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Pharma 4.0

El concepto Pharma 4.0 es el modelo de digitalizacidn de las operaciones en las
plantas farmacéuticas. Este modelo integra tecnologias disruptivas como “loT”,
" “" 4 “

“BigData”, “impresion 3D", “realidad aumentada”, “simulaciones”, “realidad
virtual”, “robdtica avanzada” e “inteligencia artificial”.

Este modelo en la industria, pretende mantener los elevados estandares de
calidad en la fabricacion de medicamentos, pero también aprovechar las
ventajas de la tecnologia para incrementar sobre todo la eficiencia en las
operaciones.

Para quien pueda pensar que la automatizacién y robotizacién implica
prescindir de las personas, nada mas lejos de la realidad. Lo que si comporta
este modelo, es un trabajo muy importante de re-organizacién de los
departamentos, formacién de las personas en nuevas tecnologias y sobre todo,
un cambio de "mindset" y cultura.

Los datos se convierten en el "petréleo" de la 42 revolucion industrial y la
capacidad de gestionar los flujos de datos, extraer informacion valiosa y tomar
las decisiones correctas para ser mas competitivo, es el objetivo a alcanzar.

A cargo de: Alicia Tébar (QbD Pharmaceutical Services)
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Pharmaceutical Servicey

PHARMA 4.0: una moda mas?

Alicia Tébar

Facultad de Farmacia y Ciencias de la Alimentacion

https://www.qualitybydesign.es Universitat de Barcelona, 11 Julio 2019

Agenda

* Qué es Pharma 4.0?
* Modelo Pharma 4.0 y tecnologias asociadas a la
digitalizacion:
— QbD/PAT/RTRT: una 22 oportunidad
— Continuous Manufacturing
— Validacién 4.0
— “Datais the new oil”
— Big Data / Cloud Computing / Al
* Evolucion del concepto de calidad en Farma

 Calidad 4.0??

QbD, PHARMA 4.0 %bD 4
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Buzz words
Deep Learning N ‘
Cognitive Computing NLP
R h t New Remittance Channels Machine Learning
2 RPA 0 Baq !hgs AI Blg Data3ﬂ Printing
= Core Bankin orms
S Software Management ¢ OTA Processes
g Mobile Apps Virtual Agents
£ Sensor Platforms vy ti. Composite Materials in Vehicle Productio
= Process Automation Autonomous Machines £ "3
Driver Assistance Yoice analytics s
Decision Control S
iy
QbD, PHARMA 4.0 ﬁlb}‘ 5
Industry 4.0
https://youtu.be/ktcRXyE8SaY a
Y 8
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E W ﬁ.ﬁlﬁ INDUSTRY 3.0 HRISTRAS

INDUSTRY 2.0
INDUSTRY 1.0

Mechan ation, steam Mass production, Automation, computers
power, weaving loom assembly line, and electronics
electrical energy

Cyber Physical
Systems, internet of
things, netwarks

1784 1870 1969 TODAY

6
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Pharma 4.0

“A maximally efficient, agile, flexible
pharmaceutical manufacturing sector
that reliably produces high-quality drugs
without extensive regulatory oversight.”
Dr. Janet Woodcock FDA 2005

7
QbD, PHARMA 4.0 %bD
i

et S

PHARMA 4.0 = DIGITALIZATION + ICH Q10

DIGITAL MATURITY

Resources Information
Systems

Holistic Value Network
Integration and
Traceability

PHARMA 4.0
. Culture

Communication

Decision Making

ICH Holistic Control Strategy
Lifecycle Management

DATA INTEGRITY BY DESIGN

Pharma 4.0 is the digitalized operations model of a pharmaceutical organization

& |SPE.

QbD, PHARMA 4.0 %bD 8
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Elementos pharma 4.0

e QbD/PAT/RTRT
¢ Trazabilidad

* Realidad
aumentada

® Robdtica
e loT
¢ Impresién 3D

Hardware Automatizar
inteligente p. fisicos

afel i v e nroliganisatieln

Dat

Automatizar
p. logicos

Inteligencia
distribuida

¢ Big Data
° |A
¢ Cloud computing

9
QbD, PHARMA 4.0 %bD

The nine technologies underpinning Industry 4.0

The Industrial Internet of Things

i products and

and vertical Big Data and analytics
With Industry 4 0. companies. departments, functona, and
capabiities wil ‘i;i! y

eable inudy sutomated vakue chains. ‘Supports resk-tme cecision meking.

BB -luscoctious roboty Gybersecusity
vobealica Kot iy o
years, but a8 e robots HeCome mone suonomoes, v I . e
Hexble and cocpecative, they will e atle 1o work with one
Becur and Enes oo i i
Ak Smart Fuctories. 1O 36610, 1WA COmCALOr B9 Wil a1
0 users arm ssensal
MMMM Ilwnhnhlr
e muwmmmwmhmn mmummmmnm
m-rnn-—- repair instructions over mobde These wystems are
g mnmm unhl\nn companset will
constructan advantages. m—mw plerpeilbes e -
L il and work procedutes.
The Cloud
With Industry 4.0, squn e A
(@D AT - o e

[Even systems

https://www.aesc.org/insights/magazine/article/leadership-during-fourth-industrial-revolution

QbD, PHARMA 4.0 %bD B
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Go Paperless

QbD, PHARMA 4.0

o0 "

[ —

Nivel de madurez digital
& |SPE.

Level 1 Computerizacion: Simplificar tareas repetitivas

Level 2 Conectividad: integracion de sistemas

Level 3 Visibilidad: Construir una “Ventana” de informacion en
tiempo real

Level 4 Transparencia: Data analytics para entender los efectos

Level 5 Predictibilidad: Capacidad de simular escenarios futuros

Level 6 Adaptabilidad: El Sistema se “autocontrola” y se adapta
a nuevas situaciones (lA)

QbD, PHARMA 4.0
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futuristic new drugs, its

Comparaciones odiosas

New Prescription For Drug
Makers: Update the Plants

“The Pharmaceutical
Industry Has A Little
Secret: Even as it invents

manufacturing techniques
lag far behind those of
potato-chip and laundry-
soap makers.”

The Wall Street Journal: September
3rd 2003

QbD, PHARMA 4.0 %b D K]

Los hechos...

* “Janet Woodcock was among the architects of an FDA
Crackdown under which the agency fined drug makers
as much as $500 million for manufacturing failures in
recent years. Yet “we still weren’t seeing acceptable
levels of quality, “she says because “manufacturing
techniques were outmoded. Just refining procedures
and documentation wasn’t going to change that.”

QbD, PHARMA 4.0 %b D 1
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La reaccion... hace casi 15 anos!!

Guidance for Industry
PAT — A Framework for
Innovative Pharmaceutical
Development, Manufacturing,
and Quality Assurance

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Veterinary Medicine (CVM)
Office of Regulatory Affairs (ORA)
September 2004
Pharmaceutical CGMPs

QbD, PHARMA 4.0 %bD 15
i

et S

Y lo que ha venido después

Conocimiento del proceso + gestion del riesgo =
science based manufacturing
New ICH Q1

Calidad
garantizada
mediante el disein

ICH Q]_O * Sistema gestion calidad

Objetivo: mejora continua

e Sistema gestion de riesgos

| C H Q9 * Objetivo: mitigar riesgos de

del proceso de

: O calidad
fabricacion, no
mediante el ¢ Desarrollo QbD
control del I C H ® Objetivo: obtener
roducto. productos de calidad a
P Q8 & Ql 1 través del disefio del
proceso
QbD, PHARMA 4.0 %bD 1
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Definicién de PAT (FDA)

* “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.”

* “The goal of PAT is to enhance understanding and
control the manufacturing process, which is consistent
with our current drug quality system:

“quality cannot be tested into products; it should be built-
in or should be by design”

QbD, PHARMA 4.0 %bD 7

PAT & QbD

Correlative and Descrip
Productio s

QbD, PHARMA 4.0 %bD 8
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Liberacion en tiempo real RTRT

Liberar lote

Cumplir Cumplir
especificaciones normas GMP

Estrategia de Ensayos control

control sobre el sobre producto
proceso acabado

CONTROL STRATEGY

RTRT: The ability to evaluate and ensure the quality of in-
process and/or final product based on process data, with
typically include a valid combination of measured
material attributes and process controls
ICH Q8 & Annex 17 EU GMPs

bD, PHARMA 4.0
Q bD

st e

ISPE Nordic PAT COP

23.01-2008 NIR en solidos

Spec Identity Water Granulate Water Blend Assay & Correct
content & size (end content & homo- physcical label &
particle point) fines (end geneity properties | pack
size point) {end point)
PAC NIR NIR Passive NIR Thermal NIR Video Real time
acoustics effusivity capture releasse
Benefit | Release Cycle Cycle time | Cycle time¥ | Cycle times | Scrap & Scrap & Release
time ¥ times ¥ & 300 (+ | 40% (+ 4 * 70% (+ rework ¥ | rework timie &
20% 109 & 40% 0% with ¥+ 40% with | 29 2% 29%
with CIp) | c1p) cip) cycle i
Scrap & Scrap & 0%
rework¥ | rework &
2% 2%

Perform HPLC for ampunty release hene

s "@ ™=
oy

AP & raw Weighing/ Granulation Fluid Be, Blending Compression Packaging Finished product
materials Dispensing Drying

CIP lmked with PAT lo reduce cycle times 40% and release 00%

QbD, PHARMA 4.0 %bD
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PAT: Control de procesos en tiempo real

Process control

Alexandru Gavan, Sonia lurian, Tibor Casian, Alina Porbre, Sebastian Porav, loana Voina, Alexandru Oprea, loan Tomuta,
Fluidized bed granulation of two APIs: QbD approach and development of a NIR in-line monitoring method, Asian Journal of
Pharma-ceutical Sciences (2019), doi: https://doi.org/10.1016/j.ajps.2019.03.003

QbD, PHARMA 4.0 %bD 21

et e e

PAT: Control de procesos en tiempo real

* Desarrollo: 2 APIs + filler
intragranular. Se introducen
productos diferentes en el DoE para
ver la influencia en los granulos
obtenidos y en el % finos

* 3tipos/origenes diferentes

Ibuprofeno dan lugar a grandes C) &
diferencias = Espacios de d &

diferentes @ hmses
* NIR monitoriza %@ad durante 2 .

granulado/secs

. Permit@@ CPP segun el API & |
e

utl!lza el lote y detectar end o  Process control
point secado

00 =

et e e
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Sistemas de control: Golden batch

07 Soowen Btk Pt (W3] aolml
Scores [Comp. 1]

Grafico de control multivariable que permite controlar el proceso en real
time y la conformidad en base a la “ausencia de desviacion”.

QbD, PHARMA 4.0 %bD 3

et e e

. . . LI 4
Cambios previsibles en producciéon / QC
Today
Scale up/
process
development
Shared function (logistics, storage etc etc)
Formulation/
chemical
development
thdawy‘ n...lép;n.m
Production area
o ot .
physical
characterisatio
n)
ISPE Nordic PAT COP
23-01-2008
QbD, PHARMA 4.0 %bD 2%
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Cambios previsibles en producciéon / QC

Future

Administration/
QAJregulatory

T

Less area
need

Less area
need

SgS

Shared function (logistics, storage etc etc)

[@c)

(&g

g O

Production area
[eq]
[ac) & -

|

Less area Less area
need need

Multi-
functional
development

({formulation,
chemistry,

process,
analytical and
physical)

Specialist
support (NMR)

N

Less area
need

Note: "QC" in the production area is the integration between analytical and engineering control

ISPE Nordic PAT COP
23-01-2008

QbD, PHARMA 4.0

%bD

st e

Ph. Eur. Commission consults stakeholders on the general
chapter on Multivariate Statistical Process Control (MSPC)

(5.28) 04 JULY 2019

® Multivariate statistical process control (MSPC) can be defined as the application of

multivariate statistical techniques to increase the quality and the productivity of a
process. It provides tools to deal with complex data and potentially correlated variables.
MSPC in combination with automation may facilitate continuous manufacturing (CM)
as well as real-time release testing (RTRT). It can be integrated with other approaches

such as Process analytical technology (PAT), Quality by Design (QbD), and Design of

Actualizacion Farmacopeas

Experiment (DoE) in line with relevant ICH guidelines.

QbD, PHARMA 4.0

%bD

st e
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Continuous Manufacturing

W

1. granulacion 2 tolva 3 binding solution 4 secado 5 tamizado

Batch means a specific quantity of a drug or other material that is intended to have uniform character and
quality, within specified limits, and is produced according to a single manufacturing order during the same
cycle of manufacture. US GMP PART 210

QbD, PHARMA 4.0 %bD 2
i

et S

Continuous manufacturing

Conceptual Example of RTRT
for Continuous Manufacturing

' J J ]| Continuous | i Compression
: Granulation & ! -
Receiving i H <weseere Online Assay
Particle Size | Weight & Hardness
Distribution ¢ Continuous
P Film Coating
Continuous Blending T~ - Digital Imaging
At-line : "~ [Dresolution Mod
Chemical Properties______; S N — release’
Physical Properties N

Co'ncemrauon & Unrfnn'nrq‘l'i
(Multi-component) ﬁ
Real-time Release Testing 0
2014 PDA/FDA Joint Regulatory Conference

QbD, PHARMA 4.0 %bD £

st e
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Ventajas del CM

* Instalaciones modulares y de reducido tamafio.

* Todo el proceso en una sala, no hay traslado de bins , reduccién
de riesgo de contaminacion cruzada.

* Eltamafo de lote se puede “ajustar” a demanda (serd lo que dure
la fabricacion).

* Desaparece el escalado: desarrollo de los modelos en la misma
instalacion.

* Control de proceso integrado en la fabricacién. Posibilidad de
RTRT.

* No “holding times” ni discontinuidad entre operaciones unitarias:
reduccién drdstica del tiempo de fabricacién.

QbD, PHARMA 4.0 %bD 2

[ —

Lifecycle validation

Process Validation Sequence

Based on product quality Is the process Are the variables When is confidence ~ What is looked for
and patient safety known? known? achieved? and for how long?

1. Process 2. Process Design 3. Process 4, Commercial 5. Monitoring
Understanding : d Qualification Manufacture and Improvement

Risk Assessment

CQAs Parameters Support System Qualification Continuous Process Verification
Requirements Variables Commissioning Monitoring

Control Strategy 1Q, 0Q Reaction to Issues

DOE PQ Process Improvements

Statistical Sampling Plans

Ref: PDA TR n260

QbD, PHARMA 4.0 %bD &

e
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sabilty State of control

YEsS

D T &

Process performance
requirements

UsL

bttt

LSL

Capability

indicators

Short-

Term

Sigmas Short- Long-

Quarter Stability From Term Term
and Year Ppk Cp Index  Target Sigma Sigma LSL Target USL
1Q 2003 .54 | 1.0 65 | 7 7
2Q 2003 .59 | 0.9 65 | 7 7
3Q 2003 54 | 1.4 65 | 7 7
4Q 2003 .49 65
1Q 2004 .52 65
2Q 2004 .57 65
3Q 2004 .55 65
31
QbD, PHARMA 4.0 %bD
Pt torveme

équé datos son necesarios?

Creating Solutions - Connecting Data

N Product Data:

Lab Sample Test
Result Data:

Fundamental:

Conectar los
datos del
laboratorio

(PRODUCTO)
con los de la
planta
(PROCESO)

Data NOW acquired and in
Required Context

QbD, PHARMA 4.0 %bD 32
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Theresa May v Brussels
The Ten years on: banking after the crisis
Economist [y
— Biology, but without the cells

The world’'s most
valuable resource

Maleoftwolibyas e 2 A

Plug\ L? can'lsil e

: Data snd the newrules
of competition

Has had LASIK surgery mm
e ssasis | jkes: restaurants

QbD, PHARMA 4.0

Up to 73 Percent of Company Data
Goes Unused for Analytics

QbD, PHARMA 4.0
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Datos fiables = Data Integrity

Data Integrity deficiencies in Warning Letters, excluding compounding pharmacies

75

25

..... [

i |
Total WLs Total number of WL citing data nitegrity

referencing data management and data integrity LS. WL sites with data integrity Hon US WL sites with data integrity

W Fy2013 W Fr2014 B Fra2015 W Fr2016 W Fra017 W Fyz018

Source: fda.oov & PharmaceuticalOnEne

QbD, PHARMA 4.0 %bD 3

[ —

Flujo de informacion Big Data

Getting Ready for Pharma 4.0
Toni Manzano

Gilad Langer, PhD

/_-;,/ .
DATA ACQUISITION R Al
! 3 = Certificale ~ AR5 Lot
A = Metadata G T Agorithms
8L = | - Timestamp —| A varey N T =+ Models
; ) S~ wsoN Wy
Production Equipment lloT - = L
Regulated Data Hub o0
Validation
SLA + Risk Management
Process
SaaS Provider = Pharma Partner l
it
I it ;
=l - Relen” |
wl. | =
— BioTech and Pharma ——— =) Predictions for
%, Processes improvement “aa | Sman Industry

https://ispe.org/pharmaceutical-engineering/september-october-2018/getting-ready-pharma-40

QbD, PHARMA 4.0 %bD %

e
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Machine learning en la farmacopea

F— F e —— -

suzesIee |

5.21. CHEMOMETRIC METHODS
APPLIED TO ANALYTICAL DATA

QbD, PHARMA 4.0 %bD

Artificial (Augmented) Intelligence

Artificial intelligence is the simulation of human intelligence processes by
machines including learning, reasoning and self-correction.
Augmented intelligence: Designed to enhance human intelligence rather than

replacing it.

QbD, PHARMA 4.0 %bD

Acto de clausura de los cursos de Postgrado para la Industria Farmacéutica y Afines 2018-2019
(cursosif@ub.edu - 93.402.45.43)

Pagina | 19



ﬂ UNIVERSITAT ne
i+~ BARCELONA

CURSOS DE POSTGRADO PARA LA INDUSTRIA FARMACEUTICA Y AFINES

AUTOMATIZACION + BIG DATA:
EL SUENO DE DEMING HECHO REALIDAD

Manitoring
Preventative condition manitaring

Quality Management .
Result

supplier [l

Avitematized produdtion

QbD, PHARMA 4.0 %bD 39

[ —

279
e ISPE. CALIDAD 4.0?:

ICH Q10 PQS needs additional elements and enablers with Pharma 4.0
Digitalization of the ICH Q10 PQS

Pt 1 Develop logy Transfer
lnwﬂﬁﬁmll!’mdmm >

ICH Q10: Management Responsibilities

Commercial Mannhmﬂng> Product Discontinuation >

Holistic Product Cpntrol Strategy Lifecycle Management / PLCM
Control Strategy Manufacturing Control Strategy |
ICH Q10: Process Performance & Product Quality Monitoring System
PQs New PQS

Elements PHARMA 4.0: ElSieOts
Corrective Action Resources: Digitalization, Workforce 4.0, Available & Qualified

Provaniaive (CAPA) System Information Systems: Holistic Value Network Integration & Traceability

Organization & Processes. Holistic Control Strategy Lifecycle Management
Change Management " ks i i
Management Revie Cuilture: Communication & Decision Making

Enablers ICH Q10: Knowledge Management & Quality Risk Management

[ PHARMA 4.0: New
| Digital Maturity & Data Integrity by Design Enablers |

QbD, PHARMA 4.0 %bD 40
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Calidad 4.0???

Los retos de la Pharma 4.0 atafen a todos los actores en la
industria farmacéutica.

— Calidad y Produccién deben encontrar juntos la manera de aprovechar la
potencia de los sistemas de informacion en beneficio de la eficiencia y de
los pacientes.

— Las Agencias reguladoras por su parte, también tienen el reto de
evolucionar en los sistemas de evaluacion e inspeccion en fabricas que
cada vez mas seran “cajas negras”, en donde lo que importa es la calidad
del producto final y no tanto como se consigue.
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Deputy Director, Office of Pharmaceutical Quality
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2018 ISPE Continuous Manufacturing Workshop
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