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A termelés zavartalanul folyik

- Hallo, gépterem?

- Skultéti, jelentkezem.

- Mennyi, Skultéti?

- Harmincharom.

- Mi harmincharom?

- Mi mennyi, fé6mérndk tr?

- Az, ami harmincharom.

- Nem annyinak kellett volna lennie?

- Mindegy, Skultéti, csak csinalja tovabb.

Orkény Istvan: Egyperces novellak
(Nehézipari folklor, 1978)

Quality by Design

* 1970- M. Juran: ,,Juran on quality by design”
* 1990-es évek - egészségligy

* 2004 - Gyogyszeripar

* 2005 — FDA Quality System Approach to

Pharmaceutical CGMP Regulations
FDA: U. S. Food and Drug Administration

* 2007- FDA Pharmaceutical Quality for the 21st
Century A Risk-based Approach Progress Report




ICH guidelines

* ICH : International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human
Use (European Union, Japan and USA)

* ICH Q8 — Pharmaceutical Development: a termék
megtervezése, a folyamat biztositsa a megfeleld termék
eloallitasat

* ICH Q9 — Quality Risk Management: mindségligyi rendszer
részeként segit abban, hogy a kockazat jelenlétét és stilyossagat
azonositsak

* ICH Q10 — Pharmaceutical Quality System: ISO és GMP
szabalyozason alapul6 mindségmenedzsment rendszer,
kiegésziti a Q8, Q9-et

Juran: quality cannot be tested into products;
i.e., quality should be built in by design.

QbD = ,,quality by planning, but not by chance”

,» The focus of this concept is that quality should be built into
a product with a thorough understanding of the product and
process by which it is developed and manufactured along with a
knowledge of the risks involved in manufacturing the
product and how best to mitigate those risks.” (FDA 2007)

,»Aspects of drug substances, excipients, container closure
systems, and manufacturing processes that are critical to
product quality should be determined and control strategies
justified.” (ICH Q8(R2))
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Cél meghatarozasa a
mindségi jellemzd
profiljat tekintve

Design Space
azonositasa

l

Control strategy

Kritikus mindségi
paraméterek
meghatarozasa

Kritikus anyagok
meghatarozasa

Kisérletterv
kivalasztasa

|

Kritikus
folyamatparaméterek
meghatarozasa

Working within the design space is not

considered as a change.

Movement out of the design space is
considered to be a change and would
normally initiate a regulatory post approval

change process.

Példa: 27-4 részfaktorterv+fold-over, centrumponttal

A kisérletek célja egy specialis anyag optimalis eldallitasi
koriilményeinek meghatarozasa volt. A célfiiggvény a
kihozatal %, melynek maximalis értékét kell elérni.

Faktorok :

7, reakci6 1d6, min;

7, hoémérseklet, °C;

73 fordulatszdm, 1/min;

z,4 katalizator koncentracio, %;

z5 felesleg, %;
Z¢ Nyomas, bar;

7, szennyezés koncentracio, %.

2019.04.14.



Az 1. blokk: 27-4 rész-faktorterv, 3 ismétlés a centrumpontban:

Xy = XXy Xs = X\ X35 Xeg = XyX35 X5 = XXX
i Xo X1 X2 X3 X4 X5 X6 X7 v, % blokk
1 + - - - + + + - 31.04 1
2 + + - - - - + + 43.65 1
3 + - + - - + - + 56.42 1
4 + + + - + - - - 66.39 1
5 + - - + + - - + 27.78 1
6 + + - + - + - - 48.63 1
7 n _ T | F - - + 51.13 1
8 + + + + + + + + 69.70 1
9 + 0 0 0 0 0 0 0 49.07 1
10 + 0 0 0 0 0 0 0 51.34 1
11 + 1 0]J]0]O0]O0O]JO]JO]O 49.72 !
Effect Estimates; Var.:y; R-sqr=.99829; Adj:.99143 (4fb_example)
2**(7-4) design; MS Residual=1.366633
DV:y
Include condition: Blokk=1
Effect | Std.Err. t(2) p
Factor
Mean/Interc. 49.34250 0.413315) 119.3824) 0.000070
Curvatr. 1.40167 1.582875  0.8855 0.469296
(1)ido 15.50000 0.826630 18.7508  0.002832
(2)hémérséklet | 23.13500 0.826630 27.9871 0.001274
(3)ford.szam -0.06500 0.826630 -0.0786 0.944484 Confounding of Effects (4fb_example)
(4)kat.konc. -1.23000 0.826630 -1.4880 0.275157 2**(7-4) design
(5)felesleg 4.21000 0.826630]  5.0930 0.036458 (Factors are denoted by numbers)
(6)nyomas -0.92500 0.826630 -1.1190 0.379496 Include condition: Blokk=1
(7)szenny.konc. | 0.09000 0.826630  0.1089 0.923240 Alias | Alias | Alias
Factor 1 2 3
1 2*4 35| 67
2 1% 3*6 57
3 15 2*6  4*7
4 12 37 5%
5 143 2*7  4%6
6 17 2*3  4*5
7 1*6 2*5 3%
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A keveredési rendszer (Confounding Effects):

id6

hém

n

kat

fel

nyom

sze
1d6*hém
id6*n
id6*kat
idé*fel
idé*nyom
id6*sze
hém*n
hém*kat
hém*fel
hém*nyom
hém*sze

Term Generator

a
b
c

ab

ac

bc
abc

Confounded with Confounded with Confounded with

hém*kat n*fel nyom*sze
iddé*kat n*nyom fel*sze
idg*fel hém*nyom kat*sze
id6*hém n*sze fel*nyom
idé*n hém*sze kat*nyom
id6*sze hém*n kat*fel
id6*nyom hém*fel n*kat

kat n*sze fel*nyom
fel hém*sze kat*nyom
hém n*nyom fel*sze

n hém*nyom kat*sze
sze hém*fel n*kat

nyom hém*n kat*fel
nyom id6*sze kat*fel
id6 n*fel nyom*sze
sze idé*nyom n*kat

n idd*fel kat*sze
fel idé*n kat*nyom

9
A keveredési rendszer folytatasa:

Term  Generator Confounded with Confounded with Confounded with
n*kat sze idé*nyom hém*fel
n*fel id6 hém*kat nyom*sze
n*nyom hém idd*kat fel*sze
n*sze kat id6*hém fel*nyom
kat*fel nyom idé*sze hém*n
kat*nyom fel idé*n hém*sze
kat*sze n idg*fel hém*nyom
fel*nyom kat id6*hém n*sze
fel*sze hém idd*kat n*nyom
nyom*sze ido hém*kat n*fel

10
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A 2. blokk: fold-over (3 centrumponttal)

i X0 X1 X2 X3 X4 X5 X6 X7 v, % blokk
12 + + + + - - - + 65.29 2
13 + - + + + + - - 56.90 2
14 + + - + + - + - 42.42 2
15 + - - + - + + + 31.47 2
16 + + + - - + + - 71.18 2
17 + - + - + - + + 50.08 2
18 + + - - + + - + 47.26 2
19 + - - - - - - - 29.11 2
20 + 0 0 0 0 0 0 0 49.89 2
21 + 0 0 0 0 0 0 0 49.16 2
22 + 0 0 0 0 0 0 0 51.11 2

11
Confounding of Effects (4fb exampll
Alias | Alias
Factor 1 2
Curvatr.
(1)ido
(2)hdmérséklet Effect Estimates; Var.:y; R-sqr=.99852; Adj:.99378 (4fb_example)
(3)ford.szam 7 factors at two levels; MS Residual=.939107
(4)kat.konc. DV:y
(5)felesleg Effect | Std.Err. t(5) p
(6)nyomas Factor
(7)szenny.konc. Mean/Interc. 49.27812 0.242269| 203.4027 0.000000
1by2 3*7  5+g|Blokk(1) -0.09091 0.413215 -0.2200 0.834568
1by 3 2*7  4*g|Curvatr. 1.54042 0.927819  1.6603 0.157756
1by4 3*6  5*7|(1)idd 15.07375 0.484538 31.1096 0.000001
1by5 2*6  4*7|(2)hdmérséklet | 23.21625 0.484538 47.9142 0.000000
1by6 2*5  3+4|(3)ford.szdm -0.22625 0.484538 -0.4669 0.660183
1by7 2*3  4*5|(4)kat.konc. -0.66375 0.484538 -1.3699 0.229043
2by4 3*5 6*7|(5)felesleg 4.59375 0.484538  9.4807 0.000221
(6)nyomas -0.88875 0.484538 -1.8342 0.126081
(7)szenny.konc. | -0.64375 0.484538 -1.3286 0.241390
1by2 -0.56625 0.484538 -1.1686 0.295231
1by3 -0.38375 0.484538 -0.7920 0.464265
1by4 -0.08125 0.484538 -0.1677 0.873402
1by5 0.16125 0.484538  0.3328 0.752792
1by6 0.73375 0.484538  1.5143 0.190367
1by7 -0.03625 0.484538 -0.0748 0.943264
2by4 0.42625 0.484538  0.8797 0.419285
12
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» A felesleget egy pontban rogzitették

* Optimumkeresés gradiens-modszerrel

Xz Ll 93.42
T 148
146
144
4
142
) Te 140
5
, t2 138
138
1 -
134
Va2 51.58 & tenponick
1 130 - . lépéstery
128
B5 70 75 80 85 85 00
; ; igd, min ; : x]
1 (1] D(I)E 2 4 i
13
22 terv az optimum kozelében
sorszam | id6, min | hom., °C | x; X y, %
1 80 140 - - 82.20
2 100 140 + - 92.69
3 80 150 - + 92.24
4 100 150 + + 89.98
5 90 145 0 0 93.89
6 90 145 0 0 95.56
7 90 145 0 0 94.84
14
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STATISTICA program eredménye:

Effect Estimates; Var.:y; R-sqr=.98868; Adj:.96605 (6-7_example)

2**(2-0) design; MS Residual=.7016333

DV:y
Include condition: Block=1
Effect Std.Err. t(2) p

Factor
Mean/Interc. 89.277 0.4188 213.17 | Q. 22
Curvatr. 10.972 1.2795 8.5€..0.013329
(1)idd 3.665 0.8376 4.38£0.048469
(2)hdmérséklet 4.115 0.8376 %0.039026
1 by 2 -6.375 0.8376 -761 0.016830

V4

Szignifikans a centrumbeli mérések atlaganak eltérése a ,,Mean/Interc.” -t6l,
tehat a linearis modell nem megfelel6.

}

Masodfoku modell illesztésére alkalmas terv sziikséges!

15
Példa: a 22 terv modositasa kompozicios tervvé
blokk | time Temp. M
1 1 80 140 82.20
2 |1 100 140 92.69
3 1 80 150 92.24 2
4 1 100 150 89.98 2" terv
5 1 90 145 93.89
6 |1 90 145 95.56
7 1 90 145 94.84
8 2 75.858 145 88.62
9 2 104.142 | 145 92.18
10 |2 90 137.929 | 85.80 .
1|2 90 152071 | 9L.12 Csillagpontok
12 |2 90 145 94.87 és centrumpont
13 |2 90 145 95.36
14 |2 90 145 95.18
16
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Eredmények a STATISTICA programban:

Effect Estimates; Var.:y; R-sqr=.9888; Adj:.9792 (6-7_example)
2 factors, 2 Blocks, 14 Runs; MS Residual=.3269877
DV:y
Effect | Std.Err. t(7) p
Factor
Mean/Interc. 94.950 0.233  406.73 0.000000
Block(1) 0.247 0.306 0.81 0.445370
(idd (L) 3.091  0.404 7.64 0000122 ————l A}’l"}(k hem
id6  (Q) -4.626 0.421  -10.99 0.000011 szignifikans
(2)homérséklet(L) 3.938 0.404 9.74/ 0.000025
hémérséklet(Q) -6.566 0.421 -15.60 0.000001
1L by 2L -6.375 0.572 -11.15 0.000010
17
Fitted Surface; Variable: y
2 factors, 2 Blocks, 12 Runs; MS Residual=.5666198
DV:y
154 Maximum:
15 92.5 min;
145.8 °C;
150 95.16%
148
146
£
0
~
144
142
— 95
140 — 90
— 85
138 | —— 8
75
136 70
— 65
— 60
18
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Fitted Surface; Variable: y
2 factors, 2 Blocks, 12 Runs; MS Residual=.5666198
DV:y

19

A MODDE Pro 12.1 programmal Contour plot

OFHE % Példad - Complemented - MODDE Pro - [Response Contour Plot] -8 X
Home  Design  Worksheet  Anayze | Predict | View  Tools Sekv & @ = x

CIENEAEA N LI

] 1y
Predictions Prediction Factor Contour Sweet Design | Optimizer Setpoint
plots~ effecs . spot- space waldation

Spreadshest Interpretation Optimize
|7 pot  summayoffitot  Worshest Responses Foctors  Response SufacePlot  Coeficientlist  fectlist  ANOVATable [ nu el ¢ * | Advisor ax
H
= Response Contour Plot - Példa8 - Complemented (MLR) inoztal %] | Properties &
L kiho:

dhozata %] | Factor Value | Sett
0| < Summary of Fit Plot

The Summary of it plt displays four
columns for each response.

Al columas high implies a good model.In
the example above,the columns forthe
rightresponse signal tht the modil needs
investigation. Use for instance the Analysis
wizard to investigate.

homérseklet (Crok]

More:

2Rz

»Q2

> Model vlidity
> Reproduibity

£l
id6 min] ]

Audit Tl Notes  Output

reening  Design: FullFac teraction model  Cond, no:2,69013  Fitted with: MLR

Wi

20
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A maximum a centrum pont kozelében lehet!

MODDE 12 - 2005 32 11 11:35:49 (UTC+1)

21

Contour plot az optimalis beallitassal

O [ H [ ) ¥ péas - Complmente - MODDE ro - Response Cortour P Tooks -8 X

Home Design Worcheet Andlyze  Predit  View Tools | Optimizer Sekv & @ - =%

C=ALY
Bsucetspot -+ |

Optimizer Dynarmic Design space | Setpoint By espons
profie B Design space * | explorer | analysis
Optimizerinterpretaion 5 Setpoint analysis 5

g Volheet  Respones factors - Optnizer Sy f it [

H . .

3 Response Contour Plot - Példag - Complemented (MLR) khozata b | Properties
" Optimizer Setpoint (#3) Faclor | Vaue  Sett

Kinozatal %]

hemeérséklet [Crok]

22
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© [ H B2 ¥ peidas - Complemented” - MODDE Pro - [Sweet Spot Ploi] Tools -8 X
Home  Design  Workshest  Analyze  Predict  View  Tools | Optimizer ke > @ -&x

A =% | ga o gg e

Bl sweet spot .
Optimizer  Dynamic Design space | Setpoint &
ignspace ~ | explorer | analysis

Sweet Spot Plot - Példag - Complemented (MLR) Properties &
Optimizer Setpoint (43) Factor | Volue | Sett

AuditTal  Notes  Output

Runs: 14 Objective: Screening  Design: Full Fac 2 levels), interac

A MODDE-ban ,,Sweet Plot” —nak nevezik a faktoroknak azt a
beallitasi tartomanyat, ahol teljesiil az dsszes fliggd valtozora az

eloirt kovetelmény (az egymasra vetitett kontur abrak kdzos
metszete).

23

Home  Design  Worksheet  Analyze  Predict  View  Tools | Optimizer

@ [ H B ) = podat - Complemented - MODDE Pro - [Design Space Plof] Tools -8x
sekv & @ -8 x

B ot - WL
A EHqaow

Optimizer Dynarmic Design space | Setpoint -1
profie B Design space * | explorer | analysis
Optimizerinterpetation 1 Setpant analysis

Worksheet ~ Responses  factors  Optimizer  Summary of FitPlot  Response Contour Plot  Sweet Spot Plot [ SO SR A

Design Space - Példa8 - Complemented (MLR) % Propetties &
Probability of failure (%) for kihozatal - Optimizer Setpoint (#3)

3
3
H

Factor | Value | Sett

=]

0
g
)
3 5
H
2
1
%0 @ % %
id6 (min)
Including distribution on axis factors only; Interval-Confidence;
Acceptance 1imit-1% [ .. . =

”r

Az abra azt mutatja, hogy a fiiggd valtozokra eldirt kovetelmény
nem teljesiilésének mekkora a valosziniisége a faktorok beallitasi
tartomanyaban. A zold és sarga teriileten ez <1% (Acceptance limit).

24
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Design Space Contour Options 0 X

Design space options Interval estimation

Int o
QPrediction ~ |

Confidence level: Tolerance proportion:

95% = 95% v

The simulation will generate points with variance based on the
selected interval estimate. This will in turn generate the
required safety margins that correspond to the defined
probability limit of the ideal average prediction. The safety
margin increases from Confidence to Prediction (and in
general) to Tolerance.

(OK | D mégse || sigs
e

Most készitsiik el az
abrat ugy, hogy a
program a
szamitasokhoz a
konfidencia- intervallum
helyett a joslasi-
intervallumot hasznalja.

25

© [ B [ ) ¥ pedas - Complemented: - MODDE Pro - [Design Space Pt Tools
Home  Design Worksheet  Analyze  Predct  View Tools | Optimizer
A o i o
i De
R sweet spot ~ a
Optimizer Dynamic Design space | Setpoint 51

profile B Design space * |~ explorer | analysis

Optimizer nterpretation Setpoint analysis 2

sejuoney

Design Space - Példa8 - Complemented (MLR)
Probability of failure (%) for kihozatal - Optimizer Setpoint (#3)

T

) 8 ] 90 2 9 %

ido min)
Including distribution on axis factors only; Interval-prediction;
Acceptance limit=1%

AuditTrail Notes  Output

mint a konfidencia-intervallum.

Worksheet ~ Responses  Factors  Optimizer  Summary of FitPlot  Response Contour Plot  Sweet Spot Plot  Design Space Plot

-8 X

sekv[o @ J & x

®

Properties &

Factor | Value | Sett

A tartomany kicsit sziikebb, mivel a joslasi-intervallum szélesebb,

26
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a

hémérséklet [Clok]

O [ H [ = padss - Complemented - MODDE Pro - [Design Space Plof] Tools -8 %
Home  Design  Worksheet ~ Analyze  Predict  View  Tools | Optimizer Sekv & @ - & X
& contour ~ a

:
Design space | Setpoint
ce * | explorer | analysis

s Optimizer ~ Summaryof FitPlot  Response Contour Plot  SweetSpotPlot  Design Space Plot  Design Space Plot  Design Space Plot -
Design Space - Példag - Complemented (MLR) 4
Probability of failure (%) for kihozatal - Optimizer Setpoint (#3) Setti

84 8 8 % 9 % % 100 102

%2
d6 [min]

Including distribution on axis factors only; Interval=0,95 Tolerance;
Acceptance Timit-1% P L 5

A tolerancia intervallummal késziilt abra még sziikebb az <1%
tartomany (figyeljiik meg az ellipszis fekete keresztvonalakhoz
viszonyitott helyzetét).

27

ICH Q8(R2) Design space:

A bemend valtozok és folyamat-paraméterek olyan
sokdimenzios kombinacidja, amiben bizonyitott, hogy a
mindségi eldirasoknak megfeleld termékek keletkeznek.

A design space-t elhagyasa olyan valtozasokat
eredményezhet a mindségben, ami tovabbi hatdsag altali
vizsgalatban, majd jovahagyasban kell részesiiljon.

28
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O [ B B * = peidas - Complemented - MODDE Pro - Design Space Explorer Tools
n Home  Design  Worksheet  Andyze  Predict  View  Tools | Optimizer

g

Optimizer Dynamic Design space | Setpoint B i
profie B Designspace ~ |~ explorer | analysis

Optimizerinterpretation &

Jal Sweet spot ~

Setpoint analysis i
donses  Factors  Optimizer  Summary of FitPlot  Response Contour Plot  Sweet Spot Plot  Design Space Plot ~ Design Space Plot

Design Space - Példa8 - Complemented (MLR)
Probability of failure (%) for kihozatal - Optimizer Setpoint (R)

o
9
2
=
&
b

146 147

hémérsékdet
No distribution on factors. Interval=Confidence Acceptance Timit = 1%.

Design Space Plot Design Space Plot

a@.ax

% |Properties &

= Axis

Auis homerseldet v |
50 5l
A id6 v

= Constants
10 | $Bc 00262

. | More properties.

Hypercube range

— =

Design space hypercube

Factor Setpoint Role Hypercube low edge Hypercube high edgel
s 906667 Free 853333 98,6667
homérséklet 145,333 Free 142,667 14933

AuditTrail  Notes  Output

with: MLR

29

© ([ [ ) * rkdos- Complemented: - MODDE Pro

Vome Owign  Wokhet  Anshre 2 Vew Took
[, B Contour =

A= e

Optite Dy Onign e T ——

profle. Bl Desgnspace ~ | exploer

-8 x
suv 2 @

Low_Setpot___tigh_Sd dev ol Dsbun
BT G2 10066 4192Fee Nomal
WA sale Voses  20727fee Mo

@ predtv fctor Dataton ot

Estmated sceptable ange

O (3 (B ) = pocas - Complementod - MODDEPro ook
B v ven voher e b vew ook | Optia

oone 21302 11 13528 ey | € >

5 sesance
" P
Opter Dynaric Dasnspce TTT—
e, BDesgnspoe ~ | o ponse nds ki Vot Ok
optmawagreion 5 sopont
(o _Sepo|__High _Sidev foe__| Dbt Fiatedaceplale onge
[& Preictive Factor Distribution Plot
Predictive factor distribution - Példag - Complemented (MLR)
Taéodie
™
o
s
o
0
w
w
[ ma—— W e s s GES WS W08 Mm  es s l

A jobb szélsé
ikonra kattintva
megnézhetjiik a
szimulalt
eloszlasok
abrajat.
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O [ H [ % paidag- Complemented - MODDE Pro- Precicted Response Db, Tools

- Home  Design  Worksheet Anayze Predit  View Tools | Optimizer

ﬂ Z K& Contour ~

Design space

T weetspot * |
pUizel) LATIC . esigy space & Individual response analysis
profie B Designspace ~ |~ explorer | anaysis b i
Optimizerinterpretation & Setpoint analysis &
Tt DesignSpacePlot  DesignSpace Plot  Design Space Plot  Design Space Plot  Design Space Explorer  Dynamic Profile  Setpoint Analyss - Optimizer Setp.
2
3 " e
3 Predicted response distribution - Példa8 - Complemented (MLR)
@ kihozatal [%]
1 3
= g
5
2000
1500
H
s
3
8
1000
500

— T T T S S ST, S —
8229 8285 8341 8397 8453 8509 8565 8621 8677 8733 87,89 8845 8901 8957 9013 9069 9125 9181 9237 9293 9349 M05 9461 95,159935‘729986,28%95‘849937,409997‘96993&529999,0599‘39‘,849910&21
! .14, 121830 UICH)

AuditTial  Notes  Output
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Q [# H B = peldes - Complemented® - MODDE Pro - [Design Space Plof] Tools - &8 %X
Home  Design  Worksheet  Analyze  Predit  View  Tools | Optimizer Selev & @ _ &5 X
[ Contour ~ ¥
a2 B cono B | 5 Fosons
- ! B Sweet spot ~
Optimizer  Dynamic o Design space | Setpoint [ individual response analysis
profile B Design space ~ | explorer | analysis
Optimizerinterpretation 5 Setpoint analysis 5
@ Design Space Explorer  Dynamic Profile  Setpoint Analysis - Optimizer Setp. Predicted Response Distribution Plot  Predictive Factor Distribution Plot  Predictive Factor Distriby ¥
H ’
2 Design Space - Példa8 - Complemented (MLR) % Properties %
. Probability of failure (%) for kihozatal - Optimizer Setpoint (#3) | Factor | Value | Setti
s0
10
s
2
1
w o [ % % % % % 100 102
id6 [min]
Including distribution on all factors; Interval-Confidence; Acceptance Timit=1% T 5

AuditTrail  Notes  Output

Ha megnézziik az 4bra tulajdonsagokat (jobb klikk>Properties), azt
tapasztaljuk, hogy a program most a setpoint analizisnél numerikus
szimuléacioval kapott eloszldsokat hasznalja a szamitashoz.
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