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Abstract. Purpose: Reflecting the ex-
tended scope of the valid EMA regulation,
this analysis intends to contribute to the
knowledge about risk for participants in first-
in-human (FiH) multiple-dose studies. Ma-
terials and methods: All FiH multiple-dose
studies in healthy subjects performed by the
Bayer Department of Clinical Pharmacol-
ogy, Cardiovascular, between 2006 and 2019
were analyzed. Study reports were reviewed
for study designs, demographics, treatment-
emergent adverse events (TEAEs), and
safety laboratory results above the 1.5-fold
of the upper limit of normal (aspartate ami-
notransferase (AST), alanine aminotransfer-
ase (ALT), creatine kinase (CK), amylase,
lipase, glutamate dehydrogenase (GLDH),
gamma glutamyl transpeptidase (GGT), total
bilirubin, and creatinine in serum), and data
were analyzed. Results: 12 out of 16 studies
were included. Indications for development
were cardiovascular (7), pulmonary (3), kid-
ney (1), and hematological (1) diseases. 496
healthy male subjects (mean age 33.8 years,
mean BMI of 24.7 kg/m?) received treatment
(370 active, 126 placebo). 293 subjects had
at least 1 TEAE (59.1%): 231 (62.4%) after
active treatment and 126 (49.2%) after place-
bo. Subjects with a maximum TEAE inten-
sity of moderate did not differ between ac-
tive and placebo. The only severe TEAE was
unrelated to the study, the only serious TEAE
on active treatment was not considered drug-
related. Subjects had a significantly higher
relative risk on active treatment versus pla-
cebo to experience an overall TEAE. No rel-
evant differences between active and placebo
for the analyzed laboratory increases were
seen. Conclusion: Subjects were not exposed
to an undue risk in the analyzed studies. Ad-
verse events and laboratory value increases
occur frequently under placebo treatment.
The results can help in the risk stratification
for and interpretation of other phase I stud-
ies.

What is known about this subject

— Safety of healthy subjects in first-in-hu-
man multiple-dose studies has become
subject to recent regulation and current
discussion.

— Published data about safety in first-in-
human multiple-dose studies is lacking.

What this study adds

— Provides pooled safety data of first-in-
human multiple-dose trials in healthy
subjects.

— Supports thereby risk evaluation of
first-in-human multiple-dose trials with
healthy subjects by broadening the pub-
lished database.

Introduction

An important extension in the scope of
the valid guideline for early clinical trials
with investigational medicinal products of
the European Medicines Agency (EMA) is
the coverage of studies beyond single-dose
first-in-human (FiH) trials [1]. While previ-
ous regulation focused on determination of
a safe starting dose and dosing selection in
single-dose FiH trials [2], considerations
for the ensuring of safety during the first
multiple-dose administration in humans
have become an important part of the new
regulation. The death case in the Bial trial in
2016, which happened in the multiple-dose
part of this FiH study [3], illustrates dramati-
cally the importance of paying particular at-
tention to safety in this step of early clinical
development. Potential accumulation might
become evident and relevant for target-relat-
ed side effects and can possibly also lead to
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off-target effects [4]. Despite the general per-
ception of an acceptable risk in early clinical
trials in healthy subjects, systematic data for
risk determination remain rare [5, 6] espe-
cially in regard to the different types of early
clinical studies.

In order to contribute to the general
knowledge for risk stratification, we ana-
lyzed safety data of our in-house FiH mul-
tiple-dose studies in healthy subjects for all
compounds that went into human develop-
ment between 2006 and 2019. Systematic
safety data from preceding FiH single-dose
studies has recently been published, and an
overall low risk for participants was shown
[7]. A similar result was also demonstrated
for previous FiH studies [8]. The aim of
this analysis was to determine if a relevant
increase of risk occurs at the important step
from first single- to multiple-dose adminis-
tration in humans.

Materials and methods

All FiH multiple-dose studies in healthy
subjects performed by the Department of
Clinical Pharmacology, Cardiovascular,
Bayer AG Wuppertal, between January 2006
and May 2019 were analyzed for inclusion.
All studies were approved by the responsible
independent and competent Ethics Com-
mittee of the Medical Council North Rhine
(Diisseldorf) and the German competent
authority. Informed consent was obtained
from all individual subjects included in the
studies, and all subjects were obliged as per
protocol not to take part in different clini-
cal studies without a minimum pause of 3
months in between. Formulations used for
the active drug and placebo were identical in
appearance (size, shape, color).

Study reports were reviewed to compile
the data used in this analysis. Study designs,
demographics, treatment-emergent adverse
events (TEAEs), and safety laboratory re-
sults for AST (aspartate aminotransferase),
ALT (alanine aminotransferase), CK (cre-
atine kinase), amylase, lipase, GLDH (glu-
tamate dehydrogenase), GGT (gamma glu-
tamyl transpeptidase), total bilirubin, and
creatinine in serum were systematically ana-
lyzed. Numbers, percentages per group, and
relative risk of occurrence were calculated.

TEAEs were sorted by the Medical Diction-
ary for Regulatory Activities (MeDRA, cur-
rent version, respectively) primary system
organ class and preferred term, intensity was
categorized into mild, moderate and severe,
and into serious and non-serious. Laboratory
results were analyzed regarding the occur-
rence of values above 1.5-fold of the upper
limit of normal during the in-house phase of
the studies.

Results

Overall studies

Of all 16 analyzed studies, 12 studies had
reported data at the timepoint of analysis and
were included, 4 studies were still ongoing
and were not included. All included studies
tested small molecules and only multiple-
dose escalation, parallel group comparison,
single blind, placebo-controlled designs
were used. Three of the included studies had
comparator arms and/or interaction parts that
were all excluded from this analysis. Routes
of administration were in 11 cases oral (im-
mediate-release tablets), and in 1 case intra-
nasal (solution). The number of dose steps
was 3 or 4 in most of the studies, only 1 study
had 5 dose steps. Escalation factors between
daily doses ranged from 1 (once versus twice
daily dosing of the same daily dose) to 2.5,
the ratios between the highest and lowest
daily doses ranged from 3 to 10. Indications
for development were for 7 compounds car-
diovascular, for 3 pulmonary, for 1 kidney,
and for 1 hematology diseases. In all stud-
ies, the investigated doses were justified by
the estimated dose range for later therapeutic
use, mostly starting at the lower and escalat-
ing up to the upper boundary as evidenced
by results of a FiH study and/or preclinical
studies [9]. None of the studies was termi-
nated prematurely. In 1 study, administration
in the planned highest dose step was assessed
as not well tolerated (vasoactive compound
with exaggerated effects and/or response re-
lated to the mode of action of vasodilation).
In the others, good tolerance was seen up
to the highest dose step. At cut-off, 6 com-
pounds were still under development (2 in
phase III, 4 in phase II). The other 6 were
terminated, thereof 5 in phase II. In 1 case,
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Table 1. Treatments sorted by indications.

Indication Subjects Subjects receiving Subjects receiving
active drug placebo

Cardiovascular 296 220 76

Pulmonary 113 85 28

Hematology 48 36 12

Kidney 39 29 10

Overall 496 370 126

Table 2. TEAEs with > 1% proportion of all TEAEs.

AE term % of all TEAEs (100% = 621)
Headache 14.8
Dyspepsia 45
Flushing 4.3
Fatigue 2.7
Nasopharyngitis 2.3
Nasal congestion 23
Ocular hyperemia 21
Catheter-site pain 2.1
Back pain 21
Nausea 1.6
Vessel puncture-site reaction 1.6
Micturition urgency 1.6
Palpitations 1.4
Diarrhea 1.4
Catheter-site swelling 1.4
Thirst 1.4
Sinus tachycardia 1.3
Feeling hot 1.3
Dizziness 1.3
Restlessness 1.3
Myalgia 1.1
Application-site erythema 1.0
Oral herpes 1.0
Subcutaneous hematoma 1.0
Paranesthesia 1.0

TEAE = treatment-emergent adverse event; AE = adverse event.

the results of the included multiple-dose es-
calation study led to termination thereafter

(insufficient dose-response relationship).

Included subjects and treatments

All studies only enrolled overtly healthy
male subjects without clinically relevant
deviations of laboratory values, including
renal and hepatic function parameters and
hematology and of vital signs and ECG.
Use of concomitant medication was not al-
lowed except for single doses of ibuprofen
and/or paracetamol. The included subjects
were all Caucasians with a mean age of 33.8

years and a mean body mass index (BMI) of
24.7 kg/m?2. 496 subjects received treatment
(370 active and 126 placebo treatments).
The relation between active and placebo was
similar (~ 3 : 1) in all studies. For details of
treated subjects in different indications see
Table 1.

Numbers of consecutive treatment days
ranged between 5 and 21, and 5 studies had a
preceding single-dose treatment followed by
a non-treatment period before starting mul-
tiple-dose treatment. 12 subjects (8 active, 4
placebo) dropped out after treatment initia-
tion before the planned end of the treatment
(for details of drop-outs see below).

Adverse events

Overall, 621 TEAEs occurred during the
studies and were assigned to 172 adverse
event (AE) terms. The most frequent TEAE
was headache (14.8% of all TEAEs, for fur-
ther TEAEs see Table 2). 499 TEAEs were
reported in treatment with active drug and
122 in placebo. For 293 subjects, at least 1
TEAE was reported (59.1%), thereof in 231
(62.4%) subjects after active treatment and
in 62 (49.2%) after placebo treatment. Most
of these subjects had a mild intensity (54.2%
of all subjects), 4.6% of all subjects a mod-
erate, and only | subject a severe maximum
intensity of a TEAE. Percentages of subjects
with a maximum TEAE intensity of mod-
erate were comparable between active and
placebo treatment. The rate of subjects with
a TEAE in active treatment was higher at
higher dose steps with a clear difference to
placebo from dose step 2 and higher. How-
ever, the proportion and the overall percent-
age of subjects within a dose group with a
maximum TEAE intensity of moderate were
not higher at higher dose steps and did not
differ between active and placebo treatment.
For details of distribution of dose steps see
Table 3.

The most affected system organ class was
the central nervous system, without show-
ing a clear difference between active treat-
ment and placebo. The system organ class
that showed the highest percentage of af-
fected subjects with a noticeable difference
between active treatment and placebo was
the gastrointestinal system. For details of af-
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Table 3. Distribution of subjects with at least 1 TEAE to dose steps.

Dose group Subjects Overall TEAE maximum intensity
treated Mild Moderate Severe
Subj. with TEAE Affected subj. Affected subj. Affected subj.
% in group % of affected % of affected % of affected
% of treated % of treated % of treated
Total 496 293 269 23 1
59.1% 91.8% 7.8% 0.3%
54.2% 4.6% 0.2%
Active drug 370 231 213 18 0
62.4% 92.2% 7.8%
57.6% 4.9%
Placebo 126 62 56 5 1
49.2% 90.3% 8.1% 1.6%
44.4% 4.0% 0.8%
Dose step 1 101 54 48 6 0
53.5% 88.9% 11.1%
47.5% 5.9%
Dose step 2 101 65 63 2 0
64.4% 96.9% 3.1%
62.4% 2.0%
Dose step 3 100 65 56 9 0
65.0% 86.2% 13.8%
56.0% 9.0%
Dose step 4 59 44 43 1 0
74.6% 97.7% 2.3%
72.9% 1.7%
Dose step 5 9 8 3 0 0
33.3% 100%
33.3%

TEAE = treatment-emergent adverse events.

any TEAE

Renal and urinary disorders

Eye disorders

Skin and subcunaneous tissue disorders
Respiratory, thoracic and mediastinal disorders
Gastrointestinal disorders

Cardiac disorders

Vascular disorders

Musculosceletal and connective tissue disorders
Infections and infestations

General disorders and administration site conditions
Nervous system disorders

Psychiatric disorders

RR (LCL, UCL)

1,27 (1,04,1,54)

= 4,09 (0,54,31,11)
2,89 (0,68,12,35)
2,55 (0,59,11,01)
255 (0.927,11)
1,94 (1,023,68)
1,70 (0,59,4,89)
1,49 (0.71,3,13)
1,46 (0,66,3,24)
1,17 (052264
1,17 (0,73,1,86)

)
)
1,16 (0,79,1,69)
091(0,24,337)

)

Injury, poisoning and procedural

091(0,24,337)

- 0,55 (0,23,1,30)

0,1

1 10 100

Figure 1. Relative risks (RR) with lower (LCL) and
upper (UCL) limits of the 95% confidence interval
for treatment-emergent adverse events (TEAEs) of
system organ class affected in > 2% of all treated
subjects.

fected system organ classes see Table 4. A
significantly higher relative risk for subjects
on active treatment versus placebo for expe-
riencing a TEAE was shown for an overall

TEAE and for a TEAE of the gastrointestinal
system. For details see Figure 1.

Severe and serious adverse events
and treatment discontinuations

The only reported severe TEAE was a
planned minor surgical intervention after the
last visit in a subject who had received pla-
cebo. This TEAE was therefore unrelated to
the study.

Atotal of 3 serious adverse events (SAEs)
were reported during the studies, none of
which was considered drug related: 1 synco-
pe (moderate) in dose step 1 of 3 in a subject
on active treatment with a non-vasoactive
compound with a belatedly revealed medical
history finding of repetitive syncope, 1 ALT
increase (moderate) 37 days after last dosing
with placebo due to alcohol consumption,
and 1 previously planned minor surgical in-
tervention (severe) after placebo treatment.
The reasons for seriousness were medical
importance concerning the ALT increase and
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Table 4. Distribution of subjects with at least 1 TEAE to primary system organ classes.

Number of subjects with at least 1 TEAE Total (n =496) | Active (n =370) | Placebo (n = 126)
Overall 293 (59.1%) 231 (62.4%) 62 (49.2%)
Nervous system disorders 119 (24.0%) 92 (24.9%) 27 (21.4%)
General disorders and administration site 84 (16.9%) 65 (17.6%) 19 (15.1%)
conditions

Gastrointestinal disorders 67 (13.5%) 57 (15.4%) 10 (7.9%)
Vascular disorders 43 (8.7%) 35 (9.5%) 8 (6.3%)
Musculoskeletal and connective tissue disorders 37 (7.5%) 30 (8.1%) 7 (5.6%)
Respiratory, thoracic, and mediastinal disorders 34 (6.9%) 30 (8.1%) 4 (3.2%)
Infections and infestations 31 (6.3%) 24 (6.5%) 7 (5.6%)
Cardiac disorders 24 (4.8%) 20 (5.4%) 4 (3.2%)
Investigations 21 (4.2%) 13 (3.5%) 8 (6.3%)
Eye disorders 19 (3.8%) 17 (4.6%) 2 (1.6%)
Skin and subcutaneous tissue disorders 17 (3.4%) 15 (4.1%) 2 (1.6%)
Renal and urinary disorders 13 (2.6%) 12 (3.2%) 1(0.8%)
Injury, poisoning, and procedural complications 11 (2.2%) 8 (2.2%) 3(2.4%)
Psychiatric disorders 11 (2.2%) 8 (2.2%) 3 (2.4%)
Ear and labyrinth disorders 7 (1.4%) 5(1.4%) 2 (1.6%)
Reproductive system and breast disorders 3 (0.6%) 3(0.8%) 0
Metabolism and nutrition Disorder 2 (0.4%) 0 2 (1.6%)
Blood and lymphatic system disorders 1(0.2%) 0 1(0.8%)

TEAE = treatment-emergent adverse events.

Table 5. Subjects with values = 1.5 ULN during in-house phase and RR with

LCL and UCL limit of 95% confidence interval.

Total Active Placebo RR [LCL — UCL]
(n=496) | (n=370) | (n=126) | (> 1:placebo better
< 1: active better)
Amylase 6(1.2%) | 4(1.1%) | 2 (1.6%) 0.7[0.1-3.7]
Lipase 33(6.7%) | 28 (7.6%) | 5(4.0%) 1.9[0.8-4.8]
Creatine kinase | 25 (5.0%) | 16 (4.3%) | 9 (7.1%) 0.6[0.3-1.3]
ALT 23 (4.6%) | 18 (4.9%) | 5 (4.0%) 1.2[05-3.2]
AST 5(1.0%) | 5(1.4%) 0 3.4[0.2-61.9]
GLDH 33 (6.7%) | 28 (7.6%) | 5(4.0%) 1.9[0.8-4.8]
Bilirubin 3(0.6%) | 2(0.5%) | 1(0.8%) 0.7[0.1-7.4]
AP 0 0 0
GGT 2(04%) | 2(0.5%) 0 1.4[0.1 —30.0]
Creatinine 0 0 0

ULN = upper limit of normal; RR = relative risk; LCL = lower limit of 95% confi-
dence interval; UCL = upper limit of 95% confidence interval.

syncope and hospitalization for the planned
surgery. Two SAEs resolved completely, the
ALT increase was improving at the last con-
tact to the investigator (subject was lost to
follow-up).

Six discontinuations of treatment due to
TEAEs were reported. Two subjects discon-
tinued due to moderate TEAEs on active drug:
1 sinus tachycardia 8 days after first dosing
(considered drug-related), 1 syncope that was
also reported as SAE (for details see above).

Four subjects had mild TEAEs, 3 of which
were on active drug and 1 on placebo: 1 swell-
ing of right cheek due to tooth inflammation
(not considered drug-related), 1 redness of
both eyes on placebo (not drug-related), 1 ex-
anthema of buttock and extremities on active
drug (considered drug-related), and 1 tricho-
moniasis (not drug-related). Each of these
TEAE:s resolved completely. Of the further 6
subjects who discontinued, 5 withdrew con-
sent, and 1 had a belated medical history find-
ing that would have precluded his inclusion.

Laboratory

The results showed no relevant differ-
ences between active treatment and placebo
in the percentages of affected subjects by
increases of amylase, lipase, CK, ALT, AST,
GLDH, bilirubin, AP, GGT and creatinine
above 1.5-fold of the upper limit of normal
during the in-house phases of the studies.
Relative risks for such increase were higher
under active treatment as compared to pla-
cebo for lipase, ALT, AST, GLDH, and GGT
without reaching significance level for any of
them and showed high variability. For details
of subjects with laboratory value increases
above 1.5-fold see Table 5.
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Discussion

Overall, the results show that the partici-
pating subjects in our studies were not ex-
posed to an undue risk for harm. A low num-
ber of severe and serious TEAEs occurred,
and the only serious TEAE on active drug
was not considered drug-related, and the
subject fully recovered.

The likelihood of experiencing an AE
was higher under active treatment com-
pared to placebo and was higher at higher
doses. This, as well as the nature of the AEs
(headache, flushing, nasal congestion, ocu-
lar hyperemia are among the most frequent
TEAE:s), reflects and can be well explained
by the profile of the included predominantly
vasoactive compounds: They mostly caused
mode of action-related adverse effects close-
ly related to the exposure and could be well
monitored.

Regarding the low overall risk, our re-
sults are in line with published metadata
about phase I trials with healthy subjects
[6, 10], whereas the differences of included
compounds and studies have to be consid-
ered.

An aim of this study was to compare
these multiple-dose studies to the published
safety data of the single-dose FiH studies of
a similar time period [7], which included 10
compounds tested in the presented multiple-
dose studies; no generally higher risk for
harm could be detected for multiple-dose
in comparison to single-dose treatment, and
the nature of the TEAEs was comparable, as
expected. The results were similar regarding
the differences between active drug and pla-
cebo in the percentage of affected subjects by
TEAEs (after single dose: 42.1% on active,
34% on placebo). The higher total percent-
ages in the multiple-dose studies in active
and placebo groups can be explained by the
longer treatment periods, which by nature go
along with a higher likelihood of experienc-
ing an event.

However, in the multiple-dose studies,
the tendency for a higher rate of subjects
affected by TEAEs in higher dose steps on
active treatment was more pronounced than
in the single-dose studies. This can be inter-
preted as an indicator that substance-related
adverse effects were especially revealed un-
der higher multiple doses.

The interpretation of the comparison be-
tween placebo-controlled single- and multi-
ple-dose studies is in accordance with previ-
ous publications that also show higher rates
for TEAESs after multiple doses in active and
placebo groups and also conclude that es-
pecially multiple-dose treatment can reveal
compound-specific AE profiles [11].

Regarding the results for the laboratory
changes, no relevant differences are shown
between active and placebo treatment. No-
ticeably, a remarkable number of subjects
had increases of the analyzed parameters
during the in-house phase under placebo.
This indicates that factors beyond treatment
were causative for laboratory changes during
the studies. Various aspects have been dis-
cussed in the literature especially in regard
to liver enzyme increases in this context and
are mostly suggested to be related to hospi-
talization effects but also to demographics,
individual predisposition, and physiological
regulation [12, 13, 14]. Our data are in line
with other recently published data [15] and
support the assumption that factors like the
ones mentioned, not associated to the study
drugs, in fact play a role in causing labora-
tory changes during clinical studies.

In our studies, only subjects were in-
cluded without clinically relevant laboratory
deviations at the time of inclusion. On this
background, the observed frequent increases
in the placebo group during treatment further
support the commonly accepted recommen-
dation to follow strict eligibility rules for
such studies [16]. This improves not only
subject safety but could thus also prevent
the inclusion of subjects with predisposition
to show further laboratory elevations during
treatment and thereby impair the assessment
of the placebo group as a reasonable control
to detect signals of organ toxicity.

With regard to AEs in the placebo group,
our data, again similar to other analyses [15],
show that also AEs are reported to a remark-
able amount during placebo treatment. This
data can help to improve the understanding
of what we can expect in placebo groups and
thereby support the interpretation of the safe-
ty results of healthy subject studies.

This analysis has some limitations. Main
limitations are the number of included sub-
jects, which is not high enough to reveal
unlikely side effects, and the comparatively
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homogenous combination of mostly vasoac-
tive compounds, which by nature restricts
general applicability.

Conclusion

Subjects were not exposed to an undue
risk in the analyzed multiple-dose FiH stud-
ies. The risk for harm was similarly low as
in our single-dose FiH studies, and therefore
the assumption that a higher risk for subjects
after multiple dosing due to effects of accu-
mulation cannot be supported by our data.
AEs and changes in laboratory values occur
to a relevant amount under placebo treat-
ment, which should be considered and can
help in the interpretation of other study re-
sults.
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