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EANHNIKH EKAOzZH
KevTplkn apxn

To scale-up 6ev e{vat moAAaMAQCLAOUSC TwY TocoTATWY. E{val petdgpaon evdc mechanistic
understanding oe eEonAlopd, yewpeTpla, evépyela avauEng, xpévo, Bepuokpacia, aAAniovyia
npoobnkwv, hold times, filling kat packaging. H (6ia mogootiaia gdvbeon unopel va cuunepLpepOel
dlapopeTikd dTav aAAGTEL N KA{HOKA.

MeTafANTEC MOV AAAACOUVY ME TNV KAipHAKQ

O Abyog em@dvelag mpoc dyko, o puBudg B€puavong kot YoOENG, to tip speed, n Lox0C avd povada
6ykov, o xpbévog kukAogoplag, n dnuovpyia kevol  a@poL, N dLaBpoxr KOVLWY Kot N tkavédTnTa
amoudkpuvong aépa dev dlatnpolvTal avtéuaTa. Mpénel va oplotolv KatdAAnAol Critical Process
Parameters kal anodekTd ranges.

Working volume kat yewpetpla vessel/agitator.

Order and rate of addition.

Temperature history kat shear exposure.

Vacuum, nitrogen, headspace kal oxidation control émouv anatteiTat.
Bulk density, flow, segregation kat humidity yla otepeéc Hop@éc.

Filling window, viscosity | dose-weight control.

A1té To CQAs ota controls

To development Eekvd and ta Critical Quality Attributes Touv TeAlkoD mpoildvTog Kol guvdEel KABE
CQA pe material attributes kat process parameters. H otpatnytkr 6gv {val va petplodvtal Ta
MAvTa, aAAd va eAéyyxovTtal 60a Umopoly va PETaBAAOLY ovolaoTLkG identity, strength, uniformity,
dissolution/release, microbiological quality, physical stability rj patient usability.

Engineering batch kat PPQ

H engineering batch emBeBailwvel eEonAloud, sequence, sampling plan, in-process controls, yield
Kal practical operating window. To PPQ 6gv mpémnel va XpnoLUomoLE(Tal WS MPWTN MpoondBsLa
Katavénong tng diepyaoiag. H éktaon qualification/validation kaBop(Cetal pe quality risk
management, prior knowledge kot TNV MPAYUATIKH TIOAVTIAOKOTNTA TOUL TPOIOVTOC.

Texpunpiwon transfer

‘Eva xpriowo transfer package neplthapBdvel formulation rationale, raw-material controls, analytical
methods/status, process flow, equipment mapping, scale-up rationale, CPP/CQA matrix, IPCs,
sampling, packaging, cleaning considerations, stability commitments, deviations/open points kat
oa@r ownership avd evépyeLa.

ZuvnROn Aabn

ZuvnBlopéva Aden elval n avtiypaend Xpdévwy xwpelc avagopd otnv evépyela avaugEng, n xprion
BLapopeTIKAG HoPPrC MPWTNG VANG XwpPlc aEloAdynaon, n vmotiunon TNG ouokevaaoiag, N
untepBOALKE ypriyopn WOEN A MARPWON, N KN TeKuNplwuévn aAAayr hold time kat n vmébeon 6T pia
eMTLXNAC MaPTda amodelkviEL process capability.
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ENGLISH VERSION

Core principle

Scale-up is not multiplication of quantities. It is the translation of mechanistic understanding into
equipment, geometry, mixing energy, time, temperature, order of addition, hold times, filling and
packaging. The same percentage formula may behave differently when scale changes.

Variables that change with scale

Surface-to-volume ratio, heating and cooling rate, tip speed, power per unit volume, circulation
time, vacuum or foam generation, powder wetting and deaeration capacity are not preserved
automatically. Appropriate Critical Process Parameters and operating ranges must be defined.

*  Working volume and vessel/agitator geometry.

* Order and rate of addition.

*  Temperature history and shear exposure.

*  Vacuum, nitrogen, headspace and oxidation control where relevant.
*  Bulk density, flow, segregation and humidity for solid dosage forms.

*  Filling window, viscosity or dose-weight control.

From CQAs to controls

Development starts from finished-product Critical Quality Attributes and connects each CQA with

material attributes and process parameters. The goal is not to measure everything, but to control
what may materially affect identity, strength, uniformity, release, microbiological quality, physical
stability or patient usability.

Engineering batch and PPQ

The engineering batch confirms equipment, sequence, sampling, in-process controls, yield and the
practical operating window. PPQ should not be the first attempt to understand the process. The
extent of qualification and validation is determined through quality risk management, prior
knowledge and actual product complexity.

Transfer documentation

A useful transfer package includes formulation rationale, raw-material controls, analytical-method
status, process flow, equipment mapping, scale-up rationale, CPP/CQA matrix, IPCs, sampling,
packaging, cleaning considerations, stability commitments, open points and clear ownership.

Common errors

Common errors include copying process times without accounting for mixing energy, changing
raw-material grade without assessment, underestimating packaging, cooling or filling too rapidly,
changing hold time without justification, and treating one successful batch as proof of process
capability.
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