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Over the past 10 years, thousands of first-into-human (FIH) clinical trials have been performed in Europe, with few severe adverse
events (SAEs). Each has received detailed prior safety review at both the local clinical research facility and at national drug regulatory
authority level. The recent fatal SAE in the BIA-102474-101 clinical trial shows the limitations of this process. Although criticized for not
sequentially dosing subjects both within and between cohorts – as recommended by the European Medicines Agency for high-risk
compounds after the TeGenero clinical trial disaster in 2006 – BIA-102474-101 was not considered to be high risk. Indeed, compounds
with similar mechanisms of action had previously been taken through phase I and II trials without incident, and higher doses had been
safely given for longer durations to nonhumanprimates. If the available data are comprehensive and accurate, and further investigation
does not reveal unreported warning signs, this study has serious implications for ongoing and future review of FIH clinical trials. All
preclinical study documents and clinical data collected during the BIA-102474-101 trial should be made available urgently so that
lessons can be learnt. In themeantime, reviewers and clinical researchers should always ask for information on drug and target interactions
and full reports of preclinical toxicity studies, and plan sequential dosing with longer delays between patients and cohorts, particu-
larly if late SAEs might be anticipated. The use of individual patient pharmacokinetic and dynamic data should guide sequential
dosing. A process for systematic risk assessment, like that currently used in the Netherlands, should be applied routinely to all trials with
novel compounds.
Introduction
Drugdevelopment requiresfirst-into-human (FIH) studies to gain
initial information on tolerability, pharmacokinetics/dynamics
and basic elements of drug safety [1]. All such study protocols
are closely scrutinized by investigators, local review committees
and the relevant national drug regulatory authority (DRA) as well
as by ethics committees. The TeGenero trial, performed in theUK
in 2006 [2], resulted in major changes in design [3], first in the
UK, following the Duff committee report in 2006 [4], and then
with revised EU guidelines in 2007 [5].

The risk assessment of FIH studies in Europe includes a
review of the applicability of the preclinical toxicity studies
to humans [5]. Studies that include nonhuman primates
(NHPs) might be considered more applicable than those
carried out in rodents and dogs, and therefore reassuring if
no adverse events are noted. The risk assessment also includes
consideration of whether compounds of similar structure
and/or mechanism have previously been administered to
humans [6]. A lack of adverse events in such clinical studies
© 2016 The British Pharmacological Society
would generally be reassuring for reviewers. However, the
disastrous events of the BIA-102474-101 clinical trial bring
these assumptions into question.
The clinical trial
The trial aimed to take the Bial-Portela compound BIA-
102474-101 (Figure 1), a fatty acid amide hydroxylase (FAAH)
inhibitor, into humans for the first time. The design was a
standard combination of eight single ascending dose (SAD)
cohorts, food studies (pharmacokinetics with or without
food) and four multiple ascending dose (MAD) cohorts receiv-
ing the compound for 10 days [7]. After receiving regulatory
approval from the French DRA [Agence Nationale de Sécurité
du Médicament et des Produits de Santé (ANSM)] and ethics
approval, the first patient was dosed on 9 July 2015 [8] (see
timeline, Figure 2). Forty-eight patients received single doses
between 0.25 mg and 100 mg (16 received placebo) without
DOI:10.1111/bcp.12920



Figure 1
Molecular structure of the fatty acid amide hydroxylase inhibitor BIA-
102474-101. FromWikipedia, under the Creative Commons Attribu-
tion–ShareAlike licence
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any severe adverse events (SAEs) being reported to ANSM.
The first MAD cohort was dosed with 2.5 mg in early October
2015, just before the final SAD cohort received the highest
dose. A food cohort was completed between the first and
third MAD cohorts. The first four MAD cohorts completed
doses of 2.5 mg up to 20 mg daily for 10 days without re-
ported incident [8].

The fifth MAD cohort (the first extra cohort, added be-
cause the maximum tolerated dose was not reached in the
first four MAD cohorts), receiving 50 mg daily for 10 days,
was first dosed on 6 January 2016 [8]. One participant became
ill after the fifth dose on 10 January and was admitted to
Rennes University Hospital. Despite fulfilling the criteria for
an SAE, the study was not stopped or SAE reported, and the re-
maining seven participants in the cohort received the sixth
dose the next day. Deterioration in the first participant’s con-
dition later that morning resulted in the trial being stopped.
Four of the five participants receiving active therapy became
ill over the following few days and each was hospitalized.
The first subject to become ill died on 17 January. Brain
z

Figure 2
Timeline of the BIA-102474-101 clinical trial. ANSM, Agence Nationale de Sé
plication; MAD, multiple ascending dose; SAD, single ascending dose; SUSA
magnetic resonance imaging (MRI) of the five symptomatic
participants showed a consistent picture of deep-brain haem-
orrhage and necrosis [9]. Subsequent MRI imaging of partici-
pants who received lower SAD and MAD doses has shown no
evidence of subclinical brain injury [10].
Follow-up
At the time of writing this editorial, the amount of informa-
tion available for public scrutiny was low, despite a call for
the immediate release of all data by us [11] and others [12].
The protocol was made public by ANSM shortly after the inci-
dent [7]. Bial has thus far declined to make the Investigator’s
Brochure (IB) and Investigational Medicinal Product Dossier
(IMPD) publically available. No preclinical toxicity study
reports are available.

A preliminary report was produced by the French Inspec-
tion Générale des Affaires Sociales (IGAS) in early February,
which criticized the trial on three points – continuing the
study after admission of the first participant into hospital,
not informing ANSM within 24 hours of the participant
being admitted to hospital and not reconsenting the other
participants after the SAE [13]. No other major criticisms were
made of the trial design in that report.

On 16 February, the ANSM’s Temporary Specialist Scientific
Committee on Inhibitors of FAAH published its preliminary
conclusions [9]. It noted that it considered preclinical studies
to have been adequate for testing in humans, the pharmaceuti-
cal quality to be acceptable and the appearance of SAEs after five
or six daily doses of 50 mg to demonstrate a threshold effect.
z

z

curité du Médicament et des Produits de Santé; CTA, clinical trial ap-
R, suspected unexpected serious adverse reaction
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The preferred hypotheses were that the molecule had effects ad-
ditional to FAAH inhibition or that the effects were due to a me-
tabolite [9].
Sequential dosing
After the first reports of the SAEs in the trial, there was much
discussion in the press and scientific literature. The UK’s
Royal Society of Statistics (RSS), which produced its own re-
port on FIH trial design after the TeGenero trial [14],
expressed concerns with the trial design [12]. A news article
in Nature [15] reported particular concerns among statisti-
cians about the time intervals between dosing in the SAD
and MAD cohorts. Of note, this discussion took place before
it became clear that the SAE had occurred in the fifth MAD
cohort. Since the TeGenero study, the first dose of a new
high-risk compound (Box 1) has had to be given to just one
participant (with one receiving placebo), with a delay before
dosing the others in the cohort until the effects on this partici-
pant have been assessed [4, 5, 14] – termed sequential dosing.
The need for such dosing is based upon careful risk assessment.
Examples of trials where expert advice may be needed in-
clude first-in-human (FIH) trials with novel compounds
where:

• The mode of action involves a target that is connected to
multiple signalling pathways (target with pleiotropic ef-
fects), e.g. leading to various physiological effects or tar-
gets that are ubiquitously expressed.

• The compound acts (directly or indirectly) via a cascade
system, where there may be an amplification effect which
might not be sufficiently controlled by a physiological
feedback mechanism.

• The compound acts (directly or indirectly) via the im-
mune system, with a target or mechanism of action which
is novel or currently not well characterized.

• There is novelty in the structure of the active substance;
e.g. a new type of engineered structural format, such as
those with enhanced receptor interaction as compared
with the parent compound.

• The level of expression and biological function of the tar-
get receptor may differ between healthy individuals and
patients with the relevant disease.

• There is insufficient available knowledge of the structure,
tissue distribution, cell specificity, disease specificity, reg-
ulation, level of expression and biological function of the
human target, including downstream effects.

• The compound acts via a possible or likely species-specific
mechanism or where animal data are unlikely to be pre-
dictive of activity in humans.

From: https://www.gov.uk/guidance/clinical-trials-
for-medicines-apply-for-authorisation-in-the-uk

Box 1

MHRA guidance on identification of high-risk trials
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The Duff report states that:

‘The intervals of observation between administration to
the first, second and subsequent subjects should be deter-
mined by the kind of adverse reaction that might be antic-
ipated based on the nature of the agent, its target, and the
intended recipient’.

The EU FIH guidelines for high-risk compounds are more
specific about sequential dosing in later cohorts, stating:

‘Further dose administration should be sequential within
each cohort to mitigate the risk. Any non-sequential dose
administration within each cohort should be justified.
There must be an adequate period of observation between
the administration of the medicinal product to the first,
second and subsequent subjects in a cohort to observe
and interpret reactions and adverse events. The duration
of the interval of observation should be justified and will
depend on the properties of the product and the data
available, including non-clinical PK and PD. Experience
and identified risk factors from trials with comparable me-
dicinal products should also be considered’.

The UK approach from 2006 has included a clear distinc-
tion between high- and low-risk compounds – based largely
on mode of action, nature of the target and relevance of the
animal species and models (Box 1) – with high-risk com-
pounds being referred to a specialist Medicines and
Healthcare products Regulatory Agency (MHRA) Expert Advi-
sory Group [16]. The European Medicines Agency (EMA)
guidelines do not recommend such a dichotomous approach
to risk assessment, all compounds requiring some element of
explicit risk assessment. A structured systematic process for
risk assessment was proposed after the TeGenero trial [6]
and is now part of the standard protocol format used by the
Netherlands Competent Authority for Clinical Trials (www.
ccmo.nl).
Sequential dosing in the BIA-102474-101
protocol
According to the protocol, sequential dosing was carried out
for the first dose on 9 July 2015 but the delay was for just 24
h [7]. Thereafter, all cohorts were dosed together – dosing
was not sequential within cohorts. The delay between SAD
and MAD cohorts was between 7 and 14 days, except for the
second SAD cohort and the fifth MAD cohort, which started
31 and 18 days, respectively, after the final doses of the prior
cohort [8]. Except for the second cohort, the delay between
cohorts did not allow the previous cohort’s pharmacokinetics
to be considered before starting another [7], something
recommended in the RSS report [14].

Unfortunately, and contrary to the EMA guidance, the proto-
col provides minimal discussion of the risk assessment for
sequential dosing [7]. There is no discussion of whether sequen-
tial dosing should be done for each cohort or why a 24-hour
interval was selected for SAD cohort 1. Of note, it states that if
there were drug safety concerns for the MAD cohorts:
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‘…the subjects dosing will be staggered (a maximum of 4
subjects dosed on the same day and 24 hours of follow-
up necessary before doing the remaining subjects)… ’

rather than sequential dosing of all subjects for eachMAD
cohort.

Only rapid-onset adverse effects appear to have been con-
sidered as dosing was planned to take place with just 10 min
between subjects dosed on the same day [7].
Risk assessment of BIA-102474-101
The drug was not apparently considered as high risk by ANSM
or the ethics committee and it is therefore not clear that se-
quential dosing throughout the SAD and MAD protocols
would ever have been recommended.

The protocol reports that no SAEswere noted in any preclin-
ical toxicity study and that multiple-dose studies were per-
formed in NHPs using much higher doses and for a longer
duration than those received by the fifth MAD cohort (50 mg,
representing doses of 0.67 mg kg–1 in 75 kg adults).
No-observed-adverse-effect-levels (NOAEL) of 100 mg kg–1 day–1

and 75 mg kg–1 day–1 were reported after 4-week and 3-month
oral repeat administration studies, respectively, in NHPs. Some-
what lower, but still reassuring, NOAELs of 50 mg kg–1 day–and
20 mg kg–1 day–1 were noted in similar dog studies. However,
no indication was given in the protocol of whether higher doses
were given to NHPs or dogs with resulting toxicity.

The highest area under the plasma drug concentration–time
curve reported from any preclinical study was in the 4-week 100
mg day–1 NHP study. It is unclear whether the pharmacokinetic
data from the priorMAD cohorts 1–4 indicated differential elim-
ination of the compounds in humans compared with NHPs as
they have not beenmade available. The preclinical pharmacoki-
netic information available at the beginning of the study does
not suggest the need for a long-duration pause between patients
at the first dose or any other dose level or duration.

BIA-102474-101 is also not first in mechanistic class, al-
though post-hoc analysis has shown that it is different to the
other FAAH inhibitors that have previously been taken through
phase I and II clinical trials without reported problems. Al-
though no comparative enzyme and receptor binding assays
were reported in the protocol, an in silico study performed by
Sean Ekins of Collaborative Chemistry [17] after the problems
were reported found that BIA-102474-101 was predicted to bind
to other targets as well as FAAH. It is possible that the toxicity
seen was due to off-target effects seen suddenly at high cumula-
tive dose, as considered by the ANSM Expert Committee [9].

The protocol reports that FAAH inhibition was to be mea-
sured in the clinical study [7] but no results have been made
available. Suchmeasurements of effect are important for FIH tri-
als as theymay showmaximum effect before the onset of toxic-
ity. It is surprising that the trial aimed to establish a maximum
tolerated dose - indeed, the SAEs occurred in the first additional
cohort performed to seek the maximum tolerated dose. Dosing
could have better used pharmacological FAAH inhibition assays
to guide dosing, instead of the absence of side effects at each
dose [1, 18]. It is possible that the SAEs occurred at doses well
past maximum FAAH inhibition.
Conclusions
The occurrence of SAEs inmost participants of a cohort, with-
out any previous signal from preclinical or prior SAD and
MAD cohorts, is not known to have occurred before. The total
dose received by these participants, from 250mg to 300mg, is
only 25–33% greater than the total dose received by the prior
MAD cohort (200 mg), which had no reported signs of toxic-
ity. The consistent picture across the cohort of six suggests a
dose effect and not an idiosyncratic reaction.

Public release of the results from the preclinical toxicity
studies and the clinical trial, as well as the IB and IMPD, is
required urgently so that lessons can be learnt from this trial.
Bial should now provide a timetable for the release of this
information.

While we wait for these data to become available and new
guidelines to be produced, what can reviewers do differently
while considering protocols? We should ask for more infor-
mation on drug and target interactions by the compound,
more information on clinical studies with similar compounds
via greater inter-company sharing of data, and copies of the
full reports of preclinical toxicity studies. We can insist on
longer delays between patients and between cohorts, and
use of individual patient pharmacokinetic and -dynamic data
to guide sequential dosing within and between cohorts,
slowing down the trials – but are we able to identify the
compounds for which this is appropriate?

Regulation should be adapted urgently to ensure immedi-
ate and comprehensive release of data into the public domain
after such an incident, to allow lessons to be learnt. Invoking
commercial considerations, when volunteers have suffered
such devastating outcomes, is both immoral and irrelevant,
as the drugs causing SAEs will never be developed and there
may be important lessons of immediate relevance to research
programmes looking at similar drugs. We should also require
information on previous reviews of the protocol by Clinical
Research Facilities (CRFs) or Contract Research Organisations
(CROs) that decide not to take on such trials – valuable infor-
mation may be present in these reviews that has never been
made public.

The BIA trial has shown again that drug development will
always have risks. It is not possible to identify all ‘high-risk’
compounds that need elevated risk assessment; therefore, all
compounds need to undergo graded risk assessment. A process
for systematic risk assessment currently used in the
Netherlands could be applied routinely to all trials with novel
compounds. Careful monitoring of pharmacological and
clinical effects during dose escalation may not prevent all SAEs
but it currently offers the best guarantee that dangerous effects
of novel compounds are picked up early. Lessons from such di-
sasters can best be learned by full and immediate transparency
of documents, including, at least, the protocol (including a full
risk assessment), IB, IMPD and all preclinical study reports.
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