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Abstract

Objectives: To assess whether drug regulatory agencies decided on applications for extended-release methylphenidate for use in
adult ADHD based on select samples of trials.

Study design and setting: Case series of publicly available regulatory documents. We matched an index of extended-release
methylphenidate trials for adult ADHD with trials appearing in regulatory documents of extended-release methylphenidate applications.
Trials and regulatory documents were identified as part of this systematic review (https://doi.org/10.1002/14651858.CD012857). We
sought to identify missing trials in the regulatory documents and to clarify regulatory submission requirements.

Results: We indexed 18 trials and matched those with 13 drug applications (11 approved, 2 rejected) published by 7 agencies.
There were trials missing in 7 (54%) of 13 applications, median 4 trials (range 1-6). The median proportion of missing trial participants
was 45% (range 23% - 72%). Regulators seemingly require that all trials must be included in new drug applications, but wording is
ambiguous.

Conclusion: In this sample of extended-release methylphenidate drug applications for adult ADHD, 7 of 13 regulatory decisions
were missing entire trials according to public documents, even though regulatory requirements seem to stipulate that all available trials
should be included in drug applications. © 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Background lished in medical journals [10]. Most of these unpublished
trials did not favour the antidepressant and were consid-
ered “negative” by the FDA [10]. The authors assumed
that FDA’s cohort of clinical trials was exhaustive and did
not investigate whether the companies had conducted more
clinical trials.

When pharmaceutical companies apply for marketing
authorisation of a new drug, they must submit an applica-
tion in the form of a Common Technical Document [11].
This is the international standard for all major drug regula-
tory agencies, and the document must contain information
regarding quality assurance, non-clinical studies, e.g. phar-
macokinetic and toxicology studies, and clinical trial data
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Selective publication of trials [1,2] and selective out-
come reporting [3,4] are common. For clinical trials pub-
lished in medical journals, there can be important discrep-
ancies compared to the raw trial data submitted to the drug
regulators [5-7] and patient reported outcomes and harms
seem to be particularly underreported in published reports
[8,9].

In 2008, it was reported that 31% of trials of antidepres-
sants included in new drug applications submitted to the
US Food and Drug Administration (FDA) were never pub-
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What is new?

What is already known on this topic

* Drug regulatory agencies base their decisions on
clinical trials submitted by pharmaceutical compa-
nies.

» Little is known whether drug regulators are missing
relevant clinical trials either sponsored by the ap-
plicants, publicly funded, or both, and thereby risk
making decisions based on select samples of trials.

What this study adds

* It was difficult to identify which trials drug regu-

latory agencies based their decisions on to approve

or reject extended-release methylphenidate applica-
tions.

According to publicly available documents, drug

regulatory agencies were missing clinical trials

in 7 (54%) of 13 regulatory decisions regard-
ing extended-release methylphenidate for ADHD in
adults.

Current regulatory submission requirements stipu-

late that applicants must submit all available trials,

but ambiguous wording make them open to inter-
pretation.

Medicines Agency (EMA) [14] and the UK regulator,
Medicines and Healthcare products Regulatory Agency
(MHRA), were incomplete [15,16] and internally incon-
sistent [17]. In a systematic review [5] of neuraminidase
inhibitors for influenza based on clinical study reports, it
was noted that the EMA and FDA “largely ignored” the
largest oseltamivir trial, M76001, during the approval pro-
cedure (p. 28) [5].

To our knowledge, it has never been systematically as-
sessed whether drug regulatory agencies may be missing
entire clinical trials when they make decisions. Clinical
study reports have generally not been easily accessible, but
several drug regulatory agencies make documents publicly
available about their authorised drugs [18].

Based on a cohort of regulatory documents ob-
tained for a systematic review [19,20] of extended-release
methylphenidate for attention deficit hyperactivity disorder
(ADHD) in adults, we wanted to systematically assess if
drug regulatory agencies transparently report which trials
they based their decisions on; are missing entire clinical
trials prior to decision-making; and stipulate specific sub-
mission requirements that mandate the applicants to submit
all trials in drug applications.

2. Methods

This is a case series based on publicly available drug
regulatory documents. We obtained the documents during

data collection for a systematic review on extended-release
methylphenidate for adult ADHD [19,20]. Our systematic
review was preregistered [19], but we did not publish a
separate protocol for this analysis. Our results are reported
according to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guideline [21].
See Supplement 1 for details on our methodology.

2.1. Step 1: Index of clinical trials

For our systematic review of extended-release
methylphenidate for ADHD in adults [19,20], two authors
(KB and ASP) systematically searched databases and trial
registries (October 2017, March 2019, February 2021).
In addition, one author (KB) searched pharmaceutical
databases (May 2020), drug regulatory agency databases
(May 2020, Aug 2021), and corresponded with trial au-
thors (continuously from 2016 to 2021). Using this data,
we created an index of randomised, placebo-controlled,
extended-release methylphenidate clinical trials for ADHD
in adults. For this analysis, we were interested in clinical
trials sponsored by pharmaceutical companies or pub-
licly funded trials with industry-involvement. We defined
‘industry-involvement’ as any type of collaboration and/or
sponsorship with the pharmaceutical companies that mar-
ket the relevant methylphenidate formulation, as stated in
acknowledgement sections or declared in trial registries.
Purely publicly funded trials rarely form the basis for new
drug applications.

2.2. Step 2: Drug regulatory documents

One author (KB) manually searched (May 2020, Aug
2021) drug regulatory databases of publicly available doc-
uments: The FDA’s database of Drug Approval Packages,
the Australian Therapeutic Goods Administration’s (TGA)
AusPAR Database and Register of Therapeutic Goods,
Health Canada’s Drug Product Database, EMA’s database
of Public Assessment Reports, the Japanese Pharmaceu-
ticals and Medical Devices Agency (PMDA) database of
drug reports and approved drugs, and national European
drug regulatory agency databases. See Supplement 1 and
our systematic review for details [19,20].

One author (KB) assessed each regulatory document
and extracted information on all clinical trials appearing in
the documents. They were categorised as ‘pivotal trials’,
i.e., the main trials used for approval, or ‘other trials’, i.e.,
any other (identifiable) trial.

2.3. Step 3: Matching index trials with regulatory
documents

We matched the index trials with those trials identi-
fied in the regulatory documents. We categorised any index
trial not appearing in the regulatory documents as ‘miss-
ing’ if the trial was: (1) completed or ongoing at the time
of decision-making, and (2) the trial was sponsored by
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Trial

Clinical trial registry

Formulation

Study start -stop

Sponsor

Industry-involvement

Biederman 2003
Reimherr 2004
Chronis-Tuscano
2004

Medori 2005

Winhusen 2005

Adler 2006

Casas 2008

Weisler 2009

Goodman 2009

Takahashi 2011

Spencer 2003

Huss 2010

Roésler 2004

Compas 2007

Retz 2008

Jain 2003

Wigal 2014

Weiss 2014

NCT00181571
Not registered

NCT00318981
NCT00246220

NCT00253747

NCT00326391
NCTO0714688
NCT00880217
NCTO00937040
NCT01323192

Not registered

NCT01259492
NCT00619840

EUCTR
2006-000222-31

NCT00730249
Not registered
NCT02225639

NCT02139124

OROS
methylphenidate
OROS
methylphenidate
OROS
methylphenidate
OROS
methylphenidate

OROS
methylphenidate

OROS
methylphenidate
OROS
methylphenidate
OROS
methylphenidate
OROS
methylphenidate
OROS
methylphenidate

Dex-
methylphenidate
extended-release
Long-acting
methylphenidate
Extended-release
methylphenidate

Extended-release
methylphenidate

Extended-release
methylphenidate

Controlled-release
methylphenidate
Controlled release
methylphenidate

Controlled-release
methylphenidate

June 2003 - Aug
2007

McNeil and Janssen'

Industry trial

Aug 2004 - Dec McNeil" Industry trial
2005
Dec 2004 — Dec McNeil™ Industry trial
2006
Mar 2005 — Nov Janssen Industry trial

2006
Nov 2005 — Mar

University of

Ortho-McNeil

2008 Cincinnati Janssen listed as
collaborator"

Apr 2006 — Dec Janssen Industry trial

2006

Feb 2008 — Apr Janssen Industry trial

2009

May 2009 - Jan Janssen Industry trial

2010

July 2009 - Feb Janssen Industry trial

2010

March 2011 — April Janssen Industry trial

2012

Apr 2003 - Sep Novartis Industry trial

2003

Nov 2010 - Aug Novartis Industry trial

2012

Nov 2004 — May Medice Industry trial

2006

April 2007 - Aug
2011

German Ministry of
Education and

Medice was involved
in the trial design

Research and data collection’
Sep 2008 - Jan Medice Industry trial
2010
Oct 2003 - April Purdue Industry trial
2004
Aug 2014 - May Purdue Industry trial
2015
Oct 2014 - Jan Purdue Industry trial

2015

i On ClinicalTrials.gov, Massachusetts General Hospital was listed as sponsor and McNeil as ‘collaborator’. In published reports (Biederman
et al. 2006, 2010, and 2011), McNeil and Janssen were listed as sponsors.

it According to the published report, it was ‘funded in part’ by McNeil.

i On ClinicalTrials.gov, University of Maryland was listed as sponsor and McNeil as collaborator. In the published report (Chronis-Tuscano

et al, 2008) McNeil was listed as sponsor.

V" According to ClinicalTrials.gov.

V' According to the published report [43].
the pharmaceutical company that had applied for drug ap-
proval, or (3) it was a publicly funded trial with ‘industry-
involvement’ according to our definition.

2.4. Step 4: Enquiring with regulators on missing trials

For the applications with missing trials, we enquired
with the regulators whether the applicants had submitted
information on more trials than those appearing from the
public documents. We did not enquire about applications
with no missing trials.

2.5. Step 5: Clarifying regulatory requirements for new
drug applications

One author (KB) searched the FDA, the TGA, Health
Canada, and the EMA websites (April 2020) for guide-
lines and legislations regarding stipulated submission re-
quirements of available clinical trial evidence. We did not
assess individual European drug regulatory agency require-
ments, since clinical trial conduct, reporting, and marketing
authorisation will be harmonised in the European Union,
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eCase Regulator Application Applicant Regulatory documents Decision

1 Health Canada OROS Janssen Product Monograph Approved on 15 April
methylphenidate [24] 2008

2 FDA OROS Janssen Drug Approval Package Approved on 27 June
methylphenidate [25] 2008

3 TGA OROS Janssen Product Information Approved on 21 Jan
methylphenidate [26] 2009

4 MHRA OROS Janssen Public Assessment Rejected on 14 July
methylphenidate Report [27] 2010

5 PMDA OROS Janssen ‘Summary of Approved on 20 Dec
methylphenidate Application’ report [28] 2013

6 BfArM Extended-release Medice Public Assessment Approved on 18 July
methylphenidate Report [29] 2011

7 FDA Dex- Novartis Drug Approval Package Approved on 26 May
methylphenidate [30] 2005
extended-release

8 MEB Long-acting Novartis Public Assessment Rejected on 20 Oct
methylphenidate Report [31] 2016

<) BfArM! Long-acting Novartis Public Assessment Approved in 2017
methylphenidate Report [32]

10 TGA Long-acting Novartis Product Information Approved in 2014
methylphenidate [33]

11 Health Canada Controlled-release Purdue Product Monograph Approved on 14 Dec
methylphenidate [34], 2017

Clinical Information
Package [35]

12 FDA Controlled-release Purdue Drug Approval Package Approved on 27 Feb
methylphenidate [36] 2019

13 Health Canada Controlled-release Purdue Product Monograph Approved (unknown

methylphenidate

[371]

date)

i BfArM approved the drug but MHRA published the Public Assessment Report.

once the EU Clinical Trial Regulation is applied in the
beginning of 2022 [22,23]. We did not search PMDA’s
website as it is mainly in Japanese. During our systematic
review [19,20], we asked five regulatory agencies (FDA,
TGA, Health Canada, MHRA, and BfArM) to clarify un-
certainties in the publicly available documents and to spec-
ify whether submission of data from all existing trials, re-
gardless of sponsorship, results, and trial status, was re-
quired for the drug approval process. During preparation
of this manuscript, we additionally asked Health Canada,
MHRA, and PMDA to clarify uncertainties related to three
applications and we asked EMA about their submission re-
quirements.

3. Results
3.1. Index of clinical trials

We identified 16 industry-sponsored trials and 2
publicly funded trials with ‘industry involvement’,
Table 1. Six different extended-release methylphenidate
formulations were tested: Osmotic-controlled re-
lease oral delivery system (OROS) methylphenidate
(Janssen, Concerta; 10 trials), extended-release (ER)
methylphenidate (Medice, Medikinet;three  trials),

controlled-release (CR) methylphenidate (Purdue, Fo-
quest/Adhansia;two  trials),  controlled-release = (CR)
methylphenidate (Purdue, Biphentin;one trial), long-acting
(LA) methylphenidate (Novartis, Ritalin LA/XL;one trial),
and dex-methylphenidate extended-release (Novartis, Fo-
calin XR;one trial). All trials assessed benefits and harms.
12 trials had similar trial characteristics and six trials had
particular design characteristics: Reimherr 2004 and Jain
2003 used a cross-over design; Chronis-Tuscano 2004
included women with ADHD who also had daughters
with ADHD; Winhusen 2005 (publicly-funded but with
industry involvement) also assessed smoking-cessation
related outcomes; COMPAS 2007 (publicly-funded but
with industry involvement) used a factorial design to
also assess the impact of clinical management or group
psychotherapy; and Wigal 2014 used a ’simulated work
environment’ in a cross-over trial design. See key trial
characteristics in Supplement 1, eTable 2.

3.2. Public drug regulatory documents

We included drug regulatory documents related to
13 drug applications [24-37], Table 2. They were pub-
lished by seven different agencies: The FDA (three
applications), Health Canada (three), the TGA (two),
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Table 3. Included and missing participants in regulatory documents.

eCase Regulatory agency Application Included participants Missing participants Total participants '
(%) (%)

1 Health Canada OROS methylphenidate 402 (28%) 1057 (72%) 1459

2 FDA OROS methylphenidate 631 (44%) 828 (56%) 1459

5 PMDA OROS methylphenidate 1194 (53%) 1048 (47 %) 2242

6 BfArM Extended-release 521 (55%) 433 (45%) 954
methylphenidate

MHRA OROS methylphenidate 1204 (61%) 754 (39%) 1958

3 TGA OROS methylphenidate 910 (63%) 549 (37%) 1459

10 TGA Long-acting methylphenidate 725 (77%) 221 (23%) 946

8 MEB Long-acting methylphenidate 946 (100%) 0 946

9 BfArM Long-acting methylphenidate 946 (100%) 0 946

11 Health Canada Controlled-release 435 (100%) 0 435
methylphenidate'

12 FDA Controlled-release 435 (100%) 0 435
methylphenidate"

7 FDA Dex-methylphenidate 221 (100%) 0 221
extended-release

13 Health Canada Controlled-release 50 (100%) 0 50

methylphenidate!"

' Ongoing trials at time of regulatory decision-making were included with their final sample size.
" The formulation Foquest/Adhansia
" The formulation Biphentin

— N —
B T Included trials

B B B \\'J [o] S

IR [IR IR — " IR S

w w w = w
G L]

=N N =N = N — .

c c E Missing trials
o G

| o D Industry-sponsored trial I:' ‘Other trials’

A I:l Publicly funded trial with Scale: 100

industry-involvement participants

Fig. 1. Included and missing trials according to publicly available documents. Numbers correspond to the 13 drug applications (see also Supple-
ment 1, eTable 4).

A= Adler 2006, B= Biederman, 2003, C= Casas 2008, E= Weisler 2009, G= Goodman 2009, H= Huss 2010, |= Weiss 2014, J= Jain 2003,
L= Wigal 2014, M= Medori 2005, N= Chronis-Tuscano 2004, O= COMPAS 2007, O=Ré&sler 2004, R= Reimherr 2004, S= Spencer 2003,
T= Takahashi 2011, W= Winhusen 2005, Z= Retz 2008.
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Table 4. Regulatory submission requirements.

Regulatory
agency Submission requirements
FDA FDA’s guideline on New Drug Applications [46]

“All controlled clinical studies, including
incomplete or abandoned studies, and all
pertinent data, whether developed with support
of the sponsor or obtained from any other
source should be presented in this section”
(section D, 1, c)

US Electronic Code of Federal Regulation [47]

“A description and analysis of each controlled
clinical study pertinent to a proposed use of the
drug, including the protocol and a description of
the statistical analyses used to evaluate the
study” (Title 21, part 314)

Health Submission Certificate for a New Drug

Canada Submission[48]
“[...] a) all pivotal studies included in the
submission are complete and final
comprehensive analyses provided;
b) all pivotal data necessary to support the
proposed indications, doses and formulations
have been provided [...]"

EMA and EMA’s guideline on the Common Technical

TGA! Document [50]
“The purpose of this section is to present a
critical analysis of the clinical data pertinent to
the efficacy of the medicinal product in the
intended population. The analysis should
consider all relevant data, whether positive or
negative [...]. Those studies deemed relevant
for evaluation of efficacy should be identified,
and reasons that any apparently adequate and
well-controlled studies are not considered
relevant should be provided. Prematurely
terminated studies should be noted and their
impact considered”(section 2.5.4)
EU Clinical Trial Directive (2001/83/EC) [51]
“Consequently, an essential requirement is that
the results of all clinical trials should be
communicated, both favourable and
unfavourable” (Annex I, section 5.2)

I TGA follows the EMA standards [52,53].

MHRA (two), PMDA (one), the Dutch Medicines Eval-
uation Board (MEB) (one), and the German Bundesinsti-
tut fiir Arzneimittel und Medizinprodukte (BfArM) (one).
11 applications were approved and two were rejected,
OROS methylphenidate by MHRA [27] and long-acting
methylphenidate by MEB [31].

The documents varied in length and content. FDA’s Ap-
proval Packages reported detailed results and summaries
of the scientific discussions and Health Canada’s Clinical
Information Package included parts of the clinical study
reports, whereas Health Canada and the TGA’s prescriber
documents reported sparse clinical trial data and did not
include scientific discussions. The European drug regula-
tors’ Public Assessment Reports varied from BfArM’s 7-
page report [30] on extended-release methylphenidate to
MHRA'’s 130-page report [27] on OROS methylphenidate.

We describe key document characteristics in Supplement
1, eTable 3.

3.3. Matching index trials with regulatory documents

We identified missing trials in 7 (54%) of the 13 drug
applications. The median number of missing trials was 4
(range 1 to 6). In Fig. 1, we depict the included and miss-
ing trials and they are tabulated in Supplement 1, eTable 4.
The median proportion of missing trial participants of the
total population was 45%, ranging from TGA’s approval
of long-acting methylphenidate (23%) to Health Canada’s
approval of OROS methylphenidate (72%), Table 3.

In Box 1, we illustrate the potential impact of missing
trials (Cases 1 and 2), and how a pharmaceutical company
was involved in a publicly funded trial, which was not
assessed in the initial application (Case 3). We describe
all drug applications in Supplement 1, eCase 1 to eCase
13.

3.4. Inquiring with regulators on missing trials

We contacted the responsible agencies, i.e., FDA, TGA,
Health Canada, BfArM, and MHRA, for the applications
with missing trials (Supplement 1 eTable 5 and Supplement
2). We asked them whether they had received information
on more trials than those appearing from the public docu-
ments. We did not contact PMDA, as the tabulated lists in
their ‘Summary of Application’” document [28] resembled
Clinical Study Report tables and seemed exhaustive.

The FDA, TGA, and Health Canada abstained from
directly addressing our questions on the missing trials,
whereas BfArM confirmed that they had not assessed the
missing COMPAS 2007 trial. The FDA referred us to their
Drug Approval Database website and Health Canada sent
us Module 2.7 from the OROS methylphenidate clinical
study report, which contains a list of all clinical trials sub-
mitted as part of the application. After our manuscript was
accepted for publication, Health Canada responded to an
inquiry about controlled-release methylphenidate. Health
Canada released a Clinical Information Package after we
had searched their database in May 2020. The disclosed
clinical study report documents unveiled a discrepancy
with other publicly available documents (see Discussion
and Supplement 1 for details). Finally, TGA asked us to
request specific documents, such as clinical study report
modules.

Box 1

Case 1. FDA'’s internal disagreement on the authori-
sation of OROS methylphenidate

The FDA [25] approved OROS methylphenidate
in June 2008 on the basis of the two Janssen spon-
sored trials, Medori 2005 (5 weeks; 402 participants)
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[38], and Adler 2006 (7 weeks; 229 participants)
[39]. FDA’s medical reviewer raised concerns re-
garding the drug’s harms, particularly cardiovascular
safety, and recommended the conduct of a third trial
as a condition for approval (p. 72) [25]. The FDA
Team Leader and the Division Director did not agree,
among other reasons, because they believed it was not
feasible, nor ethical, to conduct more clinical trials.
The Division Director, Thomas Laughren stated, “The
study proposed by Dr. Mannheim is simply not feasi-
ble. It would need to involve hundreds of thousands
of patients, would need a placebo arm, and would
take years to complete. In the meantime, the labels
for Concerta and other drugs in this class already
have very strong warning language that alerts pre-
scribers to possible cardiovascular risks. Thus, I do
not agree with the need for the study proposed by
Dr. Mannheim, and I will not suggest it to the spon-
sor” (p. 43) [25]. At the time of decision-making,
five clinical trials were ongoing or completed that did
not appear from the FDA Review [25]. Furthermore,
the applicant submitted information on four placebo-
controlled trials, but the FDA did not ask for these
trials, “The source papers have not been reviewed at
the time of this review” (p. 125) [25]. See also Sup-
plement 1, eCase 2.

Case 2. The missing Casas 2008 trial across OROS
methylphenidate authorisations

Health Canada approved OROS methylphenidate
for adult ADHD in April 2008 [24] on the basis of
one trial, Medori 2005 [38]. In June 2008, FDA ap-
proved the drug [25] on the basis of two trials, Medori
2005 [38] and Adler 2006 [39]. In January 2009, the
TGA [26] approved the drug based on the same two
trials, but they also listed harms’ data from a third
study, Casas 2008 (13 weeks; 279 participants) [40].
This trial was conducted between February 2008 and
April 2009 and (seemingly) ongoing at the time of
FDA, Health Canada, and TGA’s decisions, despite
only appearing in TGA’s documents.

In June 2010, the British regulator, MHRA [27],
rejected the OROS methylphenidate application on
the basis of all three Janssen trials [38—40]. Tak-
ing into account dropouts as ‘treatment failures’, the
MHRA reviewer commented, “The totality of the data
is therefore weak, with one successful, one borderline
failure, and one clearly failed trial” (p. 106) [27]. The
Casas 2008 [40] trial was the “clearly failed trial”.
It can be speculated whether the FDA and Health
Canada had decided differently, if the Casas 2008
trial had appeared in their public documents. See also
Supplement 1, eCases 1 to 4.

Case 3. BfArM’s approval of extended-release
methylphenidate and the COMPAS trial

The German drug regulator, BfArM, approved the
drug for use in adults in April 2011 [30,41] on the
basis of two pivotal trials, Rosler 2004 (24 weeks;
359 participants) [42] and Retz 2008 (8 weeks; 162
participants) [43]. These trials were conducted be-
tween 2004 to 2006 and 2008 to 2010, respectively,
and sponsored by the applicant, Medice. A German
publicly funded trial, COMPAS 2007 (52 weeks, 433
participants) [44], was conducted in the same period
(2007 to 2011) and it finished in August 2011 [44],
four months after BfArM’s approval. The applicant,
Medice, was involved in COMPAS’ trial design and
outcome collection [44], but the trial did not appear
from the Public Assessment Report [30]. We asked
BfArM whether they were informed about the COM-
PAS trial prior to approval, to which they responded
that the study was ongoing at the time of decision-
making (Supplement 1 eTable 6 and Supplement 2).
BfArM further informed us that Medice included data
from COMPAS in a subsequent ‘Type II variation’
submission, which was an extension of the indication
to also include initiation of treatment in adults that
have not previously been treated. The type II varia-
tion was approved in November 2017 [45]. See also
Supplement 1, eCase 6.

3.5. Regulatory requirements for new drug
applications

In general, the FDA, TGA, Health Canada, and EMA
seemed to require all trials to be submitted but there were
important uncertainties in their wording, see Table 4. We
enquired with the agencies (Supplement 1 eTable 5 and
Supplement 2), and we also sought information on the
agency websites (Supplement 1 eTable 6).

The FDA guideline [46] and the US legislation
[47] specified that all clinical trials “pertinent” to the
proposed indication should be included. Health Canada
requires applicants to submit a certificate stating, ‘“all
pivotal trials necessary to support the proposed indications
[...] have been provided “ [48], but their guideline [49] on
the Common Technical Document did not clarify this
further. EMA’s guideline [50] on the Common Techni-
cal Document specified that all “pertinent” data should
be submitted, whereas the EU Trial Directive 2001/83
[51], which formed the legal basis for the content of
the Marketing Authorisation Dossier, was more broad
and stated, “all clinical trials should be communicated”.
Subsequent EU Regulations have seemingly not elaborated
on the submission requirements (Supplement 1 eTable 7).
The TGA has adopted the European Common Technical
Document standards [52,53].
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4. Discussion
4.1. Summary of findings

To our knowledge, this may be the first report to
systematically investigate whether drug regulatory agen-
cies make decisions based on complete or select sam-
ples of clinical trials. In our cohort of 13 extended-release
methylphenidate applications for ADHD in adults, we
identified missing trials in 7 (54%) applications. Previ-
ously, it has been reported [5] that the EMA and FDA
approved oseltamivir for influenza but “largely ignored”
the largest oseltamivir trial. Our findings therefore raise
the concern that missing trials in drug applications may
constitute a general issue.

There may be several explanations why some clinical
trials did not appear in the public documents: First, the
companies may deliberately not include all trials in their
applications. Second, the drug regulatory agencies do not
unequivocally request that the applicants submit all trials.
Third, the agencies do not conduct their own systematic
searches of clinical trial registries and databases of pub-
lished literature but rely on the material submitted by the
applicant. Fourth, the agencies apparently do not always
check that everything listed in the index has been sub-
mitted. Our research group has previously found that ap-
pendices were only included for 32 of 70 trials of an-
tidepressants [15] and in FDA’s medical review of OROS
methylphenidate [25], they even noted they had not re-
viewed all ‘bibliographic references’ submitted by the ap-
plicant, see Case 1. Fifth, drawing on a case study of de-
pot aripiprazole’s authorisation [54], regulatory agencies
may exclude clinical trials from public documents depend-
ing on their own assessments. In TGA’s Public Assess-
ment Report of depot aripiprazole [55] two pivotal trials
were assessed but the agency discarded one of these tri-
als due to outcome switching. In the corresponding Prod-
uct Information [56], the discarded trial did not appear in
the ‘Clinical Trials’ section, whereas the discarded trial’s
data appeared under ‘Adverse Events’. This seems similar
to TGA’s Product Information on OROS methylphenidate
[26] as described in Case 2. Also here, one of the trials,
Casas 2008 [40], appeared only in the ‘Adverse Events’
section. One might therefore speculate that TGA discarded
the Casas 2008 results, which also seems supported by
MHRA'’s classification of it as “a clearly failed trial” [27].

The regulatory submission requirements seemingly stip-
ulate that all available evidence should be submitted. How-
ever, the devil may lie in the detail. FDA and EMA (and
subsequently TGA) label the required submitted material
as “pertinent” and Health Canada defines them as “all piv-
otal trials”, Table 4. Whether this means that all data from
all available trials must be submitted, or only those tri-
als that the regulatory agency and the applicant have al-
ready agreed on during pre-authorisation meetings, seems
unclear. This uncertainty may stem from the International

Council for Harmonisation’s (ICH) guideline [57] on the
Common Technical Document Module 5, which all four
agencies rely on. The guideline uses the same terminology
and labels the included trials, “pertinent to the efficacy of
the medicinal product” [57].

We noted that most drug regulatory agencies did not di-
rectly address our questions regarding the extent of miss-
ing trials. The exception was Health Canada who sent us a
clinical study report module 2.7 (eCase 1) and referred us
to publicly disclosed clinical study report material (eCase
11), which fully addressed our questions. We understand
that regulatory staff does not have authority, or perhaps
insight, to explain former decisions made by their supe-
riors. However, our questions regarding the availability of
specific trials prior to decision-making seem to constitute
basic information that, in our view, should already be in
the public domain.

4.2. Limitations

We did not register a protocol for this analysis. It was
an exploratory project related to our systematic review on
extended-release methylphenidate for adult ADHD [19,20],
for which a protocol is available [19]. This analysis is
based on documents obtained through our predefined sys-
tematic search, and we therefore do not believe the lack
of an additional protocol affected the results.

It is important to reiterate that our analysis was
based on public documents and, with the exception of
Health Canada’s (and probably PMDA’s) approval of
OROS methylphenidate and Health Canada’s approval
of controlled-release methylphenidate, we do not know
whether the agencies had access to more data. Critically,
the listed evidence in Health Canada’s publicly available
OROS methylphenidate Product Monograph matched the
corresponding clinical study report (eCase 1), whereas the
controlled-release methylphenidate Product Monograph did
not match the clinical study report material (eCase 11). We
would therefore need access to clinical study reports from
all drug applications to confirm our results, which could
take years to obtain.

Since our findings were largely based on publicly avail-
able documents, this may also be an indicator of the cur-
rent level of transparency. If our estimates of missing trials
are incorrect, it may be due to the regulatory agencies’ lack
of disclosure. One could argue it is reasonable to include
only those trials supporting the authorised indications in
public documents. However, it obscures transparency when
excluded trials are not listed, and it can give a distorted
impression of the submitted evidence and of the drug’s
benefits and harms.

It is important to highlight the variation in the available
documents. FDA’s Drug Approval Packages and the Eu-
ropean Public Assessment Reports are lengthy documents
with detailed scientific discussions. Health Canada’s Clini-
cal Information Package contains part of the clinical study
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report, but no regulatory discussions. PMDA’s report was
largely composed of other agencies’ documents. The Cana-
dian Product Monographs and the Australian Prescriber In-
formation are summaries of product characteristics and not
scientific reports.

Our sample of 13 applications related to one drug is
small and it is an important limitation to the generalisabil-
ity across indications, fields, and drug regulators. We also
do not know if we have missed additional rejected appli-
cations. We were surprised to find reports related to two
rejected applications. EMA publishes information on re-
jected applications, called ‘refusal assessment reports’ [58].
To our knowledge, this is not common and other regula-
tors, e.g., the FDA, publishes reports of authorised drugs
only [59].

We may have missed some publicly funded trials
with industry-involvement. Selective reporting of publicly
funded trials is particularly pronounced [60,61], and some-
times the industry-involvement has not been declared in
publications, even when the trial was later used in a reg-
istration application [62].

4.3. Suggestions for improvements

We identified limitations in the current drug regulatory
system with potentially serious consequences for the relia-
bility of drug approvals. Despite our lengthy investigation,
we are still not certain on what basis most drugs were ap-
proved. It is therefore regrettable that for instance the FDA
plans to weaken transparency by phasing out the publica-
tion of medical, statistical, and other reviews and substitut-
ing them with less informative ’integrated reviews’ [63].

Drug regulators need to ensure that their decisions are
based on all data from all relevant trials and not just a
selection of them. The current gaps could be addressed on
several levels: It is highly recommendable that regulatory
agencies conduct their own systematic searches of trial reg-
istries and databases of published literature. According to
FDA’s manual on how to conduct clinical reviews (sec-
tion 9.1) [64], reviewers are not obliged to systematically
search for evidence; the submission requirements need to
be clarified to avoid loopholes and these requirements must
be enforced; the pharmaceutical companies need to be held
accountable if they fail to submit relevant data or trials, or
fail to inform about ongoing or planned trials; finally, it
would be sensible to increase collaboration between reg-
ulatory agencies. Health Canada and the TGA have al-
ready initiated projects on shared drug review assessments
with the Singaporean and Swiss authorities [65]. Our rec-
ommendations are summarised in Box 2. The European
Commission recently solicited input to the revision of the
EU general pharmaceutical legislation [66]. This may be
an opportunity to address some of the issues we highlight
in this paper, including clarification of submission require-
ments and better overviews of assessed clinical trials in
drug applications [67].

Box 2

Recommendations to improve the completeness
and transparency of regulatory decisions

1. Regulatory agencies should systematically
search clinical trial registries and databases of pub-
lished literature prior to decision-making to avoid
missing clinical trials.

2. Regulatory agencies should clearly disclose all
trials (not just the favourable ones) they assessed prior
to decision-making in publicly available documents.

3. Regulatory submission requirements regarding
available clinical trials should be made clearer to
avoid loopholes in interpretation.

4. Regulatory agencies should consider establish-
ing an international website with basic information
on drug authorisations (e.g. assessed pivotal and sup-
porting trials, regulatory discussions, concerns raised,
and final decision) to enable comparisons, reduce re-
dundancy, and increase transparency.

5. Pharmaceutical companies should be held ac-
countable if they fail to inform regulatory agencies
about all available evidence.

On a general note, our method for indexing clinical tri-
als based on published reports and clinical trial registries
and our identification of publicly available regulatory doc-
uments can be applied across drugs and indications. Our
research group used a similar approach to map clinical tri-
als of the HPV vaccines [68]. Our method also highlights
potential solutions to address the current loopholes in drug
regulation, Box 2. However, this project should also be
considered a ‘work-in-progress’ and it will be updated if
new information emerges.

5. Conclusion

Based on publicly available regulatory documents, we
found that 7 (54%) of 13 regulatory decisions regarding
extended-release methylphenidate for adult ADHD were
made based on a select sample of clinical trials, although
current requirements seem to state that all available trials
should be included in drug applications. It will be im-
portant to assess larger cohorts of drug approvals to better
estimate the prevalence of missing trials in new drug appli-
cations. Similarly, drug regulatory agencies may consider
employing new protocols to avoid missing clinical trials
prior to decision-making.

Availability of data and material

All data underlying this project are available from, or
referred to, in the supplements. It was an exploratory anal-
ysis related to our systematic review and we did not pub-
lish a separate protocol for this project.
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