron) (50 — 100 micron) g 25 32
Step 2: Bonding of fines to the coarse powder '§ o0
e oot o F
%%e 0 ..‘ e, 13 $
..:: + q ..o....:. ° = =
° o® oo 5 g
N %ee = s
Step 3: redistribution and exchange of fines B o
° X 2
g% o oo o.. ..: o.. .: § o
e ° 3 .'oo':. ..:oo'. Q N
[ )
Vet > W] e 3
- oo % " area of >99% confidence =
e Ordered Mixture - ‘ r in achieving homogeneity
0.om El.:?l D_‘1 1I 1‘|‘.| 1I':Il 1000
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Formulation robustness to excipient variation

Lubricant Magnesium Stearate - Specific Surface Area (m2/g)

Value
10—

14709 —
1112 —

080115 1511505 721730 —
080325 1511505 CBO2136 —
080618 1511505 CB04235 —|
081022 1511505 CB15490 —|
090808 1511505 CI05008 —|
091112 1511505 C913643 —|
100118 1511505 CI15690 —
100614 1511505 CO0B0A9 —
120502 1511505 C202016 —
130207 15115056 C222076 —
130225 1511505 C301511 —

120906 1511505 C21

BDDBEB 1511505 C915690A —

N 090317 1511505 €901527 —

O 071016 1511805 7

N
o

12 2013

N
N
o

20 009

© Europear
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compaction ‘triangle’ s 3D Breaking force [kp] vs Thickness [mm] vs Weight [mg]
granule size. ypice .
{ v Breaking force [kp] = 30.2427-16.0795"x+0.1487"y
(ubrication) /.fg[g';;::f\
powderflow i * ]
i breaking force ! , disintegration
/i (hardness) ! dissolution
/- d
igh /
-
zz =
determined by
fill depth, determined by:
pows::vzuewrxfg?;\sw:y punch sepaviztg:lgycﬂy!gg)nca\ height) 3 SR,

i amoy Buseea

PN

weight/thickness varied as “double H — gearbox pattern”

© European Compliance Academy (ECA)
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Compaction — pace Development
m- o ) - LT : IPC limits
- - ==| pbreaking force
o 2 | >to assure
: 5 dissolution
: £
3 ©
= {miting tensile strength ~ 1.7 MPa
= = TS=1.6 MPa

v p—e—>  solid fraction ~ 0.95

Time [min] Breaking force [kp] SF =0.93

) Compression reject limit computation CO m p ress | 0 n
e force control
e e

g : —> toassure

: 2S00 DO BN IO P2 weight

: A7 I (uniformity)
= S I
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Tabletability

35
b
3 + i g g
@! N
26 3 2 +
§ 3 b
w ° i
g . i
At
g il -
G 15 +
H qs
£ i
5
=
05
0
0 20 40 60 80 100 120 140 160 180 200
Compaction pressure [MPa] o
Compactability
35
3
25
w
<
£
=3
2
2
£ 15 -
o .t %2
<
& . >
=1 =
05
0
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not all mechanical failure is visible to the naked eye

Z=3.473mm

» Tablet debossing =
150 pm

SkyScan_1072

© European Compliance Academy (ECA)
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Compression Force — weight control mechanism

mean and individual weight (uniformity)
Filll Depith Adjusbed

Fonce Measuned - Fonce Companed o -
g (Parameter #6 - - Specification. - - {Parameaber #5) |
| {Parameber #5) I
|
| |
|
| |
| Fil Depth I
| E il g Force High Decreased
b At Requirel]  m— |
|
| |
| |
| |
I |
| Force Low Increased
| ™ Adjustrrent Required I
{More Filll) 1
| Signal |
| Processing I
|
|
| -------------------------------- -
© European Compliance Academy (ECA) 27
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Method of estimating weight distribution in normal process 6|5‘ekration
commercial manufacturing ~ 4% relative standard deviation in MCF

assumed variation in ability to meet target weight

Normal Distribution for Weight
with assumed variation in set - up
Key “metrics”:
/\ standard deviation ~ 3.9 mg
[\
L \ min/max 389 — 411 mg
/ \ sigma level ~ 5
Weig:::[mg]

© European Compliance Academy (ECA)
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Weight variation — actual variability
product performance 2009 — 2012 (min/max and average )

420
1
1
. Y . max
8410—'———————T——--——-————T"——f-.—l—T ————— el <«
E A o » L] - o - . - o L] o
—_— * ¢ - * 1 +
) ! /\ N\
e
£ 400 < <
) "
- — - I -
Q’ - L © o - - = - ‘ - -
= 0 . e ! . . .
L] - - - -
= m m = = = = === — e _-——
| min
1
1
BT T T T T T T T T T ] S S S Y B B B B B B

[
“good” estimate for min/max able'?"f/l\t/(e:ngﬂ%l mber

estimated min/max 389 — 411 based on 4% rsd force variation

“good” estimate for weight variation compared to measured variation 3.6 mg
observed ~ 200 “defects” per 0.8M tablets as weight rejects, or sigma level of 5
estimated sigma level ~ 5

© European Compliance Academy (ECA)
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Justified sampling as per Bergum method ASTM2709-9

Uniformity of Dosage Units
Comparison of USP criteria with 95% confidence / 95% probability limits
Product A Tablets

/\\ ® ProductA,

7.0 / \ Tablets

- = ASTM2709-9

“ 95% confidence
- % / 95% probability

-7 ~ n =30 tablets

‘\\ ——USP <905> N =
[ ] [ I8 ) I 30 tablets
[ ) N,

8.0

°
o ® b4 ~
% “. ¢ ° ’ N ‘\
PY ~
0.0 + T T
85.0 90.0 95.0 100.0 105.0 110.0 1150

Sample mean [% label claim]

© European Compliance Academy (ECA)
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Routine trening of product data

intending to apply Statistical Process Control

Individual weight (min/max/mean)
% LC

Value
420

410

400

390

380

Individual content in % LC

Value
103

Content (min/mean/max) in

Value

mmmmmmmmm

A R EEE RN

.
102~ )

101
s
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2012 London Olympic Games
“performanc of the aggregation of marginal gains”
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Compression Running Rejects by Campaign Oct 2008 - July 2011
start —up (1200 — 1600 tablets) (IDEAL) theoretical batch size is 837,500 units

— 1700

improvement

1000

in control system

800

600

400

Compression Running Reject [#]

200
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Conclusion

» Technical + Quality Framework based on ICH/PV guidance will
drive design & operation of robust and effective manufacturing
processes of quality product

= An effective control strategy is industrialised and translated to the
“shop floor”

* e.g. sampling, data trending & review, batch mfg instructions, ...

= Unlock its value via the “performance of the aggregation of marginal
gains”

© European Compliance Academy (ECA) 35




