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= O (Stability)

= HO|H (Patient friendly)

= F0| BE22 HEf
« HItM =M, pH, T4
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Impurities of DS Dosage form

API type (Protein, mAb, bsAb, Fc-fusion ..) Lyophilized Solution:
L

type (Vial / PFS / Catridge ..) Buffer pH Photo (Dark / Light)

Matrerial (Glass / COP / Rubber ..) Isotonic agent Surfactant
Preservative Stabilizer Storage/in-use Con

N (formulation) A0l A main factor

AP| Concentration } |
: : . Factors for Design
Type / Concentration of Inactive Ingredients

Stress condition (Time)
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O|A=O H&@ A+ - Screening

r
Hu A —
o 0x

= Che . APl + Buffer (pH) + Isotonic agent/stabilizer + surfactant
= 4 A58 FAT or Dok Al&S Sdlf 7t& 2o ®IHA| =g screening

Polysorbate 20

Polysorbate 80

Surfactant | Poloxamer 188
PEG

Dextran 40

Phosphate
Histidine

Citrate
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HHO| 2 9| 9F =2 K|

Custom Design (D-optimal)

4 Responses

[add Response «|| Remove | [Number of Responses... |

Response Mame

Goal

Lower Limit Upper Limit

A — x| X3t (Case study)

4 Model

|Main Eﬂectsl |Interactions '” R5M || Cross ||Power5 '| |Remove Term

Name Estimability

Importance

Osmolarility
pH

Impurity A (%)
Impurity B (%)
Variants A (3%)
Variants B (3]

4 Factors

Match Target

240

360

Intercept Necessary

Match Target

-0.2

0.2

pH Necessary

Minimize

5

APl conc. (mg/mL) Necessary

Minimize

3

Buffer (mM) Necessary

Minimize

urep

Isotonic agent (mg/mL) Necessary

Minimize

Surfactant {mg/mL) Necessary

[add Factor ~|| Remove | Add N Facters | 1

MName

Role Changes

WValues

pH*API conc. (mg/mL) Necessary
pH*Buffer (mM) Necessary
pH*Isotonic agent (mg/mL) Necessary
pH*Surfactant (mg/mlL) Necessary

all pH
4l AP cone. (mg/ml)
4l Bufter (mM)

Centinucus Easy
Centinucus Easy
Centinucus Easy

4l Isotonic agent (mg/mL) Continuous Easy

dll Surfactant [mg/mL)

DISCOVERY
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Continucus Easy

5

API conc. (mg/mL)*Buffer (mM) Necessary

50

APl conc. (mg/mL)*Isotonic agent (mg/mL) Necessary

5

APl conc. (mg/mL)*Surfactant (mg/mL) Necessary

30

uoljoe.islu|

Buffer (mM)*Isatonic agent {mg/mlL) Necessary

M|n|mum 5 FaCtOI‘ Surfactant (mg/mL)*Surfactant (ma/mL) Necessary

Buffer (mM)*Surfactant (mg/mL) Necessary
Isotonic agent (mg/mL)*Surfactant (mg/mL) Necessary
pH*pH Necessary
APl conc. (mg/mL)*API conc. (mg/mL) Necessary
Buffer (mM)*Buffer (mM) Necessary
Isotonic agent (mg/mL)*Isotonic agent (mg/mL) Necessary

1oMod

L
e L4
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HHO| 22|52 M8 A+ - £ X2} (Case study)

= Custom Design vs. Classic design for Optimization

No. of Factor USRI 5 RSM RSM BOX-
Design Behnken

21~28 (=24) =32

28~32 (=31) =53
36~40 (=39) =88

= Custom Design A HES run == 72
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HO| 22| Z 2| X A+ — ZX[A3Z} (Case study)
= Design Evaluation2Z Custom Design 2| HE3t run =2} factor rangeE Tt

= Power - Anticipated Coefficient / Prediction Variance Profile / Fraction of Design Space Plot

= Thomas A. Little, BioPharm International, (2017), Volume 30, Issue 3
Process Characterization Essentials: : Process Understanding and Health Authorities Guidance
Power Analysis Prediction Variance Profile

Significance Level  0.05
Anticipated RMSE 1

Variance

Anticipated
Term Coefficient Power
Intercept 10122
pH [ T e 2
APl conc. (mg/mL)
Buffer(mM)
Isotonic agent (mg/mL) . 15
Surfactant (mg/mL)
pH*API conc. (mg/mL)
pH*Buffer (mM)
pH*Isotonicagent (mg/mL)
pH*Surfactant (mg/mL)
APl conc. (mg/mL)*Buffer (mM)
APl conc. (mg/mL)*Isotonic agent (mg/mL)
APl conc. (mg/mL)*Surfactant (mg/mL)
Buffer(mM)*Isotonicagent (mg/mL)
Buffer (mM)*Surfactant (mg/mL)
Isotonic agent (mg/mL)*Surfactant (mg/mL)
pH*pH
APl conc. (mg/mL)*API conc. (mg/mL)

~NO O O © Oown O
- &N M ¥ o =

Fraction of Design Space Plot

Prediction Variance

Buffer (mM)*Buffer (mM) 4.
DISCOVERY Isotonic agent (mg/mL)*Isotonic agent (mg/mL) 4. .2 04 0.6

SUMMIT

Surfactant (mg/mL)*Surfactant (mg/mL)

Fraction of Space




HO|2o|&ZFo| X A
24 run = Stress condition (40 °C , ~6 week)

API conc. (mg/
mL)

Sample No. pH
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

el
= o

[SRECRE SR ]
w o

~
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10
10
10
10
10
30

Buffer (mM)
5.0
5.0
17.5
30.0
30.0
30.0
5.0
5.0

Isotonic agent Surfactant
(mg/mL) (mg/mL)
0.02
0.05
0.035
0.05
0.02
0.02
0.05
0.02
0.02
0.05
0.02
0.05
0.035
0.05
0.035
0.02
0.02
0.05
0.02
0.035
0.02
0.05
0.05
0.02

Buffer (mM)
10

Isptonic
ent ( 'mL)

oflbo

[ ]
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HO| 22| Z 2| X A+ — ZX[A3Z} (Case study)
Time0/2/ 4/6 ..

API conc. (mg/ Isotonic agent  Surfactant
Qaulity A | Qaulity B | Qaulity C
0 0.001 5

0.01

0.01

0.001

0.01

SIS Modeling

0.001
0.01 ' 3
0.001 s |, 2/] s
0.001 : 5
0.01
0.001
0.01
0.01
0.001
0.0

Factor (X) f‘ampleNo. pH mL) : Buff:r(mM)U (mg/mL) -
API Con
Buffer

F2

3

pH
Ingredient A
Ingredient B

Custom Design

0.005:

Analysis

b
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HIO| 2 o[ Z 2| MY &+ - Time 2 X E|?

time point OtCt modeling? (Time point x analysis)
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Qaulity A | Qaulity B | Qaulity C

Qaulity A | Qaulity B | Qaulity C

Copyright © SAS Institu‘e In:c. All rights reserved.

0,001
0.01
0.01

0.001
0.001

0.01
0.001
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Model T2

Model T4

Model T6




HIO| 2 o[ Z 2| MY &+ - Time 2 X E|?

E73 time point 2t modeling? (171 Time point 2t modeling Off Al2)

DISCOVERY

Qaulity A | Qaulity B | Qaulity C

SUMMIT

Qaulity A | Qaulity B | Qaulity C Qaulity A | Qaulity B | Qaulity C
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Qaulity A | Qaulity B | Qaulity C

Model T6




HIO| 2 o[ Z 2| MY &+ - Time 2 X E|?

= time point & B (factor)2 Z &5t modeling? (2= HO|HE =3}

Qa IrlvA Qaulity B | Qan IltyC Qa IrlvA Qaulity B | Qan IltyC Qaulity A | Qaulity B | Qaulity C Qaulity A | Qaulity B | Qaulity C

0 )1)1 55 0. )m
0.001 0.001

0.01
0.01
0.001
0.001
0.01
0.001
0.01

0.01
0.01
0.001
0.001
0.01
69 0.001
48 0.01
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HO|9o|eFE2| Mla A+ — X[ M3} (Case study)

= time point & B X 9| W (facton 2 ZF

Factors A~E Time Response Q

Response Q Response Q Response Q Response Q

Factors A~E (Time =0) | (Time=1) | (Time=2) | (Time = 4)

Sample 1
Sample 1 Sample 2

Sample 3

Sample 2

Serl Sample 1

Sample 2

Sample 3
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APl conc. (mg/

ml)

Buffer (mM)

Isotonic agent  Surfactant (mg/

(mg/mL)

ml)

10
10
10
10
10
30
50
50
50
50
10
30
50
10
10
10
10
10
30
30
50
50
50
50

5.0
5.0
17.5
30.0
30.0
30.0
5.0
5.0
30.0

5.0

5.0

5.0
5.0

30 0.02
0.05
0.035
0.05
0.02
0.02
0.05
0.02
0.02
0.05
0.02
0.05
0.035
0.05
0.035
0.02
0.02
0.05
0.02
0.035
0.02
0.05
0.05
0.02

10
10
10
10
10
30
50
50
50
50
10
30
50
10
10
10

0.02
0.05
0.035
0.05
0.02
0.02
0.05
0.02
0.02
0.05
0.02
0.05
0.035
0.05
0.035
0.02




HHO| 22|59 Ny &

Modeling — Time Z£& (Main effect / Interaction / Power)
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| ~ Model Specification

Select Columns

¥ /12 Columns

2 e
o -

pH
API conc. (mg/mL)
Buffer (mM)
Isotonic agent (mg/mL)
Surfactant (mg/mL)
Time (week)
Osmolarility (mOsm/kg)

A \mpurity A (%)

A Impurity B (%)

4 Variants A (%)

A variants B (%)

Pick Role Variables

A Osmolarility (mOsm/kg) Emphasis:

A impurity A %)
A impurity B (%)
A Variants A (%)

A Variants B (%)

— Z| M3} (Case study)

Beonality Standard Least Squares

Effect Leverage

Separately

Keep dialog open

-V idation
Yy

Construct Model Effects

o
API conc. (mg/mL)

Buffr (m)

Isotonic agent (mg/mL)

Surfactant (mg/mL)
pH*API conc. (mg/mL)
Degree pH*Buffer (mM)
Attributes (v pH*Isotonic agent (mg/mL)
pH*Surfactant (mg/mL)
API conc. (mg/mL)*Buffer (mM)
API conc. (mg/mL)*Isotonic agent (mg/mL)
API conc. (mg/mLy*Surfactant (mg/mL)
Buffer (mM)*Isotonic agent (mg/mL)
Buffer (mM)*Surfactant (mg/mL)
Isotonic agent (mg/mL)*Surfactant (mg/mL)
pH*pH
API conc. (mg/mL)*API conc. (mg/mL)
Buffer (mM)*Buffer (mM)

Transform (=

[[] No Interce pt

Isotonic agent (mg/mL}*Isotonic agent (mg/mL)

Surfactant (mg/mL)*Surfactant {mg/mL)
Time (week)

pH*Time (week)

API conc. (mg/mL)*Time (week)

Buffer (mM)*Time (week)

Isotonic agent (mg/mL)*Time (week)
Surfactant (mg/mL)*Time (week)

Time (week)*Time (week)

Add
Cross
MNest

Macros ¥

Degree

Attributes (=
Transform (=

[INo Intercept

Construct Model Effects

pH

API conc. (mg/ml)

Buffer (mM)

Isotonic agent (mg/mL)

Surfactant (mg/mL)

pH*API conc. (mg/mL)

pH*Buffer (mM)

pH*Isotonic agent (mg/mL)

pH*Surfactant (mg/mL)

APl conc. (mg/mL)*Buffer (mM)

API conc. (mg/mL)*Isotonic agent (mg/mL)
API conc. (mg/mlL)*Surfactant (mg/mL)
Buffer (mM)*Isotonic agent (mg/mL)

Buffer (mM)*Surfactant (mg/mL)

Isotonic agent (mg/mL)*Surfactant (mg/mL)
pH*pH

API conc. {(mg/mL)*API conc. (mg/mL)
Buffer (mM)*Buffer (mM)

Isotonic agent (mg/mL)*Isotonic agent (mg/mL)

Time (week)

pH*Time (week)

API conc. (mg/mL)*Time (week)
Buffer (mM)*Time (week)

Isotonic agent (mg/mL)*Time (week)
Surfactant (mg/mL)*Time (week)
Time (week)*Time (week)




DISCOVERY

HO| 22| Z 2| X A+ — ZX[A3Z} (Case study)
Tt point B7} (Initial point, TO) — Stress / Time Of L2t B2t S1= Quality Attributes
o) 5 - SEHP 2 260 ~ 320 mOsm/kg 2| model XX 3}

Effect Summary
Effect Summary

Source Logworth
Isotonic agent {(mg/ ) i Source Logworth
° ¢ Isotonic agent (mg/mL)(30,90)

PH(5,7)

pH(5,7)

pH*pH

API conc. (mg/mL)(10,50)

pH*Isotonic agent (mg/mL)

Buffer (mM)(5,30)

Isotonic agent (mg/mL)*Isotonic agent (mg/mL)

fmL)
L)*Isotonic agent
Surfactant (mg/mL)*Surfactant (mg

Prediction Expression
218.81208867

+21.235100782 .(pH 75)
Isotonic agent (mg/mL) ( )

£Cypof. i API conc. (mg/mL) -30
pH*Surfactant (mg/mL) +10.58974375 ( )
20

(Bufter mmy -17.5 )
125

+7.4968209488 -(

(\sommc agent (mg/ml) -60 )
+66881675668 o[~/

(1sotonic agent (mg/mt) -60 )
+(pH -6 )+| | " |- 7812939055

30

D
)y Isotonic agent (mg/mL) -60 ) (\sc!omc agent (mg/ml) -60 )
' S A N | S ——— N T
MMIT X : m
" s reserved. .



HHO| 22|52 M8 A+ - £ X2} (Case study)

= Bt point 7t (Initial point, TO) — Stress / Time Of (2 #2}7t @1= Quality Attributes
= O) MEY - SEHSR| & 260 ~ 320 mOsm/kg 2| model %X s}

Actual by Predicted Plot

Summary of Fit

RSquare
RSquare Adj

Root Mean Square Error

Mean of Response
Observations (or Sum Wgts)

Analysis of Variance

Osmolarility (mOsm/kg) Actual

Sum of
Source DF Squares Mean Square F Ratio

Prob > F

Residual RMSE RSquare

Predicted R?

Jmp

DISCOVERY
SUMMIT



HIO| 2 9o|eFZ 9] Al A+t -

= Tlme point 7} — Stress / Time Of 2} Z2= EO

= 0Of]) Product-related Impurities / Variants

Column Switcher Impurity A (%) vs. Time (week)

DISCOVERY
SUMMIT

x| X3} (Case study)

| = Quality Attributes




HO| 22| Z 2| X A+ — ZX[A3Z} (Case study)
= Tlme point "7} — Stress / Time Of| 2} Z2= EO0[= Quality Attributes

= Of) Product-related Impurities / Variants

[ = Response Osmolarility (mOsm/kg)

[~ Response Impurity A (%)
[~ /Response Impurity B (%)

Actual by Predicted Plot Summary of Fit

4 ~|Response Variants A (%)
RSquare 4 Actual by Predicted Plot
RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

Analysis of Variance

A (%) Actual

Sum of
Source DF Squares Mean Square  F Ratio

Variants A (%) Actual

16 18 22
Variants A (%) Predicted RMS! 361 RSq=0.97
PValue=<.

4 Effect Summary

Source Logworth PValue
Time (week) 647111 0.00000
pH(5,7) 35.544 0.00000
pH*pH 5612 0.00000
. . pH*Time (week) 3497 | 0.00032
ReSIduaI by PredICted PIOt Isotonic agent (mg/mL)*Isotonic agent (mg/mL) 3.084 0.00082
API conc. (mg/mL)*API conc. (mg/mL) 1.864 ] 0.01369
Time (week)*Time (week) 1.826 0.01493
API conc. (mg/mL)(10,50) 1.018 0.095%4
Surfactant (mg/mL)*Surfactant (mg/mL) 0.841 0.14408
Buffer (mM)*Buffer (mM) 0.762 0.17278
API conc. (mg/mL)*Time (week) 0.704 0.19774
Buffer (mM)*Surfactant (mg/mL) 0.619 0.24022
Buffer (mM)*Isotonic agent (mg/mL) 0.566 0.27168
Buffer (mM)*Time (week) 0.487 0.32592
Buffer (mM)(5,30) 0.486 0.32643 ~
pH*API conc. (mg/mL) 0.477 033333
Surfactant (mg/mL)*Time (week) 0.292 0.51065
pH*Surfactant (mg/mL) 0.244 0.56995
Isotonic agent (mg/mL)*Time (week) 0.224 0.59660
Isotonic agent (mg/mL)(30,90) 0.205 0.62307 A

o

©
=3
3
2 05
[+4
S

o

(

DISCOVERY

SUMMIT



HHO| 22|52 M8 A+ - £ X2} (Case study)

TIme point "7} — Stress / Time O L2t A= EO|= Quality Attributes

Actual by Predicted Plot Actual by Predicted Plot

N
o

w
o

Impurity A (%) Actual

©
3
2
4
<
&
<
v
)
c
©
&
>
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Profilerg& &%t X[M3 ==

2 | y , , & &5 — Mixture design2 £
£ [295.4454, = - ; Z :
2 313819) o0 AE'i | 7 ‘(')‘l.[_|- x|x—| gl.O-IlA |
145538 EDI-A_lI{_EE M K—l 7|-O

5.
[3.757949,
6.533127]

1 | | | € API conc. — QTPP (dosage form
- S NS U N I | NN RN S / strength 5)0ll XA HHs| 4
€ Time point = Initial O| Of!
KAt pointE 178510] %X 3}
2t HIIH SO S ME
Hel /220 =0 Kohe
o

[0 =Xz}

>
£
kS
<]
£
&
O
S
<
>
z
3
a
£
IS
o
>
£
=
3
Q.
E
S
<
P

18.66383

L
i

® o o
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HHO|29|efE Ay M /U AMEl D

= O|EO0|AM XMF (Formulation) e
1|_7F_ YNV E‘:*O* 7P K| LU=l = 23S stress@t AlZF S =0 SHE 74

= MRS A2 *|3471|—!E|" HE2| o=
= LEPH QI MHel 4 5 factor O| g2 = D—é’% A" run =7t 28
> Custom Design & &850 H2 Al =2 2880 Al T 7ts
= Stress A3t "A|ZH0f| 2t 249 At (Response) 7t 57t > 23t Si4] (modeling) =l
> TimeS factor2 H2|: Tt point SHAELCE F=t e 11, 52| point 44 2Lt 7t

modeling 7t= & A4} B4

- Bt EE 39

- CjE2o| oAl ol Aol sjAo| ML Its

= Formulation robustness study (Long-term stablllt y) o
> Simulationg &%t ®7HA| / pH 52| M robustness AZ G control strategy 2HE

= M 20| Al point 7t EXf{ot= S5+ Z21t2| B Y (HH%WI?_“E” Al 21 5l )
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