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• Definitions
– Model-Based BE

– LAI

• When to use

• Principles of Model Based BE

– Types of Model-Based BE & PPK algorithms

– Types of clinical design (parallel vs. crossover)

– Incomplete vs. complete sample size

• Model-Based BE

– PK characterization of LAI with Population PK (PPK)

– Plan, differentiation, and validation of the approach (alpha error, power)

– Meet FDA through Product Development Meeting

– Conduct pivotal clinical study followed by proposed Model-based analysis

Model Based BE for LAI
Plan
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Model Based BE for LAI
Long-Acting Injectables (LAI)

3

Product BE IPG STD 
approach

Length (sample size) Model-based
(sample size)

Invega 
Sustenna

Yes SS parallel
Patients

~8 months 
(n~180/group)

2-4 doses Crossover
(RT/TR or RTRT/TRTR)

SS cross
Patients

8 + 8 WO + 8= 24
months

Invega 
Trinza

Yes
(08/21)

SS parallel
Patients

18 months minimum

SS cross
Patients

18 + 18 + 18 = 54 
months

Note: Feasible / Not really Feasible

Standard Approaches (90% power, 0.95 T/R) vs. Model-Based
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What is a Model Based BE?

Model Based BE for LAI
Introduction - Definitions

4

Ref.: Seng Yue C, Ozdin D, Selber-Hnatiw S, Ducharme MP. Clin Pharmacol Ther 2019;105(2):350-362.

When one uses a model for the pivotal 
assessment

•1995 Skin blanching guidance
•IVIVC
•Dose-Scale analyses
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Table 2 srtuatk>ns In Wh&ch model-based bloequlYalence asmssment should be advanugaous or pr1orttlZ9d 

Scenarios Adv.ant.ages 

Drugs 'Mth c~ PKs that may wiDtate 
assumptions of NCPT analyses: 

• Drugs with nonlinear PK and/or those that 
Brenoteliminatedbyrenal excretionor 
hepatic metabolism (e.g .. iron products)" 

Model diteclly .V::orporates and eddresses 
characteristicsthatarenor.relatedtothe 
fomN.dation performances allowing a more 
robust assassment of BE. In the case of iron 
products. this app,O&Ch seems to require a 
much lower sam~ size oompared to NCPT 
analyslsSI 

• NonlineiarPK 
• Not eliminated from the r.a~ing 

compartment 
• Endogenous homeostatic feedback 

mechanism 

- Enciog«lous products with an instable 
baseline due to home-0$1.atic feedback 
mechanisms (e.g .. l.eYOthyrllltine in 
healthy ~unteers) o, with hi(.h DiJMiline 
11alues relatiYe to the ohsenoed C,_ 

BiosiTiilars 

Study population does nol allow extensM:! 
blood samples to be colected 

• Pe(-filgrastim 
- Riluximab 
• Malimumab 

• Peciattic:stu::lies 
- Patient stuies" 

• Modelcan helpidemifyPKdilferencesthat 
could be due to the formulation ar,d/or to 
the biologic. 

• Model shcud allow better inten::hangea.bility 
assessmen111 

Allows study to n::tide fe¥11'8r i.arnples, and at 
var ious time-s afte1 dose administration (do 
nol need to be either after si~le dcse or at 
steadystate) 

Syi;temicdruge.Kposurenotdetectable • Utremely low bioavailabilitydrug and/or Differences in formulation performances can 
be eruacted from another medUTI {e.g... urine) 
or with PD measures on!y60 ==~ :~;9tf· alendronate 

- Product lor which PD paramaten, can be 
obtained without corresponding PK 

Topical. locally aetiig dermatological 
p,oducts besides corti::osteroids 

, ........ 
• Skin strippingdata65 Compari50fl of rate and e:ictent of e.Kposure at 

the srte of activity (skin) can be obtained, 
circurTM!Oling the need for large and 
indiscriminative equNakmoe &tudN!"S with 
clinical endpoints 

Complex modified release prowcts - Long-acting rmdifled re lease products, 
incbfill[qe,clables 

The dh,erse release mechanisms can be 
compared between t wo fomvlatioos. robustly 
differentiating them from beha'rior &hat is drug ...... - MuttiphaslC modif"ll!d release products 

• TransdemloJI fonrulations (e.g._ 
nitroglycerinf'.YI 

Situatioos where sample size needed to • Clinical equiyaleooe study with Yariabllity Us.qt s111'10er-simd clinical studriies). 
pass equivalence lilffts (e.g... 80-125) in clinicsJ end point response that is lOO simu&ations of studies with different end 
would be lneas.ible for an ethical. financ&I high greatt!f sal'Tl)le sires could be used lor 
ardfor technical reason ecpvBlence assessment 

IIE. llloe<IUIV31ena!: c_. peat; Plasma «oce:trallon: NCPT, noncomoartmertat R), DharrrD0IKl)'l:.nll;: PK.~ 

sccnarim proposed in Table 2. modd-bascd approaches ha,·c aJ. 
ready diown their usefulness.'° 

HOW TO ASSESS BIO EQUIVALENCE USING M ODEL-BASED 

APPROACHES? 

T he csscncc of this approach, when it applies ro drugi; th.u act sys­
rcmically, consists in the de,1elopmcm of a popuLldon PK model 
that iimuluncouily fits dua from both ten and reference prod­
ucts. Model paramcter1- rcl:atcd to formulation performances. such 
as ab_-pcM>fl rate coruuna (K¾ac and Kan:r) and a relative bio­
n-aibbi liry pan.meter (F.J, would be fitted to al low differences 
in rucandcncnrofei:posurc, whcrcuaJI other model Jll:r.lmeccn 
describing the d rug's S}'Stemic proccise, such as diuribucion and 
d imination (,-olumcs of di.mibutM>fl and cLtlranccs) would be 
identical for both formu l.cions. The model parameters that arc 
indicatITT' offormul.ition pcrformmcocan then be compared sta­
tinically in a manner arulogow to the comparbon of the AUC 
and Clllll metrics with ln-cr.lllsformcd T/ R n.t:ios and 90" Cls.. 
Fin.ally, as mentioned earl ier, the model-based rcsulCll also in terms 

of fitted OJ predicted c .... and AUCscan then be subjected. to the 
gmc statistical comparisons. 

The use of Ka as a potential end point for :u.JCMing biocqui.-­
alence is interesting bccau5e it b purely rcprcsc-rmuivc of the ab­
sorption rare. ln conrrast:, as aplaincd prn-iou.s.ly, Cmn derived 
by CPT analyiis is a function of variOUJ proccsscs, thcr-eforc, ii 
dOC"l not only reflect r.i tc. Howc-.·cr, theK1 on its own may bea pa­
runcter that i i; too discriminative fo r biocquh'alcncc compari10ru. 
Table 3 prcsc:nu: pot:cntfa.l metrio for biocquinknce that could 
be used for different types of system ically Kting produces and 
compares them co metrics that could be cktcrmincd by NCPT 
mcchodi. As prcvioudy noted. K1 nn sometimo be too discrimi­
native as 111 biocquiV'l.!cncc mecric, and it should. therefore, be con­
sidered in conjunction with the fi i tcd or prcdiacd C1111.1. 

Figure 2 iUu.!itraru potential biocquh•.alence metrics for dif­
ferent t)·pcs of products a nd for v.uious appro111chcs. Puametcn 
that could be compared to aucs1 biocquivalence arc tho,c in 
red, and parameters in grem represent product-spccifk p;iramc­
tcrs that may or may not be differ cm for cKh formuladon. 

VOLlK 105 NJMeER 2 1 rnRJAR'r' 2019 1--.qilfUrlllcom 
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What is a Model Integrated BE?

Model Based BE for LAI
Introduction - Definitions
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Ref.: Zhao L, Myong-Jin K, Zhang L, Lionberger R. Clin Pharmacol Ther 2019;105(2):338-349.

Pivotal information that uses QMM 
(Quantitative Methods and Modeling) for 
Generic Drug approval as alternative to 
conducting unnecessary and less sensitive in 
vivo studies

Example: PBPK virtual BE prediction versus 
clinical endpoint study for approval of 
Diclofenac gel (CPT Pharm Syst Pharmacol
2021;10(5):399-411.
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STATE Q ART -
Generating Model Integrated Evidence for 
Generic Drug Development and Assessment 
Liang Zliao 1, Myong-Jin Kim 1, Lei Zha.ng2 and Roben Lionberger1 

Quantitative methods and modeling (QMM) covers a broad spectrum of tool sets, of which physiologicalty based 
models and quantitative clinical pharmacology are most crltlcal for generic drugs. QMM has been Increasingly 
applied by the US Food and Drug Administration (FDA) to facllltatlng generic drug development and review, and has 
played a critical role In the modernization of bloequivalence (BE) assessment, especially for locally acting drug 
products, comple.t products of other types, and modified-release solid CN'al dosage forms. QMM has aided the 
development of no\'el BE methods, In vltr0-0nly BE approaches, and risk-based e\laluations. The future of QMM ls 
model Integrated evidence or virtual BE studies that can potentially provide pivotal information for generic drug 
appronl. In summary, QMM ts Indispensable In modernizing generic drug development, BE assessment, and 
regulatory decision makings. Regulatory examples demonstrate how QMM can be used in modernizing generic drug 
development, addressing challenges In BE assessment, and supporting regulatory decision making. 

New drug dcvdopmrnt and applV'flll dq)mm on 5Uffidcnt in 

tilnl and ffl virio C':Vidcocc to .support thc rc-:guhtory uscssmcnt of 
drug product cffbcy and uf~. A gcncricdrug is :.approvttl on i:hc 
h:uis of mffidc:nt drmomtntion of s:unc:nc:ss to the- to!TC':sponding 
brand drug. For both nc:w and gc:oaic drugs. qiu.nti t:l ti~ mcthods 
and modding (QMi.\1) an aa:cler.u:c product development :and 
rq;ulnory :uscsunmL 

For both new and gc:ncric drug dcvdopman and approval, a 
m:llhc:nt1tical modd can he: thought of u a lcnowledgc: mamge­
mcnt sptem that intq;r.ateS all Kknriflc undcrsl:lnding and aist­

ing cb.ta about a drug product rcg;uiling iu fonnulation. i11- r,itn,/ in 

iiw rclc:uc. plurmac:oidnetics{PK), plu.nnac:odynMnics{PD), :and 
dinical rciponscs. The discipline ofQMM both builds tMSe mod­
d,and lllC'5 them to aid both rcgub.tory and ~ dedmRJ. 

QMM In new llrug dewlopment 
Fu- nc:w d rug dcvdopmcnc. :u shown in Figutt I, the W.t:i :uh 
includes informi.tion and cbwcu collected through the full 
lksc:rn:h and IJn.clopment courK for the active phumJ.Ccutical 
ingrcdicnt (API), formulation. in ,,irro tt~ the t2tgd:ttl UJ t 'fw 

re~ profik:, animal i.nd hum:m d rug PK. PD rcsponsc{a), i.nd 
dinia.l rcsponsa in tcrmi ofboth efficacy and nfcty end points. 
Modds dcKrihi ng the rdatiomh ips he~n the W.tasen arc cap­
tured in the modd uis. The u.sc of W K modcb can accdcr.1.1t 
decisions and optimh:c the w lJcction ofdau.. 

Model-informed drug <k-vdopmcm (MIDD) under i:hc 
Prcscription Drug USC£ F« Amcndment:s of2017 {PDUFA VI) 
i.s an ini tiative to use these models to dccrcuc: dcvelopmcnt unccr­
Wnty, cott, time. amicion.s,and f:lilurc r:u:a. It ailni to inform drug 
cbdopmcntand ~ torydccuion mll.'.i.ngi by uWlgpopulacion 
PK. ~apowrc- respon.sc rclaOOn.di ips. and biological and 

statiniu.l moddsdcrivcd from prcdinical :md d ink:a.l cbt:1 50urcc5-
An MIDD pilot progrun "~ bunched with goa.ls to provide an 
opporruniry for drug devclopen and the- FDA to discuss i:hc ap­
plicuion ofMIDD-approachcs m the dcTdopmcnt and rcgub.mry 
cva.lu.uion of medical producu in cbclopmcnt and ptO¥"idc advicc 
about how puticubr MIDD approaches an he: used in a 'JIC'Cific 
drug dndopment prognm.1 Somc direct bcndlt:s of MIDD in­
duck reducing the n«d for additional clinical oi:ili and number 
of patkna for ,rudio;. guiding dose and dodng rcgimc:n sdection. 
and identifying patient popubtionL 

MIDD~,ui.powmul tool toguidcdrugtbclopmcntand 
can support dcvd opmcnt and raicwdccision mll.'.i.ng. Its scope of 
applicuion is do.sdy ttbtcd to cbt2 .sufficiency and the c:ncnt of 
e.:tisting ltnowlcdgc th:u: can be u.scd to in~prct data and cztnp­
olate rcAJlts. However, modeling and simulation gcncntcd cbta 
cannot a.lw:ayi ruh,tirutc for the required basic lcvd of dinia.l evi­
cknce in the nc:wdrugapplie1tion {NOA) lbgl:-

QMM In gener1c llrug de'ielopment 
For pctic d rugs. critial cvidcnc:c for appranl ii ~uiVll.­

knce (BE), u defined in 21 CFR ~ 314.J(b) u •rnc i.bscncc of a 
significant diffcrcncc in the racc and cncnt to which the active 
ingrcdicnt or :active moi~ in phu maccutical cquinlent:s or 
phumJ.Ccu tia.1 alternative, hc:comc, ~ilablc at t:hc site of drug 
action when adminhr.crcd at the wnc molar do.sc unda- similu 
conditions in an appropriatclyW::~gncd 1rudy." Guidelines for BE 
have bccn well establidicd lince thc enactment of the lliug Pric:c 
Competition and Patent 'Term Rcst<>Dtion Act (Hatch-Waxman 
Amendments) in 1984. ;i...• Applicanu must u.se the most J.Ccur:1.te, 
scn~ti~, and rcpnxluciblc mcthcxl avaihbl~ ID dcmonm-ate the 
hmnilwility (BA) or BE of a producL 

1DIYl!;kmf1f Qllanlltattw! MettlDdi;; anll Model .... omce (II Re-!.ean::fl Ed Standards. 01'llce Ill Generic Drugs. Q!ntEor I DI Olug['Valuall:Jn and 
Aesearttl. USfoodaOOl>f1'!.Admlnl5tratloo, Slllll!rSDf1ng.Mar}lanll. USA: 10f'TlceootRt!searthOOIISta003~5. 0fflce<llGenedcDn.lgs. centerftll"Drug 
EValttaUOn ana Rll!seara,. us fooa ana Df1'I. AllmlnlStrallDn, Shl!r ~ Maryiana. USA.. corre-sponoence: ua~ znao (l.laf"I.-Zha<Mt1'aa.nnl.&DV) 

Re<:ebea St-pt~ 1.1.2018; ateeple(I October 25. 201.8; 8<1¥aia onl-,e ~3tlon N~ 10. 201.8. dol:10.1002/1:pt.1282 

QNrAL~&TIDAPEUTICS IWI.U.IE:106NJMIEt21fEIIRUAllY2019 
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Model Based BE for LAI
When to use Model Based Approaches?

6

Beneficial versus Standard Approaches
• Model-Based renders establishing BE feasible from a clinical point of 

view
– LAI that would necessitate a study lasting many years versus a few months
– Study interrupted or becoming unfeasible because of COVID19 pandemic 

restrictions

• Model-Based renders establishing BE feasible from a technical point 
of view

– Standard approach is not robust enough (not discriminative/High alpha 
error/Low power)

• Model-Based renders establishing BE feasible from a monetary 
standpoint (important to make sure that generic products are cost 
effective)

– Example of PBPK VBE for diclofenac gel instead of Clinical Endpoint study
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Injectable products that are modified release, and that liberate the 
Active Ingredient over a very long time period

Model Based BE for LAI
Long-Acting Injectables (LAI)

7

Active Ingredient Elimination 
half-life

Normal dosing 
interval

LAI trade 
name

LAI dosing 
interval

Aripiprazole 75h QD Abilify Maintena 1 month

Aristada 2 months

Progesterone 20-30h (IM) QD Depo-Provera 3 months

Prednisolone 3-4h QD Depo Medrol Not clear
(lasts 1-2wks?)

Olanzapine 33h Zyprexa Relprevv Q 2-4wks

Paliperidone 23h QD Invega Sustenna Q 4wks

Invega Trinza Q 12wks

Risperidone 3h (EM) 
19h (PM)

BID - QD Risperdal Consta Q 2wks
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Standard Approaches (90% power, 0.95 T/R) vs. Model-Based

Model Based BE for LAI
Long-Acting Injectables (LAI)

8

Product BE 
IPG

STD 
approach

Min Length (sample size) Ex. Of Model-based
(sample size)

Abilify 
Maintena

Yes SS parallel
Patients

~7 months (n~180/group) 2-4-6-8 doses Crossover
(RT/TR or RTRT/TRTR)

Finish n>24 with 4w SABE
Duration: 2 to 8 months

SS cross
Patients

7 + 7 WO + 7= 21 months

Depo 
Provera

Yes SD parallel
Post 
Menop.

4 months (n~145/group) Not needed

SS cross
Patients

18 + 18 + 18 = 54 months

Note: Feasible / Not really Feasible
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Model Based BE for LAI
Principles of Model-Based BE
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Two main types of Model-Based BE

1) Virtual BE (e.g., 1000+ BE studies simulated with simulated patients)
1) Need a PPK model that is validated for this purpose
2) In practice, very difficult to validate. A model is never perfect, and often can 

be very far from being perfect for these complicated drug products.
3) Clinical sample size can be smaller than the ones needed for 80/90% power

2) Continuation “in silico” of dosing to the exact same patients for which we have 
clinical data, using a standard, conservative and conventional design

1) BE based on actual clinical patient data
2) Validation is simpler as one needs to only show that the individual fits are 

appropriate, not the population part of the model that would be used for 
simulations

3) Needs a clinical sample size that will result in 80 or 90% power
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Model Based BE for LAI
Principles of Model-Based BE
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Two main types of Population PK (PPK) analyses for Model-Based BE

1) FOCE/FOCEI (NONMEM®)
1) Most experienced tool for PPK
2) Many useful add-on tools exist to simplify and automate analyses (e.g., 

Xpose®, Wings®)
3) Limitations on the complexity of the model that can be coded
4) Convergence issues, NM-Tran translation issues

2) EM (MLEM, ADAPT5®)
1) No limitations regarding complexity of model
2) Robust results
3) Slower run time, convergence criteria can be misunderstood, few add-ons
4) Similar algorithms can also be found in Certara NLME, Monolix, and 

NONMEM tools  among others
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Model Based BE for LAI
Principles of Model-Based BE
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1) A Model based clinical design can be:
1) Parallel or Crossover
2) Limited sample size or complete sample size

2) Finding an alternative Model-Based study design?
1) Need a PPK model
2) Validate model
3) Compare multiple model-based designs to a standard conventional 

(but often unfeasible) design in terms of power and alpha errors
4) Propose Model-based clinical design

3) Submit proposal with future PK Analysis Plans to FDA as part of Product 
Development Meeting

4) Conduct the pivotal clinical study, the model-based BE analysis and submit
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Model Based BE for LAI
Principles of Model-Based BE
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How to Find an alternative Model-Based study design?

Previously published PPK model 
describing the Reference product
Yes                                              No Pilot data minimally 

replicating the reference

Create a PPK 
model with IOV

Something missing in 
PPK model? (eg, IOV)
No                           Yes

Test potential study designs for Power 
and Alpha error
Versus a feasible/non feasible 
standard optimal design

Model-Based  clinical design 
BE found

LEARN AND 
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Model Based BE for LAI
Principles of Model-Based BE

13

Characterize robustly the PK of both Test and Ref products
Parallel Crossover

Covariates on systemic 
parameters
No           Yes

Model pre-
specified, pre-
validated
No      Yes

Not great

Sample Size complete
No                           Yes

Virtual BE
1000+ studies

Fit individual 
clinical study 
data with PPK 
approach

Continue “in silico” 
dosing in same 
patients and 
determine BE in 
optimal dosing 
conditions (eg, SS, 
washout)

Model pre-specified, 
pre-validated
Yes                        No

Internal
Validation
For individual 
results

Internal
validation

Not great
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• A major advance for establishing BE of complicated products such as LAI 
• Different types are available
• Most robust and reliable arguably use:

– Crossover design
– Complete sample size
– Continuation of patients “in silico” to whichever study design is 

preferred to establish BE
•Model-Based BE are also invaluable for many other types of products for 
which establishing BE through standard approaches may be unfeasible.

Model Based BE for LAI
Conclusion

14

LEARN AND 

CONFIRM 



www.LearnAndConfirm.com

Thank you!
Murray.Ducharme@learnandconfirm.ca

Philippe.colucci@learnandconfirm.ca
Corinne.sengyue@learnandconfirm.ca
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