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Abstract (189 wor ds)

The aim of this observational review was to revieands in deficiencies in clinical pharmacology sless by
analysing the frequency and characteristics obmatpjections (MOs) related to clinical pharmaceiios and
dose-exposure-response (DER) relationships in siseag reports for medicinal products submitted in
centralised procedures to the European Medicinengy (EMA). Initial Assessor (Day 120) assessment
reports between 2013 and 2018 were reviewed MO<ghawhcterised with regards to ATC code, orphansta
legal basis and type of molecule, major objectapid and if scientific advice had been sought dyrrin
development. 23% of the 551 identified Day 120 sss®ents contained at least one major objectiotectta
clinical pharmacology. Most common topics identifi@ere related to the pharmacokinetics in the targe
populations, analytical methods, dose-exposuresresprelationships, absorption, distribution, meliaim,
excretion, comparative bioavailability, and bioe@lénce issues. The importance of a robust cliri¢al
dossier in the assessment of marketing authorisafiplications was highlighted by the high frequeot
major objections. This review should provide valeahsights to ensure that aspects of bioanalytiwethods,
comparative bioavailability, PK in the target patidn and DER relationships are thoroughly addikgse

future marketing authorisation applications.

Keywords Clinical Pharmacology, Pharmacokinetics, Pharmgicanhics, Major Objections, Drug

Development, Regulatory

Abbreviations ADME: Absorption, Distribution, Metabolism, Excreh; ATC: Anatomical Therapeutic
Chemical; CHMP: Committee for Medicinal Products ftuman Use; DER: Dose-exposure-response; EMA:
European Medicines Agency; MAA: Marketing authotiga application; MHRA: Medicines and Healthcare
products Regulatory Agency; MO Major Objection; RBPhysiologically based pharmacokinetic; PKMO:
Pharmacokinetic Major Objection; PK/PD: Pharmacef#aiPharmacodynamic; SmPC: Summary of product

characteristics; WHO: World Health Organisation.
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1. Introduction (2541 words)

Regulatory agencies hold a wealth of knowledgethisdends itself to overviews of the submittedadiat
applications. The concise, high-level learningsrfriaformation contained in assessment reports firem
European Medicine Agency’s (EMA) Committee for Madal Products for Human Use (CHMP) could
potentially benefit future applicants for marketisgthorisation by identifying trends and measurbiglvcan
then assist in efficient regulatory approvals. Rresty, work has been published on the topics ténale and
factors influencing withdrawal or refusal of a aafised European drug application (Putzeist e8l12b;
Tafuri et al., 2013) or of applications via mutoatognition and decentralised procedures (Ebbeak,&1015).
The grounds for approval of a specific drug catgdgoe. orphan medicines) was further investigdigdPutzeist
and colleagues (Putzeist et al., 2012a); who tgbhdid that essential success factors are relatechievement
of clinical outcomes and to powerful evidence afickl relevance and benefits, but also to previouspany
experience with orphan medicines approval. Addéilyn two studies have investigated the role oéstific
advice in drug development, either related to camgmaze (Putzeist et al., 2011) or to measurabiexesf of
compliance with scientific advice (Hofer et al. 13). Balancing the desirable effects and undesrafiects of
drugs is the core task of drug regulatory agenstesn conducting a benefit-risk assessment. Asgidhtis
benefit-risk assessment a multidisciplinary teameggiired to assess quality, non-clinical, clinical
pharmacology, clinical efficacy, and safety aspe€ite dossier submitted as part of marketing @ightion
applications (MAAs). The clinical pharmacology sentof the dossier addresses many aspects including
(where appropriate) analytical methods, pharmaetiar{PK) data analysis, absorption, distribution,
metabolism and excretion (ADME), PK in the targed @pecial populations, drug- and food-interactiand
clinical pharmacodynamics including exposure-respqiDER) relationship analyses. The clinical effica
section of the dossier establishes dose selectidretiicacy results. The pharmacokinetic informatheeds to
be sufficiently reflected in the summary of prodolaracteristics (SmPC) together with adequateapiteans

and restrictions in case there is a lack of infdromaor where data warrants it.

During assessment concerns can be raised for i@t to address. A Major Objection (MO) is defihas a
situation where there is a significant probabitftgt a serious hazard resulting from a human mealigroduct
in the context of its proposed use will affect palilealth. Identification and reduction of majofidiencies
would translate into a more efficient approval e by reducing the number of questions raisedeautito
less resources being invested in the assessmargggraespecially if these deficiencies can be ptede(Ebbers

et al., 2015). The clinical pharmacology and chhiefficacy sections of the dossier are criticatisms of a
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MAA as they support the dose rationale in the tapggulation and special populations in additioptoviding

information on drug interactions.

This observational review is focused on determiniiegds in MOs raised in the clinical pharmacolsggtion
of assessment reports in the initial list of quegi These findings should improve the understanain
pharmacokinetics requirements in the MAAs. Addititty, the knowledge should reduce the identificatid
major deficiencies in future drug authorisationrsigsions and would limit the number of potentiahcerns
that raise uncertainties, potentially resultindiigher approval rates for therapies and fasteepaéccess to
relevant treatments. For this observational retiga objectives were formulated. The first objectivas to
determine the frequency of MOs related to clinf@rmacology. The second objective was to chaiaetére
pharmacokinetic major objections (PKMOs) in terrhtype of Anatomical Therapeutic Chemical (ATC) epd
orphan status, legal basis and type of molecul&l®HKssue and if scientific advice had been souginind

development.

2. Methods

2.1. Sudy design and marketing authorisation characteristics

A list of products for the specified period, 201318, were retrieved from the Medicines and Healthca
products Regulatory Agency's (MHRA's) databasedentralised procedures. Duplicate reports (i.estme
products, indication and data, but different marigetiuthorisation numbers) were excluded in ordexviid

double quantification of the same product and PKMOs

Subsequently, the adopted Day 120 overviews (imetulist of questions) were retrieved from CHMP's
Meeting Documents repository. The Day 120 repodeevehosen to be analysed as they represent thaloff
response of the CHMP to the applicant followingeassnent by the rapporteurs in the Day 80 assessment

reports and review by all other national membemnags and the EMA.

The following information was retrieved for eactog@uct for which PKMOs were identified: anatomicaim
group of the ATC classification, legal basis of keing authorisation application (i.e. new substana@rticle
8(3), generic — article 10(1), hybrid — article 30(etc.) and type of molecule (small moleculebiofogical

substance), orphan status (i.e. if designated a& &fghan medicine) and if scientific advice hadrbseught

from a regulatory agency (EMA and/or European mati@gency) during development.

2.2. Data collection and PKMOs characteristics
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The PKMOs found in the clinical sections of theadpvere extracted and analysed in a standardiseuhen.
Where the MO was raised under general clinical @sge.g. multidisciplinary, efficacy or safetyytht

included deficiencies related to PK or DER relaginip, the MO was still considered to be a PKMO.

In order to limit the risk of interpretation andogectivity, 4 researchers (JH, ARI, SC and EK) ipeledently
assessed the PKMOs and categorised them accoodirapte S1; disagreement was resolved by discussidn
consensus. Categories were based on the PK togéchfigs used in the Day 80 assessment reportg@llini
template rev.10.16), extra categories were addentemurther granularity was required. Each idegdifPKMO
was categorised according to the topics raisedefive if one PKMO referred to more than one catggo

guantification in two or more categories was alldwe

2.3. Dataanalysis

All data were entered into a spreadsheet (MS BExared)all analyses were descriptive.

3. Reaults

A total of 551 Day 120 assessments/products wentified in the years 2013-2018, with 120 (23%j)hefse

containing at least one PKMO. The trend over tharyés shown in Figure 1.

Of the products with PKMOs, half (50%) were nontap small molecules with the other half compriséd o
non-orphan biological (21%), orphan small moleclés9) and orphan biological (13%) products (Fighi8.

A graphical summary of products categorised by Ab@e is shown in Figure S2.

The number of topics identified are summarisedhgylégal basis the application was submitted u(iigure
2) and by year (Figure S3). For products with PKdi@all years (2013-2018), the proportion of pretduvere
submitted under the following legal basis: 8(3)WNaxtive substance (57%), 10(1): Generic (17%)3)t0(
Hybrid (9%), 10(4): Biosimilar (11%), 10(a): Welt&blished use (2%), 10(b): Fixed combinations (4%)
10(c): Informed consent (0%). The proportion ofitggdentified by regular (non-orphan) or orphaadurct are
presented in Figure S4. The number of products aviiKMO by type of scientific advice received byyand
legal basis are presented in Figures S5 and Sggetdgely. For products with a PKMO, scientific &y (EMA
and/or national) was received for biologicals (88%thall molecules (61%), orphan products (83%) reovt

orphan products (65%), respectively.

[Figure 1]
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[Figure 2]

4. Discussion

From 2013 to 2015 there was a steady number of P&Kfa@proximately 10-13%) on a background of an
increasing number of products being assessed, While 2016 to 2018 there was a decreasing tretigeirtotal
number of assessments, but the number of PKMOsased (31-38%) (Figure 1). This pivot point (20042)
with an increasing number of PKMOs probably reflextgreater focus on dose selection and estaliistuse-
exposure-response relationships (also shown inr&ig8) in regulatory agencies and industry, whiels w
highlighted in the EMA/EFPIA workshop in Decemb&2 (Musuamba et al., 2017). Furthermore, it réflec
the greater emphasis that PK and especially Phakiretic/Pharmacodynamic (PK/PD) modelling hasiin i
drug development. During 2016, the EMA'’s guidelarethe reporting of physiologically based
pharmacokinetic (PBPK) modelling and simulation vwessied for public consultation, with the guideline
adopted in 2018. It should be noted that this iaseecorrelates with the number of procedures eddr the
EMA'’s modelling and simulation working party, whiskeadily increased (activity reports 2013-2016
(European Medicines Agency, 2019)) from 59 procesdim 2013 to 105 procedures in 2016. These trarels
also reflected in the number of topics identifiedte year (Figure S3) with a general increasingdtiarthe
number of topics identified for pharmacokineticghe target populations and DER relationships. drtig
other topic where there was an increasing trendferaanalytical methods, possibly reflecting a rgaition of
more stringent criteria for bioanalytical methodidation. For many other PK topics (e.g. ADME,

bioavailability, and bioequivalence) trends remdistable over the sampling period.

Over the period sampled, there was a higher prmpodf orphan products with PKMOs (29%, Figure S1)
compared with the proportion of products with onpladgsignation (approximately 21%) submitted for
marketing authorisation to the EMA (European Matisi Agency, 2018a) and the proportion of orphan
medicines authorised (approximately 14%) (Europdadicines Agency, 2020) for the same period. Furthe
analysis indicates that a higher proportion of arptrugs had PK issues related to analytical method
characterising the PK in target populations, imgdiégnmunogenicity, drug-interactions and charasteg
DER relationships (Figure S4). This undoubtedjeet the complexity of drug development in orpdaumg
development, with many of these topics reflectimg $carcity of patients, limiting clinical studiest also the

limited knowledge about the rare diseases the rakgdioducts are aiming to treat (Bouwman et al2@0
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In terms of therapeutic areas, there were proptatip more PKMOs for nervous system products (Fegsi2).
This was partly driven by bioequivalence issue$ wéveral generic applications, but in addition ynafthe
PKMOs for this therapeutic area were due to issvitsadequately describing DER relationships otifyisng
the selected dose, reflecting the difficulties imntifying drug at the site of action in the CN®n&ersely,
there were proportionally fewer PKMOs for generati-infectives for systemic use reflecting the iroyped
understanding of PK/PD in this area. For many r&guy agencies, the clinical guidelines for anfeatives are
extensive and quite descriptive of the data requergs especially with regard to defining PK/PD tielaships
and the clinical trials required to support spedifidications (European Medicines Agency, 2018btl&ject

al., 2006).

The number of topics identified by legal basishaf application were generally as expected (Figurdl@arly
all bioequivalence issues related to quality Biopheceutics Classification System (BCS) biowaiveesen
attributed to generic applications and biosimilaisisues were attributed to biosimilar applicaticDther
bioequivalence issues (e.g. study design, statlsisues) were attributed to generics and fixadlsoation,
PKMOs for comparable bioavailability were generatjated to comparing formulations used during the
clinical development and the final commercial fotation therefore these were attributed to new activ
substance, hybrid and biosimilar applications. ésselated to DER relationships and PK in the targe
population were almost exclusively attributed tavraetive substances. All PKMO topics related teliattions

(primarily drug and food interactions) were linkiednew active substances.

The EMA has provided scientific advice since 1996fér et al., 2015) with approximately half of MAAging
preceded by scientific advice (European Medicingemty, 2009) and it has previously been shown that
compliance with scientific advice correlates witlARI success (Regnstrom et al., 2010). In this stuady
products with PKMOs were characterised with regémdbe type of scientific advice received, anditéd
conclusions can be made as data for all applicaifiod. applications without PKMQOs) was not invgated.
Results showed that from 2013-2014 approximatelfydigroducts with PKMOs had received scientifatvace
(Figure S5). However, from 2016-2018, the propartid products with a PKMO obtaining scientific acki
was approximately 75%; this advice was mostly otgdifrom the EMA either solely or also from Europea
national agencies (Figure S5). For products wittvigls, 88% of products submitted as a new activetanbs
had received scientific advice (Figure S6); whils tesearch cannot elucidate what any of the vedei
scientific advice was about (or if it regarded RKues), it does confirm that applicants had contébt

regulatory agencies, however it may also suggestctbmpanies may need to seek more nuanced advice o
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pharmacokinetics and DER relationships. On therdihad, nearly all generics and well-establishex us
products with PKMOs did not receive any scientifvice, this likely reflects the scientific evidenequired to
support a MAA for these products and that prodpet#ic bioequivalence guidance is available fongna
generic products. In contrast, scientific adviceswneceived for most biological and orphan produet#ecting
their complex and specialised drug developmentrprog. Nonetheless, previous research has inditdaaed
compliance with scientific advice is associatechvaitreduction in total number of MOs (Hofer et 2015) and
applicants are encouraged to start dialogue wilctimpetent regulatory agencies early in the prioaiudt

process development and get as much scientificads possible.

Limitations of this research are recognised. Ebeugh the assessment method of the PKMOs was highly
standardised, there is a risk of interpretation sutgjectivity, this was minimised by consensus agrent with a
panel of PK assessors. Furthermore, only centchfisecedures were investigated. This analysis thex@nly
focuses on drugs that require mandatory or optisalinission via the centralised route. It is kndlat most
drugs in Europe are licensed via other routesrfaéonal, decentralised procedures). Other outsomnmaild be
expected if data sets from these other proceduees eonsidered, as these procedures tend to bdarsattier
medicinal products such as generics or productsidted for a local market. Furthermore, only MO®tisat
Day 120 were included. It is acknowledged that oEBKeMO may be raised at later stages of the casél
procedure through the upgrading of ‘other concef@€s) and/or the addition of new MOs. Lastly, fbeus of
this research was to investigate MOs, thereforgesshat would normally be considered OCs, sudssags in
certain special populations e.g. patients with liepapairment or in vitro drug interaction studiesuld not
be identified. Similar to previous research (Pwgizet al., 2012a; Putzeist et al., 201 alnther studies are

needed to investigate what impact PKMOs have oniltiraate approval, withdrawal or refusal of MAAs.

5. Conclusion

This study identified and characterised PKMOs ity D30 assessment reports for medicinal productsstea
in centralised procedures to the EMA between 201B2918. The high frequency of MOs highlights the
importance of a robust clinical pharmacology dasisiehe assessment of MAAs. This includes ensuitiad)
issues related to analytical methods, comparaivavhilability, PK in the target population and DER
relationships are thoroughly addressed in MAAs. R&tgry agencies hold a wealth of experience and
information that can be utilised by stakeholderségking scientific advice. This may provide maneovative

approaches to drug development and should limihtheber of MOs raised during regulatory assessment.
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Figure Captions

Fig. 1 Number of products per year with/without a PKMQlay 120 of assessment

Fig. 2 Number of PKMO topics at day 120 of assessmemttiifisd by article it was submitted under. Only
showing topics where total count was 5 or morescadl years (2013-2018). No products with PKMOsewe

submitted under article 10(c): informed consent

Supplementary material captions

Table S1 List of study inclusion and exclusion criteria &Pl topics

Fig. S1 Proportion of products at day 120 of assessmdintdars: 2013-2018) with PKMO at day 120

characterised by orphan status (orphan vs non-nj@ral type of product (small molecule vs biolodica

Fig. S2 Percentage of products at day 120 of assessmtnbmivithout a PKMO categorised by ATC code

Fig. S3 PKMO topic trends by year (2013-2018). Only shayiopics at day 120 of assessment where total

count was 5 or more across all years (2013-2018)

Fig. $4 Proportion of PKMO topics (total of all years (202818)) at day 120 of assessment by orphan status.

Only showing topics where proportion was 5% or nforeat least one product type

Fig. S5 Number of products with PKMOs at day 120 of assest categorised by type of scientific advice

received prior to the marketing authorisation aggilon and year of assessment

Fig. S6 Number of products with PKMOs at day 120 of assest categorised by type of scientific advice

received and legal basis
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Study inclusion/exclusion criteria

Inclusion criterion:

Centralised procedures with D120 assessment report
dated between January 2013 and December 2018,

Exclusion criterion:

Duplicate reports (i.e. the same products, indicat
and data, but different marketing authorisation

inclusive. numbers) were excluded in order to avoid double
) ) ] ) - quantification of the same product and major
List of questions contain at least one major olpect objections.
related to PK or DER relationship deficiencies.
PK topics

1. Methods

5. Dose proportionality and time dependency

1.1 Analytical methods

5.1 Dose proportictyali

1.2 Pharmacokinetic data analysis

5.2 Tinpeddency

1.3 Evaluation and Qualification of Models

6trén and inter-individual variability

1.4 Statistical methods*

7. Pharmacokineticget population

2. ADME - Absorption

8. Special populations

2.1 Bioavailability

8.1 Impaired renal furani

2.2 Bioavailability — comparable (non-generics

8.2 Impaired hepatic function

2.3 Bioequivalence - quality/BCS biowaiver
justification

8.3 Gender (sex)

2.4 Bioequivalence (generics/fixed

combinations) 8.4 Race
2.4 Biosimilarity (biologics) 8.5 Weight
2.5 Influence of food 8.6 Elderly
3. ADME - Distribution* 8.7 Children
4. ADME - Elimination 9. Interactions
4.1 Excretion 9.1 In vitro
4.2 Metabolism 9.2 In silico
4.3 Inter-conversion 9.3 In vivo

4.4 Pharmacokinetics of metabolites

10. Exposelevant for efficacy and safety evaluati

bn

4.5 Consequences of possible genetic
polymorphism

10.1 Dose-exposure -response (ODER)ionship

10.2 Impact of immunogenicity*

Categories were based on the PK topics/headingsingbe Day 80 assessment report
(https://www.ema.europa.eu/en/human-requlatory/nismr@uthorisation/assessment-templates-guidanith

categories added for greater granularity market wait asterisk (*).




Highlights

e PK/PD aspects of procedures submitted to the EMA were reviewed.
e 23% of assessments contained at least one major objection related to clinical pharmacology.
* A widevariety of clinical pharmacology issues were identified.

» Indicates the importance of arobust clinical pharmacology dossier for applications.
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