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Cleaning Validation for Biologics
Ccn cliei-nciive cpprocrches lo the

perr:.ritteC,r'ccceclo[:le Ceily exposure be iustif;ed?

ANDREW WALSH

any p.harmaceutical cornpanies ltave
adoptecl the peilritlecl dail"v expo-
sure (l'}DH), or acceptable daily expo-
sure (AllL,), to set clearling vatidatiorr
.limits. Some regulatory aggraias now

require its use, but sone companies cortinue to
argue against it, particularll.' biolctgics ntanufacturers.
Critics of the aprproach arguc that prrrrtcin molecules
arc tlcnaturcd or dcgratlctl by thcir clt:aninB pro-
(:c:iscs, and that altcrnatc ayrllroac'hcs shorrltl trt: usctl.
This artir:lr: cxplon:s whc:thirr altt:rnativc approar:hcs
to usilrg thc PDl,rADIl for dctcrrtrirring clearrirrg vali-
dation lirnits for hiologics can be justified, and, il' rrot,
rvhat approaches could be used.

In 2010, the International Society for
Pharmaceutical Engineers (ISPL) published its Risk-

),'1aPP (l{isk-based Ir.Ianufacture o[ Pharmaceulical
llroducts) baseline guide (1). I'his guide introducecl
ADl.. as the starting poirrt for evaluating the risk to
both patients aud ltrorkers in the manufacture of
pha rnacetrtical products in shared fa cilities.

Ft)A participated in the development of the ltisk-
\{aI'Ir guide. In particular, FDA wantetl to se'r' Risk-
\,faPP providc a tool that corrkl bc usctl to idcntify
highly hazardous cornpounds and alsr'l rvantt:d to
knolv lrorv this tool t:oulrl irr: ust'd for c:lcaning vali-
tlati<lrr (1). The [.uropc:an Jr'{cdicirtcs Agcrrcy (il\'lA),
\{irristry of Healt}r. Lahour artd \Vrlfarc (\,'fHL\V),

ANDREW WALSH, rv1 5., cr rer':r:i L-:r' Si:r .':-,i::rra ol,:r,:,. ,:,;l'
,-rr,-.1 o..r,e, r-,i 1-l u,,r'f,(-l3ur C;:r:r-r -LL u ,,1 t:,1,, ;el j ;q :-,; li li;
Plr:rlxr:,:,r,::r: i..li:lrilr1-;l'rr''rvi:'icrii-lill,crrr:Lrqi'l,l- F:::::lil;;
nrd, i.:,;:l-i rmri:l:ir,qrnr 1a an-
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Ja1:arrcsc Pharrnaccut icals
arrd Vedical Devices Agencv
(JPVfDA), l,\torld Health
C)rganization (lVHO), Healtl't
Canada, Swissmedic, Brazilian
Health Snrveillance Agencv
(ANVISA), and the Pharmaceutical
lnspection Convention and
Pharmaceutical lnspection
Co-operation Scherne (l'lClS) als<-r

revierryetl ltisk-Mal'l' and provicletl
corrrrrrertts (1).

The I{isk-}vlaI'P guide defirtes
the AflE as the ntost appropri-
ate and accurate assesstncnt of
tlre pcltent ial haz.a rd presented
tr: lrollr patierrl and worker frotn
Lhe cornpound heing manufac-
tured, because it is based on
all the availahle toxicological
and clinical data for tlrat com-
pound. In particular, the main
role of the ADE is for use in
informing the decision process
lor acceptinli ;t c<:mpoltnd into
a multi-product manufacturing
opcrati0n, or dcsignatin.g that
cornpouncl for tuanufacture irt a

tlcclicatetl facility basccl on tlte
risk it I)resents to patierlts arld
workers.

Subsequentl-v, [,M,{ issued a

guideline in 2Ol5 requiring compa-
nies Lo implement the use of PDEs

lbr assessing Lhe risk o[ cross con-
tan'lination in shared facilities (2).

I here is also a nelvly proposed
guide for publication by ISI'E on
cleaning process development
and validation (3). This guideline
also includes the ADE as a start-
ing point fclr cvaluating thc risk
involvctl in clcaning proccss(:s, to
inft.rrm ttrc facility r+rhat lcvcl of
clearrlirtcss is necdcd, tlrc level of
validatiorr lrecessary, and whether
further risk reduction efforts, in
addition to cleaning are lrecessary.

However, both the EMA guide-
line and tlre proposed ISP}, guide
contain langtrage that may be
seen to allow the use of alterna-

tive approachesf as lr>ng as these
approaches can be iustified.

Section 4.1 of the EM.{ guide,
Calculation of a Permitted Daily
H,xpostrre (PD[) (2), states, "the
use of other approaches to cleter-
mine health-based exposure limits
cclulcl be ct;nsitlerecl acceptable if
adeqrrately arrcl scierrtifically iusti-
fiet1."

0nce o polentiol

huzord hos been

identified ...

monufocturers musl

demonstrsle fhol the

cleoning process is

copoble of ochieving o

sofe level of the APl.

In atltlition, the follolvirrB
passage appears irr Ser:tion 5.3,
Therapeutic lv{acrornolecules and
Peptides (2):

"Tlterapeutic nqcromolccules
and peptides dre ktrcwu to degrode
urrd clenoture when exposecl to pH
extre,nes aild/or hent, nttd ttttty
becorne phartnacologically inoctive.
T he clconirug of ltiophornrsccuticol
mauufacturing etluiprnertt is tltpi-
cally perforrted wtder <:onditiotts
wlrir:h expose equipmetrt surfaces
lo pll extretnes atul/or heat, tvltich
ttoulel leail ltt llrc tleSrcttloliott artd
inat livuliltn oI pruLcin-bascd prod-
ttcls. [n vicl tt['tltis, Llw tlclcnninu-
tiott of hculth-buscil cxposurc limits
using PDE lintits af the tctivc snd
t,ttoct product trttty ttot bc rcquire d-"

s(ltNTrHCArtY
JUSTITITD ATIERilATIVES

Qualifications for acceptance of
scientificallv iustified alterna-

Cleoninc Vcrlidotion

livcs lo AD[./PDF, also appcars
irr lh is passagc, Ironr lhc pro-
poscd ISPL Clcarrirrg Proccss
f)et,eloprlent and Val idatiorr
Guide (3, 4):

"Othcr rtrctl,ods tnay bc justificd

for clcattittg lirnit dctcrtuittatiott
wltere prodncts or( demonstrsted
to be denatured .'tnd itractit,sttd
(1). De;;ralrttian orrd inartivotiou
strtdies should br perlbrtned ard
clocttmertlei, A risk anul.ysis should
clernons\rate ud ilotunenl lltal:
. Degrudulion has lctkt:n Stlua uni

llte exlent of thul ilegrudulion (us

dtgrudttiort tloas nai ttlv,ays a*:ur
(5 arxl6)

. Afty hy-products of cl<turtirrg
proccsscs dre ilot lrazsrdous (.7)

lnactiveiing an API vi.t tt .:leani,tg
process ctttr be on eff'tient wlty to
reduce the ltozarr.ls associated witlt
on API r.8)."

'l'his language rvas adcted t0 the
proposed ISI'E Cuide specificallv
for some biologics manufactur-
crs. Thcy havc arguccl that they
should bc cxcmpt from usir-rg thc
ADE to clctcrminc clcaning, limits
and assess the lcvcl of risk, sirrcc
tlreir clearrinS, l)rocesses denature
their protei n rnolecules,

lEditor's No[e: Lhe author oI this
article rras a principal r,r'riter of
the proposed ISPL cleaning guide
and orrly agreed to the irrclusion
of this rr'rordirrg with ttle stipula-
tions indicated by the references
(s-8)1.

Although notlling IormaI has
been proposed or justified, some
of the possible alternatives dis-
cusst:d amonH biol<-lgics manufac-
turqrs havc includctl using:
r Watcr frlr injr:r:tion (WFI)

spccificatiorrs
. Default lirnits suclr as 10 rlrrrr

/qr
. Process Capabilit,v of the

cleaning process (9)
. Thresholds of Toxicological

Concem (1'1'C) (10).
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If the hazard that has been
iderrtified is arr API, tlren this
general equatiorl can be further
refirred as:

Risk = f (ADE\pr, Exposuren-,)

(Where the ADEIpI provides
a measure of the severity of the
potential hazard that the Alll pres-

cnts in l<-:ng-tcrm exposurc).
l{hilc thcrc may bc scvcral

cliffcrcnt potcntial hazards asso-
ciated rlith cleaning, suctr as

cleaning agent residues and
rnicrobial grorvth, the hazard of
principal concerlr is the poterrtial,
unwanted carryover of API(s) ol
the product. So, first and lbremost,
the risk associated rvith tlre API
must be evaluated.

Rtst( tvAtuATto]r
rN cr.tAittt{G vAuDAI|oN
tn the proposed lSl'!,'s "Cleaning
I'rocess Development and
lralitlati<-ln" guitle, the principal
mcans for r,valuating thc potcn-
tial risk prcserntcd by an API is
t() mcilsurc thc proccss capatrility
(CltkiPpk) of tlte cleaning l)roccrs.
Tltis alryroaclr llrovides tlrc ability
to quantily the effectiveness of a

cleaning process for a particular
compotrnd so its level of risk can
be evaluated. Irrocess capabilitv

Cleoning Volidotion

also allorvs the clean irrg process
to [re conrpared to other t:leaning

llrocesses lor other compourrds.
In additiorr, process capahilitv
provides a means for predicting
the potential for possible future
failures of the cleaning process.
Figure 1 compares truo cleaning
processes.

'l'he graph on the left shor,r,s a
clcaning process that is effcctivc
and capablc, lvhcre thc potcnti;rl
ibr failurcs is 0.00 uut of a rnillion,
or <1 llart pcr 10O,O0O,000 arrd
a Ppk of 418 (>>> 6 Sigrrra). Thc
gral>h on the right sltows a clearr-
ing process that is not rrery effec-
Live and not very capable, lvhere
the potential lor lailures is 1,1,994

oul of a million (1.5?4) and a Irpk
of 0.34 (< t Sigma).

Iror the cleaning process on the
left, the level of potential risk is
extremely lolv and requires no
further action. The cleaning pro-
cess depictecl on the right, horv-
cvcr, rtrquircs improvcmr:nt. If it
r:ould not bc improvrrd, c<-lntinu-
ous monitoring would prr:bably
hr rcquircd to crrsurc that safc
residuc levcls rrycre corrtinuously
achieved, or the cornpourrd wttuld
have to be manufactured in dedi-
cated equipment.

Figure 2 shorvs tno graphs of
the relationship of three cleaning
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Fld|rre 1: Comparison of cleaning process capabilities.

The r,r;ord ir-rg in tlrese docu-
menl-s raises llvo quesli0rrs:
o Sl'rould regulalors allor,r'

biologics nranulacturers to be
exernpt frorn using the PDII/
AD[, to set limits for assessing
risk?

.lf so, what alternative
approach(es) should they be
allor,r,ed to substitute?
The anslvcr to the first qtrcstion

lics in thc clcfinition of risk, ancl

thc way,' that it is asscsscd.

DtHlflt{G RtsK

LIV{A also rvrites in Section 1, the
Irrtroduction to its 201.5 guideline
(2): "Cleaning is a risk-reducing
measure...." l'hus, EMA recoglizes
that clearillg is rneant to reduce
potential risk due to exposure to
"pharmaceutical sLrbstances," espe-
cially Al)ls.

Both l{isklr'lal)P and the pro-
posed ISI'E Cl.r:aning Process
Developmerrt ttnd Validation
Guide arc bascd and strrrr:turccl
on Intcrnational Confcrcn(:c on
Ilarmonization (ICII) Q9 (11). ICII
Q9 providcs a frarttcwork urtder
rvhich risk can bc quantitated, so

that it carr be accepted, nritigated
or controlled. Ior these purposes,
ICH Q9 defines risk as:

Risk = f (Hazard, Exposure)

Pracss Perfomoce Cip.bility of f@hAical Cleanitg Procedure
CrlolaboG Bried s Loglogrsbc Ostru$on lqcc.i

Process Performance Capability of flypothetical CleanSng Prucesc
Cakulnt,ons Eied on l-ogiogrcrc 0EihbutEn Model

iflide Marqirr ot Safely

#

t-T-"Tl
I ', 4r-r It,-.,,r
Tk--_--, 1

I r!,. .,., II ,, .:..., i1..".,1
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Figlura 2: Cleaning processes with limits above and below detection limits.
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The Future ot Bioprocessing

process para meters (acc-eprta nce
limils, residue daia, and linrils of
detectiorr) for two differerrt clean-
ing situations. Tlre hox at the
Ieft depicts a cleaning scerrario
in lvhicll the residue data is nell
belon- the PDE/ADE-based accep-
tance limit, but above the analyti-
cal limits of detection so it can be
measurecl, and demonstrates a f;lir
"ntargin of safcty." Thc tro.x <;n thc
right shurts a clcaning sccnario in
rvhich thc PDE/ADE-bascd acccp-
tance lirnit is below the artalytical
linrits of detection. Ir.t this case,
the rnargin of safety canntlt be
dernonstrated.

Irnproving the analytical
met-[rod associaLed l'riIh these
approaches should be the first
course of action. But in some
cases, for example, witl'l highly
hazardotrs compounds l,v'ith ver-v
low lirlits, it may not be possible
to rnake such improrrements.

Ilorrever, tloes the situation
shown on the right in Figure 2 pro-
r.ide no value? Upon careful con-
sitleration, it shotrld bc rcalizcd
that rcsults lr:ss than thc limits of
tlctcction may still bc ablc to dcm-
onstratc tlrat tlrc clcartirrg I,r(rccss
is capatrle of achieving perhaps
7Oo/o, or 80% or 9O(Yo af the PD[/
AD[,-hased acceptance limit. This
information nla-Y not cross the

finish iirre f ronr a classical t'lean-
ing validation slandpoint, [:ul it
should not be dismissed errtirel,v.

TJre scerrario on []re right can
occLrr with some (hut not all) bio-
logical products. .,\s stated previ-
otrsly, biologics manufacturers
have argued that the PDE/ADE
shotrld not apply to them, because
the cleaning processes denatnre
or dcstroy the molcctrle ancl it
is no longcr activc or prescnt at
all. Is such an arglrrncnt valicl?
Considcr ttrat a sirnilar arg,unrent
could hr ntatlc by, trnall rnolc-
cule manufacturers, who could
argue that, since their cleanirrg
processes remove compounds, or
their produc[s a.re freely soluble
and eas.ily washed awa1z, Lhen Lhe

PDL/ADL should not appl.v- to
thern either. Obviously this woulcl
not be an acceptable argument
for small rnolecule manufactur-
ers and it shouldn't be for Iarge-
moklcule manufacturers either.
Sm al l-molr:c:ulc manufacturers
arc rcqrrircd to dt:monstratc that
rcsiducs clf thcir APIs havc bccn
removcd to acceptablc levels arrd
the same should be required of
large-molecule manufacturers-

Once a hazard has been identi-
fied b-v the manutactllrer, such as

the API (and biological molecules
are also APIs), it is incumbent

Cleonino Volidotion

upon lhe manufacturer [o denr-
on\trate that the risk ot' patieltt
exposure to residues of that ,,\PI
are at a safe level. This responsi-
bility cannot be argued away by
claiming exemption and invok-
ing other criteria such as Wl;I
specifications, or tbcusing onl,v on
shora'ing that total organic carbon
('l'OC) data arc in statistical cc-rn-

trol frum batch to batch. Instcacl,
ntamrfacturcrs rnust tlcrnorrstrate
that the clealrilrl3 process is capra-

ble of achieving a safe level of the
API.

Up until nolv, the condition
sittr clutt tton ior clearring valida-
tion has been three corrsecutive
rurls of passing snab/rirrse data
(including dirty and clean hold
times too). 'l'his ma_v have been
sufficient evidence in the past, but
in the 21st Century, and in a sci-
ence- and risk-based lvorltl, is this
rt:ally rnough to makc tht: clainr
of clcani ng validation?

HAZARD IDTNTIIICAIIO]I
A}ID RISX ANATYSIS

Thc proposctl ISPF, (|k:aning Pru*rss
[)eveloprnertl and lralidcttion guidt:
also yrrrlvidcs syrecific guidancc
regardirrg how to go ahout iderrti-
fvir:g lrazalds and arralyzing the
risks associated with them (1). It
shotrld no longer be acceptable to

i8 BioPharm lnternational eBook October2015 www.biopharminternationa l.com
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sinply designate satisfactory API,
cleaning agent, and n.ricrcl/end<;-
toxin slvab clr rinse rcsults as thc
critqria for clcclaring a clcaning,

I)r(x:c\s "v;r lidatcrl."
Tlrc proposcd Clcrrrring ProLr,r,r

Davaloltrnanl toul Validulitttr Guidc
directs tlte user to eralttirte
al1 possible sources rrf hazards,
.inclLrding Lhe lbllolving, and talie
sleps to elirninate or nitigate
them (3):
r (lhemical
r \licrobiological
. Design (identif-y potetial issues

n ith equipment cleanability)
. l'rclcedural (identify issues

lvith standarcl operating proce-
durc lS()Pl failurcs),

Clcarly norv, clcaning valirla-
tion shorrltl ircc:ontc a holis-
tic apllroaclr, addrcssirtg all tltc
sources of prrtential ltaz,ards- Tts

scope should include measures to
reduce or mitigate assocjated rislis,
to achieve the highest degree of
safety for the patient.

Likewise, l"DA's process vali-
clation gr.riclance clcfine s procc$s
validation as "thc collcction aucl
cvaluatitrrr of tlata, frour thc pro-
ccss dcsign stagc througlr corn-
rnercial production, rn,ltich
estahlishes scientific evidence that
a [)rocess is capable oI corrsistenLly
delir.ering qualitv product" (12).

Consider also LhaI t]re scenario
illustrated on the right in Figure
2 is not very differenL lrom the
challenges found with sterility
testing. lt has long been recog-
nized that traditional sterility
testing has never been able to
tlemorr.strate sterility to any sig-
nificant degree. Sterilitr.' testing
has never cclme close to crossing
thc finish linr for valitlation. It
is only throrrgh thc aggrrgation
of succcssful stcrility rurts witlr
()ther sulll)orting sources ol data
(suclr as environ nlental nronitor-
ing, media fills, roorn pressure
differentials, golvning 1:ractices,
operator trairring, etc.) that the

Cleonino Volidotion

nrantrl-acltrrcr oI ascpl ic ;;rodtrt:ts
carr convincc a rcgulalor llrat t].rc

level of risk is lolr. enouglr to be
acceptable. FDA, in its guidance
on validating sterilization ( l:l)
consider:s everl aseptic processes to
be validated r,vhen:

"Dota deriyed fi'atn experirneuts
artd cuttrol procedures ollow cottcltt-

siotts t<t be drnwrr about the prob-
abilily" oI nortsterilr pruducl unils
(sltrility ttssuriltrt:( lrvtl). BusrtI un

lhe st:itttlif'it wtliclily ol' llrt' ltrolo-
cols nrtl rnelltods, us vtell us tnt lltt
si.:iertific vtrlitlitt, ctf tlte results tud
t:oru.lttsiotts, tlrc ogenc1, t:tttu.Ittdcs
thut the efficot:r, of tlut stcrilizatiort

llroccss is vtlidoted- Wlrctlrcr a drug

ltrrtduct is sterilized lsy' a tertttitttl
sterilizotiort pt'ocess or bv ott ersep-

tic fiilittg process, the elfiiact oftlrc
sterilizstiott po&ss ma,v lte vslidated
t+itltottt tlte matrufttcture uf thrca
prod u t'ti or t hatch es."

Ilerhaps in the circumstances
dcscribccl abovc, an approach
shotrltl bc takcn similar to that
usctl irr ascptic proccssing: thc str-
rility assur;rtrcc lcr,cl (SAL)-arrd
start t() inrJtlerner:t a cleaning
ilssurance level (CAL) approach,
where mtlre lhan jusL slvab and
rinse data are part of the vaiida-
tion (See Table l).

DEIERITIINIilG A

cttANlllG AssuRAlt(t ttvtt
Holv woulll CAL be cletermined? A
general defirrition of 5;\L for ster-
ilization processes is 10 '' reflect-
ing the probabilit-v of a single unit
crr.rt oI 1,000,000 being non-sterile
after it has been subiected to ster-
ilization. For cleaning processers, a

gcnclral dcfinition for ClAL could
bc 10'o rcflccting thc protrabilittr
of onc singlr: cnrr out of 1,OOO,0O0

heirrg 2 tlrc rrraxirnurrr safr surfacc
residue (N4SSR) after it has beerr
subiected to cleaning.

CAL ccruld also he extrapolated
to tl're probabilit,v- of not more

Table E Comparing aseptic process validation to cleaning process validation.

Besidue testing (s,,xab, rinse. etc,)

Denaturationidegradationldestruction studies

Hinseability studies

Equipnrerrl cleanabilitli design reviurv

Nh

Facilily and equipmenI desigrt

Evidence ol [ormal rrrritten procetlures Formal reuieur ol clearring procerlures

Overall manufacturing operation
(llo,,'i process controls, etc.)

,.terall manufacturinq operation iseparation of dirty ar

clean equipmenl. process [0ntrols. control strategv)

Periodic verlfication {through simulated runs) Periodic verification

lvloniloring of critical process parametBrs and quality

attributes during r0ulif e 0perati0n

Monitorii'rg of critical process parameters and qualif+

attributes during routi ne operati0n
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lharr onc dosagc unit cxcccding
Lhc hcalLlr-hastd limil" (as applicd
to a single unit) out of one rrrillion
units processed cln shared equip-
ment surface, Interestingly, the
idea for CAL already exists in the
medical devices indttstry (14;.

[,xperimental data from
the Center for Pharmaceutical
Cleaning Innclvation have shown
a clear inversely proportional rela-
tiorrship betlveerr residue levels
arrtl tirrre cluring a clearrirrg pro-
cess similar to that of the rrtodel
shown in Figure 3.

Figure 3 shows a graph of a

hypotlret ical cleani,'rg process
t hat exh ibils a log-10 reducI ior.r

irr residue lerrel over tirne (nr in-
utes). (Note: tlris graph is strictly
for illustration purposes only'. The
belravior of each product dnring
cleaning rnust be determined indi-
vicluallr; because e\rery product
rvill behave uniquely.)

'l'he graph shows a hypotheti-
cal clcaning proccss that starts
at timc zcro vi,ith 10,000 pg/cm'
clf resiclnc and, aftcr four min-
utcs, ar:hicv(:s ir hypothctical
)4SSR lcvcl of 1 pg/clnr of rcsidue.
After eight ntirrutes, the clean-
ing ;rr<:cess has achieved a 4-1og

reduction llelow the MSSR. This
behavior is quil.e similar l.o n'hal" is
seen in sterilizaLion processes.

L)ne impor[arl. aspecL oI such
a graph is that, nrith such data
in hand, it r,l'ould allow manufac-
turers to predict rthen the,v n'ill
achieve their safe lirnits, enabling
them to design etficient cleaning
cycle times.

But morc importantll., for thr:
purposcs of this rliscussion, tlris
information would also allow
rnanufacturcrs to de rttorr strate
that they have a sufficierrt safetv
rnargin in clearring rrlren analyt-
ical nrethods cannot detect lorr
enough to demonstrate removal
of residues at the Ir{SSR and can

provide a nlethodology for estab-
lishing a CAL. Some readers may
cornment that studies strch as

shotr.n in Flgure 3 are too variable,
or do not reflect real-world clean-
ing situations; honever, the very
samc can bc saicl of thc stcriliza-
tion studics that arc in currcnt usc
(1s),

Takerr a stcll furtlrcr, this intirr-
ntation carr hc cornllirrccl wittr
the partial irrft.irrrtatiolr olltairred
from the analytical results from
the right side graph in Figure 2 tt>

arrirre a[ a ner4, probability of the
level o[ residues. Holv can n'e do
tl'Iat? Ba),es 'l'heorem can be used
to compLlte this new probabilit.v.

APPIYIilG BAYESIAII

SIATISTI(S TO TVAI.UATI

RISI( Iil CtEAt{ING VALIDATIOI{
ICH Q9 states that "risk evalua-
tion compares the identified and
anal,vzctl risk against givcn risk
critcria" (l I), Thc samc approar:h
is takcn in thc propcrscd ISPL
Clcanirrg Guidc.

Irr the case of cleanirrg fol APIs,
the given risk criteria are their
PD[./.AD[,-based acceptance cri-
teria. The analyzed risk, in this

case, is based on tlte data f rorn
the analytical method combined
r,'*ith the data from the CAL deter-
mination. Both provide a certairr
level of assLrrance that the clean-
ing process has reduced residues
to a safe level. \,Vhat we r't'oulcl
likc to knorv is ho\.l, to combinc
thcsc tlata to arrive at a ncn, lcvcl
of probatrility tlrat thc clcarring
Irr()crss tras reduccd rcriducs to ;r

safe level. Bayes Tltertrern allows
us to do this.

Bayes Theorem starts ra-ith prior
knol,r,ledge ald combines il. with
nelv inlbrmaLion to arrive aL pos-
terior knowle<lge. Bayes' theorern
can be stated mathematically 35

the following equation (16):

I)(0ldata) = l'(data l0l x I'(0) 1

P(data)

trVhr:rc, 0 rcrprcsents thc
paramctcr cvaluatcd (t:.9., avcr-
agc surfact: rcsiduc Icvcl, clean-
irrg process capatrility, ctc.) P(0) is
"llrior krrowledge" (wltat is krrorvr'r
al:out 0) before data collection,
P(data l0) is the likelihood func-
tion, which assesses the probabil-
ity of the observed data ("ner,r'

Cleoning Volidotion

FlElrre 3: Hypothetical model oI cleaning assuranc€ level determination.

Fitted Line Plot fc Log of Residrc Level vs Tinre
log(mca/cn€) = 4,000 - l'000 Tirne
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in[ortnatiot't") givctt a value of
e, arrd P(eldata) is "pottcrior dis-
trihution," rvhich plovides infor-
mation on the distribution of
0 given the data and P(data) is
the probability 4i51ri5trtion for
observed data.

If the analytical data are substi-
tuted for the prior knor,vleclge, and
the CAL fclr the neur information,
in tsa1,es' ecluation, we can calcu-
late a lew probabilitl,' (posterior
krrowleclge; that the clearring, pro-
cess has reducec'l residtres to a safe

lcvel. Tf tlre arralytical method carr
denrolrstrate that 909/o rrf the res-

idues have been renroved dovvn
Lo the PDIliADfi-based acceptance
Iimit and the CAI. determinatior.r
has shown that tlle cleaning pro-
cess carl reduce residues after 8
mintrtes by 10 ' then a nerv prob-
ability ol meeting the PDE/ADE-
based acceptance criteria can be

calculated.
-l'his analysis can be extendecl

firrthcr, lvith ;rclclitional rlata such
as can bc providccl by protcin
dcnatnration studics or protcin
dcstruction studics (c.g., using
cornl)()unds suclr as sodiurn hypo-
chlorite rlr ltydrogerr lleroxide).
Such new infornratiorr can be used
Lo increase understanding of the
probabiiity thaL a given cleaning
process has reduced residues to a

safe level.
In addition, evidence must be

provided that the degrading agent,
that has beerr shown to be effec-
tive in principle, actually does
reach all product-r:ontact parts
of thc ctluipmcnt (.rcc crrlr.ripmcnt
clr:an ahility r(:viclr,, Table l).

Sonrc rcadcrs mav rvondcr horv
prr:bahi litics from such strrtlir:s
can be dctcrrrrirrcd, hut arrything
can bc rncasurud rvitir a quarrti li-
able degree of confidence; ntany
within the biopiralnlaceutical
industrv may he unfamiliar with
these approaches i17).

Rt--adcrs should also notc lhal
regulators al rcad1,- acccpt Ba,vcsiar.t

Anal,vsis for clinical trial stud-
ies (18). Indeed, FI)A states, "the
posterior distribution that has
been obtained today mav serve
as a prior distribution when more
data are gathered" (18). l'he same
tsayesian approach can be used
with the sources uf additional ctata

clescribecl above.
ln short, some biologics manu-

facturers have proposecl tlte use of
alternatives including WFI specifi-
catiorrs, .lOpprn lirnits, Thrcslrolds
of Toxit:ologir:al (ioncerrr (TTC),
or, sirnply, irnJrroved process con-
trol as a wa),' around using Pl)f./
ADL-trased acceptance limits for'
cleaning validation rvhen linr-
its are belolv the limits of detec-
tion of the associated anal-vtical
methocl. None of these alternative
approaches have been adequately

iustifiecl, and, more impr)rtantl),f
thcy all fail to adclrcss the tlncs-
tion pclsctl by thc hazard idcntifi-
cation of thc API, lvhich is "IVhat
is thc risli to thc paticut frurn rcsi-
dues of this APT?"

(0]tcr.ust0il
The AD[,/PDE-based Accel:tar:ce
Linrits cannoI be avoided and
musI be addressed, lr'helher for
small or large-molecule APIs and
drug products.

ADL,/l'}DL-based acceptance lim-
its can be evaluated using existing
data, through tsayesian statistical
analysis, and use of the concept of
clea ning trssu rance level.
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