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NEW DRUG PRODUCT

 Development
e Quality Target Product Profile
e Preformulation
* Formulation
e Manufacturing Process
e Validation
(Process Performance Qualification)
« Commercial manufacturing process
(Continued Process Verification)
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The aim of pharmaceutical development is.

to design a quality product and its manufacturing process to
consistently deliver the intended performance of the product.

The information and knowledge gained from pharmaceutical development studies and
manufacturing experience provide scientific understanding to support the establishment
of the design space, specifications, and manufacturing controls.

It is important to recognize that
Quality cannot be tested into products.




* Process Knowledge
* Process Understanding.

Mhm ... | think you
should be more
explicit here !



Pharmaceutical development should include the following elements:

e Quality Target Product Profile (QTPP) : it relates to quality, safety and efficacy,
considering e.g., the route of administration, dosage form, bioavailability, strength, and
stability; drug product quality criteria.

e |dentifying potential Critical Quality Qttributes (CQAs) of the drug product, so
that those product characteristics having an impact on product quality can be studied
and controlled.

e Determining the Critical Quality Attributes of the drug substance,
excipients etc., and selecting the type and amount of excipients to deliver drug product
of the desired quality;

* Link Material Attributes and Process Parameters of the appropriate

manufacturing process, to Drug Product CQAs by using Risk Assessment that is a
valuable science-based process.

e Defining a Control Strategy to ensure that a product of required quality will be
produced consistently.



Quality Target Product Profile

Justification

Pharmaceutical equaivalence

Dosage form Tablet
requirement: same dosage form
Dot detign In_]meclime release t‘ab{lf_:t Immediate re-leas_e design needed
without a score or coating to meet label claims
Pharmaceutical equivalence
Route of adnumistranon Oral requirement: same route of
admumstration
Dosage strength 20 mg Pharmaceutical equivalence
= requirement: same strength
Immediate release enabling DlesgEalcace tqiicmat
Pharmacokmetics Tinax i1 _2_.5 hours or less; Needed to ensire tapid ooset aod
Bioequivalent to RLD cficacy
Stability At least 24-month shelf-life at | Equivalent to or better than RLD
: room temperature shelf-life
Physical Artributes
Identification
Asgsay
Drug product Content Umiformity Ph:umacgutical equivalence rcquirﬂqmt: Must meet the same
quality attributes Dissolution cc-mpend:;_al or other 31:rpllcable (quality) standards (1.e.. identity,
’ Degradation Products | 35saY. purity, and quality).
Residual Solvents
Water Content
Microbial Linuts

Contamer closure system

Container closure system
qualified as suitable for this
drug product

Needed to achieve the target
shelf-hife and to ensure tablet

integrity during shipping

RLD labelmg indicates that a hugh
fat meal increases the AUC and

Adminsstration/Concurrence with labeling Similar food effect as RLD Come by 8-12%. The product can
be taken without regard to food.
Alternative methods of admmistration None None are histed m the RLD label.




PHARMACEUTICAL DEVELOPMENT , :
The physicochemical and

biological properties of the
drug substance can influence

-Drug Substance ‘ the performance and

* Excipients manufacturability of the drug

eComponents of the Drug Product

*Drug Product product
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e Formulation Development
* Manufacturing Process Development

* Polymorphism
* Stability
* Bioavilabhility * smoothness . .
. apparentvolume b D|SSOIUt|On
 particle si * mechanical properties . .
. rsjs;clif‘ii ::JZSerﬂcﬁal area (SSA)  Compactation capacity ° Com paCtlon (h Igh amou nt)
® volume » Superficial properties o .
* apparent density . Ffltering attitude ° Pa rtICIe SIze
« crytalline f ! hs, hemical and c .. .
I P b bl g i o e Distribution (CU)
e Dissolution
* Particle shape
* Compaction
Solid state’s properties (Fonte: Aschimfarma, adapted from A. Gazzaniga) * Segregation (CU)

The potential effect of drug substance properties on drug product
can be used to justify the drug substance specification.



EXAMPLES FROM THE SCIENTIFIC LITERATURE ,DESCRIBING NON-EQUIVALENCE OF THE
FORMULATIONS DUE TO A DIFFERENT PHYSISCAL FORM OF THE ACTIVE INGREDIENT
(AMORFOUS FORMS, POLYMORPHISM, SOLVATES)

*Novobiocin (1960)

*CAF palmitate (1967, 1980)
eAmpicillin (1968, 1981)
*Chlortetracycline (1974)
eAmobarbital (1981)
*6-mercaptopurine (1981)
*Phenylbutazone (1984)
eIndomethacin (1987)

*Cimetidine (1987)

eCarbamazepine (1992, 2000, 2003)
*Oxytetracycline chlorhydate (1999)

C plasmatica

Il polimorfo B & quello maggiormente attivo (> solubilita)
Il polimorfo A non raggiunge un livello terapeuticamente efficace.

Cloramfenicolo
palmitato

50% B + 50% A

polimorfo A

25% B+75% A

tempo




Particle Size

For the drug substance, the International Conference on Harmonization (ICH) guideline
Q6A provides guidance (decision tree #3) on when a particle size specification should be
considered [5].

A particle size specification of the drug substance is required if it is critical for drug product
performance (i.e., dissolution, solubility, bioavailability, content uniformity, stability, or
product appearance) or manufacturability (i.e. processability, flowability, blend
uniformity, and compactibility, etc.).

Direct compression is a process by which the tablets are compressed directly from powder
blends of the active pharmaceutical ingredient (API) and suitable excipients,.

For these different components (e.g., API, fillers, disintegrants, lubricants, etc.), if the
differences in the particle size, shape, or density are significant, the powder blend (i.e., the
mixture) may have a tendency to segregate, which will result in failure of blend uniformity.



mg/500 mL

frequency q3*(x)
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Aspect ratio = ——— Elongation = 1 = —————
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i Perimeter di A+ B
Circularity = 2 X Nm X Area Convexity = . .
Perimeter Perimeter di A

/ width

T X Diametro CE*

Volume =
b
—_— A Q —
CE Diameter [Diametro del cerchio equivalente] - il diametro @ di un cerchio con la stessa area (A)
di quella dellimmagine della particella, come mostrato di seguito:
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POLVERI

La possibilita di misurare alcune proprieta consente di ottenere informazioni complete e
definitive su ingredienti farmaceutici e di migliorare la conoscenza e I'efficienza dei processi

produttivi.
A

Granulometria :

Granulometria a diffrazione Laser: USP 429, EP 2.9.31, JP 10, ISO 13320.
Morfologia

Analisi automatizzata di immagine: USP 776, EP 2.9.37, JP 3.04, ISO 13322
Microscopia Elettronica a Scansione SEM: USP 1181.

Area superficiale BET

Area Superficiale Specifica BET: USP 846.

Densita

Densita reale di solidi e polveri — picnometria a gas: USP 699.

Porosita

Porosimetria ad intrusione di Mercurio: USP 267

Assorbimento di acqua

Dynamic Vapor Sorption DVS: USP 1241

14



Manufacturing phases

Milling
Granulation
(Wet/Dry)
Drying
Blending

Coating

15
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FPRQRE{\N&%W e ’CCH p
Process Validation is: o e
the documented evidence that the process, * 3
operated within established parameters,
can perform effectively and reproducibly to produce a medicinal product
meeting its predetermined specifications and quality attributes.
(ICH Q7 - EMA)

~

Process Validation is:
the collection and evaluation of data, from the process design stage throughout
production, which establishes scientific evidence that a process is capable
of consistently delivering quality product

(FDA)

16



FDA Guidance for Industry
Process Validation: General Principles and Practices
January 2011 Current Good Manufacturing Practices (CGMP)- Revision 1

B. Stage 1 — Process DesSiZ . iimmmemmisimisismismsiisismmssssssssssssassssasiasssiasssessssssssssssssssssnss O

1. Building and Capturing Process Knowledge and Understanding.............ccccooovvvvivecveicveesierscnnn, 8
2. Establishing a Strategy for Process COnrol.... ... 9
C. Stage 2 — Process QUalification ......cceccieriisninnisnsniesnimssisssssssessmssmsmsssssssssssssasesssssssssssses 10
1. Design of a Facility and Qualification of Ultilities and Equipment ..................cccoovevveveiievennannn 10
2. Process Performance QUalifICQUION.............coovuviuieeiiieiieiiiii i eeeieees ettt aeaeaeea e naasaeesvas s s e Iy
3. PPO PROIOCOL ...ttt ettt ettt e e et e e et e e e s e e e e e et a e e e e e e nrn e s 12
4. PPQ Protocol Execution and RePort............ccc.ooooiiiiiiiiiiiiiiieee e 13

D. Stage 3 — Continued Process Verification ... eneirnsnnisnnisnnesssessssesssssssssesssesssessnees 14

FDA encourages the use of modern pharmaceutical development concepts, quality risk
management, and quality systems at all stages of the manufacturing process lifecycle.

17



Stage 1 — Process Design:

- |
)
The commercial manufacturing process is defined during this stage based on g

knowledge gained through development and scale-up activities. |

A successful validation program depends upon information and knowledge from product
and process development.

This knowledge and understanding is the basis for establishing an approach to control of
the manufacturing process that results in products with the desired quality attributes.
Manufacturers should:

Understand the sources of variation

Detect the presence and degree of variation

Understand the impact of variation on the process and on product attributes
Control the variation in a manner commensurate with the risk

Product development activities provide key inputs to the process design stage,
such as the intended dosage form, the quality attributes, and a general
manufacturing pathway.



Stage 2 _ Process qualification: Confirming that the manufacturing process as
designed is capable of reproducible commercial manufacturing.

5.21. A process validation should be defines the critical process parameters (CPP),
critical quality attributes (CQA) and the associated acceptance criteria which should
be based on development data or documented process knowledge.

a robust product development process
is in place to enable successful process validation.

The sampling plan.

The number of samples should be adequate to provide sufficient statistical confidence of
qguality both within a batch and between batches. The confidence level selected can be
based on risk analysis as it relates to the particular attribute under examination.

Criteria and process performance indicators that allow for a science- and risk-based
decision about the ability of the process to consistently produce quality products.

A description of the statistical methods to be used in analyzing all collected data
(e.g., statistical metrics defining both intra-batch and inter-batch variability).



Process Qualification is not quite complete
still have a few bugs into !




Critical process parameters (CPP) and Critical quality attributes (CQA)

CPPs

Design Of Experiments (DOE)

is a structured, organized method for
determining the relationship between

CMAs CQAS factors affecting a process and the output
nput > output of that process
Materials Materials
or Product

-

L)

CQAs = f (CPP,, CPP,, CPP, ... CMA,, CMA,, CMA,...)

ti] [
L)
2] ‘—;
e
Definition - __gre— _—
- i = ” ?i\l ﬂé'?_--ftf\ ld_"—"'
i’ 5._._:»""1:5: l:::'-e;_e:'}} .!\—_.
® - Design of
Experiments
Design Space
contrelspece Design Space: The multidimensional combination

and interaction of input variables (e.g., material
attributes) and process parameters that have been
demonstrated to provide assurance of quality.
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Scheme for
pharmaceutical
development and risk
management to
construct design space
and control strategy.

Target Product Profile & Quality Target Product
Profile

l

API characteristics (from preformulation and
prior knowledge)

|

Proposed formulation and manufacturing
process

l

v

RISK ASSESMENT

Determine the functional relationships that
link MAs and PPs to product CQAs

l

Your plan

& =

Product and Process
understanding

(re-evaluation and
understanding)

Risk evaluation

]

Parameters to investigate (Risk reduction)

Reality

l l

Process and Control
Product Design Strategy

Monitoring and continuous improvement

22



. Cause and Effect Diagram
Raw Materials Granulation Sizing Blending for granulation and tableting

Addigion process (Ishigawa)

Active Load size Load size
Excipients Main Blen(#ing
impeller Chopper time
Feed RPM
Granulating rate
agents
CQAs
achievement
Main Granule
impeller Pre- feed rate
Chopper Duration Lubricants ?g::ressm
&
&
Load Disintegrants Compression
R Material
Pre-blending Drying aw Materials Tableting
Addition
PCA Score plot.
. . Warning limit (the
Multivariate arning limit (
Analvsi ellipse) is displayed.
nalysis The arrow shows
the process drift
direction

11 23



Stage 3 — Continued Process Verification (Ongoing Process Verification)

Documented evidence that the process remains in a state of control during commercial
manufacture.
State of control. A condition in which the set of
controls _consistently provides assurance of
acceptable process performance and product

quality.

Good process design and development should anticipate significant sources of variability
and establish appropriate detection, control, and/or mitigation strategies, as well as
appropriate alert and action limits.

Cp value cp=0.5 cp=1 cp=3
graphical view of uew oew uew osw uew oew
different cp values

Process Capability Analysis PN

Estimate the potential values statistically res o ot aoorox 0

. f limit * * :
ercent of defective product utolTmit___
P P values in the limit 86,42 % 99,73 % > 99,999999 %

Result:

process statistically
out of control

process statisticaly

under control




More advanced strategies, which may involve the use of Process Analytical Technology
(PAT), can include timely analysis and control loops to adjust the processing conditions
so that the output remains constant.

Manufacturing systems of this type can provide a higher degree of process control than

non-PAT systems.

Process
Analytical
Technology

A system for designing,
analyzing, and controlling
manufacturing through
timely measurements (i.e.,
during processing) of critical
quality and performance
attributes of raw and in-
process materials and
processes with the goal of

ensuring final product quality.

Key

Tablet Production

Process
Step

NIR Monitor and/or
Control Point

Tablet

Tablet

Tablet

Production: — Production: — Production:
Goods in Dispensary Blending
Blend Uniformity /
Raw Materials Ingredient . ?
Screening Input Control D e

Control

>

Det:u:::rt\:;?on I e
Particle Size Determination
Tablet Tablet
Production: Wet =1 Production:
Granulation Drying

Tablet
Production:

Tablet Production:
Tabletting, Coating
and Finished Tablets

Direct
Compression

[

Content
Uniformity /
Tablet
Characterization

25



& Experimental Blend I» Tablet

NIR Spectral Imaging

-

120 440 81 480 @O BB M4 46 A8 |

S Experimental Blend C Tahlet

Analysis of Tabletsto
Assess Powder Blend
Homogeneity

| AAPSPharmSciTech 2002,
g Qv 62 A3 04 05 0K 07 OB 09 1 3(3) artiC|e17

Experimental Elend & Tahlet

8@5’8%@88

1 i i i | | i
b B 02 03 M4 B5 DG OF 0B AD

B

CGMPfor 21st - PAT. A.MMLS.FI
9-10-11/03/2010 - Ph.Tech.Dep. 26



Transmission Raman Spectroscopy

v Loworno sensitivity to moisture,
particle size and thickness variation

{ransmissioy,

v Ea sy-to-interpret sharp spectral features
v Low LOQ: <1% is often possible

v Sensitivity to the sample bulk

¢ HIGH-THROUGHPUT  * NON-DESTRUCTIVE

¢ NON-INVASIVE ¢ NO SAMPLE PREPARATION
TRS tNIRS
i .
|| Measuring Low Dose APIs and
III
N Polymorph Content

‘Wavonumber shié jomi '} Wnssnumbor fem

TRS spectrum with discrete APl and excipient features, compared
with transmission MIR for the same 3-API product

Content Uniformity « Assay « ID . Polymorph
Quantification « Formulation Development -




Statistical tools

o/ Considerations POEERLn i i Considerations. || CTreeuance
Descriptive statistic Results within Results within
B , median, | Basisf luaatis ification. ification,
{e.g. mean ian sis forevaluation | specification Basls-for evaluation that specification
standard deviation, | that must be Generally, CV% RS, vaikwith Generally, OV
coefficient of integrated with between samples " between batches
other tocls
warlation, range, ather tools 15 usad to Is used to
ete.d evaluate data evaluate dats
Possibility to
evaluate distribution Possibility to evaluate
shape, process distribution shape,
centering and Dutput should be | process centering and Dutput shoukd be
process variation narmal process variation niormal
iteaine [suggested link with | distributed and (suggested link with distributed and
8 capability centered around | capability evaluation}, To | centered arcund
evaluation), the mean of the | have sufficient data the mean of the
Camnsider If enough specification suggested to group all specificaton
data are available samples result from all
for intra batch batches
evaluation
Possibility to
Y o Possibllity wo evaluate
evaluate ability of 2 7
rocess to provide | DEPEndIng on ability of a process 1o Depending on
Etable nutc:me- criticality of provide stable owtcome | criticality of
ithin established process different | within established limits. | process different
rm_“ Apgrapeiat limits cam be set, | Appropriate population limrits can be set,
Process capability |:I|u1:lluilatluf| a:rl:l ® hewaver, IF Cpk 2 | (at least 30 data points) howewer, if Cpk 2
ot i | L% 0105 | bt devmun |15 e proces
must be taken Into j 3‘-‘_ v " E“-“"l ¥
: considered aceount, To have considered
account. Consider if i
gLk dats are centered and sufficient data suggested | centered and
. ! under contral to group all samples under contri
avallable for intra
: result from all batches
batch evaluation,
Control charts,

treends and shifts

ANOWA
{Nested Anoval

Generally, it is not applicable in PPO (not enough batches)

Generally, it is not applicable intra batch

Paossibility to compare
means and variance,
betwesn batches

Depending on the
selected confidence

lewel

Suitable for traditional
approach PPQ data analysis.
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Statistical Analysis

Tolerance Intervals

Proportion Lower TI Upper TI 1-Alpha
0990 9,658432 10,4343 0,950

Dixon Outlier Test

Upper or Lower Outlier
Statistic Estimate

Qo0 0,34
Q 0,09524
o 0,05

No outlier detected

Individual Measurement of mg/cpr

10,6
usL

104

103
102
101 . o

UCL=10,365

Avg=10,046

Target ="
9,9
98 L

mg/cpr

9,7
9,6
LSL

LCL=9,727

94

12
13
14
16

)
—

15
15
5

n
—

15

Goodness-of-Fit Test

o
[

wn
—

—
BATCH_NUMBER

~

©
—

16

16
16

16

Index Lower CI Upper Cl

1,525
1,383
1,404
1,666
1,383

Percent
0,0000

mg/cpr Shapiro-Wilk W Test
106 64 128 -067 00 067 | 128 164 sl I W e
USL- usL 1] ’ : R 0947759 02849
104 Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.
10,3
10,2
1ol . Capability Analysis
Target Arget Specification Value Portion % Actual
Lower Spec Limit 9,5 Below LSL 0,0000
9.9 Spec Target 10 Above USL 0,0000
98 Upper Spec Limit 10,5 Total Outside 0,0000
Long Term Sigma
9,7 o
Capability
9,6 PP
PPK
LSL = CPM
94 -3s Melan +3s PPL
; PPU
| I
012345678 004 01 025 04 055 07 08 092 LS Target TsL
Count N 19 ite Pl Portion
ormal Quantile Plot Below LSL
96 98 10 102 104 et

Sigma = 0,10931

Total Outside

0,0017
0,0017

1,067 1,982
0,942 1,824
1,016 1,846
1,145 2,183
0,944 1,819
Sigma
PPM Quality
02890 6,498
16,6160 5,650

16,9050 5,646
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A critical point of the process is the ability to ensure a productive dialogue between:

* chemical development
e formulation development
* manufacturing

Quali(lg"su%mn

Quality By Design

A systematic approach to development that begins
with predefined objectives and emphasizes product
and process understanding and process control, based
on sound science and quality risk management.(ICH Q8)
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