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Pharma 4.0:

a Review of Trends
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2 January 2019 At the Ill All-Russia GMP-Conference with international participation in Kazan
"Russia and the World. Management of Potential Growth of the Pharmaceutical
Market", one of the key topics was discussion of establishment of the Pharma
4.0 concept. What is read by professionals of the industry in this notion? What
is the operational model of the concept? What will the plants of the future be?
These and many other issues discussed during the ISPE conference in Rome in
March of this year were presented to participants of the Forum.
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the whole chain of value creation going beyond one enter-
prise or business. These systems are associated by means of
standard Internet-protocols for forecasting, self-adjustment,
and adaptation to changes. The 4.0 industry will irrevocably
alter the global pharmaceutical industry.

FROM INDUSTRY 4.0 - TO PHARMA 4.0

Within the survey organized at the annual European
ISPE conference, industry professionals defined the following
statements as the most relevant to the essence and approach-
es of Pharma 4.0 with the most prominent impact on its con-
cept and the key success factors:

< Data integrity;

< Analytics and predicative control - this is both resources
and goals;

€ Process and data flow mapping;

< Automation and continuous verification of processes;

< Qualification and experience of personnel;

< Support from senior management;

The ISPE task team for Pharma 4.0 elaborated an operation-
al model for implementation of the Industry 4.0 concept into
the pharmaceutical industry.

KEY FACTORS AND SEGMENTS

The Pharma 4.0 operational model discerns two key fac-
tors: maturity in application of digital technologies and
maintenance of data integrity, as well as four segments or
areas of development: i) resources, ii) informational sys-
tems, iii) culture of communication and decision making,
iv) organization and processes.

With that, digital maturity is the level which all the or-
ganizations in the network have achieved in terms of digital
capabilities in all the four segments of the operational model.
Data integrity is the level of data completeness, consisten-
cy and accuracy throughout the whole life cycle having the
fundamental meaning in the pharmaceutical quality system
securing the quality of drugs.

Resources are primarily human ones. Training of young
specialists is the essential condition of successful growth of
the industry; and this is acknowledged by the entire world.
This is why the "Young Professionals" movement is widely
supported in Europe by the leading global pharmaceutical
companies. It is acceded by graduates from technical and sci-
entific schools and young employees of different companies
with very basic experience in biopharmaceutics, engineering
or regulatory affairs. Resources are also material ones, includ-
ing process equipment, utilities and other elements of manu-
facture interrelated by means of intellectual interfaces, as well
as materials and finished products.

Informational systems are social-technical integrated
systems which acquire data and information, process them
and present in a context based form. Culture covers the system
of values within the company and, thus, describes the "soft"
cooperation factors, continuous improvement and training.

Organization and processes, both within the company

and outside it, secure effective and safe communication upon
data transfer.

The key factor in the pharmaceutical industry, along with
maturity in application of digital technologies, is data in-
tegrity. The requirement to maintain it covers both the pa-
per-based and electronic information, throughout the whole
data life cycle. Data integrity must be embedded into the
pharmaceutical quality system to guarantee the quality of
drugs, the quality of decision-making and, eventually, health
and safety of patients.

The question then becomes whether the data integrity
notion is something new introduced for the first time along
with adoption of the Pharma 4.0 concept? Not at all. The cri-
teria for the data to be attributable, legible, contemporane-
ous, original and accurate forming the basis for data integrity
are requirements of GMP guidelines. Regulatory expectations
suggest that the data provided by the manufacturer to the
regulatory agency and used by the manufacturer in routine
activities are integral.

WHAT THE PLANT OF THE FUTURE
IN PHARMA 4.0 IS

We suppose that in future the manufacture will operate
under the conditions where new products will have to be
implemented within very tight deadlines, toxicity of active
pharmaceutical ingredients used in manufacture will be high,
the cost both of the product and the mistake will drastically
increase. As deemed by experts, this will lead to high flexi-
bility of manufacturing sites and rapid retooling upon prod-
uct changeover, as well as to the application of continuous
manufacture technologies to solids (small molecules) and sin-
gle-use technologies to biotech products.

The main challenges which will be faced by the industry
will be as follows: dynamic technological advancement re-
quiring additional extensive expertise to develop the technol-
ogy along with limited regulatory experience and instability
of orders for development of new technologies and equip-
ment, which will boost the cost of such research.

"CONNECT AND WORK"

This concept is yet another major component of Pharma
4.0. Its authors believe that the manufacture of the future
must be horizontally and vertically integrated, with applica-
tion of standard interfaces which will facilitate integration of
pre-qualified equipment. Such an approach has already been
implemented in the electronic industry. The "Connect and
work" devices must comply with the data integrity require-
ments and allow for application of process analytical technol-
ogies and predicative control based on the real-time release
control approach.

The benefits are obvious both for the business, i.e. cost
saving on equipment integration, and for securing the integ-
rity of solutions. Besides, the "Connect and work" concept
allows for resolving the issues of quality and data integrity,
as well as implementation of GMP requirements, mapping
of processes and data flows, application of certified modules
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only to mitigate the risks and reduce validation costs, utiliza-
tion of the best practices and integration templates.

HOLISTIC PRODUCTION CONTROL
STRATEGY

The holistic production control strategy Pharma 4.0
is built based on the ICH Q10 model of the pharmaceutical
quality system covering the whole product life cycle, includ-
ing pharmaceutical development, technology transfer, indus-
trial manufacture and product decommissioning. The main
elements of this system are:

< vertical and horizontal integration of all supporting
computerized systems;

¢ preventive maintenance, environmental monitoring
and energy efficiency control based on assessment of these
infrastructural elements as critical for quality and GMP-com-
pliance and their inclusion into the process of control;

¢ real-time batch control and release for the products
where it is necessary and justified;

€ process automation, continuous and ongoing process
verification. The products developed 10 and more years ago
may very frequently not be adjusted to automated manu-
facture as the manufacture is primarily defined by non-doc-
umented knowledge by the operator of both the process
and technical features of equipment and the working envi-

ronment. The strategically task of development is, therefore,
creation of process analytical technologies (PAT) to secure on-
going process verification;

¢ data integrity, process mapping, serialization data
mapping, as well as other requirements including regula-
tory and commercial among others.

To the key factors identified in the classical model of the
pharmaceutical quality system as per ICH Q10 - knowledge
management and quality risk management, the factors
from the Pharma 4.0 operational model were added — matu-
rity in application of digital technologies and data integ-
rity through development. So, to secure integral control of
manufacture according the Pharma 4.0 concept, it is not suf-
ficient enough just to control critical quality attributes (CQA)
and critical process parameters (CPP) against the quality tar-
get product profile (QTPP). To secure the effective, reliable
and robust process, the control strategy should account for
conditions of manufacture, provision of process equipment
and utilities, instruments and other product-specific param-
eters. Consequently, implementation of Pharma 4.0 and the
control strategy suggests an integral approach to organiza-
tion and implementation of business processes, automation
of activities without paper-based documents on a shop floor
level. This requires the culture of communication between all
business units responsible for manufacture as well as clear un-
derstanding of each element in the control strategy. [ |

www.gmpnews.net

ZwY & Joldd) oSotl] duzel s

2394 s 4.0 Loyls a5l gLyl & JalSill oSl plbay aosey

Bl 8393 hsys « ikl 3L 8394 Ly53Y1 8552 pllay oLl ICHQIO
Lz gleiSl J 59 « LVagall Ol paswd! yyshs dUS § L « dLalSU) petid
1o plaill g dews)l polisd] O] ikl BLsls « eliall gLyl

¢ doel W drwsork] Aol meazd E8YIs gul ) JalSI €

Qyass ) Toliwl « d8Uall 3:L5S 8yl0)s ool dio o)y « dulBgll 2853 €
lg=lyols GMP J Jlallg 85g-oxl) & 55 5 Layliasls ode daeatd] &l polic
fwo )l dlas §

S Ol ) dwadlly ot C35)1 § Laz ] g dladod] § oSl €
Does L9 o S sy

51 Ongoing) Lolsibly (Continuous) jeiwh! @dscly « llesll &4l €
38T 5 lsiw 10 3 Ly shas o3 -l Lokl o 4ol 30 (Continued
Jl Y wuss 01 Eum I oY) o eSS GLoVl o 135 § 0S¢ Y
) Olykly Llaml) o JS Jiid d8Ssh) et d8,=b) IS o 2S Ao
sLad] s dpertl) Gaedliadl Bagll GbS « Ll ool Aty Slumall
Ole—al (Process Analytical Technology = PAT) dlas d =i GLads
eiwl) 3aol dles

e UL hhs ey « Oldasd] Sl auys « OUL dodlw €
L)leadly daand] Sldlazll S & L ¢ 6,591 Sladlazlly « doaladlly

G § gall 4.0- Lol e st o356 oo Jslge L3Lo| g

Gl dalg=ll ] sushidl s o GUL) dedlwy dued)ll Olaal
8Ly d8,=L 8yl ICHQIO- (SeadlSU) $Vaall 8552l pllas § Boa sl
Ol Ldlhe 4.0 Loyl psgie § LIS usy b 1iSay 805zl bl
Gt JLY) Jol s (CPP) dlostl C)alzas (CQA) Loyl 5542l
e AL 8l wdl lod) (QTPP) clsul) Bugiwll 5ol iy ,=s
Jod O 639 2l 3o « Byitanng Bgigng Aled dulas Olod Szl a .z LYl
dpwiiglly iz glg Sl Olaedl 18539 <zl by & LYl Bl e dumlful
Loyls JLss] 08 « JLillyg ikl gy dolsd] Oladsll e Layeg Siluslls
Olidesdl iy edard Jold g s sban oSl Slimsliiuly 4.0
e Clhanyg . dsygll st s dys §56s 099 dasdl dxgly « dsledll
088 J LAY gLyl e shudl JbosYI Olaog gaasd dsslss 4518
m BylaY) dlil § paie JSU pdly

REFERENCES

State Institute
of Drugs and Good Practices

supported by

Blall Ll & 52,b) dadug douog )l

O ¢ Rz b SULYl ddl pode O do idud gyl I Ulged)
gl ulss Of Jal Y 540 Loy psade slaael 3ley Lid By JgY aguiss
o2 Ol Aol pulud JSa5 g « Bulls DLoYls B gy BaL,a 4B
Bl oo daaill GBI O § phaill Oldgs 3aS5 .GMP uslgd Oldlaze
Aol 955 dunsdl aihas] § muabl et Gls plaitl J] dziall

4.0 LoyBd § Juditul) muas gun LS

33 gl Cum B9yl @ Jomew el § Y1 OF 285 9o
LYupall LS duaw OsSiws « ldz pad C85 § Lled] ] dwpuzdl
IS Uasdl SS9 &9Vl 4alSS wy3twy « dle Yl & dodsuud] dlsall
DM 2l Joadlly gyl g@Blsh dlell &g, kl elnsl) (a8s 1de Sasew 1S
JEN okl LYl Ol glsiSS alasiiul s Mdd « grite ] gt v JWESY
Lyl Lz gloiSill Oleeid Syl ] Ol gloiSly (3yall Oy s2dl) dlall
AW Ga de Clsll dsbiall e gy ) dead))l Oligall
dl BLAYL LzgleSl pyshd) Lkl 8,08 dyme LeggSl pghs Clhiw
Clzsleiss pshi Oludhll jl,dl pasy 8ogume deaddaid] Sxdl Ol dJl)
Olpghil ode LalSS e S JSin Wi loes « Sl Oilusag

" '~ ’.’.E ..I ST"

O Gy « poyshall Tadss 4.0 Lyl & pae ,5T pais so pspall lin
o5 S dald Olols plasiiuly « Gogasy sl SolSae i) o) 055
OleiSIY delio § padl i Jus U=l 63 w3 s dasll Olast)
ObL Al Olod Oldlaze me "dseidd Clogl” Uie 834231 38155 O s
iab] oS @Sl « Glabasd] Jalodl O3 plusals plosd] J) dL0YL
U=l C35)l & @MY § Sl g

cOlash] ges dalSS (e iy Lo -JlesI glad (e JSU dedls LI O]
do e "Usad Closl" psahe Jusy « &S ] dLAYL Jslod) dedlu Olauis
b3l ey « GMP Oldhie a3 Jie « JolSly SUBLII 8392 NS
sble Julidd hid dusime Olusy plistuly « SULN Glasusy Sldes!
JolSal BTy Olupled) sl plasiuls « dovall g aowl SS9

:dedsatd] OlosYl 446

1. Herwig, Christoph, Christian Wélbeling, and Thomas Zimmer, PhD. "A Holistic Approach to Production Control: From Industry 4.0 to Pharma 4.0.” Pharmaceu-

tical Engineering 37, no. 3 (May-June 2017): 44-49.

2. Lorenz Binggeli, Hans Heesakkers, Christian Wélbeling, and Thomas Zimmer, PhD. «<PHARMA 4.0 Hype or Reality?». Pharmaceutical Engineering 38, no. 4

(July-August 2018): 40-44

3. Dave DiProspero, Steve Attig, PHARMACEUTICAL FACILITY OF THE FUTURE. TECHNOLOGY AND STATE-OF-THE INDUSTRY UPDATE. Europe Annual Conference

March, 2018, Rome, Italy.

4. UliKuchenbrod. PHARMA 4.0 - READINESS & MATURITY FOR PHARMA 4.0 ISPE Europe Annual Conference March, 2018, Rome, Italy.
5. Thorsten B6hle_Young professionals. Idea + outcome YP Hackathon. Europe Annual Conference March, 2018, Rome, Italy.

6.  Enzo M. Tieghi. OT/ICS/IIOT cyber security risks and INDUSTRY4.0/PHARMAA4.0. Europe Annual Conference March, 2018, Rome, Italy.
7. Gunther Bechmann. Path Forward By Continuous Manufacturing. Europe Annual Conference March, 2018, Rome, Italy.
www.gmpnews.net



