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Across every industry today, digitalization is driving the use and value of data to
disrupt traditional business models and ways of working. In pharmaceuticals,
the promises of Industry 4.0 are expected, and needed, to finally modernize the
legacy approaches that have evolved since the 1970s. Validation is an obvious
target for digital disruption because of the inefficient, document-heavy methods
in place and the huge costs and time wasted, and because it is a barrier to
efficient and effective technologies that can advance safer and better quality
products. This article reflects on the history of validation and anticipated future
directions.

The lead author of this account has used personal experiences to help tell the
story. For this reason, the article uses the first person in parts of the narrative.

CerogHa B ntoboi OTpPacAM NPOMbBIWAEHHOCTU UMPPOBU3ALMA CTUMYAUPYET
MCNO/Ib30BaHME M MNOBbBIWAET LEHHOCTb AaHHbIX, pa3pyllasa TPaAWLMOHHbIe
b6usHec-momenm w cnocobbl paboTtbl. B dapmaueBTMYECKMIt OTpacau
TpeboBaHMA U OXKMAaHUA oT UHAaycTpumn 4.0 3aKA0Yal0TCA B TOM, YTO yAacTcA
HaKoOHel,  MOAEepHM3MPOBaTb  YHac/leLoOBaHHble  MOAXoA4bl,  KOTOpble
pasBuBanunck ¢ 1970-x rogos. Banngaums — 1o oveBugHan Lenb gns umdposoi
TpaHchopMauum no npuumHe HesPGDEKTUBHBIX, AOKYMEHTANbHO TAXKENbIX
METOA0B M OrPOMHbBIX 3aTPaT CPEACTB M BPEMEHM, @ TAKKe MO NPUYNHE TOro,
YTO OHa ABNAETCA Gapbepom ANA AeNCTBEHHbIX U 3GPEKTUBHbBIX TEXHOIOIMIA,
KOTOpble MOryT cnocobcTBoBaTb nosBAeHUIO 6osiee  6e30nacHbIX MU
KayeCTBEHHbIX MPOAYKTOB. 3Ta CTAaTbA OTPAXKAET MCTOPUID BaAMAAUMM WU
npeanonaraemole byaywime HanpasaeHUa eé pPas3BUTUS.

Beaywmit aBTop WCNO/Mb3yeT CBOM JIMYHbLIMA ONbIT AAsS TOro, 4Tob6bl MOMOYb
pacckasaTb BClO UcTopuio. Mo 3TOM NpuuMHe B pAge MOMEHTOB B 3TOM CTaTbe
MCMNO/Ib3yeTcsA NoBECTBOBAHWE OT MEPBOro /MLa.
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The First 50 Years

This history begins with the perspective of a leading figure in validation, James
Agalloco, who just achieved a great milestone: four decades of being involved
with ISPE. He has stated that the origins of validation in our industry can be
traced to terminal sterilization process failures in the early 1970s.1 One case
was the 1971 Devonport incident, in which a batch of 5% dextrose IV bottles
that were not correctly sterilized reached the market and were administered to
patients. Sadly, five patients at a Devonport, England, hospital died after
receiving the contaminated solution.2 | knew the manager involved, and such
tragedies refocused everyone in the industry on the fundamental importance of
the safety of our drug manufacturing processes.

The first UK “Orange Guide,” titled “Guide to Good Pharmaceutical
Manufacturing Practice,” was published in 1971. The edition released in 1983
included wording on validation. Today, the UK Orange Guide covers EU GMP,
rather than British GMP.3 Such international efforts have encouraged the
standardization of regulations.

In the US, the GMPs for drugs (21 CFR Parts 210 and 211) and medical devices
(21 CFR Part 820) were first published in 1978 and, like the Orange Guide,
included validation as a central term in 1983. Current versions of the GMPs are
available from the US FDA website.4

At the Parenteral Drug Association Annual Meeting in 1980, Ed Fry of the US
FDA gave a talk titled “What We See That Makes Us Nervous,” in which he
expressed the need to improve pharmaceutical manufacturing processes. The
FDA recognized that processes were not robust, and throughout the 1980s, the
regulators considered how to make companies more effectively validate their
processes and published a series of seminal guidance documents, such as the
1983 guide to inspection of computerized systems in drug processing.5 The
FDA’s discussions included concepts of scientific understanding based on

IHepsbie 50 ger

NcTopma HaumMHaeTca C npeactasneHua seaywer urypbl B BaAngauumn —
Oxxenmca Arannoko (James Agalloco), KOTOpbI IOCTUT 3HAUMMOI BEXU: YeTbipe
pecatnnetnsa yyactma B ISPE. OH yTBeprKAaeT, 4TO BanMAaLMa Hadanacb B
Hawen wHAYCTPUM ¢ (aAKTOB HapyweHun B npoueccax ¢GUHULLIHOMN
cTepunnsaumn B Havane 1970-x rogos [1]. OgHMM M3 cnyyaes 6bl1 MHUMAEHT B
JdesoHnopte B 1971 r., Korga cepua ¢nakoHoB € 5% JeKcTpo3oin ana
BHYTPUBEHHOrO BBEeAEHUS He Oblla KOPPEKTHO NPOCTEPWUIM30BAHA, HO bblna
BbIMyLlEHa Ha PbIHOK W MpPUMMeHeHa naumeHTamu. K coxkaneHuto, natepo
NauneHToB B KAWHMKe [JeBOHMOPT B AHI/IMW CKOHYA/IUCb NOCEe BBEAEHUA 3TOr0
KOHTaMWHMPOBaHHOIO pacTBopa [2]. Al 3Han meHeaKepa, BOBNEYEHHOIO B 3Ty
CUTYyaumio, M Takue Tpareaum cnocobHbl nepeopueHTUpoBaTb Ntoboro B
WHAYCTPUM B CTOPOHY PyHAAMEHTaNbHOM 3HAYMMOCTU 6Ee30MacHOCTU HaLIMX
NpoLeccoB NPON3BOACTBA JIEKAPCTBEHHbIX CPeACTB.

MepBoe 6pnTaHcKoe «OpaHKeBoe PyKOBOACTBO», Ha3BaHHOE «PyKOBOACTBO NO
Hag/nerawen ¢apmaLeBTUYECKON NPOM3BOACTBEHHOM MpPaKTUKe», 6bl1o
onybankosaHo B 1971 roay. Pepakuuma, u3gaHHaa B 1983-m, BKAtoYana
ynomMunHaHue o Banngaumm. CerogHa bputaHckoe «OpaHKeBOe pyKOBOACTBO»
B 6onbleit mepe oxeatbiBaeT GMP EC, Hexkenu 6putaHckme GMP [3]. Takue
MeXAyHapoaHble ycuauAa cnocobcTBOBaM CTAHAAPTU3AUUM PETYAATOPHbIX
TpeboBaHuMN.

B CLLIA GMP ana nekapcteeHHbIx cpeacTs (21 CFR, Yactn 210 1 211) 1 usgennii
MeAuLUMHCKoro HasHadyeHus (21 CFR, YacTtb 820) 6b111 Bnepsble ony6/1MKOBaHbI
B 1978 roay 1, noaobHo «OpaHKeBOMY PYKOBOACTBY», BKAOUUAN BannaaumIo
B8 1983 roay Kak 04HO M3 OCHOBHbIX NOHATUN. Tekywme Bepcumn GMP gocTynHbl
Ha cainTe FDA CLLA [4].

Ha exerogHom cobpaHmm Accoumaumm napeHTepasbHbIX JIEKAPCTBEHHbIX
cpeacts (PDA) B 1980-m rogy 34 ®paii (Ed Fry), npeacrasnsaowmin FDA CLUA,
npeacTaBUN AOKNad, O3arnaBfeHHbl «To, YTO Mbl BMAMM, 3acTaBAsfeT Hac
HEPBHWYATL», B KOTOPOM BbIPa3nMa HeobXOAMMOCTb YAyYLEHUA MPOLECCOB
NpPou3BOACTBa JIeKapCTBeHHbIX cpeacts. FDA npwusHana, 4to (yKasaHHsle)
NpoLeccbl He ABAAOTCA YCTOMYMBbIMUK, M B 1980-x perynatopbl NpUWAN K
pelleHmnto, Kakum obpasom npousBoauTensam cneayet 6onee 3¢dpdeKTUBHO
Ba/IMAMPOBATL CBOM NpoOLECCbl, M ONy6AMKOBaNAW pAfL, KOHCTPYKTUBHbIX
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process development. Despite these discussions, when the FDA published
“Guidance for Industry: Process Validation: General Principles and Practices” in
1987, the guidelines did not mention the design of the process.6

/In 1984, however, Ken Chapman published a paper about process validation,7
which introduced the life-cycle concept and explained that the ability to
successfully validate commercial manufacture depends on knowledge from
process development. Chapman was also very active in the early days of
computer validation, and he developed the idea that a computerized system
consists of software, hardware, operating procedures, people, and
equipment—and sits in an operational environment that has to be managed.
This model is very important and relevant today.

In 1987, with increased understanding that computer systems were being used
in manufacturing, the US FDA sent four inspectors to a master of science
program in applied computing at the University of Georgia, Athens. In 1991, an
FDA inspector visited Glaxo and Imperial Chemical Industries Pharmaceuticals
manufacturing sites in the UK and Italy and, for the first time, the regulators
raised concerns about the lack of validation of computer systems. These
inspections led to the formation of the GAMP® Community of Practice to
develop an industry-wide response to meet the US FDA’s expectations. (For a
history of GAMP, see reference.8)

PYKOBOACTB, TaKMX KaK, Hanpumep, «PyKOBOACTBO MO MHCMEKTUPOBAHMIO
KOMMbOTEPM3NPOBAHHbIX CUCTEM, UCNONb3YyeMbIX B Npon3BoacTse J/IC» ot 1983
roga [5]. [Ouckyccum Ha ypoBHe FDA BKAOYaAM KOHUEMNUUM HAY4YHOro
MOHMMaHUA, OCHOBaHHble Ha paspaboTke npoueccosl. HecmoTpsa Ha 3Tn
Auckyceun, Korga FDA  onybnvkoBano «PyKoBOACTBO AN WHAYCTPUM.
Banupaums Mpouecca: O6wme nNpuHUMNLI U NPAKTUKU» B 1987-m, B 3TOM
[OKYMEHTE He YNOMMHANoCh O MPOEKTUPOBaHMM npoLeccos [6].

OpHako B 1984-m KeH YanmeH (Ken Chapman) onybaukoBan craTblo O
Ba/ngaumm npoueccos [7], B KoTopoit Oblna npeacTaBreHa KOHLUenuus
KM3HEHHOro UMKAA M AaHbl NOACHEHMA O TOM, YTO BO3MOXKHOCTb YCNeLHOoM
Ba/InZaLMmM KOMMEPYECKOro MPON3BOACTBA 3aBUCUT OT 3HAHUM, MOIYYEHHbIX Ha
3Tane paspaboTku npouecca. YanmeH TakKe Obl1 0O4eHb aKTUBHbLIM HA PaHHUX
3Tanax pa3BUTUSA BaAUAAUMW  KOMMbIOTEPUIMPOBAHHbLIX CUCTEM, WU OH
cbopMmnpoBaN MAEID TOrO, YTO KOMMbIOTEPU3NUPOBAHHAA CUCTEMA COCTOUT U3
nporpammHoro obecneyeHusi, annapaTtHoro obecneyeHus, onepaLMOHHbIX
npoueayp, NepcoHana 1 0bopyaoBaHUA — U pacnosiaraeTca B onepauyMoHHOM
OKPYKEHUWN, KOTOPOE MOANEKWUT YNpPaBNEHUIO. ITa MOAENb OYEHb BaXHa U
NPMMEHUMA M B HALUWN AHW.

B 1987 roay, no mepe yBesan4YeHMUA NOHUMAHUA BOSMOMXKHOCTM MCMO/Ib30BAHMA
KOMMbIOTEPU3NPOBAHHbBIX cucTtem B npowussoacrtee, FDA CLUA otnpasuna
YeTbIpEX MHCMNEKTOPOB HA Marucrepckyto (master of science) nporpammy
oby4yeHMA No NPUKNAAHBIM MHPOPMALMOHHBIM TEXHONOTMAM B YHUBEPCUTET
Oxopakmn B AduHax (CLUA). B 1991 roay wHcnektop FDA nocetun
npoun3BoACTBEHHbIEe naowaakn Glaxo and Imperial Chemical Industries
Pharmaceuticals B8 BenukobputaHum wn WUtanuu, u BhepsBble peryaaTopsl
NoAHAN BOMPOC O HEeAOCTAaTOYHOCTU BaNAAUMU KOMMbHOTEPU3UPOBAHHbIX
cuctem?. ITU MHCMEKUMM NpuBen K GOPMMPOBaHMIO COOBLLECTBA NPAKTUKOB

1 B opuruHane npucyTCTBYIOT Kak papmaLeBTnyeckan paspaboTka (pharmaceutical development), Tak paspaboTka npouecca (process design). Mepsoe noHATHe AsnaeTca 6onee

LWMPOKMM U, KaK NMpaBuo, BKIOYaeT B cebs BTopoe.

’B OopurnHane B A4aHHOM cayyae computer system — KOMnNblOTEPHbIE CUCTEMbBI, HO @aBTOPbI CTaTbW AOCTAaTOYHO NPOM3BOJIbHO KOHI/IUPYIOT TEPMUHAMU, MO3TOMY NPU Nepesoae
MCMNONb3yeTcA NOIHOE 3HAaYEeHNEe — KOMMNbITEPU3NPOBAHHAA CUCTEMA, MOCKObKY MMEHHO 3TOT TEPMMUH 3aKpeniéH B npuaoxeHnn 11 GMP, a TakKe NOHATUE «KOMNbIOTEPHaA
cnucrtema» OgHO3HAYHO ABAAETCA NOAMHOXKeCTBOM TEPMUNHA KKOMNbHOTEPU3UPOBAHHAA CUCTEMA» (KOMI'IbiOTEpVBVIpOBaHHaH CUCTeEMaA = KOMNbOTEPHAA cUCTema + o6oponsaHme,

nepcoHan, npoueaypbl, NPOLECC U OKPYXKeHue — cM. onpegenenHune PIC/S u ISPE GAMP).
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GAMP® (Good automation manufacturing practice — Hadnexauw,as NPaKMuUKa
asmomamusayuu npoussoocmea) n paspaboTke obLEeoTpacneBoro oTeeTa B
YyacTu ygoBneTsopeHus oxumaaHmn FDA CLUA (cm. uctopuio GAMP [8]).

Table 1: Stages in US and EU guidance on the process validation life cycle.?
Taoauna 1: Iransl B pykoBoacTreax CIIIA u EC no :xu3HeHHOMY HHMKJIY BaJuJIalMU Mpoiecca

Stan US/clia EU/EC
|1 HProcess design HPharmaceutical development or process design (ICH Q8)
|2 HProcess qualification (PQ) HQualiﬁcation and validation
Qualification (Annex 15)
2.1 Qualification of equipment and utilities Installation qualification (1Q)

Operational qualification (OQ)
Performance qualification (PQ)

Process validation (PV)

. . Traditional
2.2 Process performance qualification (PPQ) Continuous process verification (CPV)
Hybrid
|3 HContinued process verification (CPV) HOngoing process verification (OPV)

Inthe early 1990s, the FDA launched their preapproval inspections to affirm that
commercial materials had their basis in the pivotal clinical trial process and
materials. | had the experience of witnessing an inspector stop an audit because
we could not demonstrate that the process being operated was the one used
for the clinical trials. In the same inspection, the inspector asked specifically for
validation plans and validation summary reports, now considered a central
element of the quality system needed for manufacture of drug products.

B Havane 1990-x ropos FDA 3anyctnam npegperncrpaumMoHHble MHCNEKLMKU ANA
NOATBEPXKAEHUA TOrO, YTO KOMMEpPYECKas MNPOAYKLMA OCHOBbIBAaeTCA Ha
OMOPHbIX KAMHUYECKMUX UCMbITAHUAX U COOTBETCTBYIOLWLMX MaTepuanax. B moel
NpPaKTUKe Obl/ CIly4al OCTAaHOBKMU ayAmMTa MHCMEKTOPOM NO MPUYMHE TOTO, YTO
Mbl HE MOMAU MNPOAEMOHCTPUPOBATL WMAEHTUYHOCTb GYHKLMOHMpPYLOLWEro
npouecca ToMy, 4To 6bl1 UCNO/Ib30BAH Ha 3Tane KAMHUYECKUX UCMbITaHUA. B
Xo4e 3TOM Ke WHCMNEeKUMM WHCMEKTOP 3anpocua, roBopsa npeameTHee,
BaNMAAUNOHHbIE NAAHbl M Ba/IAALMOHHbIE UTOFOBbIE OTYETLI, KOTOPbIE ceNYac

3 NaHbl OpUrMHaNbHbIE TEPMUHbI, KOTOPbIE OTAINYAIOTCA B PErynaTopHbIX cuctemax FDA n EMA. [leTanbHo X cpaBHeHMe AaHo B pykosoacTse ISPE GPG: Process validation
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A sequence of FDA investigations of Barr Laboratories that started in 1989
became a huge problem for the company, as inspectors repeatedly observed
Barr’s failure to follow cGMPs while the company disputed those findings.
Ultimately, the conflict landed in the US District Court of New Jersey. In the 1993
case, United States v. Barr Laboratories, Inc., Judge Alfred Wolin declared that
process validation is required by GMPs.9

In 2004, the FDA published “Pharmaceutical cGMPS for the 21st Century—A
Risk-Based Approach.”10 This included a reference to the revised compliance
policy guide (CPG) for process validation.11 Then, in 2011, 30 years after Ed Fry
raised concerns and 25 years after Ken Chapman published his paper, the FDA
published “Guidance for Industry: Process Validation: General Principles and
Practice.”12 In this guidance, the FDA adopted a life-cycle approach, moving
from process qualification to validation in three stages, Stage 1: Process Design,
Stage 2: Process Qualification, and Stage 3: Continued Process Verification.

Between 2005 and 2009, the International Council on Harmonisation (ICH)
produced a series of quality guidelines emphasizing the importance of
pharmaceutical development, the life cycle, and the framework of quality risk
management:13

e [ICH Q8 Pharmaceutical Development (2005; minor updates
2009)

e ICH Q9 Quality Risk Management (2005)

e ICH Q10 Pharmaceutical Quality System (2008)

Among the ICH quality guidelines, Q6 (1999), Q7 (2000), Q9, and Q10 specifically
require assessment and approval of suppliers. Use of approved suppliers is an

CUNTAIOTCA CTEPXKHEBbLIM 3/IEMEHTOM CUCTEMbI KayecTBa, Heobxoammown ans
Npown3BOACTBa JIEKAaPCTBEHHbIX CPEACTB.

Lenb paccnegosaHuii FDA B oTHoweHMM Barr Laboratories, ctraproBaBlian B
1989 ropgy, crtana 6onbwol npobnemoit ANA KOMMAAHMM: MHCNEKTOopbI
HeOAHOKPaTHO BbIABAAAM HecnocobHocTb Barr cootBeTcTBOoBaTb CGMP, B TO
BPEMA KaK KOMNaHuA npeanpuvHMUMana nonbiTKM OMPOBEPrHYTb BbIIBJEHHbIE
HecooTBeTCTBMA. B KOHeYHOM uTOore KOHOAUKT paspewwnnca B cyae Hbro-
Oxxepcun. B 1993 roay npu paccmoTperHnn gena CLUA npoTtus Barr Laboratories,
cyabs Andpegn Bonun (Alfred Wolin) npoBosrnacun, yto Baangauma npouecca
TpebyeTcs cornacHo npasunam GMP. 9

B 2004 roay FDA onybnaunKkoBanu «dapmaueBtuyeckme npasuaa GMP gns 21
BEKa — NoAX0A4bl Ha OCHOBE OLLEHKM pucKkoB». 10 3To BKAHOYMAO B cebA CCbIIKK
Ha nepecMoTpeHHOe PyKOBOACTBO No cooTBeTcTBUIO (CPG = compliance policy
guide) B oTHoWweHMM Bannaaumu npouecca. 11 3atem, 8 2011 roay, yepes 30 net
nocne BbictynneHua daa dOpaa (Ed Fry) u cnycrta 25 net nocne nyb6amkauum
ctaTb KeHa YanmeHa (Ken Chapman), FDA onybavkoBana «PykoBoACTBO ANs
nHayctpumn: Banngauma npouecca. OCHOBHbIE NPUHUMMNbLI U NPAKTUKK». 12 B
aToM pykosoactBe FDA mpvmeHMAa Noaxosd Ha OCHOBE XWU3HEHHOTo UWKAA,
nepemeLLascb OT KBaJMPUKauMM npouecca K ero BannMaaumm B TpU CTaguu,
Cragma 1. PaspaboTka npouecca, Cragus 2. Ksaanoukauma npouecca un Cragma
3. Npogonskatowanca® sepuduKauma npotiecca.

Mexay 2005 u 2009 rr. MexayHapoaHbiii CoseT no lapmoHusaumm (ICH)
BbINYCTUA cepuio PYKOBOACTB, noAyYepKNBAOLLNX BAYKHOCTb
bapmaueBTUYECKON Pa3paboTKK, HKU3HEHHOrO UMKAA M OCHOB YyMNpaBieHuA
puUCcKamu gnAa Kadvecrsa. 13

e ICH Q8 ®apmaueBTnyeckan paspabotka (2005; MMHMMaNbHbIE
aononHenuma 2009)

e ICH Q9 YnpaBneHue puckamu anaa Kadectsa (2005)

e ICH Q10 d®apmaueBTUYecKasa cmctema Kadectaa (2008)

Cpean pykosoacTts ICH B OTHOLWEHMM KadyecTBa, AOKymeHTbl Q6 (1999), Q7
(2000), Q9 1 Q10 KOHKpEeTHO TPebYIOT OLEHKU N YTBEPKAEHMA MOCTaBLLMKOB.
Ucnonb3oBaHMe YTBEPXKAEHHbIX MOCTaBLMKOB SABAAETCA BaXKHOW 4acTbio
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important part of the quality process. Q7 covers the life-cycle approach for
active pharmaceutical ingredients.

In 2007, the American Society for Testing and Materials (ASTM) with ISPE
involvement published standard ASTM E2500, Specification, Design, and
Verification of Pharmaceutical and Biopharmaceutical Manufacturing Systems
and Equipment.14 This introduced a risk-based approach to qualification of unit
operations in GMP manufacturing that leverages engineering activities to
reduce qualification risk.

In 2015, Annex 15: Qualification & Validation was published as part of the EU
Guidelines for Good Manufacturing Practice for Medicinal Products for Human
and Veterinary Use.15 The next year, the EMA published two process validation
guidelines.16' 17 These guidelines used a similar life-cycle approach to the one
used by the FDA; however, staging terminology varies (see Table 1).

In FDA guidance, activities covered by “continued process verification” include
routine monitoring of process parameters, trending of data, change control,
retraining, and corrective and preventive actions (CAPA). In EMA definitions,
“continuous process verification” operates in place of process validation.

npoueccoB KayecTBa. Q7 0XBaTbIBAET }KU3HEHHbIN LMK B OTHOLLIEHUM aKTUBHbIX
dapmaueBTUUHECKMX cybCcTaHL M.

B 2007 r. AMepuKaHCKoe coobLLEeCTBO UCNbITaHUI M maTepunanos (ASTM) c
npusneyeHmem ISPE onybaukosano craHgapt ASTM E2500 - PaspaboTka
cneundmKaumm, nNpoeKTUpoBaHMe U BepuduKauusa apmMaLeBTUYECKUX U
61odapmaLLeBTUYECKUX NPOU3BOACTBEHHbIX cucTeM U obopyaosaHua. 14 3to
BHEAPWUIO MOAXOL Ha OCHOBE OLEHKM PUCKOB K KBANMGUKaALMKU OTAENbHbIX
onepaumin B npousBoacTBe Mo Hopmam GMP, KoTopbii nosBonsier
NCNO/Ib30BaTb MHMKEHEPHbIE MEPONPUATUA ANA CHUNKEHUA KBANNDUKALMOHHbIX
PUCKOB.

B 2015 r. 66110 onyb6aunkoBaHo MNpunoxkeHune 15 «KBanndpuKkauma n Banmaauma»
Kak yacTb PykoBoacTea EC no Hagnexalen npon3BoACTBEHHON NpPaKTUKe onn
NIeKapPCTBEHHbIX CPeaCcTB MeAULMHCKOTO U BETEPUHAPHOTO npumeHeHusa 15. B
cneayrowem rogy EMA onybankoBano ABa pykoBoACTBA MO BanuMaauunu
npoueccoB 16 17 3T pyKOBOACTBa CoAep»KaT conoctaBumbliit ¢ FDA noaxoa Ha
OCHOBE YM3HEHHOTOo LMKNA, OAHAKO TEPMMUHOJIOIMA HEMHOIO OTnYaeTca (CMm.
Tabnnuy 1).

B PykoBoactee FDA BuAbl AeATeNbHOCTU, OXBaTbiBaemble Nnpoao/irKatouenca
Bepudukaumen npouecca (continued process verification), BKalouatoT
PYTUHHbBIA MOHUTOPUHI MNapameTPoB MPOLECcCca, OUEHKY TPEeHAOB AaHHbIX,
KOHTPO/MIb W3MEHEHWI, nepeobydyeHMe, a TaKXKe KoppeKkTupywwue u
npeaynpexaawowme paenctsna (CAPA). B onpegeneHuax EMA Bmecto
«BafMAaLMM npouecca» NPUMeEHAETCA TEPMUH «HeMnpepbiBHAA BepuduKkauma
npouecca» (continuous process verification).
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At the same time that regulatory authorities were producing guidelines and
standards, the pharma industry and others introduced many improvement
initiatives, including operational excellence, lean manufacturing, and Six Sigma.
Around the world, companies outside of pharma adopted ISO 9000 quality
management standards18 as a basis for their quality system improvements, and
they could see the benefits in the supply chains. Some companies could see the
benefit of understanding the process as part of validation, but this was in
complete contrast to many pharmaceutical companies around the world. In the
pharma industry, most did not see process validation as a benefit. Instead, they
saw only a necessity to perform three consecutive process validation batches
and document that performance.

Throughout the early decades of validation history, | watched the battles
between regulatory teams trying to get processes registered with as much
information as possible, and production teams that did not want to be too
specific because they knew that they might fail in process validation, or later
during commercial manufacturing. Much of the resistance to specificity
stemmed from the burden of filing regulatory variances for what should be
minor process changes operating as part of continuous improvement.

Since the new millennium, with the help of the FDA process analytical
technology (PAT) initiative and ICH, more of us in the pharma industry have
realized the importance of process development, risk assessment, and process
understanding, and have come to understand that allowable limits for critical
quality attributes (CQAs) and critical process parameters (CPPs) can establish a
rational validation framework to help manufacture safe and effective products
reliably.

In the era of science-based process validation and personalized medicine, the
number of process performance qualification or process validation (PPQ/PV)

B TO Bpema Kak perynsatopHble opraHbl U34aBajn pPyKOBOACTBA U CTaHAAPThI,
dbapmaueBTUYECKaa WHAYCTPUA M Apyrue y4YyacTHUKM  dapmaleBTMYeCcKon
OTpacaAuM NpeasioKUAM MHOMKECTBO WHULMATMB MO Y/AYYLLIEHWUIO, BKAKOYAnA
onTMMM3aLMIO MpoLeccoB, GepexanBoe MNPOU3BOACTBO M MNOAXOL «LIECTb
curma». Mo Bcemy mMupy KOmnaHuu BHe dapmcdepbl BHELPUAM CTaHAAPTbI
meHegKmeHTa Kavectsa 1ISO 9000 18 B KavecTBe OCHOBbI AN1A YAyYLIEeHMA CBOUX
CUCTEM KAyecTBa, YTO MO3BOJIMNIO YBUAETb MPEMMyLLECTBa B YMNpaBieHUU
LUenAMM NOCTaBOK. HeKoTopble KOMNAaHWW CMOIAN YBUAETb NPEUMYLLECTBO B
NMOHUMaHWK NPOLLECCA KaK YacTu BaIMAALMKM, HO 3TO ObIN0 B MOJIHOM KOHTpacTe
CO MHOTMMM GaPMALLEBTUHECKMMM KOMMAHUAMM NO BCEMY MUPY. BOAbLIMHCTBO
M3 HUX He BWUAENM HWKAKUX MNPEeMMyLLecTs B Baaugaumm npouecca u
paccmaTpuBanM ee MWb KaK HeobXxogMMOCTb  MPOM3BOACTBA  Tpex
nocnenoBaTeNibHbIX BaMOAUMOHHbBIX CEPUM U OOKYMEHTMPOBAHUA  3TUX
AencTeui.

B nepBble AecATUNETUA UCTOPUW Pa3BUTUS BanuZaummn s Habnwogan OuTBbI
MeXAyY PerynaTopHbIMM COOBLLLECTBAaMM, CTAPAIOLLMMUCS NMOAYUUTb KaK MOXKHO
6onblue MHOOPMALMM MPU PErnCcTpaLmMmM MNpoLuecca, U NpPoM3BOACTBEHHbIMM
KOMaHZamu, KoTopble He xoTenn 6bl AaBaTb Ype3mepHbIX NoapobHocTew,
MOHMMAZA, YTO OHM MOTYT MPOBANUTLCA NPW BaAUAaLMK npouecca WUan npwu
nocneayoLLeM KOMMEPYECKOM Npoun3BoAcTBe. bosiblias YacTb CONPOTUBAEHMSA
B OTHOLWEHUMN noapobHocTel npoucxoamna n3-3a bpemenHn
OOKYMEHTUPOBAHMA U3MEHEHWNIN, UMEIOLLMX PErYIATOPHOE BAUAHME, KOTOPble
OO/IKHbI 6bInK Bbl pacCMaTPUBATLCA B KAYECTBE HECYLLECTBEHHbIX U3MEHEHUI
npoLecca Kak 4acTb MOCTOAHHOIO YAyULLEHMA.

C HacTynaeHMemM HOBOTO TbICAYENETUA, C MOMOLLbIO MHULMATUBbI NPOLLECCHOM
aHanutnyeckon TexHonorum (PAT) ot FDA u ICH, 6onbWKMHCTBO M3 Hac B
bapmaLeBTUYECKON MHAYCTPUM  OCO3HANAM  BaXKHOCTb  papmMaueBTUYECKON
pa3paboTKM M NpUWAM K MNOHMMAKD TOro, YTO nNpeaenbHble 3HAYeHMUA
KPUTUYECKMX MOKasaTenel KadectBa (CQA) M KpUTUYECKMX NapameTpos
npouecca (CPP) moryt patb paumoHanbHoe obocHOBaHWe AansA obbema
Ba/MAaLMmM, cnocobCcTByA rapaHTMPOBAHHOMY NpoM3BOACTBY 6e30nacHbIX U
3pbEeKTUBHbIX MPOAYKTOB.

B anoxy Hay4HO 060CHOBAHHOM BaAnAaUMm NpoLLecca U NepcoHaaM3nMpPoBaHHOM
MeaULUMHbI, KOAMYECTBO cepuit npu Keanndukaumm 3¢PeKTUBHOCTU WU
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batches must be justified for small molecules, large molecules, and advanced
therapy medicinal products. We now realize that these processes require real-
time monitoring of each batch to maintain them in a state of control.
Fortunately, the EMA has stated that continuous process verification may
provide a practicable method of managing batch-to-batch consistency, quality
assurance, and quality control.16

ISPE’S Contributions

No history of validation can overlook the significance of ISPE’s role in
establishing GAMP and commissioning and qualification (C&Q) concepts.

GAMP
GAMP introduced a number of concepts that are important in validation
today:

e The life-cycle model concept, which is now seen as fundamental for
process validation.

e The expectation to see validation activity defined upfront in validation
plans and closed off by formally signed validation reports produced by
the regulated company.

e The concept of the user requirement specification (URS) as a basis of
qualification. This was developed further by ASTM E250014 and by the
ISPE commissioning and qualification guide.19

e The concept of using approved suppliers, introduced in 1994.

e The concept of risk assessment, introduced in 2001.

e The V model to link specifications to verification, introduced in 1994.
At that time, some companies wrote installation qualification (1Q) and
operational qualification (0Q) documents that did not refer to any
specifications. This link between specifications and verification is an
important part of validation today.

e Key terms to help to focus risk assessment, including patient safety,
product quality, and data integrity. In 2017, GAMP published an

Banvaaumm npouecca (PPQ/PV) momKHO 6biTb 060CHOBaHO AnA8 ManbiX U
60/1bLINX MONEKY/I, A TAKXKE NEKAPCTBEHHbIX NPEenapaToB nepeaoBoi Tepanuu.
Tenepb Mbl 0CO3HAEM, YTO 3TU NpPOLLECChbl TPEOYIOT MOHUTOPUHIA B pPeasibHOM
BPEMEHN B OTHOLWIEHUWU KaXKAOW Cepun ANA yAepraHUA MX B COCTOAHWUM
KoHTponsa. K cuyactblo, EMA nogTBepgmna, 4To HenpepbiBHasA BepudumKauma
npouecca MOXeT 6bITb MPaKTUYHbIM METOA0M 417 NoAAepHKaHUs NOCTOAHCTBA
OT CepUM K CEPUN, B TOM UYNUC/IE B YACcTU obecrneyeHmn U KOHTPOIA KayecTBa. 16

Bxkuaag ISPE

foBopa 06 ucTopuM BanuZauMu, Henb3a YNyCTUTb BaXKHylo posb ISPE B
dopmynnpoBaHnm KoHuenunin GAMP, a Tak:Ke npueMku 1 kBanndpukauymm (C&Q
concept).

GAMP

GAMP npepnoxunna HeECKONIbKO KOHLEMLMIM, KOTOPble BaXKHbl ANA Baangaumm 8

HaLWW gHW:

e Mopgenb  KM3HEHHOFO  UMKAa, KOTopaAa  ceivac
dyHAameHTaNbHOM ANA BaAMaaumMm npouecca;

e OuaaHve BMAETb Ba/JNOAUNOHHYIO AEeATeNbHOCTb, NpeaBapuUTesbHO
onpefeneHHyo B Ba/JIMOALUMOHHBIX NJaHaX M 3aBepLIeHHY B Buae
$bopManbHO yTBEPKAEHHbIX OTYETOB, Pa3paboTaHHbIX pPeryanpyemoli
KOMnNaHuew;

e KoHuenuua cneumdukauum TpebosaHmit nonbzosatens (URS) Kak
OCHOBbI KBannMduKaumn. 3to 6bII0 ganee pa3BUTO B cTaHZapTe ASTM
E2500 14 n B PykoBoactse ISPE no npuemke u kBanndumkaumm 19

ABNAeTCA

e KoHuenuwusa MCNOo/Ib30BaHMA YTBEPXKAEHHbIX NOCTaBLLMKOB,
npegnoXeHHaa 8 1994 r.;

e KoHuenumAa oueHKn puckos, npeanoxkeHHasa s 2001 r.;

e V-mogeno Ana B3aumocsBAsM cneuudpuKaumin M BepuduKaumm,

npegnoxeHHaa B 1994 r. B TO BpemAa HEKOTOpble KOMMAHUMU
oboOpMNAAM  AOKYMEHTAUMIO MO KBanuduKauum MoHTaxka (IQ) wm
KBanmdukaummn dyHkumoHmposaHus (0OQ) 6e3 ccbinknM Ha Kakue-nnbo
cneumdumKkaummn. ITa CBA3b MeXKay cneundurkaumammn u sepuduKaumni
ABNAETCA CYLECTBEHHOWN YacCTblo Ba/IMAALMM B HACTOSILLLEE BPEMS;
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important guide dealing with data integrity,20 which is a fundamental
part of process validation.

C&Q Concepts

The ISPE Baseline Guide Vol. 5: Commissioning and Qualification,
originally published in 2001, was revised in 2019.19 The guide describes
how systems are commissioned and critical aspects (CAs) and critical
design elements (CDESs) are qualified. Critical aspects and critical design
elements are linked to QCAs and CPPs. Facilities, equipment, and
systems supporting processes should be qualified using these concepts to
reduce the burden of non-quality-impacting documentation, and repeat
testing, which were notable in the past.

Key aspects of C&Q include:

e Commissioning is executed and documented as Good Engineering
Practice (GEP).21

e Good engineering practice verifies that the URS requirements are all
incorporated, have been approved in the design review, and have
been tested and documented as working in the acceptance and
release report or qualification report.

e In good engineering practice, everything is tested to ensure the system
is fit-for-purpose.

e Systems are 100% (GEP) tested during commissioning, with
approximately 10% of testing focused on the CAs/CDEs for
qualification.

e The focus for qualification is on robust testing and documentation of
the CAs/CDEs as appropriate to the level of risk controls applied.

e KntoueBble TEPMUHbI, KOTOPbIE MOMOratoT CHOKYCUMPOBATLCA Ha OLEHKe
PUCKOB, BKAtOo4Yaa 6e30nacHOCTb MalMEHTOB, KayecTBO MpoOAyKTa M
LEeNnoCTHOCTb AaHHbix. B 2017 r. GAMP onybanKoBana BarkHOe
PYKOBOACTBO MO paboTe C LeNoCTHOCTLIO AaHHbIX 20, KoTopan ABAseTCA
dyHAaMeHTaIbHOM YacTblo BaAnAaumMmn npoLecca.

KoHuenuma NpueémKM 1 KBanmdukaumm

basoBoe PykoBoactBo ISPE (Tom 5): [Mpuemka wu KBanudukaums,
nepsoHa4YanbHo u3gaHHoe B 2001 r., 6bI10 nepecmoTpeHo B 2019 r. 19
PYKOBOZCTBO OMMCbIBAET, KAK HEOOXOAMMO OCYLLECTBAATL NMPUEMKY CUCTEM U
KaK NpoBOoANTb KBanMpUKALMIO KpuTHMYeckux acnektos (CA = critical aspects) u
KPUTUYECKUX 3nemeHToB amsaiiHa (CDE = critical design elements).
KpuTuyeckme acneKkTbl U KPUTUMYECKME 3/1IEMEHTbI AM3aiHa cBA3aHbl ¢ CQA &
CPP. MNMomewieHuna, obopynoBaHMe M cuctembl, obecneunBatoime nNpoLeccol
cnepyet KBananduumpoBaTb C UCMOb30BaHMEM YKa3aHHbIX KOHUENUWMin ans
CHUXKEHMA W3NUWHEN HarpyskM B BUAE He BAMUAOWEN Ha KayecTso
OOKYMEHTaLMM M MOBTOPHOFO TECTUMPOBAHWA, Ha KOTOpble AeNancA aKueHT
paHee.

KntoyeBble acneKTbl KoHuenuun C&Q:

e [lpoBeseHMe U AOKYMEHTUPOBaHWE npuemku cornacHo GEP (Good
Engineering Practice) — Hagnesaliei UHKeHepHOoM npakTuKe. 21;

e Hapnexalwan UHKeHepHasa NpaKkTMKa Bepuduumpyet, 4to TpeboBaHUA
URS yuyTeHbl M yTBepXAeHbl B XO4e 3KcrnepTusbl npoekta (design
review), NpoTecTMpoBaHbl M 3aL0KYMEHTMPOBAHbI KaK Haanexkalle
bYHKUMOHMpPYOLWMeE B OTYETE O NPUEMKE M BbIMYCKe B 3KCMAyaTaLmio
WAKN B OTYETE O KBanndUKaLmu;

e B Hagnexallein MHXEHEPHOMN NPaKTUKe TECTUPOBAHME OCYLLLECTBAAETCA
ONA  NoATBEepXAEeHWA TOro, 4YTo CUCTeMa COOTBETCTBYeT CBOemy
Ha3HayYeHuo;

e Cuctembl npu npuemke Ha 100% Tectupytotrca cornacHo GEP, ¢
npubéamsnTenbHo 10 % ncnbiTaHWMin, CHOKYCMPOBAHHBIX HA KPUTUYECKMX
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Lists of tests, test scripts, acceptance criteria, and traceability are all
covered by Good engineering practice.

Computer systems controlling equipment are qualified with the
equipment.

The commissioning and qualification guide is clear that quality does
not approve commissioning documents. The guide notes that quality
will approve the commissioning and qualification plan and the
acceptance and release report.

Typically, major pharmaceutical companies cover all the engineering
associated with a new project in one commissioning and qualification
plan and in the final acceptance and release report, so the role of
quality assurance is limited to approval of these documents and the
use of approved subject matter experts who oversee the qualification
work.

Much of the qualification supporting data can be provided by
approved suppliers. The supplier assessment is an important step to
deciding the validation strategy, and the validation plan should refer to
the use of supplier qualification practices as much as possible.

Looking Forward

acnektax / KpuUTUYECKUX anemeHTax amsaiHa (CA/CDE) ans uenei
KBanndpuKaunm;

®oKyc KBanMdMKaLMM OPUEHTMPOBAH HA CTPOroe TecTMpOBaHME M
AOKYMEHTUPOBAHME KPUTUUYECKMX aCneKToB / KPUTUHECKMX 3/1eMEHTOB
amnsaiiHa (CA/CDE), Kotopoe copasmMepHO MNPUMEHseMbIM Mepam
KOHTPO/1A YPOBHA PUCKQ;

MepeyHn WCNbITAHUIN, WX CUEHAPWUKU, KpUTEPUU NPUEMIEMOCTU W
npocaexKmMBaemocTtb BXogAaT B chepy GEP;

KomnbtoTepHble  CUCTEMbI,  KOHTpoaupylowme  obopyaoBaHue,
KBannduumnpytoTcs BMmecTe ¢ 060pysoBaHNEM;

PYKOBOACTBO MO MpUEMKE U KBaAMOUKALMKM MPOSACHAET, YTO cny*Kba
KauecTBa He yTBepKAaeT AOKyMeHTbl Mo npuemKke. B pykoBoactse
OTMEeYEeHO, 4YTO cay)Kba KayecTBa YTBEpPKAAET MJIAH MNPUEMKM U
KBanuduKaLMK, a TaKKe OT4yeTbl O TMPUEMKE W BbINyCKe AnA
aKcnayarTaumu;

Kak npasuno, 60NbWMHCTBO dapmaLeBTUYECKUX KOMMAHWA BCe
WHXXeHepHble BOMPOCHI, CBA3aHHbIE C HOBbIM NMPOEKTOM, 06beANHAIOT B
eAMHbIV NaH NPUEMKM U KBanUUKALUKN U B OANH UTOTOBbIN OTYET, U
pOJib CNYXKObl 06ecnevyeHns KauecTBa OrpaHNYMBAETCA YTBEPKAEHNEM
9TUX AOKYMEHTOB, a TaKXe CneuuasncToB-IKCNepToB, OLEHUBAOLLNX
paboTbl No KBaMdUKaLMK;

MHorve paHHble nNo KBanudukaumm MoryT b6biTb NpeaocTaBaeHbI
yTBEepPXAEHHbIMX nocTaslwmnKkamn. OueHKa nNOCTaBLIMKOB ABAAETCA
Ba)HbIM  WArom Ana MNPUHATUA  peweHMn B OTHOLIEHMMU
Ba/MOAUMOHHOWN CTpaTerMm, a Ba/IMOAUMOHHBLIN NAaH OOMXKEH Kak
MOXHO  LUMpe CCblIAaTbCA HA  WUCNONb30BaHMe NOAX040B K
KBanndUKaLMmn NOCTaBLLMKOB.

I'nsaas B Oyayuiee



The following are important to incorporate into the proposed new “Validation
4.0” framework that will enable Industry 4.0 changes in the pharmaceutical
industry.

Leveraging the Product Life Cycle

The life-cycle model concept builds on the importance of data from
pharmaceutical development as a fundamental for process validation.
Requirements are an output from development and needed as a baseline for
everything—including processes, facilities, utilities, systems, and equipment—
to define the CQAs, CPPs, CAs, and CDEs so that these can be verified later.
Requirements can be handled as processes and more clearly understood by
describing them using illustrative process maps. Processes are further detailed
using data maps showing the flow and relevance of information at each step
and activity across the end-to-end product life cycle.

Risk Assessment and Controls at Design

This part of the Validation 4.0 framework focuses on aspects of the
process or system that are important to patient safety, product quality,
and data integrity, and it allows the validation effort to be focused on
critical areas.

Process and data maps are used to better understand the risks to the
process, and the risks to data. Risk assessment and controls analysis
should be started as early as possible during process and system
development and specification. The control strategy is an important part
of the design, and doing this work early allows for generation of suitable
options that lower risk and a clear identification of the data that must be
measured to ensure the state of control. Risk assessment can be used to

BaXXHO BCTpoMTb B npegnaraemyto cuctemy «Banmpaumsa 4.0» cneaytowme
MOMEHTbI, KOTOpble AadyT BO3MOXHOCTb MPOBECTM MU3MEHEHWA B
dapmaLeBTMUYECKOMN OTpacauM no nytu «MHayctpua 4.0»

BHe,EI,DEHVle KN3HEHHOTO UMKAa NPOAYKTA

KoHuenuma ncnonb3oBaHUA MOAENMN }KU3HEHHOTO LKA CTPOUTCS Ha BaXKHOCTH
AaHHbIX C 3Tana ¢apmaueBTMYECKOM pa3paboTkM Kak oyHAameHTasibHOM
OCHOBbI Bannaaunm npouecca. TpeboBaHMA ABNAIOTCA BbIXOAHbIMU AaHHbIMM C
3Tana pa3paboTKKM 1 HYXKHbI KaK 6a3a /1A BCexX 3/1IeMEHTOB, BK/1t04Yas MpPoLLecchl,
NOMELLLEHUNA, UHKEHEPHbIE U MPOYME CUCTEMbI, A TaKKe 060pyA0BaHME B LLeNAX
onpeaeneHuns CQA, CPP, CA 1 CDE Takum o6pasom, YTobbl UX MOMKHO Oblsio
BepudnumnpoBaTb nosgHee. TpeboBaHMA MOryT ObITb NpeacTaB/ieHbl B BUAE
npoueccos u 6osee NOHATHbI MOCPEACTBOM OMWUCAHMA MX NPU MOMOLLM
HarNagHbIX  KapT  npouecca. [lpoueccbl fpanee  AeTanuM3vpyrtotca €
NCNO/sIb30BaHMEM KapT AaHHbIX, OTOOpaXKalowmx MOTOKM W PeneBaHTHOCTb
MHPOPMaLMKM Ha KaxKOOoM Liare Uau BuAe OeATeNbHOCTU B CKBO3HOM (end-to-
end) }KM3HEHHOM LIMKNEe NPOoAYKTa.

OLl,eHKa PNUCKOB M MePbl KOHTPOJIA B MPOEKTMPOBaAHNN

JTa YacTb cuctembl «Bannaauma 4.0» GoKycMpyeTca Ha Tex acnekTax npouecca
WM CUCTEMBI, KOTOpble BaXKHbl A1a 6e30MacHOCTM MauMeHTa, KayecTsa
NPoAyKTa M  LEeNOCTHOCTM  AaHHbIX, W  MO3BOJIAET  COCPesoTOYMTb
Ba/IMAALMOHHbIE YCUIUA Ha KPUTUYECKMX 061aCcTAX.

KapTbl NpoLLeccoB 1 AaHHbIX MCMONbL3YIOTCA 415 Jy4YLWero NOHMMaHUA PUCKOB B
OTHOLUEHMM MpoLEecca U PUCKOB B OTHOLWEHWW AaHHbIX. OueHKa PUCKOB U
aHa/NM3 Mep KOHTPO/A AOJ/IKHbI HAYMHATLCA KaK MOMKHO paHblue B XoAe
pa3paboTKM npouecca M CUCTEMbI, @ TaKKe WX crneundukaumin. CTpaterus
KOHTPOAA ABAAETCA Ba)KHOM YacTblo MPOEKTa, BbiMOJHEHMe 3Toi paboTbl Ha
PaHHMX 3Tanax No3BO/AET CO34aTb HYXHble YCNIOBMA, KOTOPbIE CHUKAIOT PUCKM
M ACHO MWAEHTUPUUMPYIOT AaHHble, KOTopble c/aedyeT W3MepAaTb ANsA
obecneyeHnn COCTOAHUA KOHTPoAA. OUEHKa PUCKOB MOKET MCMOo/b30BaThCA
ANA OLUEHKM LeNOCTHOCTM AaHHbIX, AeMOHCTPUPYA, rae HeobxoauMbl CpeacTsa
ynpaBAeHna ANA rapaHTUPOBAHUA KOPPEKTHOTO BbINOIHEHWNA NPOLLECCOB.



evaluate data integrity to show where controls are needed to ensure that
processes are operating correctly.

Data-Driven Process Validation

As noted previously in Table 1, the US FDA’s structure for process
validation has three stages:

e Stage 1is the essential link to the development stage, covering
process design and establishing the control strategy. It also includes
the design of equipment and automation systems, assessment of input
material attributes, process dynamics and variability, and
development of strategies for process monitoring and control.

e Stage 2 has two parts: Stage 2.1, qualification of the equipment,
utilities, and facility, demonstrates the equipment and systems work
as intended. Stage 2.2 demonstrates the robustness of the
manufacturing process and the adequacy of the control strategy (i.e.,
verification of the control strategy).

e Stage 3, continued process verification, provides continual assurance
that the process remains in a state of control during commercial
manufacture.

Annex 15 of the Pharmaceutical Inspection Convention/Pharmaceutical
Inspection Co-Operation Scheme (PIC/S) GMP guide22 describes the
requirements for process validation in some detail and includes the points
described earlier from US regulations. The PIC/S guide also states that
for products developed by a quality by design approach, where it has
been scientifically established during development that the control
strategy provides a high degree of quality assurance, continuous process
verification can be used as an alternative to traditional process validation.

Banupaums npouecca, obecneymsaeman gaHHbIMM

Kak paHee 6b110 nokasaHo B Tabsauue 1, cTpyKTypa Baanpaumum npouecca
cornacHo FDA CLUA cocTouT 13 Tpex cTaguit:

e Cragua 1 ABNAETCA  CYWECTBEHHOW  CCbIIKOW K cTaguu
dbapmaueBTUYECKOIM pa3paboTKK, oxBaTbiBas pa3paboTKy npouecca u
dopmupoBaHMe cTpatermm  KoHTpons. OHa TaKkKe  BK/lOYaeT

NPOEKTUPOBAHNE 06OPYA0BaHMA U CUCTEM aBTOMATU3aLMW, OLLEHKY
XapaKTEPUCTUK UCXOLHbIX MaTepuasnos, AMHAMMUKY npouecca U ero
BapnabenbHOCTb, 3@ TaKKe Pa3paboTKy CTpaTermm ero MOHUTOPUHIA U
KOHTpOAA.

e Cragua 2 cogeput ape 4actu: Cragma 2.1 — 310 KBanndukauyma
obopyaoBaHuA, cMCTEM M MOMELLEHU, KOTOpPas AeMOHCTPUPYET, YTo
obopygoBaHMe M cuctembl paboTatoT COrIAaCHO CBOEMY HasHaYeHWIo.
Cragma 2.2 [OEMOHCTPUPYET YCTOMYMBOCTb MPOM3BOACTBEHHOIO
npouecca M afeKBaTHOCTb CTpaTerMn KoHTpons (T.e. Bepuduumpyet
CTpaTeruio KOHTpPoNs).

e Cragma 3 - npopgosxatowanacs BepuduKauma npouecca, KoTopas
npeaocTaBnAeT MOCTOAHHOE rapaHTUMpPOBaHWE TOro, 4YTO npouecc
OCTAETCA B COCTOAHUMN KOHTPO/IS B XO4€ KOMMEPYECKOTo NPon3BoACTBA.

MpunoskeHne 15 GMP PIC/S 22 onucbiBaeT TpeboBaHMA K BaiMaaumMm npoLecca
B HEKOTOpbIX JAeTanfAX W BK/AKOYAeT OMWCaHHble paHee noAaxogbl U3
perynatopukn CLUA. Pykosoactso PIC/S Takxe noATBep)AaeT, 4to Ans
NPOAYKTOB, pa3paboTaHHbIX C NMPUMEHEHMEM MOAXO4A «KAYecTBO 3a cyeT
NPOEKTUPOBAHMAY», MNPU  KOTOPOM Ha 3Tane pa3paboTKM  HayyHO
060CHOBbIBAETCA, YTO CTPATErMA KOHTPOIA NPeAoCTaBAAET BbICOKYIO CTeneHb
obecneveHns KayecTBa, MOXKeT ObiTb  MCNO/Ab30OBaHa  HenpepbiBHaA
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Conclusion

Validation is here to stay—it is an integral part of regulatory
requirements and of the manufacturing component of the healthcare
environment. The added value of validation must be to demonstrate that
the manufacturing system is fit for the intended use, and that the control
strategy clearly reduces the risk to patient safety. Also, validation in
itself should not be a barrier to innovation.

Continuous process verification is a key target for Validation 4.0. We
need to develop methods that encompass the continuous monitoring of
data, from the process and the risks to the control strategy, to ensure our
processes are always valid. By building in feedback to the process, we
enable a control model that can develop and respond to change, and we
can monitor processes in real-time.

Because parts of the model may change during operation, monitoring of
the process and risks is necessary and will ensure that we constantly
learn more about the process as it becomes mature through the product
life cycle. Establishing this concept early and systemizing it in tools is
expected to be an effective way to move toward the application of digital
twins. A digital twin is a replica of an intended or operating process,
which can be used to plan and analyze the process and understand the
effect of design and proposed changes.

A stated goal of Validation 4.0 is to potentially eliminate Stage 2 of
process validation (verification of the control strategy by testing). By
bringing R&D and Stage 3 operations closer together and moving to
continuous verification from real-time data, we can speed up the

BepudMKaumMAa npouecca Kak anbTepHaTMBa TPagUUMOHHOMY Moaxoay K
BanMAaLmMmM npouecca.

3akJII0YeHHue

Banngauus B n0boM cayyae — 3TO HEOTbeM/emMas 4acTb PerynaTopHbIX
TpeboBaHMIN U NPON3BOACTBEHHbIX COCTABAAIOLLMX B chepe 34paBOOXpaHeHUs.
[ob6aBneHHasa LEeHHOCTb BaAMaaL MM COCTOUT B TOM, 4TOBbl 4@MOHCTPMPOBaTD,
YTO MPOU3BOACTBEHHAA CUCTEMa COOTBETCTBYET CBOEMY HasHa4yeHuio, U YTO
cTpaTerMa KOHTPOA ABHO CHUMKaeT PUCK Aaa 6e30nacHOCTM naumeHTa. TaksKe,
cama no cebe Bannaauma He A0/KHA CTaHOBUTLCA Bapbepom A1 MHHOBALMIA.

HenpepbiBHaa BepuduKauma npouecca ABAAETCA  KAOYEBOW  LeNbio
«Banngauun 4.0». Ham HeobxoaMmo pa3pabaTbiBaTb MeTOAbl, OXBaTblBatoOLME
HenpepbIBHbIM MOHUTOPWMHI AAHHbIX HauyMHasA C NPOLLecca M PUCKOB M A0
CTpaTerMyn KOHTPOAA, AJA FapaHTUW TOro, YTo NPOLLecCbl BCeraa BaiuAHbI.
dopmupya obpaTHytO CBA3b B MpoLEeccax, Mbl 4eNaem BO3MOXKHOM MOAE/Nb
KOHTPOJIS, KOTOpPas cnocobHa pa3BMBaTLCA M PearMpoBaTb Ha U3MEHEHUA, TEM
CaMbIM MO3BO/IASA HAM MOHUTOPMPOBATL MPOLECC B PEaIbHOM BPEMEHMU.

MOCKOMBbKY YacTM MoOZLeNM MOTy MEHATbCA B XoAe ¢YyHKUMOHMPOBAHWA,
MOHMUTOPUHT NPOLLECCOB U PUCKOB ABASIETCA HEOBXOANUMbIM M BYAET MOCTOSHHO
rapaHTMpPOBaTb, YTO Mbl HEMPEPBLIBHO MOJlyYaeM HOBble 3HAHWA O MpoLecce,
KOTOPBbIN CTaHOBUTCA 6oJsiee 3pesibiM MO Mepe PasBUTUSA B XOAE KU3HEHHOTO
UMKNa npoayKTta. OXunaaertca, YTo NpUMeHeHWe 3TOM KOHUENUMM Ha PaHHUX
aTanax M cMCTeMaTU3aUMA ee B KOHKPETHbIX MeToAax ABAAETCA 3GDEKTUBHBIM
nyTem nepexoda K nocneaylowemy MPUMEHEHMIO UUPPOBbIX ABOWHMKOB.
LUndpoBoit ABOMHUK ABNAETCA PENANKOW NAAHUPYEMbIX WAU CYLLECTBYIOLWNX
NPOLECCOB, KOTOPbIM MOMET MCMNOAb30BaTbCA ANA NJAHMPOBAHUA M aHaNM3a
NPOLECCOB, a TaKXe 414 MNOHMMaHuA 3¢ddeKTa OT NPOEKTUPOBAHUA U
npegnaraembix UsSMeHeHUM.



validation process, keep up with innovation in the new digital world, and
reduce risks to patient safety.
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