Open Access Journal of Clinical Trials

Dove

REVIEW

The European Medicines Agency Clinical Data
Website Enables Insights Into Clinical Development
Timelines And Strategy

Sarah Lehmann®'?

René Allard (9?
Yvonne-Beatrice Boehler'

'Faculty of Applied Natural Sciences, TH
Koeln - University of Applied Sciences,
Leverkusen, Germany; 2Griinenthal
Innovation, Drug Development, Data
Sciences’ Griinenthal GmbH, Aachen,
Germany

Correspondence: René Allard
Herrengrabenweg 34, Basel 4054,
Switzerland

Tel +41 6176 824 0864

Email u-allard@t-online.de

This article was published in the following Dove Press journal:
Open Access Journal of Clinical Trials

Purpose: The clinical study report (CSR) documents of a full clinical development pathway
(CDP) have been publicly available on the European Medicines Agency (EMA; Amsterdam,
Netherlands) clinical data website (ECDW) since October 2016. Our analysis aimed to
determine the extent to which the available clinical development program could be assessed.
Methods: The documents available on the ECDW up to April 1, 2018 and the corresponding
European Public Assessment Report (EPAR) were reviewed. Information extracted from the
available CSRs focused on dates, phase of development, module leaf structure, and number
of protocol amendments. Data analyses included generalized activity normalization time
table (GANTT) charts and network analyses.

Results: Of the 86 available CDPs, 55 were initial marketing authorizations covering a
diverse range of clinical developments from generics to advanced therapy in the electronic
common technical documents (eCTDs). Non-redacted dates were available in 444 CSRs
from 15 CDPs to perform retrospective project clinical development management analyses.
In these 15 marketing authorizations, the median timespan to submission was 9.3 years
(range: 6.2-22.2). The timespan within these 15 clinical developments ranged from 5.9 to
21.4 years (median 8.3). The median time to first-subject-in in the first controlled clinical
study pertinent to the claimed indication (CCSPCI) was 4.4 years (range: 0-12.1); the
duration of the CCSPCI ranged from 2.4 to 16.9 years (median: 4.4; interquartile range:
4.2-7.0). Four CDPs had concurrent subject enrolment, while seven CDPs had seamless
study designs. Subject participation ranged from 52% to 97% of a clinical development
timeline.

Conclusion: The publication of CSR documents by the EMA has enabled insights into
timelines and project management aspects of the clinical development of medications.
Keywords: drug approval, clinical studies as topic, health information management, EMA
Policy 0070, information dissemination

Introduction

The International Council for Harmonisation (ICH) E8 provides guidance for
sponsors regarding the process of clinical development of pharmaceuticals for
human use.! The target product profile (TPP),” a Food and Drug Administration
guidance (FDA), provides guidance for a drug development program in terms of
target product labelling concepts. It is frequently used within pharmaceutical
companies to set individual milestones that need to be reached in the critical path
of therapeutic development. In addition, the TPP permits an efficient dialogue with
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the competent authorities during the drug development
process. A clinical development plan and TPP can increase
the probability that safety and efficacy data are available in
a timely manner and decrease the total time (ie, the critical
path) of drug development.” On March 16, 2004, a report
entitled “Innovation/stagnation: challenge and opportunity
on the critical path to new medical products™ was released
in the United States of America (USA). This report sug-
gested that there was substantial opportunity to increase
the pace of discovery and development of new medical
products.®> There are few publications focusing on the
actual clinical development timelines. A communication
regarding clinical development timelines in the USA was
published by the FDA in 2017.* However, similar infor-
mation from Europe is currently not available, possibly
due to the different authorization procedures (ie, centra-
lized vs national procedures).’

Project management is an integral part of clinical
development. Regulatory Intelligence attempts to integrate
relevant external knowledge into the internal processes of
the company.® The competitive advantage and profitability
of an organization are determined by identifying drivers in
the value chain.”® Integration of knowledge has been
made possible by the European Medicines Agency
(EMA; Amsterdam, Netherlands) clinical transparency
initiatives, which have made an unprecedented amount of
data available to the public. Article 12 of Regulation
(EEC) No. 2309/93 required the EMA to make the assess-
ment report of a medicinal product, including the reasons
for granting marketing authorization, available on “request
from any interested person.”® Since 2004, the publication
of European Public Assessment Reports (EPARs) is
required for withdrawn or refused medicinal products,
and must be publicly available.” The EPAR provides an
overview of the clinical studies submitted to the EMA for
marketing approval and summarizes the evaluation per-
formed by the agency.'’

In 2012, the EMA and EU regulatory bodies pub-
lished “Open Clinical Trial Data for All? A view from

the Regulators,”'"

and subsequently held a “Workshop
on-clinical-trial data and transparency.”'? After work-
shops and a consultation process with stakeholders, the
“European Medicines Agency policy on publication of
clinical data for medicinal products for human use”
(Policy 0070) was issued based on Article 80 of
Regulation (EC) No. 726/2014."> EMA Policy 0070
was adopted on October 2, 2014 with entry into force

on January 1, 2015.'%'> The first dossiers were

uploaded on the EMA clinical data website (ECDW)
on October 20, 2016.'"® Detailed guidance on the
implementation of Policy 0070 can be found in three
external guidance documents published in 2016 and
2017.'7'” EMA Policy 0070 requires that “As a gen-
eral rule all clinical reports submitted as part of a
regulatory application will be subject to publication”
on an EMA website.'” The fourth guidance published
in October 2018 was not relevant to this analysis.
Documents from Modules 2 and 5 of the electronic
Common Technical Document (eCTD) are accessible
on the ECDW. For the first time, a regulatory authority
has made clinical study reports of a full clinical devel-
opment pathway (CDP) publicly available. The EMA
reported that, by December 31, 2017, a total of 54
procedures were published, including 36 initial market-
ing authorizations (IMA) and 18 extensions of indica-
tion. These 54 procedures comprised a total of 3279
documents and >1.3 million pages.*°

The Yale University Open Data Access (YODA)
Project”’ and ClinicalStudyDataRequest.com (CSDR)*
are two of the earliest platforms used by commercial
sponsors to make documents and data available to
researchers prior to the EMA initiative. The publication
of the clinical study reports (CSRs) in a CDP by the EMA
has created the unique opportunity to analyze the clinical
development project timelines. The information available
publicly on the EMA websites (EPAR and ECDW) is
illustrated in Figure 1. Initially, the diversity of available
CDPs was analyzed to enable the structuring of data by
different sponsors into a database. Thereafter, an analysis
of CDP timelines and the individual clinical studies with
visualization techniques was performed to better under-
stand the interrelationships between clinical development,
strategies employed, and the impact on clinical develop-
ment timelines. The rationale for embarking on this ana-
lysis was to determine the clinical development strategies
followed by sponsors to achieve EMA marketing author-
izations, and assess the timelines as the initial step for
resource estimations.

Materials And Methods

The initial marketing applications available on the ECDW
were downloaded and analyzed by one reviewer; the cut-
off date was April 1, 2018. The methodology used to
access and navigate through the ECDW has been
described in detail by Billiones and Schneider.”® Data
extraction of a predetermined list of variables (four broad
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Figure | Simplified flow processes in the development of medicinal products and the corresponding process of publicly available information on the EMA website.
Abbreviations: eCTD, electronic Common Technical Document; EMA, European Medicines Agency; EPAR, European Public Assessment Report; HTA, Health Technology

Assessment.

categories: dates, phase of development, module leaf
structure, and number of clinical protocol amendments)
was performed from March 2 to May 31, 2018. A total
of 3974 documents on the ECDW'® were reviewed. A
second analyst independently extracted the timeframe
and clinical study report details. Reconciliation of the
extracted data was performed after each eCTD.

eCTD Similarity Or Diversity

The similarity or diversity of CDPs (ie, whether the eCTD
was an IMA or extension of an existing marketing author-
ization), EMA ATC category, and the number of studies
(by phase and eCTD module category) were analyzed. As
the dossiers were different in leaf structure and content,
the data extraction process and analyses were iteratively
performed for each eCTD wusing the Deming Cycle
Approach.?**3

The eCTD is organized in a structured manner into five
modules, as described in ICH M4.° Module 1 is region
specific, while Modules 2, 3, 4, and 5 are intended to be
common for all regions. The granularity is detailed in
accordance with Appendix 4 of the eCTD specification
and structured in a “tree and leaf” structure. The docu-
ments are labeled (named) based on their organization in
the eCTD. Thus, a document named “m5351-rdea594-203-
app1619-sap” indicates that the document is the Statistical
Analysis Plan of the RDEA594-203 clinical study report
which is part of Module 5 of the eCTD in the subsection
3.5.1. (ie, a clinical study that has been submitted in
support of the label, a confirmatory study).

The wvariability of the available IMA CDPs was
assessed by extracting data on the following variables for
each CDP: total number of clinical studies, the number of
clinical and the

participants in the development,

breakdown of the clinical development documentation.
The “phase of clinical development” was extracted from
the study protocols. A further analysis, based on the ICH
M4?° document name (eg, m5351-XXX in the EMA clin-
ical data website'®) was performed in parallel.

Clinical Study Reports Available For CDP

Timeline Evaluation
This analysis evaluated the clinical development timelines
and focused on the IMAs. The documents within an IMA
were evaluated for the availability of dates. The variable
“dates” included the dates of available documents (ie, clin-
ical study protocols, clinical study reports, statistical analy-
sis plans), as well as the dates of first-subjects-in/entered
and dates of last-subject-out or study recruitment periods.
These data were extracted from the CSRs and used to
calculate timelines/timeframes for the construction of
GANTT charts and project evaluation. The dates of market-
ing submissions were obtained from the corresponding
EPAR for the marketing authorization, available on the
EMA EPAR website. The IMA was considered a core
CDP if a timeline reconstruction was possible from the
available documents. Furthermore, core CDPs had Phases
I, I, and III of development. If an overall timeline recon-
struction was not possible at a detailed level, then the IMA
was clustered into a non-core CDP set. For example, spe-
cific dates were redacted in the CSRs for the “autologous
CD34+ enriched cell fraction human ADA treatment” CDP.
However, the clinical overview stated that the development
took place from 2000 to 2014. There were two categories
with CDPs in which timeline reconstruction was not possi-
ble (ie, “CDPs with redacted dates” and “CDPs with no
CSRs”). Subsequently, the core CDPs were clustered by the
EMA published Anatomical
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Classification System (ATC) code of the IMAs to permit
future comparisons for a specific therapeutic indication.

The number of CDPs, the timespan of each CDP (start
year to end year, inclusive), and the breakdown of each
CDP by the number of CSRs was analyzed for the core
and non-core CDP sets. Examples of active substances
withdrawn from the market (eg, drisapersen) with pub-
lished CDPs, were included. The breakdown by phase of
development in the core and non-core CDP sets was com-
pared for homogeneity. Generic CDPs were not included
in the analyses; a different regulatory strategy was fol-
lowed and only had Module 5.3.1.2 (Comparative BA
and Bioequivalence CSRs) components. Details are
shown Supplemental Table S1.

Core CDP Analyses

The core CDP set allowed a more precise timespan (based
on the number of days) as all dates could be extracted.
Analysis of project management aspects (eg, GANTT),
network analysis, and program evaluation and review tech-
nique (PERT) was performed as described in standard
project management reference works.”> The number of
subjects that participated in a CDP was extracted from
the corresponding EPAR. Details regarding the timeline
assessments are shown in Supplemental Table S2.

Visualization Of Clinical Development
Pathways

Reconstruction of the clinical study activities in a CDP
was performed by retrospectively fitting the actual dates
from the eCTD. The GANTT approaches included plotting
dates of documents as well as dates of subject participation
(study periods) in a clinical study. A GANTT chart for the
eluxadoline CDP was generated to demonstrate the ability
to illustrate concurrent and sequential subject participation
elements.

A network analysis based on FSI dates for the lesi-
nurad CDP was generated following the 1984 BS 6046:
Part 1 schematic.”” Events/milestones were numbered
sequentially according to the FSI dates. The RDEA594-
101 study was the first event/milestone, as it was the first
EMA study of the 42 clinical studies in the CDP to enroll
subjects. One open-label and two double-blind extension
studies (accounting for the 45 CSRs) were excluded in the
representation. Subsequently, the studies were arranged by
event/milestone (based on date of FSI) and category (ie,
the first category was studies in which the medication was

used as “monotherapy in patients”). As the analysis was
performed from a retrospective point of view, each activity
label had three numbers. The event/milestone was entered
in the left half of the circle, the planned duration of a
subject in the clinical study (as planned by the protocol)
was entered in the upper right quadrant, and the duration
of the study and FSI to LSO were entered in the lower
right quadrant. The phase of development was color
coded. The final event milestone (ie, 43 in the lesinurad
CDP) was eCTD submission to the EMA. The planned
date in the upper right quadrant was unknown and there-
fore labeled N/A (Not Available).

Analyses Of Phase | Clinical Studies

In addition to the number of Phase I clinical studies, there was
a special interest in determining which CDPs included mass
balance, renal and hepatic impairment, as well as thorough
QT/QTc prolongation/QTc-like studies (QT-prolongation).

Clinical Protocol Study Amendment
Analysis
Information regarding study protocol amendments was
obtained from the protocol in the CSR appendix 16.1.
The number of protocol amendments was available in the
final protocol uploaded on the ECDW. If the interim report
was available, the last version of the CSR for the clinical
study was analyzed.

All calculations, including median and interquartile
ranges, were performed using Excel® in the Microsoft
Office 365 Enterprise version (Redmond, WA, USA).

Results

In the first 18 months (October 20, 2016 to April 1, 2018)
after the clinical data website became operational, the
EMA published clinical study documents for 86 marketing
authorizations.

The diversity of the 55 IMA CDPs sorted by ATC is
shown in Supplemental Table S1. Of the 3974 documents
available on the ECDW up to April 1, 2018, 610 (15%) were
CSRs. The therapeutic areas (by ATC clusters) with the most
submissions were “other antineoplastic agents” (L01X, 12
CDPs), “direct-acting antivirals” (JOSA, seven CDPs), and
“immunosuppressants” (L04, five CDPs). In JOS5 (ie, direct-
acting antiviral), CDPs had the oldest CSRs. The earliest
Module 5.3 document was dated 1993. The development
lifecycle was ongoing in 22 CDPs (ie, there were ongoing

studies for which reports were expected after marketing
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authorization). Pediatric populations were included in the
CDPs of 10 IMA submissions (Supplemental Table S1).

CSRs Available For CDP Timeline

Evaluation

In total, 610 CSRs were available for the 55 IMAs, including
349 Phase I, 80 Phase II, 124 Phase III, 15 Phase IV, 33
multiple-phase, and 9 clinical studies without a designated
phase. Thirteen IMAs did not have CSRs. These IMA sub-
missions were based on CHMP/EWP/QWP/401/98 Rev 1,
and included the 11 CDPs (palonosetron [2 IMAs], ertapenem,
caspofungin acetate, bortezomib [two IMAs], pemetrexed
[two IMAs], docetaxel, methotrexate, and lutetium chloride.
In addition, migalastat had no CSR posted due to a legal
dispute, and chlorhexidine was an Article 58 submission
based on literature. Seven additional CDPs (amlodipine +
valsartan, emtricitabine + tenofovir disoproxil [two IMAs],
alendronic acid + cholecalciferol, rasagiline, aripiprazole,
and sildenafil) consisted of Phase I studies and were excluded
from further analysis. Ten IMAs were excluded because of
missing dates or redacted dates in documents. Five IMAs had
tenofovir (disoproxil or alafenamide) as an active ingredient.
Thus, tenofovir was present in multiple categories. Eight
IMAs (chenodeoxycholic acid, enoxaparin [two IMAs], teno-
fovir disoproxil, emtricitabine + tenofovir disoproxil, autolo-
gous CD34+ enriched cell fraction that contains CD34+ cells
transduced with retroviral vector that encodes for the human
ADA cDNA sequence, begelomab, and zonisamide) had all
study periods dates in the documents redacted. Although
specific dates were redacted in the CSRs, the CDP for the
autologous CD34+ enriched cell fraction containing CD34+
cells transduced with retroviral vector that encodes for the
human ADA cDNA sequence had the overall timeline data
in the clinical overview. The CDP timelines could not be fully
reconstructed in three additional IMAs (pandemic influenza
vaccine H5N1, drisapersen, and saxagliptin + dapagliflozin).
In the remaining 23 CDPs, timelines could be reconstructed
for analysis. Eight of these CDPs (albutrepenonacog alfa,
eftrenonacog alfa, human coagulation factor X, rociletinib,
daratumumab, osimertinib, infliximab, and idarucizumab)
were clinical developments, in which either Phase I, IT and/
or III studies were not part of the pathway; they were in the
non-core set and excluded from the timeline analyses. The 55
IMAs were categorized into: a) a core CDP set of 15 CDPs for
a detailed time analysis; b) a non-core CDP set of 18 CDPs
with limited information from the clinical overview or CSRs;

¢) a set of nine CDPs with redacted CSRs; and d) 13 CDPs
without CSRs (Table 1).

The 18 non-core CDPs differed from the 15 CDPs in
the core set (Figure 2). Although the proportion of Phase II
studies was similar that of Phase I studies was higher in
the core CDP set. The non-core set had proportionately
more Phase III clinical studies than the core CDP set.

Therapeutic indication (ATC), breakdown
by eCTD leaf structure and by phase of
clinical development, and the diversity of

the core CDPs

The 15 core CDPs analyzed cover eight high-level ATC
categories (Figure 2). For five of the ATC categories, there
was only one submission. These five CDPs with 105
publicly available CSRs were antibacterial for systemic
use (fixed-dose combination of ceftazidime + avibactam
with 26 CSRs), antidiarrheal (eluxadoline with 14 CSRs),
antigout (lesinurad with 45 CSRs), blood glucose-lowering
drugs (empagliflozin + linagliptin [EMPA+LINA] with 13
CSRs), and enzyme preparations (pancreas powder with
seven CSRs). CDPs in multiple myeloma (L04X), hepati-
tis C (JO1A), and HIV (JOSAR) had more than one CDP
available for timeline analysis (Figure 3). These three ATC
categories included two immunosuppressant CDPs (ixeki-
zumab and daclizumab with 13 and 11 CSRs, respec-
tively), four antineoplastic (fixed-dose combination of
trifluridine + tipiracil [FTD+TPI], elotuzumab, lenvatinib,
and carfilzomib with 15, 9, 25, and 13 CSRs, respectively),
and four direct-acting antiviral CDPs (all four fixed-dose
combination developments: elbasvir + grazoprevir [EBR
+GZR], emtricitabine + tenofovir alafenamide [F/TAF],
emtricitabine + rilpivirine + tenofovir alafenamide [FTC
+RFV+TAF], sofosbuvir + velpatasvir [SOF+VEL]). Each
of the four direct-acting antiviral CDPs available for time-
line analysis had >50 CSRs. The clinical study reports in
this ATC cluster accounted for 57% of the 444 CSRs in the
core set. The two CDPs with the emtricitabine + tenofovir
alafenamide combination (FTC+RFV+TAF and F/TAF)
had 38 CSRs in common.

Table 2 lists the categorization of CSRs based on the
M.5.3 leaf structure required by ICH M4. The most com-
mon documents in the 15 core CDPs, based on the high-
level regulatory leaf structure (Table 2), were 212 CSRs of
“human pharmacokinetic studies,” followed by 77 reports
of “CCSPCIL,” and 44 CSR “reports of biopharmaceutic
studies.” Each of the sections M.5.3.5.2 “Study reports of
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Table | Categories And Data Availability Of Clinical Development Pathways For Timeline Analysis

Category Of CDP Available For | Clinical Developments Timeframe Mean And Number Of
Timeline Analysis Range [Document Date | CSRs®
Range In CDP Cluster]®
All 55 IMAs All clinical developments listed in the 4 categories N/A 610
below.
Core: |5 CDPs enabling detailed Eluxadoline, pancreas powder, empagliflozin + 12 years 444
timeline analysis linagliptin, ceftazidime + avibactam, elbasvir + 7-24 years 290 Phase | (65%)
grazoprevir, emtricitabine + tenofovir alafenamide, [1993-2016] 12 Phase I/1l (3%)
emtricitabine + rilpivirine + tenofovir alafenamide, 59 Phase Il (13%)
sofosbuvir + velpatasvir, trifluridine + tipiracil, 5 Phase I/1II (1%)
elotuzumab, lenvatinib, carfilzomib, ixekizumab, 74 hase Il (17%)
daclizumab, lesinurad. 3 Phase IV (1%)
| expanded access
Non-core: 18 CDPs with limited Saxagliptin + dapagliflozin, albutrepenonacog alfa, 6 years 153
Information for timeline eftrenonacog alfa, human coagulation factor X, 1-19 years 50 Phase | (33%)
reconstruction from clinical amlodipine + valsartan, sildenafil, pandemic influenza | [1995'-2015] 13 Phase I/1l (8%)
overview or CSRs vaccine H5N (conditional), daratumumab, 20 Phase Il (13%)
rociletinib, osimertinib, autologous CD34+ enriched 3 Phase II/1Il (2%)
cell fraction that contains CD34+ cells transduced 49 Phase Il (32%)
with retroviral vector that encodes for the human 12 Phase IV (8%)
ADA cDNA sequence, infliximab, drisapersen, 6 other (4%)
rasagiline, aripiprazole, salmeterol + fluticasone
propionate (2 CDPs) and idarucizumab.
9 CDPs with redacted CSRs Chenodeoxycholic acid, enoxaparin (2 CDPs), N/A 13
tenofovir disoproxil, emtricitabine + tenofovir 9 Phase | (69%)
disoproxil (2 CDPs), begelomab, alendronic acid + 2 Phase I/1l (15%)
cholecalciferol and zonisamide. 2 retrospective
studies (15%)
I3 CDPs with no CSRs Palonosetron (2 CDPs), migalastat, chlorhexidine, N/A 0
ertapenem, caspofungin acetate, pemetrexed (2
CDPs), docetaxel, bortezomib (2 CDPs),
methotrexate and lutetium chloride.

Notes: “The mean and range timeframe are first approximation for each category based on the first to the last year on study documents on the ECDW. The range indicates
the shortest and longest clinical development within a category. All timeframes were rounded up to the nearest full year. "During the review it was found that 46 CSRs were
submitted in more than one CDP, thus of the 444 CSRs across all |5 CDPs 398 were unique CSRs. “Documents available for pandemic influenza vaccine H5NI date back to
1995, the clinical documentation thus available spans a period of at least 19 years (for 3 of the 81 studies no recruitment dates were found). The clinical development for the

specific indication and population started in 2004 (clinical overview).

Abbreviations: CDP, clinical development pathway; CSR, clinical study report; ECDVV, European Medicines Agency clinical data website; IMA, initial marketing authoriza-

tion; N/A, not available.

uncontrolled clinical studies” and M.5.3.5.4 “Other study
reports” had 40 CSRs. The smallest section with five
documents in the 15 CDPs pertained to “reports of studies
pertinent to pharmacokinetics using human biomaterials”
(Table 2).

Timeline Analyses

The core CDP set comprised 444 studies: 290 Phase I, 59
Phase II, 74 Phase III, three Phase IV, 17 multiple-phase,
and one expanded access program. The dates extracted

from the 15 core CDPs enabled us to perform seven
different timeline analyses: CDT, DST, TSRT, time to
Phase II, time to Phase III, the duration of the Phase III
part of the CDP, and the duration of CCSPCI.

The Clinical Development Timeline (CDT)
The median CDT in the 15 core CDPs was 9.3 years (3397
days; interquartile range [IQR]: 29224026 days). The
number of subjects ranged from 272 subjects in the CDP
for pancreas powder to 17,022 subjects in the EMPA
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Figure 2 Comparison of document composition in the core and non-core CDPs. Percentage of clinical study reports according to the phase of clinical development.
Note: There were 444 CSRs from the 15 CDPs in the core set and 153 CSRs from the 18 CDPs in the non-core set.
Abbreviations: CDP, clinical development pathway; CSR, clinical study report; EMA, European Medicines Agency.

86 CDP Module 5 documents
uploaded on EMA clinical data

website
I
[ 1
55 initial
marketing 31 Extensions of|
authorizations indication and
I or line
EMA Clinical Data Website " ID I - I 1 extension
Substance Clinical Development Modilﬁ SP\i/ith 18 l_CD_PS ;"th 9 CDPs with 13 CDPs with no authorizations
(15t level categories based on availability of dates) imite dates actively Clinical Study
complete date information, e.g redacted Reports
information only phase | CSRs
“Core Set”
I
[ I I I I I I 1
WHO ATC Antidiarrheals Enzyme Blood glucose Antibacterials Direct Acting Antineoplastic |mmunosuppressants Antigout
Categories| preparations lowering drugs for systemic use Antivirals (JO5A) agents pp preparations
Active
Elbasvir + Trifluridine + ) L .
Substances . Pancreas Empaglifozin + Ceftazidime + ||| Grazoprevir |-  Tipiracil Ixekizumab Lesinurad
(No. of Eluxadoline Powder Linagliptin Avibactam 3¢S S (13 CSRs) (45 CSRs)
studies) (14 CSRs) withdrawn (13 CSRs) (26 CSRs) L B
(7 CSRs) s
|| Em.lt_:sg?obv'inre * Elotuzumab Daclizumab
Alafenamide* (9 CSRs) (11 CSRs)
T [ ey
| Tenofovir (25 CSRs)
Alafenamide**
Sofosbuvir+ | C(alr:I(z:(S);rll)b
L Velpatasvir
(50 CSRs)
Figure 3 Clinical development documents available on the clinical data website of the EMA up to April I, 2018.
Note: Breakdown to show the documents in Module 5.3 that could be used to evaluate project management timelines.
Abbreviations: CDP, clinical development pathway; CSR, clinical study report; No, number.
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+LINA CDP (Table 3). The CDT for the pancreas powder CDPs (Table 3). The 143-001 and GS-US-311-1387 stu-
CDP was 9.3 years (3397 days), despite being the core dies were the first and last, respectively, in both the FTC
CDP with the lowest number of subjects. The CDT of the = +RFV+TAF and F/TAF CDPs. The median TSRT was 7.4
EMPA+LINA CDP was 1.8 years longer: 11.1 years (4052  years (2715 days; IQR: 2182-3347).

days; Table 3). Nine of the 15 CDPs had a CDT <10 years

(Table 3). The Duration Of Subject Participation

(DSP) In The Core CDPs
Total SUbjeCt Recruitment Time (TSRT) In The DSP is the TSRT including the days in a CDP during
The Core CDP Set which no subjects were participating in a clinical study.
The TSRT is the timespan from FSI to LSO in the CDP in  The CDP with the longest period without subjects in a
the documents submitted to the EMA (Table 4). The TSRT  clinical study (ie, project drag®’) was 9.6 years (3511
ranged from 5.9 years (2157 days) in the lesinurad CDP, to  days) in the F/TAF CDP (Table 4). The F/TAP CDP had
21.4 years (7828 days) in the F/TAF and FTC+RFV+TAF  four periods in which no subjects were participating in any

Table 3 Clinical Development Observations With Respect To Timelines In Days (And Years)

Clinical Development Duration Of Time To EMA Subject Number | Total Subject % Of Timeline

Pathway Subject Submission® Recruitment of Recruitment That Subjects
Participation From First Final | Interruptions Subjects | Time Participated
(DSP) In CDP Protocol During in CDP Participation® In Clinical
Before CTD Clinical Development®
Finalization® Development©

Eluxadoline 2604 (7.1) 2723 (7.5) 3 3626 1454 (3.9) 53

Pancreas powder 2804 (7.7) 3397 (9.3) 4 272 1777 (4.9) 52

Empagliflozin + linagliptin 3835 (10.5) 4052 (11.1) 5 17,022 2269 (6.2) 56

Ceftazidime + avibactam 3042 (8.3) 3121 (8.5) 3 4147 2234 (6.1) 72

Elbasvir + grazoprevirf 2071 (5.7) 2251 (6.2) 0 4465 2182 (6.0) 97
2182 (6.0)

Emtricitabine + tenofovir 7828 (21.4) 7993 (21.9) 4 7806 4317 (11.8) 54

alafenamide

Emtricitabine + rilpivirine + | 7828 (21.4) 8092 (22.2) 4 11,290 6549 (17.9) 8l

tenofovir alafenamide

Sofosbuvir + velpatasvir 2354 (6.4) 2489 (6.8) 2 7643 2261 (6.6) 91

Trifluridine + tipiracil 5619 (15.4) 5923 (16.2) 3 1310 4893 (13.4) 83

Elotuzumab 2835 (7.8) 3301 (9.0) 0 1096 2835 (7.8) 86

Lenvatinib 3377 9.2) 4000 (11.0) [ 1797 3331 (9.1) 83

Carfilzomib 3347 (9.2) 3536 (9.7) 0 3263 3347 (9.2) 95

Ixekizumab® 2856 (7.8) 3171 (8.7) 2 5084 2715 (7.4) 86
3280 (9.0)

Daclizumab 3298 (9.0) 3707 (10.1) [ 4890 3145 (8.6) 89

Lesinurad 2157 (5.9) 2368 (6.5) 0 6l6l 2157 (5.9) 92

Range (in days) 2157 to 7828 2251 to 8092 - - 1454 to 6549 -

Median (and range) in years | 8.3 (5.9-21.4) 9.3 (6.21t0222) - - 74 39 to 17.9) -

Median (and IQR) days 3042 (2704; 3,606) | 3397 (2922 to 4026) | — - 2715 (2182;3347) | —

Notes: *Duration of CDP defined as FS first study to LSO last study in a CDP (if a study was ongoing, the last LSO date in the CDP was used). ®Time from first final
protocol to EMA submission (source EPAR). “Number of interruptions in the recruitment between studies during the clinical development. An interruption was counted for
each period, eg in the eluxadoline GANTT (Figure 4) that showed gaps between clinical studies, ie, no subjects were participating. “Duration of subject participation (DSP).
®Calculated as subject participation time in a CDP as the fraction to time from first final protocol to EMA submission. The last CSR for study MK5172-P062-VO| was
finalized after submission to the EMA on July 3, 2015. Therefore, the LSO of Feb 27, 2015 for study MK8742-P020 final CSR date on June 18, 2015 was also reported. Two
timelines have thus been incorporated into the row (the second based on documents available in the ECDW and used in the analyses). 8The last CSR for study RHCA was
finalized after submission to the EMA on April 23, 2015. Therefore, the LSO of Sep 11, 2015 for study RHBA final CSR date on Feb 16, 2015 was also reported. Two
timelines have thus been incorporated into the row (the second based on documents available in the ECDW and used in the analyses).

Abbreviations: CDP, clinical development pathway; CSR, clinical study report; ECDVWV, European Medicines Agency clinical data website; EMA, European Medicines Agency;
EPAR, European Public Assessment Report; FSI, first-subject-in; LSO, last-subject-out.
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Table 4 Project Evaluation And Review In Exploring CDP Critical Paths In Days (And Years)

Clinical Participation No. Of Days Time From Timeframe | Time to Time to Duration of
Development Duration In In CDP FSI In CDP Of M.5.3.5.1 | Phase Il Phase Il Phase Il
Pathway CDP Before Without To FSl In As Part Of Participation
eCTD Subject First cop?
Finalization® Participation® | M.5.3.5.1
Study®
Eluxadoline 2604 (7.1) 1150 (3.1) 1050 (2.9) 1554 (4.3) 1050 (2.9) 1812 (5.0) | 792 (2.2)
Pancreas powder 2,04 (7.7) 1027 (2.8) 13 (0.0) 2791 (7.6)° 125 (0.3) 0 (0) 698 (1.9)
Empagliflozin + 3835 (10.5) 1566 (4.3) 1966 (5.4) 1869(5.1) 833 (2.3) 1966 (5.4) 1869 (5.1)
linagliptin
Ceftazidime + avibactam | 3042 (8.3) 808 (2.2) 722 (2.0) 2320 (6.4) © 722 (2.0) 1954 (5.3) 1088 ((3.0)
Elbasvir + grazoprevir 2182 (6.0) 0 (0) 731 (2.0) 1546 (4.2) 731 (2.0) 1809 (5.0) | 468 (1.3)
Emtricitabine + 7828 (21.4) 3511 (9.6) 1611 (4.4) 6172 (16.9) © | 2475 (6.8) 1612 (4.4) | 6172 (16.9)
tenofovir alafenamide
Emtricitabine + 7828 (21.4) 1279 (3.5) 1611 (4.4) 6172 (16.9) © | 2475 (6.8) 1612 (4.4) | 6172 (16.9)
rilpivirine + tenofovir
alafenamide
Sofosbuvir + velpatasvir | 2354 (6.4) 93 (0.25) 1208 (3.3) 1146 (3.1) 294 (0.8) 994 (2.7) 1360 (3.7)
Trifluridine + tipiracil 5619 (15.4) 726 (2.0) 3778 (10.3) 1621 (4.4) © 2464 (6.7) | 4805 594 (1.6)
(13.2)
Elotuzumab 2835 (7.8) 0 (0) 1659 (4.5) 1082 (3.0) 1890 (5.2) 1660 (4.5) 1176 (3.2)
Lenvatinib 3377 (9.2) 46 (0.1) 1856 (5.1) 1402 (3.8) 1212 (3.3) | 2204 (6.0) | 844 (2.3)
Carfilzomib 3347 (9.2) 0 (0) 1766 (4.8) 1582 (4.3) 702 (1.9) 1767 (4.8) 1582 (4.3)
Ixekizumab 3280 (9.0) 565 (1.5) 1259 (3.4) 1597 (4.3) © 1034 (2.8) 1845 (5.1) 1112 (3.0)
Daclizumab 3298 (9.0) 153 (0.4) 58 (0.2) 3216 (8.8)° 58 (0.2) 1884 (5.2) 1395 (3.8)
Lesinurad 2157 (5.9) 0 (0) 455 (1.2) 1702 (4.7) 249 (0.7) 1227 3.4) | 915 (2.5)
Range in days 2157 to 7828 0 to 3511 13 to 3778 889 to 6172 | 58 to 0 to 4805 | 468 to 6172
2475
Median (and range) in 8.3 (5.9-21.4) 1.5 (0-9.6) 4.4 (0-12.1) 44 (24-16.9) | 2.3 5.0 3.0 (1.3-16.9)
years (0.2-6.8) (0-13.2)
Median (and IQR) 3042 (2704; 565 (23; 1259 (726.5; 1621 (1550; | 833 (498; | 1809 112
days 3606) 1150) 1712.5) 2555.5) 1551) (1612; (818; 1488.5)
1919)

Notes: Source data available in Table S2 and S3. *Participation duration in CDP before eCTD finalization was defined as the time period from FSI (first study) to LSO (last
study in a CDP; if a study was ongoing, the last LSO cut-off date was used [ie, TSRT]). Cumulative number of days (years) in a CDP where no subjects were in a clinical
study [project drag]. If there was an overlap of FSI and LSO across clinical studies in the CDP, there were 0 number of days in CDP without subject participation. “Time
shown as number of days between the FSI in the first clinical study of the CDP and the first clinical study in Module 5.3.5.1, ie, the first study of CCSPCI. “Time from FSI first
study of CCSPCI to LSO in last M.5.3.5.1 study of CCSPCI. ®M.5.3.5.1 studies were not all concurrent, ie, times between CCSPCI studies with no subject participation.

Abbreviations: CCSPCI, Controlled Clinical Study Pertinent to the Claimed Indication; CDP, clinical development pathway; eCTD, electronic common technical document,

FSI, first subject in; IQR, interquartile range; LSO, last subject out.

of the 54 clinical studies (Table 3). In the 15 core CDPs,
79,872 subjects participated in CDPs with a median DSP
of 8.3 years (3042 days; IQR: 2704-3606), ranging from
5.9 years in the lesinurad to 21.4 years in the FTC+RFV
+TAF CDP (Table 3).

Interruptions In Subject Participation In
The Core CDPs

Eleven of the 15 clinical developments had interruptions in
subject participation across the clinical studies in a CDP
(Table 3). Interruptions are indicative of sequential project

work packages in a CDP. Theoretically, projects with
sequential elements have a longer overall timeline.”
Four CDPs (EBR+GZR, elotuzumab, carfilzomib, and
lesinurad) did not have any interruptions (ie, at least one
study was actively recruiting or following-up subjects
during the TSRT period) (Table 3). These four CDPs
were considered to be concurrent clinical developments,
with sequential aspects in individual studies. The EMPA
+LINA CDP had the highest number of interruptions (5),
where subjects did not participate in a clinical study during
the development. In addition, the F/TAF CDP had the
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longest period (9.6 years) in a CDP without subject parti-
cipation (Table 4). The F/TAF CDP had many CSRs that
were also submitted in the FTC+RFV+TAF CDP. The
FTC+RFV+TAF CDP had four interruptions and no sub-
ject participation totaling 3.5 years. The EMPA+LINA
CDP had the second-longest period (4.3 years) in a CDP
without subject participation. In the nine CDPs with a
CDT <10 years, no associations (eg, fixed-dose combina-
tion, duration of Phase III) were observed with respect to
the number of interruptions.

Time To Phase Il In The Core CDPs

The median time from the FSI in the first Phase I study to
the FSI in the Phase II study was 2.3 years (833 days;
IQR: 498—1551 days) for the 15 core CDPs (Table 4). The
observed range spanned from daclizumab, where the FSI
of the first Phase II clinical study was 58 days after the FSI
in the CDP, to >6.7 years in 3 CDPs (F/TAF, FTC+RFV
+TAF, and FTD+TPI).

Time To Phase lll In The Core CDPs

The median time from the FSI in the first Phase I study to
the FSI in Phase III study was 5.0 years (1809 days; IQR:
1612-1919 days) (Table 4). The earliest study to enroll
subjects based on the CSRs in the pancreas powder CDP
was a Phase III clinical study. The longest time prior to the
initiation of the Phase III program in the 15 CDPs was
observed in the FTD+TPI CDP. The FSI in the Phase III
study was 13.2 years (4805 days) after the FSI in the first
clinical study of the FTD+TPI CDP.

Duration Of The Phase Ill Core CDPs
The median time from the FSI in the first Phase III study to
the LSO in the last Phase III study was 3.0 years (1112 days;
IQR: 818-1488.5 days) (Table 4). The shortest (1.3 years)
Phase III program was noted in the EBR+GZR CDP. The
longest (16.9 years) Phase III programs were reported in the
F/TAF and FTC+RFV+TAF CDPs.

Timeframe Of CCSPCI In The Core CDP
Set

Documents in Module 5.3.5.1 are “Controlled Clinical
Studies Pertinent to the Claimed indication,” and were
available in all core and non-core CDPs. However, time-
line analysis was not possible in the non-core CDP set. In
the core CDP set, the median time from the FSI in the first
study to the LSO in the regulatory label “controlled

clinical studies pertinent to the claimed indication” was
4.4 years (1621 days; IQR: 1550-2555.5 days) (Table 4).
The shortest (2.4 years) CCSPCI program was reported in
the SOF+VEL CDP. The longest (16.9 years) CCSPCI
programs were noted in the FTC+RFV+TAF and F/TAF
CDPs. It was observed that, in the six CDPs with a Phase
IIT duration <1000 days (ie, pancreas powder, eluxadoline,
EBR+GZR, FTD+TPI, lenvatinib, and lesinurad), the
CCSPCI timeframe was longer than the Phase III duration
(Table 4). Phase II studies (eg, RDEA594-203 in the
lesinurad CDP and IBS-2001 in the eluxadoline CDP)
were categorized as M.5.3.5.1 clinical studies (ie, pertinent
to the claimed label). In the non-core CDP, there were
programs that did not have Phase III studies (eg, osimerti-
nib and daratumumab) (Supplemental Table S3). The
Phase III reports in the osimertinib and daratumumab

CDPs are listed as post-marketing requirements in the
corresponding EPARs.

Subject Participation In The Core CDP

Set

It was estimated that subject participation in the F/TAF
CDP accounted for 54% of the CDT (ie, from the date of
the first final protocol to EMA submission). The subject
participation in 10 CDPs (EBR+GZR, FTC+RFV+TAF,
FTD+TPI, SOF+VEL, elotuzumab, lenvatinib, carfilzo-
mib, ixekizumab, daclizumab, and lesinurad) accounted
for >80% of the CDT. The estimated contribution was
highest in the EBR+GZR CDP (Table 3).

Study Amendments In The Core CDP Set
Among the 444 clinical study protocols, 310 (70%) had a
total of 888 amendments (Supplemental Table S3). All core

CDPs had clinical studies with protocol amendments. It was
found that 46 CSRs were submitted in more than one CDP;
thus, 398 of the 444 CSRs across all 15 CDPs were unique.
These unique CSR protocols had a total of 803 amend-
ments. Protocol amendments were present in all phases of
clinical development. The protocol amendments were as
follows: 323 in 265 Phase 1 (range: 1-13), 177 in 53
Phase II (range: 1-14), 226 in 63 Phase III (range: 1-21),
seven in three Phase IV (range: 2-5), 55 in 10 Phase /I
(range: 3-10), and 15 in four Phase II/IIl (range: 3-5)
clinical studies. A total of 108 Phase I studies (41%) did
not have protocol amendments. In the later phases of clin-
ical development, most studies had protocol amendments.
Only three Phase II studies (6%), three Phase III studies
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(5%) and one Phase IV study (33%) did not have protocol
amendments. All Phases I/Il and II/IIl studies had

amendments.

Modeling Of The Core CDPs

The visualization of a CDP was initially performed by
producing simplified GANTT charts. The 14 clinical stu-
dies (11 Phase I, one Phase II, and two Phase III) in the
eluxadoline CDP covered a time period of 7.5 years
(2007-2015). In the CDP, the FSI was in a PK dose-
escalation study (EDI-1001), while the FSI in the IBS-
2001 study was 1051 days later, heralding the initiation of
the Phase II part of the clinical development (Figure 4).
The FSI in the mass balance study (EDI-1003) was after
the FSI in the Phase II study. The CCSPCI part of the
eCTD spanned 4.3 years (1554 days) and included the
Phase II IBS-2001, as well as the two Phase III IBS-
3001 and IBS-3002 clinical studies. There were three
periods without subject participation, totaling 1150 days
(3.1 years).

A more detailed approach to visualizing a CDP is
through the generation of a network analysis diagram
based on the FSI dates. The lesinurad clinical development
had a total of 43 milestones, based on 42 clinical studies

and 45 CSRs uploaded on the ECDW. The first study and,
therefore, first-time defined event in the CDP was a Phase
I PK study; the final event was the submission of the
eCTD to the EMA in this top-line process. The first
Phase III clinical study was the 23" event in the CDP.
Phase III enrolment was initiated in the second half of the
lesinurad CDP (Figure 5). Twenty-four clinical studies had
longer subject participation times than planned for a single
subject or all cohorts. Eighteen clinical studies had shorter
study periods (FSI to LSO) than the planned study dura-
tion, including one Phase II study (RDEAS594-202) and
one Phase III study (RDEA594-307). Five clinical studies
had a shorter duration than planned, as the optional cohorts
were included in the planned study duration and did not
participate. The 13 other studies had protocol amend-
ments. A simplified process flow was fitted to the lesinurad
CDP to assess the inclusion of special Phase I clinical
studies (Figure 6). In this example for lesinurad, the picto-
gram shows that the time from the FSI in the RDEA594-
101 to the FSI in the Phase II study was 249 days. The FSI
in the last lesinurad clinical study (RDEA594-132) was
5.7 years (2092 days) after the FSI in RDEA594-101.
There were no Phase III clinical studies before the renal
impairment clinical study. However, five Phase 1 and

Study Type of study eCTD Leaf Section
CPS-1006 DDI Rosuvastatin M.5.3.34 M.5.3.4 Reports of
Biopharmaceutic
CPS-1012 DDI Cyclosporine & Probenecid M.5.3.3.4  Studies
CPS-1010 Food Effect M.5.3.1.1  M.5.3.1Reports of
Biopharmaceutic
CPS-1011 QTc prolongation M.5.3.1.1  Studies
CPS-1009 Abuse Potential M.5.3.4.1  M.5.3.4 Reports of
Biopharmaceutic
CPS-1008 Abuse Potential M.5.3.4.1  Studies
. . . M.5.3.3 Reports of
CPS-1007 DDI Norethindrone & Ethinyl Estradiol M.5.3.3.4 Human
) . Pharmacokinetic
CPS-1005 Hepatic Impairment M.5.3.34 (PK) Studies
1BS-3002 Randomized, double-bind, M.5.3.5.1 M. 5.3.1 Controlled
Time to phase IIl (1813 days) placebo-controlled glmtu-ical SttL:d|tehs
1BS-3001 I Randomized, double-bind, M.5.3.5.1 er‘ nen °, e,
Claimed Indication
placebo-controlled
EDI-1003
Mass Balance M.5.3.1.1
Time to phase Il (1051 days) g’:f'i‘;rﬁgs::;;
1BS-2001 Randomized, double-bind, M.5.3.5.1 Stu(?ies
lacebo-controlled, dose- i
EDI-1002 Duration of M.5.3.5.1 (1554 days) placebo-controlled, dose-ranging
Food Effect M.53.1.1  M.5.3.1Reports of
EDI-1001 3 Periods (1150 days) with no subject participation Biopharmaceutic
- —— — PK Dose Escalation M.5.3.1.1 Studies
0 500 1000 1500 2000 2500
[] Phasel [] Pphasell B rhasen

Days since FSI in FIM/FIH study

Figure 4 GANTT chart of the clinical development of eluxadoline based on the FSI to LSO, according to phase and regulatory eCTD leaf structure with project timelines.
Note: The metrics shown are listed in Supplemental Table S2 and S3 for the 15 core CDPs (CPS, EDI & IBS are part of the study number).

Abbreviations: CDP, clinical development pathway; DDI, drug—drug iEeraction; eCTD, electronic common technical document; FIH, first in human study; FIM, first in man study;
FSI, first-subject-in; GANTT, generalized activity normalization time table; LSO, last-subject-out; PK, pharmacokinetic; QTc, thorough QT/QTc prolongation/QTc-like study.
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Figure 5 Network analysis of the lesinurad CDP based on an ICH E8 categorization and the FSI in each clinical study.

Notes: There were 45 CSRs for 42 clinical studies, the 43" milestone was the submission of the eCTD to the EMA. Color coding: phase | (green), phase Il (yellow), phase Il
(red), phase IV (grey).

Abbreviations: ADME, absorption, distribution, metabolism and elimination study; BA, bioavailability study; CDP, clinical development pathway; CSR, clinical study report;
eCTD, electronic common technical document; EMA, European Medicines Agency; ICH, International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use; FSI, first-subject-in; PK, pharmacokinetic; TQT, thorough QT/QTc prolongation/QTc-like study.
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Figure 6 Pictogram of the lesinurad CDP with a focus on Phase | studies of special interest in relation to the initiation of enrolment to the Phase Il and Phase Ill studies. The
Phase IV study is only partially shown (prior to the QTc prolongation).

Note: Numbers indicate the studies preceding the milestone/event and those initiated subsequent to the milestone/event.

Abbreviations: (I) Phase [; (Il) Phase II; (Ill) Phase IlI; (IV) Phase IV; CDP, clinical development pathway; CSR, clinical study report; EMA European Medicines Agency; FSI,
first-subject-in; MB, mass balance study, PK, pharmacokinetic; QTc, thorough QT/QTc prolongation/QTc-like study.

Phase II studies had initiated subject enrollment. Similarly, initiated enrollment prior to the first Phase III study.

the mass balance and QT-prolongation clinical studies Phase I clinical studies of special interest did not impact
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the lesinurad CDT, as there were no interruptions. An
overview of Phase I clinical studies of special interest in
the core CDPs is shown in Table 5. In the 15 core CDPs,
53 (18%) of the 290 Phase I studies were studies of special
interest. This clearly differed from the non-core set (ie,
three Phase I studies of special interest). The three non-
core CDPs were for osimertinib and rociletinib (both had a
single mass balance CSR), and idarucizumab with a renal
impairment CSR.

The diversity of the strategies used in the CDPs, even
within a therapeutic indication, is shown in Figure 7. The 3
antineoplastic (ATC code L01X) CDPs (lenvatinib [core
CDP)), CDPs (rociletinib and

and two non-core

osimertinib) showed that the CDTs were significantly dif-
ferent and dependent on the methodology used to cluster
CDPs.

In summary (core CDP analyses), an ECDW CDP with
a new active ingredient had a median of 30 clinical studies
(range: 7-76 studies) with a median CDT of 9.3 years
(range: 6.2-22.2 years). A median of four Phase II (range:
1-9) and five Phase III (range: 1-14) studies was observed.
The greatest variation was noted with respect to the number
of Phase I clinical studies (range: 1-59 studies) and the
sequence of the Phase I studies in a CDP. The median
time to FSI in a CCSPCI and Phase III study was 4.4
years and 5.0 years, respectively (Table 4). Phase I/II and

Table 5 Overview Of Specific Phase | Studies Or Measures That Have The Potential To Affect Clinical Development Timelines

Active Substance Procedure No. Mass QTc Renal Hepatic Ascending Population
(INN) Balance | Prolongation/ | Impairment | mpairment | Single- PK/PK
Study Thorough Study Study /Multiple- Modelling
QT Study Dose Or Reported
Maximum In EPAR
Tolerated
Dose
Study
Core-CDP
Lesinurad EMEA/H/C/003932/0000 Yes Yes Yes Yes Yes Yes
Eluxadoline EMEA/H/C/004098/0000 Yes Yes No Yes Yes Yes
Elotuzumab EMEA/H/C/003967/0000 No No Yes No Yes Yes
Lenvatinib EMEA/H/C/004224/0000 Yes Yes Yes Yes Yes Yes
Pancreas powder EMEA/H/C/002070/0000 No No No No No N/AE
(withdrawn)
Carfilzomib EMEA/H/C/003790/0000 No No No No Yes No
Ixekizumab EMEA/H/C/003943/0000 No No No No Yes® Yes
Daclizumab (withdrawn) EMEA/H/C/003862/0000 No No No No Yes Yes
Empagliflozin + linagliptin | EMEA/H/C/003833/0000 No No No No No No®
Trifluridine + tipiracil EMEA/H/C/003897/0000 Yes Yes No No Yes® Yes
Ceftazidime + avibactam EMEA/H/C/004027/0000 Yes Yes Yes No Yes Yes
Emtricitabine/tenofovir EMEA/H/C/004094/0000 Yes Yes Yes Yes No* Yes'
alafenamide
Emtricitabine + rilpivirine | EMEA/H/C/004156/0000 Yes Yes Yes Yes No® Yes
+ tenofovir alafenamide
Elbasvir + grazoprevir EMEA/H/C/004126/0000 Yes Yes Yes Yes Yes Yes
Sofosbuvir + velpatasvir EMEA/H/C/004210/0000 Yes Yes Yes Yes No? Yes
Non-core CDPs
Osimertinib EMEA/H/C/004124/0000 Yes No No No Yes Yes
Rociletinib EMEA/H/C/004053/0000 Yes No No No Yes Yes
(withdrawn)
Idarucizumab EMEA/H/C/003986/0000 No No Yes No Yes Yes

Notes: *Only the second study in the CDP (all other CDPs had this as the first study). °Multiple studies, initial studies investigated the number of days of dosing and
tolerability. “Studies not part of the fixed-dose combination CTD. “Refers to previous monotherapy submissions. “Pharmacokinetics of empagliflozin and linagliptin have been
extensively characterized in healthy subjects and patients with type 2 diabetes in procedures EMEA/H/C/002677/0000 and EMEA/H/C/002110/0000. In this report, the
results and conclusions of the PK studies submitted in these procedures are shortly summarized. The applicant submitted two additional PK studies for the application of the
fixed-dose combination. No new data were submitted on pharmacodynamics. ‘There were no dose-finding studies since the dose of tenofovir alafenamide was identified
from the monotherapy studies and modelling. 8Pancreas Powder is not systemically absorbed therefore population PK/PK modelling is N/A.

Abbreviations: CDP, clinical development pathway; eCTD, electronic technical document; EPAR, European Public Assessment Report; N/A, not applicable; PK,

pharmacokinetic.
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Figure 7 A comparison of the lenvatinib [core CDP], rociletinib, and osimertinib [non-core CDPs] total subject recruitment times (based on the FSI to LSO) in the clinical

study reports submitted and on the ECDW.

Notes: The metrics shown are listed in Supplemental Table S3 for the 15 core CDPs (the study identification numbers for each CDP are shown on the y-axis). Color coding:

phase | (green), phase Il (yellow), phase I/l (blue), phase llI (red).

Abbreviations: CDP, clinical development pathway, eCTD, electronic common technical document, EMA, European Medicines Agency, FSI, first-subject-in, LSO, last-

subject-out; TSRT, total subject recruitment times.

Phase II/I1I studies accounted for 3% and 1% of all clinical
studies, respectively. Four CDPs (EBR+GZR, F/TAF, FTC
+RFV+TAF, and albutrepenonacog alfa) had Phase II/I11
clinical studies. The albutrepenonacog alfa CDP had a
Phase I/II and a Phase II/III clinical study, but not a Phase
II study. However, the albutrepenonacog alfa CDP had two
additional Phase III clinical studies. Phase IV (eg, lesi-
nurad) and other clinical studies (eg, expanded access in
the carfilzomib CDP) were exceptions. The Phase IV study
in the lesinurad CDP had no effect on the overall CDT.

Observations On CDP Project Crashing

The strategy that sponsors implemented to potentially
reduce the clinical development timelines in the 15 core
CDPs is summarized in Figure 8. An IMA CDP based on
well-characterized drugs (eg, the fixed-dose combination
FTC+RFV+TAF) does not exhibit the shortest development
timeline. A more universal approach appeared to be sub-
missions with ongoing clinical studies, based on interim
reports (eg, lesinurad). Concurrent subject enrolment in a
CDP was observed in four CDPs. A single CCSPCI was
sufficient in the elotuzumab CDP, as well as in the non-core

rociletinib CDP (ie, the CDP with the shortest CDT). The
fixed-dose combination EBR+GZR CDP had the shortest
core CDP CDT (6.2 years). The CDPs of three fixed-dose
combinations (FTD+TPI, F/TAF, and FTC+RFV+TAF) had
the longest CDTs (16.2, 21.9, and 22.2 years, respectively)
(Figure 8).

Discussion

The EMA clinical data website offers an overview of regu-
latory documents spanning all EU central marketing eCTD
submissions. The diversity of the CDPs analyzed ranged
from generic (eg, salmeterol + fluticasone fixed-dose combi-
nation), monoclonal (eg, daclizumab and elotuzumab), bio-
similar (eg, infliximab), orphan (eg, albutrepenonacog alfa),
small molecules (eg, lesinurad), advanced therapy (eg, drisa-
persen) to medicines for use outside the EU (ie, Article 58
procedure for chlorhexidine).

Considering that documents date back to 1993, the
publication of documents by the EMA should be analyzed
under the perspective that these documents were produced
at different times targeting various audiences. Moreover,
as the wealth of knowledge increases, it will impact the
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Clinical development

Ongoing studies at submission
Concurrent subject enrolment
- no interruptions

Single or no pivotal study in M.5.3.5.1

Lab Biomarkers in clinical studies

Phase | studies of special interest
TQT/RI/HI/MB

Seamless study design

monotherapy
Eluxadoline | Elotuzumab || Carfilzomib ” Lenvatinib |
Rociletinib | | Lesinurad | Ixekizumab
3 6.5 7.5 871 9.0 |93]9.7] 101 11.0 Clinical Development Time (actual years)
6.2 6.8 8.5 16.2 219 | 22.2

1 I

Elbasvir + Ceftazidime +
grazoprevir avibactam

Sofosbuvir +
velpatasvir

Clinical development
well established drugs,
fixed dose combination

I

Trifluridine +
tipiracil

Emtricitabine +
tenofovir alafenamide
I
Emtricitabine +
rilpivirine + tenofovir alafenamide

Empagliflozin +
linagliptin

Figure 8 Overview of different strategies applied in the clinical development of the core CDPs (monotherapy and fixed-dose combination) compared with the shortest

CDT, ie, rociletinib (non-core CDP, with breakthrough designation).

Note: The numbers indicate the development time of the indicated CDP. Green boxes indicate that the strategy was implemented in a CDP. Empty white boxes indicate that
the strategy was not implemented. Rociletinib, pancreas powder, and daclizumab are color-coded in orange to indicate withdrawal. None of the core fixed-dose combination

CDPs (in grey) were withdrawn.

Abbreviations: CDP, clinical development pathway; HI, hepatic impairment study, MB, mass balance study; QTc, thorough QT/QTc prolongation/QTc-like study; Rl, renal

impairment study.

way that clinical study protocols develop in the future. The
number of protocol amendments may reflect the increasing
amount of data becoming available, and it is unlikely that
amendments to protocols can be eliminated.**>° The find-
ing that 310 of the 444 clinical study protocols in the 15
core CDPs had amendments appears high (Supplemental
Table S3). However, it reflects the uncertainties faced and
external information that becomes available and needs to
be incorporated into clinical development.

The analysis of the diversity of CDPs was an important
initial step to determine whether it would be possible to
perform comparative analyses between clinical develop-
ments within a single therapeutic area. Based on the avail-
able data, it was decided that such analyses would be
premature. The number of generics classified by the EMA
as IMAs reduced the number of CDPs available for timeline
analysis of innovative monotherapies. However, the obser-
vation that one-third of the IMAs (ie, 19 of the 55 CDPs)
were generics is consistent with the increasing number of
drugs reaching the end of their patent.®'

Timeline analyses of the available data offer insight
into the amount of time invested by sponsors and the

amount of time dedicated by clinical study subjects in
the clinical development of a medicinal product for mar-
keting authorization. Learning about time optimization
from sponsors outside of one’s own organization is also
possible when considering a clinical development in a new
therapeutic indication.

In the analysis and modeling of the CDP timelines, there
were numerous observations that sponsors attempted project
crashing to accelerate the release of the therapy to the market.
The withdrawal of rociletinib from the market highlights the
high risk associated with marketing approval in the absence
of a Phase III study. Nevertheless, market authorization with-
out completion of the Phase III part of clinical development
is potentially efficient, considering that it may reduce the
development time by >1.3 years. This observation triggered
the analysis of a potential significant difference between the
duration of Phase II clinical development and the duration of
the CCSPCI timeline in a CDP. It was observed that a CDP
with a relatively short duration of Phase III clinical develop-
ment (ie, <1000 days) coincided with a longer CCSPCI
duration. For example, the CCSPCI duration in the EBR
+GZR CDP was 3.3-fold longer than that reported for the
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Phase III program. Thus, a shorter Phase III program
appeared to be associated with additional regulatory docu-
ments from clinical studies other than Phase III. Other ele-
ments of project crashing (eg, integration of seamless Phase
I/IT and Phase II/II clinical studies into the CDP) were
observed. However, their effectiveness can only be assessed
once there is an adequate number of published CDPs for a
medical condition in similar patient populations. Additional
data, such as the date of final protocol, FSI, LSO, dates of
scientific advice (available in the clinical overviews but not
included in our analyses), dates of implementation of sub-
stantial amendments, phase of development, regulatory leaf
structure, and planned duration of a clinical study (including
cohorts and wash-out periods) are required for a fair compar-
ison of CDPs.

An aspect of data utility is lost in the CSRs (non-core
CDPs) in which dates are redacted to reduce the chance of
subject reidentification. In the absence of data regarding
the FSI and LSO dates, it is not possible to categorize a
clinical study into a period with corresponding regulatory
guidelines for a clinical development or the prevailing
medical practice. This complicates the placement of the
clinical study into context. It is also impossible to assess
whether a regulatory strategy (eg, Breakthrough or
Sakigake Designation®?) leads to accelerated approval,
and the appropriate timing for the inclusion of CSRs and
regulatory documents into systematic reviews.>”

The relevance of a clinical study can be easily deter-
mined by performing a literature search in peer-reviewed
journals, or by analyzing the results available in a freely
accessible WHO primary registry.’* Currently, accessing
the clinical data in the ECDW is not the first choice, as
some documents have limited search functionality.
Moreover, during our analyses, multiple sources (eg, the
FDA website,*> ClinicalTrials.gov, PubMed, etc.) had to
be consulted for a product. Therefore, all possible sources
of data should be consulted to construct a comprehensive
database for evidence-based medicine reviews. In the case
of rociletinib, the CDT was reduced to approximately 3
years. Even if all development strategies could be
employed and earlier marketing approval obtained, the
development lifecycle for rociletinib continued after
approval. Thus, the CDT appears to be artificially shifted
in some IMAs as the marketing authorization date was
earlier. However, additional development costs and risks
(eg, withdrawal from the market) remain.*®

High-level timelines have been previously published for
USA marketing approvals,* and were found to be in line with

the findings of the present analysis. Prior to this, it was
reported that an average of 12 years was necessary for an
experimental drug to progress from bench to market.>” The
incorporation of a biomarker-based strategy in drug develop-
ment timelines for new oncology drugs has been reported to
reduce the time to approval.*® Unfortunately, this could not
be analyzed as the non-personalized carfilzomib was the only
common CDP. Innovative concepts related to the Phase I
program have also been debated but not analyzed.*® With
the publication of CSRs by the EMA as per Policy 0070,
detailed analysis has become possible even with respect to
study participation at the individual clinical study level, as
shown in the lesinurad network diagram. There are limita-
tions in the reconstruction of timelines, particularly regarding
the impact of non-clinical activities on the clinical develop-
ment strategies. The discontinued preclinical tetrahydrobiop-
terin (BH4) synthesis target, which was identified as a key
modulator of both neuropathic and inflammatory pain in the
periphery, is a recent example of the amount of work invested
and the interrelations of the non-clinical and clinical
developments.*® Thus, although preclinical data are included
in the EPAR, the impact of this inclusion on clinical timelines
could not be assessed. An overview of the limitations of this
study is provided in Supplemental Table S4. The information

available on the ECDW demonstrates the time invested by
participants (ie, healthy volunteers and patients), and
enhances the transparency of CDP decisions. This has posi-
tive and negative impacts on future clinical development
projects. The positive aspect is that future clinical develop-
ment strategies can be developed based on previous scientific
argumentation. A potential negative aspect is that more
resources may be necessary to analyze previous CDPs.

Conclusions

The publication of CSR documents by the EMA has
offered an insight into the timelines and project manage-
ment aspects of the clinical development of a medicinal
product. Although the EMA timelines are published in the
initial EPAR with respect to the regulatory review mile-
stones, clinical development milestones are not published.
In this article, we highlight that the ECDW permits the
implementation of project management best practices. The
findings obtained from the ECDW need to be put into
context with the global regulatory framework, as well as
other commercial considerations. This can be analyzed by
consulting sponsor press releases and financial statements.
There are a few areas in which sponsors could reduce the
clinical development time, such as avoiding sequential
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project management (eg, F/TAF). Phase III studies with
short durations appeared to be associated with longer
CCSPCI durations. Marketing approval without comple-
tion of the Phase III clinical development was linked to a
post-marketing risk (eg, the withdrawal of pancreas pow-
der, drisapersen, and rociletinib from the market). The
CDPs available on the ECDW for the first 18 months
represent a diverse spectrum. Understanding the unique-
ness of each CDP requires a varying degree of specialist
knowledge to permit analysis. Visual techniques assisted
in understanding the interrelationship between -clinical
studies in a CDP, and following strategic decision-making.
The significant time that subjects contribute has been
quantified and found to vary from 52% to 97% of the
CDT. Implementation of the Phase 2 of the EMA Policy
0070 in the future'” and the continuously increasing num-
ber of publicly available CDPs would permit a more
detailed analysis to ascertain the potential time reduction.

The clinical development approach (ie, the type of
information required by the regulators for a submission)
will continue to be driven to a large extent by the type of
medicinal product under development and the medical
need. Based on the currently available documents and the
resources available to an organization, it is unlikely that a
significant decrease in the clinical development timeframe
can be consistently achieved.
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